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4.1 

4.0 WASTE TREATMENT TECHNOLOGY 

This section describes conceptual processes and facilities for treating gaseous and 
various transuranium (TRU) wastes produced during the postfission portion of the LWR fuel 
cycle. The goal of the treatment process for TRU wastes and for long-lived radionuclides 
removed from the gaseous waste streams is to convert these wastes to stable products suitable 
for placement in geologic isolation repos,tories. The treatment c6ncepts are based .on 
available technology. They do not necessarily represent an opti.mum design but are represen
tative of what could be achieved with current technology. In actual applications it is 
reasonable to expect that there could be some improvement over these concepts that might be 
reflecteq in either lower costs or lower environmental impacts or both~ These conceptual 
descriptions do provide a reasonable basis for cost analysis and for development of estimates 
of environmental impacts. 

The waste treatment technologies·considered here include: 

Section 4.1 
Section 4.2 
Section 4.3 
Section 4.4 
Section 4.5 
Section 4.6 
Section 4.7 
Section 4.8 

High Level Waste Solidification 
Packaging of Fuel Residue 
Failed Equipment and Noncombustible Waste Treatment 
General Trash and Combustible Waste Treatment 
Degraded Solvent Treatment 
Dilute Aqueous Waste Pretreatment 
Immobilization of Wet and Solid Wastes 
Off-gas Particle Removal Systems 

Section 4.9 Fuel Reprocessing Plant Dissolver Off-gas Treatment 
Section 4.10 Process Off-gas Treatment 
Section 4.11 Fuel Reprocessing Plant Atmospheric Protection System 

Treatment alternatives considered in this document have been selected primarily on the 
basis of available technology as identified in the ERDA report, Alternatives for Managing 
Wastes from Reactors and Post-fission Operations in the LWR Fuel Cycle. Where possible at 
least two available technology alternative concepts are described for treatment of each waste 
type. However, in two ca~Ps, fniled equipment and noncombustible waste treatment (Section 4.3) 

and degraded solvent treatment (Section 4.5), only one concept is described since there are no 
significant alternative concepts available. In two cases, Packaging of Fuel Residues 
(Section 4.2) and the Atmospheric Protection System (Section 4.11), three alternatives are 
described. 

In two sections, Section 4.6 and 4.8, the descriptions are limited to generic discussions 
of facilities; ·no specific facilities are described. The processes present~d in Section 4.6 
for dilute aqueous waste pretreatment are often more r.losely related to the main recycle pro
cess flowsheet than to treated waste requirements. The concentrated waste streams produced 
by these processes are subject to further treatment described in other sections. Section 4.8 
discusses off-gas particle removal through the application of high-efficiency air filtration 
systems. Such systems are used throughout a reprocessing or mixed oxide fuel fabrication 
~lant and description of specific individual facilities is inappropriate here. Treatment 
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and packaging of the filters used in particle removal systems are described in Section 4.4. 
The facilities generically described in Sections 4.6 and 4.8 were identified in the ERDA 
report(l) as waste treatment facilities; their functions are discussed here to complete the 
~iscussiorr of waste treatment alternatives. 

REFERENCE FOR SECTION 4.0 

1. Alternatives for Managing Wastes from Reactors and Post-fission Operations in the LWR 
Fuel Cycle. ERDA-76-43, Energy Research and Development Administration, Washington, DC, 
May 1976. 
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4. 1. 1 

4.1 HIGH-LEVEL LIQUID WASTE SOLIDIFICATION 

High-level liquid waste (HLLW) is defined by the Code of Federal Regulations as, the aqueous 
waste resulting from operation of the first cycle solvent extraction system and the concen
trated wastes from. subsequent extraction cycles (or their equivalent) in a facility for 
reprocessing irradiated reactor fuels. (l) HLLW contai~s over 99% of the fission products and 

transplutonium elements extracted from spent fuel at an FRP and thus incorporates most of the 
radioactivity associated with reprocessing LWR fuel. Regulations stipulate that HLLW must be 

solidified within 5 years after reprocessing. The solidified waste must be placed in sealed 
containers prior to shipment offsite. The sealed containers, commonly called canisters, must 
be transferred to a Federal repository no later than 10 years after reprocessing. 

Table 4.1.1 shows the composition of the reference HLLW. The inert portion of this 
waste (i.e., chemicals added during reprocessing) can vary significantly in composition. (2) 

Except for gadolinium, which is assumed to have been added as a soluble neutron absorber for 
criticality safety during the dissolving step, the reference HLLW is "clean"; some HLLW com
positions are "dirtier" because they contain much higher concentrations of sodium and iron. 
The main effect ·of chemical additions to the waste is to increase the volume of the final 
solidified product and thus dilute its activity and heat density. 

The nitric acid concentration of the reference HLLW is 2.0 ~. To obtain such a low 
HN0 3 concentration in HLLW without a storage holdup for radiolytic decomposition of the acid 
would probably require a denitration step. Such denitration can easily be done using estab
lished technology during HLLW concentration in the main plant. (3) The technology for denitra

ting HLLW to much lower HN03 concentrations as part of the solidification process is being 
developed, particularly in Europe. (4) Denitration durinq processinq would result in a decrease 
in ruthenium volatility during solidification, thus further decreasing the radioactive release 
from HLLW solidification facilJties to levels below those estimated for the reference facility 
in this report. 

Prior to shipment to a Federal repository, the high-level waste must be stored for several 
years in either a liquid or solid form after its initial production in the fuel reprocessing 
plant. This storage allows for radioactivity decay to reduce its heat generation rate. This 
cooling is required to permit use of larger and more economically sized canisters and to 
insure that·the temperature of the soJidified high-level waste (SHLW) during shipment or when 
placed in a repository remains below specifications for waste and/or repository stability. The 
required cotiling period for the waste depends on the age of the fuel at the time of reproces

sing and ths size and design of the solidified waste canister. The heat generation rate in 
the reference HLLW is shown as a function of time in Table 4. 1.2. 

Solidification of HLLW •has not been demonstrated in an operating commercial reprocessing 
plant. A large amount of research and development, however, ·has been done in the U.S. and 
abroad to develop technology for converting HLLW into granular powder, called calcine, or into 
glass. (S, 6,7) The results of this work, as well as experience at Department of Energy (DOE) 

facilities, can serve as a realistic basis for conceptual design of processes for HLLW solidi

fication in an industrial reprocessing plant. 
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TABLE 4. 1. 1. Reference HLLW Composition 

Before Treatment(a) As Oxide(h) 
Concentration, Oxides, 

Constituent moles/i @ 567 i/MTHM Constituent kg/MTHM 

Inerts ( R~pro- lnerts (Repro-
cessing chemicals): cessing chemicals): 

Na 0.007 Na 2o 0.12 

Fe 0.036 Fe 2o3 1.6 

Cr 0.0064 f.r203 0.?8 

Ni 0.0023 NiO 0.10 
p 0.028 P205 l.l 

Gd 0.10 Gd 203 10.0 

Subtotal 13.2 

Fission Products: Fission Products: 

Rb 0.0056 Rb20 0. 30 
J·r" 0.014 Sr·O 0.84 
y 0.0074 Y203 0.48 

Zr 0.058 Zr02 4.2 

Mo 0.055 Moo 3 4.6 

Tc 0.013 Tc 2o7 1.2 

Ru 0.036 Ruo2 2.7 

Rh 0.0065 Rh 203 0.47 

Pd 0.0023 PdO 1.6 

Ag 0.0010 Ag 20 0.069 

Cd 0.0014 CdO 0.102 

Sn 0.0007 Sn02 0.061 

Sb 0.0002 Sb203 0.015 

Te 0.0071 Te0 2 0.65 

Cs o. 031 cs 2o 2.6 

Sd 0.018 BaO • 1.5 

La 0.014 La 2u3 1.:3 

Ce 0.028 Ceo2 2.7 

Pr 0.012 Pr 6o
11 

1.3 

Nd 0.043 Nd 2o3 4.1 

Pm 0.0009 Pm2o3 0.007 

Sm 0.0090 Sm2o3 0.89 

Eu 0.0019 Eu 2o3 0.19 

Gd 0.0012 Gd?o3 0.12 

Subtotal 32.1 

ll.ctinides: /\Gtin ide~: 

u 0.035 U308 5.7 

Np 0.004 Np02 
0.611 

Pu 0.0005 Pu02 0.07 

Am 0.003 Am 2o3 0.50 

Cm 0.0007 Cm2o3 o.il 

Subtotal 7.0 

Tota I s~. 3 

a. As nitrate salts in approximately 2 ~ HN03. 
b. Jhe waste constituents are converted to their oxide form in the treatment process. 
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TABLE 4.1.2. HLLW Heat Generation Rate for Reference Cases 

Heat in Waste(a) from 1 MTHM, W 
U and Pu Recxcle U Rec~cie, Pu in Waste u Recxcle, Pu seearated 

Time after Fission Fission Fission 
Reerocessing, ~r Products Actinides Total Products Actinides Total Products Actinides Total 

0 6,450 640 7,090 6,310 315 6,625 6,310 184 6,494 

3,760 347 4,107 3,700 218 3,918 3,700 82.3 3,782 

2 2,470 278 2, 748 2,440 199 2,639 2,440 59.5 2,499 

3 1,790 257 2,047 l, 790 197 1,987 1,790 53.5 1,843 

4 1,420 246 1,666 1,430 198 1,628 1,430 51.2 1,481 

5 1,210 237 1,447 1,220 200 1,420 1,220 49.6 1,270 

6 1,079 229 1,299 1,090 202 1,292 1,090 48.2 1,138 

7 975 222 1,197 996 204 1,200 996 46.9 1,043 

8 908 214 1,122 930 206 1,136 930 45.7 976 

9 857 207 1,064 880 207 1,087 080 ~~.5 925 

10 817 201 1,018 839 209 1,048 839 43.4 882 

50 290 65.6 355.6 299 215 514 299 19.9 319 

100 87.6 31.8 119.4 90.3 188 278.3 90.3 13.4 104 

500 0.06 14.1 14.16 0.06 86.4 86.5 0.06 6.6 6.66 

1,000 0.02 7.5 7. 52 0.02 49.7 49.7 0.02 3.31 3.33 

10,000 0.02 l. 33 l. 35 0.02 12.3 12.3 0.02 0.395 0.415 

100,000 0.013 0.103 0.121 0.01 0.867 0.877 0.01 0.073 0.083 

1,000,000 0.001 0.113 0.114 0.001 0.291 0.292 0.001 0.110 0.111 

a. Out of reac.tor 1.5 years; 0.5% of uranium and plutonium remain in waste after reprocessing. 

A fluidized bed calciner was licensed for construction to convert HLLW to calcine in 
General Electric.Company's Midwest Fuel Recycle Plant. The calciner was installed in the plant, 
but no application for an operating license was made because of General Electric Company's 
decision not to activate the reprocessing plant. Three companies associated with or who have 
considered LWR fuel reprocessing facilities, Nuclear Fuel Services, Allied General Nuclear 
Services, and Exxon Nuclear Co., have proposed HLLW management plans that include vitr~fica
tion as either their mainline process or principal option, as have the major European countries. 
In line with these plans, the reference HLLW solidification process for this report is vitri
fication. Conversion of HLLW to a calcine product is described as an alternative. 

Several other alternative solidified HLW products have been, or are being, investigated. 
These were identified in ERDA-76-43( 2) and include sintered glass, super calcine, metal matrices, 
glass ceramics, coated pellets and inorganic ion-exchange media. None of these solidified 
wastes forms are as well developed as waste glass or calcine, but it is possible that they may 
provide improved waste forms at some time in the future. 

HLLW vitrification processes convert high-level liquid waste to an inert glass by the 
application of heat and the addition of glass-forming agents. A volume reduction factor of 
about 8 is achieved. Waste vitrification processes are well developed through laboratory and 
pilot-plant st~ges. 
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4.1.1.1 HLLW Vitrification Process Alternatives 

A number of different HLLW vitrification processes are under development for installation 
at reprocessing plants in various countries. These processes are described in detail in 
ERDA-76-43. (2) Among them are: 

• spray calcination/continuous melting (Germany) 
• rotary kiln calcination/continuous meltjng (France) 
• the HARVEST process (Great Britain) 
• fluidized bed calcination/continuous melting (Russia) 
• spray calcination/in-can melting and fluidized bed fed or direct liquid fed/continuous 

melting in a joule-heated ceramic melter (United States). 

Pote.nti a 1 reprocessors in the U.S. have indicated various preferences for the different pro
cesses being developed in this country. The vitrification process selected as the reference 
for this report is spray calcination/in-can melting, the U;S. process identified in ERDA-76-43 
as the most welj developed. (2) 

4. 1. 1.2 HLLW Vjtrification Facility Design Basis 

The function of the waste vitrification facility (WVF) is to convert high-level liquid 
waste.to glass sealed in canisters. The WVF is assumed to be built at the same time as the fuel 
reprocessing .plant it serves and to be an integral part of that plant, sharing its ventilation 
system, utilities and services. The following bases were used for design of the facility: 

• Process HLLW from 2000 MTHM/yr 
• .6m3 (150 gal) HLLW per MTHM 
• :mu.days faci'lity operation/yr 
• Peak design capacity= 1.5 x nominal design capacity 5.7 m3 (1500 gal)/day 

4.1.1.3 .Waste Vitrification Facility Process 

The reference vitrification process, spray calcination/in-can melting, was developed at 
Pacific Northwest Laboratory (PNL). This study assumes that the HLLW undergoes solidifica
tion as it is generated by the reprocessing of fuel 1~112 years after discharge from a nuclear 
power plant. Options exist for solidifying wastes cooled for longer periods; the spent fuel 
may be stored longer before reprocessing (as described in Section 5.7),.or the HLLW may be 
stored as a liquid for up to 5 years (as described in Section 5.1). The flowsheet consists 
of four steps: 1) calcination, 2) vitrification, 3) canister handling, and 4) effluent 
treatment. Figure 4.1.1 is a flow diagram illustrating these steps. Table 4.1.3 gives the 
radioactivity in the feed to the process. Table 4.1.4 describes the product from the 

. process. The product is glass contained in a stainless steel canister. The leach rate of the 
glass is dependent on leaching conditions and upon glass composition. Over the long term a 
conservative estimate of leaching effects can be obtained by assuming uniform leaching of all 
constituents at the rate given in the table, 1 x 10-5 g of glass/cm2-day. 

Calcination. The spray calciner decomposes the chemicals in the HLLW to a metal oxide 
calcine suitable for making waste glass and a process off-gas. The HLLW in the calciner feed 
tank is maintained at a temperature ~40°C. From the feed tank, the HLLW is pumped at a controll~u 



HIGH-lEVEL liQUID 
WAST[ FROM HLLW 

HOLD TANK 
!lllOmllyr 

l58llhr 

MEmR 
48.6 Kglhr 
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TO FRP HIGH-LEVEL 
WAST[ CONCENTRATOR, 

142 llhr 

[] [] [] TO INT[RIM 
- CAN I Sl[R STORAGE, 

Z.l9 CAN I ST'ERS I DAY 

CANISTER CAP 
SEAL -WELDING 

CANISl[R 
INSPECTION 

CANIST[R 
DECONTAMINATION 

NOT[S, 

a. ALL FLOWS ARE INSTANTANEOUS DESIGN RAT[S. 

b. FACiliTY ASSUMED TO OPERA![ JOODAYSIYR AT 
DESIGN CAPACITY. 

FIGURE 4.1.1. ·High-Level Liquid Waste Vitrification System Flowsheet 

TABLE 4.1.3. Activity in Untreated HLW(a,b) 

ComEonent Ci/~ear 

Fission Products 
3H 6.7 X 104 

1291 3.5 X 10-1 

90Sr + 90y 2.4 X 108 

?5zr + 95Nb 2.2 X 107 
106Ru + 106Rh '7.6 'x 108 

134cs + 137 Cs + 137mBa 6.0 X 108 

144ce + 144Pr 9.6 X 108 

All other fission 
108 products 2.0 X 

TuLdl 2.8 X 109 

Actinides 
239Pu 3.6 X 103 

241Pu 1.8 X 1 o6 

Other Pu 6.0 X 104 

244cm + 244cm 3.4 X 107 

All other actinides 2.0 X 106 

Total 3.8 X 107 

a. Based on waste characterization Table 3.3.29 
assuming uranium and plutonium recycle, 
2000 MTHM/yr reprocessed 1.5 yr out-of-reactor~ 

b. Volume = 1140 m3jyr. 

• 
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TABLE 4.1.4. Description of Solidified Waste 
Vitrification Facility 

Volume of glass 117 m3/yr 
Density of glass 3000 kg/m3 

Treated volume(a) 
Untreated volume 

Canis ters/yr (b) 

Leach rate of glass 
fn water @ 25°C 
Radioactivity in Ql~ss, 
fraction of inputlCl: · 

0.128 

657 

3H 0 

All other fission pro-
duct~ and actinide~ 1.0 

from Waste · 

a. Treated volume based on canister volume with 
canisters 80% filled. 

b. 30 em dia x 3 m long. 
c. See Table 4.1.3. 

rate to the calciner through a pneumatic atomizing spray nozzle. The temperature of 
the calciner walls is maintained at about 700°C by a multizone furnace. The waste solution is 
dried then converted to oxides and reaction gases~ which include H20, HN03, and NOx. 

The calciner off-gas (at about 350°C) is filtered by ·sintered stainless steel filters to 
remove entrained calcine. Only about 0.1 wt% of the calcine passes through the filters; <2% of 
the ruthenium is volatilized and escapes the calciner. All iodine and .. tritium reaching the 
calciner also escapes into the 6ff-gas. The balance of the radionuclides remain in the calcine, 

which· falls through the cone at the bottom of the calciner into the canister where it is mP.lted 
to form glass. The filters are periodically blown back with air to remove the calcine that 
accumu1ates on the filters and to a11ow it to fa11 through the cone into the canister. 

Glass frit is metered into the calciner cone at a rate proportional to the HLLW feed rate. 
The flowsheet shown in Figure 4.1.1 uses a frit:calcine weight ratio of 2.33:1. The frit is 
a specially-formulated borosilicate glass powder. The frit granules are nominally 0.1-0.2 em 
in diameter. 

Vitrification. The in-can melter melts the calcine-frit mixture into a glass, using the 
canister contained in the retort of the melter furnace as the melting crucible. The calcine-
frit mixture flows into the canister at a rate which does not exceed the melting rate. The 
mixture melts at about 1050°C. Once the mixture has been melted to a glass, the heating is termi
nated and r.ooling air is blown on the outer retort wall, thus cooling the wall and the canister 
to <900°C. The small volume of gas generated during the melting is routed to the calciner. 

The retort may be filled with an inert. gas, such as argon, to control spalling of the 
stainless steel caniste~ during filling. Any sp~lled material is collected in a pan in the 
retort bottom and is removed for disposal as necessary. 
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,Canister Handling. The filled canister is removed from the calciner connections, and the 
lid is placed on the canister. A prepackaged helium source may be placed in the canister 

prior to closure for late~ leak testing. Then, the filled.canister is moved on to seal weld

ing and inspection. The time cycle for canister filling and related operations is shown 
in Table 4.1.5. 

TABLE 4.1.5. Time Cycle -for Canister. Operations. 

Operation 

·PlRce in melter; move under 
calciner; connect 

Time, hr 

Heat empty can 2 

Fill 11 
Top and allow bubble release 4 
Cool 2 
Disconnect; move away from 
calciner; remove from melter 
Contingency 

Total 22 

The filled canisters are decontaminated with water and/or steam sprays to remove loose 
radioactive particles such as calcine. This solution is accumulated in a tank and periodically 
jetted to another tank for combination with HLLW prior to concentration. 

Effluent Treatment. The waste vitrification process directly generates four kinds of 
effluents: calciner off-gas, canister decontamination solution, canister cooling air, and 
canister cover gas. In addition, there are effluents from the processing area, including cell 
ventilation air, vessel ventilation air, and cell decontamination solutions. 

The calciner off-gas, after passing through the sintered stainless steel filters, is 
subjected to the following process operations to remove particulate radionuclides, gaseous 

radionuclides, and NOx: 

• CJilP.nc:hing 
• condensing 
• mist elimination 
• ruthenium sorption 

• filtration 
• iodine ·sorption 

• NO~ destruction. 

These steps are taken prior to releasing the calciner off-gas to the atmospheric protection 

system (APS). 
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The canister cooling air, canister cover gas, and cell ventilation air are combined and 
filtered through the cell air filtration system to remove radioactive particles prior to 
release to the FRP APS. The cell air filtration system includes 1 stage of roughing filters 
followed by 2's-tages --of HEPA fi-lters. The filter ·ins-tallations aYe period-icaTly tested to 
insure their continued efficiency. The WVF vessel ventilation air is routed to the FRP 
vessel off-gas system.· 

The canisters are routinely decontaminated with high pressure water. Periodically some 
cell or equipment decontamination will also be required. Decontaminating agents used may 
include steam, water, ·nitric acid, caustic, potassium permangan~te, and tartaric acid. The 
decontamination solutions will be col4ected in the cell sump or other tanks and-jetted to the 
decontamination waste accumulation tank for sampling. They will then be combined with the 
HLLW or routed for separate treatment as intermediate-level liquid waste (ILLW). 

Optional Processing Mode: Combjning ILLW with HLLW. Combining ILLW with HLL~ prior to 
solidification is a very feasible operating mode for the reprocessing plant. This method has, 
in fact, been selected as the solidification method for ILLW by AGNS and ~xxon in the1r repro-· 
cessing plant flowsheets. ILLW is a composite waste of variable composition. (2) It may contain 
many, or all, of the following: 

• laboratory liquid wastes, including samples and reagents 

• solvent wash wastes, including entrained and degraded solvent 

• off-gas scrubber residues 

• iodine scrubber residues 

• fuel receiving and storage liquid wastes, including ion-exchange regeneration·wastes, 
cask decontamination wastes, and cask cool-down system wastes 

• solvent burner quench pot scrubber solutions 

• building and equipment decontamination wastes 

• building floor drainige 

• liquid waste from personnel decontamination facilities 

• cold chemical wastes fro!'l the cold chemical makeup area. 

As generated, ILLW has a typical acidity of 2.5 ~ H+. The reference ILLW (see Section 3.3, 
Table 3.3.31) is assumed to have been neutralized in preparation for non-high-level immobiliza
tion processing. If the I LLW wer·~ Lo be o:ombi nP.rl wit.h HLLW it would not be neutra 1 i zerl. 
Unneutralized, the reference ILLW would add 18 kg of waste oxide/MTHM to the WVF feed stream. 
This would increase the total volume of glass produced by 34%; about 65 kg of glass would have 
to bemelted each hour to accommodate the additional waste. 

In order to achieve this higher melting rate, the canister diameter would be increased 
to 4o em (16 in}. The reference HLW management system defined for this report is based 

on a maximum HLW canister diameter of 30 em (12 in.), and the ILLW is solidified separately 
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from HLLW (see Section 4.7). It should alsa be noted that since ILLW is a composite waste 
there is some chance that chemicals incompatible with vitrification could be in the ILLW if 
suitable precautions were not observed. Among such incompatible chemicals are halogens and 
mercury. Halogens would be volatilized and quick.ly saturate the iodine adsorber. Mercury 
would also be volatilized; special mercury recovery equipment would have to be installed to 
collect condensed mercury in the bff-g~s system. 

4.1.1.4 Waste Vitrification Facility Description / 

The reference WVF is assumed to have be~n constructed at the same time as the fuel repro
cessing plant it serves and to be an integral part of that plant, sharing its ventilation sys

te~, utilities and serv1ces. The approximate location of the WVF in the fuel reprocessing plant 
is shown in Figure 4.1 .2. 

The WVF uses a single cell to perform calcination, vitrification, canister handling, and 
limited effluent treatment. Some associated operating and service areas are partially included 
in the following description. Facilities related to utilities, maintenance, air supply, final 
effluent treatment, personnel support, and other services that are part of the FRP as a whole 
are not ·described here. They are identified, however, as they pertain to the WVF, so they 
can be properly accounted for in the system requirement~. 

Waste Vitrification Cell.· The waste vitrification cell (WVC) is a reinforced concrete 
structure with interior dimensions of 8.5 m (28ft) wide x 10.7 m (35ft) long x 16.8 m 
(55ft) high. The cell walls are 1.8 m (~ ft) thick to reduce the radiation dose rate at the 
outer wall to ~1 mrem/hr. The cell is lined with stainless steel 5 mm (3/16 in) thick, to 
assist in cell decontamination and decommissionin-g. ·The lining will also protect the cell walls 
from corrosive chemicals and vapors. 

The cell layout, some of the associated facilities, and the operating galleries are shown 
in Figures 4.1.3 through 4.1.8. Four shielding windows are provided for viewing and guiding 
the operations within the cell. There are penetrations in the cell wall for service equipment 
such as master-slave manipulators, periscopes, two melter umbilical pipes, cell monitoring 
instrumentation, and equipment operation instrumentation. Service piping from the hot pipe 
trP.nc:h to the adjacent ce 11 remote heads is cut into the cell wa 11 . Service piping from the 
hot pipe trench or cold side to the cell side waJls is routed through recesses in the cell 
wall behind the cell liner. There is also a sump on the cell floor under the liner that 
drains to a cell sump header. Most cell equipment is designed for remote removal, to 
facilitate maintenance. The crane moves on rails built as part of the cell walls. The 
melters move on rails mounted on the cell floor. Some empty floor space is left in the cell 
to accommodate any additional canister test equipment that may be required by Federal waste 

acceptance criteria. 

The main equipment access to the cell is through the shielding doors leading to the hot 
. maintenance area (HMA). The doors seal when closed to minimize air in-leakage from the HMA. 

A second equipment access is through the ca~ister decontamination cubicle (CDC). Throu~h this 
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FIGURE 4.1.3. Waste Vitrification Proces--s. Key Plan 

cubicle, empty and full canisters are moved into or out of the cell. Full canisters are decon
taminated upon removal from the cell. ·The cover between the cubicle and the vitrification cell 
is airtight. After the canisters are spray decontaminated and water rinsed, they are submerged 
in cooling water. They are then picked up remotely with the CDC bridge crane and.moved into the 
canister transfer canal. The canisters are lowered onto an underwater, motor-driven transfer dolly 
for transport along the canal into the adjacent water basin storage area (See Section 5.4). 

transport along the canal into the adjacent water basin storage area (See Section 5.4). 

Ventilation air will be supplied to the WVC by small amounts of air leaking into the cell 
and by a filtered air supply. 

Major Equipment. The spray calciner, in-can melter, and canisters.are among the equipment 
items specially designed for the WVF. Other major equipment items, with less unique design 
features, include the welding and inspection station, the liquid feed system, the frit-feeder 
and the components of the off-gas system. 

Spray Calainer. The spray calciner, shown in Figure 4. 1.9, has a liquid feed capacity of 
24-240 ~/hr. The calciner chamber is a right cylinder 0.9 min dia and 3m high that is heated 
through the wall with a 280 kW electrical furnace. The normal operating temperature for the 

·calciner is 700°C, maximum operating temperature is 1000°C. Liquid waste is ~prayed into the 
calciner as droplets less than 80 ~m in dia through a pneumatic atomizing nozzle with a 
0.6-cm ID orifice. 
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FIGURE 4.1.9. Spray Calciner 

SINTERED 
STAINLESS 

STEEL Fl LTERS 

Off-gas is filtered through a bank of sintered stainless steel filter candles having a 
total filtration area of 14m2. The filters can be blown back intermittently with short pulses 
of air to remove filter cake. Of the 70 filter candles, 14 ar.e blown back simultaneously. 

A frit feed line enters near the bottom of the calciner cone so that some premixing of the 
calcine and glass frit can· occur before entering the in-can melter,. which is located directly 
beneath the calciner. 

In-Can Melter. Figure 4. 1.10 shows the in-can.melter used in the WVF. Two such melters 
are connected to the spray calciner by a diversion valve, so that one canister can be removed 
while the other canister is being filled. The in-can melter uses an 8-zone furnace with a 
heated chamber 3.25 m long. The power to each zone (maximum= 30 kW) can be controlled inde
pendently. Each zone can also be air-cooled independently. The normal operating temperature 
for the in-can melter is l050°C; maximum operating temperature is 1200°C. Nominal glass melt
ing capacity of the in-can melter is 50 kg/hr. 

Melter off-gas exits through the coupling section and is combined with the calciner off
gas. The coupling section must have a minimum slope of 60° from the horizontal and its tem
perature must be maintained above 100°C to prevent deposition of the incoming frit-calcine 
mixture i~ the couplin~ section. 
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FIGURE 4.1.10. In-Can Melter 

The furnace is fitted with a liner, or retort, that protects ~he furnace in the event mol
ten glass leaks from a canister. If an inert gas blanket is used to control external oxidation 
of the canistet, the retort also serves to contain this blanket around the canister. 

Both in-can melters are mounted on tracks so that they can be moved from beneath the cal
ciner. Before moving a fu~nace the valve in the inlet is r~tracted to form a seal which mini
mizes release of calcine to the cell atmosphere during canister removal. The waste canisters 
are removed from the furnace and moved around the WVC by an overhead crane. 

HLW Canister. Figure 4.1.11 shows the canister in which the waste glass is melted. After 
melting is completed the canister becomes the storage container for the waste glass. The deiign 
is conceptual for the purposes of this report. Actual waste canisters may be expected to differ 
in certain details. 

The canister is 30·cm in dia (12 in schedule 40 pipe) and 3m long. All canister mater
ials are assumed to be 304L stainless steel. Eight. longitudinal internal fins ar~ provided to 
conduct heat into the canister to increase the meltinq rate during processing; they also assist 
in cooling the glass after the canister is filled. The fin .assembly re~ts freely inside the 
canister and is not attached to the canister wall. 

Each canister is seal welded after filling. After seal welding the canisters are fitted 
with a standardized remote grapple fitting to facilitate handling through subsequent stages of 
HLW management. During shipping a special collar is placed around the grapple fitting so that 
it does not act as a projectile point if the shipping cask is stopped abruptly. 
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Welding and Inspection Station. Seal welding of the canisters is done in an automated 
station in the WVC. Canisters are moved sequentially through. the station on a track. At the 
first stop in the station the seal plate i~welded using a tungsten inert gas welder. The 
welding torch is mounted on a jig containing a variable speed drive that automatically rotates 
the torch around the circumference of the weld. The next stop in the station is for checking 
the integrity of the seal weld. Several techniques are applicable here, ranging from dye 
penetrant examination to helium mass spectrometer leak detection. 

Liquid Feed System. The feed tank for the spray calciher is located in the WVC and has 
a capacity of 4500 l. HLLW is recirculated from the feed tank through a loop by a high capacity 
cantilever pump to assure uniform suspension of any solids which may be present. The feed to 
the spray calcine·r is taken at a controlled rate as a side stream from the recirculating loop. 

Frit Feeder. The frit feeder is located outside the WVC and feeds through an air lock 
combination of valves into the cell and to the spray calciner. The glass frit, which has a 
-20 + 80 mesh particle size, can be metered with commercially available vibratory or screw
type solids feeders. 

Off-Gas System Components. The off-gas system components were shown as· part of the flow 
diagram in Figure 4.1.1. The first component, a venturi scrubber-separator, is used to remove 
particulate entrainment for recycle. A prefilter and two HEPA filters in series are also pro
vided to remove particles. Special sorbers are provided for volatile ruthenium and iodine. 
Silica gel is used as the ruthenium sorbent and silver zeolite as the iodine sorbent. The 

·silica gel bed can be regenerated; the silver zeolite bed cannot be regenerated and will 
be replaced about every 5 years. 
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Shielding and Remote_Handling Equipment. The WVF is designed for complete remote opera
tion and is shielded with 1.8 m (6-ft) concrete walls. Master-slave manipulators, electro
mechanical manipulators, and remotely operated cranes are used for all normal activities and 
equipment handling. 

4.1.1.5 Waste Vitrification Facility Operating and Maintenance 
Requirements 

·The reference WVF operates 24 hours a day, 7 days a week. Startup and shutdown of the 
facility can be accomplished in a few hours. Certain maintenance activities are performed 

·periodically; these include: 

• removing calciner conden~ate from the calciner condensate tank to the HLLW concentrator 
feed tank 

• changing decontamination solution in the decontamination solution tank and routing the 
used solution to the HLLW concentrator feed tank 

• jetting the sump solutions to a waste collection tank for sampling 

• regenerating the ruthenium sorber with dilute nitric acid or hot water, which is routed 
to the HLLW concentrator feed tank 

• decontaminating equipment by flushing, and routing the decontamination solution to the 
HLLW concentrator feed tank 

• repairing occasional seal weld leaks or overpacking an off-standard canister 

• flushing a calciner seal pot to the HLLW concentrator feed tank and filling it with water. 

Maintenance requirements for the WVF are characteristic of fully-remote, high-radiation 
operations. Maintenance or replacement of equipment in this type of operation is about an 
order of magnitude ~ore time consuming than for hands-on operated equipment; equipment reli
ability is; therefore, a prime consideration in the design of the WVF. 

In-cell equipment is designed for simplicity of operation and maintenance. To aid in 
remote operations, equipment is·arranged to permit unobstructed r.rane access and is fitted with 
lifting devices (lugs, yokes, etc.) .. The use of equipment witn moving parts subject to high 
maintenance frequency is minimized. All equipment is designed and selected on the basis of 
suitability for extended use and high reliability. Major pieces of process equipment are made 
of materials exhibiting high resistance to corrosion, radiation damage, and process operating 
conditions. Similarly, all of the equipment, piping, and instrument tubing in radioactive areas 
are made to withstand decontamination solutions. . . 

Staffing. The WVF staffing requirements are shown in Table 4.1.6. 
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TABLE 4.1.6. Waste Vitrification Facility 
Staffing Requirements 

Job Description 

Operators 
Radiation monitors 
Maintenance craftsmen 

Personnel Required, 
man-yr/yr 

/ 

19 

l 

9 

Supplies and Utilities. Tabie 4. 1.7 shows the materials for operating the WVF. Chemicals 
used for periodic facility decontamination and cleanup are·included. Table 4.1.8 gives power, 
water, air and steam requirements. 

Supply 

Glass frit 
Canisters 

TABLE 4. 1.7. Waste Vitrification Facility 
Supply Requirements 

Use 

Waste immobilization media 
Containment of solidified wast~ 
during storage, shipping, and 
disposal 

Annual Requirement 

2.5 X 105 kg 
660 canisters 

Caustic (19 _!i) 

Nitric acid (12.2 M) 
Helium sources(a)-

In-cell decontamination 
In-cell decontamination 
Leak check of canister seal 
welds 

Argon(a) 

Detergent 
Ammonia 
Silver Zeolite 

a. Optional 

750 sources 
Inert gas blanket for canisters 
in in-can melter 1300 - l ~00 m3 

225 kg In-cell decontamination 
Reactant in NO destructor 

X . 
Iodine adsorber 

l. 2 X 105 kg 

TABLE 4.1.8. Waste Vitrification Facility Utility 
Requirements 

Utility 

Electricity 
Water Consumed 
Steam 

Use Rate 

566 ki-J 

9.7 m3;day 
80 kg/hr 

Annual Requirement 

4 X 106 kWh 
2900 m3 

5.8 X 105 kg 
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4.1.1.6 Waste Vitrification Facility Secondary Radioactive Wastes 

Table 4.1.9 gives the secondary radioactive wastes produced by the WV.F. These wastes are 
routed back into the FRP for treatment. Failed equipment and solid trash from the WVF have 
no unique characteristics that require special treatment and are disposed via FRP facilities 
for those types of wastes. Liquid secondary radioactive wastes are·recycled to the FRP high
level waste concentrator. 

TABLE 4.1.9. Waste Vitrification Facility Secondary Radioactive Wastes 

DescriEtion 
Volume, 

m3fy_r Radioactivity_ Factor(a) 

Combustible and 
1 o-7 compactable waste 100 2 X 

· Failed equipment and 
noncombustible 

10-6 trash 50 6 X 

a. Fraction of input activity (Table 4.1.3) in secondary wastes. 

4. 1.1.7 Waste Vitrification Facility_ Emissions 

Air and .water consitute WVF emissions ultimately released to the environment. The air 
from the pr9cess equipment and the cell ventilation is radioactive. The properties of· those 
air streams and their activity are shown in.Tab1e 4.1.10. Table 4.1.11 lists the decontamination 
factors (DF) a~sumed for each of the components of the in-cell off-gas train. The off-gas 
then passes through the FRP APS where an ~dditional 104 OF for particulates is· obtained. 

An estimate of the integrated annual release due to minor accidents (Section 4.1.1.9) 
for this facility is included in Table 4.1.10. It was developed by weighing the minor accident 
releases by their expected frequencies and summing the quantiti~s for all identified minor 
accidents. In addition, a contingency was included in the integrated release to account for 
unidentified minor accidents and to compensate .for the uncert~inty in expected frequency 
information. Estimated integrated annual releases due to minor accidents for this technology 
15 5hown in Table ~.1.10. 

There are no other significant emissions from the WVF. There are no obnoxious noises, 
odors, or vibrations associated with its operation. 

' 
4.1.1.8 Waste Vitrification Facility_ Decommissioning Considerations 

The useful life of the WVF is the same as that of the FRP, 30 years. Residual activity 
at the time of decommissioning is esti~ated to be about 1 x 105 Ci after removal of the ruthe
nium and iodine sorbers. Much of the activity will be associated with fine powdery caJcine on 
the cell walls and floor and will be easily removed during decontamination. After decontami
nation, the activity remaining in the WVF should ·be less than 103 Ci. 
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TABLE 4.1. 10. Waste Vitrification Facility Emissions 

Emission Description 

Gaseous Process off-gas, ventila
tion air, and vaporized 
excess water 

Cooling 
tower 
water 

Other 

Minor accident integrated 
.annual release 

Ammonia(b) 

• evaporated, T = 38°C 
• drift, T"= 38°C 
• blowdown, T = 27°C 

Heat 

Annual 
Quantity 

1 X 104 kg 

2.5 X 106 kg 
1.2x 104 kg 
4.3 X 105 kg 

1. 7 X 103 MW-hr 
(5.7 X 109 BTU) 

Radioactivity Relea~e 
Factor to Atmospherela) 

3 
129H 

I 
Ru 

All others 

1.0 -3 
1 X 10_10 1 X 10_15 2 X ·10 

All 1 x-10-17 

a. Fraction of input activity (Table 4. 1.3) released to atmosphere. Includes DF 
from main plant APS where appJicable. Released over 300 days/yr. 

b. From the NOx destructor. 

TABLE 4. l.ll. Estimated Decontamination Factors for Off-Gas Cleanup 
in the Waste Vitrification Facility 

Estimated DF (a) 
Equipment Iodine Ruthenium Particles NO -x 

· Calciner and filter 10 200 
Venturi scruhher, 10 10 
condenser and demister 
Ruthenium adsorber 103 2 
HEPA filter bank 10 107 
(roughing + 2 HEPAs) 
Iodine sorber 103 

NUx converter I I I IUU 

Overall facility DF 7 1()6 4xlo10 100 

a. DF = ratio of the activity entering the equipment to the activity 
leaving facility. 

4.1.1.9 Wagte Vitrification racility Postulated Accidents 

Postulated minor and moderate accident scenarios for the WVF are prese~ted in Tables 4.1.12 
and 4.1.13. The consequence of most of the accidents is the release of no more than a few 
gram~ of airborn~ calcine to the cell atmosphere. Each metric ton of spent fuel processed 
yields 52.5 kg of HLW calcine. The WVF cell ventilation air leaves the cell through a rough- 1 

ing·filter and two HEPA filters (DF = 107). The cell ventilation air is then combined with the 
• FRP HVAC ~ir before going through the atmospheric protection system (DF = 104). Thus, the decon

tamin;tion factor for calcine particles is lOll before release. at th.e FRP stack .. 
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TABLE 4.1.12: Waste Vitrification Facility Minor Accidents 

Accident No. and 
Description 

4.1. 1-Hydrogen explo
sion in feed tank. 
Expected frequency 
-vD.Dl/yr. 

4.1.2-HLLW feed sys
tem leakage. 
Expected frequency 
-vO.l/yr. 

4.1.3-Calcine spill 
due to backup in 
equipment or other 
process irregularity. 
Exrecten frequency 
-v2/yr. 

4.1.4-Sintered metal 
filter failure. 
Expected frequency 
'VQ.l/yr. 

4. l.5-Cani5ter and 
retort failure dur
ing melting opera
tion. Expected 
frequency -vO. 01 /yr 

Sequence of Events 

l. Extended undetected 
loss of air purge 
allows hydrogen 
accumulation. 

Safety Systems 

l. Mu.ltiple air 
purges with flow 
indicators. 

2. Ignition source causes 2. Designed to 
hydrogen explosion. eliminate igni

tion sources. 
3. Repair or replace 

equipment as required. 

l. Leakage in pressurized l. Primarily welded 
·line at fitting or connections. 

connection. 

2. Leakage detected. 

3. Leaking equipment 
.-·epa·; r·ell. 

l. Calcine backup due to 
- brid~ing in melter 
- part1al plugging in 

chute. 

2. Maloperation of cone 
valve. 

3. Disconnect canister 
and remove calcine 
hlnck~ge. 

l. Filter fails due to 
corrosion, mechanical 
shock or excessive 
temperature. 

2. Filter replaced. 

l. Furnace control 
failure and operator 
inattention. 

2. Cani&ter and retort 
failure release 
molten glu55 into 
furnace. 

3. Replace furnace. 

2. Sump alarm 
enables early 
delecliun . 

l. Vibrators on 
calciner to 
reduce holdup. 

2. Bridging detector 
in melter. 

l. Designed to 
minimize need 
for replace
ment. 

l. Multiple zone 
furnace with 
separate con
trols and alarms. 

2. Redundant tem
perature read
out5 on each zone. 

Release 

None. Solution 
safely contained fn 
floor pan. 

None. Solution 
safely contained in 
floor pan. 

Nominally a few grams 
of calcine would be 
released to cell. In 
the worst case up to 
2 kg calcine released 
to cell. Of this 
material 70% reaches 
the cell HEPAS result
ing in a 1.5 x lo-S mg 
release over l hour 
from the FRP stack. 

None. <100 g of 
calcine may be 
dislodged during 
replacement. Pre
cautions taken to 
prevent its becoming 
nirhnrne. 

None. 

A few of the accidents affect equipment in the WVF off-gas treatment system. The duration 
of any of these accidents involving equipment failures in the off-gas system should not exceed 
8 hours. 

The most severe.potential acGident identified for this technology is a ca1ciner rupture. 
This accident cannot be realistically postulated to occur during the design-life of the plant 
because several unlikely independent events are required for its initiation. For this reason, 
the calciner rupture accident was placed in the non-design basis category (See Section 3.7) 
and is not described here. Even if this accident occurred, release of calcine to the cell 
filters would be less than in accident 4. 1.3. Calciner failure due to overheating is another 
accident in the non-design basis category .. This accident would also release calcine to the 
cell atmosphere, but the amount released should be less than in the calciner rupture accident. 
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TABLE 4. 1.13. Waste Vitrification Facility Moderate Accidents 

Accident No. and 
Description 

4. 1.6-Feed solution 
backup in air line 
or contamination 
spread to occupied 
zones. Expected 
frequency ~.2/yr. 

4. 1.7-Dff-gas iodine 
or ruthenium adsorber 
malfunction. Expected 
frequency ~- 1/yr. 

4. 1.8-Process off-gas 
filter failure. 
Expected frequency 
~.2/yr. 

4. 1.9-Dff-gas blower 
failure. Expected 
frequency ~. 1/yr. 

4.1.10.-Fai 1 ure of cell 
exhaust filters. 
Expected frequency 
~.1/Yr. 

Sequence of Events 
1. Feed nozzle pl~gs. 

2. Atomizing air check 
valve fails allowing 
airline to fill with 
HLLW. 

3. Empty and decontami
nate the 1 in e. 

1. Exhaustion or degrada
tion of sorbent or 
bed channeling. 

2. Adsorber malfunction 
detected. 

3. Replace· adsorbent 
with trash adsorbent. 

1. Filter fails. 

2. Failure detected and 
off-gas diverted to 
spare filter bank. 

3. Filter replaced. 

1. Mechanical failure 
or loss· of electrical 
power. 
·! 

2. Alternate blower or 
power system acti
vates. 

1. Filters not properly 
sealed, or damaged 
during handling of 
filter or process 
equipment, or mois
ture buildup. 

2. Defective filters 
replaced. 

Safety Systems 
1. Multiple detec

tion systems. 

2. Air supply pres
sure exceeds .feed 
pressure. 

1. Substantial bed 
depth used to 
assure sorptive 
capacity and 
minimize channel 
ing. 

2. In-line monitor
ing equipment. 

1. Differential 
pressure and· 
radiation 
instrumentation. 

2. Spare filter bank. 

). In-line spare 
blower. 

2. Off-gas blowers 
on emergency 
power. 

1. Periodic test of 
·filters' efficien
cies. 

Release 
None. lDO g HLLW 
backs up in an air 
line. This presents 
a line source 1 m 
long exposing 2 per
sons 1 m away for up 
to 10 minutes. 

<100-fold increase 
in I-129 activity 
or <10-fold increase 
in Ru-1D6 activity 
in WVF process off-
gas to FRP atmospheric 
protection system, 
from malfunction of 
iodine or ruthenium 
adsorber, respectively. 

1 x 10-3 g of calcine 
released from the FRP 
stack over l/2 hour. 

None. Fraction of. 
gram of calcine dust 
may become airborne, 
but all contained in 
cell. 

Slight increase in 
activity of cell off
gas to FRP atmospheric · 
protection system. 

For purposes of environmental consequence analysis, the material release associated with 
accidents numbered 4. 1.3,.4. 1.6 and 4. 1.8 in Tables 4.1.12 and 4.1.13 have been selected as 
umbrella source terms. (The concept of an umbrella source term is explained in Section 3. 7 -
Basis fo~ Accident Analysis.) This means that the releases from these accidents are the 
largest in their respective source term categories. Accidents are cross indexed with their 
appropriate umbrella source term in Appendix A, Section 3. The environmental consequences 
of these accidents are described in DOE/ET/0029. 

The releases for the umbrella source terms were developed as follows: Accident 4.1.3 is 
representative of minor process failures which may result in leakage of a few grams of calcine 
to the cell. A very unlikely but potential worse case would be the spillage of 2.1 kg of 
calcine. Accident 4.1.6 represents accidents with potential nuclide release through penetra
tions of. the cell shielding to occupied zones of the plant. The 10-minute exposure period is 

a conservative estimate of the maximum time for evacuation following an alarm. The upper limit 
for this type of accident is believed to be bounded by the back up of 100 g of HLLW in all d i r· 

line. Material released in Accident 4.1.8 was assumed to be jarred loose from the filter media 
during filter failure. System shutdown following filter failure limits releases from this accident. 
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4.1.1.10 Waste Vitrification Facility Costs 

Estimates have been made, in mid-1976 dollars, of capital, operating, and leveliz~d unit 
costs for vitrification of high level waste. A complete description of cost estimate bases, 
assumptions, and definitions is given in Section 3.8. 

Capital Costs .. The capital cost estimate for the waste vitrification facility is shown 
in Table 4.1.14. The estimate covers all ca~ital costs specifically resulting from including 
the WVF as an integral part of the reference FRP. These costs also include the effect of 
incremental additions to utility supplies, such as electrical substation, HVAC, compressed air, 
and similar auxiliaries, as well as the cable, piping and other bulk materials'incorporated 
directly into the facility. However; general FRP costs for services such as laboratories, 
warehousing, shops, and offices are not allocated to the WVF. 

The total capital cost includes all plant-related costs incurred from the start of 
engineering to the initiation.of commercial operation, with the exception of working capital 
and special maintenance equipment. HLW canisters, overpacks, and consumable process materials 

·are included in'operating costs. Shielding casks for failed equipment are included in 
transportation. 

TABLE 4.1.14. Capital Cost Estimate for the Waste Vitrification 
Facility 

Man-hours, Costs, 
1000s 1000s of Mid-1976 Dollars 

Cost Element 

·Major equipment 
Building and structures 
Bulk materials 
Site improvcmcntG 

Subtotal of direct 
site construction 
costs 

Indirect !;;itc 
construction costs 

Total field cost 
Ar(hit~(t-enaineer 

services 

Subtotal 
Owner's cost 
Total facility cost 
Estimate accuracy 

range 

Nonmanual Manual 

50 
520 
3?0 

10 

900 

240 180 

240 1,080 

Material La66r Total 

3,900 600 4,500 
2,800 6,300 9,100 
3,900 3,800 7,700 

100 100 200 

10,700 10,800 21,500 

4,000 5,200 9,200 

14,700 16,000 . 30,700 

5.500 

36,200 
10,800 
47,000 

±30% 
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Operating Costs. Table 4. 1.15 tabulates the operating costs for the high-level waste 
vitrification facility. Direct labor costs were estimated using the manpower figures in 
Table 4. 1.6 and the wage factors given in Section 3.8. In addition, the direct labor costs 
include an allowance of $400,000 for major remote maintenance requirements. Process materials 
consist of 658 12-in. dia. x 10-ft. long stainless steel canisters at $5,500 each. Utility 
costs are based on requirements shown in Table 4.1.8. Annual maintenance materials are esti
mated at 5% of_major equipment plus $45,000. Overhead and miscellaneous costs are estimated 
using the factors given in Section 3.8. 

Levelized Unit Costs. The levelized unit cost, including levelized ca~ital and operating 
segments, is given in Table 4.1.16. The unit cost calculation assumes private ownership of the 
facilities and a 15-year economic life. 

TABLE 4. 1.15. Operating Cost Estimate for the 
vlaste Vitrification Facility 

Cost Element 

Direct labor 
Process materials 
Utilities 
Maintenance materials 
Overhead 
Miscellaneous 

Total 

Annual Costs, 
$1000s 

840· 
4000 

90 
270 
660 
240 

6100 ±25% 

TABLE 4. 1.16. Levelized Unit Cost Estimate for the 
Waste V"itrification Facility 

Cost Element 

Levelized capital charge 
Levelized operating 
charge 
Levelized total unit 
cost · 

Unit Cost, 
$/kg HM 

6.10 

2.80 

8.90 ±30% 

The ab~ve cost estimates are derived for 12-in. dia canisters. Allowable heat limits at 
the repository may dictate the use of canisters as small as 6-in. in dia. To determine the 
cost relationships for smaller diameter canisters, the major equipment needs and cycle times 
were reviewed for operations with a 6-in. canister. From this review, the capital and operating 
costs were revised and a new unit cost factor derived which, when multiplied by the cost for 
12-in. canisters, would ~ive the estimated cost if 6-in. canisters were used. The unit costs 
were assumed to vary inversely as the square of the diameters according to the following 
relationship: 



where c ·. 
x-1n. 

cl2-in. 
0 . X-1n. 
012-in. 
k 

ex-in. 
cl2-in. 

= ( :~Hn.) 
x-1n. 
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k 

unit cost of x-in. dia canisters 

unit cost of 12-in. dia canisters 

dia of x-in. canister 

dia of 12 in. canister 

constant exponent 

(1) 

Using the previously estimated unit cost factor for 6- and 12-in. dia canisters, the above 
relationship was solved for the exponent k which was found to be 0.6. The unit cost factors 
for 8- and 10-in. dia canisters were then derived. The ~ost factors corresponding to the dif
ferent diameters are 10 in. = 1.25; 8 in. = 1.64 and 6 in. = 2.33. 

4.1. I~ II Waste" Vitrification Facility Construction Requirements 

Many factors relating to site preparation and construction of the WVF may have some impact 
on the environment, the local economy, and the natural resources of the surrounding area. The 
information that follows provides a basis for evaluating the impact of WVF construction 
activities. 

Project Schedules and Construction Manpower. The schedule for engineering, procurement, 
and construction of the WVF is an integral factor in the overall schedule for the FRP. The 
field labor force estimated for the construction of the WVF is tabulated below: 

Man-hours, 
1000s 

Manual fielrl lflbor 1080 
Nonmanual field labor 240 

Total field labor 1320 

Distribution Between Onsite and Offsite Costs. Onsite costs are those for all construction, 
materials and services provided at the site of the FRP whilP. offsite r.osts ~re those for all 
services provided, equipment fabricated and/or assembled, and material purthased off of the 
site of the FRP. The distribution of total costs in these categories is as shown below:. 

Onsite 
Offsite 

Total 

Costs, 
$1000s 

17,000 
30,000 
47,000 

Si tc flcgui 1·ements. Th~ referenc~ WVF i ~ cun Ll yuuus w I Lh L11e FRI' and thus shares the over
all siting requirements of the FRP. The WVF takes up an area 26m (85 ft) x 26m (85 ft) at 
the FRP site. Installation of the WVF also requires a water storage facility for interim 
storage of the filled waste canisters and a canister shipping facility for off-site shipment 
of the canisters. These two facilities, which require about 10 times the space of the WVF, 
are described in Section 5.4. 
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Water. About 17,000 m3 (4.5 x 106 gal) of water is required during construction. 

Construction Materials. Materials committed to construction are: 

Concrete 
Steel* 
Copper** 
Zinc 
Lumber 

6.100 m3 

1680 MT 
18 MT 
0.9 MT 

330 m3 

Energy. Energy resources used during construction are: 

Propane 
Diesel fuel 
Gasoline 
Electricity 

Peak demand 
Total consumption 

150m3 

1,510 m3 

980 m3 

400 kW 
750,000 kWh 

(8000 yd 3) 

( 1850 tons) 
(20 tons) 
( 1 ton) 
(140 MFBM) 

(40,000 gal) 
(400,000 gal) 
(260,000 gal) 

Transportation Requirements. No transportation requirements separate from those of the 
FRP have been identified for the WVF. 

· 4.1.1.12 Effects of Fuel Cycle Options 

The reference process for HLW vitrification assumes reprocessing of LWR'fuel and recycling 
the retrieved uranium and plutonium. The following alternative fuel cycle modes have also been 
assessed insofar as they relate to HLLW vitrification. 

No Recycle .. With no fuel reprocessing, the highly radioactive fission products conta~ned 
in spent fuel are not separated out as high-level liquid wastes .. Accordingly HLLW vitrifica
tion facilities are not required. 

Uranium Recycle Only, with Plutonium Stored Separately. This alternative is expected to 
generate about the same amount of concentrated HLLW as in the uranium and plutonium recycle 
case. The heat generated by the waste, however, would be lower because fewer heat-generating 
actinides would be present (see Table 4.1.2). No significant change in the WVF would be 
necessary. 

Uranium Recycle Only; with Plutonium to HLW. This alternative would also generate about 
the same amount of concentrated HLLW as in the uranium and plutonium recycle case. Because 
of criticality problems during ljquid tank storage the plutonium waste stream would not be 
combined with the HLLW. Instead, the liquid Pu(N03)4 ~aste would be m~tered separately into 
the vitrification process from a critically-safe feed tank. The volume of resulting glass 
would be increased by about 10%. .If desired, this volume increase could be accommodated without 
increasing the number of waste canisters since they are nominally filled to only 80% capacity. 
The long-term heat content of the canisters would also be increased. After 100 years canisters 
containing plutonium would generate about twice as much heat as the reference canisters, which· 

* Includes structural equipment, piping, conduit, rebar, etc. 
~~Primarily wire and cable 
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contain no plutonium. (See Table 4.1.2). Considerable research and development would be 
required for implementing this fuel cycle mode. With about 29.1 kg of Puo2 added to each 
canister of HLW glass via this option, criticality questions would have to be resolved. 
A criticality safety analysis ·has been conducted for the spray calciner/in-can melter, 
its associated equipment, and its waste glass product, in terms of the effect of this 
increase in plutonium content. The analysis indicates that there should be no insurmountable 
criticality safety problems associated with the vitrification system. Criticality problems 
may exist in the handling of the filled canisters, however. 

The criticality safety analysis of the calciner-melter system is based on a number of 
assumptions. To avoid criticality problems in the high-level liquid waste feed tank (capacity 
5.7 m3) it is assumed that the purifi~d Pu(N03)4 from the FRP is hP.ld in its nwn g~ometrically
safe feed tank (capacity .35 m3) and metered directly to the feed atomizing nozzle on the spray 
calciner. The plutonium is then assumed to be.completely calcined in a uniform mixture with 
the other waste. The calcine product is assumed to have a bulk density of 1.2 g/cm3 ~ corres
ponding to a specific volume of 51.7 1/MTHM. Uniform melting of the calcine and frit would 
produce a waste glass having a density of 3.0 g/cm3 and a specific volume of 64.1 1/MTHM. A 
large amount (10 kg/MTHM) of natural. gadolinium, a thermai neutron poison added during spent 
fuel dissolution, is assumed to be present in both the waste feed solution and the dry waste 
products. 

Even with completely uniform mixing, the k
00
* for calcine is 1.313; i.e., a large enough 

accumulation of the calcine could become critical. This is not a factor in the spray calciner/ 
in-tan melting process,, however, since the process is designed to have no calcine holdup. The 
calcine is converted to glass immediately after its formation. 

Criticality safety control in the resulting waste glass product depends on whether or not 
the plutonium oxide tends to concentrate due to precipitation and settling during the melting 
process. Calculations show that because of the high boron and gadolinium content in the qlass, 
a homogeneous distribution will result in a k

00 
less than unity at the proposed uniform density 

of 0.15 g Puo2;cm3 Specifically, koo would be about 0.34, which means that the system is sub
critical regardless of amount or geometry. 

If, however, the plutonium oxide settles to a higher concentration, k
00 

may exceed unity, 
and further analysis considering total fissile mass and qeomet~ may be needed. Preliminary 
tests with some waste glass compositions indicate the Pu02 solubility limit is in the range 
of 1.5-2.0 wt%. Thus, with the fuel cycle option under discussion here, over half the 
plutonium present could be insoluble. It is probable that much of the insoluble Pu02 would 
remain suspended in the glass until it had cooled and become so viscous that no more settling 
could occur. But, experimentation is required to determine the.actual amount of settling and 
prevention methods. 

The effects of maximum settling have been analyzed. 
of k~ is >1 when the density of Pu02 in the glass exceeds 

As shown in Figure 4.1.12, the value 
about 0.6 g/cm3. Thus, further 

·investigation is necessary to determine if it is possible for the density of Pu02 to exceed 

* koo criticality factor for an infinite· system 
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FIGURE 4.1.12. Effect of Pu02 Concentration on k
00 

of Borosilicate 
Waste Glass · 

this value. To get an indication of the magnitude of this problem, a set of simpl.ified calcu
lations of keff* was made using finite values of glass mass and canister dimensions based on 
design conditions. The entire mass of 29.1 kg of plutonium was assumed to settle into a uni
form glassy plug of various densities (and corresponding heights) in a 12'' schedule 40 pipe 
with full graphite reflection. Graphite was chosen because it gives a higher system keff than 
any other reflector expected to be encountered. The results are shown in Figure 4.1.13. For 
a Pu02 density> 3.5 g/cm3, keff is> 0.9, which would begin to indicate a criticality potential, 
requiring perhaps a reduction in the mass of the glass or in canister dimensions. For a Pu02 
density .in the range of·l.O to 3.5 g/cm3, such reductions might still be needed since the 
simplified model used in these calculations may not represent the most reactive condition. 
It is clear that this criticality question cannot be fully resolved until experimental infor
mation on the solubility of Puo2 in waste glass and on the maximum concentrations cif precipi
tated Pu02 become available. These additional considerations will also affect the criticality 
safety analysis of all subsequent operations involving canisters of glass waste with discarded 
plutonium, including handling, transporation, interim storage, and final isolation. 

4.1.2 High-Level Waste Calcinatio~ 

Calcination as an alternative form of HLLW treatment will be discussed here so that the 
relative merits of vitrification versus calcination may be evaluated. Calcination of high-
level liquid waste is a primary step in the vitrification process. With sufficient high temperature 
treatment to ·remove potential sources of volatiles~ the calcined waste meets the present Federal 
regulations for solidified HLW without the additional. complications of conversion to glass. 

,. *keff = effective cri ti ca 1 i ty factor 
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FIGURE 4.1.13. Effect of Pu02 Concentration on keff of Borosilicate 
Waste Glass Contained 1n a Fully Graphite-reflected 
Canister 30 em in diameter 

4.1.2.1 High-Level Waste Calcination Process Alternatives 

A fluidized bed calcination process has been operated by at the Idaho National Engineering 
Laboratory (INEL) since·l963 for conversion of DOE radioactive waste solution to granular solids. 
The INEL process d·iffers from light water reactor (LWR) HLLW solidification facilities in two 
important ways: 

• The waste solutions have a different chemical r.ompo~it.ion and are about 500 times less 
radioactive. 

• The calcine is sto~ed in vented bins onsite, i.e., it is not sealed in canisters for 
transport offsite. 

Ext~nsive operating experience with fluidized bed calcination at INEL has dPmon~t.r~ted 

the reliability of this processing conc~pt. (B) Development studie~ at INEL and PNL have shown 
also that HLLW from an LWK can be solidified by fluidized bed calcination, with suitable 
process modifications. (g) 

Other calciners have been spccificillly d~vPlnperl for connercial HLLW calc1nationt including 
pot calciners, spray calciners and rotary kilns. These calciners were reviewed in a previous 
report( 2) and fluidized bed calcination was identified as being the most well-developed calcination 
process. It has, therefore, been selected as the reference calcination process for this report. 

4.1.2.2 Waste Calcination Facility Design Basis 

The design basis assumed for the waste calcination facility (WFC) includes the following: 
• Process HLLW from 2000 MTHM/yr 
• .6m3 (150 gal) HLLW/MTHM 
• 300 days facility operation/yr 
• peak design capacity= 1.5 nominal design capacity 5.7 m3 (1500 gal )/day 
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The reference waste calcination facility is designed to be close-coupled to the FRP; 
there will be no interim storage of the HLLW before calcination. The spent fuel will be cooled 
1.5 years before reprocessing. The thermal power generation rate of 1.5 year old HLLW was 
given earlier in Table 4.1.2. 

4.1.2.3 Waste Calcination Facility Process 

The WCF produces a thermally-stabilized calcine powder in canisters 20 em (8 in.) india 
x 305 em (10 ft) long for storage and ultimate disposal. A smaller diameter canister is used 
for waste calcine than for waste glass to prevent overheating at the centerline of the canis
ter, since the thermal conductivity of calcine is approximately 25% that of glass. Figure 4.1.14 
is a flow diagram of the .r-eference WCF process. The·calcination process reduces about 20 
·volurnes of liquid to one volume of solid. The process may be divided into four .components: 
1) calcination and canister filling, 2) calcine stab.ilizatiori, 3) off-gas treatment, and 4) 
canister sealing and decontamination. -The distribution of radioactivity in the feed to the 
process is the same as for the WVF given in Table 4.1.3. Table 4.1.17 de~cribes the product 
from the calcination process. 

Calcination and Canister Filling. Two waste hold tanks are used to maintain.a continuous 
supply of HLLW from the FRP to the calciner. One tank is filled while the other tank is emptied 
to the calciner. The HLLW is pumped to the calciner through a pneumatic atomizing nozzle. The 
calciner is heated with an in-bed combustion (IBC) system in which a mixture of kerosene and 
oxygen is burned in the bed of the calciner to maintain the temperature at 500°C. When the atom
ized HLLW is i~jected into the hot bed, the waste constituents are converted to solids (primarily 
oxides), which adhere to the surface of particles already in the bed. The bed is in dynamic equi
librium; n~w particles are nucleated on small pieces spalled off larger particles, so that the bed 
particle inventory remains constant even though product calcine is continuously removed. The bed 
is fluidized by heated air entering through perforations in the support plate. 

The product calcine is collected in two streams. One consists of powder taken from a bed 
overflow line; the other consists·of fines removed from the off-gas stream via a cyclone. In 
both cases, gravity is used to transfer the solids to an interim storage vessel for temporary 
holdup until canisters are ready for filling. The hold vessel is water-cooled to dissipate 
the heat generated by the calcined waste. A similar calcine hold vessel is maintained as a·n 
empty spare in the event fluidization in the calciner is lost and an emergency dump of the bed 
is required. 

The canisters are filled with calcine by gravity flow from a slide valve at the bottom of 
the calcine hold vessel. During normal operation a canister is filled every 10.5 hr. The 
canisters are filled to approximately 80% full capacity. 

Calcine Stabilization. Federal regulations require that the solidifed waste be chemi
cally, thermally, and radiolytically stable so that pressurization of the sealed canisters 
does not occur. Calcine formed at the 500°C operating temperature of the WCF requires 
further treatment to remove residual water and nitrate in order to meet this requirement. 
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TABLE 4.1.17. Description of Solidified Waste from 
Waste Calcination Facility 

Volume of calcine 
Density of calcine 
Treated volume(a) · 
Untreated volume 
Canisters(b)/yr 

Leach rate of calcine in water 
@ 25°C 

Radioactivity in calcine, 
fraction of iDput(c): 

3H 

1291 

All other fission products and 
actinides 

48 m3 /yr 
2200 kg/m3 

0.052 
683 

20-25% of the most soluble 
constituents, such as Cs and 
Sr dissolve in <l week 

.0 

0 

1.0 

a. Treated volume based on canister volume with canisters 
80% filled. 

b. 20 em dia x 3 m long. 
c. See Table 4.1.3. 

The residual water and nitrate are removed by heating each canister to 700°C while the 
contents are fluidized with air. Each canister is fitted with a ·fluidizing gas line leading 
to a sintered metal support plate at the bottom. ·Two hours at temperature are sufficient to 
remove the residual water and nitrate. (lO) Remotely attached connections vent the calcine 
stabilization off-gas to the calciner off-gas cleanup system. 

Off-gas Treatment. The WCF process off-gas comprises all process air streams, vaporized 
water, nitric acid, decomposed nitrates, and fine particles. This off-gas passes through a 
cyclone, wher~ most of the solids are removed. The design objective of the cyclone is to 

collect a~ many of the ~nlirls as feasible in order to minimize the quantity of solids collected 
in the scrub system. The cyclone should collect at least 50% of all particles larger than 
2 ~m in diameter. The collected particles are transferred by gravity to the calcine hold 
vessel. 

After leaving the cyclone, the off-·gas is cooled in a quench tower and scrubbed in a . 
venturi scrubber with recirculating 1.5~ HN03: The off-gas then passes through a silica gel 
bed for ruthenium adsorption, a prefilter/HEPA filter combination for further particle 
·removal, a silver zeolite adsorber for iodine removal, and a NOx destructor .. The NOx destruc
tor utilizes the exothermic reaction of NOx and NH3 on a zeolite catalyst~ which converts the 
two gases jnto nitrogen and water vapor. Gas heaters and coolers are provided as needed in the 
off-gas system. The treated process off-gas from the WCF is routed to the FRP atmospheric pro
tection system for dilution and a final filtration treatment before release to the atmosphere. 
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Canister Sealing and Decontamination. After the calcine stabilization step is completed 
the off-gas connector is uncoupled and the canister is moved to the welding station where a 
cap is seal-welded on the canister. Such quality assurance tests as may be required are con
ducted at this time. The canister is then moved to the canister decontamination cubicle where 
surface contamination is removed by a high pressure water spray treatment prior to transfer to 
the water·basin storage. 

Optional Processing Modes. In the reference calcination process only HLLW is fed to the 
fluidized bed calciner. It is, however, possible to calcine other wastes with the HLLW with 
very little impact on the process. Two such optional combinations are described below. 

Combining ILLW with HLLW. Reprocessing plants have the option nf combining their inter· 
mediate-level liquia waste with HLLW prior to solidification. As describen in Section 4.1.1.3~ 
the major impact of adding ILLW to HLLW in the reference facility is to increase the volume 
of calcine by 34%. Since the heat produced by ILLW is insignificant compared to HLLW, it would 
be possible to increase the calcine canister diameter to ?5 em and accommodate the added volume 
of ILLW without increasing the canister throughput rate in the WCF. 

Disposal of Spent Solvent in the Waste Calcination Facility. Spent solvent can be burned 
in the WCF with little modification to the equipment, since spent solvent is 70 vol% organic 
diluent of a composition very similar to the kerosene fuel used for in-bed combustion. The 
spent solvent can be introduced through the fuel nozzle. The tributyl phosphate component of 
the spent solvent will decompose, forming harmless C02 and H2o in the off-gas and inorganic 
phosphates that become part of the c~lcine. The volume increase of the calcine is negligible: 

4.1.2.4 Waste Calcination Facility Description 

The WCF is assumed to have been constructed as an integral part of the reference FRP. The 
location of the WCF in the FRP is the same as that of the WVF (seP Fiaure 4.1.2). The overall 
facility dimensions, cell dimensions and equipment layout for the WCF an~ ~lluwn 1n Figures 4.1.15 

through 4.1.20. 

Waste Calcination Cell. The waste calcination cell (WCC) for the WCF is located in the 
remote process cell area of the FRP process building. The service and support facilities for 
this cell are integrated with the·FRP. The wee contains the equipment directly associated 
with waste calcination and canister postfill operations up to decontamination of the sealed 
and inspected canisters. 

Off-Gas Cell. The off-gas cell houses the iodine adsorber and the NOx destructor. Back
ground activity levels in this cell are about 100,000 times lower than in the wee. The off-gas 
filters are housed in a special filter niche between the WCC and the off7gas cell for ease of 
replacement. 

Cell Lining. The wee and canister decontamination cell (CDC) are fully lined with stain
less steel. The hot maintenance area, the hot pipe trench and the filter and iodine sorber 
niches are also lined with stainless steel. The off-gas cell has a stainless steel floor pan, 
with the walls and ceilings covered with a radiation resistant coating. 
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~lajor Equipment. The fluidized bed calciner, calcine hold vessel and calcine canister are. 
among the equipment specially designed for the WCF. Other major items with less unique design 
features include the calcine posttreatment furnace, the welding and inspection station, the 
liquid feed system, and the components of the off-gas system. 

Fluidized Bed CaZainer. The fluidized bed calciner is shown in Figure 4. 1.21. It has an 
·overall height of ·2.7 m. The calciner, consisting of a bed chamber with a diameter of 0.7 m 
and a height of 0.9 m, is located below a deentrainment section that has a diameter of 1.2 m 
and a height of 1.6 m. The bed chamber is operated at· 500°C by burning a mixture of kerosene 
and oxygen within the bed. The nozzle for kerosene-oxygen is located below the feed nozzle 
through which the HLLW is atomized with air into the bed. Calcine is withdrawn continuously 
from the bed via the product takeoff line. The calcine is collected in the calcine hold vessel. 

Redundant fluidizing air inlets and calcine drain lines, not shown in Figure 4.1.21, are 
provided. The emergency fluidizing air inlet is connected to an independent air supply. Emer
gency calcine removal can be effected by dumping the calcine through a drain line in the dis
tributor plate or by vacuum withdrawal through another line above the distributor plate. The 
emergency calcine removal lines lead to the bed dump. hopper, a .water-cooled storage vessel of 

identical design to the calcine hold vessel. 



l. 

' 

~ 
;., ~ r=-

tOMHON 

J/FRP 

9 
~ 

@) ® 
;i :) o® 0 -

t ~ 

~ 
'---

;., r--

20'-011 

16.1:.0) 

• ~ 
FIG,41 !'1 

FIGURE 4.1.16. 

c 

~ 

@ @bo !!! C•o 
0 

3'-0'' 20 1 -0'' 6•-o• 35'-t" 

(,91m: (6.1Dn) (1.83n) (to.6;n) 

t b 
F 1<. 4.1.20 

/ 

r---

~ 

Ljt~. 25'-()1' 

(.3D!>) (7.62m) 

10 15 20 FEET 

6 HETtRS 
~=±=::::j 

9 ~ 

~ 1 
~ 

~ i 

:~ ~ 
"' =-

~ ~ 
~ e 

~ 
'j; 
~ I 

"' =-

101 -0' 1 

(3.05m) 

l 

FIG 0 4:118 

,_ 
~· 

(.3 Dn) 

1 WASlE HOLD TAN!\ 

2 CALC I HER 

CYCLONE 

INTERIM HOLD VESSEL 

CANISTER FILLING 

CANISTER STABILIZATION 

CANISTE8 WELOING 

CANISTER OECON 

QUEt«:H TOWER 

VENTURI HIST COLLECTOR 

HEATER 

RUTHENIUM ADSORB_ER 

DEHI'iTER 

SCRU3 SOLUTION HOLD TANK 

SCRUB COOLER 

HEATER 

ROUGHING FILTER 

ABSOLUTE TYPE FILTER 

100111£ SORBER 

NOX REJ10VAL 

COOU:R 

BLOWER 

AFTER COOLER 

OECOH SOLUTION TANK 

EKPT\' CANISTER STORAGE 

2 CANISTER REHOVAL &. DECON HATCH 

2 EHPT'I CANISTERS PASS THRU .HATCH 

2 CRANE 

We;ste Calcination Process.Equipment Arrangement, L\Jper Plan {See Figure 4.1.5 
fo:- acronym key- j 



COKKON 

W/FRP 

FIG. 4.L\9 FIG. 4.110 

0 5 10 15 20 FEET 

0 3 6 HETERS 
==±===! 

FIGURE 4.1.17. Waste Calcination Process Equipment Arangement, Lower Plan 
(See Figure 4.1.15 for acronym key and Figure 4.1.16 for 
key to circled numbers.) · 

FIG. 4.1.18 



::· ,, 
El. 1611-0" .1 ., 7 t, ~ ll, .-1 1 r 

r OGC !!. 
EL. 155'·0" 

@ & ,..., 
..:: 

~~@ Q) AISLE 

9°o~ 
wee 

COHH.ON 
~ HHA 

W/F'RP 
I--
r-

~00~ ~ 
EL 130'·0" 

J~i f u 
I 

. .ill_ 

~ Q:). (!) @ ® 
\ EL. 112'·0'' 

t:=: 0' rt?1 _}[ . ' 
~.,.., ! 

t--- ' . 

FIG. 4.1.16 

l} 

FIG. 4.1.17 

1 

D 1:::: 
G=t~DE El. 100'-0" ~ 

~ ~ r--

~--~ 
1--

EL. 91'·0" 

El. 79'-0" 

0 • 5 10 15 2J F'E~ 

0 l 6 HETERS 
~ 

EL. 53'-17' li 

FIGURE 4.1.18. Waste Calcination Process Equipment Arrangement, ~ection A-A (See 
Figure 4.1.15 for acronym key and Figure 4.1.16 fer key to circled 
numbers.) 

w 
()) 



/ 

4.1.39 

~ I 
EL. 161'-0" 

FIG. 4.1.16 

@) lJ 
AISLE @It AISLE 

2 

~~ Flt.c1.1.11 

~ 
AISLE @ @ AISLE - -

OGC D GRADE El. 100' ·0" 

I HPT I 

0 5 10 15 20 FEET 

. 0 6 HETERS 

FIGURE 4.1.19. Waste Calcination Process Equipment Arrangement, Section B-B 
(See Figure 4.1.15 for acronym key and Figure 4.1.16 for 
key to circled numbers.) 

~ ' J El. 161'·0'' 

FIG. 4.l\6 

~ @.,..., {], 
!!!!:!. 

~-
.lli!£ 

wee 

~0 {f ~ 1-- !!!. 

.. 1-- s ~ ~ 
~~ rr 
I@ ~--

GRADE EL. 100'-0" 

I i 
~ 

I HPT I I 

FIG. 4.l17 

~ 

I _I 

~i-- -------
i 

L_J 
0 5 10 15 20 FEET I 

I 
0 3 6 METERS I l! TO ltfTERIH STOAAGE =J.1.1 .. 1 LJL ______ 

FIGURE 4.1.20. Waste Calcination Process Equipment Arrangement, Section C-C 
(See Figure 4.1.15 for acronym key and Figure 4.1.16 for 
key to circled numbers.) 



DISTRIBUTION PLATE 

4. 1.40 

PLENUM CONE 
DRAIN 

CALCINE TO 
CALCINE HOLD 

VESSEL 

FIGURE 4.1.21. Fluidized'Bed Calciner 

Calcine Hold Vessel. The calcine hold vessel, shown in Figure 4. 1.22, serves as a surge 
tank to stor~ calc~ne between its generation in the fluidized bed calciner and its loading. into 
canisters. The calcine hold vessel is constructed of 304L stainlP.ss stf"el i.lnd has a capacity of 
310 9- of calcine. The r.nlr:inP ic; maintained at a ccntcrl inc tempe1·ature less, Llidll 700"'C by 
cooling water that flows through the cooling jacket at 1.8 9-/min. Calcine\ is transferred by 
gravity through a remotely-operated coupling to canisters on a dolly underneath the calcine 
hold vessel. 

HLW Calcine Canisters. Figure 4. 1.23 shows the canister in which the calcine is stored. 
rhe design is conceptual; actual calcine canisters could differ in certain details. 

The canister, whic~ is 20 em in dia (8-in. Schedule 40 pipe) and 3 m long, is constructed 
of 304L stainless steel. Eight longitudinal internal cooling fins nrP provided to assure 
that the centerline temperature does not exceed thP. prnr:P~~in~ temperature of the calcinr. ~t 
any time during handling or storage. · 

The canisters are moved on a dolly through a sequence of operating stations in the waste 
calcination cell. These stations include loading, posttreatment furnace and the welding and 
inspection station. The canisters are fitted at the last station with a standardized remote 
grapple fitting, shown in the cap datail in Figure 4. 1.23, to facilitate handling in the subse
quent stages of manag~ment of the HLW canisters. 
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Posttreatment Furnace. The posttreatment furnace, a 120-kW radiant heat furnace of clam
shell construction, is clamped. around each canister in turn as it passes through the station. 
Maximum design temperature of the furnace is 1100°C for quick heating of all calcine in the 
canisters to at least 700°C. The calcine in the canister i·s partially fluidized during the 
thermal treatment to increase the rate of off-gas removal. The fluidizing gas inlet and 
off-gas vents are built into a pivoting arm that is remotely attached to each canister before 
heat is applied. The off-gas vent line leads to the calciner off-gas system. 

Welding and Inspection Station. After thermal conditioning in the posttreatment furnace 
each canister is moved by dolly to the welding and inspection station. Here the canisters are 
seal welded using a tungsten-in~rt gas welder. The welding operation is automated; the welding 
station is located in' front of a viewing window equipped with master-slave manipulators so that 
hand-controlled repairs or modifications can be made if a check of the weld quality ·indicates 
the need. 

· Liquid Feed Syspem. Two 304L stainless steel wastP f~~d tanks are provided to maintain 
a continuous supply of HLLW to the calciner. One tank is filled on a batch basis while the 
other tank is metered to the fluidized bed calciner. Each tank holds 4 m3 HLLW at 60°C. 
The heat removal/addition capability of each tank is 15 kW. 

Off-Gas System Components. The process off-gas system components were shown earlier in 
Figure 4.1.14. The first component is a cyclone 76 em india x 3m high. It is designed 
to remove about 6 kg of solids per hour from the off~gas stream. The collected particles are 
transferred by gravity to the calcine hold vessel. A quench tower and demisters collect most 
of the remaining particles in a scrub solution that is recycled to the FRP waste concentrators. 
Prefilters and ~EPA.filters complete the particle removal from the .process off-gas. 

I 

Special sorbers are provided for the two potential volatil~s in the off-gas, ruthenium 
and iodine. The sorbants are silica gel and silver zeolite, respectively. 

·the final component in the off-gas ~ystem is a NOx destructor that uses a zeolite cata
lyst. An exothermic reaction occurs on the catalyst when ammonia is added to the NOx; this 
reaction converts the two gases into nitrogen and water vapor. 

operating Personnel Exposure Control. Zones are established within the WCF for controlling 
personnel exposure and limiting the spread of radioactive contamination. The presence or possi
ble presence of any contamination will determine the zone and degree of personnel access. 
The zones are: 

ZonP. 

Zone 2 

Zone 3 

Zone 4 

Operating areas 

Cell service areas 
(sampling, service 
galleries) 

"HoL'' equipment 
maintenance areas 

Processing. cells 

Free access (monitor~cl) 

Controlled access 

Limited access 

No access 
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Shielding and Remote Handling Equipment. The WCF is designed to provide pdequate shield
ing for safe operation. In-cell maintenance requires the combined use of a bridge-mounted 
crane, bridge-mounted electromechanical manipulator, and wall-mounted master slave manipulators. 
Personnel operating such equipment are shielded by concrete walls 1.8 m (6 ft) thick. Vessel 
and piping design consider special requirements such as vessel positioning, piping connections, 

and equipment movement within the cell as they relate to remote operations. Specific items 
requiring remote replacement capability include: feed and fuel nozzles, scrub and feed control 
valves, ·scrub pump, and the feed pump. While much of the movement of canisters in the cell is 
automated on a track system, connecting and disconnecting canisters into the various portions 
of the solidification and stabilization process require remote capability, i.e., positioning 

clamps or attaching piping to the canister. 

4.1.2.5 Waste Calcination Facility Operating and Maintenance Requirements 

The WCF operates 24 hours a day, 7 days a week. There ar~ certain requirements fat· start
up and shutdown of the fluidized-bed calciner. For initial startup, a bed must be placed in 
the calciner. Dolomite (Ca,MgC03) is used for this initial bed. The bed is then fluidized 
with heated air until the bed temperature reaches the auto-ignition temperature of oxygen
kerosene (365°C), at which time the oxygen and kerosene streams are turned on and in-bed com
bustion heating begins. Nitric acid is fed through the waste feed nozzle to aid in the initial 
startup of oxygen-kerosene combustion. As soon as in-bed combusion heating is established and 
the bed temperature reaches 500°C, feeding of HLlW begins. 

During short shutdowns of the calciner, the bed will be maintained in a fluidized condi
tion with fluidizing air. This will prevent overheating in the calciner which could cause 
concration of the bed. For prolonged shutdowns of the fluidized bed calciner (shutdowns 
exceeding a few days) the bed will be discharged to the bed dump hopper. Restart will follow 
the procedure described above. · 

During routine operation the calciner is in continuous, steady-state operati·on. Most of 
the WCF operating requirements center around the canisters, one of which is filled every 
10.5 hours. A combination of automated and remote handling steps is needed for canister move
ment with'ir1 the cell. Once empty canisters are brought into the process cell through an air 
lock, they are installed below the solids storage hopper for filling. Filled canisters are 
then transported to a stabilization station where remotely-attached connections allow venting 
of off-gas to the off-gas cleanup system. Once stabilization is completed, the canister moves 
to an iutomated welding station for sealing. Canister decontamination completes the in-cell 
operations. 

There are no unusual maintenance requirements beyond those characteristic of fully remote, 
high radiation operations. Waste calcination equipment located in-cell requires a remote main
tenance capability for removal and installation of major equipment items and replacement of 
high frequency maintenance items. Air locks facilitate equipment and tool transfers to and 
from the process cell. 
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Staffing Requirements. Table 4.1.18 gives the WCF staffing requirements. 

TABLE 4.1. 18. Waste Calcination Facility Staffing 
Requirements 

Job Description 

Operators 
Radiation monitors 
Maintenance craftsmen 

Personnel Required, 
man-yr/yr 

19 
1 

9 

Supplies and Utilities. Table 4.1.19 shows the annu11l usage of supplies e!;sential to the 
WCF process. A summary of the utility requirements is given in T11hle 4.1.20. The. utility 
requirements are of. the same type as the FRP and thus represent incremental additions to the 
utility capacity already provided for that plant. 

TABLE 4.1.19. Waste Calcination Facility Supply Requirements 

Suppl,l us·e Annual Requirement 

Kerosene In-bed combustion 215 m3 

Oxygen In-bed combustion 430,000 m3 (STP) 
Ammonia· NOx destruction 210,000 m3 (STP) 
Nitric acid (12. 2 ~) Scrubber makeup 60,000 kg 

solution and 
decontamination 

Detergent Decontamination 100 kg 
and cleaning 

Silvel' Leolite Iodine adsorber 64 kg 

TABLE 4.1.20. Waste Calcination Facility 
Utility Requirements 

Uti lit.}': 

~lectricity 

Water consumed 
Steam 

Use Rate 

755 kW 
9.7 m3/day 

80 kg/hr 

Annual Requirements 

5 X 106 kWh 
?.900 m3 

5.8 X 105 kg 

Compr?sse~ Air 8ys~!!'!l~.· Clean, dry, oil-free air at 7.0 atm h u:>~:~tl fur process, 1riStt·u
ment, and utility needs. Air distributed throughout the facility@ 6.8 atm is used for air 
sparging, pneumatic solids transport, and supply for lower pressure service systems. Pressure 
reducing stations supply 1.3 an_d 3.4 atm air for waste atomization, air lifts, instrumentation 
and purge application. Compressed air introduced into process vessels and piping becomes part 
of the calciner off-gas and is subject to extensive cleanup in the off-gas system. Any air 

r . 

utilization external to the process but inside the process cells is added to the cell ventila-
tion air, which is filtered prior to release to the environment. 
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Steam Sustem. Steam required for ejectors, process heating, pipe tracing, equipment 
decontamination, and various utility systems is supplied from an existing onsite steam genera
tor. A nominal supply pressure of 10 atm is reduced to 2 atm as needed within the facility.· 
Steam production will generate 12 kg of steam for each liter of #6 fuel oil consumed. 

Caleiner Fuel System. A bulk, oxygen supply is needed for the in-bed combustion system 
since adequate combustion of the fuel for the operating conditions can only be attained through 
the use of a pure oxygen stream. A vendor-supplied cryogenic storage system capable of providing 
0.85 scmm of oxygen @ 8.2 atm is adequate. Sizing of the liquid oxygen storage vessel is dic
tated. by site requirements and availability of supply from the geographic area. 

A hydrocarbon fuel, usually kerosene, is used with the in-bed combustion system. Maximum 
rate of consumption is 30 £/hr. The fuel storage tanks are located outside the solidification 
facility .at a distance that does not significantly endanger the facility from a fire or explo
sion of the fuel tank. Fuel is pumped to the WCF through an encased underground line. 

4.1.2.6 Waste Calcination Facility Secondary Radioactive Wastes 

Secondary radioactive wastes produced by the WCF are shown in Table 4.1.21. Failed 
equipment and solid trash from the WCF have no unique characteristics that require special 
treatment and are disposed of via the facilities for. these types of wastes in the FRP. The 
liquid secondary wastes are recycled back to the FRP high-level waste concentrator. 

TABLE 4.1.21. Waste Calcination Facility 
Secondary Radioactive.Wastes 

Volume, 
Radioctivity Factor(a) Description m3Jyr 

Combust·ible and 
10-6 compactable waste 91 1 X 

Failed equipment and 
noncombustible 

10-6 trash 35 1 X 

a. rraction of input act1v1ty (Table 4.1.3) in secondnry waste5. 

4. 1.2.7 Waste Calcination Facility Emissions 

Air and water constitute WVF emissions ultimately released to the environment. The air 
from the process equipment and the cell ventilation is radioactive. The properties of those 
a1r streams drill their activity i:lre 5hown in Table 4.1.22. T;:~hlP 4.1.23 lists the decontamination 
factors (OF) assumed for each of the components of the in-cell off-gas train. The off-gas 
then passes through the FRP APS where an additional 104 DF fs obtained for particles. 

An estimate of the~integrated annual release due to minor accidents (Section 4.1.2.9) 
for this facility is included in Table 4. 1.22; It was developed by weighing the minor acci
dent releases by their expected frequencies and summing the quantities for all identified 
m1nor acc1 P.n .s. • "cf t In ad .. d.it.ion, a conti~gency was included in the integrated release to account 
for unidentified minor accidents and to compensate for the uncertainty in expected frequency 
information. Estimated integrated annual releases due to minor accidents for this technology 
is shown in Table 4.1.22. 
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There are no other significant effluents from the WCF. There are no obnoxious noises, 
odors, or vibrations associated with operation of the WVP. 

Emission 
Gaseous 

TABLE 4. 1.22. Waste Calcination Facility Emissions 

Description 
Process off-gas, 
ventilation air, and 
vaporized excess water 

Annual Quantity 
1. 3 x 108 m3 

Radioactivity 
Re 1 ease FactQr 

to Atmosphere~a) 
3H 1.0 

129I 1 X 10-3 

Ru 5 X 10-l 2 

All others 2 x lo-15 

Cooling tower 
water: 

Other 

Minor accident integrated 
annual release 
Ammonia{b) 

• evapor~L~d, T = 38°C 
• drift, T = 38°C 
• blowdown, T = 27°C 

Heat 

4.6 X 104 kg 

2.5 x 1u6 
kg 

1.2 X 104 kg 
4.3 X 105 kg 

1.7xl03 MW-hr 
(5.7 x 109 BTU) 

All 2 X 10-16 

a. Fraction of input activity (Table 4.1.3) released to atmosphere. Includes DF from 
main plant APS where applicable. Released over 300 day/yr. 

b. From the NOx destructor. 

TABLE 4.1.23. Estimated Decontamination Factors for 
Off-Gas Clednup in Waste Ca1c1nat1on Facility 

Estimated DF(a) 
Eguipment Iodine Ruthenium Particles !iQ.x 

Calciner and cycl6ne(b) 100 100 1 

Quench tower, venturi 
scrubber, and mist 
eliminator(b) 10 10 

Ruthenium adsorber 103 2 

Demister (wet filter) 2 2 

HEPA filter bank 1 10 1 o7 

Iqdine sorber 103 1 l 
NOx converter 1 1 1 100 

Overall facility DF 7 2 X 107 4 X 10 lO 100·. 

a. Decontnminat.inn frtr.t.nr (nF) = ratio of the activity entering the 
equipment item to the activity leaving facility. 

b. Items treated as a unit. 
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4. 1.2.8 Waste Calcination Facility Decommissioning Considerations 

The useful life of the WCF is the same as that of the FRP, 30 years. Residual activity 

at the time of decommissioning is estimated to be about 1 x 105 Ci after removal of the 
ruthenium and iodine sorbers. Much of the activity will be associated with fine powdery calcine 

on the cell walls and floor and will be easily removed during decontamination. After decon
tamination, the activity remaining in the WCF should be less than 103 Ci. 

4. 1.2.9 Waste Calcination Facility Postulated Accidents· 

Postulated accidents for the WCF are described in Tables 4.1.24 and 4.1.25. As shown in 
these tables, redundant safety systems are provided to prevent most types of accidents. In 

addition, the process dperators would be skilled in operating the facility and trained to 
react quickly to any type of emergency. 

TABLE 4. 1.24. Waste Calcination Facility Minor Accidents 

Accident No. and 
Description 

4. l.ll- Hydrogen 
explosion in feed 
tank. Expected 
frequency '>-0.01/yr. 

4.1.12- HLLW feed 
system leakage. 
Expected frequency 
'>-0. 1/yr. 

4.1.13- Calcine 
spill during cani
ster filling. 
Expected frequency 
'>-2/yr. 

4.1.14- Overheating 
of calciner equipment 
due to plugging. 
Expected frequency 
'>-0.01/yr. 

4.1.15- Calcine 
overheating in 
canister. Expected 
frequency '>-0.01/yr. 

Seguence of Events 

l. Extended undetected loss 
of purge air allows 
hydrogen accumulation. 

2. Ignition source causes 
hydrogen explosion. 

3. Repair or replace 
equipment as required. 

l. Leakage in pressurized 
line at fitting or 
connection. 

2. Leakage detected. 

3. Leaking equipment repaired. 

l. Overfilled canister due 
to operator error or fill 
control maHunction. 

2. Overfill detected. 

3. Disconnect canister and 
remove excess calcine. 

l. Loss of fluidizing air. 

2. Bed removed systems fail. 

3. Calcine overheat, and 
sinters. 

4. Cooling provisions 
improvised and calcine 
removed. 

l. Faulty furnace 
centro l. 

2. Loss of canister purge 
air. 

3. Operator error. 

4. Canister cooled, inspected 
and overpacked, if 
necessary. 

Safet~ S~stems 

l. Multiple air purges 
with flow indica-
tors. 

2. Designed to elimin-
ate ignition 
sources. 

l. Primarily welded 
connections. 

2. Sump alarm permits 
early detection. 

l. System designed to 
minimize component 
failures. 

2. Canister overload 
alarm. 

l. Redundant fluidizing 
and bed removal 
systems. 

2. Redundant instru
mentation. 

l. Multiple tempera
ture controls and 
alarms. 

Release 

None. Solution safely 
contained in floor pan. 

None. Spilled solution 
safely contained in 
floor pan. 

Nominally a few grams 
of calcine would be 
release to cell. In 
the worst case up to 
2 kg calcine is released 
to cell. Seventy per-
cent of this material 
reaches the cell HE PAs 
resulting in a 
1.5 x l0-5 mg calcine 
release over l hr from 
the FRP stack. 

None. Contamination 
spread during cleanout 
confined to cell. 

None. 
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TABLE 4.1.25. Waste Calcination Facility Moderate Accidents 

Accident No. and 
Description 

4.1.16- Feed solution 
backup in air line or 
contamination spread 
to occupied zone. 
Expected frequency 
"vfJ.2/yr. 

Sequence of Events 

1. Feed nozzle plugs. 

2. Atomizing air check 
valve fails allowing 
airline to fill with 
HLLW. 

3. Empty and decontaminate 
the line. 

4. 1.17- Calciner pres- 1. 
surization due to mal
function of fuel 

Fuel introduced at too 
low a bed temperature 
resulting in delayed 
ignition. • ignition system. 

expected trequency 
"vfJ.Ol/yr. 2. Brief pressure surge. 

Safety Sys terns 

1. Multiple detection 
systems. 

2. Air supply pressure 
exceeds feed 
pressure. 

1. Interlocks to prevent 
fuel introduction •t 
low bed temperature. 

2. Redundant temperature 
monitors. · 

~. contamination ot service J. Sharp temperature 
connections. fluctuations pre

vented by bed heat 
4. r.l p;mup nf ~prvi rP r.apar.i t.y. 

4. 1.18- Failure of off
gas filter or scrubber. 
Expected frequency 
"vfJ.2/yr. 

eonncetion5. 

1. Filter fails. 

2. Failure detected and 
off-gas diverted to 
spare filter bank. 

3. Filter replaced. 

4. 1.19- Off-gas blower 1. Mechanical failure 
failure. Expected or loss of elec~rical 
frequency 'V(). 1/yr. power. 

4.1.20- Off-gas iodine 
or ruthenium sorbpr 
malfunction. Expected 
t requency '\,(). ·1 I yr. 

4.1.21- Fire in cell. 
Expected frequency 
"vfJ.l/yr. 

4. 1.22- Failure of 
cell exhaust filters. 
Expected frequency 
"vfJ. 2/yr. 

2. Alternate blower or 
power system acti
vates. 

1. Exhaustion or degrada
tion of ~nrhpnt nr 
bed channeling. 

2. Adsorber malfunction 
detected. 

3. Replace adsorbent 
with fresh adsorbent. 

1. Leaka~e of calciner 
fuel (kerosene) in 
cell. 

2. Source of ignition 
causes fire. 

3. Fire extinguished. 

4. Repair damage as 
required. 

1. Filters not properly 
seated, or damaged 
during handling of filter 
or process equipment, 
or moi s lure buildup. 

2. Defe~tive f.il ters replaced. 

1. Differential 
pressure and 
radiation 
instrumentation. 

2. Spare filter bank. 

1. In-line spare 
blower. 

2. Off-gas blowers 
on emergency 
power. 

1. Substantial bed 
clept.h usec1 to 
assure sorptive 
capacity and 
minimi~e c~~nn~1-
ing. 

2. In-line monitor
ing equipment. 

1. System designed to 
m1n1m1ze potential 
for leakage. 

2. Potential sources 
of 1gn1t1on mini
mized. 

3. Cell temperature main
tained below flash 
point to eliminate 
possibility. of an 
explosion. 

4. Fire extinguishing 
system. 

1. Periodic tests of 
filter efficiency. 

Release 

100 g HLLW backs up in an 
air line. This presents a 
line source 1 m long expos
ing 2 persons 1 m away for 
up to 10 minutes. 

None. Occupational exposure 
in cleanup of activity 
backed up in service con
nections. 

1 x 'lo-3 g of calcine 
released from the FRP 
stack over l/2 hour. 

None. Fraction of 
gram of calcine dust 
may become airborne, 
but all contained in 
cell. 

<100-fold increase 
in 1-129 activitY 
or <10-fold increase 
in Ru-106 activity 
in WVF process off-
gas to FRP atmospheric 
protection system, 
from malfunction of 
iodine or ruthenium 
adsorber, respectively. 

Activity release depends 
on damaye lu ~:ell HEPA 
filters. Maximum release 
from the FRP stack is about 
1 x 10-2 g calcine in 
0. 5 hour. 

Slight increase in 
activity of cell off-gas 
to building APS. 
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The consequence of most of the accidents is the release of no more than a few grams of 
airborne calcine to the cell atmosphere. Each metric ton of spent fuel processed yields 
52.5 kg of HLW calcine. The WCF cell ventilation air )eaves the cell through a roughing filter 
and two HEPA filters (DF = 107). The cell ventilation air then is combined with the FRP HVAC 
air before going through the atmospheric protection system (DF = 104). Thus the DF for particles 
(calcine) is 1011 before release at the FRP stack. 

A few of the accidents affect equipment in the WCF process offgas treatment system. The 
activity normally in the offgas stream is given in Table 4. 1.22. The increase in activity 
due to the postulated accidents is indicated in Tables 4. 1.24 and 4.1.25. The duration of 
any of these accidents involving equipment failures in the offgas system· should not exceed 
8 hours. 

4.1.2.10 Waste Calcination Facility Costs 

Estimates have been made, in mid-1976 dollars, of capital, operating, and levelized 
costs for solidification of HLW by calcination. A complete description of the cost estimate 
bases, assumptions, and definitions is given in Section 3.8. 

Capital Costs. The capital cost e~timate for the waste calcination facility is shown in 
Table 4.1.26 expressed in mid-year 1976 dollars. The estimate covers all capital costs speci
fically resulting from including the WCF as ~n integral part of the reference FRP. These costs 
also include the effect of incremental add.itions to utility supplies, such as electrical sub
station, HVAC, compressed air, and· similar auxiliaries, as well as the cable, piping and other 
bulk materials incorporated directly into the facility. However, general FRP costs for such 
services as laboratories and warehousing are not allocated to the WCF. 

The total capital cost includes all plant-related costs incurred from the start of engineer
ing to the initiation of commercial operation with the exception of working capital and special 
maintenance equipment. HLW canisters, overpacks, and consumable materials are included in opera
ting costs. Shielding costs are included under transportation. Sampling and testing of HLW 
calcine are not included in the capital cost estimate. 

Operating Costs. Table 4. 1.27 shows the operating cost estimate for the waste calcination 
facility. Direct labor costs have been estimated using the manpower estimates in Table 4.1.18 
and the wage factors given in Section 3.8. In addition, labor costs were increased $400,000 
to allow for major remote maintenance requirements·. Miscellaneous supplies and equipment 
inc.lude nitric acid, ammonia, oxygen, kerosene and silver zeolite requirements. Process 
materials, con~isting of 683 8-in. dia x 10-ft long stainless steel canisters at $5,300 each, 
compr1se the largest element of the operating cost. Utility costs are based on requirements 
shown in Table 4.1.20. Maintenance materials are estimated at 5% of process equipment costs 
plus 1 million dollars every ten years ·for calciner and furnace replacement. Overhead and 
miscellaneous costs are\estimated using the factors given in Section 3.8. 
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TABLE 4.1.26. Capital Cost Estimate for the Waste Calcination Facility 

Man-hours, 
1000s 

Costs, 
1000s of Mid-1976 

Cost Element Nonmanual Manual Material 

Major equipment 40 
Building and structures 500 
Bulk materials 670 
Site improvements ~ 

Subtotal of direct 
site construction 
costs 1,220 

Ind·irect site 
construction costs 

Total field cost 
Architect-engineer 

services 

Subtotal 
Owner' s cost 

Total facility cost 

Estimated accuracy 
range 

320 

320 

240 

1,460 

3,600 
3,000 
8,400 

100 

15 '1 00 

5,400 

20,500 

TABLE 4.1.27. Operating Cost Estimate for the 
Waste Calcination Facility 

Annual Costs, 
Cost Element $1UUUs 

Direct labor 840 
Process materials 3620 
Utilities 100 
Maintenance materials 300 
Overhead 680 
Miscellaneous 660 

Total 6200 i25% 

Labor 

500 
6, lbO 
8,000 

100 

14,700 

7 '100 

21,800 

Dollars 
Total 

4,100 

9 '100 
16,400 

200 

29,800 

12,500 

42,300 

7,700 

50,000 
15,000 
65,000 

±30% 

Levelized Unit Cost. The levelized unit cost, including the ievel1zed cap"ltal dllJ opera
ting segments; is shown in Table 4.1.28. The unit cost calculation assumes private ownership 
of the facilities and a 15-year economic life. 
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TABLE 4. 1.28. Levelized Unit Cost Estimate for 
the Waste Calcination Facility 

Cost Element 

Levelized capital charge 
Levelized operating 

charge 
Levelized total unit 

cost 

Unit Cost, 
Kg HM 

8.30 

2.80 

11.10 ±35% 

4.1.2.11 Waste Calcination Facility Construction Requirements 

Many of the factors relating to site preparation and reference facility construction may 
have some impact on the environment, the local economy, and the natural resources of the sur
rounding area. The information that follows provides a basis for evaluating the impact of • 
construction activities. 

Project Schedules and Construction Manpower. The schedule for engineering, procurement 
and construction of the WCF is an integral factor in the overall schedule for the FRP. The 
field labor force estimated for the construction of the WCF is tabulated below: 

M11n-hours, 
1 OOOs. 

Manual field l~bor 1460 
Nonmanual field 

labor 320 

Total field labor 1780 

Distribution Between Onsite and Offsite Costs. Onsite costs are those for all construction, 
materials and services provided at the site of the LWR whil_e ~ffsite_ costs are those. for all 
services provided, equipment fabricated and/or assembled, and material purchased off of the 
site of the LWR. The distribution of total costs in these categories is as shown below: 

Ons1te 
Offsite 

Total 

r.nst.s 
$1000s 
23,000 
42,000 
65,000 

Site.Reguirements. The reference WCF is contiguous with the FRP and thus shares the over
all siting requirements of the FRP. Aside from the area directly occupied by the facility 
(26 x 26m), the WCF requires that a water storage facility be constructed for interim storage 
of the filled waste canisters. A canister shipping facility must also be constructed for off
site shipment of the canisters. These facilities, which require about 10 times the space of 
the ~CF, are described in Section 5.4. 

Water. Water used during the construction period will be approximately 22,700 m3 

( 6. 0 x 1 o6 ·gal). 
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Construction Materials. Materials committed to facility construction are: 

Concrete 6100 m3 (8000 yd3) 
Steel 1800 MT (2000 tons) 
Copper 18 MT (20 tons) 
Zinc 1.8 MT (2 tons) 
Lumber 330 m3 (140 MFBM) 

Energy. Energy resources used during construction are estimated at: 

Propane 
Diesel fuel 
Gasoline· 
Electricity 

Peak demand 
Total consumption 

Transportation KegU1r~m~nts 

227 m3 

2,000 m3 

1,363 m3 

500 kW 
1,000,000 kWh 

(60,000 gal) 
(530,000 gal) 
(360,000 gal) 

No separate transportation requirements for the WCF have been identified beyond those for 
the FRP. 

4. 1.2.12 Effects of Fuel Cycle Options 

As with the vitrification process described in Section 4.1.1, the reference HLLW calcina
tion process assumes reprocessing of LWR fuel and recycling the retrieved uranium and plutonium. 
An assessment of alternative fuel cycle modes as they relate to calcination yields the same 
information given forth~ WV~ (Section 4. 1. 1. 12), with the exception of the amount of Puo2 . 
added to each canister via the last option, uranium recycle only with plutonium to high-level 
waste. With the calcination process as described for the reference WCF, about 28.0 kg of Pu02 · 
would be added to each canister· uf cdlcine if this option were implemented, as oppos6ld to ~Y.I 
kg of Pu02 per canister of HLW glass, given the same fuel cycle mode. As 1s the case wiLl! 
vitrification, considerable research and development would be required before this option, 
uranium recycle with plutonium to HLW, could be used with the calcination process. 

A criticality safety analysis assuming 28:0 g of Pu02 per canister was conducted for the 
fluidized bed calciner, its associated equipment, and its waste calcine product. During pro
duction of the calcine, criticality safety can be assured by the tinite s1zes of the e4Ui1J111enL. 
If dry calcine were stored in an infinitely long 60-in. diameter cyl1nder with full water 
reflection around it. the keff for the canister would be 0.725 ~ 0.007; the canister would be 
critically safe. 

The possibility of criticality in the hold feed hopper and bed dump hopper used in the 
fluidized bed calciner system was evaluated. Both hopper vessels consist of thirteen 10 em 
(4-in.). Schedule 40S pipes, each 2.9 m (113 in:) long, arranged in a 50 x 60 em (20 x 24 in.) 

.water-filled cooling jacket. Distributor cones at top and bottom hold additional calcine 
material. This particular system represented by these hoppers was studied because it represents 
a heterogeneous lattice of calcine-filled tubes interstitially moderated and fully reflected 
by water.· The calculated keff is 0.25 f0r this system, so there is no criticality problem in 
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this equipment. The same is true after the calcine is loaded into canisters. When the calcine 
is.loaded into a 20 em (8 in.) Schedule 40S canister, 3m (120 in.) long, and the canister is 
fully reflected by water, concrete, graphite, granite shale, dry rock· salt, or saturated brine 
solution, the keff values range from 0.14 to 0.29. Hence, single isolated cylinders of calcine 
will be critically safe under any foreseeable conditions. Some limitations, however, would 
probably have to be imposed against stacking more than an estimated 50 calcine canisters closely 

. together. Such stacking does not occur anywhere in the HLW management system. 

This fuel cycle option requires that the Puo2 be homogeneously distributed in the calcine 
at all times. Unlike the vitrification process, no mechanism hs been identified which could 
credibly cause large accumulations of Pu02 in the WCF .. 

4.1.3 Other Alternatives 

A large amount of R&D has been done in HLLW solidification and the investigations are 
continuing .. As part of this R&D, alternatives to glass or calcine as the final waste form 
are being.studied. Encouraging progress is being made, particularly in the use of crystalline 
waste forms and metal matrices~ The goal of most of this work is improved inertness of the 
waste form. It is recognized that these alternative waste forms involve increased operating 
costs, but the investigations are nonetheless prudent. They assure a continual advancement 
in the state-of-the-art. 

4;1.4 Physical Protection and Safeguard Requirements for High Level 
Liquid Waste tHLCW) Solidification 

Three recycle modes produce HLLW which must be solidified: recycle of both plutonium .and 
uran·ium, the uranium-only recycle in which plutonium is stored separately, and the uranium 
only recycle mode where plutonium is solidified with the HLLW. With the first two options, the 
solidified waste is a very· unattractive target for theft as a source of material for weapons. 
The waste contains essentially all of the fission product activity from the spent fuel in 
the waste but the plutonium content of the. waste is reduced to less than 1% of that in the 
spent fuel. In the uranium-only recycle mode in which plutonium is solidified along with 
the HLLW, the solidified waste is a more attractive target for theft as a source of ·materials 
for weapons because it does contain all of the plutonium from the spent fuel. However, because 
the waste contains essentially all of the fission product activity and would require sophisti
cated chemistry to extract its plutonium, the waste would still .be an unattractive target for 

theft. 

SHLW is not readily accessible in any case because: 
• remote operation is required to handle equipment and canister 
• massive biological shielding is required to attenuate canister surface dose rates 
e facility design features protect against severe na.tura 1 occurrences. 

The consequences to the public of sabotage are expected to be very small. Should a canis
ter of waste be ruptured by explosives, the radioactive material dispersed would be confined 
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largely within the plant area. An explosion among process vessels and lines before solidifi
cation of the waste would also present no significant hazard to the public since the radio
ac-tive.-lllat-E!-1"-ial would be confined within the plant. 

Solidification of HLLW would occur in vital areas within the FRP site. The physical 
protection required for these areas is available to meet all safeguard requirements for this 
material from either fuel cycle. 
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4. 2.1 

4.2 PACKAGING OF FUEL RESIDUE 

Fuel residue is generated in the course of reprocessing LWR fuels when fuel assemblies are 
sheared into short (5- to 13-cm) lengths and leached with hot nitric acid. The residue includes 
short lengths of Zircaloy fuel cladding (hulls) and fuel assembly hardware, comprising support 
rods, poison rods, massive end fittings, fuel support grids, ·assorted springs and spacer 
elements. 

The type and amounts of materials found in the residue depend somewhat upon th~ fuel fabri
cator; however, the residue generally includes Zircaloy, 304·stainless steel, and Inconel-718 
in the weight ratios.of about 24/4/1, respectively. The average total fuel residue per MT.HM, 
assuming a reactor capacity of l/3 BWRs and 2/3 PWRs, is composed of about 266 kg Zircaloy, 
44 kg stainless steel, and 11 kg Inconel. The acid-leached fuel Gladding sections are expected 
to contain about 0.05% of the original fuel. The·average density of the untreated hulls is 
estimated to be 1 g/cm3, which corresponds to a volume of about 0.3 m3/MTHM. Zirconium, the 
chief alloying element in Zircaloy, is known to. be pyrophoric when finely divided. (l) 

The radioactivity associated with fuel residue includes the activation products of 
Zircaloy, stainless steel, and Inconel, as well as fission products and transuranic nuclides 
from undissolved fuel. Some of the radioactivity is loc~ted on the surface and in the surface 
oxide and some is uniformly distributed throughout the metal. This uniformly distributed activ
ity comes from activation of alloying elements and from diffusion of fission-produced tritium. 
The heat generation rate of fuel residue after 1.5 years cooling is ab6ut 225 W/1000 kg.( 2) 
Radioactivity associated with the ·cladding hulls and hardware and the annual quantities pro
duced at a 2000 MTHM/yr FRP are summarized in Table 4.2.1. · Addition~l details are presented 
in Section 3.3. 

The fuel residue treatment facility is part of the reference fuel reprocessing plant (FRP), 
as noted by the shaded area in Figure 4.2. 1. The alternative treatment processes selected 
for consideration include 1) packaging without compaction, 2) packaging preceded by mechanical 
compaction, and 3) packaging preceded by compaction by melting. The first alternative is sim
plest to implement and is essentially commercial practice. The second and third alternatives 
are considered technically feasible although demonstration of these processes is incomplete.( 2) 

4.2.1" Fuel Residue Packaging Without Compaction 

Obvious incentives exist for compactin~ the fuel residue prior to ~ackaging. However, 
the simplicity pf the concept for packaging the hulls without treatment strongly recom::~ends 
it for remote hot cell operations. 

4.2.1.1 Process Alternatives for Fuel Residue Packaging Without Compaction 

Viuble process OIJLiufls include: 

1. Monitor for undissolved fuel, dry, and package with hardware. 

2. Monitor for undissolved fuel, dry, separate hulls from fines and hardware. Deactivate 
fines and package .them with hulls. Package hardware separately. 
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TABLE 4.2.1. Activity in Untreated Fuel Residue(a) 

Radionucl ide~-~---- Cladding Hulls(b) 
Ci/:tr 

Assembl:t Hardware(c) 

Fission products 
3H 1. 3 X 105 

90sr + 90y 1.2 X 105 

95zr + 95Nb 1.1 X 104 

1 06Ru + 1 06Rh 3.8 X 105 

l34cs + 137cs +137m8a 3.0 X 105 

144ce + 144Pr 4.8 X 10 5 

Other Fission products 1.0 X 105 

Total 1.5 X 106 

1\ctinide~: 

239Pu 3.6 X 102 

241PU 1.8 • 105 

Other Pu 2.8 X 103 

242cm + 244cm l. 7 X 104 

Other Actinides 9.2 X 102 

Total 2.0 X 105 

Activation Products 

55Fe 1.8 X 105 8 X 106 

60Co 2.0 X 105 8 X 106 

95zr + 95Nb 5.6 X 105 

Other Activation products· 2 X J04 8 X 106 

Total 7.4 X 105 2.4 X 107 

a. Based on· waste characterization Table 3.3.28 assuming uranium and plutonium 
rP.r.ycle.2000 MTHM/yr reprocessed 1.5 years out-of-reactor. 

b. Volume- 532 mj/yr; density- lOOO·ky/1113. 
c. Volume - 112 m3/yr; density - 1000 kg/m3. 

3. Monitor for undissolved fuel, dry, blend with inert. matrix material (sand), and package 
wi Lli ha1·dwarc. 

All three options are currently feasible. Option 1 represents the most economical and simple 
approach, with minimal safety risk. Option 2 produces the optimum product, but with maximum 
complexity of equipment a~d operations. Separate packaging of hulls and hardware is beneficial 
if TRU contamination of the hardware can be prevented. Separatioh of massive hardware prior 
to leaching may be justified to reduce the volume of dissolver required. Separation of the 
fines into a discrete unit_~ill require their deactivation by oxidation, dissolution, matrix 
formation, or. other process. 

Option 3 is a compromise between Options ·anti 2. lt wo.s cho!;en ail tho! rPfP.rcnce proceo;c;; 
primarily because sufficient data are not available concerning the amount and pyrophoric nature 
of Zircaloy fines generated from shearing irradiated fuel assemblies. Deactivation of the hulls 
through matrix formation was considered desirable to assure that no fires would occur from 
ignition of Zircaloy fines during processing and storage. Dry sand was chosen for the matrix 
material because of its fluidity, inertness, availability, and ease of handling. Hulls canisters 
wouJd cantain about equal weights of hulls and sand. Dry sand is required to avoid the radio
lytic decomposition of associated water that could pressurize the containers. 
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4.2.4 

4.2.1.2 ·Design Basis for the Fuel Residue ·Pac~aging Facility 

The fuel residue packaging facility (FRPF), an integral part of the F~P (described in 
Section 3.2.3), is designed to package remotely all fuel assembly residu·e from a 2000-MTHM/yr 
FRP. Table 4.2.1 shows the activity present in the untreated residue; the table also notes 
the· volumes and densities of the two components. Two canisters, 76 em (2 1/2 ft) in diameter 
by 3m (10 ft) long .and filled with hulls, hardware, and inert matrix sand, can be processed 
each day. The canisters are assumed to be compatible with transportation and with interim and 
final storage facilities.· One year of operation will produce 480 filled canisters of fuel 
residue and sand. 

4. 2. 1 . 3 Process for Fue 1 Residue Packaging Wi.thout Compaction 

The reference fuel residue treatment flow diagram is shown schematically in Figure 4.2.2. 
For reasons of economy and criticality it is necessary to monitor the leached hulls for undis
solved fuel·. This may be done by measuring the 2.18 MeV gamma from 144Pr (daughter of 144ce) 
remaining in the dissolver basket. Table 4.2.2 describes the packaged fuel r~sidue, assuming 

. ·that assembly hardware and hulls are uniformly distributed in 480 canisters. 

The fuel residue as received from the dissolver basket is dried to 1) reduce the pyrophori
city of any Zircaloy fines present and 2) eliminate pressurization of the sealed canister from. 
radiolysis of the adsorbed water. During normal processing of fuels ·cooled for about one to 
two years, no special drying equipment is necessary; the decay heat of associated fission pro-, . 

ducts and activation products in·stainless steel and Inconel is sufficient to dry the hul.ls. 
A moisture analyzer checks the effluent from the drier basket to ensure that water removal is 
complete. 

FIGURE 4.2.2. ·Flow Diagram for Fuel Residue 
Without Compaction 
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TABLE 4.2.2. Description of Packaged Fuel Residue 

Volume(a) 

Density 
Volume Treated(a) 
Volume Untreated 
Canisters(b)/yr 

Canister surface dose rate 
Radioactjvjty as fraction 
of inputlCJ 

a. Volume of waste canisters; 
b. 75 em dia x 3 m long. 
c. See Table 4.2.1. 

670 m3 /yr 

970 kg/m3 

1. 04 

480 
>10 R/hr 

1.0 

Neither heat productiori nor radiation levels impose severe limits on canister dimensions. 
However, the design must be compatible with shipping facilities and with the.final repository 
handling requirements. The assumed canister handling capability at the geologic repository, 
76 em (30 in.) in diameter by 3m (10ft) long, limits the canister size. The reference fuel 
residue canister is a stainless steel cylinder having these dimensions. A canister filled to 
a depth of 2.9 m (9ft 8 in.) with hulls, hardware, and sand will have the capacity to contain. 
the residue produced from processing 4.2 MTHM. Automatic, remote welding, such as. is being 
done rou~inely in the nuclear in9ustry, is the best method for clpsure of the filled canisters. 
Prior to welding, .the canister should be flushed.with helium; a h~lium leik tester can then 
be used to determine the integrity of the closure. 

4.2.1.4 Description of the Fuel Res1due Packaging Facility 
. . . 

This section outlines the facility requirements for a fuel residue packaging facility. 
This facilHy receives the leached fuel residue remaining in the FRP dissolver after dis
solution of the chopped fuel, packages it in steel canisters, and.prepares the canisters for 
storage or shipment to a repository. 

General Description .. The facility for packaging without compaction is centered around 
a remotely operated cell 7.3 m (24 ft) wide, 12.2 m (40 ft) long~ ~nd 9.1 m (30 ft) high. 
It is controlled and operated from the operating gallery· located behind 1.2 m (4ft) concrete 
shielding wal)s fitted with shielding windows and manipulators. 

Because this facility is an integral part of the FRP, certain services and auxiliary. 
systems required for its functioning, such as maintenance and utilities, are part of the pri

. mary facility and are not detailed in this section. Figures 4.2.3 through 4.2.6 show the 
layout and equipment arrangement, which are the basis for the cost estimate. 

The facility is located in the FRP and is a Category 1 structure. The fuel residue 
packaging cell is provided with a stainless steel pan that covers the floor and with radiation
and corrosion-resistant wall coatings. The decontamination station walls and floors, including 
the shielding door surfaces and the floor sumps, are lined with stainless steel. 
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~1ajor Equipment. The equipment required to do the packaging is described in the following 
paragraphs in the sequence of operation for packaging, container closure, decontamination and 
shipping. 

A powered roller conveyor is used to move baskets of fuel residue into the packaging cell. 
The 10-ton bridge crane secures each basket within a basket dumper mounted on steel supports. 
When the dumper is remotely inverted, the fuel residue.drops into a canister through a metering 
device, which also controls the flow of sand. from a hopper. Figure 4.2.7 is a diagram of the· 
fuel residue canister. An air-operated vibrato~ applied to the outside of the canister helps 
achieve a good settling and mixing of the residue and sand. 

When the canister has been filled, the shuttle car and the·cani~ter are moved to the weld
ing station for the capping and welding of a lid and for a helium leak detection test. The 
shuttle car, an electrically powered vehicle, rides on steel rails and is operated remotely, 
from the gallery. 

The welding station, located at the east side of the cell, ~onsists of a power turntijble 
to secure the shuttle car and an overhead support frame to hold the electrode rod, argon supply 
line, helium test probe, and a stack of container lids. The work is rotated while the welding 
and the leak testing equipment above remain stationary. 

3/8" (. 95cm) 
,----!-STIFFENER PLATE 

NOTES: 

I -ALL MATERIAL IS )04tS.S. 

2 - ALL SHOP WELDS FULL X-RAY 

3 -CONTAINERS ARE "Q "QUALITY WITH 
ALL THE QA-QC CONTROLS & DOCUMENTS 

4 -COST OF THIS CONTAINER IS NOT INCLUDED 
IN THE COST OF THIS FACILITY. 

FIGURE 4.2.7. Fuel Residue Canister 
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The welding process is by automatic gas-tungsten arc with no filler metal. Only one pass 
is required to.complete the weld and start the helium leak test. 

When the canister is brought into the shipping area, it is monitored for contamination. 
·Here, if needed, the canister is sprayed with decontamination solution to remove the contamina
tion and reduce the potential of contaminating th~ cask and the interim storage facility. Only 
clean canisters are transferred to the cask loading station. ·The canister is handled and loaded 
into the cask remotely from the operating station. All other routine operations such as equi'p
ment maintenance and.casl< placement, are performed by direct contact inside the cask loading 
station with the shielaing door to the packaging cell closed. 

Shielding and Remote Handling Equipment. The process equipment is located behind four 
foot shielding walls. Manipulator through-tubes and similar equipment will require shielding 
egyiyalent to 25 em (10 in.) of lead. 

4.2.1.5 Operating and Maintenance Requirements for the Fuel Residue Packaging Facility 

The ~rocess equipment will be operated on an intermittent basis when an accumul~ted quan
tity of rirised hulls and hardware sufficient to fill ·one caniste~ (1.3 m3) becomes available. 
Up to 2 canisters/day will be,produced. Operation will be on the basis of 2 shifts/day, 
5 days/week. The welding station will operate on a 1 shift/day basis, 5 days/week. 

Staffing. Staffing requirements are given in Table 4.2.3. 

TABLE 4.2.3. Staffing Requirements for Fuel 
Residue Packaging Without 
Compaction 

Job Description 
Operators 
Radiation monitors 
Maintenance craftsmen 

Personnel Required, 
man-yr/yr 

6 
1 
1 

.supplies and Utilities. Table 4.2.4 shows the estimated supplies and utilities required 
fo1· hulls packaying. 

TABLE 4.2.4. Supply and Utility Requirements for Fuel 
Residue Packaging Without Compaction 

Annual 
Item Use Rate Requirement 

Electricity 10 kH 25,000 kWh 
Sand 2600 kg/day 650 MT 
Argon 60 m3/day 7000 m 3 

Helium 30 m3/day 700 m3 

Canisters 2/day 480 
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Hazardous Materials. A small quantity of Zircaloy fines will be associated with the clad
ding hulls. The hazards associated with Zircaloy fines are discussed in Sections 4.2.1.9 and 
4.2.2.9. 

4.2.1 .6 Secondary Radioactive Wastes for the Fuel Residue Packaging Facility 

Table 4.2.5 lists the secondary wastes produced in this treatment task. 

TABLE 4.2.5. Secondary Radioactive Wastes from Fuel 
Residue Packaging Without Compaction 

Description 

Combustible and 
compactable waste 
Wet waste 
Failed equipment 

Volume·, 
m3jyr 

40 

0.2 

Radioactivity Factor(a) 

All X 10-6 

All x 10-4 

All X 10-4 

a. Fraction of input activity (Table 4.2.1) in 
secondary wastes. 

4.2.1.7 Emissions from the Fuel Residue Packaging Facility 

Estimated emissions are given in Table 4.2.6. An estimate of the integrated annual 
release due to minor accidents (Section 4.2.1.9) for this facility is also included in 
Table 4.2.6. It was developed by weighing the minor accident releases by their expected fre- . 
quencies and summing the quantities for all identified minor accidents. In addition, a con
tingency was included in the integrated release to account for uriident1f1ed minor· accidents 
and to compensate for the uncertainty in expected frequency information. 

TABLE 4.?.n. Fuel Residue Packaging Emissions. 

Emission 

Gaseous 

Description 

Cell ventilation. air 

Minor accident 
integrated annual 
release 

Annua 1 Quantity 
8 3 2 X 10 Ill 

a. Fr-adiun of input activity (Table 4.?. l) released to atmosphere. 
for particulates in APS. Released over 300 days/year. 

Radioactivity 
Release Factor 

All 1 X 10-l3 

3H 4 X 
-b 

10-13 
All others 4 X 10 

4 Includes DF of 10 

4.2.1.8 Decommissioning Consideration for the Fuel Residue Packaging Facility_ 

The useful life of the facility for pa.ckRging without compaction is expected to equal 
that of the reprocessing facility, 30 years. For final disposal the equipment would be treated 

as TRU-contaminated waste. 
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4. 2.1. 9 Postulated Accidents for the Fuel Residue Packaging Facility 

Zircaloy is a potential pyrophoric hazard. However, spontaneous 
Zircaloy will occur only if the material is a finely divided powder. 
to particle size, form, and ease of ignition is given in Table 4.2. 7. 

ignition of zirconium or 
Information pertinent 
Almost all data on the 

pyrophoricity of zirconium have been obtained with unirradiated material. It is unlikely that 
a significant difference exists between the pyrophoric behavior of irradiated and nonirradiated 
Zircaloy since the alloy is not altered chemically by irradiation. However, the absence of 
direct experimental verification requires a conservative approach to the handling and storage 
of Zircaloy fines produced by the chopping of fuel assemblie·s. 

The ductility-of Zircaloy fuel ~ods decreases with increase in fuel burnup. The amount of 
fines produced during shearing or chopping will be higher with irradiated than nonirradiated, 
less brittle material~ 

TABLE 4.2.7. 

Metal Form 
Fine powder 

Coarse powder 

Chips, cuttings 
Damp powder 

Pyrophoricity of Zirconium 

Burning tharacteristic 
<62 ~m. explosive( 3) 
<10 ~m, explosive(4) 
>125 ~m. <840 ~m. hazardous( 3) 

>10 ~m. <853 ~m. explosion risks( 4) 
0.013 em thick, easily ignitable( 5) 
3-16% H20 spontaneous combustion 
and explosion( 5) 

For packaging without compaction, the greatest fire hazard exists during transfer of hulls 
from the dissolver basket via a hopper to the hull storage canister. Only ·the fines will burn; 
studies have shown that ignition of fines in contact with hulls does not ignite the hulls. The 
hulls, however, are a possible source of sparking. The packaging without treatment alternative 
employs sand as a matrix material (see Section 4.2.1.1). Dry sand added (on an equal weight 
basis) to the hulls residue will effectively prevent Zircaloy fire by preventing fines separa
tion and also by its diluting effect. 

A postulated Zircaloy accidental fire during packaging without compaction is presented in 
Table 4.2.8. The consequences of a Zircaloy fire would depend upon the quantity of material 
involved. Segregation and ignition of all the pyrophoric fines present in one dissolver 
ba!ket, estimated to be no more than about 1 kg (2.2 lb), is the maximum potential fire. The 
absence of other combustible material would prevent the spread of the fire beyond the immediate 
area. Contact- of the burning finE;!~ with water could cause a h.vdro!1en explosion; however~ a 
source of water is difficult to postulate. All tritium from the burned Zircaloy would be 
released through the FRP stack. The heat release would be about 3.3 kWh/hg {5200 Btu/lb) 

' · Zircaloy. No accidents that could be classified as moderate or severe accidents could be 
realistically postulated for this technology. 



4.2.14 

TABLE 4.2.8. Fuel Residue Packaging Facility t·1inor Accidents 

Accident No. 
and Description Sequence of Events Safety Sys terns Release 

4.2.1-Zr fines fire. 
Estimated frequency 
"-.1 /yr. · 

l. Fines generated in the chop
leach operation. 

l. Small inventory of fines. kg zirconium fines burns 
releasing volatile activity 
to process cell atmosphere 
in 0.5 hour. 

2. Spark, or other heat 
source, ignites fines in 
basket. Spontaneous 
ignition possible if 
drying is incomplete. 

3. Fire releases volatile 
activity to process cell 
atmosphere. 

2. Predrying of hulls and 
fines prevents ignition. 

3. Blending with sand 
matrix. 

4. Inert atmosphere for 
we·lding operat1ons (w1th 
alarm to detect loss). 

3H would remain gaseous while 
Cs, Te, Ru and Rb are 
expected to form particles. 
All others are expected to 
either not volatilize or 
would plate out before 
reaching the facility filters. 

Criticality considerations require that the total undissolved fuel contained in an indi
vidual hulls canister be limited to some fraction (Barnwell specifies 0.75)( 6) of the minimum 
critical mass. The minimum critical mass of hulls is dependent upon the initial enrichment of 
the particular fuel being processed. 

. . 
Based on a water-reflecting sphere, the minimum critical 

mass from uo2-H2o mixture at 5% 235u is 1.56 kg 235u, or 31.2 kg total uranium; for 4% 235u, 
kg· 235u, or 50 kg total uranium. A higher value is found the minimum critical mass is about 2 

for fuels of lower initial enrichment. The plutonium content in irradiated fuel need not be 
considered since unirradiated fuel reactivity is limiting.· In the case of mixed oxide fuels, 
for a homogeneous mixture of Puo2 + natural uranium uo2 +.H2o at 5 wt% Pu (containing 20% 240Pu) 
the minimum critical mass is estimated to be 26 kg Pu02 + uo2, based on a water reflected 
sphere; at 4 wt% Pu, it is about 35 kg Pu02 + uo2. Table 4.2.9 shows the percentage of 
undissolved fuel that may remain with the cladding for'these enriched ur·a11iu111 and 1n"ixed oxide 
fuels, assuming the packaging without compaction treatment alternative. The per·centage .of fuel 
expected to remain undissolved is at least an order of magnitude lower than these values. 

TARLE 4.2.9. Allowable Percentage of Undissolved Fuel for 
Subcritical Fissionable Material Cbntent in 
Canisters of Uncompacted Fuel Residue 

Allowable Undissolved Fuel,% 
Uncompacted Cladding Uncompacted Cladding 

Fuel Enrichm~nt and Hardware Only 

4% 235u 

5% 235u 

4% Pu 
5% PLI 

1.2 

0.75 
0.84 
0.62 

0.99 
0.62 
0.69 
0. 51 
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4.2.1.10 Costs for the Fuel Residue Packaging Facility 

Estimates of capital, operating, and levelized costs are presented in mid-year 1976 
dollars. A complete description of the cost estimate bases, assumptions, and definitions 
is given in Section 3.8. 

Capital Cost. The capital cost estimate for this facility is shown in Table 4.2.10, 
expressed in mid-year 1976 dollars. ·The estimate covers all capital costs specifically 
resulting from its inclusion as an integral part of the FRP described in Section 3.2.3. These 
costs also include the effect of incremental additions to utility supplies, such as electrical 
substation, HVAC, compressed air, and similar auxiliaries, as well as the cable, piping and 
other bulk materials incorporated directly into this facility. However, general FRP costs 
for such services as laboratories and warehousing are not allocated to the fuel residue 
packaging facility. 

The total capital cost includes all plant-related costs incurred from the start of 
engineering to the start of commercial operation, excluding only working capi~al .. 

TABLE 4.2.10. Fuel Residue Packaging Facility Capital Cost Estimate 

Cost Element 
Major equipment 
Buildings and structures 
Bulk materials 
Site improvements 

Subtotal of direct 
site construction 
costs 

Indirect site 
construction costs 

Total field cost 
Architect-engineer 

services 
Subtotal 

Owner's co.st 
Total facility cost 
Estimate accuracy 

range 

~1an-hours, 
10005 

Nonmanual Manual 
20 
99 
80 

200 

55 44 
55 244 

Costs, 
1000s of Mid-1976 Dollars 

r~aterial Labor Total 
2,400 200 2,600 

820 1,230 2,050 
1 ,800 1,000 2,800 

20 10 30 

5,040 2,440 7,480 

890 1,220 2,110 
5,930 3,660 9,590 

1 ,900_ 
11 ,490 
3,410 

14,900 

±30% 



4. 2.16 

Operating Cost. The reference facility's annual operating cost is shown in Table 4.2.11. 
Direct labor costs are based on manpower estimates given in Table 4.2.3. Process materials 
consist of 480 canisters, costing about $8000 each in lots of 100 or more, and dry sand. 
Estimates for utilities are based on requirements also shown in Table 4.2.4. Annual 
maintenance materials costs are estimated at 2% of the initial equipment investment. Over
head and miscellaneous ~osts are based on factors described in Section 3.8. The estimates for 
the miscellaneous items are assumed to include all unidentified operating costs. The costs of 
taxes, insurance, and interest, however, are included in the capital segment of the levelized 
unit cost. 

TABLE 4.2.11. Fuel Residue Packaging Facility Operating 
Cost E!:timate 

Auuual Costs, 
Cost Element $1000' 

Direct 1 abor 150 

Pruce~s materials 3850 
Utilities 10 

Maintenance materials 50 
Overhead 200 
Miscellaneous 40 

Total 4300 ±25% 

Levelized Unit Cost. The levelized unit cost, including levelized capital and operating 
costs, is shown in Table 4.2.12. The unit cost calculation assumes private ownership of the 
facilities. Separate cos~s are shown for. facilities shipping the canisters by truck or by 
rail since a special shipping facility costing $900,000 would be required to handle rail casks. 
The operating costs for a r·dil or t1·ucl< facility are nnt significantly different. 

TABLE 4.2.12. Fuel Res1due Packaging·Facility Levelized 
Unit Cost Estimate 

Co~t. El cmcnt 

Levelized ·capital charge 
Levelized operating charge 
I..P.vel ized total unit cost 

U11iL Cost, 
$/kg Hm 

Truck sh1pmeiit Rai I --shipment 
1.90 2.00 
2.10 2.20 

4.00 ±25% 4.20 ±25% 

4.2.1.11 Construction Requirements for the Fuel Residue Packaging Facility 

Many factors relating to site preparati.on and reference facility construction may have 
some impact on the environment, the local economy, and the natural resources of the surround
ing area. The information which follows pro.vides a basis for evaluating the impact of con

struction activities. 
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Project Schedules and Construction Manpower. The schedule for engineering, procurement, 
and construction of this facility is an integral factor in·the overall schedule for the FRP. 
This schedule is described in Section 3.2.3.7. ·The field labor force estimated for the construc
tion phase is tabulated below: 

. ~1an-hours, 
1000s 

Manual field labor 244 
Nonmanual field labor 55 

Total· field labor 299 

Distribution of Onsite and Offsite Costs. Onsite .costs are tho~e for all construc
tion, materials, and services provided at the site of the FRP. Offsite costs are those for 
all services provided, .equipment fabricated or assembled, and material purchased elsewhere. 
The distributi.on of total costs .in these categories is as shown below: 

Costs, 
$1000s 

Onsite 4,400 \ 

Offsite 10,500 
Total 14,900, 

Site Requirements. The facility will share the same site as the FRP. No additional site 
requirements beyond those for the FRP are identifiable. 

Water. About 4200 m3 (1. 1 x 106 gal) of water are required during the construction period. 

Construction Materials. Materials committed to facility construction are: 

Concrete 2,000 in3 (2,600 yd3) 

Steel 590 MT ( fi!iO t.nno:;) 

Copper 4.5 MT (5 tons) 
Zinc .9 MT ( 1 ton) 
Lumber 140 m3 (60 MFBM) 

En<:!rgy. Energy resources used during construction will be: 

Propane 
Diesel Fuel 
Gasoline 
Electric.ity: 

Peak demand 
Total consumption 

42 m3 

340 mj 

250 m3 

270 kW 
180,000 kWh 

(11,000 gal) 
(90,000 ~al) 
(66,000 gal) 
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Transportation Requirements. No separately defined transportation requirements for the 
facility have been identified beyond those for the FRP. 

4.2.1.12 Effects of Fuel Cycle Options 

Treatment of fuel residue in the reference facility is based on reprocessing of LWR fuel 
and recycling the recovered uranium and plutonium. The effects of alternative fuel cycles on 
treatment of fuel residue are discussed below. 

No Recycle. No treatment of fuel residue is required for this option since residue is 
not generated if fuel is not reprocessed. 

Uranium Recycle Only, with Plutonium to a Repository. No change in the treatment of fuel 
residue from the basic case is expected for this fue·l cycle option. 

Uranium Recycle Only, with Plutonium to HLW. This option requires the same facility for 
treatment of fuel assembly residue as the basic case. 

4.2.2 fi~-~hanical Compacti<?.!!._.Qf Hulls· 

The incentive for compact1on of hulls is the reduction of the required volume for storage, 
thus lowering the cost of containers, shipment, and final storage or disposal. The estimated 
density of uncompacted hulls is about 1 g/cm3, or about 15% of theoretical density (TO). (l) 
Melting would produce ingots with a density of 6.5 g/cm3, whereas flattening and compaction 
processes have been estimated to change the density. to about 3.3 g/cm3 (50% TO) for rolling and 
from 4.6 to 5.3 g/cm3 (70 to 80% TO) for compaction. These figures are based on unirradiated 
hull material; no information on flattening or compaction has been developed concerning leached 
irradiated hulls taken to LWR exposure levels. 

Assurance must be provided that the compacted hulls are in a safe stable condition, at 
least equal to that of the uncompacted hulls. Uue to the ant1c1pated brittle naLur·e or i;·radiu 
ated Zircaloy hulls, any flattening or compaction operation may generate fines which are pyro
phoric. If the hull surfaces were clean and free of oxides, the compact would bond together 
under sufficient pressure, thus encasing the fines except on the surface. This method is used 
commercially for recycling unirradiated Zircaloy-~ scrap. (7) The scrap 1s p·ickled in d HN03-Hr
H20 solution to produce an oxide-free surface prior to compacting. Then it is pressed into 
compacts 24 em dia by 13 em high (9.5 in. dia by 5 in. high} with about 72% TD, using a unit 
pressure of ~2,500 psi. The leached and r1nsed 1rrad1ated hulls most likely will not bond 
together with any standard compacting procedure, due to surface ox1des and other corrosion 
residue. Demonstration tests must be performed with irradiated hulls to determine hull behav
ior under deformation before the suitability of a flattening or compaction process can be 
definitely determined. 

To insure good results· using either flattening or compaction, the fuel residue from the LWR 
fuel dissolution step must be sorted to provide a uniform solid-to-void ratio through the 
mix. The material from the chop-leach step can be sorted into three groups: 1) residue 
from the fuel rods (hulls, end caps, plenum springs, and spacer pellets), 2) other assembly 
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hardware (end fittings, support rods, tie plates, and casings), and 3) the fines generated in 
the processing step. It is assumed that the fines will not be processed by mechanical compaction 
and instead will be deactivated by controlled oxidation and packaged separately with the hard
ware parts.· The grid spacers, generally made of thin-gage Inconel, could be compacted with the 
bulls. If roll flattening is used, the solid parts from the fuel rods (end caps, spacer pellets) 
must be removed to prevent roll damage caused by concentrated roll loading when these parts pass. 

The fuel assembly hardware could be separated prior to rod chopping if a fuel dissassembly 
operation similar to that designed for the General Electric Company's Midwest (MFRP) plant* were 
to be used. It had been planned there to disassemble the fuel elements and to saw or 
shear the rods individually. (8) The West Valley (NFS) Plant appro~ch was to remove the end 
fittings and casing and chop the fuel as a bundle. (8) The Barnwell Plant (AGNS) approach includes 
plans to shear the entire fuel assembly (including end fittings and casing). (8) The NFS method 
might not require sorting ff the grid spacers would readily compact; but the AGNS approach 
would probably require sorting to remove the casing and end fitting material. For the concept 
described here it is assumed that sorting is required. 

The feed material will be washed with nitric acid solution followed by a water rinse. 
However, this wash is not intended to decontaminate or remove the oxide coating, (9) and it is 
doubtful that bonding will result during normal press compaction due to the oxide coating and 
the brittleness of the hulls. However, bonding of partially oxidized surfaces would probably 
occur if deformation under high pressure, as encountered during extrusion, was utilized. 

4.2.2.1 Process Alternatives for Mechanical Compaction.oLI:Iu.lls 

Options for mechanical volume reduction can be classified into these categories: 

1. Compaction - hydraulic press 
high-energy rate compaction 
extrusion 
swaging 

2. Flattening'- roll 
press 

None of the above options has been evaluated with irradiated hulls. Although no experi
ence exists, it may be assumed that the deformation occurring in compaction or flattening 
~Jill fracture the hu"ils ::iecause of the hi.gh oxygen and hydrogen content in zirconium, ·.~hich 

makes the zirconium more brHtle. This may create fines with fragments small enough to be 
pyrophoric. Any mechanical compaction process should provide containment for the compacted 
hulls. If compacting is done into an open container, the operation should be performed in an 
inert atmosphere. These guidelines would rule out roll flattening because the hulls would not 
be contained. Press flattening could be done in a container. 

The hulls could probably be compacted to >80% TO by extrusion, but this operation would 
require that the hulls be vacuum sealed into billet-sized cans and heated prior to extrusion. 

*This plant has been declared inope1·able by GE aud there are no current plans for using it. 
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Due to the 80 to 85% void space in the hulls, this method would require precompacting the 
hulls into the billet cans to at least 50% TD prior to extrusion. Even with precompaction to 
50% TD, the extrusion may have .a badly wrinkled clad with possible breaks or tears. The need 
for canning and precompaction, together with .the high capital investment for extrusion and 
the difficulty in maintaining the equipment remotely, rules out this method as a feasible 
approach to compaction. 

Compaction by swaging would require sealing the material in tubes. This method would 
also require a precannfng operation, and the high void space would require several passes to 
compact. The end-product would consist of a high ratio of canning tube to hulls; thus, .this 
approach, like extrusion, does not appear feasible. 

Press compaction is at present the most applicable compaction method and for that reason 
was se 1 ected as the reference com.:ept. Pl'ess or h1 gh-cncryy r·a te compaction processes wi 11 
also produce fines, some of which will show up at the surface of the compact. Compaction 
would .need to be performed in an inert atmospher·e,· and any fines which are ejected from the 
container during compaction should be separated and then deactivated by oxidation. 

4.2.2.2 Hulls Compaction Facility Des.ign Basis 

The hulls compaction facility (HCF) is an integral part of the 2000-MTHM reference FRP . 
described in Section 3.2.3. The hulls are assumed to be separated from fuel assembly hardware 
and fines before compaction. The~facility is designed for a throughput capacity of 2.6 m3 

(90 ft3)/day of· untreated fuel residue. About 84 canisters of hardware and deactivated fines 
and 198 canisters.of compacted hulls are produced annually. Other criteria are the same as 

. described in Section 4.2.1~2. 

4;2.2.3 Mechanical Compaction Process 

A flow diagram for processi11y fuel 1·esidue via mechanical compaction is !>hown in Fig1,1r·e 4.2.8. 
It is assumed that the hull material from the leach process will not bond together at reason-
able compaction pressures. Therefore, it is desirable to reduce the pressure to a value which will 
only flatten the hulls and will decrease the volume to provide a theoretical density of about 
50%. A compacting pressure suggested by Blomeke et al. (7) would be 1n the ranye uf 20,000 to 
100,000 psi. Teledyne Wahchang Albany (TWCA) uses 52,500 ps·i ifi compacting Zircaloy scrap. (g) . 

. Experiments conducted at Pacific Northwest Laboratory on chopped unirradiated tubing indicated 
that a 50% theoretical density (70% volume change) will require 12,000 psi while 20,000 psi will 
produce a theoretical density of 56% (73% volume change). Irradiation will increase the yielcl 
and tensile strength Of hulls by dbout 30%;(8) thercforc 1 1t ·is estimated· that a 30% increase 
in compaction force will be required to compact irradiated hulls. Thus for a 50% TD the required 
force is expected to be about 16,000 psi. Compacting into a container 25 em {10 in.) in diameter 
will require a 700-ton, vertical hydraulic ram press. The compaction can would need to be sup
ported by a heavy containment die which would be removed after the can is filled .. This approach 
is suggested by Seyfried(lO) for compacting general laboratory-type wastes. 
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FUEL ASSEMBLY 

FIGURE 4.2.8. Flow Diagram-for ~1echanical Compaction of Hulls 

In summary, the compaction process consists of segregating the sheared hulls from the 
stainless steel end fittings and other· fue-l element hardware and from the Zircaloy fines on 
a combination vibratory grizzly-separator, followed by compaction of the hulls in a hydraulic 
ram press. 'The compacted hulls ·are sealed into stainless steel containers, while the Zircaloy 
fines are deactivated by controlled oxidation to eliminate pyrophoric hazards, and are packaged 
with the end fitting components without the compaction step. 

Table 4.2.1 shows the activity, volume, and density. of the untreated fuel residue. Table 4.2.13 
gives a descr·iption of fuel residue treated by mechanical compaction. 

4.2.2.4 Hulls Compaction Facility Description 
) 

This section outlines the facility requirements for a hulls compaction facility (HCF). 
This facility receives the leached hull fuel residue remaining in the FRP dissolver after 

·- ·- -- - -- -- -. -
dissolution of the chopped fuel and reduces the residue volume by compaction, packages it 
in steel containers, and prepares it for storage Ol" shipment to a r·eiJO:>iLur·y. 

General Description. The facility for the compaction of the fuel residue is centered 
around a remotely oper9ted cell 7.9 m (26ft) wide, 17.0 m (56ft) long, and 10.4 m (34ft) 
high. The facility is controlled and operated from the operating gallery _behind 1.2 m (4 ft) 
concrete shielding walls provided with shielding windows and manipulators. 
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TABLE 4.2. 13. Description of Fuel Residue 
Treated by Compaction 

Volume(a) 

Density 
Volume treated(a) 
Volume untreated 
Canister(b)/yr 

Cariister surface dose rate 
Radiogctivity as fraction·of 
input\C) 

a. Volume of waste canisters. 
b. 75 em dia x 3m long. 
c. See Table 4.2.1. 

Cladding Hulls 

280 m3;yr 
1900 kg/m3 

0.52 

198 
>10 R/hr 
1.0 

Assembly Hardware 

120 m3;yr 
970 kg/m3 

l. 04 

84 
>10 R/hr 
1.0 

Because this facility is an integral part of the FRP, certain services and au~iliary 
systems required for its functioning, such as maintenance, utilities and so on, are part of 
the primary facility and are not described. Figures 4.2.9 through 4.2.12 show the layout 
and equipment arrangement_required. 

The HCF is located in the FRP and is a Category 1 structure. The hulls compaction cell is 
provided with a stainless steel pan that covers the floor and with radiation- and corrosion
resistant wall coatings. The decontamination station walls and floor, including the shielding 
door surfaces and the floor sumps, are lined with stainless steel. 

Major Equipment. The systems and equipment required to perform the packaging function are 
described in the following paragraphs in operational sequence. 

Stainless steel containers (Container "A"- in Figure 4.2.9) with leached hulls arrive at the 
compaction cell on the powered roll conveyor. The 10-ton bridge crane lifts the containers and 
dumps the hulls onto the grizzly, where the large components are retained, the hulls and fines 
are passed to the separator below, an9 the fines are separated from the hulls. Grizzly motion 
is induced by an air vi bra tor app 1 i ed to the frame that moves the rna teri a 1 to the hulls canister 
located at the south side. Motion in the separator is produced by a vertically driven electric 
motor that has two eccentric weights rotating around the vertical axis. Centrifugal force of 
the rotating weights and their relative angle produce the required movement. 

The separator sends the Zircaloy fines to the west side, into the fines deactivator, a unit 
that oxidizes zirconium by exposure to high temperature in the presence of air. The temperature 
in the deactivator is closely monitored to control the flow of air and inert gas that contact 
the fines. Air is metered to th~ deactivator only after the proper L~nperature is assured for 
slow oxidation of the fines. The deactivated fines are transferred to a conveyer and trans
ported to the hulls canister to be mixed with the stainless hardware and, subsequently, to be 
sent to the welding station for capping and shipping. 
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The bulk of the waste (about 83 weight%) consists of Zircaloy cladding hulls that are 
vibrated to the east side into the hulls feeder hopper. 

The hulls feeder has a stainless steel hopper capable of holding 1.27 m3 (45 ft3) of mate
rial, or the feed for one-half day of operations. The operation and rele~se of material to the 
~ompaction can is coupled with the press so that about 6.25 kg (14 lb) of material is released 
before each stroke. Fifteen compaction strokes are required to complete one compact. Each com
pact is 0.23 m (9 in.) in diameter by 0.71 m (2ft, 4 in.) long and weighs about 96.3 kg (212 lb). 

The press is a self-contained hydraulic ~nit that has an oil-operated ram mounted on the 
frame. The compression is made inside the compaction can, which is firmly supported by a 
strong cylindrical die that is removed when the work is completed. The compact is ejected from 
the press area into the strapping machine where seven compacts are accumulated before the 
machine is activated and a bundle formed. 

Twenty-eight compacts, or four bundles of seven units, are loaded into the hulls canister, 
Figure 4 .. 2.7, (Container "B" in Figure 4.2.9) by the monorail installed in the overhead steel 
structure. The canister is mounted on the shuttle car, a remotely operated vehicle that 
rides on steel tracks, between the hulls loading, the weldi~g, and the cask loading sta-. 
tions. After packaging is completed, the shuttle car is moved to the welding station. 

The weldi~g station, located at the east side of the cell, consists of a power turntable 
where the shuttle car is ·secured and an overhead support frame to hold the electrode rod, argon 
supply line, heiium test probe, and a stack of container lids. The work is rotated while the 
welding and the leak testing equipment above remai·n stationary. 

The welding process is the automatic gas-tungsten arc with no filler metal. Only one pass 
will be required to complete the weld and start the helium test. 

When the container is brought into the shipping area, it will be te'sted and inspected for 
contamination. Here, if needed, decontamiflation solution will be sprayed on all sides to remove 
the contamination and reduce the potential of contaminating the cask and the interim storage 
facility. The clean container is transferred to the cask loading station, where a hulls cask 
has been introduced. Loading into the cask and handling of the sealed canister is done remotely 
from the operating station, but all other routine operations are done by direct contact 1ns·fu~ 
the cask loading station with the shielding door to the compaction cell closed. 

Shielding and Remote Handling Equipment. The compaction equipment is located within the 
operating canyon; therefore, the shielding provided is more than adequate. Manipulator through
tubes and similar equipment will require shielding equivalent to 25 em (10 in.) of lead. 

4.2.2.5 Hulls Compaction Facility Operating and.Maintenance Requirements 

It is estimated that the press throughput would be about 3 compacts/hr or 24 compacts/8-hr 
shift. About 22 compacts (100 kg each) per day 5 days per week are required to meet throughput 
requirements. 
week operation. 

Assuming a plant factor of about 50%, the plant would require a two-shift, 5-day 
For this analysis a single press operation is assumed, although redundancy of 

presses and sealing station might prove to be desirable in providing continuous operation of the 
plant. 
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Experience is not now available regarding the remote operation and maintenance of a ram 
press. The design must permit routine remote maintenance operations. No unusual maintenance 
procedures are expected. 

Staffing. Staffing requirements are given in Table 4.2.14. 

TABLE 4.2. 14. Staffing Requirements for 
the Hulls Compaction Facility 

Personnel Required, 
Job Description man-yr[yr 

Operators 13 
Radiation monitors 
Maintenance .craftsmen 3 

. Supplies and Utilities. Utilities and supplies required for this task are shown in 
T~.ble 4.2.15 .. 

TABLE 4.2.15. Supply and Utility Requirements 
for the Hulls Compaction Facility 

Annual 
Item Use Rate Reguirement 

Electricity 100 kW 312,000 kWh 
Water consumed 3 kg/min 

5 ' 
5. 9 X 10 kg 

Argon 200 Q./min 40,000 m3 

Helium 20 X,/min 4,000 m3 

Hydraulic oil 8 Q./day 100 Q, 

Canisters 2/day 282 

Hazardous Materials. Some quantity of Zircaloy fines will be produced during sorting.and 
compaction and must be treated.as a· hazardous (pyrophoric) material. The hazards associated 
with Zircaloy fines are discussed in Section 4.2.1.9. 

4.2.2.6 Hulls Compaction ~aci lity Secondary Radioactive Wastes 

Tdble 4.2.16 11sts the secondary wastes associated·withthe compacting operation. 

TABLE 4.2.16. Secondary Radioactive Wastes from the 
Mechanical Cuu11Jdct1on of Hulls 

Description 

Combustible and 
compactable waste 
Wet waste 
Failed equipment 

Volume, 
m3/yr 

60 

6 

Radioactivity Factor(a) 
All 1 x 10-6 

All X 10-4 

All x 10-4 

a. Fraction of input activity (Table 4.2.1) in secondary 
wastes. 
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4.2.2.7 Hulls Compaction Facility_Emissions 

Estimated emissions are given in Table 4.2.17. An estimate of the integrated annual 
release due to minor accidents (Section 4.2.2.9) for this facility'is also included in 
Table 4.2.17. It was developed by weighing the minor accident releases by their expected 
frequencies and summing the quantities for all identified minor accidents. In addition, a con
tingency was included in the integrated rel~ase to ·account for unidentified minor accidents 
and to compensate for the .uncertainty in expected frequency information. 

TABLE 4.2.17. Hulls Compaction Facility Emissions 

Emission 

Gaseous 

Cooling tower 
water: 

Other 

Description 

Cell ventilation·air 

Minor accident integrated 
ann.ua 1 re 1 ease 

• evaporated, T = 38°C 
• drift, T = 38°C 
• blowdown, T = 27°C 

Heat 

Annual Quantity 

3 x 108 m3 

5.0 X 105 kg 
2.4 X 103 kg 
8.6 X 104 kg 

3. 4 x 102 MW-hr 
( 1 . 1 x 109 BTU) 

Radioactivity 
Reduce Factor (a) 
to Atmosphere 

All x 1 cr-13 

3H 4 X 10-6 

All others 4 x lo-13 

a. Fraction of input activity (Table 4.2.1). Includes a DF of 104 for particulates in 
plant APS. Released over 250 days/yr. 

4.2.2.8 Hulls Compaction Facility Decommissioning Considerations 

The life of the compaction faciljty is expected to be equal to the life of the reprocess
ing facility. For final disposal purposes, the equipment would be treated as TRU-contaminated 
waste. 

4.2.2.9 Hulls Compaction Facility Postulated Accidents 

Hulls processing by mechanical compaction requires separation of fines (and hardware) from· 
the hul.ls in a grizzly-separator. The fines are isolated and deactivated prior to packaging; 
however, an accumulation of up to 10 kg of fines in the grizzly is possible. This accident 
scenario is described in Table 4.2. 18. No accidents that could be classified as moderate or 
severe accidents could be realistically postulated for this technology. ihe pyrophoricity of 
zirconium and the criticality safetY considerations were discussed in Section 4.2.1.9. The 
allowable concentration of undissolved fuel that may remain with the compacted cl~dding hulls 
without exceeding the critical masses given in Section 4.2. 1.9 is given for different fuel 

enrichments in Table 4.2.19, 

For purposes of environmental ionsequence analysis, the release from·a zirconium fines fire 
(accident 4.2.2) was selected as an umbrella source term (see Section 3.7-Basis for Accident 
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1ABLE 4.2.18. Hulls Compaction Facility Minor Accidents 

Accident No. 
dud Oescript iuu 

4.2.2-Zr fines fire. 
Estimated frequency 
'V(). 1/yr 

Seyueuce of Events Safety Systems 

1. Fines accumulate in grizzly. i. Grizzly designed to prevent 
fines accumulation. 

2. A spark, or heat source '2. Deactivation of separated 
ignites the fines. fines. 

3. Fire releases volatile 3. Predry{ng of hulls and fines. 
activity. 

TABLE 4.2. 19. Allowable Percent Undissolved 
Fuel 1n a Can1ster of Compacted 
Hulls 

Fue·l Enrichment AI 'lowable % Undisso·lved Fuel 

4% 235u 0.49 

5% 235u 0.31 
4% Pu 0.35 
5% Pu 0.26 

Release· 

10 kg Zr fines burn, releasing 
to the cell atmosphere in 0.5 
hour: 
• 33 kWh heat energy 
• A radionuclide inventory 
based on the amount of Zr 
available from reprocessing 
37.6 kg of heavy metal. 3H 
would remain gaseous while Cs, 
Te, Ru and Rb are expected to 
act as particl~s. All others · 
would either not vol~tilize or 
would plate out before reaching 
the facility filters. 

(Analysis). This means that releases from accident· 4.2.2 are the largest amounts of activity 
in its release group from accidents in the waste management system. Source term categories 
are cross-indexed by accident number in Appendix A of Section 3. Releases from accident 4.2.2 
are based on an assumed accumulation of 10 kg of fines in the grizzly separator before ignition. 
This is believed to be a conservative upper limit·for this type of equipment. A loss of inert 
cover gas and an ignition source must also be postulated for combustion to occur. Ignition 
is postulated to occur from sparking of hulls .during the-separation process. During combustion 
many nuclides would be vaporized. It is expected that only the most volatile would reach the 
facility exhaust filters before settling out on surfaces in the cell. Some damage to the 
grizzly separator is expected due to vigorous local heating. R~placement of this equipment 
may be necessary. 

4.2.2.10 Hulls Compaction Facility Costs 

Estimates of capital, operating, and levelized unit costs are presented in mid-year 1976 
dollars. A complete description of the cost estimate bases, assumptions, and definitions 1s 
given in Section 3.8. 

Capital Costs. The capital cost estimate for the HCF. is shown in Table 4.2.20; expressed 
in mid-year 1976 dollars. The estimate covers all capital costs specifically resulting from 
inclusion of the HCF as an integral part of the FRP described in Section 3.2.3. These costs 
also include the effect of incremental additions to utility supplies, such as electrical sub
station, HVAC, compressed air, and similar auxiliaries, as well as the cable, piping and other 
bulk materials incorporated directly into the HCF. However, general FRP costs for such servicL~ 
as laboratories and warehousing are not allocated. 
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TABLE 4.2.20. 

. ' 

Capital Cost E~tiinate for Hulls Compact1on F-acility 
' ~I . J 

,. ~ 'I 
, - Man-hours, Costs, 

.. .. :· .. ,.,,. J f 
1000s · 1Ooo's of Mid-1976 Dollars 

ILc• Cost:.nement' ·: . Nonmanua 1·..,' ·. Manual Material tabor . Total 

~1ajor equipment . ' ;: I' •l8 2,300 200 •, 2,500' 

Buildings and structures 125 920 1 ;530' ,. ·. 2;450 

Bulk materials 96 1,900 1,200 3,100 

Site improvements :1. J ~~ .J 
..... 1 ,·, 20 10 30 ... 

r ' : r. ~ , 
Subtotal of direct 

·,' 

site construction 
5,140 2,940 8,080 costs 240 

- ·- . :.. 
lndi rect: site ·~ ... -

construction costs 65 44 - t 1 ,090 1,420 2,510 
. . 

Total field cost .65 284 -~·230 4,360 10,590 
-j '> 

Architect-eng~neer ~ • I 
.if .... 1 2,100 . . . 

serv1ces 
Subtotal 12,690 ... -r • 4,210. Owner's cost 
Totallfaci-1 ity cost ) .. 

' ~n· - ! q·, . ··r J,_ . '16 '900 

.,_ q Estimate accuracy . , .. 
I, I. 

range •' :r:,._ 
±3p% 

-' I· 

' 
, 

The total c_ap_ital cost includes al_l plant-:~~lat~d 10cost_s in~urred from ~he start of 
enginee~ing to the st.art of commer_cial _op,era_t_ion,· excluding o_nly_ wo:r~ing capitf:l . 

., 

' ' 

. ___ Operating.Cost. T;he ref_erenc~faci)ity's annual operating_cost is shown in:Table 4.2.21. 
Direct labor costs are based on requirements in Table 4.2.14. Process-mater-ials, r.osts are 
based on requirements shown in Table 4.2. 15. The compaction canisters cost about $8000 each in 
lots of 100 or more. Utility cp?t estimates are based on requirements also shown in Table 4.2. 15. 
Annual maintenance materials costs are estimated at 3% of the initial equipment investment. Over
head, maintenance, and miscellaneous costs are based on factors ·given in Section 3.8. The estimates 
for the miscellaneous items are assumed to incl!J9e,_al_l unidentified operating costs. The costs of 
taxes, insurance, and interest, h~wever, are ~ncluded in the capital segment of the levelized unit 
cost. 

• · .. "1 ;._; ~ ' 

TABLE 4.2.21. Op-erat'irig Cost Estimate for
1
Hulls. "''. 

~; ·'Compaction Facility t • · ' • • ' 

h • ., .... 
' 

'~ ! Cost· Element /; 

D1 rect 1 abor · 
Process materials 
Utilities 
Maintenance 

mat~ri,a 1 s 
OverherH1 
Miscellaneous 

Total 

• , ' ~ 1 I "";. ~ .: • 
0 ~ r ,..., l .,.. 1,_ 

Annual Costs, 
:;·_' $1000s'- .i • -

420 

2330 
10 

80 
510 

50 
3400 ±25% 

... _-,_ 
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Levelized Unit Cost. The levelized unit cost, including the levelized capital and operat
ing segments, is shown in Table 4.2.22. The unit cost calculation assumes private ownership of 
the facilities and a 15-yr economic life. Separate costs are shown for facilities shipping the 
canisters by truck or by rail since a special shipping facility costing $900,000 would be 
required to handle rail casks. The operating costs for a rail or truck facility are not sig
nificantly different. 

TABLE 4.2.22. Levelized Unit Cost Estimate for Hulls 
Compaction Facility 

Unit Cost, 
Cost Element $/kg HM 

Truck Shi~III~IIL Ra·i 1 Shi~ment 
Level12ed cap1ta1 chargE:! 2.10 2.20 
Levelized operating charge 1. 70 1. 70 
Levelized total unit cost 3.80 ±30% 3.90 ±30% 

4.2.2.11 Hulls Compaction Facility Construction Requirements 

Many factors relating to site preparation and reference facility .construction may have 
some impact on the environment, the local economy, and the natural resources of the surround
ing area. The information which follows provides a basis for evaluating the impact of con
struction activities. 

Project Schedules and Construction Manpower. The schedule for engineering, procurement, 
~nd construction of the HCF is an integral factor in the overall schedule for.the FRP. This 
schedule is given in Section 3.2.3.7. The field labor force estimated for the construction phase 
of the HCF is tabulated below: 

Man-how·s, 
1000s 

Manual field labor 284 
Nonmanual field labor 65 

Total field·labor 349 

Distribution of Onsite and Offsite Costs. Onsite costs are those for all construction, 
materials, and services provided at the.site of the FRP, while offsite costs are those for all 
services provided, equipment fabricated or assembled, and material purchased e1sewhl:!r~. The 
distribution of total costs in these categories is as shown below: 

Onsite 
Offsite 

Total 

Costs, 
$1000s 

4,400 

12' 500 
16,900 
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Site Requirements. This facility will share the same site as the FRP. No additional 
site requirements beyond those for the FRP are identifiable. Land commitments are included 
with those of the FRP. 

Water. About 4200 m3 (1.1 x 106 gal) of water are required during the construction 
period. 

Construction Materials. Construction materials committed to the HCF are: 

Concrete 2,300 m3 (3,000 yd3) 

Steel 630 MT (690 tons) 
Copper 5.5 MT (6 tons) 

Zinc 0.5 MT (0.5 tons) 

Lumber 140 m3 (60 MFBM) 

Energ,l. Energy resources used durinQ construction wil'l be: 

Propane 42 m3 ( 11 , 000 ga 1 ) 

Diesel Fuel 420 m3 (110,000 gal) 

Gasoline 290 m3 (76 ,000 · ga 1) 

. Electricity: 
Peak demand 320 kW 

Total consumption 210,000 kWh 

Transportation Requirements. No separately defined transportation requirements for the 
HCF have been identified beyond those for the FRP. 

4.2.2. 12 Effects of Fuel Cycle Options 

See Section 4.2.1.12. 

4.2.3 Hulls Melting Process 

Further reduction in the volume of hulls for disposal is possible by melting the hulls 
into compact ingots. The chemical reactivity·of zirconium' at its melting point (~1850°C) requ1re~ 
that it be melted in vacuum or in an inert atmosphere. Conventional crucible materials react 
vigorously with molten zirconium. Graphite crucibles exhibit fair resistance to molten zircon
ium. However, crucible life is short, and each crucible used would contribute to the waste 
volume. 

4.2.3.1 Hulls Melting Process Alternatives 

Cold crucible processes have been dev~lop~d for producing ;irconium;(ll) these processes 
have also been used for remelting iron, nickel, and cobalt alloys. Alternative cold crucible 
melting techniques have been evaluated for densification of fuel residue. (l 2) Conclusions from 
this evaluation resulted in selecting the Indu~toslag process as the most promising process for 
this application. 
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4.2.3.2 Hulls Melting Facility Design,Basis . 
The design criterfa for hulls melting are identical to those in Section 4.2.2.2, with the 

exception that the separated hulls are compacted by melting instead of mechanical densification. 
The facility will ,produce six Zircaloy ingots per day. Each ingdt'is 23•cm (9 in.) diameter 
by 145 em (4ft 9 in.) long. In one year, 109 canisters of ingots and 84 canisters of hard
ware and Zircaloy fines will be produced. 

J 

4.2.3.3. Hulls Melting Process 

The Inductoslag melting process, developed by Clites and Beall( 13 •14 ) of the United 
States Bureau of Mines in Albany, Oregon, uses induction heating. The melt is insulated from 
a split, water-cooled crucible by a layer of frozen slag. Melting takes place in static, 
l/3-atm pressure helium or argon. 

The bulk density of the c:l;:uiding hulls in insufficient to give coupling to the induction 
< 

coils and thus achieve melting. The Inductoslag melting process is, therefore, initiated with 
pieces of mild steel to establish a molten "starting stub." About 48 kg (106 lb) of sc:rrtp 
mild steel is added to the melter on a water-cooled copper base along with the CaF2 fiux. The 
scrap steel-is sized to give a bulk density in the melter that will give coupling to the induc
tion coils. Once melting is initiated, hulls can be added to the molten pool, which soon becomes 
a molten pool of Zircaloy. The starting configuration for the Inductoslag melter is shown in 
Figure 4.2.13; Figure 4.2. 14 shows the principles of its operation for the running mode. 

I LD STEEL SCRAP SOLIDS 

'• 

WATFR-\.001 Fn C:OPPFR 
BASE 

FIGURE 4.2.13. Inductoslag Melting Process Starting Configuration 
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FEEDER~,,, . I • ' 

I -- - - - --- - - \ CHOPPED LEACHED 

5~0' ,, ' . (;? VCLADDINGHUL~S 
., 
... 

METAL 

SOLIDIFIED CLADDING HULLS 

SOLI Dl FlED SCRAP STEEL 
STARTING STUB 

FIGURE 4.2.14. Inductoslag Melting Process Running Configuration . 
The furnace is cooled and the 23 em (9 in.) diameter ingot removed after a length of 

·1.45 m (4ft 9 in.) has been reached. The water-cooled copper base is designed with a tapered 
notch to allow its removal from the ingot starting stub and its reuse. The ingot, which includes 
the starting stub weight of 48 kg (106 lb), is cleaned and packaged in hulls canisters 
(14 ingots/can{ster) for shipment to interim storage or a repository. 

This process has been s~ccessfully demonstrated for·maki~g ingots 10 em (4 in.) in diameter 
of Zircaloy, stainless steel, and Inconel using unirradiated simulated fuel residues. (l 5) Mix
tures of Zircaloy with about 10 to 15% stainless steel and Inconel do not melt fast enough, 
using the Inductoslag process, to make production scale-up forecasts for these mixtures at this 
time. Therefore, the proposed process .requires separating Zircaloy hulls and hardware. The 
stainless steel end fittings and spacers could be melted separately in the same melting furnaces 
after segregation if a size reduction operation was added to the proposed plant. However, this 
approach is not considered. It is assumed that the end fittings and spacets will be packaged 

separately without treatment. The proposed plant is bel~eved to be a reasonable scale-up from 
ingots 10 em (4 in.) in diameter. by 90 em (3ft) long to ingots.23 em (9 in.) in diameter by 
145 em (4.75 ft) long. 

The flowsheet for melting is identical to that shown in Figure 4.2.8 except that the facil
ity uses the Inductoslag melting process instead of compacting. Prior to melting, the sheared 
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cladding hulls are segregated fro~ the stainless steel end fittings and other fuel element hard
ware and from the Zircaloy'fines on a combination vibratory grizzly-separator. The ingots from 
the melter are sealed into stainless steel containers while the .Zircaloy fines are deactivated 
to eliminate pyrophoric hazards and are packaged with the stainless steel components without the 
melting step. 

Table 4.2.1 Shows the activity, volume, and density of the untreated fuel residue; 
Table 4.2.23 gives a description of fuel residue treated by hulls melting. 

TABLE 4.2.23. Description of Fuel Residue 
Treated by Hulls Melting 

Volume,(a) ·m3;yr 

Density, kg/m3 

Volume treated(a) 
Volume untreated 
Canisters(b)/yr 

Canister surface dose rate 
Radioactity as fraction of 
input( c) 

C'ladding Hulls 
'150 

3500 

0.28 

109 
>10 R/hr 

3H 0 

All oth.ers 1.0 

a. Volume of waste canisters. 
b. 75 em dia x 3 m long. 
c. See Table 4.2. 1. 

4.2.3.4 Hu11s Melting Facility Description 

Assembly'Hardware 
120 

970 

1.04 

84 
> 10 R/hr . 

1.0 

This section describes the reference hulls melting facility (HMF). The HMF is designed 
to be an integral part of the fuel reprocessing plant (FRP) described in Section 3.2.3. The 
purpose of this facility is to receive the leached hull fuel residue remaining in the fRP 
dissolver after dissolution of the chopped ft,~el and to reduce the volume of resJdue by furnace 

·melting into ingots, packaging the ·ingots in steel containers, and preparing the containers 
for interim storage or shipment to a repository. 

General Description. The facility for the melting process .is centered around a remotely 
operated cell /.'J m (24 tt) wide, 'lb.!:J m (!:l4 tt) long, and 10.4 m {34ft) high. lhe tac1lity 
is controlled and operated from the operating gallery behind 1.2-m (4 ft) concrete shielding 
walls, provided with shielding windows and manipulators. 

Because this facility is an integral part of the FRP, certain services and auxiliary 
systems required for its functioning, such as maintenance~ utilities, etc., are part of the 
primary facility and are not described. The arrangement drawings which serve as the basis for 
the estimate are shown in Figures 4.2.15 through 4.2.17. 
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FIGURE 4.2.15. Hulls Melting Facility Plan 
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The HMF is located in the FRP and is a Category 1 structure. The hulls melting cell is 
provided with a stainless steel pan that covers the floor and with radiation- and corrosion
resistant wall coatings. The decontamination station walls and floor, including the shielding 
door surfaces and the floor sumps, are lined with stainless steel. 

Major Equipment. Operations within the HMF are carried on in the sequence described in the 
·following paragraphs. Equipment descriptio~s are included for each operation. 

Stainless steel containers (container "A" Figures 4.2.15 through 4.2.17) with leached hulls 
arrive at the melting cell from the adjacent dissolver cell carried by a bridge crane or other 
conveyance that is part of the dissolver cell equipment. 

The 10-ton bridge crane lifts t~e containers and dumps the hulls on a grizzly 2.14 m 
(7ft) x 2.44 m (8ft). Here the large stainless steel components are retained and vibrated to 
a canister (container "C" Figure 4.2.15 through 4.2.17) on the south si.de. The remajnder of the 
charged material passes to the fines separator located below the grizzly, where the fines are 
separated from the medium-size Zircaloy cladding hulls. 

On the grizzly, an air vibrator applied to the frame shakes the large components toward the • 
container. Motion on the separator, located below the grizzly, is produced by a vertically 
driven electric motor that has two eccentric weights rotating around the vertical axis. Centri
fugal force of the rotating weights plus their relative angle produce the movement required for 
segregation. The fines are driven to the outside, where the fines deactivator is located. 

The fines deactivator is a unit that oxidizes zirconium by exposure to high temperature in 
the presence of oxygen. The deactivated fines are transferred to a conveyor and transported to 
a canister (container "C") where they are mixed with the stainless hardware and, subsequently, 
sent to the welding station for capping and shipping. 

The product canister that receives the large stainless steel pieces and the deactivated 
fines is mounted on a shuttle car and is moved to the welding station atter 1t is tilled. 

The bulk of the waste consists of Zircaloy cladding hulls that are vibrated toward the east 
side of the separator into another stainless steel container (container "B" Figure 4.2.17) that 
is 0.76 m (30 in.) in diameter by 0.91 m (3ft) high and that holds sufficient material to 

3 3 produce an ingot in the melter, or 0.35 m (12.4 ft ). A bridge crane is used to remove the 
filled containers and dump the hulls into .a melter. The empty containers are returned to a 
powered roll conveyor that brings the empty containers in a continuous supply line to the 
filling position. A surge area is available at the front of the melters for storing filled 
containers and ingots. 

The Inductoslag melter is a high-frequency induction furnace that has a primary circuit 
(the furnace coil) and a secondary circuit (the molten metal) that is heated by applyfng an 
alternating.current. The melt is insulated from the segmented, water-cooled crucible by a layer 
of solidified slag. Melting takes place in argon at a pressure of 1/3 atm. A pool of scrap 
metal and calcium fluoride is melted in a "starting stub," and hulls are fed into the top of the 
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crucible as the ingot is removed from the bottom. Calcium fluoride in the amount of 3 wt% of 
the metal is required, but about 80% can be recycled and recharged to the furnace. Three fur'
naces are required. 

Ingots are removed from the furnac~, separated from the water~cooled copper base, and 
deposited in a bucket that is part of the slag-cleaning machine. The ingot is cleaned by an air 
vibrator applied to the ingot inside a bucket. This causes the slag to separate for later 
recycling. 

Clean ingots are picked up by the bridg_e crane and loaded into a hulls canister (F1g-. 
ure 4.2.7, also container "C" in Figures 4.2.15 through 4.2.17). 

Fourteen ingots, each weighing 390 kg _(860 lb), are loaded in each hulls canister; each 
ingot is 0.23 m (9 in.) in diameter x 1.4 m (4ft 9 in.). The canister is located in a canister 
loading ~rea wher~. after being filled with ingots, it is moved to the shuttle car ·for tra~sfer 
to the welding station. 

The shuttle car is a remotely operated vehicle that rides on steel rails and-travels to the 
welding station and cask loading station. Controls for the shuttle car are located at the 
operating gallery. 

The welding station, located at the east side of the cell, consists of a power turntable 
where the shuttle car is secured and an overhead support frame to hold the electrode rod, argon 
supply line, helium test probe, and a stack of container lids. The work is rotated while the 
welding and the leak testing equipm~nt above remains stationary. 

The welding process is the automatic gas-tungsten arc with no filler metal since the inert 
gas envelope surrounding the tungsten electrode permits welding without flux. Only one pass is· 
required to complete the weld and start the helium leak test .. 

When the container is brought into the shipping area, it will be tested and inspected for 
contamination. Here, if needed, decontamination solution will be sprayed on all sides to remove 
contamination and reduce the potential of conta~inating the cask and the interim storage facil
ity. The clean canister is transferred to the cask loading station, where a cask has been 
introduced. The canister of ingots is handled remotely and loaded into the cask from 
the operating station, but all other subsequent routine operations are done by direct contact 
inside the cask _loading station with the shielding door to the melting cell closed. 

Shielding .and Remote Handling Equipment. The melting equipment would be located within the 
operating canyon; therefore, the shielding provided is more ~han adequate. Manipulator through
tubes and similar equipment would require shielding equivalent to 25. em (10 in.) of lead. · 

4.2.3.5 Hulls Melting Facility Operating and Maintenance Requirements 

Except when down for major maintenance, each of the three melters will operate in the 
melting mode about half the time. A typical one day's schedule for the melt shop is given in 
Table 4.2.24. Three shifts/day, 5 days/week will be required. Melter startup is descr.ibed in 

Section 4.2.3.3. 
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. '~· : : ,.,- · Furnace 
Number 

.. 
-,~ .. . ' 

J 
_2 

3 
I f 

4.2'-'42 

. TA6~E 4.2.24 .. Furnace;,M~l~ing Sc~~dule 

0-6 

Power on 

Cool 
recharge 

Power on . - ., .. ' 

· · Time,' hr'-
6-12 12-18 

Cool Power on 
· · r.echarge '· . ; .. 

18-24 

Cool 
recharge· 

';. ": 
Power on . :: . , ~oo.l~: ._ _ . , Power on 

recharge 

Cool Power on Cool 
· ·r.echa rge ·;;co~ .··.recnarge·.~· -~ .. ..,. .. 

. < ~- c... . ' . 
,,, 

. 'I. 

'11· ... 

, ..... Unusual Maintenance Requirement$ .• _ I~?uctosla~,mel!e~s.-have,pot,todat(;!, be_en operated 

. unqer :>remo:te operation. and ll!a i n-t;ena~ce conditions~ : ~eri odic remov?.l ~fpyroph.ori c. depos i.t~ , 
·fr'~m- the melter containment_sy.stem may prov~ to be: t~e !!lOSt diffi.cult main~e~ance problem, 

No further unusual maintenance needs are expected. 

Staffing. Perso~t}~1-requir;em~n~s. for operati9~ of; the hulls melting facility are given 
in Table 4 .. 2.25. 

........ ·I 

TABLE 4.2.25. Staffing Requirements for the 
Hulls ·Melting Facility 

,.·1< 

Job Description 
Operators J,. ; · ·• 

. Radiatipn monitors 

Maintenance. craftsmen . •, 

' 1 

\ . ·. 

Personnel Required, 
-man-yr/yr · . · 

:•' '"15"' j 

:H:-:1 .f' .. ,; ;r,.: . , . 

'1~ ''· .3 

Suppli~s and Utilities. These requir~ments are given in Table 4.2.26 . 

. . ~. 

. ... .. 
,t · . · q •• :. ~ ~ • •• , • • • • • • -- "r·~· .. 
TABLE 4.2.26'. Supply· and Utility Requirements 
· · for the· Hulls Melting Facility,·.· 

Item ' .. 

EleCtricity 

· : Water consumed 

; . A_rgon __ . 

·· · · Anriua 1 
'· · Use' .R~te·, ReQuirement. ·· ~·. 

. 6 -
500 kW · · · 3 x. 10 kWh. ' .£:· 

<·. ·15 kg/min .,. .4:8 x:•l:06·':kg .. : 

30 R./min .,- 10;000 m3 

w '" • ' \ .. • ~ I 0 •· I . :· ' 

. . 
(. 

'(' 

-: ·._, .,., -Helium ..... . . . . ~ . 10 R./min r: 3~oo.o ~3 ·_ . . : '' • '' ' . r: t ' . _! . ..... 
Ca) ci.um .fluori:~_e 
Steel for start

. ·i ng· s.tub ' 

Canisters 

15 kg/~ay.. 3,200 kg __ 
; . 

·30_9 kg/ day . 

1/day 

·73 'MT . 

193 

'. 'I :,• 

:·Hazardous Materials:- ·Molten zirconium metal .and wa,ter in_cl_ose proximity present _a 

potentially hazardo~s combination. Molten metal-water reactions are discussed in 

Section· 4.2.3.9. 
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4.2.3.6 Hulls Melting Facility·Seco~dary ·Radioa'ct-ive\iastes .. _ 

Secondary ·-wa·stes· from the h~u-lls m·e:ft"iri~g'-faCllit.Y. are listed ;ri Table 4.:2727: -~ ·, 
(."': .. -.: t -~ 1~·~.. .t''\ 

...... ·· ',... 

TABLE 4.2.27. Secondary Radioactiv.e Wastes from 
the 'Hulls t~elti rig Facifhy 

0 0 • I I ~ i'" ~ • c./ 
Descnpt1on f v.o 1 ume •: 

·m3/yr · 'RadiJa~tivTty.Fa~tor(a)· •w•-r·.~ -

., Combustible ·and 1 .· 

compactable waste 
-60',_' ~ All 1 x 10-6 · , 'J ·~t 

Wet waste .. 
Failed equ'ipment 0. 6 . 

All 1 X 10-4 

All'l x 1·o.:.4 

1 ~ • r ' ·, ' ' 
a. Fraction' of input activity'(Table 4.2.1)' in second-

,ary .wastes. r ' . ( 
1 ...... ~ 

~-- ... i r __ • '• 

4.2.3.7 Hulls· M~itin{Fac'il'i.ty Emi-ssions 
t ' .·· J . .l Jf . , • ~ 

Estimated emissions are given in Table 4.2.28. An estimate of the integrated.~nnual 
"" . • .: ~ ~ • 'it ' ,· . I - . . I~ • ·.., ( • 

release due to minor accidents ,{Section 4.2.3.9) for this _fa_cility is included i!l Table 4.2.28. 
. : - . ~ .} i . 1!' - ~- ,. • ; ~ ., 

It was develope_d by .weighing_ the minor accident releases by their expected frequencies a11d 
• . . ' . • . • • - J. 1 ~ ·~ . • • .... • ~:· ' .• 

summing the quantities for all identified minor accidents ... In addition, a contingency was . 
- ' I , • • I '; I • •· • > • '> 

included in the.integrated release to account for unidentified minor accidents _and to sompen-
• '. • • •• <!::. - . ,) 

sate for the uncertainty in expected frequency information. . · . . . . . .. ~ 

,i . .J 
J. ~ ·' ~ .. . ... 

TABLE 4.2.28. Emissions from Hulls.Me]ting Faci_lity 

Emission 

Gaseous 

Cooling tower 
water: 

Other 

Description 

Cell ventilation air 

Minor accident integrated 
annua ·1 re 1 ease 

• evaporated, l .. :o:: 38°C 

• drift, T =·38°C 

• blowdo~,n 1 ! ·= 27.°C 

Heat 
. ~- ' ~ 

a. Fraction-of input'activity (Table4.2.1). 
Riant APS. Releasea· over 250 days/yr. 

Radioactiv-ity 

Annual Quanti t~ 
Reduce Factor( ) 
to Atmosphere a -

~ 8 '3 r.. ' 3 ' I. r ' ; . 
3 X 10 m H 1.0 

All others 1 X 10-13 

3H 4 X 10-6 

'J!. All others 4 x-10- 13 

. ,: ' 6. . ,, 
4.1 .X" l_Q, •. kg"' 

. '4" . 
2.0 X 10 kg 

5 7.2 X 10 _kg 
3 . ' 

2.8 x 10 MW-hr 

~ (1 X 10 I~ ·BTU) 

., 

Includes a DF.of.l04 for particulates in ., . 
I .: 

4. 2. 3. 8 Hulls Melting_ 'Faci-1 i ty Detommi ss i oni ng Considerations 

. ,. 

The life of the hulls melting facility is expected to be equivalent to the life of the 

processing facility. The equipment would be treated as TRU-contaminated waste 

for final disposal. 
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4.2.3.9 Hulls Melting Facility Postulated Accidents 

The production melting of titanium by the consumable electrode arc process has over the 
years experienced several explosions.· The accidents had the following common elements: 

1. Ingots 30 em (12 in.) in diameter were being melted. 
2. Water contacted molten titanium. 
3. The casualties and damage resulted from a hydrogen explosion. 

In most cases the water leak was caused by the high-current,· low-voltage de arc melting through 
the crucible wall into the water jacket. 

Production melting of zirconium is also accomplished by the consumable electrode arc pro
cess. Only one explosion, with minor consequences, has been reported with zirconium. This was 
in a furnace 23 em (9 in.) in diam~ter. A hydrogen explosion did occur. 

The Inductoslag process proposed for melting hulls is not currently being used as a pro
duction :tool. However, in eight years of laboratory development hundreds of titanium and zir
conium ingots have been melted up to 13 em (5 in.).in diameter, and a water leak has never been 
experienced. The segmented crucible design consists of 12 separate coaxial water channels (for 
a ·crucible 10 em in diameter, more for one 20 em in diameter) fed in parallel from a watef 
header located down and away from the molten metal zone. Should a water leak occur near the 
molten zone, it would probably be in a single segment. The amount of metal molten at any one 
time in a 20-cm (8-in.) crucible is about 25 kg (56 lb). Consequently, solidification is rapid 
after the power is turned off. The maximum amount of molten zirconium that would react with 
water in this -instance is estimated to be 1 kg. Safety features make it highly unlikely that a 
water leak, shou·ld it occur, would result in an incident that would harm personnel or result in 
a difficult contamination problem: An accident of this nature is summarized as Accident 4.2.3 
in Table 4.2.29. No accidents that could be classified as moderate or severe accidents 
could be realistically postulat~d for this technology. 

Accident No. 
and Description 

4.2.3-Molten Zr 
explosion/fire. 
Estimated frequency 
'VO. 2/yr 

TABLE 4.2.29. Hulls Melting Facility Minor Accidents 

Sequence of Events 

1. Water leak in lower 
crucible segment. 

2. Water flashes to 
steam .. 

3. Steam reacts with Zr 
to generate H2. 

. 4. H~ reacts explosively 
w1th o~ in air, rup
turingLthe melter. 

Safety Systems 

1. Automatic shutdown of 
equipment when water 
leak is detected by 
low pressure. 

2. Inert atmosphere with 
losi detection alarms. 

3. Segmented water chan
nels to limit leaks. 

4. Small molten pool and 
rapid solidification. 

5. Independent control of 
power input, extraction 
rate and feed rate. 

Release 

Activity in 1 kg 
of Zr hu 11 s is 
released to process 
cell atmosphen:!. 
3H would be 
released a& a qas. 
Cs, Te;. Ru; and Rb 
are expected to 
act as particles. 
All others would 
either not vola
tilize or would 
plate out befor·e 
reaching the facil
ity filters. 
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The operator has a full view of the molten pool and crucible and has complete independent 
control over power input, ingot extr.action rate, and feed rate. Any one, two, or three of these 
can be started or stopped during melting without producing a critical control situation or 
adversely affecting the resulting ingot quality. 

Pyrophor.icity of zirconium and the criticality hazard of packaged hulls are discussed in 
Section 4.2.1.9. 

The percent undissolved fuel that can remain with the melted cladding hulls without 
exceeding the critical masses given in Section 4.2.1.9 is given for different fuel enrich
ments in Table 4.2.30. 

TABLE 4.2.30. Allowable Percent Undissolved Fuel 
in Melted Hulls Canisters 

Fuel Enrichment Allowable % Undissolved Fuel 

4% 235u 0.24 

5% 235u 0.15 
4% Pu 0.17 
5% Pu 0.13 

4.2.3.10 Hulls Melting Facility Costs 

Estimates of capital, operating, and levelized unit costs are presented in mid-year 1976 
dollars. A complete description of the cost estimate bases, assumptions, and definitions is 
is given in Section 3.8. 

Capital Costs. The capital cost estimate for the HMF is shown in Table 4.2.31 expressed 
in mid-year 1976 dollars. The estimate covers all capital costs specifically resulting from 
inclusion of the HMF as an integral part of the FRP described in Section 3.2.3. These costs also 
include the effect of incremental additions to utility supplies, such as electrical substation, 
HVAC, compressed air, and similar auxiliaries, as well as the cable, piping and other.bulk 
materials incorporated directly into the HMF. However, general FRP costs for such services as 
laboratories and warehousing is not allocated to the HMF. 

The total capital cost includes all plant-related costs incurred from the start of engin
eering to the start of commercial operation, excluding only working capital. 

Operating Cost. The reference facility's annual operating cost is shown in Table 4.2.32. 
Direct labor ·costs are based on requirements qiven in Table 4.2.25. Process materials are 
based on requirements in Table 4.2.26. The canisters cost approximately $8000 each. Estimates 
for utilities are based on requirements also given in Table 4.2.26. Annual maintenance mate
rial costs are estimated at 4% of the initial equipment i.nvestment. Overhead and miscellaneous 
costs are based on factors given in Section 3.8. The estimates for the miscellaneous items are 
assumed to include all unidentified operating costs. The costs of taxes, insurance, and 
interest, however, are included in the capital segment of the levelized unit cost. 
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TABLE 4.2.31. Capital Cost Estimate for Hulls Melting 
Facility 

Man-hours, Costs, 
1000s 1000s of Mid-1976 

Cost Element 

Major equipment 
Buildings and structures 
Bulk materials 
Site improvements 

Subtotal direct site 
construction costs 

Indirect site 
construction costs 

Total field cost 
Architect-engineer services 

Subtotal 
Owner's cost 

Total facility cost 
Estimate accuracy 

range 

Nonmanual 

85 

85 

Ranua1 Material 

40 3,600 
109 720 
180 3,100 

1 20 

330 7,440 

64 1,490 

394 8,930 

TABLE 4.2.32. Hull.s Melting Facility 
Operating Cost Estimate 

Cost Element 

Di rcct 1 abor 
Process materials 
Utilities 
Maintenance· 

materials 
Overhead 
Mist:t:!llaneous 

Total 

Annual Costs, 
$1000s 

450 
1530 

100 

160 
600 

70 
2910 ±25% 

Labor 

500 
1,330 
2,200 

10 

4,040 

1,920 

5,960 

Dollars 
Total 

4,100 
2,050 
5,300 

~ 

11 ,480 

3,410 

14,890 
2,800 

17,690 
5,210 

22,900 

±30% 

Levelized Unit Cost. ·The levelized unit cost, including levelized capital and operating 
costs, is shown in Tabl~ 4.2.33. The unit cost calculation assumes private ownership nf th~ 
facilities. Separate costs are shown for facilities shipping the canisters by truck or by 
rail since a special shipping facility costing $900,000 would be required to handle rail casks. 
The operating costs for a rail or truck facility are not significantly different. 

4;2.3.11 Hulls Melting Facility Construction Requirements 

Many of the factors relating to site preparation and reference facility construction may 
have some impact on the environment, the local economy, and the natural resources of the 
surrounding area. The information which follows provides a basis for evaluating the impact of 
constructioncactivities. 
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TABLE 4.2.33. Hulls Melting Facility 
Levelized Unit Cost Estimate 

Unit Cost, 
Cost Element $/kg HM 

Truck Shipment Rail Shipment 

Levelized capital charge 
Levelized operating charge 
Levelized total· unit cost 

2,80 
1.40 
4.20 ±35% 

3.00 
1. 40 
4.40 ±35% 

·Project Schedules and Construction Manpower. The schedule for engineering, procurement, 
and construction of the HMF is an integral factor in the overall schedule for the FRP. This 
schedule is given in Section 3.2.3.7. The fi~ld labor force estimated for the construction 
phase of the HMF is tabulated below: 

Man-hours, 
1000s 

Manual field labor 394 
Nonmanual field labor 85 

Total field labor 479 

Distribution of Onsite and Offsite Costs. Onsite costs are those for all construc-
tion, materials, and services provided at the site of the FRP while offsite costs are those 
for all services provided, equipment fabricated or assembled, and material purchased elsewhere. 
The distribution of total costs in these categories is as shown below: 

Onsite 
Offsite 

Total 

Costs, 
1000s 

6,400 
16,500 
22,900 

Site Requirements. This facility will share the same site as the FRP. No additional 
site requirements beyond those for the FRP are identifiable. 

Water. About 800m3 (2.1 x 106 gal) are required during the construction period. 

Construction Materials. Materials committed to construction of the HMF are: 

2,220 m3 3 
Concrete (2,900 yd ) 

Steel 580 MT (640 tons) 

Copper 15 MT (17 tons) 

Zinc 0.9 MT ( 1 ton) 

Lumber 140 m3 (60 MFBM) 
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Energy. Energy resources used during construction will be: 

Propane 
Diesel fuel 
Gasoline 
Electricity: 

Peak demand 
Total consumption 

'430 kW 
280,000 kWh 

(16,000 gal) 
(190,000 gal) 
( 96,000 ga 1 ) . 

Transportation Requirements. No separately defined transporta-ti-on .requir-ements for- the 
HMF have been identified beyond those for the FRP. 

4.2.3.12 Effects of Fuel Cycle Options 

See Section 4.2.1.12. 

4.2.4 Other Altern.~t~_ye_~" for Treating Fu~~. R~sidue 

Alternative processes which could be used to treat hulls include: 

1. Dissolution in sulfuric acid or in fluoride solution. 
2. High-temperature oxidation in 02-HF. 
3. Reaction with HCl to form volatile ZrC1 4, followed by pyrohydrolysis to Zr02. 
4. Production of zirconate useful as an adsorbant for radionuclides from HLLW. 

These processes are in varying stages of development; however, none with the possible 
exception of process 4 appear at this time sufficiently attractive to warrant further 
extensive developmental work. 

Several chemical processes employ fluoride-bearing solutions to dissolve Zircaloy clad
. dinq. One of the better known processes, the Zirflex process, utilized NH4F-NH4No3 as the 

solvent: 

A 10,000-gal stainless steel dissolver would be adequate to dissolve (one dissolution/nay) 
the Zircaloy produced daily, assuming a production rate of 8 MTHM/day. A small amount of 
hydrogen as well a~ ammonia is produced during dissolution of Zircaloy. (lB) Air or steam· 
dilution of the off-gas to- <4% H2 and 16% NH3 is therefore necessary to avoid explosive 
mixtures. 

It.has been reported(l 9) that adding ammonia to the spent cladding dissolution solution 

regenerates NHl with simultaneous precipitation of hydrous zircon_ia: 

If feasible, this procedure would markedly reduce the amount of fluoride sent to storage. 
The volume ratio of hydrous zirconia to Zircaloy hulls is about 0.6. Developmental work 
would be required to determine a. feasible process for d~cnnsal of the dissolved waste. 

( 1 ) 

(2) 
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Dissolution of Zircaloy is also possible in hot concentrated sulfuric acid. However, 
problems with materials as well as the product form, Zr(S04)2, make the process less attractive 
than dissolution in fluoride solution. \ 

Both Zircaloy and stainless steel are smoothly and rapidly converted to oxides by exposure 
for 1 to 4 hr at 500 to 625°C to gas mixtures containing 30 to 65% HF and 70 to 35% o

2
. (20) 

Development work to date has utilized fluidized bed reactors employing alumina as the. fluidized 
medium. No development work with irradiated Zircaloy has been reported. Thus, information is 
not available on the fate and disposition of radionuclides during the oxidation step. Though 
most of the radionuclides would probably be converted to nonvolatile oxides, some.would be 

' converted to fluoride compounds, and others would volatilize. ·Provisions would be required for 
trapping and disposing of these materials. 

Zircaloy can be volatilized as ZrC1 4 by reaction with HCl at about 400°C in a fluidized bed 
employing alumina as the fluidized medium or in an open tube reactor. Alternatively, chlorina
tion may be achieved by reaction with molten zinc chloride at about· 500°C. This latter proce
dure offers the advantage of incorporating the residual constituents in a medium that is not 
easily dispersed. However, quantitative volatilization of ZrC1 4 from molten ZnC1 2 .may offer 
some difficulty. (21 ) In the conceptual process ZrC1 4 would be converted to the final product, 
Zr02, by pyrohydrolysis with steam at about 350°.C. The reaction with Znc1 2 might be carried out 
in a tungsten crucible in an inert gas atmosphere, whereas nickel equipment can be used when 
chlorination by HCl is employed. No development work has been done with irradiated Zircaloy or 
stainless steel; thus the fate and disposition of radionuclides associated with these materials 
are unknown. 

Processes are currently being explored for making zirconate ion exchange resin from 
Zircaloy cladding suitable for use as an absorbent for radionuclides from HLLW. An outline of 
such a conceptual process is available. (22 ) ·substantially more development work is required 
before the usefulness of this process can be established. 

Studies in progress to determine effective decontamination procedures for hulls may result 
in procedures very useful at a later date. (23 ). One procedure consists of exposing hulls to HF 
~t fi00°C an~ then treating them in fluoride suluLion. Analysis indicated about 99.7% of the 
residual alpha activity was removed. Recycle of this material may be feasible. 

The abov.e processes are not sufficiently developed to allow consideration for use in a 
commercial fuels reprocessing facility. The systems presented in Sections 4.2.1, 4.2.2, and 
4.2.3 were selected for consideration because designs for such processes are now available and 
quantitative information on process requirements can be determined. 

4.2.5 Physical Pr·utectlun and Safeguard Requirements for F"uei Residue Packaging 

Packaged fuel res]due would not be an attractive target for theft or sabotage. The radio
active material would. consist mainly of long-lived activation products. Fission products and 
actinides (plutonium ind others) would b~ several orders of magnitude below those in spent fuel. 
The contained radioactive "~terial would be extremely difficult to disperse because nearly all 
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of the waste would be in compact metallic form. A further deterrent would be that the con
tainers would be heavy (1.4-m3 volume), and their surface dose rate would exceed 10 R/hr, 
requiring heavy shielding for biological protection of anyone handling them. 

There is a low probability that an insider could sabotage the plant by way of minor fire 
damage from the burning of micron-size zirconium fines before their deactivation with sand. The 
consequences might be similar to those for Accident 4.2.1, Table 4.2.8. 

Initial treatment of fuel bundle residues would be in a vital area. The required physical 
protection measures for vital areas would be adequate for safeguarding the treatment of this 
material. When the package residues are moved out.of the vital area, the physical protection 
required for the balance of the plant will secure these wastes. 
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· 4.3 FAILED EQUIPNENT AND NONC0~1BUSTIBLE WASTE TREATMENT 

Failed equipment and noncombustible waste are among the solid wastes produced during the 
operation of fuel reprocessing plants (FRPs) and mixed oxide fuel fabrication plants (MOX FFPs). 
The generation of small items of noncombustible waste is more or less routine and predictable 
in a nuclear facility. The failure of large items of radioactive. process equipment is not 
routine, however, and can have a serious effect on operating schedules. Rapid replacement of 
such equipment is essential to plant efficiency; prompt treatment, including equipment dis
assembly and packaging for early removal from the processing area, is· also vital. 

4.3.1 Failed Equipment and Noncombustible Waste Treatment at an FRP 

Much of the information in this section is based on information given in the Final Safety 
Analysis Report for the Barnwell Nuclear Fuel Plant Separations Facility. (l) Allowances have 
been made for the larger capacity of the reference facility (2000 MTHM/yr versus 1500 MTHM/yr 
for the Barnwell plant). 

Metal is the primary constituent oi FRP failed equipment and noncombustible waste, but 
substances such as glass and concrete are also present. Incidental quantities of cpmbustible 
material such as grease, plastic, and floor sweepings are included with the noncombustible 
waste. Reprocessing plant canyon operations provide the largest and most radioactive pieces 
of failed equipment. Typical large items are dissolvers, columns, and concentrators, any of 
which might be up to 3 m (10 ft) in diameter and 10 m (30 ft) in height. Noncombustible scrap 
will probably include small hand tools that cannot be economically decontaminated, used light 
bulbs, wire ends, electrical panels, metal scraps, and glasswares from contaminated areas, and 
all heating, ventilating and air conditioning components and accessories within a possibly con
taminated system. 

FRP operations cover the extremes of contamination and radiation levels. Failed equipment 
and noncombustible waste will be generated in areas such as the process canyon (shielded process 
rooms), the fuel storage basin, the contact maintenance cells, the UF6 facility, and the pluto
nium processing areas. ThP w~~tP frnm th~s~ varinus sources can be generally cateqorized as those 
which are high-gamma wastes from the process canyon and those which are not. Provisions are 
made for switching waste from one category to the other if its characteristics are changed· 
during the treatment operation. Almost all FRP radioactive waste~ are contaminated with 
transuranics. Exceptions include wastes from the UF6 facility and the spent fuel storage 
basin; wastes. from these sources can be kept free of transuranic (TRU) waste. Some failed equip
ment may be contaminated to such a low level that it can be classif1ed as non-TKU waste. 

4.3.1.1 Alternatives for Treating Failed Equipment and Noncombustible Waste at the FRP 

Review of waste treatment at the FRP shows that failed equipment is usually subjected 
to some degree of decontamination to allow disassembly for packaging into waste containers. 
Some failed equipment items and most noncombustible waste can be packaged directly without 
decontamination or disassembly. Other failed items may be decontaminated but do not require 
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dismantling before packaging. Alternative procedures for decontamination, disassembly, and 
packaging of failed equipment and noncombustible wastes are presented in the following 
paragraphs. 

Decontamination. Procedures commonly used for decontamination of failed equipment 
include: 1) flushing with water, 2) leaching with strong chemical solutions, 3) steam 
scrubbing, 4) high-pressure washdown with water, 5) mechanical brush scrubbing, 6) ultrasonic 
cleaning and 7) vacuum cleaning. Noncombustible waste may also be decontaminated by these 
methods; items such as dead batteries and failed light bulbs, however. are not decontaminated. 

Generally, all of the above procedures for decontamination are available to the operator 
at the FRP. The choice to be made is in the degree of application. Considerable activity could 
be removed from failed equipment by prolonged and rigorous application of available methods, but 
it is not clear that such efforts would consistently be economical or yield a net reduction in 
volumes of waste requiring disposal. For this study, decontamination efforts for FRP failed 
equipment.are assumed to remove sufficient contamination to facilitate disassembly and pack
aging. For this purpose, a removal of 95% of the contamination on failed equipment is assumed. 
Even with this assumed degree of decontamination, shielding of some of the waste package~ will be 
required. No decontamination of other noncombustible waste is assumed. This decontamination pro
cedure is selected on the basis of prior experience in FRP operations. 

Disassembly. The goal for disassembly of failed equipment is to reduce its size to 
allow packaging for shipment and disposal. Procedures available for equipment disassembly are 
the following: 1) dismantling into component parts, 2) cutting with torches or abrasive saws, 
3) shredding, and 4) collapsing by compaction (similar to auto compactors). Cutting with 
properly located plastic explosives could also be used. Procedures assumed for this study 
are based on tethnically feasible operations and include dismantling into component parts and 
cutting with torches and abrasive saws. A standard ram .is assumed available for compaction 
of light, bulky items. Because of the inability to decomtaminate sufficiently,· some of these 
operations will be done remotely. Only the failed equipment items that cannot be packaged 
directly will be disassembled. 

Packaging. The procedures used for decontamination and disassembly dictate the packaging 
·requirements. If rigorous decontamination and disassembly of failed equipment is employed, 
packaging could be accomplished by direct contact operations. Thorough decontamination of 
noncombustible scrap would also allow its packaging by direct, hands-on contact. Alternatively, 
waste,receiving no decontamination would require remote packaging operations. Packaging may be 
performed with or without compaction into waste containers. This study assumes availability of 
both remote and direct contact facilities for packaging. Wastes are packaged in drums, can
isters, and boxes as described in the following section. 

4.3.1.2 Design Basis for3reating Failed Equipment and Noncombustible Waste at the FRP 

Facilities for treatment of failed equipment and noncombustible waste are provided by 
expanding the capacity of various multipurpose shops and cells that are an integral part of 



\ 

4". 3. 3 

the FRP. Areas devoted exclusively to treating th~se wastes are not required since this treat
ment is closely related to facility maintenance and housekeeping. 

Annual volumes of failed equipment and noncombustible wastes are estimated to be 440 m3 

(16,000 ft3) and 960m3 (34,000 ft3), respectively. The activity assumed present in the waste 
is summarized in Table 4.3.1. Primary waste·s are generated from operation of the FRP main 
separation process, while secondary wastes are those that result from waste treatment tasks. 
Decontamination of the failed equipment is assumed to remove 95% of the associated activity 
shown in Table 4.3. 1. This decontamination solution, with a volume of 820m3 (220,000 gal)/yr, 
is concentrated to· give 20m3 (5300 gal )/yr of secondary wet waste, the treatment of which is 
described in Section 4.7. 

TABLE 4.3. 1. Activity in Untreated Failed Equipment and 
Noncombustibl~ Waste at the Fuel Repro
cessing Plantta) 

Ci/yr 

Radionuclide 
11ain Plant Waste PuB2 Convers1on Waste 

Failed Equipment(b) Noncombustible Waste(c) Fa1led Equlpment(d) l~oncombust1ble Waste(e) 

Fission products 
3H 
1291 

90Sr + 90y 

95zr + 95r~b 
1 06Ru + 1 06Rh 
134cs + 137Cs + 137m8a 

144Ce + 144Pr 

A 11 other FPs 

Total 

Actinides 
239Pu 

. 241 Pu 

other Pu 
Cm24£ + Cm244 

All other actinides 

Total 

Activation products 
55 Fe 

60Co 

. 95zr + 95Nb 

A 11 others 

Total 

240 

22 

760 

600 
960 
200 

2,782 

0. 72 

350 

13 

34 

1.8 
400 

13 
2.1 X 10-6 

2,600 

240 
8,400 

6,600 
11,000 

2,200 

31 ,040 

0.76 70 70 
370 34,000 34,000. 

13 1 ,300 1 ,300 
370 
20 

774 35,370 35 '3 70 

800 

800 
34 

800 
2,434 

a. Based on waste characterization Table 3.3.35 and secondary waste Table 3.5.1, assuming uranium and plutonium recycle, 
2000 MTHM/yr reprocessed 1.5 years out of reactor. 

b. Volume c 400 m~/3r; density- 500 kg/m3. 
c. Made up of 80~ m yr of primary waste and 150 m3/yr of secondary waste; density - 250 kg/m3. 
d. Volume - 40 m

3
/yr; density - .500 kg/m3. 

e. Volume-12m /yr; density_- 250 kg/m3. 
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4.3.1.3 Procedures For Treating·Failed Equipment and Noncombustble Waste at the FRP 

A schematic flow diagram illustrating the reference treatment orocedures for failed 
equipment and noncombustible waste is shown in Figure 4.3.1. Noncombustible trash is not 
decontaminated before packaging but may go to interim storage until packaging operations are 
started. All noncombustible trash is packaged in 55-gal drums, some of which will require 
shielding for personnel protection. Packaging of this trash will, therefore, be done in both 
shielded cells and facilities such as unshielded gloveboxes or hoods, depending on the activity 
1 evel encountered. Lids are placed on filled drums and are secured with ring-clamps. 

NONCOMBUSTIBLE 
WASTE. 

DISASSEMBLY 

INTERIM STORAGE OR TRANSPORTATION . 
TO REPOSITORY 

f lliUI{l 4.J.l. Pr·ut.:eS5 Fluw D1agram for lreating Fai'led 
EquiRme~t and Noncombustible Waste at 
the Fuel Reprocessing Plant 

Contamination of waste packages is reduced by enclosing the package in plastic bags 
during filling and closure operations. The bags are removed as the container is transferred 
from the contaminated zone to the decontamination area, where any remaining ~ontaminatidn on the 
surface is removed. Waste containers are then assayed for gamma radioactivity level, prepared 
for shipment, and either stored in interim facilities or transported to waste isolation f~cili
ties. Drums with surface dosages of over 200 mrem/hr require shielding for personnel protec
tion during handling, shipment, and storage. 
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As Figure 4.3. 1 shows, failed equipment is handled in several ways, depending on its 
size and the degree of contamination. Some items that do not require decontamination and 
that will fit in carbon steel boxes 1.2 x 1.8 x 1.8 m (4 x 6 x 6ft) can go directly to the 
packaging facilities with or without temporary storage. Only low activity failed equipment is 
packaged in these boxes. Failed equipment that requires decontamination to allow disassembly 
or packaging in boxes may be sent directly to the remote decontamination facility or stored 
temporarily until decontamination operations can be started. Failed equipment that cannot 
be decontaminated sufficiently to allow packaging in boxes (the boxes must have~ surface 
dose rate less than 200 mrem/hr) or that cannot be disassembled to fit in drums is packaged in 
hulls canisters in the hulls packaging facility described in Section 4.2. 

Decontamination and disassembly of failed equipment is effected by means described in 
Section 4.3. 1.1. 

Treatment in this task will yield waste packages with different surface dose rates. The 
dose rates from packaged FRP primary noncombustible waste and decontaminated FRP failed equip
ment \'Jere calculated to range from 100 to 400,000 mrem/hr and 100 to 4,000 mrem/hr, respectively, 
at the surface of the waste drum or box. Calculations of dose rates from FRP Pu02 conversion 
plant noncombustible trash and FRP Pu02 conversion plant failed equipment averaged 100 mrem/hr 
and 0.6 mrem/hr, respectively, at the surface of the waste packages. On the basis 6f these 
average surface dose rates, a distribution of treated waste dose rates was estimated and is 
shown in Table 4.3.2 along with the container sizes and numbers. 

TABLE 4.3.2. Description of Packages of Treated Failed 
Equipment and Noncombustible Waste at the 
Fuel Reprocessing Plant 

Volume, (a) Volume Ratio(a) 
Radioactivity Fa~tor ( e l 

·waste by Surface Density, Contai ters[,Yr F1sS1on Act1Vat1on 
Dose Rate Class, RLhr m3f,Yr ~ Treated[Untrea ted Drums(b) Boxes c) Camsters(d) Products Actinides Products 

Main plant noncom-
bustible waste 

<0.2 90 250 1.0 431 4.6 X 10-4 0.0026 

0.2 - 1 312 250 1.0 1500 0.0084 0.048 

1 - 10 404 250 1.0 1940 0.081 0.46 

>ib 104 ~~0 1.0 ~00 0.91 n 4q 1.0 

Main plant fai·led 
equipment 

<0.2 204 500 1.0 50 0.0054 0.0052 

0. 2 - 1 186 500 1.0 445 67 0.029 0.028 

1 - 10 11 500 1.0 26 4 0.016 0:015 

Pu02 p 1 ant noncom-
bustible waste 

<0.2 11 250 1.0 52 0.58 

0.2 - 1 1.2 250 1.0 6 0.42 

Pu02 plant failed 
equipment · 

<0.2 41 500 1.0 10 0.05 

a. Treated volume based on container volume. 
b. 55-gal drums (0,208 m3). 
c. 1.2 x 1.8 x 1.8 m (4.08 m3). 
d. 75-cm dia, 3m long (1.39 m3). 
e. Radioactivity in packages, fraction of corresponding input (Table 4.3.1). 
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4.3. 1.4 Description of Facilities for Treating Failed Equipment and Noncombustible 
Waste at the FRP 

Facilities are provided in the main process building of the FRP for decontaminating, 
disassembling and packaging contaminated failed equipment and noncombustible radioactive 
trash in a manner commensurate with contamination and radiation levels. Treatment of these 
wastes is carried out in various multipurpose shops and cells designed for general FRP main
tenance; areas devoted exclusively to treating failed equipment and noncombustible wastes are 
not required. 

Remote Decontamination Cell. The remote decontamination cell is used to decontaminate 
highly radioactive process equipment. This cell is lined with stainless steel and is equipped 
w1th shielding windows, a master-slave manipulator, an ultrasonic cleaner, a turntable·, work 
benches, a transfer hatch to the hiqh-level maintenance shops, an nv~rhead crane and a v~nti

lation filtration system. About 25% of the operation in this.cell i's ex~P.cted to b'= re~uire0. 
to decontaminate failed or obsolP.te equipment for disposal. 

High-level Maintenance Shop. This shop has facilities for remote disassembly of failed 
equipment. Once disassembled, the pieces of equipment are removed from the cell through· 
access hatches and placed in shielded containers fo~ disposal. The·floor and walls of the 
c~ll are lined with stainle~s steel. The shop is equipped with shielding windows, master
slave manipulators, pass-through ports, perisco~es,.a power manipulator, shielding hatches, 
work benches, tool ·racks, tools adapted for remote operation, a turntable and an overhead 

. . 
crane. About 18% of this facility is expected to be required for disassembly and 
packaging of failed or obsolete equipment. 

Contact Maintenance Shops. These shops are us~d to manipulate and repair equipment that 
is not contaminated to a high radiation level. It is estimated that 25% of the equipment 
handled through these facilities will not be .. repairable and will be discharged as solid waste. 
Contact maintenance shops include the following facilities: 

o Manipulator repair shop. This shop is designed to provide parts storag~ for short-term 
needs, decontamination areas for wipedown of s1ave ends, small parts d~contamination 
equipment, scaffold supports and a bridge crane for manipulator handling, 

e Crane and egui pment __ maintenance ga l_!f:!.!)'. This facility pernii ts the rna i ntenance of cranes 
serving various cells in the remote processing cells. The major equipment in the crane 
and equipment maintenance gallery includes maintenance cranes, a shielded door, an ultra
sonic cleaning tank, and a shielded viewing window. 

• Contact equipment removal station. This facility provides entry into a contact. cell in 
the event in-cell equipment requires repair or replacement. Major component for mainte
nance purposes is a 60-ton bridge crane. 
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e Equipment maintenance station. This station is a general equipment maintenance shop 
equipped with shielded plugs to other areas, work table and bench, an ultrasonic clean
ing tank and tool cabinets. 

• Plutonium oxide equipment maintenance glovebox. f4aintenance operations for plutonium 
oxide conversion process equipment are performed in gloveboxes. Neutron shielding is 
provided. Decontamination is accomplished by vacuuming and wiping. A crane, hand tools, 
and a bag-in/out station are provided in the glovebox enclosure. 

Chemical Storage and Makeup Area. This area provides space for the storage of additional 
decontamination chemicals and the preparation of decontamination solutions. Thirty percent of 
this facility is expected to be used for decontamination of failed equipment. 

Closure Facilities. Welding facilties are required for closing boxes, and an area for 
drum closure is needed .. 

Shielding and Remote Handling Equipment. Remote techniques are a necessity for handling 
the highly radioactive failed equipment coming from the process canyon. Remotely operated 
cranes, manipulators, and special tools will be used with such equipment. Personnel will be 
protected by massive radiation shielding and will view their work via shielding windows or 
closed circu~t television. All TRU-contaminated material will be handled in a manner that will 
protect employees from plutonium contamination. Waste packages with surface dose rates in 
excess of 200 mrem/hr (as indicated in Table 4.3. 1) will require shielding. 

4.3.1.5 Operating and Maintenance Requirements for Treating Failed Equipment and 
Noncombustible Waste at the FRP 

The removal of small-sized pieces of solid noncombustible waste in an FRP is similar to 
a housekeeping chore and presents no serious problem. Conversely, the failure of a large piece 
of processing equipment may be a major event requiring the efforts of a large part of the plant 
personnel. Recovery efforts may continue around the clock until the plant is back in operation. 
Disposal of the failed equipment will be integrated with the maintenance effort but may not be 
completed·until after the plant is back in operation. 

Since failed equipment and noncombustible wastes are treated in the same facilities used 
for general FRP maintenance, there are no significant maintenance requirements over and above 
those of the FRP as a whole. 

Procedures for decontamination, disassembly, and packaging operations are established to 
protect personnel from radiation and contamination. Handling requirements will vary accord7 
ing to the oper~tion performed and the radiation level of the equipment involved. Careful 
planning and monitoring of all FRP failed equipment treatment operations are also required 
because of th~ potential hazards associated with the use of strong chemicals for the 
decontamination effort. 

Staffing. Table 4.3.3 presents estimated staffing requirements for failed equipment and 

noncombustible waste treatment. 
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TABLE 4.3.3. Staffing Requirements for FRP Failed Equipment 
and Noncombustible Waste Treatment 

Job Description 
Operators 
Radiation monitors 
Maintenance craftsmen 

Personnel Required, 
man-yr/yr 

3:4 

0.4 
3.4 

Supplies and Utilities. Estimated acetylene and electricity requirements for the reference 
waste treatment are given in Table 4.3.4. 

TABLE 4.3.4. FRP Failed Equipment and Noncombustible 
Waste Tt·eatment Utility Requirements 

Utility 
Electricity 
Acetylene 

Use Rate 
350 kW 

1 kg/hr 

Annual Requirement 
7 x 105 kWh 
500 kg 

4.3.1 .6 Secondary Radioactive Wastes for Failed Equipment and Noncombustible Waste 
Treatment at the FRP 

Estimates of secondary 'radioactive ~1astes for the reference treatment task are shown in 
Table 4.3.5. 

TABLE 4.3.5. Secondary Radioactive Wastes for Treating FRP Failed 
Equipment Noncombustible Waste 

Description Volume, m3/yr 
Combustible and 
~umpa~table Wd~Le 20 
Concentrated wet waste 20 
Failed equipment 0.2 

Radioactivity Factor 

-6(a) 
1 X 1 Q 

(b) 
0.95 (a) 
1 X 10-4 

a. Fract·lun uf tutal Input ddivily (Tdi.Jle 4.3.1) in secondary wastes. 
b. Fraction of input activity on failed equipment (Table 4.3.1) in 

secondary wastes. 

4.3.1 .7 Emissions from Failed Equipment and Noncombustible Waste Treatment at the FRP 

Estimated emissions are given in Table 4.3.6. The controlling emission to the stack results 
from concentrating the solutions used for failed equipment decontamination. Emissions from 
entrainment of loose contamination in cell ventilation air are.insignificantly small compared 
to the concentrator emissions, 

4.3.1.8 Decommissioning Considerations for Facilities for Treating FRP Failed 
Equipment and Noncombustible Waste 

The failed equipment treatment sections of the FRP are incidental to the overall plant 
and do not have special decommissioning considerations. 



4.3.9 

TABLE 4.3.6. Emissions from Failed Equipment and 
Noncombustible Waste Treatment at FRP 

Emission Descriptio~ 

Gaseous Ventilation air 
Vaporized excess water 
Minor accident inte
grated annual release 

Annual Quantity 

2 x 108 m3 

8 X 105 kg 

Radioactivity 
Release Factor 
to Atmosph~re 

-15(a) 
X 10 (b) 

2 X 10-9 

None identified 

a. Fraction of input activity on noncombustible trash (Table 4.3. 1) released 
to atmosphere. Includes OF from main plant APS. Released over 300 days/yr. 

• b. Fraction of input activity on failed equipment (Table 4.3. 1) released to 
atmosphere via FRP general purpose concentrator and excess water vaporizer. 
Released over 300 days/yr. 

4. 3. 1. 9 Postulated Accidents for FRP Failed Equipment and Noncombustible Waste Treatment 

The operations of decontamination, disassembly, and packaging are conducted within a 
facility that is designed to withstand natural events that might be expected at the plant site, 
as well as a credible number of other types of accidents or errors. During disassembly efforts, 
there is a potential for removing pieces without proper support, causing the failed unit to 
tip over. Failed equipment could also be dropped from the crane while removing the equipment 
from service. Such incidents are described as postulated minor accidents 1n Table 4.3.7. 

TABLE 4.3.7. Minor Accidents for Failed Equipment and Noncombustible 
Waste Treatment at the Fuel Reprocessing Plant 

Accident No. 
and Description Sequence of Eve~ts 

4.3.1-Failed equipment 1. Large equipment unit fails. 
tips over during 
disassembly. 2. Unit is removed from service. 

3. Unit is prepared for disassembly. 

4. Support removed 'from unit. 

5. Unit tips over. 

6. Disassembly for packaging is 
completed. 

4.3.2-Failed equipment 1. Large equipment unit fails. 
dropped from crane. 

? Unit i~ prPpnrPrl fnr rPmnvill frnm 

Safety Systems 

1. Remote handling protects personnel. 

2. Operating procedures are prepared 
and reviewed prior to initiation of 
disassembly. 

1. Attachment to crane is checked 
before transfer begins. 

service. 2. Lift height is restricted to that 
necessary to clear obstacles. 

3. Poor attachment to r.rnnP rP~ult~ 
in drop during transfer to 3.. Operations are remote to protect 
maintenance area. A personnel. 

4. Unit is secured to crane and 
transfer is completed. 

Release 

None. 

None. 
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cutting torches used to disassemble and decontaminate the failed equipment represent a 
possible fire source; however, no combustible items are hand'led in· this task .. 

No accidents that could be classified as moderate or severe accidents could be realistically 
postulated for this technology; 

4.3. 1.10 Costs for Failed Equipment and Noncombustible Waste Treatment at the FRP 

Estimates of capital, operating and levelized unit costs are presented in mid-year 
1976 dollars. A complete description of the cost estimate bases, assumptions, and definitions 
is given in Section 3.8. 

Capital Costs. The capital cost estimate for these facilities is shown in Table 4.3.8. 
Few areas of the FRP can be identified as exc'lusively used for the treatment of failed equip
ment and noncombustible waste. Because the inclusion of such waste treatment functionscmay 
increase the FRP. facility sizes and capacities, however, a part of the basic cost fs charged 
to the treatment of failed equipment and noncombustible waste. The proportion 'of the cost 
that is charged is based on the assumption that the waste treatment would requ1re additional 
space and sharing of equipment in the dual-function facilities. 

TABLE 4.3.8. Capital Cost Estimate for Facilities for Failed 
Equipment and Noncombustible Waste Treatment at 
the Fuel Reprocessing Plant 

Cost Element 
.Major equ1 pment 
Buildings and structures 
l{ulk mater1als 
Site improvements 

Subtotal of direct 
site construction 
costs 

Indirect site 
con~truction costs 

Total field cost 
Architect-Engineer 

services 

SulJtuLdl 
Owner's cost 

Total facility cost 
Estimate accuracy 

range 

Man-hours, 
l,OOOs 

filonmanual Manual 
30 

150 
120 

300 

80 60 

80 360 

Costs, 
1000s of Mid-1976 
r~a teri a 1 Labor 
4,000 400 
1,200 1 ,800. 
2,000 1,400 

8,000 3,600 

1 ,son 1 ,900 

9,500 5,500 

Dollars 
Total o ___ 

4,400 
3,000 
4,200 

11 ,600 

3,400 

1?,000 

3,000 

18,000 
5,000 

23,000 

:t50% 
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The total capital cost includes 'all plant-related costs incurred from the start of engi
neeri~g to the initiation of commercial operation, with the exception of working capital. The 
accuracy range reflects uncertainties in the engineering scope required and in the pricing and 
quantities for labor, materials, and equipment. Because of the difficulties in estimating the 
quantjties of failed equipment and noncombustible trash, the proportion of the waste treatment 
system which is charged to the handling of such wastes is not well defined. The lack of a 
well-defined physical interface between the facilities for waste treatment and the facilities 
designed for plant·maintenance and routine wastes also contributes to estimate uncertainty. 

A contingency covering these a.ndsimilar factor·s has been included in the base estimate. 
With the contingency included, there is an approximately equal ·likelihood of an overrun or 
underrun on the indicated cost. 

Operating Costs. Direct labor and utilities costs are based on requirements given in 
Tables 4.3.3 and 4.3.4. Pr.ocess materials for equipment disassembly and packaging at the FRP 
consist mainly of the drums, boxes and 76 em diameter by ?· 1 m long canisters used for packaging. 
Drums and boxes are estimated to cost $20 per drum and $400 per box, respectively. The canisters 
are estimated to cost $8000 each. Maintenance materipls costs are estimated at 3% of major 
equipment. Labor costs include a provision for remote maintenance labor. Table 4.3.9 summarizes 
the operating costs. 

TABLE 4.3.9. Operating Cost Estimate for Failed Equipment and Noncom
bustible Waste Treatment at the Fuel Reprocessing Plant 

Cost Element 
Direct labor 
Process materials 
Utilities 
Maintenance materials 
Overhead 
Miscellaneous 

Total 

Annual Costs, 
$1000s 

330 
680 
10 

130 
200 
70 

1400 +~O% 
-~5% 

Levelized Unit Costs .. The levelized unit cost, including levelized capital and operating 
costs, is shown in Table 4.3.10. The unit cost calculation assumes private ownership of the 
facilities and a 15-yr economic life. 

TABLE. 4.3.10. Levelized Unit Cost Estimate for Failed 
Equipment and Noncombustible Waste Treat
ment ilt the Fuel Reprocessing Plant 

Unit Cost, 
Cost Element $/kgHt1 

Levelized capital charge 2.90 
LeveliZed operating charge .70 
Levelized total unit cost 3.60 .t55% 
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4.3. 1.11 Construction Requirements for Facilities for Failed Equipment and Noncombustible 
Waste Treatment at the FRP 

Fuel reprocessing plant construction activities and requirements may have some impact 
on the environment and economy of the ·surrounding area. The information that follows provides 
a basis for evaluating any impact specifically attributable to the i~clusion of failed equip
ment and noncombustible waste tr-eatment func.tions in the designs for equipment maintenance and 
solid waste handling facilities at the reference FRP. Such an impact is determined by charging 
a percentage of the total impact of FRP construction to failed equipment and noncombustible 
waste facilities. 

Project· Schedules and Constructi.Dn r~anpower. The schedule for engineering, procurement 
and construction of the failed equipment and noncombustible waste treatment facilities is an 
integral factor in the overall schedule for the FRP. This schedule is described.in 
Section 3.2. The field labor force estim.ated for the construction of the failed equipment 
and noncombustible waste treatment facilities is tabulated below. 

Manual field labor 
Nonmanual field labor 

Total field labor 

f•lan-hours, 
1000s 

360 
80 

440 

Distribution of Onsite and Offsite Costs. Onsite costs ·are those for all construction, 
materials and services provided at the site of the FRP, while offsjte costs are those for all 
services provided, equipment fabricated or assembled, and material purchased elsewhere. The 
distribution o-f total costs in these categories is shown below: 

On site 
Offsite 

Total 

Costs, 
$1000:; 

o,UOO 
17,000 
23,000 

Site Requirements. Land commitments for the reference waste treatment facilities are 
included with those of the FRP. 

Water. Approximately 5700 m3 (1.5 x 106 qal) of water are required during the c~n
struction period. 

Construction Materials. Construction materials committed to the facility are: 

Concrete 3200 m3 (4200 yd 3) 
Steel 
Copper 
Aluminum 
Lumber 

900 MT 
· 9 MT 
4.5 MT 
240 m3 

(1000 tons) 
(10 tons) 

(5 t,ons) 
(100 MFBM) 
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Energy. Energy resources used during construction will be: 

Propane 
Diesel 
Gasoline 
Electricity 

Peak demand 380 kW 
Total consumption 250,000 kWh 

( 15 , 000 ga 1 ) 
( 150, 000 ga 1 ) 
( 100,000 ga 1 ) 

Transportation Requirements. No transportation requirements for the failed equipment 
and noncombustible waste treatment facilities have been identified beyond those for the FRP. 

4.3. 1.12 Effects of Fuel Cycle Options 

Treatment of· failed equipment and noncombustible waste at the FRP is based on closure of 
the LWR fuel cycle by recycling recovered uranium and plutonium. The effects of alternative 
fuel cycles on this treatment facility are as follows: 

No Recycle. No treatment facility is required for this fuel cycle option. 

Uranium Recycle Only, with Plutonium to a Repository. The requirements for this fuel 
cycle option·are the same as the reference option for treatment of failed equipment and non
combustible waste. 

Uranium Recycle Only, with Plutonium to HLW. A slight reduction in the volume of failed 
equipment and noncombustible waste that is generated in the reference option results from 
assuming this fuel cycle option. The volume reduction is attributable to the absence of a 
Pu02 plant. The wastes eliminated are all low activity TRU wastes. 

4.3.2 Failed Equipment 'and Noncombustible Waste Treatment at a 1·1ixed Oxide Fuel 
Fabrication Plant 

Noncombustible wastes generated in a mixed oxide fuel fabrication plant (MOX FFP) consist 
primarily of metals, glass and mineral forms. The metallic portion coming from glovebox 
enclosures includes a mixture of scrap fuel cladding, failed equipment, ventilation ducts, 
metal packaging material, and transfer containers used in moving material with the gloveboxes. 

Noncombustible wastes from the operating area outside the glovebox enclosures are con
sidered TRU-suspect and handled as TRU waste. Examples are discarded tools and equipment, outer 
packaging cas€s, and miscellaneous items such as spent assault-masks canisters. Glass would be 
in the form of discarded laboratory ware and empty reagent bottles. 

4.3.2. 1 Alternatives for Treating Failed Equipment and Noncombustible Waste at the MOX FFP 

Alternatives for treating MOX noncombustible wastes are similar to the alternatives 
given in Section 4.3. 1.1 for FRP wastes. Decontamination alternatives include the use of 
steam, high pressure liquids, mechanical scrubbing, or corrosive chemicals. The particular 
system used depends primarily on the activity .level and configuration of the item being decon
taminated. The clisi'lssP.mhly alternatives are limited to standard techniques used by maintenance 
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personnel in repairing equipment. This includes the use of hacksaws, cutting torches, and 
shears to reduce material to a convenient size for handling and packaging. Decontamination 
at the reference MOX plant is assumed to be for failed equipment only. The activity removed 
by the decontamination solution is assumed to be 95% of the activity on failed equipment. 

4.3.2.2 Design Basis for Treating Failed Equipment and Noncombustible Waste at the 
Mixed Oxide Fuel Fabrication Plant 

Multifunctional areas in the MOX FFP used for general facility maintenance and waste treat
ment are expa~ded to accommodate treatment of failed equipment and noncombustible wastes. 

The annual volumes of failed equipment and noncombustible wastes are estimated to be 
80m3 (2800 ft3) and 82m3 (2900 ft3), respectively. 

Activity assumed present in the wastes are summarized in Table 4.3. 11. Primary wastes 
are generated from operation of the MOX FFP, while secondary wastes result from waste treat
ment tasks. Decontamination of failed equipment is assumed to remove 95% of the associated 
activity. The decontamination solution, with an annual volume of 40m3 (11,000 gal), is con
centrated to give 1.6 m3 (420 gal)/yr of secondary wet waste. 

TABLE 4.3. 11. Activity in Untreated Failed Equipment and 
Noncombustible Waste at the MOX FFP(a) 

Actinides 
239Pu 
241Pu 

Other Pu 
All other actinides 

. Failed 
Equipment(b) 

5.2 
2,300 

92 
3.8 

Ci/yr 
Noncombustible 

Waste(c) 

52 
23,000 

920 
38 

a. Based on waste characterization Table 3.3.40 and secondary 
waste Table 3.5.2, assuming 400 MTHM MOX fuel fabricated 
1 year after plutonium purification. 

b. Volume, 80 m~/yr; dsn~ity, 1000 kQ/m3. 
c. Made up of 80 mJ/yr of primary waste and 2 m3jyr of secondary 

waste; density 250 kgfm3 .. 

4.3.2.3 Procedures for lreating Failed Equipment and Noncombustible Waste at the MOX FFP 

The Westinghouse plant described in Docket 70-1432, Vol. 1 and 2, is the principal refer
ence for the operations described in this section. (2) This plant design is representative of 

large production-scale plants currently under consideration. Actual operating experience for 
MOX plants, though, has been limited to small pilot plants or to laboratory-scale operations. 
However, the considerable experience in waste handling operations in defense plutonium plants 
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is applicable to these operations. Figure 4.3.2 is a simplified process flow sheet illustrating 
the sequence of operations. Table 4.3. 12 characterizes the treated waste. 

The general pr,ocedure followed in,processing noncombustible glovebox wastes is to begin 
by removing from the waste items'all loose contaminate dust, using brushes and vacuum cleaners. 
Items are then removed through a bag-out procedure and transferred to the decontamination and 
packaging area. 

NONCOMBUSTIBLE 
WASTE 

INTERIM STORAGE OR TRANSPORTATION 
TO REPOSITORY 

FIGURE 4.3.2. Flow Diagram for Failed Equipment and Noncombustible Waste 
Treatment at the 1•10X FFP 

TABLE 4.3.12. Description of Packages of Treated Failed Equipment 
and Noncombustible Waste at the MOX FFP 

Waste by Surface Volume, {a) Densi ~Y, Volume Ratiola) ContainersL~r 
Dose Class, R/hr m3;~r kgLm Treated/Untreated Drums(b) · BOxes(c) 

Noncombu~tible trash 
<0.2 82 250 1.0 394 

Failed equipment 
<0.2 82 1000 1.0 ~0 

a. Treated volume based on container volume. 
b. 55-gal drums (0.208 m3). 3 c. 1.2 x 1.8 x 1.8 m (4.08 m ). 
d. Radioactivity in packages, fraction of corresponding input (Table 4.3.11). 

Radi oact1 vj t) 
Factor d 

1.0 

0.05 
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Removal of large equipment from process cells may require personnel entering the cell 
area. In this case, special protective clothing is provided, and equipment is dismantled 
within the cell and bagged out for transfer to the decontamination room for cleanup. 

The decontamination and packaging area cons_ists of decontamination gloveboxes and waste 
compaction stations. The decontamination gloveboxes are lined with stainless steel. 
Externally-controllable steam cleaning and h~gh pressure water are available. A sump is used 
to collect all liquids, which are filtered and reused or sent to recovery. 

Following decontamination, the item is available for packaging. Light, bulky items are 
compacted using a standard hydraulic ram. Compacted wastes and other scrap material of limited 
size that are ready for disposal are 1oaded in 55-gal drums and transferred to the storage 
area to await final shipment. Large pieces of equipment and parts of gloveboxes which will 
not conveniently fit into a 55-~al drum are loaded into canisters and transferrerl to the 
storage area. All of the MOX FFP failed equipment and noncombustible waste is classified as 
low-level TRU waste, i .. e. less than 200 mrem/hr surface dose rate. 

4.3.2.4 Description of Facilities for Treating Failed Equipment and Noncombustible 
Waste at the MOX FFP 

Treatment of failed equipment and noncombustible waste at the reference MOX FFP is 
carried out in multifunctional areas used for general facility maintenance and waste manage
ment. The facilities for this waste treatment are specifically located in the pellet/rod 
production areas, production maintenance area, and in basement storage areas of the MOX FFP 
and are enclosed_with1n Category 1, reinforced concrete structures. 

These facilities have a total volume of about 204m3 (7200 ft3). Approximately 45% of 
this volume, 91 mJ (3200 ft3), is allotted to processing failed equipment and noncombustible 
trash. The balance is used to support routine maintenance operations as well as for treatinq 
liquid waste. Space requirements for packaging are 105m3 (3700 ft 3) and 566m3 (20,000 ft3) 
for storing noncombustible waste. 

r~ajor Equipment Descriptions. Equipment used for .the decontamination, disassembly, and 
packaging of MOX failed equipment includes saws, s~ears, compactors, decontamination tanks, 
and spray nozzles. 

4.3.2.5 Operating and Maintenance Requirements for Treating Failed Equipment and 
Noncombustible Waste at the MOX FFP 

Treatment of failed equipment and noncombustible trash at a MOX plant are part of routine, 
intermittent maintenanc~ and housecleaning tasks conducted during normal plant operations. 
Since treatment equipment is also used for general plant purposes, it will be maintained 
according to procedures given for MOX FFP equipment in Section 3.2.4. 

To control secondary wastes and contamination spread, all r~IOX FFP failed equipment and 
noncombu-stible waste is treated in a glovebox or cell. Removal of process residues and 
nominal decontamination reduce the direct radiation from failed equipment. Noncombustible 
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wastes generated within MOX faci)ities, however, are considered here to be always contaminated 
with transuranics. (This may be an overly conservative assumption.) Such wastes require 
special handling techniques to assure containment at all times to avoid the possibility of 
plutonium ingestion or inhalation by operating personnel. Techniques and technology for 
handling these wastes have been well developed in government-owned plants that routinely 
process plutonium on a prod~ction basis. (3) Strict control of airflows and surface contamination 
help to insure safe working conditions. 

Staffing. Personnel will not be assigned specifically to performance of failed equipment 
and noncombustible waste treatment functions, but individuals will spend fractions of 
their working hours on these tasks as noted in Table 4.3. 13. 

TABLE 4.3.13. Staffing Requirements for MOX FFP Failed 
Equipment and Noncombustible Waste 
Treatment 

Job Description 
Operators 
Radiation monitors 
Maintenance craftsmen 

Personnel Required, 
man-yr/yr 

1.2 
0.3 

1.2 

Supplies and Utilities. Since the function of this task is not a process for which 
material and energy flows can be accurately determined, estimates of incremental needs for 
utilities and supplies were made. These estimates are given in Table 4.3. 14. 

TABLE 4.3. 14. Supply and Utility Requirements for MOX FFP Failed 
Equipment and Noncombustible Waste Treatment 

Supply or Utility 
Electricity 
Acetylene (for cut
ting torches) 

Use Rate 
100 kW 
0. 5 kg/hr 

Annual Requirement 
300,000 kWh 
50 kg 

4.3.2.6 Secondary Radioactive Wastes for Failed Equipment and Noncombustible Waste 
Treatment at the MOX FFP 

Estimate~ of secondary wastes from this treatment task are listed in Table 4.3. 15. 
r 

4.3.2.7 Emissions from Failed Equipment and Noncombustible Waste Treatment at the I>IOX FFP 

Estimated emissions for this treatment task a1·e given in Table 4.3.16. 
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TABLE 4.3. 15. Secondary Radioactive Wastes 
for MOX FFP Failed Equipment 
and Noncombutible Waste 
Treatment 

Vojume, Radioactivity 
Descri~tion m /yr Factor 

·combustible and 4 x l0_6(a) 
compactable waste 
Wet waste 1.6 0.95(b) 

Failed cqui pment 0.2 
-4(a) 

X 10 

a. Fraction of total input activity (Table 4.3. 11) in 
secondary wastes. 

b. Fraction of input activity on failed equipment (Table 4.3.11) 
in secondary wastes. 

TABLE 4.3. 16. Emissions from Mixed Oxide Fuel Fabrica
tion Plant Failed Equipment and Noncom
bUstible Waste Treatment 

Descri~tions 

Ventilation air 
Vaporized excess water 
Minor accident integrated 

annua 1 re 1 ease 

Annual Quantity 

1 x 1 o8 m3 

3.8 X 103 kg 

Radioactivity 
Release Factor 
to Atmosthere 

-15 a) 
1 X 10 (b) 
2 X 10·9 

None identified 

a. Fraction of input activity on noncombustible trash (Table 4.3. 11) released 
to atmosphere, Includes DF from main plant APS. Released over 300 days/yr. 

b. Fraction of input activity on failed equipment (Table 4.3.11) re'leased to 
atmosphere via waste concentrator and excess water vaporizer. ·Released over 
300 days/vr. 

4.3.2.8 Decommissioning Considerations for Facilities for Treating Failed Equi~ment and 
Noncombustible Waste at the MOX FFP 

The failed equipment treatment facilities have no special impact on the final decontamina
tion and decommissioning operation of the 140X plant. The treatment facilities will have the 
same life as the main plant and may be used for treatment of excess processing equipment 
during the decommissioning operation. 

4.3.2.9 Postulated Accidents for Fa1led Equipment and Noncombustible Waste Treabnent · 
at the 1·10X FFP 

The usual type of accidents associated with maintenance operations is expected in dis
assembly and packaging equipment for offsite shipment. The reference facilities for handling 
noncombustible.wastes are designed to contain any releases resulting from accidents. Accident 
scenarios for this task are the same as those presented in Section 4.3. 1.9. 
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4.3.2.10, Costs for Failed Equipment and Noncombustible Waste Treatment at the MOX FFP 

Estimates of capital, operating and levelized unit costs are presented in mid-year 1976 
dollars. A .complete description of the cost estimate bases, assumptions and definitions is 
given in Section 3.8. 

Capital Costs. The capital cost estimate for these facilities is shown in Table 4.3. 17. 
Few of the areas in the MOX FFP can be identified as exclusively for treatment of failed 
equipment and noncombustible waste since these facilities are also used for normal maintenance 
and other waste management operations. Because the inclusion of such waste treatment functions 
may increase the MOX FFP facility sizes and capacities, however, a part of the basic cost is 
charged to the treatment of failed equipment and noncombustible waste. The proportion of the 
cost that is charged is based on· the assumption that the waste treatment would require addi
tional space and sharing of equipment in the dual-function facilities. 

TABLE 4.3. 17. Capital Cost Estimate for Facilities for MOX FFP Failed Equip
ment ·and Noncombustible Waste Treatment 

Cost Element 
~1ajor equipment 
Buildings and structures 
Bulk materials 
Site improvements 

Subtotal of direct site 
construction costs 

Indirect site 
construction costs 
Total field cost 

Architect-engineer 
services 
Subtota 1 

Owner'::. L:OSt 

Tofal facility cost· 
Estimated accuracy 

range 

lOOOs ~1an-hours. 
Nonmanual 

5 

5 

1·1anua l 
3 

14 
3 

20 

5 

25 

Costs 
1000s of Mid-1976 Dollars 
f.laterial Labor Total 

1220 40 1260 
230 . 160 390 
150 40 190 

1600 240 1840 

90 120 210 
1690 360 2050 

400 
2450 

750 
3200 

±50% 

The total capital cost includes all plant-related costs incurred from the start of engi- · 
neering to the initiation of commercial operation with the exception of working capital and the 

specific exclusions stated below . 

. The accuracy range reflects uncertainties in the engineering scope required and in the , 
pricing and quantities for labor, materials, and equipment. Because of the difficulties in 
estimating the quantities of failed equipment and noncombustible trash, the proportion of the 

waste treatment system which is charged to the handling of such wastes is not well defined. 
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The lack of a well-defined physical interface between the facilAties for the reference waste 
treatment and the facilities designed for plant maintenance and routine waste handling also 
contributes to estimate uncertainty. 
been included in the base estimate. 

A contingency covering these and similar factors has 
With the contingency included, there is an approximately 

equal likelihood of the indicated cost overrun or underrun. 

Operating Costs. 
in Section 4.3. 1. 10. 

The methodology for estimating operating costs is the same as discussed 
Table 4.3. 18 summarizes the operating costs. 

TABLE 4.3. 18. Operating Cost Estimate for 
MOX FFP Failed Equipment and 
Noncombustible Waste Treatment 

Cost Element 
Direct labor 
Process materials 
Utilities 
Maintenance materials 
Overhead 
Mi see 11 aneous 

Total 

Annual Costs, 
$1000s 

120 
16 
6 

40 
68 
10 

260 +50% 
-25% 

Levelized Unit Costs. The levelized unit cost, including levelized capital and operating 
costs, is shown in Table 4.3.19. The unit cost ca1cu1ation assumes private ownership of the 
facilities and a 15~yr economic life. 

TABLE 4.3. 19. Levelized Unit Cost Estimate, 
for MOX FFP Failed Equipment 
and Nont.:umi.JusL·ii.Jle Waste Tr·eatment \ 

Cost Element 
• Level iLetl t.:d!J i Lal t.:har·ye 

Levelized operating charge 
Levelized total unit cost 

Unit Cost,'. 
$/kg HM 

2.00 
.50 

2.50 ±50% 

4.3.2. 11 Construction Requirements for Facilities for Failed Equipment and Noncombustible 
Waste Treatment at the MOX FFP 

As with the FRP, MOX FFP construction activities and requirements may have some impact on 
the environment and economy of the surrounding area. The information that follows provides a 
basis for evaluating any impact specifically attributable to the inclusion of failed equipment 
_and noncombustible waste treatment functions in the designs for equipment maintenance and solid 

• waste handling facilities at the reference MOX FFP. Such an impact is determined by charging 
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a percentage of the total impact of the t~OX FFP to the processing of failed equipment and non
combustible waste. Any impacts due to facility operation have not been considered in compiling 
this information. 

Project Schedules and Construction Manpower. The schedule for engineering, procurement 
and construction of the failed equipment and noncombustible waste treatment facilities is an 
integral factor in ihe overall schedule for the MOX FFP. This schedule is presented in 
Section 3.2. 

The field labor force estimated for the construction of the failed equipment and non
combustible waste treatment facilities is tabulated below: 

r~an-hours' 
1000s 

Manual field labor 25 
Nonmanual field labor 5 

Total field labor 30 

Distribution of·Onsite and Offsite Costs. Onsite costs are those for all construction, 
materials and services provided at the site of the MOX FFP while onsite costs are those for 
all services provided, equipment fabricated or assembled, and material purchased elsewhere. 
The distribution of total costs in these categories is as shown below: 

Costs, 
$1000s 

Onsite· .500 
Offsite 2700 

Total 3200 

Resources Committed. Land commitments for the failed equipment and noncombustible waste 
treatment facilities are included with those of the r~ox FFP. 

Water. Approximately 760m3 (0.2 x 106 gal) of water are required during the construction 
period. 

I 

Construction Materials. Construction materials committed to the facility are: 

Concrete 610 m3 (800 yd3) 
Steel 180 MT (200 tons) 
Copper .9-MT (1 ton) 
Lumber 50 m3 (20 MFBM) 

Energy. Energy resources used during construction will be: 

Propane 
Diesel fuel 
Gasoline 
Electricity 

Peak demand 
Total consumption 

3 3.8 m 
38 m3 

38 m3 

80 kW 
25,000 kWh 

(1,000 gal) 
(10,000 gal) 
(10,000 gal) 
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Transportation Requirements. No-transportation requirements for the failed equipment 
and noncombustible waste treatment facilities have been identified beyond those for the 
MOX FFP. 

4.3.2.12 Effects of Fuel Cycle Options 

A MOX FFP will exist only for the option of uranium and plutonium recycle. No facility 
will be needed for the other two fuel cycle options. 

4.3.3 Physical Protection and Safeguard Requirements for Failed Equipment and 
Other Noncombustible Waste Treatment Facilities 

The attractiveness of this material for theft or sabotage would be extremely low.· The 
bulk of the radioactivity would have been removed ~y washing or leaching with acids before 
this waste is packaged for disposal. The residual quantities of plutonium and other radio
active materials in the waste would be small and widely distributed over many internal and 
external surface areas. The concentrations of plutonium in .such wastes, even from FRP and MOX 
fuel plants, would be too low to be a source of strategic material. Further, the radioactive 
material would not be readily dJspersible in a manner hazardous to the public. Accessibility 
for sabo~age would be somewhat further restricted because the material would be treated and 
stored in closely controlled facilities and would often be handled only with remote handling 
features. 

Failed equipment and other noncombustible waste would be treated initially in a vital 
~rea. The r~quired physical protection for vital areas would be sufficient for safeguarding 
this waste (see 3.9). When the waste is moved out of the vital area, the physical protection 
required for the remainder of the plant will safeguard this·waste material. 

REFERENCES FOR SECTION 4.3 
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3. Alternatives for Managing Wastes from Reactors and Post-Fission Operations in the LWR 

Fuel Cycle, ERDA-76-43, U.S. Energy Research .and Development Administration, Washington 
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4.4 COMPACTABLE AND COMBUSTIBLE WASTES TREATMENT 

This section discusses treatment processes for transuranic-contaminated compactable and 
combustible trash, ion exchange resins, and ventilation filters at the reference fuel repro
cessing plant (FRP) and the reference mixed-oxide fuel fabrication plant (MOX FFP). Almost 
all nuclear facilities generate some contaminated combustible and/or compactable materials. 
The major sha:e of these materials appear as. general trash, which,_includes laboratory and 
cell wastes, and consists primarily of cloth, paper, wood, plastics, rubber, and small 
amounts of glass and metals generated during maintenance and general support activities. 
This material is generated in a variety of ways, such as in decontamination of equipment, 
packaging of materiBls, discard of contaminated protective clothing, and discard of contamina
tion protection barriers. Ion exchange resins may be generated during uranium, plutonium,· 
and extractant purification steps. Ventilation filters (roughing filters and HEPA filters) 
are used in nuclear facilities to remove suspended particles from process and contamination
zone ventilation air. These filters, made of wood or metal frames with glass fiber filter 
media, are discarded periodically when dust loading has limited the flow or radioactivity has 
exceeded specified limits. 

Often FRP waste is contaminated with transuranium elements as well as fission products 
and thus is classified as transuranic (TRU) waste. Most of the mixed-oxide fuel fabrication 
plant waste, if appreciably contaminated at all, contains plutonium and is classified as TRU 
waste. These wastes are treated and/or packaged and shipped either to interim storage or 
directly to a repository for disposal. 

Some wastes considered as TRU wastes in this document could possibly be treated instead 
as non-TRU wastes by implementation of appropriate-segregation and/or assay methods. Such 
wastes include laboratory-generated trash at the UF6 and Pu02 facilities at the FRP and also 
MOX-FFP wastes originating before plutonium is added to the process. Assay procedures have 
been used at DOE facilities to reduce the volume of TRU wastes,(l) however, assay systems are 
not currently developed to analyze for very low transuranic levels in th~ presence of fission 
product interference. Therefore, all potentially TRU-contaminated wastes are classified 
as TRU wastes in this document. 

The l1ght water reactor (LWR) fuel reprocessor and the MOX FFP operator have several main 
alternatives for handling compactable ~nd combustible trash. The four alternatives for han
dling such trash which have been used in the nuclear industry, but not necessarily by fuel 
reprocessors, are( 2): 1) no treatment other than packaging, 2).compaction, 3) sorting and 
shredding of the waste followed by immobilization in cement or other solid matrix; and 4) 
sorting and shredding (if needed) of the waste followed by incineration to convert the waste· 
to a noncombustible residue. Of the above, alternative 1 has the advantage of minimum com
plexity; alternatives 3 and 4 uoLh hdve the advantages of making the waste noncombustible 
(thereby reducing the fire hazards in interim· storage in transportation, and in the final 
repository); alternatives 2 and 4 result in an appreciable volume reduction; and, alternative 
4 produces an ash from which the actinides might be recovered if so desired. Chemical digestion 

. is_ also being developed as a treatment process which reduces volume, makes the waste noncom
bustible, and is compatible with ctdinide recovery. Incineration and packaging without treat
ment are chosen for- ana_lysis here since they represent the extremes of complexity of operation 
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and benefits to be gained in terms of stabilization and volume reduction of most of the waste. 
Incineration was selected as the reference process for the baseline integrated waste manage
ment system because of the desirability of minimizing fire risks in storage facilities and in 
the final repository. 

4.4.1 Incineration of Intermediate-Level Waste (ILW) at the Fuel Reprocessing Plant 

For the conceptual system here, the combustible and compactable wastes at the FRP are 
separated, on the basis of activity level and source, into an intermediate-level waste (ILW) 
and a low-level waste (LLW) and burned in two separate incinerators. Altho~gh operation of two 
incinerators was selected as most efficient in the generic FRP, this may not be optimum for other 
plants. The incinerator for the ILW handles all of the general trash at the FRP that produces 
surface radiation dose rates greater than 200 mr/hr on 55-gal drums, the waste from the Pu02 
conversion facility, all filter frames from the FR~, all contaminated ion exchange resins, and 
all secondary combustible waste and filters produced by waste treatment uper·ations sit~d at the 
FRP regardless of radiation levels. Some of this secondary waste has surface radiation dose 
rates below 200 mr/hr but this division of the waste allows for reasonable equalization of the 
waste quantities to the two incinerators. 

Combustion is a time-honored method of reducing waste volume and rendering the residue 
chemically inert. Of all available technologies, incineration most effectively reduces the 
volume and eliminates the combustible waste. Incineration of combustible radioactive waste 

\ 

has been practiced for over 25 years by nations involved with nuclear technology. A list of 
incineration units and discussions of installatio~ experiences are available from several 
sources. (2-l) Various systems have reduced waste volume by factors of 20 to 50 depending on 
the process, the compos1tion of the waste, and the waste density. 

Historically, incinerators have exhibited a variety of problems ranging from incomplete 
combustion to clogged off-gas system components to excessive corrosion throughout the equip
ment. Recent technological advances have effectively eliminated most of these earlier system 

. deficiencies. (4•6•7) Combustion design improvements have been spurred by the need for more 
effective, reliable incinerators to meet stricter Federal, state, and local pollution control 
standards. Comparable advances have been made in off-gas equipment design. Programs are 
underway at present to develop improved incinerators specifically for treating rad1oact1ve 
combustible waste .. Although there is considerable experience with incineration of low-level 
radioactivA w~ste, there is as yet no experience in designing or remotely operating an incin
erator for intermediate-level waste. (S-l) 

4.4.1.1 ILW Incineration Alternatives at the FRP 

Th·e reference incineration process cti"scussed here is based on two incinerators at the 
fuels reprocessing plant (one for ILW and one for LLW) and one at the mixed-oxide fuel fabrica
tion plant. Other arrangements are viable and might be more economically attractive under 
some circumstances. One incinerator, with separate feed preparation lines for ILW and LLW, 

,might be used at the FRP. Another alternative would be to incinerate only the LLW and to pack
age the ILW without treatment, thereby avoiding the presently undemonstrated remote operation 
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of an incinerator with high gamma activity wastes. If the MOX FFP is close-coupled to the FRP, 
it would be logical to eliminate one incinerator and process MOX FFP wastes in the FRP LLW in
cinerator since the annual throughput of the MOX-FFP incinerator is relatively small. 

Numerous types of furnaces. are us~d for incineration. (2) Incinerators are classified by 
various characteristics which have no common .basis. For example, they are classified accord
ing ·to shape, such as open pit or multiple chamber; to amount of air used, such as controlled 
air or excess air; and to moving parts, such as rotary kiln or moving grate. The following 
types of incinerators have been used or are being designed or studied in the nuclear 
i~dustry. (2•8•9) . 

Excess-Air (Firebox) Incinerator. This single-chamber incinerator. uses excess air, 
resulting in lower burning temperatures but higher fly ash carry-over than in modern 
controlled-air incinerators. 

Molten-Salt Incinerator. Combustible waste is burned with air in molten sodium carbo
nate and sodium sulfate. Acidic gases and particulate matter are trapped in the molten salt, 
and small amounts of metals and glass are also dissolved. Corrosion is lowered in the off
gas system but salt particles in the off-gas and dissipation of heat may be problems. 

Pyrolysis Incinerator. Waste is thermally decomposed in an oxygen-deficient atmosphere, 
yielding a combustible gas which is burned with excess air in a secondary chamber. Accurate 
control of the amount of air fed to the burning chambers is necessary for efficient operation; 
tars may plug the combustible gas line. 

Vortex Incinerator. Finely ground waste is pneumatically fed to the incinerator with 
excess air introduced tangentially~ giving a spiral burning pattern to the suspended waste as 
it passes through the incinerator. The high excess air velocity through the chamber causes a 
large fly ash carry-over, requiring large off-gas treatment capacity. This system produces a 
high burning rate. 

Fluidized-Bed Incinerator. Shredded waste is introduced into a vertical, highly agitated, 
fluidized bed of inert material, giving a high combustion efficiency.· Substitution of pel
letized sodium carbonate for the inert bed material can provide in situ neutralization for 
acidic combustion products such as hydrogen chloride, permitting use of less expensive off-gas 
treatment construction materials. 

Rotary-Kiln Incinerator. The rotating, tilted horizontal combustion chamber provides a 
tumbling action for improved combustion efficiency and for positive. ash removal. Offsetting 
these advantages are the complicated mechanical drives and the need for effective seals for 
containment and combustion air control. 

Moving-Grate Incinerator. A moving or rotating grate constantly moves the waste material, 
exposing new unburned material for combustion and providing continuous ash discharge. This 
system, with its internal moving parts, presents greater maintenance problems than other types 
of incinerators. 
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Controlled-Air Incinerator. Substoichiometric quantities of air are used in the primary 
combustion chamber, resulting in a nonturbulent combustion environment and minimizing the 
entrainment of fly ash. Products of partial oxidation and volatilization flow into a secon
dary heated combustion chamber where excess air provides complete combustion. 

Controlled-air incineration, representing "state-of-the-art" industrial waste disposal 
technology, (6) has been applied in literally hundreds of circumstances ranging from disposal 
of pathological waste to comoustion of scrap rubber· and plastics. Advantages of the 
controlled-air incinerator design include: low emission of particles from the incinerator, 
operational flexibility for accepting a wide variety of wastes, ·and ease of combustion rate 
control. It appears to be the best choice among incineration alternatives for this application. 

Other concepts currently being developed under Department of Energy (DOE) sponsorship,( 2) 
such as acid digestion(lO) or the fluid-bed, the vortex, the molten-salt or the rotary-kiln 
incinerators, may demonstrate significant advantages over the controlled-air concept. However, 
a radioactive demonstration (a-radiation only) of a production-scaled, contro·l led-air system(?) 
is approximately one year ahead of a similar demonstration for the alternative systems. 

Reference Incinerator and Off-gas Treatment System. Controlled-air incineration, with a 
high-energy, aqueous off-gas treatment system followed by HEPA filtration, has been chosen as 
the reference process. Advantages of the high-energy, aqueous off-gas treatment system 
include, but are not limited to: operational flexibility for satisfactory attenuation of a 
wide range of gaseous and particle emissions from the incinerators, the highest efficiency 
particle cleanup system, and widely demonstrated technology. A disadvantage is the rather 
large volume of scrubbing solution produced. A scrub concentration step was included to 
reduce the volume. 

Alternative off-gas treatment systems include dry particle removal systems, such as 
cyclone separators, electrostatic precipitators, bag filters, filter candles, sintered metal 
filters, sand filters, and HEPA filters. Although the dry systems do not produce a secondary 
liquid waste requiring treatment, the most efficient of the dry systems are subject to plugging 
and generally cannot remove acidic components of the off-gas. In some cases hybrid systems 
consisting of both wet and dry processes are used (wet scrubbers remove the acidic gases). 

Although the chosen reference system includes concentration of the off-gas scrubbing 
solution to near saturation, other alternatives could result in greater volume reduction. For 
instance, since the sodium chloride content of the solution is the volume limiting factor, the 
solution could be evaporated to a dry salt, or nonchlorine-conta1n1ng plastics could be substi
tuted in the materials producing the waste. 
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In summary, the reference controlled-air incinerator and off-gas cleaning equipment are 
based on proven technology modified to meet radiological health and safety standards. Although 
the process is comprised of ''off-the-shelf'' components, the system performance has not been 
tested with any radioactive wastes. Therefore, the system described and the performance data 
represent current best estimates, subject to revisions based on demonstration tests. It should 

also be emphasized that an incineration process has not been demonstrated with intermediate
level wastes, so the behavior of some of the fission products such as iodine, ruthenium, and 
cesium are not certain. The estimated performance with regard to these e1ements is based on 
what is known of their chemical properties 1n similar chemical environments. 

4.4.1.2 Design Basis for the IL~ Incineratjon Facility at the FRP 

The ILW incineration facility is associated with the operation of the reference 2000-MTHM 
fuel reprocessing plant. All supporting facilities and services are provided by the.reprocess
ing plant. 

This facility receives 1430 m3 of TRU combustible trash, 320m3 of .ventilation filters, 
and 16 m3 of degraded FRP extractant per year. The 1430 m3 of TRU combustible trash includes 
that portion of the combustible trash from the main FRP that has a reading of >200 mR/hr in 
55-gal drums, all the combustible trash from the. Pu02 conversion facility, the combustible trash 
(secondary waste) produced by all the other waste treatment facilities directly associated with 
the FRP, ~nd all the ion exchange resins used in processing radioactive solutions in the main 
plant. Since the last three groups of trash are included on the basis of source rather than on 
the basis of activity levels, 10% of the total waste to this facility is expected to have 
readings of <200 mR/hr in 55-gal drums. The 320m3 represent the entire volume of ventilation 
filters produced at the FRP and associated facilities. Thus, the total volume of combustible 
waste to be incinerated is 1750 m3 per year prior to filter frame crushing and shredding. The 
sources, composition, and amounts of the waste treated by the facility are given in more detail 
in Table 4.4.1. 

Other assumptions made in the design of the ILW incineration facility include: 

• The incineration facility is designed to process the intermediate-level TRU waste in 
3000 hours of incinerator operation per year. The facility also has the capacity to 
process all the non-TRU combustible waste generated at the FRP. 

• The ILW incineration facility includes, in addition to the incinerator itself, a filter 
media punch-out and pelletizing subsystem, a feed preparation ~ubsystem with sorting and 
shredding capability, a feed assay subsystem, an off-gas treatment subsystem including 
aqueous scrubbing, and a scrub solution concentrator. 

• The scrub solution concentrator is designed to handle the scrub solution from both the 
ILW incineration facility and the LLW incineration facility, including scrub solution 
from the ILW incinerator produced by incineration of non-TRU waste. 

o The incinerator and off-gas treatment train are designed with capability to _process feeds 
consisting of 100% of any one of the major combustible general trash components (cellulosics, 
plastic, rubber). 
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TABLE 4.4.1. Combustible and Compactable TRU Waste to be Processe1 Through 
the ILW Incinerator at the Fuel Reprocessing Plant(a 

Composition, Density, Volume, 
Source wt% kg/m3 m3/yr 

Main plant Paper/rags 40 120 800 
combustible trash PVC 20 

Neoprene 11 

Polyethylene 14 
Latex 11 

Wood 4 

Main plant Wood 60 160 280 
ventilation filters Glass 40 

Main plant ion Polystyrene 50 no 10 
exchange resins Water 50 

Main plant degraded TBP ( vol %) 30 800 lb 
extractant Dodecane (vol%) 70 

PuOz conversion Paper/rags 40 120 60 
fac1lity combustible PVC 20 trash 

Neoprene 11 

Polyethylene 14 
Latex 11 
Wood 4 

PuOz conversion Metal 60 160 40 
fac1lity ventilation Glass 40 f11 ters 

Secondary waste(b) Paper/rags 40 1 ?0 5fi0 
combustible trash PVC 20 

Neoprene 11 

Polyethylene 14 
Latex 11 

Wood 4 

a. Based on primary waste characterization Table 3.3.33 and secondary 
waste characterization Table 3.5.1. 

b. Waste generate<.! uy dll Lhe wasle ti'eatment facilities associated 
with the FRP. 

• The assay subsystem provides material balance for fissile materials in the process and 
prevents cross-contamination by other classes of waste. 

• Both the incinerator ash and the concentrated scrubber solution are routed to the facilities 
for wet waste and particulate solids immobilization for further treatment, as described 
in Section 4.7. 
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~ All utilities required for an orderly process shutdown, such as cooling water, power, 
ventilation, and compressed gas for pneumatic process controls, are assured by back-up 
systems. 

• The ILW incineration facility structure is designed to withstand design-basis natural 
phenomena, including earthquakes and tornadoes, and to prevent penetration by maximum 
credible fire and/or explosion. 

• The cost calculations for ILW include incineration of non-TRU as well a~ TRU general 
trash from the FRP. 

4.4.1.3 ILW Incinerator Process at the FRP 

The primary purpose of the ILW incinerator is to receive and incinerate intermediate
level combustibl~ waste generated in the FRP. ·The volume and annual radionuclide content of 
the waste to be received by the ILW incineration facility are shown in Table 4.4.2. The 
incineration process reduces the volume of waste and converts it to a noncombustible form. 
Also the incineration process produces an ash from which transuranic elements such a.s plutonium 
could presumably be recovered if economically or otherwise desirable. (Such recovery is not 
treated in this document.) 

The selected controlled-air incinerator and off-gas cleaning equipment (based on proven 
technology modified to meet radiological health and safety standards) are comprised of "off
the-shelf" components. Since the system's performance has not been tested with radioactive 
waste, th·e system and the performance data represent current best estimates, subject to 
revisions based on demonstration tests. 

The overall in~ineration system, shown in Figure 4.4.1, is designed to accept the wide 
range of waste compositions anticipated at the FRP. The treatment process can best be described 
in terms of its subsystems: feed preparation, assay, incinerator charging, incineration, ash 
collection, off-gas treatment, scrubbing solution recycle, scrubbing solution concention and 
auxiliary utilities. 

f.~~~---~:r..~p~ration. The function of the feed preparation subsystem is to make the waste 
strea~ compatible with the incinerator. Operations performed in the feed preparation cell 
include~ waste receiving, which introduces packaged waste into the process stream; as~aying 
for determination of fissile material content and for detection of incompatible materials; 
sorting, for removal of incompatible materials; pretreatment, including filter dismantling and 
filter media pelletizing and .packaging, to alter the form of certain. materials as dictated by 
incinerator requirements; and storage of prepared waste to provide surge capacity between the 
fluctuating throughput of the feed preparation line and the nearly constant feed requirement 
of the incinerator. Figure 4.4.2 is a flow diagram of the feed preparation_ subsystem; stream 
data for the subsystem are given in Table 4.4.3. 



TABLE 4.4.2. Radionuclide Content of Wastes Treated in the ILW Incineration Facility at the Fuel Reprocessing Plant(a) 

Fi~sion Product Conte~t. Ci/lr 
Volume, 

3H 1291 90s- + 90y 95zr + 95Nb 106Ru + 106Rh 
134cs + 137cs + 

144ce + 144Pr 
All Other 

Source ~ 137Ea Fission Products 

Primart vlaste 

Main plant combustible 
2.4 X 102 trash 800 0 0 2.2 X 101 7.6 X 102 6. 0 X 102 9.6 X i02 2.0 X 102 

Main plant ventilation 
2.4 X 103 .102 filters 230 0 0 2.2 X 7.6 X 103 6.0 X 103 9.6 X i03 2.0 X 103 

Main plant ion exchange 
10-1 10-l 2. 2 X 102 7.6 X 103 101 101 101 resins 10 0 1.4x 2.4 X 6.0 X 9.6 X 2.0 X 

Main plant degraded 
10-3 101 2.2 X 101 extractant 16 0 7.0 X 2.4 X 7.6 X 102 6.0 X 101 9.6 X 101 2.0 X 101 

PuO~ conversio~ facility 
com·ustible tr3sh iiO 0 0 0 0 0 0 0 0 

Pu02 conversion facility '-
ventilation filters ~0 0 0 0 0 0 0 0 0 

Secondart Waste 
101 Combustible trash 560 5.9 X 1C1 7.0 X 10-4 4.8 X 101 4.4 X 100 1. 5 X 102 1. 2 X 102 1. 9 X 102 4.0 X 

TOTAL P66 5.9 X lC-l 1.4x 10-1 2.7 X 103 4.9 X 102 1. 7 X 104 6.8 X 103 1.1 X 104 2.3 X 103 

Actinide Content, Ci/tr Activation ~roducts, Cih:r 

239Pu 241Pu 
Other 

242cm + 244cm 
All Other 

55Fe 60co 95zr + 9~b Primart Waste Plutonium Actinides Other 

Main plant com~ustible 
7.2 X 10-l 3. 5 X 102 101 101 trash 1. 2 X 3.4 X 2.0 0 0 0 0 

Main plant ventilation 
3.5 X 103 102 10 2 2.0 X 101 filters 7.2 1.2x 3.4 X 0 0 0 0 

Main plant ion exchange 
3.5xlo3 102 10-l(b) resins 7.2 1. 2 X 3.4 2.1 X 0 0 0 0 

Main plant deg~aded 
3.5 X 104 103 101 extractant 7.2 1.2 X 3.4 X 2.0 0 0 0 0 

Pu02 conversion facility 
combustible trash 3.6 X 102 1.8 X 105 6.2 X 103 0 0 0 0 
Pu02 conversion facility 

103 lOS 104 ventilation filters 1. t; j( 7.0 X 2. 5 X 0 0 i) 0 

Secondar:l Waste 
Combustible trash s x 1 o-3 2.5 X 10° 3.4 X 10-2 6 .. 8 X 10° 3.6 X 10-1 8.2 8. 2 3.4 X 10-] §:.Q 

TOTAL 1.8 :< 103 9.2 X 105 3.3 X 104 4.2 X 102 2.5 X 101 8.2 8. 2 3.4 X 10-l 8.0 

a. Based on waste characterization Table 3.3.33 and second3ry waste Table 3.5.1, assuming uranium and plutonium recycle, 2000 MTHM/yr reprocessed 
1. 5 years out of reactor · 

b. Includes 1.1 x 10-1 Ci/yr· of uranium. 
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FIGURE 4.4.1. Process Flow.Diagram for the Fuel Reprocessing 
Plant ILW Incineration Facility 
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FIGURE 4.4.2. Feed Preparation Subsystem Flow Diagram for Fuel Reprocessing Plant ILW 
Incineration Facility (Circled numbers refer to the stream numbers given 
in Table 4.4.3.) · 
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TABLE L.4.3. Feed ?reparation Stream Flow Data for the Fuel Reprocessing Plant ILW Incineration Facility 

Radioactiivit:t Fraction{a). 
Stream 

Rate :b) 3H 1291 
Zr, Nb All Other All Other Activation 

Number Description Ru, Rh Fission Produc:~ u Pu Actinides Products -- --
l (c) Packaged 'waste: 

General trash l70,GOO kg/yr 1.0 0.005 0.054 0.11 0.05 0.19 0.10 1.0 
Ion exchange resins 7,00C kg/yr c 0.95 0.45 0.01 0.45 0.004 0.008 0 

2(c) Ventilation filters 5l,OCO tg/yr 0 0 0.45 0.87 0.45 0.77 0.81 0 
3 Pelletized filter media 20,000 l::g/yr 0 0 0.45 0.87 0.45 0. 77 0.81 0 

' 4 Filter frames 31,000 t.g/yr 0 0 0.009 0.018 0.009 0.015 0.016 0 
5 Filter frame wood 27,000 l::g/yr a 0 0.009 0.018 0.009 8xlo-5 0.016 0 
6 Filter frame metal 4,000 kg/yr 0 0 0 0 0 ci 0 0 
7 Other classes of mate-

rials (included for 
completeness) 0 a 0 0 0 0 0 0 0 

8 Com~atible waste (75% 
of oeneral trash end 
ion-exchange resirsi 135,000 kg/yr 0.75 0.95 0.45 0 .. 088 0.45 0.12 0.08 0.75 """ 

""" 9 Waste requiring scrting 
(25% of general tra5h) 38,000 kg/yr 0.25 0.001 0.014 0 .. 026 0.014 0.05 0.024 0.25 C> 

10 Noncombustibles fer 
packaging with failed 
equi·pment (included for 
completeness) 0 0 0 0 0 0 0 0 0 

ll Sorted combustible 
waste not requiring 
feed shredding 20,00:1 ~g/yr 0 0 0.006 0.012 0.006 0.023 0.01 0 

( 

12 Combustible waste 
requriring feed shred-
dingJ 49,00J kg/yr 0 0 0.016 0.032 0.016 0.023 0.03 0 

13 New boxes for repack-
agi~ waste 5,100 bcxes/yr 0 0 0 0 0 0 0 0 

14 Waste to storage 204,0)0 kg/yr 1.0 0.95 0.45 0.13 0.45 0.20 0.12 1.0 
15 Solid waste to 

incinerator 6e kg/hr 1.0 0.95 0.45 0.13 0.45 0.20 0.12 1.0 
( 204 ,OOG kg/yr) 

a. Fraction· :>f the total nuclide (Table 4.4.2) in the indicated stream 
b. Incinerabr is actually onTy operated 3000 hr/yr 
c. The sum of streams l, 2, and 17 (Table 4.4.4) comprises the input to the facility. 
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Incoming trash arrives seal~d in plastic bags contained in sealed 30 x 30 x 61 em 
(1 x 1 x 2 ft) cardboardboxes, which are then transported by pallet truck in shielded 30-gal 
drums to the process location. Boxes are loaded individually into the cell. Waste packages 
are placed on the synchronous conveyor for transport through an air lock past a flash x-ray 
system that is modified to compensate for the presence of gamma radiation. (ll •12 ) An x-ray 
screen (similar to airport security systems) displays any high-density materials that are not 
compatible with the incineration process. 

Followi~g x-ray scanning, packages c6ntaining compatible materials only (about 75% of 
the boxes) are placed on a conveyor for transport to the storage area. Other packages enter 
the sorting area where noncombustibles and high-density combustibles are removed. Noncom
bustibles are repackaged for removal from the cell; high-density combustible materials are 
shredded. A weir arrangement separates the sorting from the shredding area to prevent the 
entry of noncombustible material into the incinerator. A small home-type compactor, develop
ing a ram force of 3000 lbs, is used to compress shredded ·combustibles for more efficient 
storage. 

Since many filters, especially the widely used 61 x 61 x 30 em (2 x 2 x 1 ft) HEPAs, 
are not easily processed, a s)ecial filter media punch-out system is under development at 
the.DOE Rocky Flats Plant. (l 3 This system consists of a hydraulically operated punch, rams, 
and an extruding die which compresses the punched-out filter media. The main hydraulic 
cylinder and punch-out platen, delivering 9,000 to 14,000 kg (20,000 to 30,000 lbs) of force, 
is used to separate the filter from the frame and extrude the media through a pelletizing die .. 
Once the filter media are removed, the frames are flattened by a frame crushing press. Result
ing wood is then shredded for incineration, and crushed metal frames are packaged for disposal. 
Pelletized media (in plastic bags) are packaged in 55-gal drums with 90-mil polyethylene 
liners(l 4) along with the crushed metal filter frames. 

Because of the high contamination levels that may be present on filters and the conse
quently high amounts of contaminated dust that may be generated during the media punch-out 
operations, the filter punch-out and frame-crushing presses are operated in a separate cell 
connected to the feed preparation cell. Negative air pressure is maintained with respect to 
the process area. The exhaust (roughly 2.8 m3/min or 100 ft3/min) is passed through a sepa
rate HEPA filter before being combined with the rest of the feed preparation system ventila
tion air. 

The combustible waste from the sorting and shredding operations is repackaged and, trans
ported to the storage area. The storage area provides materials holdup adequate for 
approximately 16 hours of incinerator operation and is connected to the feed introduction 
s.ubsys tern. 

Assay. The assay subsystem provides a material balance for fissile materials in the 
incineration process and prevents cross-contamination of the process by other classes of 

materials (scrap, low-gamma). Although the physi·cal components of the subsystem are widely 
separated, the data collection, processing, and display are centralized at a mini-computer. 
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Incoming packages are assayed in the assay and load-out cell on a translating-rotating 
table. (l 5) Ash is assayed in the collection hopper before packaging. Scrubbing solution 

is analyzed before transfer to the liquid treatment area. 

These assay systems are not currently available for fission-product contaminated waste. 
The pa~kage assay system, adequate for weapons-grade plutonium, must be suitably modified. 
However, an assay system suitable for fission-product contaminated waste appears feasible and 
would probably be based on neutron counting rather than on gamma counting. Assay of the ash 
within the hopper and of the scrub solution stream requires development. As an alternative, 
the ash and scrub solution could be sampled and chemically analyzed. 

Incinerator Charging. An incinerator charging subsystem transports waste from the 
holdup location in the feed preparation cell to the incinerator. Ram feeding has proved the 
most consistently reliable way to load incinerators. A ram feeder, structurally similar to a 
horizontal piston, forces waste packages past the guillotine doorway into the lower incinera
tor chamber. The modified, commercially-available ram feeder is chain driven with all moving 
components accessible. Combing teeth, located at the bottom of the ram, are used to counteract 
jamming, but should the ram overload, an automatic sensor reverses its direction and recycles 
it to clear the jam. The ram face is protected by a flame sensor and fire control system in 
case flaming material adheres to the ram face and is withdrawn from the lower incinerator 
chamber. 

A variety of methods are available for loading waste packages from the storage area into 
the ram feeder. One method allows use of a simple slide for loading by locating the ram 
feeder on a lower level than the feed storage area. The method chosen here for the ILW incin
erator makes use of a power manipulator to load the ram feeder directly. The pressure in the 
ram loading chamber is equalized with the incinerator, and, on demand, the packages are loaded 
into the lower incinerator chamber. 

Incineration and Ash Collection. The incineration and ash collection flow diagram and 
stream data are shown in Figure 4.4.3 and Table 4.4.4, respectively. The controlled-air 
incinerator is a conventional dual-chamber design equipped with propane burners for supple
mental heating. The incinerator design permits control of the quantity and location of 
combustion air supplied to the unit. By regulating the amount of air admitted to the primary 
chamber to near stoichiometric quantities, air velocity through the burning waste and ash is 
held low enough to avoid excessive particle entrainment. Partial combustion products from the 
primary chamber are oxidi~ed at a higher temperature, under excess air conditions, in the 
secondary chamber. 

The degraded extractant is fed (by atomization) to the high-temperature excess-oxygen 
secondary chamber. Under these conditions, it is completely burned. There is a disadvantage 
to this routing since essentially all of the extractant activity fed in this manner can be 
expected to end up in the off-gas. This inr.reases the.off-gas activity considerably. Since u 
decontamination factor (OF) of 250 is expected for nonvolatile elements across the primary 
chamber, an alternative may be to feed the small quantities of degraded extractant directly 
onto the solid waste being burned in the primary chamber and thus realize this additional OF: 
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ILW Incineration Facility (Circled numbers refer to stream 

.numbers in Table 4.4.4.) 

However, if this is done, problems with complete combustion and ash removal might occur. Another 
advantage for ~egraded extractant feeding to the primary chamber, which does not have excess 
oxygen, is that a ruthenium volatilization factor ·of 10-3 or less is likely, whereas in the 
higher temperature, excess-oxygen secondary chamber, 10% volatilization of ruthenium is likely. 
However, in either case volatile ruthenium species are expected to revert back to particulate 
material upon cooling of the off-gas stream(l 6) and, thus, be efficiently removed in the 
off-gas filtration system. 

The ash collection subsystem removes the combustion residue (ashes) from the incinerator 
and packages them for transport to the immobilization process. The ash are vacuumed manually 
rru111 Lhe lower 1nc1nerator chamber using manipulators and an extendable vacumn cleaner hose. 
They clr'l:! transported by vacuum to the ash packaging cell where they are separated from the 
vacuum air stream by a high-efficiency cyclone and sintered-metal filters. The removed ash 
falls into a collection hopper. The vacuum is supplied by an induced-draft, positive-displacement 
blower. Upstream HEPA filters protect the blower from con~amination. Air is discharged through 
the cell HEPA filtration system. The ash is.assayed in the hopper and metered into shielded 
55-gal drums for transport to the dispersible solids immobilization area. 

Off-Gas Treatment. The high-energy aqueous off-gas conditioning system cleans the incin-
erator combustion gases. The process involves cooling the gases, removing 
mineral acids, and lowering the dew point of the gas for final filtration. 

diagrams the off-gas treatment process; Table 4.4.5 gives the stream data. 

particles, removing 
Figure 4.4.4 



TABLE ~~.4.4. Inci,neration and Ash Collect··on Stream Flow Data for the Fuel Reprocessing Plant ILW Incinerator Facility 

Radioactivity Fraction(a) 
.Stream 
Number Description 

15 Solid waste to 
incinerator 

17(c) Degraded extractant 
to storage 

18 Degraded extractant 
to incinerator 

19 Primary cha~ber 

20 

21 

22 

22a 
22b 
22c 
23 

24 

25 

-propane supply 
Primary chamber air 
supply 

Priinary chamber 
off-gas 

Ash removal system 
(not operative during 
processing): 

-Ash 
Transport air 

Filtered air 
Secondary chamber 
propane supply 
Secondary chamber 
air supply 
Incinerator off-gas 

Rate(b) 

204,000 kg/yr 

13,000 kg/yr 

0.07 kg/min 

0 - 1 m3/min 

1.0 0. 95 

0 0.047 

0 0.047 

0 (I 

4.5 - 15 m3/min (STP) 0 (I 

5.7 - 15 m3/min (STP) 1.0 0.95 

Zr, Nb, Ru, Rh 

0.45 

0.045 

0.045 

0 

0 

0.002 
4.5 X 10-4(d) 

15,000 kg/yr 

8. 5· m3 /min 
8.5 m3;min 2 X. lc- 15 4.5 X lo- 13 . 

0 - 1 m3;min 0 0 0 

1.4 - 15 m3/mir (STP) 0 0 

1 D - 32 m3 /min ( STP) 1 . 0 . 995 
0 

0.045 (d) 
0.0045 

a. Fraction of.the total nuclide (Table 4.4.~-, in the indiC3ted ~tream 

All Other 
Fission Products U 

0.13- 0.45 

0.01 0.045 

0.01 0.045 

0 0 

0 0 

0.002 

0.13 0.4: 

Pu 

0.2 

0.04 

0.04 

0 

0 

All Other 
Actinides 

0.12 

0.08 

0.08 

0 

0 

7.7 X 10- 4 5 X 10- 4 

0.22 0.18 

Activation 
Products 

1.0 

0 

0 

0 

0 

1.0 

1.3 X 10-l3 4.5 X. 10-lJ 2.2 X 10-l 3 1.8 X 10-l 3 1 X 10-l 2 

0 

0 

0.01 

0 

0 

0.045 

0 

0 

0.04 

0 

0 

0.08 

0 

0 

0.004 

b. Rates in units of minutes are instantaneOL$ rates based· Jn 3000 hours of incinerator operation per year 
c. The sum of streams 1 and 2 (Table 4.4.3) 2nd 17 comprise; the input to the facility 
d. Volatile Ru species only. See rest of li~:ing for parti:ullate Ru. 
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The quench column cools combustion gases from 1400°C (2500°F) to 77°C by direct evaporation 
of recycled scrubbing solution. Approximately eight times the amount of scrub solution required 
for evaporative cooling is injected into the contacting section, which consists of a 25 'em 
(10-in.) ID pipe with a weir, three spray lances, and an exit nozzle. The weir keeps the 
refractory wall fully wetted; spray lances, located below the weir, atomize scrub solution for 
better gas-liquid contact. A separator de-entrains the quench liquid. 

The variable-throat venturi scrubber, located between the quen.ch co·lumn and packed col
umn, removes up to 99 wt% of the off-gas particulate distribution shown in Table 4.4.6. 

The packed co 1 umn scrubber reduces the ·gas -phase hydrogen ch 1 ori de by counter-current 
. contact with condens~te and/or fresh water. The condenser serves to lower the. off-gas temp

erature from 65°C to 50°C. Because the stream is water-saturated before reaching the condenser,. 
approximately 20 £/min (5 gal/min) of condensate must be removed. The off-gas then passes 
through a mist eliminator to the reheater which superheats the off-gas to approximately l0°C 
above the saturatidn temperature to assure that any entrained liquid is vaporized and that con
densation and attendant corrosion does not occur downstream in the HEPA filters or off-gas blowers. 
Two stage HEPA filtration, preceded by one roughing filter, is provided for final particle removal. 
The gas is then routed to the. FRP atmospheric'protection system (see Section 4.11) for final filtration 

and discharge via the FRP stack. 
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TABLE 4.4.5. Off-gas Treatment Stream Flow Data for the Fuel Reprocessing Plant 
ILW Incineration Facility 

Stream 
Number Description 
----z5 Incinerator off-gas (11oo•c) 

26 

27 

28 

29 

.. 30 

31 
32 

33 

3~ 

35 

36 

37 

Quenched off-gas (77'C) 

Venturi scrubbed off-gas 
(particles removed) 
Packed column off-gas 
(mineral acids removed)(65'C) 

Condenser off-gas (50'C) 
(most of water removed) 

Superheated off-gas (60'C) 

Filtered off-gas 
Cleaned off-gas to plant 
atmospheric protection 
sys tern (APS) 

Excess quench liquid return 

Venturi scrubber and packed 
column liquid return 

Neutralized scrub solution 
return after particle 
removal 
Scrub 'olution coolvr, wat9r 
Gupply (2~'C) 

Scrub solution cooler water 
r~turn (J2'C) 

38 Cooled scrub solution to 
. hold tank (32'C) 

39 Scrub solution tank outlet 

Rate(b) _}[__ ~ 
10 - 32 m3tmin (STP) 1.0 0.995 

21 - 60 m3min (STP) 0.57 0.52 

21 - 60 m3tmin (STP) 0.57 0.52 

21 - 60 m3tmin (STP) 0.43 0.52 

11 - 32 m3tmin (STP) 0.21 0.52 

11 - 32 m3tmin (STP) 0.21 0.52 

0.21 0.52 

11 - 32 m3tmin (STP) 0.21 0.52 
(4 x 106 m3/yr) 

90 - 106 t/min 

87 - 132 t/min 

174 - 238 t/mi n 

7Q5 0./mi n 

795 OJmin 

174 - 238 t/min 

172 - 223 t/mi n 

0.43 0.24 

0.36 0.24 

0.71 0.47 

0 

0 

0.71 0.47 

0. 71 0.47 

40 Recycled scrub solution to 
quench column wier (filtered 
to remove additional particles) 68 t/min 

41 

42 

43 

44 

45 

46 

47 

Recycled scrub solution to 
quench colUmn and venturi 
·scrubber 

Scrub solution blowdown 
to concentrator collec-
tion tank (32'C) 

Venturi solution 

Caustic solution (20% NaOH) 
addition 

Solid caustic and water 

CondenSate return 

Scrubbing solu'tion makeup 
wf.t9r 

48 Condensate recycle to packed 
column 

49 Condenser coo 1 i ng water 
supply (tc) 

50 ·condenser cooling water 
return (tc + 20'C) 

102 - 148 t/min 

5.7 t/niin 
(1.0 x 106 ttyr) 0. 71 0.47 

57 - 102 t/min 

0 - 3.8 t/min 0 

0 0 

11 - 23 t/min 0.21 

7.R- JO Umin 0 

30 t/mi n U.ll 

570 t/min 0 

570 t/min 

Zr, Nb 
~ 

Radioactivity Fraction(•) 
All Other 

Fission Products __ u __ Pu 

~:~~~(c) 
0.045 

g X 10-4 

9 x 1 o-4 

9 X 10-4 

0.01 

0.01 

1.8 X 10-4 

1.8 X 10-4 

1.8 X 10-4 

9 X 10-4 1.8 X 10-4 

9 X 10-11 1.8 X 10-11 

9 X 10-11 1.8 X 10-11 

0.045 

0.011 

0.011 

0.011 

0.011 

0 

0 

0 

0 

0.01 

0.002 

0 

0 

0.002 

0.002 

0.002 

0 

u 

0 

0.045 

0.045 

9 X 10-4 

9 X 10-4 

9 X 10-4 

0.04 

0.04 

7. 7 X 10-4 

7. 7 X .10-4 

7. 7 X 10-4 

9 X 10-4 7.] X 10-4 

9 X 10-ll 7.7 X 10- 11 

9 x 10-11 7.7·x 10- 11 

0.045 

0.011 

0.011 

0.011 

0.011 

0 

0 

0 

0.04 

0.01 

0 

0.01 

0.01 

0.01 

0 

0 

0 

a. Fraction of the total nuclide (Table 4.4.2) in the indicated stream 
b. Rates in units of minutes are instantaneous rates based on 3000 hours of incinerator operation per year 
c. Volatile Ru species only. See rest of listing for particulate Ru. · 

All Other 
Actinides 

0.08 

0.08 

1.6xlo-3 

1.6xl0-J 

1.6xl0-3 

Activation 
Products 

0.004 

0.004 

8 X 10- 5 

8 x 1 o- 5 

8 X 10-5 

1.6 X 10- 3 8 X 10- 5 

1.6 X 10-lO 8 X 10-12 

1.6 X 10-10 8 X 10-12 

0.08 

0.02 

0 

0.02 

0.02 

0.02 

0 

0 

0 

0 

0 

0.004 

0.001 

0. 

0.001 

0.001 

0.001 

0 

0 

0 
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TABLE 4.4.6. A Typical Off-gas Particulate 
Size Distribution Which is 
99% Removable by the Venturi 
Scrubber 

Particle Diameter, ~m wt% 
Greater than.lO 10 
5-10 20 
2-5 40 
1-2 20 
0.5-1 10 

Note: Specific gravity- 1.5; 
particle loading- 0.23 gjm3 

Scrubbing Solution Recycle. Scrubbing solution used in the off-gas cleaning subsystem 
is recycled to minimize liquid effluents. Recycled solution is filtered, cooled, and neu
tralized as shown in Figure 4.4.4. Table 4.4.5 includes data for the recycle operation. 

Solution from the quench and packed columns is pumped through full-flow filters to 
remove suspended· particles. The fluorocarbon-coated housings use polypropylene cartridge
type filters and are located.·in the feed p~eparation cell to facilitate filter changes. The 
spent cartridges are bagged and incinerated. 

The filtered solution is cooled to 32°C (90°F) in a shell-and-tube heat exchanger 
equipped with graphite tubes. The operating pressure of the tube side is maintained below 
that of the coolant side to minimize the chance of coolant contamination~ 

Scrub solution is collected in a 3800-~ (1000-gal) receiver tank. To control acidity, 

\ 

20% caustic solution is added to the solution; the addition rate is controlled by a pH sensor on 
·the outlet of the tank. The caustic solution is held .in a 1300-~ (350-gal) stainless steel 
tank. To control the salt content of the recycled solution, a 5.7-~/min (1.5· gal/min) blowdown 
stream is drawn off. The recycled scrubbing solution is pumped from the tank to the venturi 
and the quench column. 

Condensate from the condenser/mist eliminator module drains into a 1100-~ (300-gal ), 
stainless steel condensate receiver tank. The level in this tank is maintained by the addi
tion of fresh water. This solution, which is low in acid content, is pumped to the top of 
the packed column scrubber. 

Scrubbing Solution Concentration. To reduce waste volume, the scrub solution must be 
concentrated prior to immobilization. A flow diagram of the concentration process is shown 
in Figure ·4.4.5; stream data is given in Table 4.4.7. The concentrator is designed to have 
sufficient capacity for concentration of the scrub solution from incineration of both the 
TRU-ILW and TRU-LLW from the FRP (Section 4.4.2), as well as the solution generated by incineration 

I 

of non-TRU waste at the FRP. Although these three scr~b soluti6ns are expected to be combined, 
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FIGURE 4.4.5. Scrub Solution Concentration Flow Diagram for the 
F.ue.l Reprocessing Plant ILW Incineration Facility 
(Circled numbers refer to stream numbers given in 
Table 4.4.7.) 

TABLE 4.4.7. Scrub Solution ~lowdow~ Concentration Stream Flow Data for the :Fuel 
Reprocessing Plant ILW'Incineration Facility 

Radioactivity Fraction(a) 

R~te(b) _l 1291 
Zr, Nb, All Other All Other 

Dc~cri~tion Ru, Rh F iss i o_n Product_~ _P_u_ Actinides 
Scrub solution blowdown 5. 7 ~/min o. 71 0.47 0.011 0.002 0.01 0.02 
(32°C) (1.0 106 ~/yr) 
Concentt·ator feed 5. 7 2/mi n 0. 71 0.47 0.011 0.002 0.01 0.02 
Water Vijpor (to plant 5~9 m3/min ~ST.P) 0.57 0.43 1.1 X 10-7 2.2 X lQ-B I X lU-? 8 X 10-R 
APS) ( 1 . 1 x 1 p m3 I yr 

8.5 X 10·' ~y/yr) 

Concentrator bottoms 0.9 t/min .0.14 0.05 0.011 0.00?. . 0.01 0.02 
(-vl00°C) 
Cooled concentrator 0.9 t/min 0.14 0.05 0.011 0.002 0.01 0.02 
bottoms ( 38°C) 
Concentrated liquids to 0.9 ~/min 0.14 0.05 0.011 0.002 0.01 0.02 
'immobi 1 ilat1on system (l.S., 10S 1./yrl 
Steam 6 kg/min 

· ( 1. 1 x 1 on kg/ yr) 
0 0 0 0 0 0 

Condensate return 6 kg/min 0 0 0 0 0 0 
Cnnling water (tc) 3. 4 ~/min 0 0 0 0 0 0 
Coo 1 i ng water retu.rn 3.4 ~/min 0 0 0 0 0 0 

{ tc I I ~"C) 

a. Fraction of the total nuclide (Table 4.4.2) in the indicated stream 
b. Rates~n units of minutes are instantaneous rates based on 3000 hours of incinerator operation per year. 

Activation 
Products 

0.001 

0.001 

1 X 10-8 

X 10-3 

x 1 o-3 

X 10-J 

0 

0 
0 
0 

Figure 4.4.5 and Tabie 4.4.7 des~ribe only the portion of the overall concentr~tion flowsheet 
attributable to the scrub solution from incineration of transuranic ILW. This flowsheet is 
based (as is the rest of S~ction 4.4.1.3) on 3000 hours of operat1on per year. 
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The concentrate cooler for the concentrator bottoms cools the solution to 38°C, which 
is acceptable for solidification by the cementation process (Section 4.7). The water vapor 
from the concentrator is sent to the FRP atmospheric protection system (Section 4.11) where 
a DF of 104 for particulates is obtained. 

Auxiliary Utilities. To allow an orderly process shutdown under abnormal conditions or 
during a utility failure, three back-up systems are required: electrical supply, cooling 
water supply, and a compressed nitrogen supply. 

Two types of electrical back-up are needed: a floating battery.and an auxiliary power 
generator. The floating battery back-up (5 kVA) is on-line at all times during operation to 
eliminate the momentary power interruption which would. occur should switching from normal 
utility power supply to the auxiliary generator (300 kVA) be required. The momentary inter
ruption must be avoided as it would cause process control relays to disengage. The auxiliary 
generator supplies power required by high-consumption process equipment such as pumps, blowers, 
heaters, and motors for normal process shutdown. 

The incinerator exhaust is cooled by direct evaporation of scrubbing solution. Loss of 
this quench liquid would present an immediate threat to the integrity of the off-gas cle~ning 
components. A two-hour supply of pressurized water (1700 1) is maintained for release to the 
quench column should the scrubbing solution recirculation pump fail. 

A compressed nitrogen supply (2 cylinders) is kept on hand to supplement the normal 
instrument air supply should it be interrupted. This supply is required for the pneumatic 
process controls.· 

Many of these utility requirements are met by systems already required to support opera
tions at·the fuel reprocessing plant. Therefore, the back-up requirements of the incinerition 
process represents a small increase in the size of the primary plant back-up system rather 
than a separate new system. 

ILW Incineration Facility Products. The product of treating the ventilation filters 
shown in Table 4.4.1 in the ILW incineration facility is described in Table 4.4.8. The 
pelletized filter media and filter frame metal, packaged in 55-gal drums, are sent either 
to the interim storage facility or to a waste repository. Ash and concentrated scrubbing 
solution are also produced and sent to the immobilization facility for wet wastes and parti
culate solids for further treatment; these products are described as secondary wastes in 

Section 4.4.1.6. 

4.4. 1.4 Description of the ILW Incineration Facility at the FRP 

Figure 4.4.6 shows the position of this facility in relation to the rest of the ·FRP and 
associated facilities. As indicated in this figure, the ILW incineration facility is located 
in a general trash and combustible waste treatment area attached to the FRP main process 
building. This area is also directly attached to the wet waste and particulate solids immo
bilization area (number 31 in Figure 4.4.6). This allows for direct transfer of solid com
pactable or combustible waste from the main FRP facility to the incineration facility, and 



4.4.20 

TABLE 4.4.8. Packaged Waste Leaving ILW 

Volume(b) 

Density 
Volume Treated(b) 
Volume Untreated 
55-gal drums/yr 
Surface dose rate 

Radioactivity as ( ) 
fraction of input: c 

Zr, Nb, Ru, Rh 
Other fission products 
Pu 
Other TRU 

Incineration Facility(a) 

80 m3 /yr 
300 kg/m3 

0.25 

400 
<10 R/hr 

0.45 
0.89 
0.0038 
0. 81 

a. Packaged waste comprised of pelletized filter 
media and frame metal. Other wastes are 
secondary wastes requirinl] furthPr trPiltmP.nt 
(Table 4.4. 12) 

b. Treated volume based on container volume 
c. Fraction of total input activity to the 

facility (Table 4.4.2). 

for the transfer of ash and scrub solution concentrate from the incineration facility to the 
immobilization facility. Although the flowsheets and discussion in Section 4.4.1.3 indicate 
transfer of the ash from the incinerator to the immobilization facility in shielded 55-gal 
drums, pneumatic transfer of the ash directly to the immobilization facility as it is vacuumed 
from the incinerator might be preferable. 

The reference ILW controlled-air incineration process is housed in a 30 x 22m (96 x 71 ft) 
concrete walled area as seen in the f'loor plan and layout shown 1n F'1gure 4.4.7. The IJI·ocess 

area consists of a series of remote cells separated from each other by ventilation barriers. 
To control the spread of contamination, each subsystem is housed in a separate cell. The 
floors of the cells are lined with stainless steel pans which collect contaminated liquid 
from the process or decontamination washdowns and drain to a sump. Waste comes into the 
cells through the· feed inspection cell and ex{ts as ash from the ash packaging cell and as 
concentrated liquid scrub solution via a line to the immobilization facility. An exit for 
removing drummed noncombustibles is provided at the assay and noncombustible loadout cell. 
The operating area provides space for the process instrumentatio~ and control system. 

The ILW incineration facility is constructed Of re1nforced concrete to withstand design· 
basis natural phenomena, including earthquakes and tornadoes, and to prevent penetration by a 
maximum credible fire and/or explosion. The facility is designed to meet Category I struc
tural requirements. (l 7) 

Cells. The incineration cell is equipped with master-slave manipulators for maint~nance 
of the ram feeder drive mechanism. A bridge-mounted po~er manipulator is provided for transfer 
of waste from the storage cell into the incinerator ram feeder. The upper and lower incinera
tor chambers can be removed through the top of the cell when required. The cell can be wash~d 

·down to aid in decontamination prior to personnel entry. 
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FIGURE 4.4.7. Fuel Reprocessing Plant ILW Incineration Facility, 

General Plan and Section A-A 

The ash removal cell is equipped with manipulators to provide access to the inside.of 
the two incinerator chambers through the ash ·removal doors. Ash is pneumatically removed 
from the I ower chamber using man1 pula tors and an extendab1 e hose met: han i srn.- Tr·dnr~ nurll.OIH
bustibles can also be removed with the manipulators. 

The ash packaging cell has a manipulator and a jib crane to operate and maintain the ash 
removal and packaging equipment. Shielding, remote operation, and maintenance capabilities 
are required because of the high concentration of radioisotopes in the ash. ~ 

The feed inspection, feed preparation, and storage cells have manipulators and overhead 

cranes and/or synchronous conveyers to perform the required-operations, to move or replace 
equipment, and to transport packaged noncombustibles to the cell load-out facility. 
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X-ray Scanner. The x-.ray system used to detect high-density materials in the inc9mi.ng 
waste is similar to that used in airport security systems. (ll,l 2) This equipment must be 
modified over that currently available to compensate for the gamma radiation emitted by the 
waste .. 

Filter Compactor. A filter media compactor is under development at the DOE Rocky Flats 
Plant. (l 3) This system, shown in Figure 4.4.8, consists of hydraulically operated punch-out 
and pelletizing rams that separate the filter media from the frame and extrude the media 
through a pelletizing die. These rams develop up to about 14,000 kg (30,000 lb) of force. 
The frames are then crushed by a simple press, also shown in Figure 4.4.8. · ~1ino_r modifications 
of this equipment would probably be made to improve the efficiency of remote operation. 

MEDIA PUNCH-OUT 
PRESS 

FIGURE 4.4.8. Filter Media Compactor 

.-r"·""''- CRUSHING 
PRESS 
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Feed Shredder. A conventional, low-speed shredder is capable of handling small pieces of 
wood and heavy paper or cardboard, such as stacks of computer cards. 

Ram Feeder. A commercially available ram feeder is modified in such ways as necessary 
to increase the ease.of remote maintenance. 

Incinerator. The controlled-air incinerator, shown in Figure 4.4.9, is of a conven
.tional, dual-chamber design, and is equipped with propane burners for supplemental heating. 
The incinerator .design permits control of the quantity and location of combustion air supplied 
to the unit. 

WASTE 
FEEU -+· 

FIGURE 4.4.9. Controlled-Air Incinerator 

' 

ASH 
... DISPOSAL 

The incinerator chamber shells and other primary structural components are of carbon 
steel. The two combustion chambers and the exhaust duct 1mmed1ately downstream of the uppe1· 
chamber are lined with 13 em (5 in.) of high-density plastic refractory, 5.1 em (2 in.) of 
mineral wool block, and 0.6 em (1/4 in.) of mastic stack coating .. The 1650('C (3000°F) tolel·
ance plastic refractory is, used because it is more easi1y repaired af"!d more resiStai'lt to 
thermal shock than the more common castable type. I he mast1c prov1des d·lffu~ iun , .. wotection 
for the carbon steel shells, preventing corrosive attack by combustion product acid vapors 
such as hydrogen chloride and so3. 

Incinerator modifications to ensure cont~in~ent of radioactive materials and to facili
tate maintenance of mechanical process equipment include 1) relocation of the combustion-gas 
supply equipment and·controls to a glove box enclosure outside of the incinerator cell, 2) full 

. . (ll) 
enclosure of the ram feeding mechanism, and 3) secondary seals for all flanges. 
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·, Off-gas Treatment Subsystem. ·The overall gas-treatment system equipment layout is shown 
in Figure 4.4.10. The system comprises, in order of direction of gas flow, a quench column 
for gas cooling, a venturi scrubber for particle removal, a packed column for acidic gas 
removal, a condenser for further gas cooling and consequent water removal, a reheater to 
prevent condensation in the filter system, and roughing and HEPA filters for final particle 
removal. 

FROM 
INCINERATOR 

OFF -GAS CONDENSER 

TO 
EXHAUSTER 

PROCESS HEPA FILTER PLENUM 

·FIGURE 4.4. 10. Off-gas Treatment Subsystem 

Q;uench Colwrrn. The quench column, which cools the gas· from 1400°C (2500°F) to 77°C, is 
shown in Figure 4.4.11. The quench column contacting section consists of a refractory-lined 
plastic pipe 25 em (10 in.) in diameter (inside) and reinforced with fiber glass, with a 
weir, three spray lances, and an exit nozzle. The weir keeps the refractory wall fully 
wetted. Spray lances, located below the weir, atomize scrub solution for better gas-liquid 
contact. The weir, spray lances, and nozzles are fabricated from Hastelloy C-276 for cor-
rosion resistance. A separator for liquid deentrainment is located below the contacting section. 

Venturi Scrubber. The variable-throat venturi scrubber, located between the quench 
column and packed column, has a converging cone 33 em (13-in.) long and a diverging cone 130 
em (50 in.) long. The throat is a Teflon-lined clamp valve 13 em (5 in.) in diameter, which 
allows the pressure drop to vary between 0.025 and 0.20 atmospheres (10- and 80-in. H20). 

Packed Colwrrn Scrubber. The packed column scrubber, illustrated in Figure 4~4.12, 
reduces the gas-phase hydrogen chloride concentration by counter-current contact with con
densate and/or fresh water. Polypropylene supports in the scrubber hold a bed of polypro
pylene packing 280 em (110 in.) deep. Condensate and fresh water are introduced at the top 
of the column through a polypropylene distributor. 
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FIGURE 4.4.11 .. QUench Column 
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.FIGURE 4.4. 12. Packed Column Scrubber 
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Condenser and Mist Eliminator. The condenser and mist eliminator are commercial models 
placed within special enclosures designed to allow maintenance access and to withstand the 
0.2 atmosphere (3 psi) vacuum used in this process. The condenser core contains two coils,· 
consisting of -several rows of finned tubes, which are coated with a baked phenolic to prevent 
chloride corrosion. The mist eliminator located downstream from the condenser has a fiber 
glass frame and plastic elements. 

Reheater. A reheater is provided to vaporize any entrained liquid that passe~ through 
the demister and insure that no liquid reaches the filters. The 18-element reheater unit, 
with an 18 kW capacity, is housed above the centerlines of the condenser/mist eliminator 
module and the HEPA filter module to' prevent radiant heating of the adjacent modules. This 
unit is also placed within a specially designed housing allowing maintenance access and 
operation at 0.2 atmosphere (3 psi) vacuum. 

Filters. HEPA filter frames are commercial models located in housing· specially designed 
to operate at 0.2 atmosphere (3 psi) vacuum. The filter modul~ houses two frames in series. 
The first frame uses three 61 x 61 x 15-cm (2 x 2 x 1/2-ft) prefilters and three 61 x 61 x 
30-cm (2 x 2 x 1-ft) HEPA filters. The second frame is similar but does not have prefilter 
prov1s1ons. Both frames are rated for 100m3/min (3600 CFM) at 0.0025 atmosphere (1 in. H20) 
and are supplied with bag-out doors. The support enclosure is fitted with hatches-providing 
access to the bag-out doors, and with in-place dioctylphthalate (DOP) filter testing ports. 
The HEPA filter module is fabricated of carbon steel since there is little possibility of 
condensate reaching it. 

Blower. The induced-draft blower produces 0.79 atmospheres (11.6 psia) static pressure 
at 85m3/min (3000 ft3/min) with a discharge pressure of one atmosphere (14.7 psia). An 
identical back-up blower is required.· 

J 

Scrubbing Solution Recycle Equipment. Filters, coolers, and tankage used in this por
tion of the process are standard items and are briefly described in Section 4.4.1.3. 

Scrubbing Solution Concentration System. The concentration system, which handles the 
total output of both the ILW and LLW incinerators at the FRP, is adjacent to the ILW incinera
tion system. Scrub solution from the LLW system is transferred to the ILW area for concentra
tion. The concentration'system consists of a collection tank, a concentrator, and a concentrate 
collection tank. The stainless steel collection tank provides·in excess of a one day surge 
capacity of 9.5 m3 (2500 gal). The stainless steel concentrate collection tank has a capacity 
of 1.9 m3 (500 gal). The concentrator, shown in Figure 4.4.13, is a vertical-tube, forced
circulation eesign and is constructed of prestressed stainless steel, with titanium circulation 
pump internals and boiler tubes .. The concentration system is d~signed for an average feed 
rate of 20 ~/min (5 gal/min) and provides an 85% volume reduction. 

Shielding and Remote Handling Equipment. Because of the penetrating radiation from ILW 
generated at the FRP, shielding is required throughout the incineration orocess. The process 
is contained in. cells· with concrete walls 60 to 90 em (2 to 3 ft) thick, as shown in Figure 

4.4.7. Shielded viewinq windows are provided as needed for the various operations to be 
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FIGURE 4.4. 13. Scrubbing Solution Blowdown Concentrator 

carried out by manipulators. Waste beir1g transported to the incineration facility from the 
main plant often requires the use of shielded equipment, stich as shielded transpor~ containers, 
and shielded fork-lift trucks. 

4.4.1.5 Operating and Maintenance Requirements for the ILW Incineration Facility 
at the FRP 

The incinerator operation is a semicontinuous pt'OCe:>s. A rtUIIIber of operating schemes 
are avai I able in order to optimize manpower .scheduling and to interface with. manpower require
ments for the rest of the FRP complex. 

Facility Operation. For maximum refractory life, the incinerator should be operated for 
approximately 60 to 100 hours continuously before cool-down to remove ash. The l~nqth of 
time that the incinerator can be operated is expected to be about' 100 hours but it depends on 
the ash content of the waste. About 24 hours should be adequate for incinerator cool-down, 
ash removal and incinerator reheating; an entire incineration cycle can be performed in about 
five days. During the approximately 100 hours of incineration operation, the work is on a 
24-hr/day basis. Since only 300.0 hours (5100 hours if non-TRU waste ,is also incinerated in 
this incinerator) of operation per year are required to process the waste, considerable time 
is available for maintenance and for feed preparation to be carried out·within the limits of 
cell storage space during nonoperating periods. 

Operations include transfers into and out of cells; waste feed preparation and transfer 
within the cell by use of manipulators; assay and x-ray equipment operation and monitoring 
from-outside the cells; operatic~ of incinerator and off-gas system controls and instrumentatic 
from outside the cells; ash removal and packaging using manipulators; and normal maintenance 
and replacement activities. 
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Maintenance. Equipment items in the cells are modified as needed to provide for ease of 
remote maintenance or disposal. Some items require removal from the cell for maintenance, 
whereas maintenance on others, such as the low-speed shredder, can be performed within the 
cell, including change of the bearings and cutters. The .shredder can also be removed from 
the· cell, if required, for decontamination and maintenance elsewhere. To the extent possible, 
all operating controls for the process will be located outside of the cells to minimize 
maintenance efforts. 

Although ·the overall facility is designed to last for the life of the FRP (30 years), the 
refractory must be changed .about every ten years. At that time, 'the entire primary and 
secondary chambers are replaced. 

The off-gas treatment cell remains relatively clean compared to the incinerator cell 
because the particles are primarily contained in the scrubbing solution. Further, the concen
tration of radioisotopes is much lower in the off-gas components. Therefore, personnel entry 
for minor maintenance and filter changes should not require decontamination efforts. The 
concrete cell walls lower the exposure to personnel normally stationed in the operating area. 

Staffing. Estimated staffing requirements for the ILW incineration facility are shown 
in Table 4.4.9. Daily manpower requirements vary with twelve operators (four per shift) 
being required during processing periods and fewer being required during waste shipping and 
receiving. Monitoring personnel requirements are highest during cell load-in and load~out 

and maintenance operations. 

TABLE 4.4.9. Staffing Requirements for the Fuel 
Reprocessing Plant ILW Incineration 

Job Description 
Operators 
Radiation monitors 
Maintenance craftsmen 

Personnel Required, 
man-yr/yr 

10 
3 

0.5 

Supplies and Utilities. Table 4.4.10 shows the supplies used in the reference ILW 1nc·fuer·d
tion facility. Table 4.4.11 lists utilities required for facility operation. 

TABLE 4.4. 10. Supply Requirement for the Fuel 
Reprocessing Plant ILW Incinera~ 
tion Facility 

Supply 
NaOH 

Cardboard 
boxes 

Steel drums 
(55-gal) 

Use 
pH control in off-gas 
scrubbing solution 
Repackaging of sorted 
and shredded.waste 
~o be incinerated 
·Packaging of pelletized 
filter media 

Annual Requirements 
2 X 104 kg 

5100 

400 
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TABLE 4.4.11. Utility Requirements for the Fuel 
Reprocessing Plant ILW Incinera
tion Facility 

Utility 
Electricity 
Propane 
Steam 
Water consumed 

Use Rate 
800 kW 

15 m3/hr 
360 kg/hr 
2.1 m3/hr 

a. Based on 3000 hours operation/year. 

Annual Reguirement(a) 

2.4 X 106 kWh 
4.5 x 104 m3 (STP) 
1 . 1 X 1 06 kg 
6300 m3 

4.4.1.6 Secondary Radioactive ~astes from the ILW Incineration ~a~cil ity at the 
FRP 

Secondary radioactive wastes produced by the ILW incinerati~n facility are shown in 
TablP. 4.4. li' . 

. The ijmount and composition of ash resultihg from incineration of a given waste campo
rent varies greatly depending on factors such as incineratpr efficiency (amount of unburned 
carbon) and the amounts and types of filler materials and coloring agents. For example, the, 
ash content of polyvinyl chloride (PVC) can vary between 0.6 and 6.1 wt% with essentially no 
unburned carbon. Because the ash content of the feed.cannot be predicted, the following 
assumptions ar~ used here: 

• The composite ash produced is 8 wt% of the solids fed to the incinerator. 

• The ash contains essentiall.v all the radioactivity in the incinerator feed to· the 
primary incinerator chamber except that it contains nn tritium and only 0.1% of the 
iodine-129. It also contains three-fourths of the activity in the waste (degraded 
extractant) fed to the secondary incinerator chamber except for the iqdine-129. The 
acti.vi ty on wooden filter frames is assumed to be 2% of the tota 1 on the filters. 

• The bulk density of the ash is 240 kg;m3 (15 lbs/ft3). 

Scrubbing solution concentrate composition also varies somewhat with variation nf feed 
composition. Table 4.4. 13 gives the approximate average composition expected based on 
incineration .of the wastes shown in Table 4.4.1. The activities shown for the scrub 
solution concentrate in Table 4.4.12 are based on the following Pst.im~tes or a55umptions: 

• Both iodinP.-l?q ;:md triti.um are essentially completely volatile in bol11 ~.:lictnluer·s ()f the 
incinerator. 

• Fifty percent of iodine-129 is removed by the scrub solution; in the concentrator, 
it evaporates in proportion to the amount of water evaporated. 

• Tritium as H2o in .the incinerator off-gas equilibrates completely with other water at 
all stages. 
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TABLE 4.4.12. Secondary Radioactive Wastes from the 
Fuel Reprocessing Plant ILW Incinera
tion Facility 

Description Volume, m3;yr Radioactivity Factor(a) 
Incinerator ash· (stream 
22a, Table 4.4.4) 

Scrubb.ing solution 
concentrate (stream 
55, Table 4.4.7) 

Noncombustible 
general trash and failed 
equipment 

Combustible and 
Compactable Waste 

70 

150 

2 

20 

Zr, Nb, Ru, Rh 
Other fission products 
Pu 
Other TRU 
Activation products 

129I 

3H 

Zr, Nb, Ru, Rh 
Other fission products 
Pu 
Other TRU 
Activation products 

3H 
129I 

Other fission products 
and activation products 
Actinides 

3H, 129I 

. Zr, Nb, Ru, Rh 

Other fission products 
Pu 
Other TRU 
Activation p~oducts 

0 
1 x· 10-3 

0.48(b) 
0.14(b) 
0.23(b) 
0.18(b) 
l.O(b) 

0.07 
0.14 
O.Oll(c) 
0.002(c) 
0. 01 (.c) 

0.02(c), 
0. 001 (c) 

0 

0 

X 10-6(d) 

5 X 10-7(d) 

1 X 10-7(d) 

2xl0 7(d) 
2 X 10-7 (d) 

1 X 10-4(d) 

a. Fraction of the total input activity to the facility (Table 4.4.2) in secondary wastes 
b. Obtaine·d using factor of 1.0 on materials fed to primary incinerator chamber (stream 

15, Table 4.4.4) and factor of 0.75 on materials fed to secondary incinerator chamber 
(stream 18, Table 4.4.4) · 

c. Obtained using factor of 1 x 10- 3 oh materials fed to primary incinerator chamber 
(stream 15, Table 4.4.4) and factor of 0.25 on materials fed to secondary incinerator 
chamber (stream 18, Table 4.4.4) 6 d. Obtained using factor of 1 x 10- on total input to incinerator (streams 15 and 18, 
Table 4.4.4). 
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TABLE 4.4. 13. Scrub Solution Concentrate from 
the Fuel Reprocessing Plant ILW 
Incineration Facility 

Volume 1.5 x 105 'i/yr. 

Specific gravity 1.15 
Chemical 
composition 

pH 
NaCl 

7 to 9 
2.7 M 

- NaHC03 0. 7 M 
Na 2so3 and Na 2so4 0.06 ~ 
Na2HP04 0.1 ~ 
Particles 0.2 g/'i 

• An off-gas decontamination factor (DF) of 250 occurs in the primary incinerator chamber 
and a Ut- of 1 occurs 111 Llie seconda1·y incinerator chamber for a.ll nonvolatile fission 
products, actinides, and activation products. 

• 0.1% of the ruthenium· is converted to volatile form in the reducing atmosphere of the 
primary incinerator chamber'; 10% is converted to volatile form in the secondary cham
ber; this volatile ruthenium is reconverted to nonvolatile ruthenium in the off-gas 
scrubbing.subsystem and is efficiently removed in the 0ff-gas filters. 

• The filters for the scrub solution recycle remove 75% of the activity reaching them 
except for iodine-129 and tritium. 

The compositions of the scrubbing solution concentrate in Tables 4.4.12 and 4.4. 13 reflect 
only the contents and volume attributable to the ILW incinerator. Since the actual concen
tr~tR is a blend of the concentrates attributable to incineration of both ILW and LLW, the 
actual composition would be changed accordingly. The scrubbing solution concentrate 1s s~11L 

to the facility for immobilization of wet waste.and particulatey~Jids (Section 4.7). 

The noncombustible general trash and failed equipment shown in Table 4.4.12 include the 
annual fraction of the incinerator primary and secondary chamber replacement, which is expected · 
to occur about every ten years. This waste is sent to the treatment facility for failed 
equipment and other noncombustible waste (Section 4.3). Combustible general trash, including 
scrub solution recycle filters, is immediately recycled to the incineration process. 

4.4.1.7 Emissions from the ILW Inceration Facility at the FRP 

Estimated facility emissions are shown in Table 4.4.14. The activity levels in the 
gaseous emissions are based on the following estimates, in addition to those previously noted 
in Section 4.4.1.6: 

• a particle DF (input gas/output gas) of 50 in the venturi scrubber 

• a OF of 10 for the·prefilter and 103 each for two stages of HEPA filters 
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TABLE 4.4. 14. Emissions from the Fuel Reprocessing Plant 
ILW Incineration Facility 

Emission Description Annual Quantity 

Air 4 x 106 m3 

Radioactivity 
Release Factofa) 
To Atmosphere 

Gaseous 

C:nn 1 i-na Tower 

Cleaned incinerator 
off-gas 

Water evaporated 
from spent scrubber 
solutions 

Minor accidents 
integrated annual 
release 

Water Evaporated (T = 38°C) 

Other 

Drift (T = 38°C) 
.Slowdown (T = 27°C} 

Heat 
to coo 1'i ng tower 

in gaseous 
emission 

HCl 70 kg 

sox 120 kg 

NOX 270 kq 
co 130 kg 

Zr, Nb, Ru, Rh 
Other fission products 

Pu 

u 
Other actinides 

Activation Products 

H2o 8.5 x 104 kg 3H 
1291 

5. 4 X 106 kg 
2.6 X 104 kg. 
9.4 X 105 kg 

3.6 x 103 MW-hr 
(1.2 .x 1010 BTU) 

1. 3 x 1 03 MW-hr 
( 4. 5 x 1 o9 BTU) 

Zr, Nb, Ru, Rh 
Other fission products 

Pu 
u 
Other actinides 

Activation Products 

Zr, Nb, Ru, Rh 
Other fission products 

Pu 
Other actinides 

.Activation Products 

0.2 
0.52 
9 X 10-15(b) 

2 x io- 15 (b) 

8 X 10-15(b) 

9 X 10-15(b) 

2 X 10-14(b) 

8 X 10-16(b) 

0.6 
0.43 
lxlO-ll(c) 
2 x 10-12(c) 

x 10-11 (c) 

x10-ll(c) 
2 x 10-ll(c) 

1 x 10-12(c) 

2 X 10-5 

2 x 1 o-5 

7 X 10-13 

2 X 10-13 

3 X 10-13 

2 X 10-13 

2 X 1 o-12 

a. Fraction of total input activity to the facility (Table 4.4.2) released to the atmosphere. 
Includes OF from main plant APS where applicable. Released over 3000 hr/yr. 

b. Obtained using factor of 8.x 10-16 on materials fed to primary incinerator chamber (stream 15, 
Table 4.4.4) and factor of 2 x lo-13 on materials fed to secondary incinerator chamber 
(stream·l8, Table 4.4.4). _12 .c. Obtained using factor of 1 x 10 on materials fed to primary incinerator chamber (stream 15, 
Table 4.4.4) an.d factor of 2.5 x lQ-10 materials fed to secondary· incinerator chamber 
(stream lR, Tnble 4.4.4). · 
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• A OF of 105 for the water vapor from the scrubbing solution concentrator. 

The DFs are conservative for the following reasons: 

• The incinerator DF (250) is based on an off-gas particle loading of 2.2 g/m3, with a feed 
rate of 68 kg/hr. Particle loadings of only 1.25 and 1.45 g/m3. at 12% co2 were demonstrated 
in E~A certification tests in a similar unit burning 225 kg/hr of Public Health Service 
standard waste.( 3) 

• The-venturi OF, under nbrmal operating conditions, is close to 100.( 3) 

No credit is taken for particle removal by the quench column, the packed column scrubber, 
the condenser, or the mist eliminator~ The values for the cleaned incinerator off-gas in 
Table 4.4.14 .are based on an average gas flow of 21 m3;min and 3000 hours of operation per year. 

While there is considerable uncertainty in estimating all of these radionucl ide ·releases, the 
release of ruthenium in t~e cleaned off-gas is ·especially questionable because of the uncertainties 
in fractional conversion to volatile forms and re-conversion of volatile to particulate forms. The~ 

listed estimated release, which assumes complete re-convers1on of ~olatile ruthenium to particulate 
forms followed by removal as a typical particulate in the off-gas system, may be understated. How
ever, even if this release is understated by as much as a factor of 1010 , the ruthenium release from 
the ILW incineration _facility would then still be about a factor of ten lower than the ruthenium 
release estimated in the FRP treated dissolver and vessel off-gas streams (Sections 4.9 and 4.10), 
and would not be the c6ntrolling release from the plant as a whole. 

An estimate of the integrated annual release due to minor accidents (Section 4.4.1.9) for 
this facility is included in Table 4.4.14. It was developed by weighing the minor accident 
releases by their expected frequencies and summing the quantities for all identified minor 
accidents. In addition, a contingency was included Jn the integrated release to account for 
unidentified minor accidents and to compensate for the uncertainty 1n expected frequency 
information. 

4.4.1.8 Decommissioning Considerations for the ILW Incineration Facility at the FRP 

The expected useful lives for the primary and secondary incinerator chambers are each 
ten _years. It is anticipated that the activity levels in the refractory of these chambers 
will not build up to more than one percent of th~ total activity of all the feed processed 
through the incinerator in one year . .The otliel' majo1· equipment. associated with the TLW 
incineration facility is expected to have a useful life equal to that of the overall plant. 
No appreciable radioactivity buildup in the equipment beyond a rap1dly atta·lned steady state 
value is expected except that noted in the incinerator refracLury. 

4.4.1.9 Postulated Accidents for the ILW Incineration Facility at the FRP 

Postulated minor and moderate accident scenarios·for the ILW incineration facility are 
given in Tables 4.4.15 and 4.4.16. In developing the release e:;timates given in t~e tnhles, 
it is estimated that in any fire in the feed preparation line, 50% of the activity in trash 
burned would be released to the cell filters. In the minor fire, no more than 1% of the 

_trash {16 kg) at maximum loading in the feed preparation system would be expected to burn, and 
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TABLE 4.4.15. Minor Accidents for the Fuel Reprocessing Plant· 
ILW Incineration Facility 

Accident No. and 
Description 

4.4. 1 - Loss of cooling 
water to incinerator 
off-gas treatment 
system; expected fre
quency, ~.05 per year. 

4.4.2- Minor fire in 
feed preparation 
system; expected fre
quency, 0.2 per year. 

Sequence of Events Safety System 
1. Cooling water flow to off-gas 1. 

treatment system fails. 
Slow (~30 min) blockage of air
flow allows adequate time for 
equipment shutdown to be 
carried out. 2. Humidity in off-gas rises. 

3. HEPA filters slowly plug 
'because of condensing 
moisture. 

4. HEPA filter blockage shuts 
down system in about 30 
minutes. 

1. Fire starts in trash in feed 
preparation area. 

2. Small fire is detected and 
extinguished. 

2. A two-hour back-up supply of 
pressurized water to quench 
column prevents other effects 
of coolant loss from occurring. 

1. Well-designed automatic fire 
suppression system. 

2. Additional manually operated 
fire suppression equipment. 

Release 

None. 

4 x 10-5 of radio
nuclides in waste 
sent annually to 
temporary storage 
(stream 14 of Table 
4.4.3) released to 
ce 11 filters. 

TABLE 4.4.16. Moderate Accidents for the Fuel Reprocessing Plant 
ILW Incineration Facility 

Accident No. and 
Description 

4.4.3 -Major fire in 
feed preparation line; 
expected frequency 
0.01/yr. 

4.4.4 - Explosion in 
feed preparation sys
tem; expected frequency 
0.02/yr. 

4.4.5 - Incinerator 
explosion; expected 
frequenr.y 0.01/yr. 

Sequence of Events 
1. Feed preparation line con

tains maximum loading of 
waste (24 hrs of incinerator 
feed). 

2. Fire initiates in waste. 

3. Fire suppression system does 
not operate. 

4. Cell atmospheric filters fail 
because of flames. 

1. Small amounts of explosive 
material in waste. 

2. Such material explodes during 
sorting operation. 

1. Fl arne-out occurs ·in 
i nci nera tor. 

2. Explosive reignition of pro
pane-air mixture in incinera
tor causes breach of 
incinerator. 

3. 50% of ash in incinerator at 
maximum load is suspended in 
cell air. 

Safety Sy5tem 
1. Well-designed automatic fire 

suppression system would be 
used. 

2. Additional manual or redundant 
automatic fire suppression 
equipment could be used. 

3. Proper location of cell filters 
in relation to location of 
major fuel load minimizes chance 
of flame intrusion. 

1. Explosives or explosive chemi
cals are not used in FRP 
operation. 

2. Waste form designed to prevent 
formation of explosive material. 

1. Incinerator control system 
greatly reduces probability 
of occurrence. 

2. Automatic fire-control 
sprinklers would activate, 
reducing airborne particles. 

Release 
4 x' 10~ 3 of radio
nuclides in waste 
sent annually to 
temporary storage 
(stream 14 of Table 
4.4.3) released 
directly to the FRP APS. 

1 x 10-4 of radio
nuclides in waste 
sent annually through 
feed. preparation 
system (streams 1 and 
2 of Table 4.4.3) 
released to cell 
filters. 

1. 7 .x 10-2 of 
annual incinerator 
pri rna ry cham~er 
feed activity 
(stream 15 of 
Table 4.4.3) 
except 3H and 129I 
released to cell 
filters in 
0.5 hr. 

the fire suppression system would extinguish the fire before damage to the cell ventilation 
filters occurred. The major fire could only occur through the rare event of complete failure of 
the fire suppression system at the time of the fire. Such a fire, burning the entire 1600 kg 
of inventory might breach the cell filters through flame intrusion. The release in the major 
fire js estimated as 50% of the entire 1600 kg of inventory. The low frequency of a major fire 
reflects the very high reliability of well-designed and operated automatic fire suppression 
equipment.· For a fire to reach a large size, it would have to occur at a time when the automatic 
fire suppression equipment is inoperative and when neither the operators nor detection equip
ment would detect it-~a very unlikely condition. 
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For purposes of·environmental consequence, several releases for this technology have been 
designated as umbrella source terms (See Section 3.7, Basis for Accident Analysis). Releases 
from Accidents 4.4.3 and 4.4.5 involved the largest amounts of activity in their release group 
from accidents in this waste management system and therefore were selected as umbrella source 
terms. Source term categories are cross-indexed by accident number in Appendix A of Section 3. 

In the analysis of the incinerator explosion (Accident 4.4.5), the maximum propane/air 
explosion in the incinerator would not be expected to breach the cell filters because of the 

·large cell size in relation to the incinerator. The releases from this accident were calculated 
as if the incinerator contained the maximum amount of ash (ash is removed batch-wise every 
100 hrs) anq 50% of the ash reaches the cell filters. 

·No accid~nts that could be ~lctssiri~~ as severe accident~ could be realistically postulaterl 
for this technology. 

4.4.1.10 Costs for the ILW Incineration Facility at the FRP 

Estimates have been made, in mid-1976 dollars, of cap1tal, operatiny ctn~ levelized unit 
cost. A complete description of the cost estimate bases, assumptions and definitions is 
given in Section 3.8. 

Capital Costs. The capital cost estimate, shown in Table 4.4.17, covers all capital 
costs specifically resulting from inclusion of the ILW incineration facility as an integral 
part of the FRP (described in Section 3.2). These costs also include the effect of incre
mental additions to utilities such as electricity, compressed air and heat, v.entilation and 
air conditioning (HVAC) as well as the cable, piping and other bulk materials incorporated 
directly into the intermediate-level waste incineration facility. However, general FRP costs 
for such services as 1 a bora tori es and warehousing are not a 11 ocated to the reference faci 1 i ty. 

The total capital cost includes all plant-related costs incurred from the start of 
engineering to the initiation of commercial operation with the exception of working capital 
and the cost of shielded waste containers required to hold untreated waste packages (consi
dered part of the FRP operation cost). 

Operating Costs. Table 4.4.18 tabulates the operating cost components for ILW incinera
tion. Direct labor costs are based on the manpower estimates in Table 4.4.9. Process 
material and uti-lity costs are based on the requirements for both TRU and Non-TRU wastes. 
Annual maintenance materials are estimated at 3% of initial major equipment cost. Overhead 
and miscellaneous costs are c~lculated as described in Section 3.8. 

Levelized Unit Costs. The total level1zed unit cost, including the lcvcl1zed cdpital and 
operating components, is shown in Table 4.4. 19. The cost calculation assumes private owner
ship and a 15-year economic life for the facility. 
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TABLE 4.4. 17. Capital Cost Estimates for the Fuel Reprocessing Plant 
ILW Incineration Facility 

Cost Element 
Major equipment 
Building and structures 
Bulk materials 
Site improvements 

Subtotal of direct site 
construction costs 

Indirect site construction 
costs 
Total field cost . 

Architect-engineer 
services 
Subtotal 

Owner's cost 
Total facility cost 
Estimate accuracy ran~e 

Costs, 
Manhours, 1000s 1000s of Mid-1976 

Nonmanua1 Manual Material 
18 1900 
80 900 
22 300 

120 3100 

30 25 550 
30 145 3650 

TABLE 4.4.18. Opera~ng Cost Estimate 
for the Fuel Reprocessing 
Plant ILW Incineration 
Facility. 

Annual Costs, 
Cost Element $1000s 

Direct labor 215 
Process materials 25 
Utilities 130 
Maintenance 

materials 65 
Overhead 275 
Miscellaneous 40 

TOTAL 750 +50% 
-25% 

Labor 
200 
980 
270 

1450 

700 
2150 

TABLE 4.4.19. Levelized Unit Cost Estimate for the 
Fuel Reprocessing Plant ILW 
Incineration Facility 

Cost Element 

Levelized Capital Charge 
Levelized Operating Charge 
Levelized Total Unit Cost 

Unit Cost,· $/kg HM 

l. 60 
.30 

l. 90 ±35% 

Dollars 
Total 
2100 
1880 

570 

4550 

1250 
5800 

1000 
6800 
2000 
8800. 
±25% 
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4.4. 1.11 Construction Requirements for the ILW Incineration Facility at the 
FRP 

Many factors relating to site preparation and reference facility .constr~ction may have 
some impact on the environment, the local economy, and the natural resources of the surround
ing area. The information that follows provides a basis for evaluating this impact. 

Project Schedules and Construction Manpower. The· schedule for engineering, procurement 
and construction of the ILW incineration facility is an integral factor in the overall 
schedule for the construction phase of the FRP. The field labor.force·estimated for the 
construction of the ILW incineration facility is tabulated below: 

Manual field labor 
Nonmanual field labor 

Total field labor 

Man-hours, 
1 OOOs 

145 

30 
175 

Distribution of Onsite and Offsite Costs. Onsite costs are those for all construction, 
materials and services provided at the site of the FRP while offsite costs are those for all 
services provided, equipment fabricated or assembled, and material purchased elsewhere. The 
distribution of total costs in these categories is shown below: 

Onsite 
Offsite 

Total 

Costs, 
$1000s 

2400 

6400 

8800 

Site Requirements. No additional site requirements beyond those for the FRP are iden
tified for the ILW incineration facility. Land commitments for the facility are included 
with those of ihe FRP. 

Water. Approximately 2300 m3 (0.6 x 106. gal) of water are required during 
construction. 

Construction Materials. Materials committed to facility construction are: 

Concrete 1500 m3 (2000 yd 3) 

Steel 300 MT (350 tons) 
Copper u. 9 M"l ( 1 ton) 
Lumber 60 111

3 (L!i MFBM) 

Energy. Energy resources used during construction are: 

Propane 
Diesel fuel 
Gasoline 

.Electricity 
Peak demand 
Total consumption 

19 m3 

190 m3 

130 m3 

160 .kW 
100,000 kWh 

(5,000 gal) 
(50;000 gal) 
(35,000 gal) 
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Transportation Requirements. No separate transportation requirements for the ILW 
incineration.facility have been identified beyond those for the FRP. 

4.4.1.12 Effects of Fuel. Cycle Options on ILW Incineration at the FRP 

The reference process for incineration of ILW at the FRP assumes reprocessing of LWR 
fuel and recycling the recovered uranium and plutonium. The following alternative fuel 
cycle modes have also been assessed insofar as they relate to incineration of ILW. 

No Recycle. The no recycle option eliminates the FRP; n6 ILW i~ generated and incin
eration is not required. 

Uranium Recycle Only With Plutonium to a Repository. For uranium recycle only, with 
plutonium sent to a repository, the ILW incineration facility design and operation would be 
virtually the same as in the case of uranium and plutonium recycle. 

Uranium Recycle Only With Plutonium to the HLW: In the case of uranium recycle only, 
with plutonium to the HLW, the main FRP would operate much the same as in the reference case, 
but without a Pu02 conversion facility. This would result in some difference in the volume, 
nature, and activity of the ILW waste (Table 4.4. 1). The volume of general trash would be 

·reduced by only about 4%, but the plutonium content in the incinerator feed would be reduced 
by a factor of five. The volume of ventilation fi.lters processed would be reduced by about 
12%; however, the plutonium content on the filter media would be reduced by a factor of 200, 
and no metal filter frames would be processed. These minor changes would have.little, if any, 
effect on facility design and operation. 

4.4.2 Incineration of Low-Level Waste (LLW) at the Fuel Reprocessing Plant 

The low-level waste (LLW) portion of the combustible and compactab)e waste, has surface 
gamma readings of <200 mR/hr in 55-gal steel drums. The general trash from the main FRP, 
excluding the ·Pu02 conversion facility, falling in this activity category is fed to the LLW 
incineration proc~ss. 

The LLW incineration process and equipment ar~ virtually identical to those of the 
intermediate-level waste (ILW) incineration facil1ty except for lower shielding requirements 
and differences in feed stream components (the LLW facility does not process ventilation 
filters or degraded extractant). 

Incine~ation of low-gamma-activity radioactive waste has· been practiced for over 25 years 
by nations involved with nuclear technology. A list of units and discussions of installation 
experiences are available from several sources. (2•5- 7) 

4.4.2.1 Alternatives for LLW Incineration at the FRP 

The selected reference treatment system for LLW at the FRP is based on controlled-air 
incineration,( 2-4) with·a high-energy aqueous off-gas treatment system. Alternatives to 
controlled-air incineration for the ILW are discussed in Section 4.4.1. 1 and apply equally to 
the selected LLW reference process. 
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4.4.2.2 .Design Basis for the LLW Incineration Facility at the FRP 

The following assumptions were made in design of the LLW incineration facility: 

• The facility is associated with the operation of the reference 2000-MTHM fuel reprocessing 
plant (FRP). All supporting facilities and· services. are provided by the reprocessing 
plant. 

• The scrub solution from the LLW incineration facility is transferred to th~ ILW facility· 
for concentration in the ILW scrub solution concentrator. 

o Remote operation is not required. 

• The facility receives 2400 m3 of combustible trash per year which is that portion of the 
combustible general trash from the main FRP having a surface dose rate reading of <200 
mR/hr in 55-gal steel drums. The source, composition, properties, and amount of this 
waste are shown in Table 4.4.20. The annual quantities of the major radionuclides in 
the waste are shown in Table 4.4.21. 

TABLE 4.4.20. Combustible and Compactable Transuranic Waste Processed 
in the Fuel Reprocessing Plant LLW Incineration Facility 

Dens it~, Volume, 
Source Com~osition, wt% kg/m m3jyr 

Main plant Paper/rags 40 120 2400 
combustible PVC . 20 trash 

Neoprene n 
Polyethylene 14 
Latex 11 

Wood 4 

• The incineration facility is designed to process the LLW in 4300 hours of incinerator 
operation per year. 

• The LLW incineration facility includes, in addition to the fncinerator itself, a feed 
preparation subs.vstem that includes sorting and shredding capability, a feed assay 
subsystem, and an off-gas treatment s~bsystem that includes aqueous scrubbing. 

• The incinerator and off-gas treatment train are designed to handle feed material 
consisting of up to 100% of any one of the major combustible general trash components 
(r.Pllulo~ic'3, rla'3t~c, ntbb~r, etc.). 

• Incinerator ash and off-gas scrubbing solution concentrates are sent to the facility for 
immobilization of the wet waste and particulate solids (Section 4.7) for final treatment. 

• The assay subsystem provides inventory control for fissile materials in the incineration 
process arid prevents cross-contamination by other classes of waste. 

• All utilities required for an orderly process shutdown, such as cooling water, power, 
ventilation, and compressed gas for pneumatic process controls, are assured by back-up 

systems. 
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TABLE 4.4.21. Radionuclide Content of Waste Treated in the Fuel 
Reprocessing Plant LLW Incineration Facility(a,b) 

Radionuclides 
Fission Products 

90sr + 90y 

95zr + 95Nb 
1 06Ru ..j. 1 06Rh 
134cs + 137Cs + 137mBa 
144Ce + 144Pr 

A 11 either 
TOTAL 

Actinides 
239Pu 
241Pu 

Other Pu 
242cm + 244cm 

All other 
TOTAL 

Ci/yr 

2.4 X 10-l 

2.2 X 10-2 

7.6 X 10-1 

6:0 X 10-1 

9.6 X 10-1 

2.0 X 10-1 

2.8 

7.2 X 10-4 

3.5 X 1 o-1 

1.2x 10-2 

3.4 X 10-2 

1.8x 10-3 

0.4 

a. Based on waste characterization Table 
3.3.34, assuming uranium and plutonium 
recycle, 2000 MTHM/yr reprocessed 
1.5 years· out o~ reactor. 

b. Volume - 2400 m /yr. 

• The LLW incinerator .facility is designed to withstand design-basis natural phenomena, 
including earthquakes and tornadoes, and to prevent penetration by maximum credible fire 
and/or explosion. 

4.4.2.3 ·The LLW Ine'ineration Process at the FRP 

The controlled-air incinerator and off-gas cleaning equipment (based on proven technology 
modified to meet radiological health and safety standards) are identical to the ILW incineration 
system discussed in Section 4.4. 1. The process, with the exception of the activity levels and 
nature of feed stream~ processed, is the same as the ILW incineration proceis discussed in 
Section 4.4.1.3. Like the ILW incinerator, the performance data for the LLW incineration 
facility represent current best estimates but ·are not based on demonstrated tests with radio
active wastes. 

The process flowsheet for the LLW incineration facility is shown in Figure 4.4.14. The 
treatment process can best be described in terms of its subsystems: feed preparation' assay' . 
inciner.ator charging, incineration, ash collection, off-gas treatment, scrubbing solution 
recycle, scrubbing solution concentration, and auxiliary utilities .. 
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FIGURE 4.4.14. Process Flowsheet for the LLW Indneration Facility 
at the Fuel Reprocessing Plant 

Although scrubbing solution concentration is part of the LLW process, the concentrator 
is part of the ILW facility, and both scrub streams are concentrated in the ILW concentrator. 
The.portion of the volume, compositions, and activity of this stream ilttributable to LLW 
off-gas scrubbing blowdown are treated in the flowsheets in this section rather than in 
Section 4.4.1.3 in order to better define the effluents (secondary wastes and releases) and 
costs resulting from processing the LLW waste. 

Feed Preparation. The function ·and operation of the feed preparation subsystem is to make 
the waste feed maierials compatible with the incinerator and is the same as that described in 
Section 4.4.1.3 except for the absence of ventilation filters in the_feed and the equipment for 
processing them. The LLW fa_cility, because of its lower activity feed, is not remotely-operated 

. in shielded cells. The flow diagram and stream data for the feed.preparation subsystem are 
given in Figure 4.4.15 and Table 4.4.22, respectively. 

Assay. the assay subsystem for the LLW incineration fat111ty has the same fu11cL'ion as 
the subsystem described 1n Section 4.4.1.3 .. - An assay system for LLW would probably require 

. less development than would the assay system for ILW. 

l!l_~.1.~~r.~!9..!" .. c.~~.!:'_gj.!!il_. The function and operation of the . LLW ram feeder are the same as 
that discussed in Section 4.4. 1.3 for the ILW incinerator. A different method of loading the 
ram feeder would be used in the glovebox operation of the LLW incinerator compared to the 
shielded ILW incinerator operation. With t'he LLW incinerator, a device called the side ram 
elevates the waste packages from the waste storage glovebox and displaces them into the primary 
ram feeder loading chamber. Waste packages are removed manually from storage, placed in a 
pneumatic elevator, lifted approximately 61 ·em into the side ram feed chamber, and displaced by 
the side ram through an air lock into the primary ram loading chamber. 
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FIGURE 4.4.15. Feed. Preparation Subsystem Flow Diagram for the Fuel Reprocessing 
Plant LLW Incineration Facility (Circled numbers refer to stream 
numbers given in Table 4.4.~2) · 

TABLE 4.4.22. Fuel Reprocessing Plant ·LLW Incinerator Feed 
Preparation Stream Flow Data 

Radioactivit,t Factors (a)'. 
Stream 

Rate(b) 
Fission 

Number Descri2tion Products Actinides 
Packaged waste, general '!;rash 290,000 kg/yr 1.0 1.0 

2 Other classes of materials 0 0 0 
(included for completeness) 

3 Compatible wastes (75% of 218,000 kg/yr 0.75 0.75 
general trash) 

4 Wastes requiring sorting (25% 
·of general trash) 

72,000 kg/yr 0.25 0.25 

5 Noncombustibles for packaging 0 0 0 
with failed equipment 
(included for completeness) 

6 Sorted combustible waste not 35,000 kg/yr 0.12 0.12 
requiring feed shredding 

7 Combustible waste requiring. 37,000 kg/yr 0.13 0.13 
feed shredding 

8 New boxes for repackaging 5,300 boxes/yr 0 0 
waste 

9 Waste to storage 290,000 kg/yr 1.0· 1.0 
10 Waste to incinerator 68 kg/hr 

(290,000 kg/yr) 
1.0 1.0 

a. Fraction of input activity (Table 4.4.21) 
b. Rates ·in units of hours are instantaneous rates based on 4300 hr/yr of 

incinerator operation. 
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Incineration and Ash Collection. The incineration and ash collection flow diagram is 
shown in Figure 4.4.16; Table 4.4.23, gives stream data. Incinerator operation is the same 
as that described in Section 4.4.1.3 except that no liquids (degraded extractant) are fed to 
the LLW incinerator. The volatile ruthenium species shown in Table 4.4.23 reflect an estimated 
0.1% volatilization in the primary incinerator chamber, where the atmosphere is not strongly 
oxidizing; no reduction of this volatile fraction occu'rs in the oxidizing atmosphere of the 
secondary chamber. As in Section 4.4.1.3, it is assumed that volatile ruthenium is entirely 

-reconverted to particulate and removed by off-gas treatments. 

COMBUSTION AIR 

PROPANE 

PREPARED 
WASli 

I TO IMMOBILIZATION 
PROC.ESS (SECTION 4.7l 

TO GLOVE 
BOX FILTERS 

FIGURE 4.4.16. Inc1nerat1on and Ash Collection Flow D·iagr·am 
for the Fuel Reprocessing Plant LLW Incineration 
Facility (Circled numbers given in Table 4.4.23.) 

TABL~ 4.4.23. IncinQration and Ash Collection Stream F1ow D~t~ 
for the Fuel Reprocessing Plant LLW Incineration 
Facility 

Radio~ctivit~ Far.tnrs(a) 
Stream 

Rate(~) 
Fi~sion · 

Number llesr.ri ~tinn Et:Qd~~~s Acti n.i<!.!!~. 
10 Waste to incinerator 290,000 kg/y r 1.0 1.0 

12 Primary chambet- pt-opane 0-50 m3/hr (STP) 0 0 
supply 

13 Primary chamber air supply 4. 5-15 m3 /min (STP) 0 0 
14 Primary chamber off-gas 5.7-15 m3/min (STP) 4 X 10-J 

I x 111-J(c) 
4 X 10-J 

15 Ash removal system (not 
operative during processing) 

15A Ash 23,000 kg/yr (100 m3/yr) 1.0 1.0 

158 Transport air 8.5 m3/min 0 0 

15C Filtered air 8.5 m3/min 1 X 10-8 1 X 10-8 

16 Secondary chamber propane 0-1 m3 /lllill (STP) 0 0 
supply 

17 Secondary chamber air supply 1.4-15 m3/min (STP) 0 0 

18 Incinerator off-gas 10-32 m3/min (STP) -3 4 X 10-3 
4 x 10_3(c) 
1 X 10 

a. Fraction of input activ ty (Table 4.2.21) 
b. Based on 4300 hr/yr of ncinerator operation -
c. Volatile ruthenium spec es only; see rest of listing for particulate ruthenium. 
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The operation of the ash collection subsystem is identical to· that described in Sec
tion 4.4.1.3 except that the ash is vacuumed through a glove box-enclosed, lower chamber door 
instead of by manipulators in a shielded cell. 

Off-gas Treatment. The off-gas treatment operation for the LLW incineration facility is 
identical to that discu~sed in Section 4.4.1.3. The flow diagram and stream data for the LLW 
incinerator off-gas treatment system are given in Figure 4.4. 17 and Table 4.4.24. 

INCINERATOR 
OFF-GAS 

RECYCI_tD SCRUB SOL UTI ON 

TO PLANT 
ATMOSPHERIC PROTECTION SYSTEM 

@ 

SCRUB SOLUTION SLOWDOWN 
TO CONCENTRATOR 
COLLECTION TANK 
FIGURE 4.4.18 

® 

SCRUB 
SOL UTI ON 

TANK 

@ 

FIGURE: 4.4.11. Off..,gas.Treatment Flow.Diagram for the Fuel Reprocessing 
Plant LLW Incineration Facility (Circled numbers refer to 
stream numbers given in Table 4.4.24.) 

Scrubbing Solution Recycle. Scrubbing solution recycle operation is identical to that des
cribed in Section 4.4.1.3. The flow diagram and ~tream dat~ for the LLW recycle subsystem are. 

included in Figure 4.4.17 and Table 4.4.24. 

Scrubbing Solution Concentration.· The scrubbing solution blowdown from the LLW incinera
tion facility is routed to the concentrator, a part of the ILW incineration facility (Section 
4.4.1.3), where it is concentrated along with the scrub solution from the ILW facility. The 

') 

concentrator flowsheet and stream data are given in Figure 4.4.18 and Table 4.4.25. These show 
only the contribution to this concentrator attributable to the LLW; the flow rates are based 
nn 4~00 hr/yr operation on LLW scrub solution concentration. 
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TABLE 4.4.24. Off-gas Treatment Stream Flow Data for the Fuel Reprocessing 
Plant LLW Incineration Facility 

Stream 
Number Description 

18 Incinerator off-gas 
(1100°C) 

19 Quenched off-gas (77°C) 

20 Venturi scrubbed off-gas 
(particles removed). 

21 Packed column off-gas 
(65°C) (mi_neral acids 
removed) 

22 .Condenser off-gas (50°C) 
(most of water removea) 

23 Superheated off-gas (60°C) 

24 Filtered off-gas 

25 Cleaned off-gas to plant 
atmnsrhPri~ rrot~ction 
5y~tem , 

26 Ex~ess quench liquid return 

27 Venturi scrubber and packed 
column liquid return 

28 Neutralized scrub solution 
return after particle 
removal 

29 Scrub solution cooler, 
water supply (24°C) 

30 Scrub solution cooler, 
water return (32°C) 

31 Cooled scrub solution to 
hold tank (32°C) 

32 Scrub solution tahk outlet 

33 Recycled scrub solution to 
q\lench culu11111 weir (fil
tered to remove additional 
part1cles) 

Rate (b) 

10 - 32 m3/min 

21 - 60m3/min 

21 - 60m3/min 

21 - 60 111
3 /min 

11 - 32 m3 /min 

11 - 32 m3 /min 

11 - 32m3/min 

11 - 32m3/min 

90 - 106 ~/min 

87 - 132 ~/min 

174 - 238 ~/min 

795 :•Jmi n 

795 z/min 

174 - 238 ~/min 

147 - 223 ~/min 

68 -~/min 

34 Recycled scrub solution to 102_- 14R l/min 
the quench column and 

35 

36 
37 

~R 

39 

40 

41 

42 

43 

venturi scrubber 

Scrub solution blowdown 
to concentrator 
coll1.1r:l ''·"' 1 rlllk 
(32°C) . 

Venturi solutiOn 

Caustic solution 
(20% NaOH} nrlrlitinn 

Solid cdustic and water 
Condensate return 

Scrubbing solution makeup 
water 
Condensate recycle to 
packed column 

Condenser cooling water 
supply (tc} 
Conqenser coolin9 water 
return (ti + 20°) 

5.7 ~/min 

57 - 102 ~/ulill 

0 - 3.8 ~/min 

11 - 23 ~/min 

3.8 - 30 ~/min 

30 ~/min 

570 9./mi n 

570 9./min 

a. Fraction of input activ ty (Table·4.4.21) 
b. Based on 4300 hr/yr of ncinerator operation 

Radioactivit~ Factors(a) 
F1ssion 

Products Actinides 

(STP) 4 X 10-3 4 X 10"'3 
1 X 10-3(c) 

(STP) 1 X 10-3 \ 4 X 1 o- 3 
1 x 10-3(c) 

(STP) 8 X 10-5 8 X 10-5 

(STP) 8 X 10-5 8 X i o-5 

(STP). 8 X 10-5 8 X 10-5 

(STP) 8. X 10-5 8 X 10-5 

(STP) 8 X 10-l ( 8 X 10-12 

(STP) 8 X 1 Q-_12 8 X 10-12 

4 X 10-3 4 X 10-3 

X 10- 3 X 10- 3 

0 0 

0 0 

1 X ·10- 3 X 10- 3 

1 X 1 o- 3 x 1 o- 3 

0 0 

0 0 

0 0 

0 u 

0 0 

c. Volatile ruthenium spec es only; see rest of listing for particulate ruthenium. 
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FIGURE 4.4. 18. Scrubbing Solution Concentration 
Flow Diagram for the Fuel Reprocessing 
Plant LLW Incineration Facility (Circled 
numbers refer to stream numbers given in 
Table 4.4.25.) · 

TABLE 4.4.25. Scrubbing Solution Concentration Stream 
Flow Data for the Fuel Reprocessing Plant 
LLW Incineration Facility 

Radioactjvjty 
FactorslaJ 

Stream 
Number Description 

35 Scrub solutjon (32°C) 
44 Concentrator feed 
45 Water vapor (to plant APS) 
46 Concentrator.bottoms (~~oooc) 

47 Cooled concentrator bottoms (38°C) 
48 Concentrated liquids to immobi

lization system 

Rate(b) 

5.7 Q./min 
5.7 Q./min 

J 5.9 m /min (STP) 
·o.9 Q./min 
0.9 Q./min 
0.9 Q./min 
(2~2 x 105 Q.jyr) 

Fission 
Proaucts 
1 X 10-3 

l X 10-3 

Actinides 

X 10-8 . 1 

X 10-3 

X 10-3 

X 10-3 

X 10-8 

x w-3 

X 10-3 ., w-3 
. X 

X 10-3 1 X 10-3 

49 Steam 6 kg/min 0 
(1.6 x 106 kg/yr) 

0 

50 
51 
5?. 

Condensate return 
Cooling ~ater (tc) 
Cooling water ·return 

a. Fraction of .input activity (Table 4.4.21) 

6 kg/min 
3.4. Q./min 
3.4 J1,/m1n 

b. Based on 4300 hr/yr of. incinerator operation. 

0 

0 

u 

0 

0 

0 
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Auxiliary Utilities. The operation and purpose of auxiliary utilities in the LLW incin
eration facility are the same as those described in Section 4.4. 1.3. 

Low-Level Incineration Facility Products. No final products are produced in the LLW 
incineration facility. The incinerator ash and the scrubber solution concentrate require 
further treatment (immobilization) and are therefore included as secondary wastes (Section 
Lt.4.2.6). 

4.4.2.4 Description of the LLW Incineration Facility at the FRP 

The LLW incineration facility is located immediately adjacent to the ILW incineration 
facility (see Section 4.4.1.4, Figure 4.4.6) and differs from it only in shielding requirements. 
Whereas. the ILW incineration·facility uses mostly shielded cells with remote operation, the 
LLW inciner~ion facility is principally a glove box operation. 

,... 
The controlled-air incineration system is housed ·in a concl·ete structure approximately 

27.4 by 13.7 m (90 by 45ft). ·The floor plan and equipment layout are shown in Figures 4.4.19 
·and 4.4.20. The processing area, 12m wide by lb m .long by 7.6 111 high (40 x 53 x 25ft), houses 
the incinerator, ash removal and packaging equipment, and the off-gas treatment system, as 
well as the instrumentation and control systems required to operate the process. The off-gas 
treatment area is provided with a stainless steel floor pan which drains to a sump to collect 
liquid drainages, leakages, and decontamination liquids. Adjacent to the processing area, 
the waste receiving and feed preparation area is a 16.5 x 13.4 m (54 x 44ft) room which 
encloses the incinerator feed glove box train and storage area for untreated waste. 

The LLW incineration facility is constructed of reinforced concrete to withstand design
basis natural phenomena, including earthquakes and tornadoes; and to prevent penetration by a 
maximum credible fire and/or explosion. The facility is designed to me~t Category I structural 
requirements. 

/\ltholi!Jh thP nvP.rall laYOI,Jt of the LLW ·incineration facility is similar to that of L11e ILW 
facility discussed in Section 4.4. 1.4, the equipment is located in a series of interconnected 
glove boxes rather than a series of interconnected shielded cells. Movement of the waste 
through the feed preparation and assay systems is by hand with the help of roller conveyors in 
the glove boxes. The ash is also vacuumed from the incinerator and is packaged by hand through 
qlove box enclosures. 

Equipment. The x-ray scanner, feed shredder, assay equipment, ram feeder, incinerator, 
entire off-gas treatment train, and scrubbing solution recycle equipment are identical to those 
d1scusseu in Sect1on 4.4.1.~. Tlll!j LLW f'.lr:ilit.y doc~ not have filt.Pr r.ompa.ctioh equipment since 
it does not receive filters. 

Shielding and Remote .Handling Equipment. Shielding is required at specific locations in 
_the facility because of fission products and fissile material radiation from the radioactive 

waste. All glove boxes used in the facility are provided with appropriaLe thicknesses of 
gamma and neutron shielding in accordance with the expected radiation levels. Glove box gloves 
are of the leaded type at most locations. The incinerator is surrounded by shielding walls. 
The treated waste storage bin and the drums employed for ash transport are also adequately 
shielded for both gamma and neutron radiation. 



105'-0"(32.00m) 

19' -0"(5. 79m) 21 '-0"(6.40m) 25' -0"(7 .62m) 
(2.44m) (2.44m) 

LIOU 0 WASTE & RECYCLE STORAGE TANKS ROOH 
1 r---r--~~==~~==~--~======~~~==~~~~~~~~~~~============~~----~~================~~~==~--COHHON WALL W/ ~ .------J ,_ B~TTERY. ~ FRP FACILITY 

1 
e 
'i' 
:;: 

e 
~ 
.0 
~ 
9 e .... ;:. ~ ;;. ;= 

'i' 
;;. 

g AIR INSTRUHENTATION 

I OFF -GAS L... LOCK J AND 
BLOiiE'ii'RODH L CONTROL ROOH 

c.\0.-
._ ___ ...J, 

@-I-

,.J 
AIR 
LOCK 

!\SH PACKAG lNG ~' 
., ~ ® 
,_ 

L 

UNTREATED WASTE 
STORAGE BIN 

I 
ASH 

""~" "' ~ "f .. ~II I AREA \V ~; I/ 
!...... ~-+--~---;,J· 

. ._ 
l....'::=====:::::......:::==m 
OFF-GAS TREATHENT ROOII J 

(14) (13F.:: 

0' 

10 

OPERATING AREA 

10' 

cv 
I 

20' 

UNTREATED WASTE 
STORAGE BIN 

30' FEET 

Om 5m 1Om METERS 

~~~~· ~~~~L~~----~1 
GRAPHIC SCALES 

FIGURE 4.4.19. Fuel Reprocessing Plant LLW Incineration Facility, General Plan 
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4.4.2.5 Operating and Maintenance Requirements for the LLW Incineration Facility 
at the FRP 

Operating and maintenan~e requirements for the LLW incineration facility are generally 
tne same as those of the ILW incineration facility (Section 4.4. 1.5) except for the variations 
resulting from different shielding requirements and some difference in volume o~material 
processed per year. 

Facility Operation. Operation of the incinerator is semicontinuous with cool-down for 
ash removal every 60 to 100 hours, as discussed in greater detail in Section 4.4.1.5. About 
4300 hours of actual incinerator operation are required per year, allowing adequate time for 
maintenance and for much of the feed preparation to be done during nonoperating periods. 

Most of the operations, such as glove box load-in and load-out, feed preparation and 
transfer _within the glove boxes, ash removal and packaging, and normal maintenance and replace
ment activities, are carried out manually by using glove box gloves. Otherwise, the facility 
operation is the same as that discussed in Section 4.4. 1.5. 

Maintenance. Maintenance requirements for the LLW incineration facility are similar to 
those of the ILW incineration facility (Section ·4.4. 1.5) but are somewhat simpler because of 
the lower shielding requirements. Since the LLW facility does not have the manipulators .and 
cranes present in the ILW facility, maintenance on these is eliminated. Maintenance of items 
such as feed preparation equipment is easier in the glove box operation of the LLW incineration 
facility than in the shielded cell of the ILW inciner~tor. As in the ILW incineration facil
ity, the primary and secondary incinerator chambers are expected to require changing every 
ten years; other major items are designed for the FRP lifetime. 

·Staffing. Staffing requirements-for the LLW incineration facility are expected to be 
identical to those of the ILW incineration facility as presented in S~ction 4.4.1.5, 
Table 4.4.7. The somewhat greater ease of operation and maintenance of the less heavily 
shielded LLW incinerator compensates for the greater number of operating hours per year at 
the LLW incineration facility. 

Supplies and Utilities. Table 4.4.26 shows the supplies used in the LLW incineration 
facility operation. Table 4.4.27 lists utilities required for the reference facility. 

TABLE 4.4.26. Supply Requirements for the Fuel Reprocessing 
LLW Incineration Facility 

Supply Use 
NaOH pH control in off-gas scrubbing 

solution 
Cardboard Repackaging of sorted and shredded 
uux~::. WdS Le Lu be lnd nerated 

""'· 

Annual Requirement 
3 X 104 kg 

5300 
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TABLE 4.4.27. Utility Requirements for the Fuel Reprocessing 
Plant LLW Incineration Facility 

Uti 1 it~ Use Rate Annual .Reguirement(a) 

Electricity 800 kW 3.4 X 106 kWh 
Propane 15 m3 /hr 6.5 X 104 m3 {STP) 
Steam 360 kg/hr 1.5 X 1 o6 kg 
Air 1.3xl03 m3/hr 5.6 x 106 m3 

Water consumed 2.2 m3/hr 9500 m3 

a. Based on operation for 4300 hr/yr. 

4.4.2.6 Secondary Radioactive Wastes from the LLW Incineration Facility at the FRP 

Secondary radioactive wastes produced by the LLW incineration facility are shown in 
Ti!hlP. 4.4.28. The bases for determining the secondary waste volumes and activities shown in 
Table 4.4.28 are the same as those discussed in Section 4.4.16 for the ILW illl.:iru::ration 
facility. The composition of the scrubbing solution concentrate from the LLW incineration 
facility operation is the same as that produced by concentration of the ILW scrub solution 
shown in Table 4.4.13 except for ·the absence of Na2HP04 in the LLW scrubber concentrate. The 
volume and activity of the LLW scrubber concentrate shown in Table 4_.4.28 reflect only that 
portion of the. overall concentrate. contributed by LLW incineration. 

The noncombustible general trash and failed equipment shown in Table 4.4.28 include the 
annual fraction of the incinerator primary and secondary chamber replacement which is 
expected to occur about every 10 years. ·combustible general trash, including scrub solution 
recycle filters, is immediately recycled to the incineration process. 

4.4.2.7 Emissions from ·the LLW Incineration Facility at the FRP 

Facility emissions are shown in Table 4.4.29. · The activity levels in the gaseous emis
sions are based on the same estimates as those_ made for the ILW incineration facility dis
cussed in Sections 4.4.1.6 and 4.4.1.7. The values in Table 4.4.29 are considered conserva
tive for the reasons discussed in Sections 4.4. 1.6 and 4.4.1.7. 

An estimate of the integrated annual release due to minor accidents (Section 4.4.2.9) 
for this facility is included in Table 4.4.29. It was developed by weighing the minor accident 
releases by their expected frequencies and summing the quantities for all identified minor 
accidents. In addition, a contingency was included in the integrated release to account for 
unidentified minor accidents and to compensate for the uncertainty in expected frequency 
information. 



4.4.53 

· TABLE 4.4.28. Secondary Radioactive Wa.stes from the Fuel 
Reprocessing Plant LLW Incineration Facility 

Description(a) 
Annual Volume, 

m3/yr Radioactivity Factor(a) 

Incinerator ash 
Scrubbing solution 

concentrate 
Noncombustible general trash 

and failed equipment 
Combustible and 

Compactable Waste 

100 

220 
2 

40 

All radionuclides 1.0 

All radionuclides 
Fission products 
Actinides 
All radionuclides 

a. Fraction of input activity (shown in Table 4.4.21) in secondary wastes. 

Emission 
Gaseous 

Coo~ing Tower 
Water 

Other 

TABLE 4.4.29. Emissions from the Fuel Reprocessing 
Plant LLW Incineration Facility 

Description 
Cle~ned incinerator 
off-gas 

Water evaporated 
from spent scrubber 
solution 
Minor accident 
integrated annual 
release 

Evaporated (T = 38°C) 
Dr1ft (I = 3HUC) 
Slowdown (T = 27°C) 

Heat 
to cooling tower 

in gaseous emission 

Annual Quant it~ 

Air 6 X 1 o6 m3 

HCl 100 kg 

sox 180 kg 

NOx 400 kg 
co 190 kg 

H20 1. 2 X 1 o6 kg 

7. 9 X 106 kg 
3. a x 1 o4 kg 

1. 4 X 106 kg 

5.3 x 103 MW-hr 
(1.8 X lo10 BTU) 
1 . 8 x 103 MW-hr 
(6.1 x 109 BTU) 

Radioactivity 
Re 1 ease Factqr

to Atmospherela) 

All 8 X 10-16 

All 1 X 10-12 

All 1 x 10-12 

a. Fraction of input activity. (Table 4.4.21) relased to the atmosphere. 
Released over 4300 hours/yr. Includes OF from main plant APS. 
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4.4.2.8 Decommissioning Considerations for the LLW Incineration Facility at the FRP 

Decommissioning considerations for the LLW incineration facility are essent·ially identi
cal to those discussed for the ILW incineration facility in Section 4.4.1.8. Decommissioning 
the LLW incineration facility would be easier than· decommissioning the ILW facility because 

of the approxima~ely 1000-fold lowe~ activity l~~els and.the lack of heavily shielded cells 
in the LLW facility. 

4.4.2.9 Postulated Accidents for the LLW Incineration Facility at the FRP 

Postulated minor and moderate accident scenarios for the LLW incineration facility are 
nearly the same as those discussed in Section 4.4.1.9. These scenarios are shown for the LLW 

facility in Tables 4.4.30 and 4.4.31. The con.sefjuences of the accidents are only slightly 
affected by the fact that the LLW incineration facility feed preparation is a glove box rather 
th~n· a hot cell operation. The chief eff~ct of this difference may be a somewhat greater 

hazard to operators if a fire or explosion in the feed preparation line occurs, but no signifi

cant effect on plant release is expected. 

The cell enclosing the incinerator primary and,secondary chambers is smaller in the LLW 
incineration facility than in the ILW facility; for this reason although not probable, an 

incinerator explosion could breach the cell filters in the LLW facility. If this occurred, 
the release from Accident 4.4.5 would be directly to the FRP's APS rather than to just the 
cell atmosphere. The probability of this occurring is estimated to be no more than one

tenth of the probability shown in Table 4.4.31 for Accident 4.4.5. 

TABLE 4.4.30. Minor Accidents for the Fuel Reprocessing Plant LLW 
Incineration Facn ity 

Accident No. 
and Description ~que~ce of Events Safety System 

4.4. 1 -Loss of coo11ng 
water to incinerator 
off-gas treatment 
system; expected fre
quency, 0. 05/.vr. 

4.4.2- Minor fire in 
feed protection system; 
expected frequency, 
0.2/yr. 

1'. 

2. 

3. 

4. 

l. 

2. 

Coo11ny water fluw Lu 
off-gas treqtment 
system fails. 

Humidity in off-gas 
rises. 

HEPA f1lters slowly 
plug because of con-
densing moisture. 

HEPA fi 1 ter b 1 O'Ckilge 
shuts down.system in 
about 30 minutes. 

Fire starts in trash 
in feed separation 
area. 

Small fire is 
detected and extin-
qui shed. 

1. Slow blockage of air
flow (~30 min) allows 
adequate time for 
equipment shutdown. 

2. A two-hour back-up 
supply of pressurized 
Wi:l ter tu 4U!:!IIdl l:U 1 Ulllll 

prevents other effects 
ot coolant loss ftom 
occurring. 

1. Well-designed automatic 
fire suppression system 

2. Additional manual oper
ated fire suppression 
equipment. 

Release 

None 

3 x 10-5 of 
radionuclides 
in total waste 
processed 
(Table 4.4.21) 
released to 
glove box 
atmosphere. 
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TABLE 4.4.31. Moderate Accidents for the Fuel Reprocessing 
Plant LLW Incineration Facility 

Accident No. 
and Description 

4.4.3 -Major fire 
in feed preparation 
line; expected fre

-quency 0.01/yr. 

4.4.4 - Explosion in 
feed preparation line, 
expected frequency 
0 .02/yr. 

4.4.5- Incinerator 
explosion; expected 
frequency, 0.01/yr. 

Sequence of Events 

l. Feed preparation line 
contains maximum load
ing of waste (24 hr 
of incinerator feed). 

2. Fire initiates in 
waste. 

3. Fire suppression 
system does not 
operate. 

4. Glove box atmos
pheric filters fail 

l. Small amounts of 
explosive in wastes. 

2. Such materjal explodes 
during sorting opera
tions. 

l. Flame-out occurs in 
incinerator. 

2. Explosive reignition 
of propane-air mixture 
in incinerator causes 
breach of incinerator . 
integrity. 

3. 50% of ash in incin
erator at maximum 
load.is suspended in 
cell air. 

Safety System 

l. Well-designed automa
tic fire suppression 
system would be used. 

2. Additional manual or 
redundant automatic 
fire suppressio·n 
equipment could be 
used. 

3. Proper location of 
filters minimizes 
chance of flame 
caused filter 
breach. 

l. Explosives or 
explosive chemic~ls 
are not used in FRP 
operati·on. 

2. Waste fo~m designed 
to prevent forma
tion of explosive 
material. 

l. Incinerator control 
system greatly reduces 
the probability of 
occurrence. 

2. Automatic fire-control 
sprinklers would acti
vate, lowering air
borne particles. 

Release 

2.8 x 10-3 of 
radionuclides 
in total annual 
waste processed 
released directly 
to the FRP APS. 

I 

l x 10-4 of 
radionuclides 
in ·total annual 
waste ptocessed 
(Table 4..4.21) 
released to 
cell filters. 

1.2 x 10"'2 of 
radionuclides 
in total waste 
process·ed 
(Table 4.4.21) 
released to 
incinerator 
cell fi 1 ters . 
in 0.5 hours. 

The bases for the release figures shown in Tables 4.4.30 and 4.4.31 are the same as those 
discussed in Section 4.4.1.9. No accidents that could be classified as s~vere accidents were 
postulated for this technology. 

4.4.2.10 Costs for-the LLW Incineration Facility at the FRP · 

Estimates have been made, in mid-1976 dollars, of capital ,.operating and levelized unit 
costs. A complete description of the cost estimate bases, assumptions and definitions is 

given in Section 3.8. 

Capital Costs~ The capital cost estimate shown in Table 4.4.32 covers all capital costs 
specifically resulting from inclusion of the LLW incineration facility as an integral part of 
the FRP (described in Section 3.2). These costs also inclupe the effect of incremental 
additions to utilities supplies such as electrical, compressed air, heat, ventilation, and 

\ 

air conditioninq (HVAC), and similar auxiliaries; as well as the cable, pi!Jing, and other 
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TABLE 4.4.32. Capital Cost Estimate for the Fuel Reprocessing 
Plant LLW Incineration Facility 

Cost Element 

Major equipment 
Buildings and structures 
Bulk materials 
Site improvements 

Subtotal of direct site 
construction costs 

Indirect site 
construction co~t~ 

Total field cost . 
Architect-engineer 

services 

Subtotal 
Owner's Cost 

Total facility cost 
Estimate accuracy range 

Man-hours, 
1000s 

Nonmanual Manual 

4 
42 
21 

67 

18 13 

18 80 

Costs, 
1000s of Mid-1976 
Material Labor 

850 50 
390 500 
760 250 

2000 800 

300 400 

2300 1200 

Dollars 
Total 

. 900 

890 
1010 

2800 

__lQQ_ 

3500 

700 

4200 
1300 

5500 
±25% 

bulk materials incorporated directly into the LLW incineration facility. However, general 
FRP costs for such services as laboratories, and warehousing are not allocated to the refer
ence facility. 

The total capital cost includes all plant-related costs incurred trom the start of 
engineering to the initiation of commercial operation with the exception of working capital 
and the cost·of waste containers required to hold untreated waste packages (considered part 
of the FRP operating cost). 

Operating Cost. The operating cost components for LLW inc1neration at the FRP are shown 
in Table 4.4.33. Direct labor costs are expecled to be similar to those for ILW incineration 
and are based on manpower estimates given in Table 4.4.7. ·Process material and utility costs 
are derived from requirements given in Tables 4.4.26 and 4.4.27. Annual maintenance materials 
costs are estimated at three percent of initial major equipment costs. Overhead and miscel
laneous costs are estimated us1ng the standard method described in Section 3.8. 

Levelized Unit Costs. Table 4.4.34 lists the total levelized unit cost, including the 
levelized capital and operating costs. The cost calculations assume private ownership of the 
facilities and a 15-year economic life. 
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TABLE 4.4.33. Operating Cost Estimate for LLW 
Incineration at the Fuel Repro-
cessing Plant ' . 

Cost Element 

Direct labor 
·Process materials 
Ut i1 i ties 
Maintenance materials 
Overhead 
Miscellaneous 

.TOTAL 

Annual Costs, 
$1000s 

210 
50 
80 
25 

250 

30 
650 +50% 

-25% 

TABLE 4.4.34. Levelized Unit Cost Estimate for 
LLW Incineration at the Fuel 
Reprocessing Plant 

Cost Element 

Levelized captital charge 
Levelized operating charge 
Levelized total unit cost 

Uriit Cost, 
$/kg HM 

.70 
~30 

1.00 ±35% 

4.4.2.11 Construction Requirements for .the LLW Incineration Facility at the FRP 

I 

Many factors relating to site preparation and reference facility construction ·may have 
some impact on the environment, the local economy, and the natural resources of the surround
ing area. The information that follows provides a basis for evaluating this impact. 

Project Schedules and Construction Manpow~r. The schedule for engineering, procurement 
and construction of the LLW incineration facility is an integral factor in the overall sched
ule for the construction phase of the FRP. The field labor force estimated for the construc
tion· of the LLW. incineration facility i~ tabulated below: 

Man-hours, 
1 OOOs 

Manual field labor 80 
Nonmanual field labor 18 

Total f1eld labor 98 

Distribution of Onsite and Offsite Costs. Onsite costs are those for all construction, 
materials and services provided at the sit~ of the FRP while offsite costs are those for all 
services provided, equipment fabricated or assembled, and material ourchased elsewhere. The 
distribution of total costs in these categories follows: 



On site 
Offsite 

Total 

Site Requirements. No additional site 
fiable for the LLW incineration facility. 
with those of the FRP. 

4.4.58 

Costs, 
$1000s 

1500 
4000 

5500 

requirements beyond those for the FRP are identi
Land commitments for the facil.ity are included 

Water. Approximately.llOO m3 (0.3 x 106 gal) of water are required during the 
construction period .. , 

Construction Materials. Materials committed to the fac il i ty are: 

Concrete 500 m 3 (700 yd3) 
Steel 90 MT (1 00 tons) 

I 

Copper 0.9 MT ( 1 ton) 
Zinc negligible negligible 
Aluminum negligible negligible 
Lumber 25 m3 (1 0 MFBM) 

Energy. Energy resources used during construction are: 

Propane Jl m3 

Diesel fuel 11~ m3 

Gasoline 76 m3 

Electricity: 
Peak demand 
Total consumption 

(3,000 gal) 
(30,000 gal) 
(20,000 gal). 

120 kW 
60,000 kWh 

Transportation Requirements. No separate transportation requirements for the·LLW incin
eration facility have been identified beyond those for the FRP. 

4.4.2.l2 Effects of Fuel Cycle Options on LLW Incineration at the FRP 

The reference process for incineration of LLW at an FRP assumes reprocessing of LWR 
fuel and recycling the recovered uranium and plutonium. The following alternative fuel cycle 
modes have also been assessed insofar as they relate to incineration of LLW at an FRP. 

No Recycle. The no recycle option eliminates the FRP; LLW is not generated and incinera
tinn i~ nnt r~~uir~~. 

Uranium Recycle Only with Plutonium to a Repository. For uranium recycle only, with· 
plutonium sent to a repository,.the LLW incineration facility design and operation would be 
virtually the same as in the case of uranium and.plutonium recycle. 
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Uranium Recycle Only with Pl~tonium to the HLW. In the case of uranium recycle only, 
with ~lutonium to the HLW, the_ LLW incineration facility design and operation would also be 
virtually the same as in the reference case. 

4.4.3 Compactable and Combustible ILW Packaging Without 
Treatment at the Fuel Reprocessing Plant 

The nuclear industry has accumulated many years of experience in handling compactable and 
combustible wastes· by packaging without treatment. This method is considered an alternative 
to the incineration of ILW, the reference process discussed in Section .4.4.1. With packaging 
without treatment, intermediate-level waste is neither compacted nor incinerated prior to final 
packaging. Instead, the waste (already sealed in plastic bags) is packaged in plastic bag
lined drums for storage and/or shipment to a waste repository. Because of the activity level 
of the ILW, the packaging and storage operations are conducted remotely in shielded facilities. 

4.4.3.1 Alternatives for ILW Packaging Without Treatment at the FRP 

Since packaging without treatment impl,ies a minimal process operation; alternatives are 
confined to variation in the sequence-of events. For example, the degree to which·waste is 
packaged in drums at the source of waste generation as opposed to at a central packaging 
facility can vary. The waste can be brought to the central facility in special reuseable 
shielded transport containers, from which it is transferred to final 55-gal (or 80-gal) steel 
drums; or, it may be brought already in the drums, _which are themselves contained in an 
outer gamma shield. In the latter case, the operation would consist only of sealing, survey
ing, assaying, and, if needed, decontaminating the outsides of the drums. The location of 
the assaying step is also a po~sible variable. Assaying would most likely be done on the 
drummed waste, but could be done on a special hopper of bagged waste at another point in the 
flow scheme. 

The facility for ~ackaging without treatment described here pro~ides the capability for 
receiving the waste, which is pa~kaged in plastic bags, in a special waste receptacle; trans
ferring this waste to an assay container; and, after· assaying, transferring this waste to the 
55-gal drums. If the incoming waste were in shielded 55-gal drums, and if assaying were done 
in the same drum, transfer of the waste would be necessary only in the case of damaged drums 
or drums with extensive external contamination. 

4:4.3.2. Design Basis of the Facility for ILW Packaging Without Treatment at the FRP 

The following assumptions were made in design of the facility for ILW packaging without 
treatment: 

• The reference facility .is associated with the operation of the reference 2000~MTHM fuel 
reprocesSing_plant (FRP). The supporting facilities and services are provided~ the 
reprocessing plant. 
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• The packaging facility receives 1420 m3 of TRU-contaminated combustible trash and 320m3 

of TRU-contaminated ventilation filters per year. The 1420 m3 of waste include that 
portion of the combustible trash from the main FRP that has a reading of >200 mR/hr in 
55-gal drums, all the combustible trash from the Puo2 conversion part of the plant, and 
the combustible trash (secondary wastes) produced by all the other waste treatment 
facilities directly associated with the FRP. About 10% of the total waste routed to this 
facility is expected to have relatively low dose rate readings. The 320m3 represent the entire 

volume of ventilation filters produced at the FRP and associated facilities. Table 4.4.1, 
with ion exchange resins and degraded extractants excluded, defines the sources, composition, 
and amounts of the waste to be received at this facility. Table 4.4.35 gives the annual 

·quantities of major radionuclides in the waste. 

• This facility is designed to package and ship approximately 2400 m3 (83,000 ft3) per year 
of intermediate-gamma-activity-level contaminated waste. 

• General trash is packaged into 55-gal DOT-17c drums, and HEPA filters are packa~ed into 
~U-gal drums; the estimated ~1aste volumes require about 7200 55-gal drums and 2900 80-gal 
drums per year. 

o The assay system provides for inventory control of fissile materials. 

• Preshipment storage capacity is provided for three months of output to compensate for 
fluctuations in waste generation rate, shipping schedules, and similar factors. Storage 
space for .incoming waste is also provided. 

o The design provides a minimum of three 'levels of confinement and includes an internal 
truck bay to meet the confinement requirements for shipping operations. 

4.4.3.3 ILW Packagjng Without Treatment Process at the FRP 

Figure 4.4.21 is a flow diagram showing the sequence of operations for the facility for 
ILW packaging without treatment. Table 4.4.36 characterizes the packaged waste leaving the 
facility. Since there is no release of activity, the activity of the drummed waste is equal 
to that of the feed. 

Drums containing waste in sealed plastic bags are received at the facility for ILW 
packa.ging without treatment. A retractable hood is sealed against the waste carrier, and 
the drum is opened, and inspected. If the drum contains inappropriate materials such as liquids, 
they are removed. Questionable waste and waste in damaged drums _is unloaded for further 
inspection and/or transferred to new drums. If the drum meets inspection, it can either be 
assayed d1rectly, or the waste can be transferre-d to a separate assay container. 



TABLE 4.4.35. Radionuclide Content of Wastes Handled in the Facility for ILW Packaging Without Treatment(a) 

Fission Product Content, Ci/yr 
Volume, 

------~S~o~ur~c~e~-------· m3fyr 
Primary Waste 

l34cs + l37Cs + A 11 Other 90sr + 90v 95zr + 95Nb 106Ru + 106Rh l37Ba 144ce + 144Pr Fission Products 

Main plant combustible 
trash 
Main plant ventilation 
filters 
Pu02 conversion facility 
combustible trash 
Pu02 conversion facility 
ventilation filters 

Secondary Waste 

Combustible trash 
TOTAL 

800 

280 

60 

40 

560 
1766 

0 0 

0 0 

0 0 

0 0 

2.4 X 102 2.2 X 101 

2.4 X 103 2.2 X 102 

0 0 

G 0 

5.9 X 10-l 7.0 X 10-4 4.8 X 101 

5.9 X 10-l 7.0 X 10-4 2.7 X 103 
4.4 X 10° 

2. 4 X 102 

7.6 X 102 

7.6 X 103 

0 

0 

1.5 X 102 

8.5 X 103 

6.0 X 102 

6.0 X 103 

0 

0 

1. 2 X 102 

6. 7 X 103 

Primary Waste 

Actinide Content, C-"i/'-"Yc..:.r ____ ~--. ....... ...,...,.--
Other --- All Other 241 Pu Plutonium 242cm + 244cm Actinides 

Activation Products, Ci/yr 
55 Fe 60co 95zr + 95Nb Other 

Main plant combustible 
trash 3.5 K 102 1.2 X 101 

Main plant ventilation 
filters 7.2 3.5 < 103 1.2 x 102 

Pu02 conversion facility 
combustible trash 3.6 x 102 1.8 ( 105 6.2 x 103 

Pu02 conversion facility 
ventilation filters 1.4 x 103 7.0 x 105 2.5 x 104 

Secondary Waste 
Combustible trash 

TOTAL 

2.5 X 10° 3.4 X 10-2 

8.8 X 105 3.1 X 104 

3.4 X 101 

3.4 X 102 

0 

0 

6.8 X 10° 
3. 7 X 102 

2.0 0 

2.0x101 0 

0 0 

0 0 

3.6 x 10-1 -8.2 

2.2 X 101 8.2 

0 

0 

0 

0 

8.2 

8.2 

0 

0 

0 

0 

3.4 X 10-l 
3.4 X 10-l 
I 

0 

0 

0 

0 

8.0 

8.0 

9.6 X 102 

9.6 X 103 

0 

0 

2.0 X 102 

2.0 X 103 

0 

0 

4.0.x 101 

2. 2 X 103 

a. Based on waste characterization Table 3.3.33 and secondary waste Table 3.5. 1, assuming uranium and plutonium recycle, 2000 MTHM/yr reprocessed 
1.5 years out of reactor. 
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TABLE 4.4.36. Packaged Wastes from the Facility for ILW Packaging 
Without Treatment at the Fuel· Reprocessing Plant 

Surface Dose 
Rate 

0.2-1.0 R/hr 

·1-10 R/hr. 

>10 R/hr 

Volume, (a) 
m3/yr 

150 

1350 

875 

Density, 
kg/m3 

120 

120 

160 

Ratio of Treated 
Volume(a) to 

Untreated Volume 

1.05 

1.05 

2.74 

a. Treated volume based on container volume. 

Drums/yr 
55-ga 1 80-ga 1 

720 

6480 

2900 

b. Fraction of total input to the fucility (Tublc 4.4.35). 

Radioactivity a$ 
Fraction of Inputtb) 

Fission Products 

3H = 1 .0 
129 I = 1 . 0 

All others 
Actinides 
Pu = 0. 2 

-3 1.1 X lQ 

All others = 0.016 
Activation Products 
All = 1 .0 

Fission Products 
3H = 0 

129I = 0. 

All others= 0.11 
Actinides 

-4 Pu = 4 x 10 · 
All others = 0.09 · 

Acivation Products 
All = 1 X 10-2 

Fission Products 
3H = 0 

129 I = O 

All others 0.89 
Actinides 
Pu = 0.8 
All others = 0.9 
Activation Products· 

All = 0 

The waste is assayed to determine fissile material content. If as~ayed in drums, the 

drums move on by conveyer to the lidding station; if not, the waste parcels are removed from 
the assay container, the general trash is placed in plastic-lined, 55-gal drums, and the HEPA 

filters are placed in plastic-lined, 80-gal drums. The 80-gal drums hold one 61 x 61 x 30.5-cm 

filter. Although not done i~ the process described here, the remaining spa~e could be filled 
'with parcels of general trash. The drums· then progress by conveyer to a lidding station where 
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automatic equipment caps them. Next, the drums pass through a final inspection and decontami
nation station and are palletized (four drums per pallet} by automatic equipment. They are 
then removed to the shielded storage area or to the truck bay for shipment. The drummed waste 
is sent either to interim storage or the repository. 

4.4.3.4 Description of the Facility for ILW Packaging Without Treatment at the FRP 

The facility for-the ILW packaging without treatment is located in the same area within 
the FRP as the ILW incineration facility (see Figure 4.4.6}. The facility covers approximately 
950m2 (10,000 ft2} and houses the waste packaging cell, drum palletizing cell, untreated waste 
storage area, operating station, new pallet supply storage area, the drum handling crane, an 
internal truck bay, and a shielded area for storage of about 1900 filled drums. The building 
and equipment arrangements are shown on Figures 4.4.22 through 4.4.25. The drum handling bridge 
crane is operated remotely from the shielded operating aisle spanning the facility at an ele~a
tion of 2:3 m (7.5 ft} from the operating area floor. Part of the waste packaging cell and the 
drum palleti~ing cell are below qrade level, with depths of 1,5 m and 2,9 m (5 ft and 9.5 ft}, 
respectively. A shielding gate, running the full width of the facility, which can be raised to 
allow passage of the bridge crane, is installed to reduce radiation scatter from the storage 
area to the operating area as well as the truck bay. During truck loading operations, the 
truck bay is cleared of personnel and the shielding gate is raised. As a result, the truck 
bay becomes a remotely-operated facility. The facility service requirements, such as for 
light, power, heat, and ventilation, are integrated with the FRP services. The facility 
structure is of ·reinforced concrete to withstand design-basis natural phenomena, including 
earthquakes and tornadoes, and to prevent penetration by a maximum credible fire and/or explo
sion. The reference facility is designed to meet Category I structural requirements. 

Waste Unloading System. The waste unloading system (WUS} is equipped with a retractable, 
telescopic hood that seals against the waste container in the down position. This system is 
connected to a HEPA filtration system. The waste unloading system is designed to prevent spread 
of contamination when a drum containing damaged or penetrated waste packages is opened and the 
waste packages are unloaded. 

·Drum Capping and Palletizing. Fully automatic equipment is used to cap and palletize 
filled drums. Four filled drums are bound on each pallet for shipment and/or storage. 

Facility Decontamination. A conventional, remotely-operated, water-type sprinkler system 
is installed so that a decontaminating solution can be sprayed into the cell of the facility 
to remove surface contamination in the event of an abnormal occurrence. The waste solution 
is drained to a floor sump, from which it is pumped to the liquid waste system of the FRP. 

Fire Protection System. The facility is protected by a wet-pipe sprinkler system, except 
for the drum loading station, which is equipped with a chemical fire suppressant system. This 
system provides a total flooding of 10 seconds discharge with a minimum of 5% concentration 
and a 3-minute soak time. 
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Radiation Monitoring System. Beta-gamma, alpha, and neutron radiation area monitors are 
strategically located throughout the facility to monitor the radiation levels in all of the 
operating areas. Representative air samples are monitored continuously to check for any con
tamination in the operating and storage areas. 

Waste Drum Handling Equipment. A fork-lift is used to move new or filled drums within 
the processing and operating areas and to transport drums of untreated waste. A 1.8-MT (2-ton) 
overhead bridge crane with bridge-mounted television camera is used to transport filled drum 
pallets inside the shielded storage area and to move the filled drums directly from the 
shielded storage area to the truck transports. The crane is controlled from a shielded aisle 
provided with shielding windows. Television cameras are also mounted inside the storage area 
to aid drum transfer operation. 

Sh1elding and Remote Handling Eg~ment. Because of the penetrating radiation from ILW 
wastes generated at the FRP, shielding is required for the entire packaging operation. 
Operating cells are shielded with 60-cm to 90-cm thic.k ~on~rete walls. Shielded viewing window~ 
are provided as needed for the various operations to be carried out by manipulators. Shielded 
transport containers and fork-lift trucks can be used for transport of waste outside of ·the 
cells. 

4.4.3.5 Operating and Maintenance Requirements for the Facility for ILW Packaging 
Without Treatment at the FRP 

The facility for ILW packaging without treatment can be. operated .on .a single shift per 
day or multi-shift operation as the work load demands; it can also be operated continuously 
or intermittently. The operations are scheduled to meet the need established by the w~ste 
generation rate. 

The packaging operation is carried out in a remotely-controlled hot-cell. Minor main
tenance 1s carried out remotely, but any major maintenance requires personnel entry into the 
cell. Since very little contamination spread is expected in the cell, removal of the waste 
inventory and very simple decontamination should be adequate to allow entry. 

No special maintenance requirements are expected since the cell is equipped with rather 
simple equipment. Routine maintenance is usu~lly ~rlequate for the master-slave manipulators, 
overhead cranes, etc., which are standard items in remote operations. 

Staffing. Estimated staffing requirements for the facility for ILW packaging without 
treatment are shown in Table 4.4.37. 

Supplies and Ut111t1es. Table 4.4.38 shows the supplies used for ILW packaging without 
treatment at the FRP. Table 4.4.39 lists utility requirements for the packaging facility. 

4.4.3.6 Secondary Radioactive Wastes from ILW Packaging Without Treatment at the FRP 

Secondary wastes produced by packaging ILW without treatment at the fuel reprocess1ng 
plant are shown in Table 4.4.40. Combustible trash produced in this facility is packaged 

along with the rest of the waste processed and is accounted for as secondary waste in the 
feed to the facility (Table 4.4.1). 

L 
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TABLE 4.4.37. Staffi'ng Requirements for the Facility 
for ILW Packaging Without Treatment 
at the Fuel Reprocessing Plant· 

Job Description 
Personnel Required, 

man-yr/yr 

Operators 2 

Radiation monitors 
Maintenance craftsmen 0.3 

TABLE 4.4.38. ·Supply Requirements for the Facility 
for ILW Packaging Without Treatment 
at the Fuel Reprocessing Plant 

supplx Use Annual Reguirement 

55-gal steel Packaging Waste 7200 
drums (general trash) 
80-gal steel Packaging waste 2900 
drums (ventilation 

filters) 
Wooden Palletizing waste· 2600 
pallets drums 

-
TABLE 4.4.39. Utility Requirements for the Facility 

Utility 

Electricity 

for ILW Packaging Without Treatment at 
the Fuel Reprocessing Plant 

Use Rate Annual Reguirement 

200 kW 3 x 105 kWh 

TABLE 4.4.40. Secondary Radioactive Wastes from the Facility 
for ILW Packaging Without Treatment at the 
Fuel R~processi~g Plant 

Description Annual Volume, m3/yr Rsdioactivity Factor(a) 

Combustible and 
compactable waste 
Noncombustible trash 

11 

0.5 

a. Fraction of input activity (Table 4.4.35) in secondary wastes. 

4.4.3.7 Emissions from the facility for ILW Packaging _Without Treatment at the FRP 

Facility emissions are shown in Table 4.4.41. The only emission route for packaging 
without treatment is through cell ventilation air. This air, after filtration, is routed to 
the FRP atmospheric protection system. The release factor for gaseous emissions assumes sus
pension of 10-8 of the activity processed through the facility in the cell air; this factor 
is probably very conservative. 
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An estimate of the integrated annual release due to minor accidents (section 4.4.3.9) 
for this facility is included in Table 4.4.41. It was developed by weighing the minor accident 
releases by their expected frequencies and summing the quantities for all identified minor 
accidents. In addition, a contingency was included in the integrated release to account for 
unidentified minor accidents and to compensate for the uncertainty in expected frequency· 
information. 

TABLE 4.4.41. Emissions from the Facility for ILW Packaging 
Without Treatment at the Fuel Reprocessing Plant 

Emission 

Gaseous 

Other 

Description 

Vent11at1on a1r 
Minor accident 
integrated 
annual t·elease 
Heat 

Annual Quantity 

1 • · 1 o7 m·1 
.b X 

. 2 
2.8 x 10 MW-hr 
(1 x 109 BTU) . 

Radioactivity 
Release Factor 

to Atmosphere(a) 

1 X 10-lS 

a. Fraction of inp'ut activity (Table 4.4.35) released to atmosphere. 
Includes OF from main plant APS. Released over 365 days/yr. 

4.4.3.8 Decomissioning Considerations for the Facility for ILW Packaging Without 
Treatment at the FRP 

No major ·items of equipment are involved in this facility. Many, but perhaps not all, 
of the equipment items would last for the life of the plant. No appreciable buildup of 
activity in any portion·of the facility is expected. 

4.4.3.9 Postulated Accidents for the Facility for ILW Packaging Without Treatment 
at the FRP 

Postulated minor accidents for ILW packaging without treatment at the FRP are given in 
Table 4.4.42. For purposes of environmental consequence analysis a release from Accident 4.4.8 
has been designated as an umbrella source term (See Section 3.7-Basis for Accident Analys1s). 
Accident 4.4.8 provided the largest release of activity in its release group from accidents in 
this waste management system. Source term categories are cross-indexed by accident numbe~ in 
Appendix A of Section 3. To effect a release from the bagged HEPA filter in Accident 4.4.8, 
the outer.drum must break and the inner plastic bag must be ruptured. When the filter is 
exposed, as much as 0.1% of the activity ·may become suspended in the cell atmosphere because 
of the very fine particulate nature of this material. 

Other accidents for this technology, which were grouped under other umbrella source terms, 
included Accident 4.4.6. Rupture of a few bags of trash would not be expected to cause any 
release since the activity is attached to the trash. In Accident 4.4.7, the frequency estimate 
is equal to that for Accident 4.4.2 (Section 4.4.1.9) multiplied by the ratio of the amounts 
of waste processed in the two cases since a fire would be expected to occur only by 
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TABLE 4.4.42. Minor Accidents for ILW Packaging Without Treatment 
at the Fuel Reprocessing Plant 

Accident No. and 
Description 

4.4.6 - Ruptured 
waste bags 
spilled to floor; 
expected frequency 
2/yr. 

4.4.7- Fire in 
barrel of bagged 
trash; expected 
frequency 0. 1/yr. 

4.4.8 - Spent HEPA 
filters spilled to 
floor, expected • 
frequency 0.04/yr. 

Seguence of Events 

1. Pallet of drums 
being transferred 
by fork- 1 i ft 
truck. 

2. Drums are dropped, 
rupturing some of 
the clrums. 

3. Some of the waste 
bags break, 
spilling contents 
on floor. 

1. One open barrel 
of bagged trash 
ignites and 
burns or spontan
eous ignition of 
a sealed drum 
occurs. 

1. Pallet of drums 
being trasferred 
by fork-lift 
truck. 

2. Drums are dropped, 
rupturing some of 
the drums. 

3. HEPA filter spills 
to floor, breaking 
plastic bag that. 
encloses it. 

Safety Systems Release 

1. Spray-wash capabi- None 
lity allows decon
tami~ation of spill. 

' 1. Only one barrel 
open at a time, 
so fire is 
1 imi ted to one 
barrel. 

2. Self-igniting 
materials are 
not normally 
placed in drums. 

3. Extensive fire pro
tection system 
would quickly 
extinquish a slow 
burning trash fire 
in a barrel. 

4. Spray-wash would 
decontaminate area. 

1. Spray~wash·capabil
ity allows decon
tamination of spill. 

1.4 x 10-6 of 
radioactivity in 
the general trash 
shown in 55-gal 
drums in 
Table 4.4.36 re-
1 eased to ce 11 
filters. 

3.4 x 107 of 
the activity on 
ventilation 
filters in 
80-gal drums 
shown in 
Table 4.4.36 
released to 
drumming area 
filters. 

self-ignition. It is not expected that a fire would spread to more than one drum. This is 
because only a single drum is open at one time. The method of heat transfer between drums 
would be by radiation and conduction. Radiation from a low temperature smoldering trash fire_ 

would be nealiaible. Conduction can only occur through the small area of contact between the 
drums. A fire in a sealed drum which ruptured the drum seal would trigger the ffre extinguish
ing systems. 

No accidents that could be classified as moderate or severe accidents could be realisti
cally postulated for this technology. 

4·.4.3.10 Costs for ILW Packaging Without Treatment at the FRP 

~stimates have been made, in "lid-1~76 dollars, of capital, operating, and levelized unit 
costs. A complete description of the cost estimate bases, assumptions, ~nd definitions is 
given in Section 3.8. 
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Capital Costs. The capital cost estimate for the facility. for ILW packaging without 
treatment at the FRP is shown in Table 4.4.43. This estimate covers all capital costs 
specifically resulting from inclusion of the facility as an integral part of the reference 
FRP (described in Section 3.2.3). These costs also include the effect of incremental addi
tions to utility supplies, such as electrical substation; compressed air; heat, ventilation 
and air condi.tioning (HVAC); and similar auxiliaries. Also considered are incremental 
additions to cable, piping and other bulk materials incorporated directly into the ILW 
packaging without treatment facility. However, general FRP costs for such services as 
laboratories and warehousing are not allocated to the packaging facility. 

The total capital cost includes all plant-related costs incurred from the start of 
engineering to the initiation of commercial oper~tion, with the exception of working r.apital. 

The high capital cost as compared to the capital costs of the··nw incineration facility 
(Section 4.4.1.10) is largely a result of provision of three months storage capacity for drummed 
waste. If a separate interim storage facility is provided at the FRP for all ILW, this much 
storage capacity would not be needed here and the cost for packaging would be reduced. 

TABLE 4.4.43. Canital Cost Estimate for the Facility for ILW Packaging 
Without Treatment at the Fuel Reprocessing Plant 

Cost Element 

Major equipment 
Buildings and structures 
Bulk materials 
Site improvements 

Subtotal of direct site 
construction costs 

Indirect site r.onst.ructinn 
costs 
Total field cost 

Architectural-engineering 
services 
Subtotal 

Owner's cost 
Total facility cost 
Estimate accuracy range 

Manhours, 
Nonmanual 

40 
40 

1000s Costs, 1000s Mid-1976 
Manual Materia 1 Labor 

7 1500 100 
153 1000 1800 

200 

160 2700 1900 

30 ,,700 900 
190 3400 2800 

Dollars 
Total 

1600 
2800 
?nn 

4600 

1600 
6200 

1100 
7300 
2200 
9500 
±25% 

Operating Costs. The operating cost components for ILW packaging without treatment are 
shown in Table 4.4.44. Direct labor costs are based on manpower estimates given in Table 4.4.37. 
Process material and utility costs are derived from requirements shown in Tables 4.4.38 and 
4.4.39. Annual maintena~ce materials costs are estimated at 3% of initial major equipment 
costs. Overhead and miscellaneous costs are estimated using the standard method.described in 

Section 3.8. 
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TABLE 4.4.44. Operating Cost Estimate for 
ILW Packaging Without Treatment 
at the Fuel Reprocessing Plant 

Cost El einent · 

Direct 1 abor 
Process materials 
Utilities 
Maintenance 

materials 
Overhead 
Miscellaneous 

Total 

Annual Costs, 
$1000s 

/ 

45 
240 

5 

30 
70 
30 

420 +50% 
-25% 

Levelized Unit Costs. Table 4.4.45 lists the total levelized unit cost, including the 
levelized capital and operating costs. The cost calculations· assume private ownership of the 
facilities and a 15-year economic life. 

TABLE 4.4.45. Levelized Unit Cost Estimate for ILW 
Packaging Without Treatment at the 
Fuel Reprocessing Plant 

Cost Element 

Levelized capital charge 
Levelized operating charge 

. Level izea total unit cost 

Unit Cost, 
$/kg HM 

1. 70 
0.20 
T. 90 :f35% 

4.4.3.11 Construction Requirements for the Facility for ILW Packaging Without Treatment 
at the FRP 

Many factors relating to the site preparation and reference facility construction may 
have some impact on the environment, the 1oca1 economy, and the natural resources of the sur
rounding area. The information that follows provides a basis for evaluating this impact. 

Project Schedules and Construction Manpower. The schedule for engineering, procurement 
and construction of the facility for ILW packaging without treatment is included in the 
overall schedule for the FRP. This schedule is given in Section 3.2.3. The field labor 
force est1mated for the construct·lun uf the facility ·is tabulated below: 

Man-hours, 
1000s 

Manual field labor 190 
Nonmanual field labor 80 

Total field labor 230 · 
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Distribution of Onsite and Offsite Costs. Onsite costs are those for all construction, 
materials and services provided at the site of the FRP, while offsite costs are those for all 
services provided, equipment fabricated or assembled, and material purchased elsewhere. The 
distribution of total costs in these categories is as shown below: 

On site 
Offsite 

Total 

Costs, 
$1000s 
3000 
6500 
9500 

Site Requirements. No site requirem~nts beyond those for the FRP are identifiable for 
the facility for ILW packaging withoat treatment. Land commitments for the packaging facility 
are also included with those of the FRP. 

Water. Approximately 3400 m3 (0.9 x 106 gal) of water are required during the 
construction period. 

Construction Materials. Materials committed to facility construction are: 

Concrete 
Steel 
Copper 
Zinc 
Aluminum 
Lumber 

2900 m3 

450 MT 
0. 9 MT 
negligible 
negligible 
250 m3 

~n-~rgJl. Energy resources used durin~ construction are: 

Propane 
Die~cl f.uel 
Gasol1ne 
Electricity 

Peak demand 
Total consumption 

26 m3 

260 m3 

17U m3 

200 kW 
130,000 kWh 

(3800 yd3) 
(500 tons) 
( 1 . 0 ton) 
negligible 
negligible 
(100 MFBM) 

{7,000 gal) 
( 70 , 000 ga 1) 

(45,000 gal) 

Transportation Requirements. No separate transportation requirements for the packaging 
without treatment facility have been identified beyond those for the FRP. 

4.4.3. 12 Effects of Fuel Cycle Options 

The effects of fuel cycle options on packaging of ILW without treatment at the FRP would 
be the same as for ILW incineration at the FRP (see Section 4.4. 1.12). 

4.4.4 Compactable and Combustible LLW Packaging Without Treatment 
at the Fuel Reprocessing Plant 

Packaging of low-level waste without treatment is an alternative to the incineration of 
this waste as discussed in Section 4.4.2. The fow-level waste (LLW) portion of the combusti
ble general trash from the FRP has gamma readings of <200 mR/hr in 55-gal steel drums. 
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The concept of packaging LLW without treatment at the FRP is the same as that presented 
in Section 4.4.3 for ILW packaging. The only differences between these two operations are 
those attributable to the lower gamma activity level of the LLW, and to the absence of venti
lation filters in the feed to the LLW facility. These differences result in simplification of 
facility design. 

4.4.4.1 Alternatives for LLW Packaging Without Treatment at the FRP 

Alternatives for packaging LLW without treatment at the FRP are the same as the alterna
tives for packaging of ILW without treatment at the FRP (see Section 4.4.3.1).· 

4.4.4.2 Design Basis of the Facility for LLW Packaging Without Treatment at 
the FRP 

The following assumptions were made in design of the facility for LLW paCkaging without 
treatment at the FRP: 

• The facility is associated with the operation of the reference 2000-MTHM fuel reprocessing 
plant. All. supporting facilities and services are provided by the reprocessing plant. 

• The packaging facility receives 2400 m3 of TRU~contaminated, combustible trash per year. 
These 2400 m3 include that portion of the combustible general trash from the FRP that has 
a surface dose rate reading of <200 mR/hr in 55-gal steel drums. Tables 4.4.20 and 4.4.21 
define the source, compositipn, amounts, and activity level of the waste to be received 
at this facility. 

• The facility is designed to package and ship approximately 3800 m3 (135,000 ft 3) per year 
of waste with low gamma activity levels. 

• The waste is packaged in 55-gal DOT-17C drums. 

• As assay system provides for inventory control of fissile materials. 

· • Pre-shipment storage capacity is provided for. three months of output to compensate for 
fluctuations in waste generation rate, shipping schedules, and similar factors. Storage 
space for untreated waste is also provided. 

• The design provide~ a minimum of three le~els of confinPmPnt, and includes an internal 
truck bay to meet the confinement requirements for shipping operations. 

4.4.4.3 LLW Packaging Without Treatment Process at the FRP 

Low-level waste may be received at the facility for LLW packaging without treatment either 
in plastic-lined, 55-gal drums or in sealed plastic bags in a reusable waste canister. The 
55-gal drums are checked for external contamination, for mechanical damage, and integrityJof 
the drum closure. If necessary, the drums are decontaminated and resealed .. The waste, in 
sealed plastic bags, is transferred to a new drum from any unsound drums. 
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Waste received in sealed plastic bags in the reusable canisters is hand-placed in 55-gal 
steel drums, and lids are affixed to the drums. All the drums are assayed for fissile material 
content, checked for external contamination, decontaminated if necessary, and palletized 
(four drums per pallet). The drums are then removed either to the truck bay for shipment or to 
the shielded storage area. Drums and pallets of drums are moved by shielded fork-lift. 

The input to the facility for LLW packaging without treatment is identical to that to the 
LLW incineration facility described in Section 4.4.2; the radionuclide content of the LLW is 
given in Table 4.4.21. The output of the facility for LLW packaging without treatment is given 
in Table 4.4.46. The drummed waste is sent from this facility to either a final repository 
or to interim storage. 

TABLE 4.4.46. ------- Packaged Wastes from the 
Fac111ty for LLW Packag1ng 
Without Treatment at the Fuel 
Reprocessing Plant 

Volume(a) 

Density 
Ratio of treated volume 

·to untreated volume{a) 
55-gal drums/yr 
Container surface dose rate 
Radioeyctivity as fraction of 
inputlb) 

2,500 m3/yr 
120 kg;m3 

1. 05 
12,000 

<0.2 R/hr 

1.0 

a. Treated volume based on container volume. 
b. Fraction of input to the facility (Table 4.4.21) 

4.4.4.4 Description of the Facility for LLW Packaging Without Treatment 
at the FRP 

The facility for LLW packaging without treatment at the reference FRP is located in the 
same area as the ILW incineration facility (see Figure 4.4.6). The facility covers approxi
mately 855 m2 (9200 ft 2) and houses a drum loading and capping area, the shielde~, untreated 
waste storage bins, an internal truck bay, and a 4600-m3 (139,000 ft~) shielded area for 
storing about 4750 filled drums stacked four drums high. The building and equipment 
arrangement is shown in Figure 4.4.26. The facility arrangement provides fire protection and 
contamination control. The facility service requirements, such as for light, power, heat, and 
vent~lation, are integrated with the FRP services. 

The packaging facility is constructed of reinforced concrete to withstand design-basis 
natural phenomena, including earthquakes and tornadoes, and to prevent penetration by a maximum 
credible fire and/or explosion. The facility is designed to meet Category I structural 

requirements. 
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at the Fuel Reprocessing Plant, General Plan and Section A-A 

Facility Decontamination. A conv~ntional, remotely-operated, water-type sprinkler system 
is installed so that a decontaminating solution can be sprayed into the drum loading room of 
the facility to remove surface contamination in the event df an abnormal occurrence. The 
waste solution is drained to a floor sump, from which it is pumped to the liquid waste system 
of the FRP. 

Fire Protection System. The facility is protected by a wet pipe sprinkler system, except 
for the drum loading station, which is equipped with a chemical fire suppressant system. The 
system provides a total flooding of 10 seconds discharge with a minimum of 5% concentration 
and a 3-min~te soak time. 

Radiation Monitoring System. Beta-gamma, alpha, and neutron radiation area monitors are 
strategically located throughout the fnr.ility to monitor the radiation levels in all of the 
operating areas. Representative air samples are monitored continuously to check for any 
contamination in the-operating and storage areas. 
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I 

Waste Drum Handling Equipment. A shielded fork-lift is used to move .. new or filled drums 
within the processing, operating, and surge storage areas of the facility for LLW packaging 
without treatment and to load filled drums onto truck transports. 

Shielding and Remote Handling Equipment. Because of the relatively low gamma activity of 
the LLW, minimal shielding is required. Individual waste bags and drums can be handled directly 
but, wherever practical, some shielding is provided for routine continuous operation. Shield
ing is used on fork-lift trucks to minimize personnel exposure, and both the incoming waste 
and filled drum storage areas have shielding walls. Simple moveable drum shields or low 
shielding walls are used to minimize personnel exposure in the drum filling, capping, and· 
palletizing area. 

4. 4. 4. 5 Operating and Maintenance Requi _reme_~ts for the Facility for LLW 
Packaging Without Treatment at the FRP 

L1ke the corresponding facility for ILW discussed in Section 4.4.3.5, the operation of the 
facility for LLW packaging without treatment can be continuous or intermittent. It can be a single
or multiple-shift operation as long as it is compatible with the amount of waste to be processed. 

No specia'l maintenance requirements are expected since fork-lifts, assay equipment, and 
hand tools constitute most of the facility equipment. All maintenance is expected to be 

contact maintenance. 

Staffing. Estimated staffing requirements for LLW packaging without treatment are shown 
in Table 4.4.47. 

TABLE 4.4.47. Staffjng Requirements for the Facility for 
LLW Pucknging Without T1·eatme11t at the Fuel 
Reprocessing Plant 

.Job Description 

Operators 
Radiation monitors 
Maintenance craftsmen 

Personnel Required, 
man-yr/yr 

2 

0.2 

Supplies and Utilities. Table 4.4.48 shows the supplies used in LLW packaging without 
treatment at the FRP. Table 4.4.49 11sts utility requirements for the facility. 

TABLE 4.4.48. Supply Requirements for the Facility for 
I.L.W Packay·ing W·i thuuL Tn!atment at. the 
Fuel Reprocessing Plant 

Suppl~ Use Annual Requirement 

55-gal steel Packaging waste 12,000 
drums 

Wooden Palletizing · 
pallets waste drums 3,000 
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TABLE 4.4.49. Utility Requirements for the Facility 
for LLW Packaging Without Treatment at 
the Fuel Reprocessing Plant 

Utility Use Rate Annual Requirement 

Electricity 40 kW 1 X 105 kWh 

4.4.4.6 Secondary Radioactive Wastes from the Facility for LLW Packaging 
Without Treatment at the FRP 

Secondary wastes produced by packaging LLW without treatment are shown in Table 4.4.50. 
The compactable trash secondary waste shown in Table 4.4.50 is included in the secondary 
waste accumulated from all the FRP wa~te treatment facilities (Table 4.4. 1) and as such would 
be fed to an ILW treatment facility (Section 4.4.1 or 4.4.3). In practice this material 
would be packaged as produced in the LLW facility. 

TABLE 4.4.50. Secondary Radioactive Wastes from the Facility 
for LLW Packaging Without Treatment at the 

· Fuel Reprocessing Plant 

Annual Volume, 
Description m3;yr 

Combustible 20 
and compactable 
was.te 

Radioactivity Factor(a) 

1 X 10-6 

a. Fraction of input activity (Table 4.4~21) in secondary 
waste. 

4.4.4.7 Emissions from the Facility for LLW Packaging Without Treatment 
at the FRP 

Facility emissions are shown in Table 4.4.51. Emission route.s for the LLW packaging 

without treatment facility are the same as those for the ILW facility discussed in Section 
4.4.3.7, and facility release factors are based on the same assumptions. 

TABLE 4.4.51. Emissions from the Facility for LLW Packaging Without 
Treatment at the Fuel Reprocessing Plant 

Emission 

Gaseous 

Other. 

Description 

Ventilation air 
Minor accident 
integrated annual 
release 
Heat 
(released to 
ventilation air) 

Annual 
Quantity 

7 3 1.6 x 10 m 

8.3 X 101 MW-hr 
( 3 x 108 BTU) 

Radioactivity 
Release Factor 

to Atmosphere(a) 

1 X 10-l 5 

3 X 10-14 

a. Fraction of input activity (Table 4.4.21) released to atmosphere. 
Includes DF from main plant APS. Released over 365 days/yr. 
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4.4.4.8 Decommissioning Considerations for the Facility for LLW Packaging 
Without Treatment at the FRP 

No appreciable contamination or activity build-up is expected in the facility for ILW . . 
packaging without treatment; total decontamination prior to decommissioning should be 
relatively simple. 

4.4.4.9 Postulated Accidents for the Facility for LLW Packaging Without 
Treatment at the FRP 

Postulated minor accidents for LLW packaging without treatment are given in Table 4.4.52. 
The basis for estimating release and frequencies of occurrence is the same as discussed in 
Section 4.4.3.9 for the ILW facility. No accidents that could be classif~ed as.moderate or 
severe accidents could be realistically postulated for this technology. 

TABLE 4.4.52. Minor Accidents for the Facility for LLW Packaging 
Without Treatment at the Fuel Reprocessing Plant 

Accident No. and 
Description 

4.4.6 - Ruptured waste bags· 
spilled to floor; expected 
frequency 4/yr. 

4.4.7- Fire in barrel of 
bagged trash; expected 
frequency 0.2/yr. 

Sequence of Events 

1. Pallet of drums being 
transferred by fork-lift 
truck. 

2.·Urums are dropped, ruptur
ing some of the drums. 

3 .. Some afterwaste bags 
break, spilling contents 
on floor. 

1 . One open drum of 
bagged trash ignites and 
burns or spontaneous iq
nition of a sealed drum 
occurs. 

Safety System Release 

1. Spray-wash capabil- None 
ity allows decon
tamination of spill. 

1. Only one drum open 
at a time, so fire 
is l'imited to one 
drum. 

2. Self-igniting mat
erials are not 
normally placed in 
drums. 

3. Extensive fire pro
tection action would 
quickly ext1ngu1sh a 
slow-burning trash 
fire in a drum. 

4. Spray-wash would 
decontaminate area. 

8 x 10-7 of 
radionuclides 
in the ilnnunl 
throughput 
shown in 
Table IJ .IJ .21 
released to 
ventilation , 
filter. 

4.4.4.10 Costs for the Facility for LLW Packaging Without Treatment 
at the FRP 

Estimates have been made, in mid-1976 dollars, of capital, operating, and levelized unit 
costs. A complete description of the cost estjmate bases, assumptions, and definitions is 

\ 

given in Section 3.8. 
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Capital Costs. The capital cost estimate for the facility for LLW packaging without 
treatment at the FRP is shown in Table 4.4.53. This estimate covers all capital costs 
specifically resulting from inclusion of the facility as an integral part of the FRP 

(described in Section 3.2.3). These costs also include the effect of incremental additions to 

TABLE 4.4.5"3. Capital Cost EstimQte for the Facility for 
LLW Packaging Without Treatment at the Fuel 
Reprocessing Plant 

Costs, 

Cost Element 

Man-hours, 
1 OOOs. 

Nonmanual Manual 
1000s of Mid-1976 Dollars 
Material Labor Total 

Major equipment 
Buildings and structures 
Bulk materials 
Site improvements 

Direct site 
construction costs 

Indirect site 
construction costs 

Total field cost 
Architect-engineer 

services 
Subtotal 

Owner's cost 

Total facility cost 
Estimated accuracy 

range 

30 
30 

no 
10 

120 

. 20 

140 

200 
800 

300 

1300 

500 
1800 

1300 
100 

1400 

700 
2100 

200 

2100 
400 

2700 

1200 
3900 

700 
4600 
·1400 
6000 

±25% 

utility supplies, such as electricc:l substations; compressed air; heat, ventilation, and air 
conditioning (HVAC); and similar auxiliaries; as well as the cable, piping and other bulk 

materials incorporated directly into the facility for LlW packaging without treatment. 

Ho~ever, qeneral FRP costs for such services as·laboratories and warehousing are not allocated 
to the facility. 

The total capital cost includes all plant-related costs incurred from the start of 
engineering to the initiation ·of commercial operation, with the exception of working capital. 

The relatively high capital cost as compared to the capital cost of the LLW incineration 
facility (S~ction 4.4.2.10) is largely a result of provision of three months storage capacity 
for drummed waste. If a separate interim storage facility is provided at the FRP,for all ILW, 
this much storage capacity would not be needed here and the cost for packaging would be reduced. 

Operating Costs. The operating cost components for the LLW packaging without treatment 
facility are shown in Table 4.4.54. Direct labor costs are based on manpower estimates given 
in Table 4.4.47. Process material and utility costs are derived from requirements shown in 
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Tables 4.4.48 and 4.4.49. Annual maintenance materials costs are estimated at 3% of initial 
major equipment costs. Overhead and miscellaneous costs are estimated-using the standard method 
described in Section 3.8. 

TABLE 4.4.54. Operating Cost Estimate for the Facility 
for LLW Packaging Without Treatment at 
the Fuel Reprocessing Plant 

Annual Costs, 
Cost Element $1000s 

Direct Labor 45 
Process materials· 240 
Utilities 5 
Maintenance 

m(lt.Priillc; !) 

Overhead 50 
Miscellaneous 15 

Total 360 ±25% 

Levelized Unit Costs. Table 4.4.55 lists the total levelized unit cost, including the· 

levelized capital and operating costs. The cost calculation assumes private ownership of the 
facilities.and a 15-year economic life. 

TABLE 4.4.55. Levelized Unit Cost Estimate for the Facility 
for LLW Packaging Without Treatment at the 
Fuel Reprocessing Plant 

cost Element 

Levelized capital charge 
Levelized operating charge 

Levelized total unit cost 

Unit Cost, 
$/kg HM 

.75 

. 15 

.90 ±30% 

4.4.4.11 Construction Requirements for· the Facility for LLW Packaging 

Without·Treatment at the FRP 

Many factors relating to site preparation and reference facility construction may have 
some impact on the environment, the local economy, and the natural resources of the surround
ing area. The information that follows provides a basis for evaluating this impact. 

Project Schedules and Construction Manpower. The schedule for engineering, procurement, 
and construction of the facility for LLW packaging without treatment is an integral factor in 
the overall schedule for the FBP given in Section 3.2.3. The field labor force estimated for 
the construction of the LLW packaging without treatment facility is tabulated below: 
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Man·- hours, 
1000s 

Manual field labor 140 
Nonmanual field labor 30 

Total field labor 170 

Distribution of Onsite and Offsite Costs. Onsite costs are those for all construction, 
materials and services provided at the site of the FRP, while offsite costs are those for all 
services provided, equipment fabricated or assembled, and material purchased elsewhere. The 
distribution of total costs in these categories is as shown below: 

Costs, 
$1000s 

Onsite 2200 
Off site 3800 ,. 

Total 6000 

Site Requirements. No additional site requirements beyond those for the FRP are identi
fiable for the reference facility. Land commitments for LLW packaging without treatment are 
included with those of the FRP. 

Water. . 3 6 
Approximately 2300 m (0.6 x 10 gal) of water are required during the 

construction period. 

Construction Materials. Materials committed to facility construction are: 

Energy. 

Concrete 
Steel 
Copper 
Lumb!'!r 

Energy resources used 

Propane 
Diesel fuel 
Gasoline 
Electricity 

Peak demand 
Total consumption 

1700 m3 

270 MT 
2.7 m3 

120 m3 

(2200 yd3) 
(300 tons) 
(3 tons) 
(50 MFBM) 

during construction are: 

19 m3 (5,000 gal) 
(50,000 gal) 
(35,000 gal) 

190 m3 

130 m3 

150 kW 
100,000 kWh 

Transportation Requirements. No separate transportation requirements for the LLW pack
aging without treatment facility have been identified beyond those for the FRP. 

4.4.4.12 Effects of Fuel Cycle.Options on LLW Packaging Without Treatment 
at the FRP 

The effects of fuel cycle options on packaging of LLW without treatment at the FRP would 
be the same as for LLW incinerati~n at the FRP (see Section 4.4.2.i2). 
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4.4.5 Other Alternatives for Compactable and Combustible Wastes Treatment 
at the Fuel Reprocessing Plant 

Sections 4.4. 1 through _4.4.4 have presented two alternatives for treating intermediate 
and low-level compactable and combustible wastes at the FRP, incineration and packaging 
without. treatment. Three other alternatives were mentioned in the introduction to Section 
4.4: compaction and packaging; sorting and shredding followed by immobilization in cement_or 
another solid matrix; and acid digestion. Of these, only compaction and packaging has had 
wide-scale use in the nuclear industry for treating large volumes of such wastes but it has 
not been applied to ILW wastes. 

Compaction reduces the wa£tc volume with some ·improvements in stability of the waste Lo 

fire. Also, transportation, storage, and repository costs are considerably less for the 
decreasec:l volume of waste than for waste that is packaged without treatment. The small 

increases in the cost and facility complexity to cover the simple compaction process is expected 
to be more than offset by the decreased output volume of drummed waste. 

Several compaction methods are available. (2•18 ) Standard compactors, used most in the 
nuclear industry, compress the waste material directly into the shipping container (55-gal 
drum). Volume reduction factors of about five to six are achieved. Balers,·another kind of 

r compactor, compress the waste into bales, which are tied, banded, or wrapped to prevent 
expansion. Volume reduction ratios between 4 and 10 are typical. Bales are then placed into 
the shipping containers. A third type, baggers, compress the material into slugs that are 
injected into bags; the bagged waste is later placed in shipping containers. A volume 
reduction factor of about four results. Packers compress the waste into large storage or 
shipping containers. On arrival at the disposal site, however, the waste is discharged from 
the container, allowing re-expansion. 

Sorting and shredding of wastes followed by immobilization in a solid matrix, such as 
cement, has the advantage of increasing the stability of the waste, particularly in that it 
renders the waste noncombustible. It does not, however, appreciably if at all decrease the 
waste volume and it greatly increases the weight of the waste. The method is quite useful 
for small volumes of specialized wastes, such as ion exchange resins, where the increased waste 
stabilityis important. This is particularly true.for ion exchange resins which have been in 
contact with nitric acid (as is commonly the case at the FRP) or other oxidants. These resins 
are potential fire or explosion hazards; immobilization with cement neutralizes any nitric 
acid remaining and confines the residual water associated with the resins. Such a process is. 
generally considered uneconomical, however, for large volumes of general trash. The cement 
immobilization process as applied to resins and FRP liquid wastes is treated in detail in 
Section 4.7.2. It is also the reference treatment alternative for the ash resulting from 

incineration. 

Acid digestion( 2•10) is a low-temperature (230°C -· 250°C) oxidation of the organic material 

in the trash in concentrated sulfuric acid. The oxidant most studied is HN03. The process 
renders the waste noncombustible. It also.has the advantage of rendering actinides in the waste, 
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such as plutonium, rather easily recoverable. The process is st{ll in the developmental stage 
~nd is being demonstrated only on a small scale. Because of the complexity of the equipment 
involved it cannot be ascertained at this time whether the process would be attractive on the 
scale needed for treatment of combustible wastes at the FRP. 

4.4.6 Incineration of Combustible Waste at a Mixed Oxide Fuel Fabrication Plant 

. The feed to the incineration process at the mixed oxide fuel fabrication plant (MOX FFP) 
consists of all the ventilation filters and combustible general trash produced by the main 
plant and all its associated operations, including waste treatment. The MOX FFP incineration 
process and equipment are virtually identical to the two controlled-air incineration processes 
at the fuel reprocessing plant (Sections 4.4.1 and 4.4.2). The equipment and layout are 
identical to the LLW incineration facility at the FRP (Section 4.4.2), except that a separate 
filter compactor system is present in the MOX FFP incineration facility to compact and package 
metal-framed ventilation filters. Also, because its small volume does not appear to warrant 
a special concentrator, the off-gas scrubbing solution at the MOX FFP is not concentrated. 

The reasons for selecting incineration as an alternative for treating this waste are the 
same as those discussed for the ILW incineration facility at the FRP in the introduction to 
Section 4.4.1. Incineration of alpha active radioactive waste has been practiced for over 
20 years by nations involved with nuclear technology. A list of incineration units and discus
sions of instailation experiences are available from several sources. (5•6•7) 

The selected reference treatment system for combustible waste at the MOX FFP is based on 
controlled-air incineration( 2•3•4) with a high-energy aqueous off-gas scrubbing system. This 
particular type of incinerator has not been used for incineration of radioactive wastes. The 
facility discussed here, designed in many respects like the LLW incineration facility at the 
FRP, may be somewhat oversized for the output of the 400 MTHM per year MOX FFP. Although it 
may be more practical for one incineration facility to serve more than one site, for the 
discussions here, only waste from one 400 MTHM per year MOX FFP is processed. If the MOX-.FFP 
is close-coupled with the FRP, the MOX FFP waste could be incinerated in the FRP facility. 

4.4.6.1 Alternatives for Incineration at the Mixed Oxide Fuel Fabrication Plant 

Alternatives to controlled-air incineration for the ILW waste at the FRP are discussed in 
Section 4.4.1 and apply equally to the selected reference process discussed here. 

4.4.6.2 Design Basis for the Incineration Facility at the Mixed Oxide Fuel 
Fabrication Plant 

The following assumptions were made in design of the MOX FFP incineration facility:· 

• The· facility is associated with the operation of the reference 400-MTHM mixed oxide fuel 
fabrication plant. All supporting facilities and services are provided by the fuel fabri
cation plant. 

• The facility receives 212 m3 of combustible trash and 40 m3 of used ventilation filters 
per year; The source, composition, properties, amount, and activity level of Lllis TRU 
waste are shown in Tables 4.4.56 and 4.4.57. 



a. From primary waste characterization Table 3.3.38 and 
secondary- waste characterization Table 3.5.2. 

b._ Waste generated by all the waste treatment facilities 
with the MOX FFP. 

TABLE 4.4.57. Radionuclide Content of Waste Treated at the Mixed Oxide 
Fuel Fabricat·ion Plant Incineri;lt1on Fi;tC1lity(a) 

1-'rimar,Y Secondary 
. Combustible Ventilation Combustible 

Trash Filters Trash Total 

Actinide content, Ci/yr 

239Pu .1. 6 X 1 o2 3.6 X 1 o2 6.0 X 10-4 -5.2 X 

241Pu 6,9 X 1 o4 1.6,:.: 1 o5 2.8 X 10 -1 2.3 X 

Other Pu 2.6 X 1 o3 6.0 X 103 1.0 X 10 -2 8.6 X 

241Am 1.1 X 102 2.7 X 102 7.6 X 10-2 3.8 X 

Other actinides and 
10° 10° X 10-6 daughters 2.4 X 5.6 X 9.6 .8.4 

a. Based on primary waste characterization Table 3.3.38 and secondary waste 
characterization Table 3.5.2, assuming 400 MTHM/yr fabricated 1 year after 
plutonium pur1f1cat1on. 

1 o2 

105 

103 

1 o2 
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-
• The incinerator facility is designed to process the TRU waste discussed above in 560 hours 

operation per year. 

• The MDX FFP incinerati.on facility. includes, in addition to the incinerator itself, a 
filter media pelletizing and filter_frame compaction system, a feed preparation subsystem, 
including sorting and shredding capability, a feed assay subsystem, and on off-gas treat
ment subsystem, including aqueous scrubbing. 

• The incinerator and off-gas treatment train are designed to handle feed consisting of 
100% of any one of the major combustible general trash components (cellulosics, plastic, 
rubber, etc.). 

• The assay subsystem_provides inventory control for fissile materials in the incineration 
process and prevents cross-contamination by other classes of waste. 

• All utilities required for an orderly process shutdown, such as cooling water, power, 
ventilation, and compressed gas for pneumatic process controls, are assured by back-up 
systems. 

• The MDX FFP incineration facility is designed to withstand design-basis natural phenomena, 
including earthquakes and tornadoes, and to prevent penetration by maximu~ credible fire 
and/or explosion. 

4.4.6.3 Incineration Process at the Mixed Oxide Fuel Fabrication Piant 

Table 4.4.57 shows the radionuclide content of the combustible trash and ventilation filters 
treated at the MDX FFP incineration facility. The incinerati.on process reduces the volume of 
the trash and converts it to a noncombustible ash.from which transuranium elements such as plu
tonium can be recovered (if it is found desirable or economically feasible to do so). The 
facility also punches out and pelletizes the filter media from the ventilation filters and 
compacts the metal filter frames. The pelletized media and compacted frames are packed in 55-gal 
drums .for shipment either to interim storage or the repository. 

The layout, equipment, and operation of the MDX FFP feed preparation, assay, controlled
air incinerator charging, incineration, ash collection, off-gas treatment, scrubbing solution 
recycle, and auxiliary utilities subsystems are identical to those of the LLW incineration 
facility discussed in Section 4 .. 4.2, and are very similar to those of the ILW incineration 
facility discussed in Section 4.4. 1. The process differences between the LLW incineration 
facility at the FRP and the MDX FFP facility are the lower annual feed volumes, different feed 
radionuclide content, the processing of ventilation filters, and the lack of scrubbing solution 
concentration at the latter. The overall MDX FFP incineration system flowsheet is shown in 
Figure 4.4.27. 

Feed Preparation. The function and operation of the MDX FFP feed preparation subsystem 
is the same as that discussed for the ILW incineration facility at an FRP in Section 4.4.1.3, 
except that the MDX FFP system does not involve wooden filter frames. Also, the MDX FFP uses 
a glove box-containe~ system with direct rather than remote operation, as discussed in 
Section 4.4.2.3. Figure 4.4.28 is a flow diagram of the feed preparation subsystem; 
Table 4.4.58 gives stream data. 
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FIGURE 4.4.28. Feed Preparation Flow Diagram for the Incineration Facility 
at the Mixed Oxide Fuel Fabrication Pl~nt 
(CinJed numbers refer to stream numbers in Table 4.4.58.) 
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TABLE 4.4.58. Feed Preparation Stream Flow Data for -the Incineration 
Facility at the Mixed .Oxide Fuel Fabrication Plant 

Stream Number Description Rate(a) Radioactivity Fraction(b) 
Packaged waste, general trash 25,000 kg/yr 0.3 

2 Ventilation filters 6,400 kg/yr 0.7 
3 Pelletized filter media 2,560 kg/yr 0.7 
4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 
15 

Filter frames 
Filter frame metal 
Drummed filter material 

Other classes of material 
(included for completeness) 
Compatible waste (75% of 
general trash) 
Waste requiring sorting 
(25% of general trash) 
Noncombustible for packaging 
with failed equipment 
included for completeness) 
Sorted combustible waste· not 
requiring shredding 
Combustible wa·ste requiring 
shredding 
New boxes for repackaging 
waste 
Waste to storage 
Waste to incinerator 

3,840 kg/yr 
3,840 kg/yr 
6,400 kg/yr 

(50 drums) 

D 

19,DDO kg/yr 

6,0DD kg/yr 

0 

3,DDD kg/yr 

3,0DD kg/yr 

46D 
25,DDO kg/yr 

45 kg/hr 
(25,DDO kg/yr) 

0.014 
0.014 
D.7 

0 

D.23 

D.D75 

D 

D.D37 

D.D38 

0 

D.3 
D.3 

a. Rates in units of hours are instantaneous rates based on 56D hr of incinerator operation 
per year. 

b. Fraction of total input (Table 4.4.57) in the indicated stream. 

~sa~. The assay subsystem has the same function in the MDX FFP incineration facility as 
the assay subsystem for the ILW incineration facility at the FRP (see Section 4.4.1.3). The 
assay systems which have been used for wastes contaminated with weapons-grade plutonium can 
likely be modified to assay wastes contaminated with plutonium that has been recycled from a 
light water reactor (LWR}. Assay of the ash within the hopper and of the scrub solution stream 
require development. As· an alternative, the ash and scrub solution could be sampled and-chemically 
analyzed. 

Incineration Cha':.9..:i!li!.· The function and operation of the MDX FFP ram feeder is the same 
as that of the LLW incineration facility discussed in ·section 4.4.2.3. 

Incineration and Ash Collection. Incinerator operation is identical to that described for 
the ILW incinerator at the FRP except that no liquids are fed to the.MDX FFP incinerator. The 
operation of the ash collection subsystem is the same as that of the ILW incineration facility 
ctL Llie FRP (Section 4.4.1.3) except that the ash is vacuumed hy hilnd through a glove 
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' 
box-enclosed door to the lower chamber instead of by manipulators in a shielded cell. The 
incineration and ash collection flow diagram and stream data are give~ in Figure 4.4.29 and 
Table 4.4.59, respectively. 

COMBUSTION AIR ---+tr---------.. 
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FIGURE 4.4.30 
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TO IMMOBILIZATION 

PROCI:.SS 
I SECTION 4. 7l 

TO GLOV[ OOX 

FIGURE 4.4.29. Incineration and Ash Collection Flow Diagram for the Incineration 
Facility at the Mixed Oxide Fuel Fabrication Plant 
(Circled numbers refer to stream numbers in Table 4.4.61.) 

TABLE 4.4.59. Incineration and Ash Collection Stream Flow Data for the 
Incineration Facility at the Mixed Oxide Fuel Fabrication 
Plant 

Stream Number 
15 

Description 
Solid waste to incinerator 
Pr1mary chamber propane supply 

Rate (b) 

45 kg/hr 
0-0.5 m3min 
( S"TP) 

Radioactivity Fraction(a) 

0.3 
17 

18 

19 

20 

20A 

20B 
20C 
21 

22 

Primilry r.hnmhf>r r~ir '>l!pply 

Primary chamber off-gas 

Ash removal system (not 
operative during processing): 

ash 

transport air 
filtered air 

Secondary chamber propane supply 

Secondary chamber air supply 

Incinerator off-gas 

3-10m3/min 
(STP) 
4-10m3/min 
(STP) 

2,000 kg/yr 
(8. 3 mJ;yr) 
8.5 m3/min 
8. 5 m3/min 
0-0.5 m3/min 
(STP) 
1.4-10m3/min 
(STP) 
7-20 m3/min 

· (STP) 

a~ Fraction of total input (Table 4.4.57) in the indicated stream. 

0 

0 

0.0012 

0.3 

3 X 10-13 

0 

0 

0.0012 

b. Rates in units of hours or.minutes are instantaneous rates based on 560 hrs of 
incinerator operation per year. 
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Off-gas Treatment. Off-gas treatment for the MOX FFP incineration facility is identical 
to that presented in Section 4.4.1.3, with the final cleaned off-gas routed to the MOX FFP 
atmospheric protection system. The flow diagram and stream data for the MOX FFP incinerator 
off-gas treatment system are given in Figure 4.4.30 and Table 4.4.60. The scrubbing solution 
is routed directly without concentration to the MOX FFP wet waste and particulate solids 
immobilization facility (see Section 4.7). 

Scrubbing Solution Recycle. Scrubbing solution recycle operation is the· same as that 
described in Section 4.4.1.3. The flowsheet and stream data for this subsystem are includ~d 
in Figure 4.4.30 and Table 4.4.60. 
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TO IMMOBILIZATION PROCESS 

!SECTION 4.7 I 

SCRUB 
SOLUTION 

TANK 

® 

FIGURE 4.4.30. Off-Gas Treatment Flow Diagram for the Incineration Facility 
at the Mixed Oxide Fuel Fabrication Plant 

Filter Processing. Filter processing can be considered a separate ~nd more or less 
' unrelated part of the MOX FFP incineration facility; no part of the filter is incinerated . 

. Filter media a~e pressed from the frames and pelletized, .the frames are crushed, and the 
pe 11 eti zed media and crushed fr.ames are packaged in 55-ga 1 drums in exactly the same manner as 
discussed in more detail under ILW feed prepa~ation in Section 4.4.1.3. The only differenc~ is 
that the operation is carried out in a glovebox instead of a hot-cell. The flowsheet and 
stream data for this process are included in Figure 4.4.28 and Table 4.4.58. 
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TABLE 4.4.60 .. Off-gas Treatment Stream Flow Data for the Incineration Facflity 
at the Mixed Oxide Fuel Fabrication Plant 

Stream Number 

23 
24 

25 

26 

27 

28 

29 

30 

31 

.32 

33 

34 

35 

36 

37 

38 

39 

110 

41 

42 

43 

44 
45 
46 

47 

48 

Description 

Incinerator off-gas (1100°C) 

Quenched off-gas (77°C) 

Venturi scrubber off-gas 
(·part i c 1 es removed) 

Packed column off-gas 
(mineral acids removed) (65°C) 

Condenser off-gas (50°C) 
(most of water removed) 

Superheated off-gas (60°C) 

Filtered off-gas 

Cleo11ed off•yas Lu iJldiiL 
atmospheric protection system 

Excess quench liqu{d return 
Venturi scrubber and packed 
column liquid return 

Neutralized scrub solution 
return after particulate 
removal 
Scrub solution cooler, water 
supply (24°C) 
Scrub solution cooler, water 
return (32°C) 
Cooled scrub solution to hold 
tank (32°C) 

Scrub solution tank outlet 
Recycled scrub solution to 
quench co 1 Ulllll weir· ( r 11 ten~d 
to remove additional particu
lates) 
Recyc 1 ed scrub so 1 uti on to 
quench column and venturi 
scrubber 

Scrub solution blnwdnwn to 
immobilization .facility (32°C) 

Venturi so 1 u L ·j ur1 

Caustic solution (20% NaOH) 
addition 

Solid caustic and water 

Condensate return 

Scrubbing solution makeup water 
Condensate recycle to packed 
column 

Condenser cooling water 
supply (tc) 

Condenser cooling water 
return (tc + 20°C) 

Rate (b) 

7-20m3/min (STP) 

. 14-40 m3/min 
(STP) 

14-40 m3 /min 
(STP) 

14-40 m3/min (STP) 

7.6 -21 m3/mi'n 
(STP) 

7. 6 -21 m3 /min 
(~If') 

7.6-21 m3/min 
(STP) 

7.6-21 m3/~in 
(SIV) 

60-72 R./min 

57-87-.R./min 

117-159 R./min 

530 R./min 

530 R./min 

11 7-159 R./mi n 

117-159 Umin 

45 R./min 

68-98 R./min 

3.8 Mmin S 
(1 .28 x 10 R./yr) 

38-68 R./min 

0-1 q 9 /min 

7. 6-15 R./mi n 

3.8-19 R./min 

19 R./min 

360 R./min 

360 R./min 

a. Instantaneous rates based on 560 hr of incinerator operation per year. 
b. Fraction of total input (Table 4.4.57) in the indicated stream. 

Radioactivity 
Fraction(b) 

1.2 X 10-J 

1.2 X 10-3 

2.4 X 10-5 

2.4 X 10-5 

2.4x10 5 

2.4 X 10-l 2 

2.4x10- 12 

1.2xl0-3 

0 

0 

0 

0 

0 

0 

0 
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Auxiliary Utilities. The purpose and operation of auxiliary utilities in the MOX FFP 
incineration facility are identical to those described in Section 4.4.1.3. 

Incineration Facility Products. The product of waste treatment in the MOX FFP incinera
tion facility is shown in Table 4.4.61. Ash and scrubbing solution are also produced, but 
tney receive further treatment in the wet wastes and particulate solids treatment facility, so 
are considered to be secondary wastes and are described as such in Section 4.4.6.6. 

TABLE 4.4.61. Packaged Waste Leaving the Incineration Facility 
at the Mixed Oxide Fuel Fabrication Plant 

Volume,(a) 
Ratio of T)eated 

Density, Volume(a to Drums/yr, Radioactivity as(b) 
Product m3/~r kg/m3 Untreated Volume 55-gal ·Fraction of Ineut 

Pelletized filter 
media and frames 
(<0.2R/hr) 10 640 0.25 50 

a. Treated volume based on container volume. 
b. Fraction of total input (Table 4.4.57). 

4.4.6.4 Descrietion of the Incineration Facility at the Mixed Oxide Fuel 
Fabrication Plant 

0.7 

The MOX FFP incineration facility is located in the production maintenance· and waste 
area, between the special nuclear materials rework and recovery operation area and the 
process support area, as a direct attachment to the main pellet and rod production areas of 
the MOX FFP. Figure 4.4.31 shows the position of this facility in relation to the rest of -
the facilities in the MOX FFP complex. 

' 
The controlled-air incineration system is housed in a concrete structure approximately 

32m by 16m (105ft by 53ft). The floor plan of the facility is shown in Figure 4.4.32. 
The MOX FFP incineration facility is identical to the. LLW incineration facility at the FRP, 
as discussed in Section 4.4.2.4, except that the MOX FFP facility provides a room where a ~EPA 
filter compactor is enclosed in a glove box, as seen in Figure 4.4.32. The section view of 
the facility is identical to that shown in Figure 4.4.20 in Section 4.4.2.4. 

Equipment. Since the MOX FFP waste incineration facility is identical to the LLW incinera
tion facility (except for the inclusion of filter compaction equipment at the .MOX FFP facility), 
the equipment items are not described again here. The filter compaction equipment, x-ray 
scanner, feed shredder, assay equipment, ram feeder, controlled-air incinerator, entire off-
gas treatment train, and scrubbing sol.ution recycle equipment are discussed in Section 4.4.1 .4. 
The MOX FFP facility does not include scrub solution concentration equipment; instead the 
scrub solution is sent directly to the immobilization facility (see Section 4.7). 

Shielding and Remote Handling Equipment. Shielding requirements for the MOX FFP incinera
tion facility are the same as those discussed in Section 4.4.2.4. 
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·4.4.6.5 Operating and Maintenance Requirements for the Mixed Oxide Fuel 
Fabrication Plant Incineration Facility 

Operating· and maintenance .requirements for the MOX FFP incineration facility are similar 
to those of the LLW incineration facility at the FRP (Section 4.4.2.5) but are carried out on 
a smaller SGale. 

The MOX FFP facility uses lower feed rates and operates many fewer hours per year 
(560 hours per year). Because of the smaller number of operating hours, the equipment failure 
rate should be much lower than that of the LLW incineration facility at the FRP. All major 

. equipment items, including the incinerator primary and secondary chambers, are expected to 
last for the life of the MOX FFP plaRt. 

Staffing. Estimated staffing requirements for the MOX FFP incineration facility are 
shown in Table 4.4.62. Daily manpower requirements vary in the same manner as discussed in 
Section 4.4.1.5. 

TABLE 4.4.62. Staffing Requirements for the 
Incineration Facility at the 
Mixed Oxide Fuel Fabrication 
Plant 

Personnel Required, 
Job Description man-yr/yr 

Operators 2.7 
Monitors 1.0 
Maintenance ~raftsmen 0.3 

Supplies and Utilities. Table 4.4.63 shows essential materi~ls used in the MOX FFP 
incineration facility operation. Table 4.4.64 lists utilities required for this operation. 

TABLE 4.4.63. Supply Requirements for the Incineration 
Facility at the Mixed Oxide Fuel Fabrica
tion Plant 

Material 
NaOH 

Cardboard 
boxes 

Steel drums 
(55-gal) 

Use 
pH control in off-gas 
scrubbing solution 
Repackaging of sorted and 
shredded waste to be 
incinerated 
Packaging of pelletized 
filter media and crushed 
metal frames 

Annual 
Requirement 

3750 kg 

460 

50 

4.4.6.6 Mixed Oxide Fuel Fabrication Plant Incineration Facility Secondary 

Radioactive· Wastes 

Secondary wastes produced by the MOX FFP incineration facility are shown in Table 4.4.65. 
The basis for determining the secondary waste volumes and activities shown in Table 4.4.65 are 
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TABLE 4.4.64. Utility Requirements for the Incineration 
Facility at the Mixed Oxide Fuel Fabrica-
tion Plant · 

Utilit~ Use Rate Annual Reguirement 
Electricity 800 kW 1 X 106 kWh 
Propane 15 m3/hr 7 x 103 m3 (STP) 
Air 8. 7 x 103 m3/hr 4.8 X 105 m3 

Water consumed 1.4 X 103 kg/hr 7.8 X 105 kg 

TABLE 4.4.65. Secondary Radioactive Wastes from the Incineration 
Facility at the Mixed Oxide Fuel Fabrication Plant 

Description 
Incinerator ash 
Scrubbing solution 

Annual Volume, m3/yr Radioactivity Factor(a) 
S.3 0.3 

128 (1.3 X 105 kg) 3 X 10-4 

Noncombustible aener~l trash 
and failed equipment X 10-5 

Combustible and 
compactable waste 

2 X 10-6 

a. Fraction of input activity (Table 4.4.57) in the secondary waste. 

the same as for the ILW incineration facility (see Section 4.4.1.6). The composition of the 
scrubbing solution is shown in Table 4.4.66. The lower activity level of noncombustible 
trash and failed equipment from the MOX FFP incineration facility, as compared to the two FRP 
incineration facilities (Sections 4.4.1.6 and 4.4.2.6), reflect the expectation that the primary 
and secondary incinerator chambers will not have to be replaced during. the life of the plant. 
Combustible general trash, including scrubbing solution recycle filters, is recycled directly 
to the incineration facility. 

TABLE 4.4.66. Composition of the Scrubbing 
Solution for the Incineration 
Facility at the Mixed Oxide 
Fuel Fabrication Plant 

Volume 
Specific gravity 
Chemical composit1on 

pH 
NaCl 
NaHC03 
Na2so3 and Na2so4 
Particles 

1.3 x 105 'l/yr 
1.02 

7 to 9 

0.5 M 
0.1 M 

0.01 M 
0.2 g/'l 
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4.4.6.7 Emissions from the Incineration 'Facility at the Mixed Oxide Fuel 
Fabrication Plant 

Facility emissions are shown in Table 4.4.67. The activity levels ·in the gaseous emission 
are based on the same estimates as those made for the two 'FRP incineration facilitites, as 
d]scussed in Sections 4.4. 1.7 and 4.4.2.7. The values in Table 4.4.67 are considered con
servative for reasons presented in the earlier sections. 

TABLE 4.4.67. Emissions from the Incineration Facility at the Mixed 
Oxide Fuel Fabrication Plant . 

Emission 
Gaseous 

Cooling 
tower 
water 

Description 
Cleaned incinerator 
off-gas 

Minor accident 
integrated· annua 1 
release 

Evaporated (T = 38°C). 
Drift (T = 38°C) 
Blowdown (T = 27°C) 

Other Heat 
to cooling tower 

in gaseous emission 

Annual Quantity 

6.6 X 105 kg 
3.2 X 103 kg 
1.2 X 105 kg 

8.5 kg 
15 kg 
33 kg 
17 kg 

4.4 x 102 MW-hr 
( 1. 5 x 1 09 BTU) 
6.7 x 101 MW-hr 
( 2 . 3 x 1 o8 BTU) 

Radioactivity 
Re 1 ease Factor 

to Atmosphere(a) 
2 X 10-lg 

3 X 10-15 

·a. Fraction of total input (Table 4.4.57) released to atmosphere. Includes OF of 107 

from APS. Relea~Prl over 560 hr/yr. 

An estimate of the integrated annual release due to minor accidents (Section 4.4.6.9) 
for this facility is included in Table 4.4.67. It was developed by weighing the minor accident 
releases by their expected frequencies and summing the quantities.for all identified minor 
accidents. In addition, a contingency was included in the integrated release to account for 
unidentified minor accidents and to compensate for the uncertainty in ~xpected frequency infor
mation. Estimated integrated annual releases due to minor accidents for this technology are 
seen in Table 4.4.67 to be much greater than the normal operational release. 

4.4.6.8 Decomissioning Considerations for the Incineration Facility at the 

Mixed Oxide Fuel Fabrication Plant 

All major equipment items in the incineration facility are expected to last for the life 
of the MOX FFP. Only slight bu11d-u1J ur actinide ilctivity in the incinerntnr refractory is 
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expected (unlike the case of fission products in the FRP incinerators discussed in Sectio~ 4.4. 
and 4.4.2.8). No appreciable bui'ld-up is expected in other equipment in the facility. Overall, 
the decomissioning of this facility would be similar to decomissioning of typical alpha-active 
facilities, such as the other major parts of the MOX FFP. 

4.4.6.9 Postulated Accidents for the Incineration Facility at the Mixed Oxide 
Fuel ·Fabrication Plant 

Postulated minor and moderate accident scenarios for the MOX FFP incineration facility 
are shown in Tables 4.4.68 and 11.4.69, respectively. These scenarios are identical to those 
for the LLW incineration facility at the fuel reprocessing plant (see Section·4.4.2.9) except 
that the release values differ because of differences in the fraction of annual throughput in 
the facility at any one time. The release values are determined in the same manner as those 
for the ILW and LLW incinerators at the FRP (see Sections 4.4.1.9 and 4.4.2.9).· No accidents 
that could be classified as severe accidents could be realistically postulated for this 
technology. 

TABLE 4.4.68. Minor Accidents for the Incineration Facility at the Mixed 
Oxide Fuel Fabrication Plant 

Accident No. and 
Description 

4.4. 1-Loss of cooling 
water to incinerator 
off-gas treatment 
system; expected fre
quency 0. 05/yr. 

4.4.2-Minor fire in 
feed preparation sys
tem; expected fre
quency 0.2/yr. 

l. 

2. 

.3. 

4. 

i. 

2. 

Seguence of Events 

Cooling water flow 1 . 
to off-gas treat-
ment system fails. 

Humidity in off-gas 
rises. 

2. 
HEPA filters slowly 
plug due to conden-
sing moisture. 

HEPA filter block-
age shuts down sys-
tern in about 30 
minutes. 

Fire starts in l. 
trash in feed 
preparation area. 

Small fire is 2. 
detected and 
extingu·ished. 

Safet~ Sl:stem Release 

Slow blockage of None 
airflow a 11 ows 
adequate time for 
equipment shutdown 
to be carried out. 

A two-hour back-up 
supply of pre&sur-
ized water to quench 
column prevents 
other effects of 
coolant loss from 
occurring. 

Well-designed auto-
a4 2. 2 x 10 of 

matic fire suppres- radionuclides 
sion system. in combustible 

trash released to 
Additional manual glove box filters. 
operated fire sup- (Table 4.4.57) 
press1on equ1pment. 

4.-4.6.10 Costs for the Incineration Facility at the Mixed Oxide Fuel Fabrication Plant 

Estimates have been made, in mid~l976 dollars, of capital, operating and levelized unit 
costs. A complete description of the cost estimate bases, assumptions and definitions is given 

in Section 3.8. 
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TABLE 4.4.69. Moderate Accidents for the Incineration Facility at the Mixed 
Oxide Fuel Fabrication Plant 

Accident No. and 
Description 

4.4.3 - Major fire in 
feed preparation lin~; 
expected frequency 
0. 01/yr. 

' 4.4.4 - Explosion in 
feed preparation sys
tem; expected fre
quency 0.02/yr. 

4.4.5 - Incinerator 
explosion; expected ' 
frequency 0.01/yr. 

Sequence of Events 
1. Feed preparation 

line contains maximum 
loading of waste (24 hr 
of incinerator feed). 

2. Fire initiates in 
waste. 

3. Fire suppression 
system does not r 

operate. 

4. Glovebox atmospheric 
filters fail because 
of fire. 

1. Small amounts of explo
sive material in waste. 

2. Such material explodes 
during sorting opera
tion. 

1. Flame-out occurs in 
incinerator. 

2. Explosive reignition 
of propane-air mixture 
in incinerator causes 
breech of incinerator 
integrity. 

3. 50% of ash in incinera
tor ~t minimum load is 
suspended in cell air. 

Safety Systems 
1. Well-designed auto

matic fire suppres
sion system·would be 
used. 

2. Additional manual or 
redundant automatic 
fire suppression 
equipment could be 
used. 

1. Explosives or explo
sive chemicals are 
not used in-MOX ~FP 
operation. 

2. Waste form designed 
to prevent formation 
of explosive material. 

1. Incinerator control 
system greatly 
reduces probability 
of occurrence. 

2. Automatic fire-con
t-rol sprinkler would 
activate, lowering 
amount of airborne 
particles. 

Release 
2.2 x 10-2 of 
radionuclides 
in combustible 
trash (Table 4.4.57) 
released to plant 
APS. 

5 x 10-4 of 
radionuclides 
in combustible 
trash (Table 4.4.57) 
released to cell 
filters. 

9 x 10-2 of 
radionuclides 
in combustible 
trash (Table 4.4.57) 
released to ce 11 
filters. 

Capital Costs. The capital cost estimate for the MOX FFP incineration facility is shown 
. ·in Table 4.4.70. Th1s estimate covers all capital costs specifically resulting from inclusion 

of the facility as an integral part of the MO~ FFP described in Section 3.2. These costs also 
include the effect of incremental additions to utilities, such as electricity; compressed air; 
and heating, ventilation, and air conditioning (HVAC); as weil as the cable, piping and other 
bulk materials incorporated directly into the waste incineration facility. However, general 
MOX FFP costs for such services as laborator1es and warehousing have not been allocated to the 
reference facility. 

The total capital cost includes all plant-related costs incurred from the start of engineer
ing to the initiation_of commercial operation, with the exception of working c~pital and the· 
cost of waste containers required to hold untreated waste packages (considered part of the 
operating cost). 
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TABLE 4.4.70. Capital Cost Estimate for the Incineration Facility at 
the Mixed Oxide Fuel Fabrication Plant 

Cost Element 
Major equipment 
Buildings and 

structur;es 
Bulk materials 
Site improvements 

Subtotal of 
direct site con
struction costs 

Indirect site 
construction costs 

Total field cost 
Architect-engineer 

services 
Subtotal 

Owner's cost 
Total facility cost 
Estimate accuracy 

range 

Man-hours, 
1000s 

Nonmanual Manua1 

'18 

18 

4 

42 
21 

67 

13 

80 

Costs, 
1000s of Mid-1976 
Materia1 

850 

400 
750 

2000 

300 

2300 

Labor 
50 

500 
250 

,800 

400 

1200 

Dollars 
Tota1 

900 

900 
1000 

2800 

700 

3500 

700 
4200 
130'0 
5500 

±25% 

Operating Costs. The operating cost components for the MOX FFP incineration facility are 
tabulated in Table 4.4.71. Direct labor costs are based· on manpower requirements shown in 
Table 4.4.62. Process material and utility costs are derived from requirements given in 
Ta6les 4.4.63 and 4.4.64. Maintenance materials costs are estimatPd at 3% of initial major 
equipment cqsts. Overhead and miscellaneous costs are calculated as described in Section 3.8. 

TABLE 4.4.71. Operating Cost Estimate 
for Incineration at the 
Mixed Oxide Fuel Fabri
cation Plant 

Cost Element 
Direct labor 
Process materials 
Ut'ilitics 
Maintenance materials 
Overhead 
Miscellaneous 

Total 

Annual Costs 
$1000s 

60 
5 

'15 

25 
80 
15 

200 +50% 
-25% 

Levelized Unit Cost. Table 4.4.72 shows the total levelized unit cost including the 
levelized capital and operating costs. Thecost calculation assumes private ownership 
of the facilities and·a 15-year economic life. Because of the small amount of waste processed 
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TABLE 4.4.72. 

Cost Element 

Levelized.Unit Cost 
Estimate for Incin
eration at the Mixed 
Oxide FueCFabr1ca
tion Plant 

Unit Co~t, 
$/kgHM(a 

Levelized capital charge 
Levelized operating charge 
Levelized total unit cost 

3.45 

.85 
4. 30' ±35% 

a. Dollars per kgHM MOX fuel. To convert to 
$/kgHM reproces~ed, divide by five. 

this f~cility is underused. Other alternatives such as a smaller incinerator, compaction and 
packaging, or incineration at the FRP if the FRP and the MOX-FFP are close-coupled, may be 
more attractive economically. 

4.4.6.11 Construction Requirements for the Incineration Facility at the Mixed 
· Oxide Fuel Fabrication Plant 

Construction requirements for the MOX FFP incineration facility are identical to those 
discussed in Section 4.4.2.11. 

4.4.6.12 Effects of Fuel Cycle Options on Waste Incineration at the MOX FFP 

The reference process for incineration of waste at the MOX FFP assumes reprocessing of 
LWR fuel and recycling the recovered uranium and plutonium. The fuel cycle options, 1) no 
recycle, 2) uranium recycle only with plutonium to a repository, and 3) uranium recycle only 
with plutonium to the high-level waste, would all eliminate the MOX FFP and the need for an 
incineration facility to process its combustible waste. 

4.4.7 Compactable and Combustible Waste Packaging Without Treatment 
at a Mixed Oxide Fuel Fabrication Plant 

Packaging of compactable and combustible waste without treatment is an alternative to 
incineration of this waste (see Section 4.4.6). The waste comprises spent ventilation filters 
and the general combustible trash from the mixed oxide fuel fabrication plant (MOX FFP) and 
from all the waste treatment facilities associated with it (secondary waste). 

The concept and operation of the facility for packaging without. treatment at the MOX FFP 
are identical to that presented in Section 4.4.4 for LLW packaging without treatment at the 
fuel reprocessing plant. The two facilities differ in size, particularly for preshipment 
storage, because of the much lower waste volume to be processed at the ~OX FFP. 
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4.4.7. 1 Alternatives for Packaging Without Treatment at the Mixed Oxide Fuel 
Fabrication Plant 

Alternatives within the concept of packaging without treatment at the MOX FFP are the same 
as those discussed in Section 4.4.3. 1. 

4.4.7.2 Facility Design Basis for Packaging Without Treatment at the Mixed Oxide 
Fuel Fabrication Plant 

The following assumptions were made in design of the facility for packaging without treat
ment at the MOX FFP: 

• The facility is associated with the operation of the reference 400 MTHM mixed oxide fuel 
fabrication plant. All supporting facilities and services are provided b_y the fuel 
tabrication plant. 

• The facility t'ece·ives 212m3 of combustible trash and 40m3 -of spent ventilation filters 
per year. The'source, composition, properties, amount, and activity level of this waste 
are stJuwn in Tables 4.4.5n.rtnrl 4.4.57. 

• This facility is designed to package and ship approximately 310m3 (11 ,000 ft 3) of TRU
contaminated waste per year. 

• General trash is packaged in 55-gal DOT-17c· drums; HEPA filters are packaged in 80-gal 
drums. 

• An assay system provides for inventory control of fissile materials. 

• Preshipment storage capacity is provided for three months of output to compensate for 
fluctuations in wnste,....generation rate, shipping schedules, and sindlar factors. Storage 
space for untreated waste is also provided. 

• The ~~siyr1 provides a minimum of three levels of confinement and. includes an internal 
truck bay to meet the confinement requirements for shipping opPrrttions. 

4.4.7.3 Packaging Without Treatment Process at the Mixed Oxide Fuel 
Fabrication Plant 

The operation of the facility for packaging without treatment at the MOX FFP is identical 
tu that described for LLW packaging without treatment at the fRP (see Section 4.4.4.3) except 
that HEPA filters are not received in the LLW facility. HEPA filters are handled at the MOX 
FFP facility in the same manner as the compactable and combustible trash except that they are 
packaged in 80-gal rather than 55-gal drums. 

The input fo'r the MOX FFP facility for packaging without treatment is shown in Table 4.4.57; 
the output is given in Table 4.4.73. The drummed waste is sent from this facility to either a 
final repository or to interim storage. 

4.4.7,4 Facility Description for Packaging Without Tr·eabuent at the M1xed 0X1de 

Fuel Fabrication Plant 

The facility for packaging without treatment at the MOX FFP is an alternative to the incin
eration facility and would occupy the same general area assigned to that facility and described 
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TABLE 4.4.73. Packaged Waste Leaving the Facility for Packaging Without 
Treatment at the Mixed Oxide Fuel Fabrication Plant 

Vol ume(b) 
Ratio of Treated Radi oacti vi ty, 

Dens it~, Volume to ( ) 
Untreated Volume b 

ContainerS/,lr as Fraction 
of In~ut( c) Waste(a)' m3f,lr kg/m 55-gal 80-gal 

Combustible 220 120 1. 05 1050 0.3 
trash 
Ventilation 108 60 2.7 350 0.7 
filters 

a. Container surface dose rate <0.2 R,'hr. 
b. Treated volume based on container volume. 
c. fraction of total input (Table 4.4.57). 

in Section 4.4.6.4·. The facility covers approximately 217m
2 

(2340 ft
2

) and houses a drum 
loading and capping area, shielded untreated waste storage bins, an internal truck bay, and a 
400-m3 (14,100-ft3) shielded area for storage of about 380 filled drums stacked four high. 
The building and equipment arrangement is shown in Figure 4.4.33. The facility arrangement 
provides fire protection and contamination control. ·The facility service requirements, such as 
for light, power, heat, and ventilation, are integrated with the overall MOX FFP services. 
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·The MOX FFP facility for packaging without treatment is constructed of reinforced concrete 
to withstand design-basis natural phenomena, including earthquakes and tornadoes, and to pre
vent penetration by a maximum credible fire and/or explosion. It is designed to meet Category I 
structural requirements. 

Major Equipment. Facility equipment, including decontamination equipment, fire protection 
systems, radiation monitoring systems, and drum handling equipment, is identical to that dis
cussed• in Section 4.4.4.4. 

Shielding and Handling Requirements. Shielding and handling requirements for packaging 
without treatment are expected to be about the same for the facility at the MOX FFP as for 
the facility for LLW at the FRP (see-Section 4.4.7.4). 

4.4.7.5. Operating and Maintenance Requirements for Packaging Without Treatment 
at the Mixed Oxide Fuel Fabrication Plant 

Because of the rather low volume of waste to be processed, the facility only operates 
on a single shift and ~ntP.rmittently as needed. Maintenance requirements ar~ expected to hP. · 
minimal since very simple equipment is involved and since no appreciable contamination of such 
equipment is expected. Contact maintenance would be used. 

Staffing. Table 4.4.74 gives estimated staffing requirements for packaging without treat
ment at the MOX FFP. 

TABLE 4.4.74. Staffing Requirements for 
Packaging Without Treat
ment at the Mixed Oxide 
Fuel Fabrication Plant 

Job Description 
Operators 
R~rli~tion monitors 
Maintenance craftsmen 

Personnel Required, 
man-yr/y~-

1.0 

0.5 
0.1 

Supplies and Utilities. Table 4.4.75 shows the supplies used in packaging without treat
ment at the MOX FFP. TahlP 4.4.76 lists the utility requirements fo1· the facil ily. 

TABLE 4.4.75. Supply Requirements for Packaging 
Without Treatment at the Mixed 
Oxide Fuel Fabrication Plant 

Materia'! 
55-gal steel drums 

80-gal steel drums 

Wooden pallets 

Use 
Packaging combustible 
trash 
Packaging 
ventilation filters 
Palletizing waste 
drums 

Annual Requirement 
1050 

350 

470 
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TABLE 4.4.76. Utility Requirements for Packaging 
Without Treatment at the Mixed 
Oxide Fuel Fabrication Plant 

Utility 
Electricity 

Use Rate 
40 kW 

Annual Re4uirement 
5 X 10 kWh 

4.4.7.6 Secondary Waste from the Facility for Packaging Without Treatment 
at the Mixed Oxide Fuel Fabrication Plant 

Secondary wastes produced by packaging without treatment at the MOX FFP are shown in 
Table 4.4.77. This secondary waste is packaged by this facility and is part of the total MOX 
FFP secondary waste that is the feed for this facility (Table 4.4.56). 

TABLE 4~4.77. Secondary Wastes from Packaging Without Treatment 
at the Mixed Oxide Fuel Fabrication Plant 

Description 
Annual Volume, 

m3/yr Radioactivity Factor(a) 
1 X 10-6 Combustible and 

Compactable Waste 
3.2 

a. Fraction of input activity (Table 4.4.57) in secondary waste. 

4.4.7.7 Emissions from the Facility for Packaging Without Treatment at the 
Mixed Oxide Fuel Fabrication Plant 

Facility emissions are shown in Table 4.4.78. Emission routes for the MOX FFP facility 
for packaging without treatment are the same as those for FRP packaging without treatment 
facilities, and facility release factors are based on the same assumptions (see Section 
4.4.3. 7). 

TABLE 4.4.78. Emissions from the Facility for Packaging Without Treatment 
at the Mixed Oxide Fuel Fabrication Plant 

Emiss1on 
Gaseous 

Other 

Description 
Ventilation air 
Minor accident 
integrated 
annual release 
Heat (released 
to ventilation 
air) 

Annual Volume 
1.6 x 107 m3 

4.2 x 101 MW-hr 
(1.4 x 108 BTU) 

Radioactivity 
Release Factor 

to Atmosphere(a) 
1 X 10-18 

1 X 10-l 7 

a. Fraction of total input (Table 4.4.57) released to atmosphere. 
Includes OF of 107 from APS. Released over 365 days/yr. 

An estimate of the integrated annual release due to minor accidents (Section 4.4.7.9) for 
this facility is included in Table 4.4.78. It was developed by weighing the minor accident 
releases by their expected frequencies and summing the quantities for all identified minur· 
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accidents. In addition, a contingency was included in the integrated release to account for 
unidentified minor accidents and.to compensate for the uncertainty in expected frequency infor
mation. Estimated integrated annual releases due to minor accidents for this technology are 
seen in Table 4.4.78 to be larger than the estimated operational releases. 

4.4.7.8 Decomissioning Considerations for the Facility for Packaging Without 
Treatment at the Mixed Oxide Fuel Fabrication Plant 

Decomissioning considerations for the MOX FFP facility for packaging without treatment 
ar.e the same as those discussed in Section 4.4.4.8. 

4.4.7.9 Postulated Accidents for Packaging Without Treatment at the Mixed 
Oxide Fuel Fabrication Plant 

Postulated minor accidents for MOX FFP facility for .Packaging without treatment are given 
in Table 4.4.79. rhe basis for estimating releases and frequency of occurrence is the same as 
discussed in Section 4.4.3.9 for the ILW facility at the FRP. 

No accidents that could be class1f1ed as ~ev~re accidents could be realistically· 
postulated for this technology. 

TABLE 4.4.79. Minor Accidents for Packaging Without Treatment 
at the Mixed Oxide Fuel Fabrication Plant 

Accident No. and 
Description 

4.4.6 - Ruptured waste 
bags spilled to floor; 
expected frequency 
D.4/yr. 

4.4.7 - Fire in barrel 
of bagged trash; 
expected frequency 
0.02/yr. 

4.4.8 - Spent HEPA 
·filters spilled to 
·f I oor; expected 
frequency 0.01/yr. 

Sequence of Events 
1. Pallet of drums be

ing transferred by 
fork-lift truck. 

2. Drums are dropped, 
rupturing some of 
them. · 

3. Some of the waste 
bags break, spill
ing contents on 
floor. 

1. One open drum of 
bagged trash 
ignites and burns: 

1. Pallet of drums be
ing transferred by 
fork-lift truck. 

2. Drums are dropped, 
rupturing one or 
more of them. 

3. HEPA filter spills 
to floor, breaking 
plastic bag it fs 
ln. 

Safety System 
1. Spray-wash capabil

ity allows decon
tamination of spill. 

1. Only one drum open 
at a time so fire 
is limited to one 
drum. 

2. Extensive fire pro
tection section 
would quickly 
extinquish a slow 
burni rig trash fire 
fn a drum. 

3. Spray-wash would 
decontaminate area. 

1. Spray-wash capabil
ity allows decon
tamination of spill. 

Release 
None. 

1 x 10-5 of 
radionuclides 
in the general 
trash shown in 
55-gal drums 
1n Table 4.4.73 
released to 
drununing area 
filters. 

3 x 10·6 of the 
activity 011 
ventilation 
filters in 
80-gal drums 
shown in 
Table 4.4.73 
released to 
drummi.ng area 
filters. 
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4.4.7. 10 Costs for the Facility for Packaging Without Treatment at the Mixed 
Oxide Fuel Fabriction Plant 

Estimates have been made, in ~id-1976 dollars, of capital, operating, and levelized unit 
costs. A complete description of the cost estimate bases, ~ssum~tions, and definitions is 
given in Section 3.8. 

Capital Costs. The capital cost estimate for the MOX FFP facility for packaging without 
treatment is shown in Table 4.4.80. The estimate covers all capital costs specifically result
ing from inclusion of the facility as an integral part of the reference MOX FFP (see Section 
3.2.4). These costs also includ~ the effect of incremental additions to utilities, such as 
electrical substation; compressed air; and heating, ventilation,· and air conditioning (HVAC); 
as well as the cable, piping and other bulk materials incorporated directly into the packaging 
withqut treatment facility.· However, general MOX FFP costs for such services as laboratories 
and warehousing are not allocated to the reference facility. 

TABLE 4.4.80. Capital Cost Estimate for the Facility for 
-Packaging Without Treatment at the Mixed 
Oxide Fuel Fabrication Plant 

Cost Element 
Major equipment 
Buildings and structures 
Bulk materials 
Site improvements 

_Subtotal of direct 
site construction 
costs 

Indirect site 
construction costs 

Total field cost 
Architect-Engineer 

services 

Subtotal 
Owner's cost 

Total facility cost 
Estimate accuracy range 

Man-hours, 
1000s 

Nonmanua1 Manual 

32 
7 

40 

10 8 

10 48 

Costs, 
1000s of Mid-1976 
Material Labor 

200 
200 400 
300. 100 

700 500 

200 200 

900 700 

Dollars 
Total 

200 
600 
400 

1200 

400 

1600 

300 

1900 
600 

2500 
125% 

The total capital cost includes all plant-related costs incurred from the start of 
engineering to the initiation of commercial operation with the exception of working capital and 
the cost of shipping containers (steel drums) primarily for use offsite. 

Operating Cost. Table 4.4.81 _lists the operating cost components for MOX FFP packaging 

wilhout treatment. Direct labor.costs are based on manpnw~r requirements given in Table 4.4.74. 
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TABLE 4.4.81. Operating Cost Estimate for 
Packaging Without Treatment 
at the Mixed Oxide Fuel 
Fabrication Plant 

Annual Costs, 
Cost Elements $1000s 

Direct labor 30 
Process materials 
Utilities 
Maintenance materials 
Overhead 
Miscellaneous 

Total 

30 
0 

4 

33 
8 

105 +50% 
-25% 

Process materials and utilities costs are based on requirements given in Tables 4."4.75 and 4.4.76. 
Maintenance materials tosts are estimated at 3% of initial major equipment costs. Overhead 
and miscellaneous costs are calculated in the standard manner described in Section 3.8. 

Levelized Unit Cost. The total levelized unit cost including the levelized capital and 
operating components is given in Table 4.4.82. The cost calculation assumes private ownership 
of the facilities and a 15-year economic life. 

TABLE 4.4.82. Levelized Unit Cost Estimate 
for Packaging Without Treat
ment at the Mixed Oxide Fuel 
Fabrication Plant 

Cost Element 
Levelized capital charge 
Levelized oper~ting r.h~rgP. 

Levelized total unit cost 

Unit Cost,) 
$/kg HM(a 

1. 55 
.~5 

1. 80 ±35% 

a. Dollars per kg HM MOX fuel. To convert to 
$/kg HM reprocessed, divide by five~ 

4.4.7.11 Construction Requirements for the Facility for Packaging Without Treatment 
at the Mixed Oxide Fuel Fabrication Plant 

Many factors relating to site preparation and reference facility construction may have 
some impact on the environment, the local economy, and the natural resources of the surround
ing area. The information that follows provides a basis for evaluating this impact. 

Project Schedules and Construction Manpower. The schedule for engineering, procurement, 
and construction of the facility for packaging without treatment is an integral factor in the 
overall sch~dule for the MOX FFP (given in Section 3.2.3). The field labor force estimated 
for the construction of the facility is tabulated below': 
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Man-hours, 
1000s 

Manual field labor 48 
Nonmanual field labor 10 

Total fieid labor 58 

Distribution of Onsite and Offsite Costs. Onsite costs are those for all construction, 
materials and services provided at the site of the MOX FFP, while offsite costs are those 
for all services provided, equipment fabricated or assembled, and material purchased elsewhere. 
The distribution of total costs in these categories is as shown below: 

· Costs, 
1000s 

Onsite 800 
Offs i te 1700 

Total 2500 

Site Requirements. No site requirements beyond those for the MOX FFP are identifiable 
for the reference facility for packaging without treatment. Land commitments for the facility 
are included with those of the MOX FFP. 

Water. Appr~ximately 800m3 (0.2 x 106 gal) of water are required durinq the con
struction period. 

Construction Materials. Materials committed to facility construction are: 

Energy. 

Concrete 
Steel 
Copper 
Zinc 
Aluminum 
Lumber 

Energy resources 

Propane 
Diesel fuel 
Gasoline 
Electricity: 

Peak demand 

450 m3 

90 MT 
2.7 MT 
0.9 MT 
0.9 MT 

25 m3 

used during 
3 7.6 m 

76 m3 

45 m3 

construction are: 

Total consumption · 
70 kW 

45,000 kWh 

(600 yd3 ) 

( 100 tons) 
(3 tons) 
( 1 ton) 
( 1 ton) 

(10 MFBM) 

(2,000 ydl) 
(20,000 gal) 
(12,000 gal) 

Transportation Requirements. No transportation requirements for the packaging without 
treatment facility have been identified beyond those for the MOX FFP. 

4.4.7. 12 Effects of Fuel Cycle Options on Packaging Without 
Treatment at the MOX FFP 

The reference process for packaging waste without treatment at the MOX FFP assumes 
reprocess1ng of LWR fuel dnll r·ecycling the 1·ecovered uranium and plutonium. The fuel cycle 
options, 1) no recycle, 2) uranium recycle only with plutonium to a repository, and 3) uranium 
recycle only with plutonium to the high-level waste, would all eliminate the.MOX FFP and the 
need for a facility to package its combustible waste. 
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4.4.8 Other Compactable and Combustible Waste Treatment Alternatives 
at the Mixed Oxide· Fuel Fabrication Plant 

Incineration and packaging without treatment of MOX FFP compactable and combustible 
wastes have been discussed in Sections 4.4.6 and 4.4.7, respect{vely. Other alternatives to 
these two approaches are the same as the alternatives for treating the corresponding waste 
at the fuel reprocessing plant (see in Section 4.4.5). 

Since the annual wast~ production at the MOX FFP is smaller than at the FRP, a greater 
incentive may be present at the MOX FFP to replace incineration with a process better adapted 
to a smaller scale operation. The compaction and packaging process and the acid digestion 
process are both alternatives that might be more easily adapted to the MOX FFP scale of 
operation. On the other hand, because of the rather high plutonium content of the waste at 
the MDX FFP, use of a process that renders the plutonium readily recoverable may be desi'rable. 
Only the incineration and acid digestion processes satisfy this criterion. As the acid 
digestion process undergoes further development, it may prove to be a very competitive 
process for treating combustible wastes at a MDX FF~. It should be noted, though, that none 
of the process.es available for treating spent ventilation filters converts the plutonium. to 
a readily recoverable form. 

4.4.9 Safeguard Requirements for Compactable and Combustible 
Waste Treatment 

Compactable and combustible wastes are not attractive targets for theft or ~abota~e, 
largely ·because the concentrations of special nuclear material and other ·radioactive material 
would be very low. Such wastes are not a practical source of strategic nuclear material and 
most are not a significant radiological health hazard. ThP. r.nnr.PntrRtion of radioactivity of 
the materials is several orders of magnitude below that of spent fuel. The attractiveness of 
this waste is reduced further by the wide range of radioactive material types and concentrat·ious 
possible for each container, making theft and sabotage results somewhat unpredictable. 

Compacted, process ventilation filters from the MOX fuel fabrication olant, could oroduce 
drums containing up to 200 g of Pu per drum. ·Fifty drums per year of such wastes could be expected 

as a part of a total of 2100 drums of waste per year from the MOX olant. All waste drums would· 
be stored together for eventual emplacement in a geologic repository. If the spent filters are 
not compacted during the preparatory steps, up to seven times as many drums (350 per year) would 

, be required. A corresponding lesser amount of Pu would be in each drum. While the total quantity 
of Pu stored in this waste is significant, the specific drums containing Pu would be unidentified 
and randomly distributed among all of the drums of various waste types. This would result in a 
target considered to be too diffuse for theft for u·se in a weapon assembly or for sabotage by 
dispersal. If the drums containing plutonium-contaminated filters are identifiable, special 
~afeguards measures would be required during orocessing and interim storage. 
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Compactable and combustible wastes will be within the safeguarded facilities of the FRP 
or MOX FFP sites during treatment and packaging. Because these wastes may contain some 
plutonium, they would be protected. aJainst industrial sabotage and theft in accordance with 
the requirements of 10 CFR 73.40. (l 9 
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4.5 DEGRADED SOLVENT TREATMENT 

A solvent extraction process is typically used in a fuel reprocessing plant (FRP) to 
separate uranium and plutonium products from the other radionuclides present in dissolved 
irradiated nuclear fuel. The organic solvent commonly used contains about 30% tributyl 
phosphate (TBP) in a kerosene or other ~ormal ·paraffin hydrocarbon diluent. This solvent is 
slowly degraded by chemical and·radiati~n damage, causing a qradual loss in extractant 
effectiveness. As a result, the typical FRP uses solvent treatment cycles in which the 
solvent is routinely and continuously treated with chemicals to.remove degradation products 
and radioactive impurities. This treatment normally involves sequentially washing the solvent 
with sodium carbonate and nitric acid solutions. • 

Small amounts of entrained organic solvent from the solvent extraction columns, howP.ver, 
can sometimes accumulate in vessels intended for aqueous solutions. Solvent leaks into sumps 
can also be expected. In such instances, solvent degradation may proceed to the extent that 
attempted cleanup in the normal solvent treatment systems would be undesirable and the solvent 
would be discarded. It is possible that normal solvent treatment systP.ms wnulrl he incapable 
of adequately removing degradation products from a major portion of the plant solvent inventory; 
however, such situations are expected to occur infrequently. With some process flowsheets, 
excess solvent may be added for process reasons. Under such circumstances, if more solvent is 
added than is compensated for by normal losses, a small quantity of the solvent may be routinely 
discarded. 

It is anticipated that the quantity of degraded solvent requ1r1ng treatment for disposal 
can be limited to less than 16 m3;yr (4200 gal/yr) for a 2000-MTHM/yr FRP. Degraded solvent 
intended for disposal usually has several times the normal ra~ioactivity level of washed sol~ 

vent. 

4.5. 1 DegradP.n SolvPnt Incineration 

Incineration is the primary choice for disposal of degraded solvent and the one for which 
technology is well established. The degraded solvent is a contaminated liquid waste that is 
not readily evaporated and is not particularly compatible with other intermediate-level liquid 
waste solidification methods. 

Since the organic to be disposed of constitutes a small volume stream, a logical approach 
to its incineration is to combine it with other, much larger volume streams to be incinerated 
or cal~ined. Inclusion in the feed to combustible trash incinerators or in the feed to high
level Wdsle calcination are possible approaches to degraded extractant disposal. These 
options are treated in Sections 4.4 and 4.1, respectively. In the event that neither of these 
options is available (i.e., incineration is not chosen for combustible traih disposal and 
high-level waste calcination is not available), a separate solvent incinerator becomes neces
sar·y. 011ly inc1nerat1on designed specifically for the degraded solvent is discussed in this 
section. 
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4.5.1.1 Alternative Solvent Incineration Processes 

In its simplest form, degraded solvent incineration can be performed by open pan burning, 
as was done at the Savannah River Plant.(l) From 1955 to 1964, about 650m3 (1.7 x 105 gal) of 
degraded solvent (30% to 50% TBP in kerosene diluent) was burned outdoors. in open pans. Vari
ous·pan configurations were used, including relatively shallow dishes (15 to 30 em deep), deep 
rectangular vessels, and longitudinal halves of l.5-m3 (400 gal) cylindrical tanks. Following 
the initi.al light-off, gravity provided a continuous degraded solvent feed from an above-ground 
t~nk through a device to prevent flashback. Although,no off-gas treatment was used, radionu
clides releases were acceptably low; d~contamination factors of between 103 and 104 were experi
~nced. This method of degraded solvent incineration was eventually discontinued in 1971. 

Quiescent burning, such as in an open pan, typically produces an off-gas that is low in 
entrained material, unless a volatile noncombustible.liquid (e.g., water) is inadvertently 
added to the burning solvent. The capital and operating ·costs are lower for open pan burning 
than for any other method of degraded solvent incineration. However, this method has fallen 
into disfavor because of the production of copious quantities of black smoke, the pan corrosion 
problems (for both mild steel and stainless steel) caused by water accumulating to form phos
phoric acid, and the need for suitable disposal of failed pans and pans filled with incineration. 
residues. 

A smokeless solvent incinerator( 2) is being developed at the Savannah River Plant to replace 
the previously used open pan burning method. Because of the high decontamination factor for 
radionuclides with quiescent burning, the design includes a quiescent pan burner for the first 
stage of the incinerator. Nonradioactive tests using 30% to 50% TBP in kerosene show that 
smokeless burning can be achieved by burn·ing the off-gases from the first stage in an auxiliary
fired forced-draft incinerator. A scrubber is needed to remove the phosphate emissions that 
result from burning TBP. 

Degraded solvent is fed to an open pan contained in the first stage of the refractory
lined steel incinerator, where it is ignited by a pilot burner. Air provided by a blower sup
plies the required oxygen for the reaction and controls the reaction tempe:ature. Burning pro
ceeds thr·ouyh combustion of gases volatilized fro~ the quiescent liquid surface, thus leaving 
behind nonvolatile solutes and organic polymers. The gases are carried into the second-stage 
burner, operated at ll00°C (2000°F) by combustion of auxiliary fuel, to complete the oxidation 
of organic vapors and unburned carbon. The off-gas from the second-stage burner is routed to a 
quench tank and scrubber, where it is cooled and the P2o5 from combustion of TBP is removed as 
phosphoric acid. The contaminated scrub water and the water-soluble residue left in the burner 
pan ~are sent to the low-activity liquid waste tanks for further treatment. Anticipated problems 
with this system include removal and disposal of residues formed in the first stage and carbon 
buildup on the first-stage incinerator walls, which could affect burning characteristics. 

The two degraded solvent incineration ·methods previously used or proposed for future use 
at the Savannah River Plant both ·use quiescent burning to provide all or nearly all of the 
required radioactive· material decontamination of off-gases. An alternative approach is to 
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atomize the organic liquid feed stream t~ the incinerator. This method has the potential 
·· advantage of avQiding problems in removal and disposal of residue from the combustion chamber 

but the potential disadvantage of requiring an off-gas treatment system for capture of radio
nuclides and other noxious pollutants. An ·incinerator system of this type has been installed 
at the Allied-General Nuclear Services Company's Barnwell Nuclear Fuel Plant at Barnwell, 
South Carolina. (3) Similar systems are commercially available. 

The Barnwell Nuclear Fuel Plant degrad~d solvent incinerator serves as a basis for the 
facility description here. This concept was chosen because it is an example of a system 

. . 

designed specifically for degraded solvent incineration at a commercial FRP. The reference 
facility design is. an adaptation of available industrial designs for nonnuclear applications. 
The reference facility is a forced-c~nvection incineratfon unit a~ op~osed to a quiescent oil 
burner. Selection of this incinerator type for the reference facility does not necessarily 
imply that ·other incinerator systems that could be. used have operational, economic, br environ
mental disadvantages. 

4.5.1.2 Solvent Incineration Facility Design Basis 

The follpwing assumptions were made in the design of the reference facility: 

• The designed solvent incinerator will have a capacity of 8S m3 of organic per year on a 
24-hr/day, 7-day/week,. 300-day/yr basis. 

• The facility will be located within a 2000-MTHM FRP operation. All supporting facilities 
and services will be part of the reprocessing plant. Although the direct operation of 
the solvent incinerator is treated separately here, its operation, including manpower 
requirements, would be closely integrated with the main FRP operation. 

• The solvent incinerator facility will receive for disposal 16m3 (4200 gal) of degraded 
extractant per year. 

o The extractant will be burned in the incinerator and water will be used to scrub out the 
phosphorous pentoxide resulting in phosphoric ·acid, which will then be sent to the inter
mediate-level waste concentrators. 

• The solvent incinerator will be designed to operate most efficiently on a 24-hr basis; 
therefore, the incinerator is best operated on a campaign basis (55 daysjyr). 

• The facility will be equipped with instrumentation to automatically shut down .the facility 
in a safe manner if flame-out or power loss.occurs. 

4.5.1.3 Solvent Incineration Facility Process 

A schematic flowsheet for the sol.vent incineration facility is shown in Figure 4. 5.1. 
The solve~t batch stripping tank is the initial collection point for degraded solvent disposal. 
Degraded solvent batches collected in the batch stripping tank will be washed repeatedly with 
sodium carbonate and nitric acid solutions to minimize the radionuclide content of the organic 
liquid to be incinerated; oxalic acid and caustic wash solutions may be used occasionally. 
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FIGURE 4.5.1. Solvent Incineration Fo.cility Flowsheet 

Following this decontamination step the organic phase is estimated to have the radionuclide 
content shown in Table 4.5.1. The organic phase is· transferred into the solvent burner feed 
tank, and the aqueous phase is routed to a general purpose waste concentrator. Normally, 
operation of the solvent burner will be initiated when the feed tank inventory reaches about 
12 m3 ( 3200 ga 1 ) . ) 

The degraded solvent is fed to the solvent burner from the feed tank by a positive-displace
ment, fixed-rate pump. The burner nozzle is positioned at the top of the combustion chamber and 
directed downward. The nozzle has separate fuel ports for propane and waste solvent. The com
bustion air is also s~pplied through the burner nozzle. The various air inputs to the solvent 
burner are provided by a direct-drive turbo ,blower driven by a 15-hp electric motor. Air require
ments are categorized as follows: (1) combustion air introduced through a port in the burner 
nozzle, (2) atomizing air entering through the nozzle with the degraded solvent to convert it 
into a fine spray, (3) diluent air added near the bottom exit point of the combustion ga~es to 
reduce temperature from 840°C (1544°F) to below 600°C (lll2°F), (4) .liner purge air fed between 
the stainless steel liner and the Inconel combustion chamber to ensure that no flammable qases 
accumulate within the liner; (5) flame detector purge air to provide cooling and prevent combus
tion around the two flame detector elements, and (6) pilot light air for proper burning of the 
propane-fueled pilot lights. Extensive solvent burner automatic shutdown and alarm instrumenta
tion is included in the design to minimize the potential hazards of abnormal operating conditions. 

The solvent burner is started by bringing the combustion chamber to an operating tempera
ture of 840°C (1544°F). This is accomplished by slowly increasing the flow of propane to the 
burner. After the operating temperature is reached and stabilizes, the degraded solvent flow 
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. TABLE 4. 5. 1. Activity in FRP Degraded Extractant(a,b) 

Ci/yr 

Fission Products 

1291 

90Sr + 90y 

95zr + 95Nb 

1 06Ru + 1 06Rh 

134cs + 137cs + 137mBa 

144ce + 144Pr 

All other FPs 

Total 

Actinides 

239Pu 

241Pu 

Other Pu 

em242 + em244 

All other actinides 

Total 

0.007 

0.024 

22 

760 

. 0.060 

0.096 

0.020 

782· 

72 

3.5 X 104 

1. 2 X 103 

34 

1.8 

3.6 X 104 

I 

\. 

a. 

b. 

Based on waste characterization Table 3.3.33, assuming 
uranium and plutonium recycle, 2000 MTHM/yr reprocessed 
1.5 yr out of3reactor. 
Volume = 16m /yr. 

is started to the burner nozzle. The propane burns as a hollow cone, and the degraded solvent 
burns w1th1n that t:u11e. The p1·opune flow i~ controlled by the tP.mperature of the combustion 
chambe~. As Lhe flow of degraded solvent increases and the temperature of the.combustion ch~m
ber increases, the flow of propane automatically decreases to a predetermined minimum. This 
minimum flow· of propane is maintained to ensure that a flame would continue iJ the degraded 
solvent flow is interrupted. This feature allows a mixture of sblvent and aqueous solutions, 
or even a tota 11 y aqueous so 1 uti on •, to be fed to the burner without shutting the unit down. 

Gases leaving the solvent burner consist of the normal combustion products (carbon dioxide, 
water vapor, nitrogen, unreacted oxygen, etc.), P2o5 aerosol from TBP combustion, and small 
amounts of particulate and volatilized radioactive compounds. These gases are passed through a 
quench tower to reduce gas temperatures and to scrub the majority of the contaminants from t.he 

_gi!s., --~-crub~~r __ ~o.l!Jti~J1js_.~itf1J_~t~';1_!_!1r.Qug_h the quench tower at about 95 .R./min (25 gpm) by an 
airlift. Another airlift continuously removes a small flow of scrubber solution under specific 
gravity control to a genet'al purpose waste concentrator. Makeup water is continuously added to 
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the scrubber solution under Jevel control in the bottom section of the quench tower to compen
sate for the scrubber solution removal and evaporation. [The quench tower is designed to cool 
8500 i/min (300 scfm) of combustion gases and diluent air from about 600°C (1100°F) to 65°C 
(150°F).] The off-gases in the quench tower pass through a 4-in. stainless steel York-type 
mist eliminator within the tower and are then routed through a gas heater, a prefilter, and a 
HEPA filter before entry into the vessel off-gas treatment system. Makeup water enters above 
the mist eliminator pad for cleaning purposes. 

4.5.1.4 Solvent Incineration Facility Description 

The facilities for solvent incineration are located in the intermediate-level cell of the 
main fuel reprocessing plant. \ These facilities include process equipment for treatment of the 
off-gas and aqueous wash solutions. Service and support activities are integrated with the 
fKP. Figure 4.5.2 is a plan and section drawing for the solvent incineration facilities. 

This drawing includes views showing the extent and arrangement of building spaces required 
within the FRP for operating, service, and support areas associated with the solvent inciner
ator process, 

The major items of process equipment for solvent incineration are located in an indepen
dent intermediate-level cell. Approximately 650m3 (23,000 ft 3) of cell space are required. 
In addition, the solvent burner, feed pump is located in a small adjacent niche with access to 
the maintenance gallery. 

Major Equipment. 'Major equipment includes a 0.9-m3 (230-gal) solvent batch stripping tank. 
The tank is about 1 x 1.5 m (3 x 5 ft) and is constructed of 304L stainless steel; it includes 
provisions for heating or cooling (lower section jacketed), introduction of chell'\ical wash solu
tions, agitation of tank contents, and sampling. The solvent burner feed tank is 2.4 m (8 ft) 
in diameter and 3.4 m (11 ft) tall; it is made of 304L stainless steel and has a capacity of 
about 16m3 (4300 gal). Tank sampling capability is provided to allow additional laborator.Y 
analyses of solvent burner feed material. 

Figure 4.5.3 shows the solvent burner. The combustion chamber is lined with Inconel and 
surrounded by 10 em (4 in.) of castable refractory insulation and a 304L stainless steel outer 
jacket. Solvent burner outer dimensions rtrP. rthOttt 1 m (3 ft) in diameter by 4.6 m (15 ft) long. 

Figure 4.5.4 shows the quench towP.r. Th~;> t:ombustion chamber off-ga!iC!i arc fed into the 
solvent burner quench tower about 1m (3ft) from the bottom via a vP.nt line 20 em (8 in.) in 
diameter. The quench tower is a cylindrical vessel about 0.6 m (2 ft) in diameter by 5. m (17 ft) 
tall. The bottom 0.6 m (2ft) of this vessel serves as a reservoir for about 180 i (47 gal) of 
recirculating aqueous scrubber solution. The lower 1.8 m (6 ft) of the quench tower is sur·· 
rounded by a stainless steel cooling jacket. The upper portion contains ten decks of chevron 
plates to promote intimate gas-1 iquid contact. Alternate decks are rotated (about 1.6 radians 
or 90°) and are spaced about 30.5 em (12 in.) apart. A liquid distributor located in the top 
of the quench tower prevents liquid channeling. 
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Shielding and Remote Handling Equipment. The cell provides radiation shielding and radio
active material confinement during plant qperations. Maintenance work on cell equipment wi-ll 
be done by contact methods requiring personnel entry rather than by remotely operated tools. 

4.5.1.5 ·Solvent Incineration Facility Operating and Maintenance Requirements 

The only unusual maintenance requirement results from an estim~ted ten-year lifetime for 
the solvent burner. The solvent burner would probably, be replaced in its entirety. 

The solvent incinerator .would probably be operated on a campaign basis. Inciner~tion of 
the projected 16 m3;yr (4200 gal)· of degraded solvent would require 55 days/yr (24-hr basis) of 
operation. Because of ·the time required.for startup (time to get the solvent burner up to oper
ating temperature), it will be more efficient to operate on a 24-hr basis during individual 
campaigns. 

Staffing. Staffing requirements for solvent inc~neration are minor. During actual inciner
ator operation· (55 days/yr) about 25% of one operator's time would be required to-monitor system 
operations. 

Utilities. Utility requirements for solvent incineration are given in Table 4.5.2. 

TABLE 4.5.i. Solvent Incineration 
Utility Require~ents 

Util it~ Use· Rate Annual Requirement 

Electricity· 15 kW 2 x 104 kWh 
Propane (gaseous) ·a m3/day (STP) 450 m3 (STP) 

Air 1.2 X 104 m3/day (STP) 6.8 x 105 m3 (STP) 
. Water consumed 6 m3;day 330 m3 

4.5.1.6 Solvent Incineration Facility Secondary Radioactive Wastes 

Secondary wastes from the solvent incineration facility consist almost entirely of blow-
down liquid from the quench tower. This consists of 15 m3/yr (4000 gal/yr) of 10 wt_% H3Po4· 
sulution containing virtually all the radionuclides present in the degraded solvent incinerated. 
Th·is waste will be routed to the FRP general purpose intermediate-level waste liquid concentrators. 

It is expected that the off-gas filters will be changed no more than twice per.year. This 
procedure will generate at most about 0.1 m3 (3.5 ft 3) of uncompacted filter m~dia, the dispo
sition of which is discussed in Section 4.4. Any contact maintenance activ.ities will also geo
erate small amounts of combustible trash (see Section 4.4). 

4.5.1.7 Solvent Incineration Facility Emissions. 

Table 4.5.3 gives the radioactive and nonradioactive releases from the solvent incinera
tion facility. 
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TABLE 4.5.3. Solvent Incineration Facility Emissions 

Emission Description Annual .Quantity 

Air 6.8 x 105 m3 

NOx 20 kg 

Radioactivity 
Release Fa<;tQr 

to AtmospheretaJ 

Gaseous Incinerator off-gas 129I X 10-3 

All other x lo-13 

co 10 kg 

Minor accident inte
grated annual release 

None identified 

Cooling tower 
water: 

Other 

• evaporated (T = 38°C) 
• drift (T = 38°C) 
• blowdown (T = 27°C) 

Heat 

2.8 X 1o5 kg 
1. 3 X 103 kg 
4.8 X 104 kg 

1. 9 X 102 

( 6. 4 x 108 BTU) 

a. Fraction of 1nput activity (Table 4 .. 5.1) rel~ased to atmosphere.· Includes DFs. 
obtained in vessel off-gas system as well as in APS system. Released over 55 days/yr. 

4.5.1.8 Solvent Incineration Facility Decommissioning Considerations 

The expected useful life of the solvent.burner is ten years. The other equipment associ
ated with the solvent incineration system is expected to have a useful life equal to that of.the 
overall plant. No appreciable radioactivity buildup in the equipment is expected. 

4.5.l.Y Solvent Incineration Facility Postulated Accidents 

As noted in Section 4.5.1.3, the solvent ~JrnPr will be located in the intermedidL~-level 
cell of the FRP. This equipment will be instrumented and will have interlocks for shutdown in 
case of power loss or abnormal operation (overheating, etc.). The operator will be trained to 
take proper corrective actions iri case of abnormal .operating conditions. 

Postulated minor and moderate accident scenarios for the solvent incineration facility are 
given in Tables 4.5.4 and 4.5.5. Of the accidents described, loss of normal P.lectrical power 
and flameout and explosive reignitions have occurred in nonnuclear facility incinerators. 

TABLE 4.!>.4.' Solvent Incineration Facility Minor Accidents 

Accident No. and 
Uescr·i 1-1 L i un 

4.5.1 -Loss of normal 
electrical power. Ex
pected frequency ~1/yr. 

Sequence of Event~ 

Power to substation sup
plying facility inter
rupted or failure of 
facility r.ircuitry. 

Safety System 

Interlo~ks provided 
in instrumentation 
and control system 
ensure that fuel 
flow is shut off 
whenever power fail
ure occurs, result
ing in automatic 
and safe facility 
shutdown. 

Release 

None. 
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TABLE 4.5.5. Solvent Incineration Facility Moderate Accidents 

Accident No. and 
Description 

4.5.2- Flameout 
followed by 
explosive reigni
tion. Expected 
frequency ~0.001/ 
year. 

• 
Sequence of Events 

1. Solvent burner 
flame goes out. 

2. Re-ignition of 
an explosive 
mixture of pro
pane,· atomized 
solvent, and 
air. 

4.5.3- Accidental 1. 
solvent fire. Ex
pected frequency 
~.001/year .. 

Leakage or 
bursting of 
pressurized 
solvent burner 
feed pipe. 

2. 

. 3. 

4.5.4- Explosion 1. 
in incinerator. 
Expected frequency 
;-0.001/year. 

2. 

Ignition of 
leaking solvent. 

Due to smoke, 
ce 11 filters 
plug then fail. 

An expl os fve "· 
1 iquid, "red 
oi 1 , ... is formed 
in degraded 
solvent. 

An accumulation 
of this explo .. 
sive liquid in 
the incinerator 
results in an 
explosion. 

Safety Systems 

1. Instrumentation includes 
fail-safe flame detectors 
in combustion chamber. 

2. Whenever flame is not 
detected, the solvent burner 
is shutdown, including clos- . 
ure of automatic fast-acting 
solenoid valves on waste 
solvent and propane ·suppiy 
lines. 

3. Any unburned fuel in solvent 
burn·er· is rapidly removed by 
flowing air. 

1. Feed lines instrumented for 
'flow rates so that only small 
leaks would escape immediate 
detection. 

2. Sump level alarm would alert 
operators to accumulated 
leakage. 

3. Ignition sources (flashpoint 
~70°C) are absent. 

4. FRP-APS HEPA filters (DF=l04) 
would contain most of the 
material released. in a 
fire. 

1. Solvent washing procedure 
minimizes possible accumula
tion of "red oil" in the 
solvent. 

2. Accumulation of liquid in the 
incinerator is prevented·by 

· control5 that shut off flow 
to burner if temperature is 
below that required to com
pletely burn atomized feed. 

3. Facility HEPA filters (DF=l07) 
would contain most of the 
nuclides released from an 
exploding incinerator. 

4.5.1.10 Solvent Incineration FacilitY Costs 

Release 

6 x 10-9 of 
annual feed 
activity (see 
Table 4.5.1). 
released to 
cell HEPA 
fi 1 ters. 

-5 . <10 of annual 
activity (see 
Table 4.5.1) 
released to FRP 
APS filters. 

6 x 10-9· of 
annual feed 
activity (see 
Table 4.5.1) 
released to cell 
HEPA filters. 

Estimates have been made, in mid-197~ dollars, of capital, operating, and levelized unit 
costs. A complete description of the cost estimate bases, assumptions, and definitions is 

given in Section 3.R. 
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Capital Costs. The capital cost estimate is shown in Table 4.5.6. This estimate covers 
all capital costs resulting from the·inclusion of the· solvent incineration facility as an inte
gral part of the FRP described in Section 3.2. Also included are any required incremental addi
tions to. facilities for supply of electricity, compressed air, propane, or other utilities and 
any incremental additions to instrumentation, piping, etc. However, general capital costs for 
such ~ervices as laboratories, warehousing, shops, etc., are not allocated to the solvent 
incinerator facilities. 

The total capital cost includes·all plant-related costs. incurred from the start of engi
neer1ng.to the initiation of commercial operation, with the exception of working capital. 

TABLE 4.5.6. Capital Cost Estimate for Solvent Incineration Far.ilit~ 

Cost Element 
Major equipm~t 
Buildings and structures 
Bulk materials · 
Site improvements 

Subtotal of direct site 
~on5truction costs 

Indirect site 
construction costs 

. Total field cost 
Architect-engineer services 

Subtotal 
Owner's cost 

Total facility cost 
EstimQte accuracy range 

Man-hours, 
lOOQs 

34 

34 

130 

24 

154 

Cusb, 
lUOOs of Mid-1976 Dollars 
Material Labor Total 

600 100 700 
400 800 1200 
500 600 1100 
40 60 . 100 

1540 15GO 3100 

500 800 1300 
2040 2360 4400 

800 
5200 
1600 
6800 

!:30% 

Operating Cost. Costs of materials for the solvent treatment process are negligible. 
Maintenance materials costs are·estimated at 2% of major equipment plus a $3000 annual accrual 
to replace the refractory or the entire solvent burner every ten years. Miscellaneous costs 
include a $0.05 per gallon charge for concentration of ·blowdown waste from the incinerator. 
Table 4.5.7 summarizes the operating costs. 

Levelized Unit Cost. The levelized unit cost, including levelized capital and operating 
~.;ul>Ll>, i~ ~huwn ·In Table 'l.!L8. The un1t CO!;t c<llCUl<ltion assumes privnte owne1·ship ot th~ 
facilities and a 151year economic life. 

4.5.1.11 Solvent Incineration Facility Construction Requirements 

Factors relating to site preparation and facility construction will have some impact on 
the environment, the local economy, and the natural resources of the surrounding area. The 
information that follows provides a basis for evaluating the impact of construction activities. 
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TABLE 4.5.7. Solvent Incineration Facility Operating Cost Estimate 

Cost Element 
·Direct 

Process materials 
.Utilities 
Maintenance materials 
Overheaq 
Mi see 11 aneous 

Total 

Annual Costs, 
$1000s 

2.5 
negligible 

0.5 
17 
13 
21 
54 +50% 

-25% 

TABLE 4.5.8. Solvent Incineration Facility 
Levelized Unit Cost Estimate 

-
Cost Element 

Levelized capital charge 
Levelized operating charge 
Levelized total unit cost 

Unit Cost, 
$/kg HM 

1.17 
0.03 
1.20 ±40% 

Project Schedules and Construction Manpower. The schedule for engineering, procurement, 
and construction of the solvent incineration facility is an integral factor in the overall 
schedule for the' FRP. Section 3.2.3 describes this ·schedule. The field labor force estimated 

I 

for the construction of the solvent incineration facility is tabulated below: 

Manual field labor 
Nonmanual field labor 

Total field labor 

Man-hours, 
1000s 

154 
34 

188 

Distribution of Onsite.and Offsite Costs. Onsite costs are those for all construction, 
·materials, and services provided at the site of the. FRP; offsite costs are those for all ser

vices provided, equipment fabricated or assembled, and material purchased elsewhere. The 
distribution of total costs in these categories is as follows: 

Site Requirements. 
with those of the FRP. 
1900 m3 (5 x 105 gal). 

Costs, 
$1000s 

Onsite 2500. 
/ 

Offsite 4300 
Total 6800 

Land commitments for the solvent incineration facility are included 
Water used during the construction period will be approximately 

I 

I 
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Construction Materials. Materials committed to facility construction are: 

Concrete 900 m3 (i ,200 yd3) 
Steel 220 MT (240 tons) 
Copper 4.5 MT (5 tons) 
Zinc 0.9 MT (1 ton) 
Aluminum 0.9 MT (1 ton) 
Lumber 85 m3 ( 36 MFBt4) 

Energl. Energy resources used during construction are: 

Propane (liquid) 17 m3 4,600 gal) 
Diesel fuel 174 m3 (46,ooo a;.~l) 

Gasoline 117 m3 (31,000 gal) 
ElecLI'it:iLy 

Peak demand 100 kW 
Total r.onsumpt.ion 107,000 kWh 

Transpor·tation Regu·irements. No separate transportation requirements for the solvent incin
eration facility have been identified beyond those for the FRP. 

4.5.1.12 Effects of Fuel Cycle Options 

The .reference process for solvent incineration assumes reprocessing of LWR fuel and 
recycling the recovered uranium and plutonium. The following alternative fuel cycle modes 
have also been assessed insofar ~s they relate to solvent incineration. 

No Recycle. No solvent. extractant is used and no solvent incineration facility is required. 

Uranium Reclcle Only with Plutonium to a Repositorl. Solvent extraction will be carried 
out to recover uranium. This will generate approximately the same amount. of rlearaded extrac" 
tant as with full uranium and plutonium recycle. The facility design and operation would be 
virtually the same as with uranium and plutonium recycle. 

Uranium Recycle Only with Plutonium to HLW. Insofar as solvent incineration is concerned, 
this case is exactly the same as that discussed for uranium recycle only with plutonium to a 
rr:~ros i tory. 

4.5.2 Other Alternatives for Degraded Solvent Disposal 

It is expected that future FRPs may incorporate into the initial fnr.ilit.y dP.sign P.it.hPl" 11 

high-level waste calciner or a 'solid waste incinerator, or both. In such cases, it is techni
cally feasible to include provision for degraded solvent incineration in either of these equip-_ 
ment items. Despite added operational complexity, economic advantages could result from such 
multipurpose use, since the combustion and off-ga~ treatment equipment needed for calcination 
or solid waste incineration is similar to that needed for degraded solvent incineration. Incin
eration of solvent along with incineration of general combustible trash is treated further in 
Section 4.4.1, and incineration in the high-level waste calciner is treated in Section 4.1.2.? 
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Absorption of organic liquids in materials such as vermiculite, clays, diatomite, silica 
gel, Portland cement, calcium ~ulfate, or plaster of Paris is a well-established technology in 
the nuclear industry. (4) After such immobilization, the resulting solids can be treated in a 
manner similar to noncombustible trash. The solid resulting from such absorption can also be 
treated further by incorporation in cement. (5) Limited amounts of organic li~uids can be incor
porated in cement by adding a dispersing agent. (5) Aqueous concentrates containing up to 15% 
dispersed organic"liquid have been solidified in this manner. 

If solvent is being disposed of only because it is seriously degraded and not because the 
FRP has an excess due to process reasons, the solvent may be treated more vigorously to restore 
its usefulness. Although this report estimates that an FRP will need to dispose of up to 
16 m3/yr (4200 gal) of degraded solvent~ future operating experience or process flowsheet 
improvements may be sufficiently effective that virtually all the plant solvent can be 
recycled back into the separations processes. 

Alternative solvent purification processes, perhaps more effective than chemical washing, 
may also be used in the future. Solvent purification by ion exchange, for· example, has shown 
promise in laboratory and small-scale production testing. Solvent purification by distillation 
has also been considered but has not been extensively developed because of 1) insufficient 
assurance that the distilled solvent would be reusable and 2) the high capital and operating 
costs of vacuum distillation systems, which would be preferred over atmospheric pressure 
distillation systems to prevent thermal solvent degradation. 

4.5.3 Safeguard Requirements for Degraded Solvent Treatment 

No safeguards are specifically required for degraded solvent. This waste would not be a 
target for theft or sabotage. It would contain less than 0.01% of the plutonium in spent fuel, 
or less than 3 kg in an entire year's accumulation. The consequences of theft or sabotage 
would be essentially negligible. Nevertheless, the treatment processes would probably be 
carried out within facilities of the FRP, which are safeguarded. 

REFERENCES FOR SECTION 4.5 

1. D. W. Tharin, Burning of Radioactive Process Solvent. DP-942, Savannah River Laboratory, 
Aiken, SC, February 1965. 

2.· Alternatives for Managing Wastes from Reactors and ~ost-Fission Operations in' the LWR 
Fuel Cycle. ERDA 76-43, Energy Research and Development Administration, Washington, DC, 
vol. 2, pp. 9.61 to-9.66, May 1976. 

3. Final Safety Analysis Report, Barnwell Nuclear Fuel Plant Separations Facility. Docket 
No. 50332-41, Allied-Gulf Nuclear Services, Barnwell, SC, pp. 4-74 to 4-79, October 1973~ 

4. Ref. 2, pp. 12.3 to 12.7. 

5. Ref. 2, p. 12. 15. 
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4.6.1 

4.6 DILUTE AQUEOUS WASTE PRETREATMENT 

The initial step in the treatment of most waste streams is often some type of waste con
centration process. This process converts the liquid waste feed material into two product 
streams: 1) a concentrated liquid, slurry, or particulate solid containing the bulk of the 
radionuclides and nonradioactive chemic~ls and 2) a purified liquid containing.significantly 
reduced contaminant concentrations. The reduced volume of the concentrated waste permits use 
of smaller facilities for interim waste storage and waste immobilization, and smaller quantities 

. . 
of waste immobilization additives. In many cases, the purified stream may be recycled to the 
.main process. If recycle is impractical, the purified stream may be discharged to the environ
ment, .perhaps after additional treatment processes to reduce th~ radionuclide content to con
form to applicable standards. 

The scope of this section is limited to the alternative processes for performing the ini
tial liquid waste pretreatment step. Examples of these processes include evaporation, ion 
exchange, and filtration or centrifugation. Other possibilities include membrane purification 
processes, such as reverse osmosis and electrodialysis. These processes are not described in 
the detail accorded the final waste treatment processes elsewhere in this report because they 
are more closely related to the main plant flowsheets. The processes are often used in con
junction with in-process recycle systems that influence the main process flowsheet,. and their 
use is often dictated by logical flowsheet development regardless of the methods,used for fur
ther treatment or storage of the concentrated waste. More detailed information on these pre
treatment options, background and current status of technologies, and process or facility 
alternatives is contained in Reference 1. . 

The concentrated waste streams produced by these processes are subject to further treat-
ment discussed in other sections of this report. Any dilute waste streams that are discharged 
to the environment are described in this section. 

4.6.1 Dilute Aqueous Wa~te Evaporation 

Evaporation is a process used to concentrate a solution or slurry by applying heat to 
drive off solvent vapors. It has:wide applicat1on 1n the nuclear industry tor reducing waste 
volumes and the quantity of rad1onuclides in liquid effluents. Evaporation is usually used 
for radioactive wastes that require a high degree of separation between volatile and non
volatile components. It is also used for wastes that are not amenable to treatment by less 
costly, low-temperature operations, such as precipitation, filtration, and ion exchange. · 

An evaporator consists basically of a device to heat and vaporize the solution and a 
device to ensure efficient separation of the vapor phase from the liquid phase. In the design 
of evaporators used to concentrate radioactive liquids, vapor-liquid separation (deentrainment) 
is an im~.ortant factor, since decontamination of the overhead stream is a primary objective. 
The decontamination factor for evaporation is commonly defined as the ratio of the radionuclide 
concentration in the evaporator bottoms to the corresponding radionuclide concentration in the 
overhead vapor. These decontamination factors normally fall within the range of 104 to 106 for 

' 
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a single stage of evaporation and deentrainment. Evaporator type and design; the design and 
performance of associated liquid droplet deentrainment devices, and the volatilities of feed 
solution radionuclides are the most significant factors influencing the attainable decontami
nation factors. Radioactive iodine, ruthenium, and tritium are the most notable radionuclides 
for which evaporative decontamination can be difficult, •since they are often present as vola
tile chemical compounds. 

Several types of evaporation equipment are commercially available. The simplest type is 
a vessel that contains the liquid to be evaporated and is equipped with a heat transfer device, 
such as a steam coil or jacket, for batch operation. Other evaporators are designed for con
tinuous rather than batch operation. In these evaporators, 1 iquid is circulated through a heat 
exchanger in which condensing steam is the normal heat source. A typical natura~ circulation 
evaporator is equipped with a vertical shell-and-tube heat exchanger in which liquid circula
tion is induced by vapor formation w1th1n the tubes. Alternatively, a pump can be used for 
.forced liquid circulation. 

, Evaporators are used extensively at proposed fuel reprocessing plants (FRPs) and to lesser 
extents at independent spent fuel storage basins (ISFSBS) and mixed-oxide fuel fabrication 
plants (MOX FFPs). At a typical FRP, each aqueous waste stream is subjected to some degree 
of concentration (evaporative treatment) before it is given its final waste treatment. Tne 
condensates from these concentrators are sometimes subjected to one or more additional stages 

.of concentration to achieve additional purification before they are recycled for process use 
or are discharged to the environment (by another evaporator). These applications are illus
trated in Figure 4~6. 1, which is a schematic representation of the concentrator evaporator 
arrangement planned for the FRP of Exxon Nuclear Company, Inc. The arrangement planned for 
the FRP of Allied-General Nuclear Services (AGNS) is similar; at AGNS, however, the condensate 
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FIGURE 4.6.1. Evaporator Applications in the Fuel Reprocessing Flowsheet (Numbers beside 
arrows represent design flow rates in i/min.) Concentrator, Fractionator, 
and Vaporizer are all types of evaporator. 
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from the general purpose concent~ator (which corresponds to the Exxon Nuclear intermediate-level 
waste concentrator) is routed directly to the excess water vaporizer rather than to the acid 
fractionator. The design flow rates of several of the streams are also included in Figure 4.6.1 
to provide an indication of the required capacities. 

Figure 4.6.2 shows a typical aqueous waste evaporator (the Exxon Nuclear excess water 
vaporizer). This thermosyphon unit is desi.gned to provide a minimum of process liquid holdup 
and access to the replaceable tube-bundle heat exchanger. A stilling well is provided in 
parallel with the downcomer·to permit the measurement of liquid level and specifi_c gravity. 

.DE£NTRAINMENT PAD tTY PI CAll 

(!>LIQUID INLET 

q) LIQUID OUTLET 

~VAPOR OUTLET 

0WATER TO SEAL POT 

~.STEAM IN 

0CONDENSATE OUT 

0CHEMICAL ADDITION 

<!>AIR IN 

~RECYCLE WATER IN 

FIGURE 4.6.2. Typical Aqueous Waste Evaporator (Dimensions are those 
of the excess water vaporizer.) 

The deentrainment section consists of two cross-flow bubble cap trays with provision for 
water or chemical addition. The tower is designed for a superficial vapor velocity of about 
1 m per second. Two metal mesh deentrainment pads are provided in series for liquid droplet 
deentrainment. These pads are constructed of stainless steel,_ titanium, or tantalum, depending 
on the corrosiveness of the vapor being processed. The pads are sized for a vapor velocity of 
about 3 m per second. 

A sea·l pot is provided to limit the differential pressure to which the vessel shell can 
be subjected. 

Chemicals can be added to concentrator-evaporators to reduce the amounts of ruthenium 
and iodine that are vaporized. For example, sugar can be added to reduce vaporization of 



4.6.4 

ruthenium; caustic tan be added tp make the concentrator bottoms basic, which will reduce 
vaporization of both ruthenium and ioqine; mercuric ion can be added to reduce the vaporiza
tion of iodine. 

The estimated quantities of vaporized excess water and the amounts of contained radio
nuclides are summarized in Table 4.6. 1. 

Fission Products 

3H 
1291 

90sr + 90y 
95zi· + 95Nb 
1 06Ru .j.' 1 06Rh 
134cs + 134cs + 137mBa 
144ce + 144Pr 

All other FPS 
Total 

Actinides 

239Pu 
241Pu 

Other Pu 
242cm + ·244cm 

All other act1n1des 
Total 

Activation Products 

55 Fe 
60r.n 

All other APs 
Total 

ISFSB(b) · FRPlc MOX-FFP(d) 

3.2 X 10-6 

9.6 X 10-5 

1. 3 X 10-6 

-6 3.4 X 10 
9.8 X 10-3 

1.3 X 10-3 

-5 1.4 X 10 
1. 1 X 10-2 

9.0 X 10-4 
-4 6.6 X 10 
-4 2.4 X 10 
-3 1.8 X 10 

7.1 x 105(e) 

7.0 X 10-4 

2.4 X 10-8 

2.2 X 10-4 

7.6 X 10-Z 
6.0 X 10-8 

9.6 X 10-8 

~.0 X 10-8 

7.lxl05 

7.2 X 10-6 

-3 3. ~ l( 10 

1. 2 X 10-4 

:~. 4 x w-9 

1'.0 X 10-10 
·J b 1 o-3 
"'· X 

1.3x10-9 

5.8 X 10-7 

2.2 X 10~8 

9.6 X 10-8 

0 10-7 7. X 

,, . /\nnual water <lhcharqes of 4 x 106 kg for ISFSI.l. 2 x 107 k!=l 
for FRP, and 5 x 10~ k~ for MOX-FFP. 

b. Based on waste characterization Table 3.3.23, assuming uranium 
and plutonium recycle, 3000 MTHM stored, average of 3.5 years 
out of reactor. 

c. Based on waste characterization Table 3.3.2t, assuming uranium 
and plutonium recycle, 2000 MTHM/yr reprocessed 1.5 ,years out 
of reactor. . 

d. Based on waste characterization Table 3.3.37, 400 MTHM/yr 
fab~icated 1 year after plutonium purification~ 

e. Assumes that all ·tritium except the 15% present in the hulls 
is released in this stream . . 
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The estimated quantities and compositions of typical concentrated wastes resulting from 
evaporative pretreatments that are subsequently subjected to final waste treatments are listed 
in tables in Section 3.3. For the ISFSB, the sulfate concentrate and the miscellaneous solu-
tion concentrates are lJsted in Table 3.3.25; for the MOX FFP, the scrap recovery solution is 
listed in Table 3.3.39. For the FRP, the high-level liquid waste (HLLW) is given in Table 3.3.29; 
the intermediate-level liquid waste (ILLW) from the·reprocessing operation and the sulfate concen
trate and mi~cellaneous solution concentrates from the fuel receiving and storage operations 
are given in Table 3.3.31. 

4.6.2 Dilute Aqueous Waste Ion Exchange 

The r-elatively common technique of ion exchange has proved to be effective for removing 
radioactive ions from solutions that are relatively low in ionic contaminants. In these pro
cesses, the solid ion exchange material preferentially bonds with the radioactive ions to be 
removed rather than the non-radioactive ions present in the original ion exchange material. 
Ion exchange media can be obtained from naturally-occurring minerals, such as clinoptilolite 
and attapulgite, or manufactured from polystyrene or aluminosilicates. 

Ideally, an ion exchange process can generate a virtually nonradioactive liquid effluent 
by trapping the radioactive feed constituents within a solid matrix (the ion exchange material). 
The loaded ion exchange material can either be treated by solid waste treatment methods or 
chemically regenerated for further use, thus producin~ a more concentrated liquid regeneration 
waste for further treatment. Since the liquid flow rate capacity of an ion exchange bed can 
be reduced by particulate material build.up, a filtration or centrifugation step often precedes 

J 
ion exchange processing. 

A typical example of an ion exchange process is the cleanup of the water used in a spent 
fuel storage basin. Such basins exist at each nuclear power plant and each reprocessing plant 
as well as at each ISFSB. A process for decontaminating the water jn an ISFSB is described in 
Section 5.7.1. In this process the basin water is continuously removed (at a rate of about 
30% to 60% of the basin volume per day), passed through a filter to remove suspended dust and 
insoluble materials 'fi'OIII the fuel asse111bl'les, circulated through a mixed-bed ion exchange 
column to remove soluble anionic and cationic contaminants, and returned to the bas·in .. For 
the reference 3000-MTHM ISFSB, the water flow rate would be about ·5700 ~/min (1500 gpm). 
Several units are required to allow some to be backflushed and regenerated while others are 
being used and also to provide excess capacity for rapid cleanup of severely contaminated 
.pools. The c~pacity of each unit would likely be about 1000 ~/min (3800 gpm). 

When the ion exchange material is regenerated, the regeneration solutions (sodium 
hydrox1de and sulfur1c acid) become contaminated~with the radionuclides removed from the 
basin water; these solutions are con,centrated by evaporation (Section 4.6:1) and sent to 
waste treatment. The estimated quantity of the concentrate is listed in Table 3.3.25 for the 
ISFSB, as are the estimated quantities of filter.sludge and ion exchange resin replacement. 
The quantities resulting from similiar applications at a nuclear power plant and.an FRP are 
list~d in Tables 3.3.20 and 3.3.31, respectively. 
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A simplified schematic diagram of this application of ion .exchange is shown in Fi.gure 4.6.
No effluents are discharged directly to the environment from these ion exchange processes. 

/ 

STORAGE 
BASIN 
WATER 

1----, · r _ ~ BACKFLUSH WATER 
AND SOLIDS 

L-- BACKR.USH WATER 
r - - REGENERANT 

SOLUTIONS 

I 
1 I 
I REGENERANT I . 
L _____ .:_o~N~A~ ___ J __ .,. EVAPORATE TO.· 

ATMOSPHERE 

FIGURE 4.6.3. Ion Exchange Application at a Spent Fuel Storage Basin 

4.6.3 Filtration and Centrifugation 

Filtration or centrifugation can be used at virtually any point in a sequence of liquid 
waste treatment operations to remove insoluble particulate material. This removal is often 
the initial step in situ~tions where undissolved matter would have a deleterious effect upon 
downstream treatment processes or equipment, such as in the ion exchange case discussed in the 
preceding section. In some specific applications, filtration or centrifugation may be the 
only step necessary prior to reuse or discharge of the f'iltered 11quid. In other applications, 
with 1 iquid wastes containing contaminan.ts that can be readily flocculated or precipitated by 
chemical additions, particle removal is a secondary step in· the sequence; in fact, more than 
one stage of precipitation and .filtration may be needed to obtain. the desired degree of 
rlecontamination. Filtration or centrifugation can also be used as a final "polishing" step 
for liquid wastes that have retained small amounts of suspended solids throughout other treat
ment processes. 

Flocculation and precipitation processes basically involve adding chemicals to the liquid 
waste to produce chemical reactions lhat will incorporate the radioactive contaminants into 
·insoluble substances. The insoluble substances are then separated from the liquid phase by 
filtration or centrifugation (or by settling}. Precipitation processes are ge11erally rapid 
and result in an easily separable solid phase. On the other hand, flocculation processes 
require more controlled conditiuns (degree of agitation, residence time, temperature, Pt~.) 
to promote the formation of finely divided precipitating solids and the agglomeration of these 

solids into progressively larger floc. This floc material can also carry colloidal materials 
out of so1ution. 
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Filtration is a process for removing solids from a liquid waste stream by passing the 
liquid.through porous media. The por~us media remove coarse solids, suspended solids, and, 
depending on the type of filtratipn medium, some colloidal solids. The recovered solids may be 
included with the filtration medium as a solid·waste or removed from the filter (e.g., by 
backwashing) for further treatment. 

The porous media used for filtration can be shaped into many forms using different kinds 
of materials. Filters that use granular media, often in layers with varying degrees of porosity, 
are the oldest type for water treatment applications. ·Disposable or cartridge filters contain 
replaceable elements that are treated as solid waste when they become·clogged. The disposable 
elements are usually made of cotton fabrics, pressed paper, matted fibers, or porcelain mate
rials. Several types of metallic filter'elements, some of which are more cleanable than others, 
are available. These metallic elements are constructed of woven wire, sintered metal, or 
chemically etched disks. Precoat filters.use elements designed to retain a disposable powdery 
or granular precoat material, commonly diatomaceous earth, which serves as the actual filtra
tion medium. 

Centrifugation is a process in which centrifugal force is used to separate substances of · 
different densities, such as suspended materials and clear liquids. Centrifuges are mechani
cally-driven devices that have a wide variety of possible designs and operating characteristics. 
Solids-bearing fluids are fed into a rotating section that imparts rotational motion to the 
suspension. Residence time in this section is dependent on feed rate and section volume .. As 
higher density materials are accelerated toward the periphery while traversing the rotating 
section, suspended particles are s~parated from the liquid phase. Separate exit points are 
provided for discharge of solids and clarified liquids. 

A hydroclone is a simple device with no moving parts that removes ·relatively dense suspended 
solids from a liquid ~tream. In this device, fluid pressure.energy creates rotational fluid 
motion in a conically shaped vessel.· This motion produces centrifugal action and permits 
separation of solid materials from the fluid. The bulk of the fluid is.removed through a top 
outlet while separated solids are discharged through an axially located bottom outlet. 

Liquid radioactive wastes from nuclear power plants are treated with a typical filtration· 
process. This description could also apply to centrifugation, since centrifuges are sometimes 
used in place of filters in this same application. However, filters are used more often because 
of cost and maintenance factors. 

Figure 4.6.4 shows a sketch of a typical filtration process. Liquid wastes are segregated 
according to anticipated levels of· radioactivity and are collected in three concentric tanks. 
This tank design allows the low-level radioactive wastes in the outer tank to provide shielding 
from the progressively more radioactive wastes in the inner two vessels. Sources of waste 
input to the inner tank include hut laboratories, hot samples, containment, and primary equip
ment drains. The intermediate tank receives drains from the refueling area, radioactive waste 
equipment area, sample sinks, and demineralizer regeneration. Low-level radioactive drainage 

wastes from laundry and shower facilities, cold laboratories, and auxiliary equipment are 

routed to the outer tank. 
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FIGURE ~.6.4. Nu~l~ar Power Plant Liquid Waste Filtration System 

A diatomaceous earth precoat filter is used in the treatment of these liquid wastes. 
This filter consists of precoatable porous "wedgewire" tube elements that have an effectiVe 
filter area of about 1.2 m2 (13 ft2) and are designed for a flow rate of 280 ~/min (75 gpm). 
The filter precoat is about 1.4 kg (3'lb) of tlidLomaceou3 earth. The normal m11.ximum pressure 
differential across the filter will be 35 psi; the vessel design pressure is 150 psig at 93°C. 
The filter will remove any suspended material 2 ~or larger. A decontamination factor of at 
least 10 per filter cycle is expected; however, actual decontamination factors will be much 
higher since liquid wastes are n:~cycled through the filter several times. 

To prepare for operation, a diatomaceous earth slurry is pumped into the filter for pre
coat lnarling. Liquid wastes from one of th~ three feed tanks are pumped Ll~ough the filter at 
about ~80 1!./min (75 gpm). Ahnut 15% of the filtered liquid is withdrawn for further treatment 
and reuse, and the remaining 85% is recirculated·to the tank of origin. When the fiiter is 
loaded with collected solids to a differential pressure of 35 psi (about once per week), the 
unit is backwashed, rinsed, and suppliep with fresh precoat material. A cartridge filter is 
installed fnr use in place of the prP.coat filter while the precoat filter is being backwashed. 

Most of the filtered liquid is generally reused as process water, and the excess is dis
charged to the environment. Prior to reuse or discharge, further purification is performed 
as required. Th~ collecLetl ~articulate material and spQnt. diatnma~P.OIIS earth precoat are routed· 
to the solid radioact~ve wa!;te sybLiilrn fo1· furt.hP.r treatment. Est1materl quantities of these 
materials are contained in Table 3.3.20. Quantities resulting from filtration operations at 

. . 
the ISFSB and the FRP are given in Tables 3.3.25 and 3.3.31, respectively. 

\ 
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4.6.4 Membrane Processes 

·In membrane processes, the membranes inhibit the passage of molecular or ionic species so 
that, by appropriate multistage arrangements, it is possible to achieve considerable separa
tion of dissolved solutes from water. Such processes, however, are not as well developed for 
radioactive.waste treatment applications as are the processes described previously. 

Reverse osmosis and electrodialysis are membrane processes that could potentially be used 
to treat dilute aqueous waste streams; however, additional developmental work and more favorable 
economic incentive~ are needed prior to extensive application. Both processes separate soluble 
constituents from the liquid by passing it through membranes. In the case of reverse osmosis, 
an aqueous solution is pressurized (above the osmotic pressure) in contact with a semipermeable 
membrane;. purified solution passes through the membrane, and the remaining solution contains the 
concentrated solutes. ·In the case of electrodialysis, solute ions pass through membranes placed 
between electrodes immersed in the solution while the liquid.flows through a compartmented cell 
containing alternate cationic and anionic membrane compartment walls. The liquids leaving alter~ 
nate compartments thus contain depleted and increased concentrations of the solutes. 

Either process could· be used· ay·a sole pretreatment method or in combination with other 
pretreatment processes, such as ion· exchange or evaporation. 

REFERENCES FOR SECTION 4.6 

1. 
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4. 7. 1 

4.7 IMMOBILIZATION OF WET AND SOLID WASTES 

The operation of any facility in the postfission nuclear fuel cycle results in the gen
eration of radioactive concentrated liquids, wet wastes, and particulate solids. Prior to . . 

shipping and disposing of these wastes, their immobilization to a monoli_thic form is required. 
This immobilization step may be accomplished by a variety of methods, each with its own unique 
process characteristics. 

Three immobi-lization technologies already well demonstrated in operating nuclear facilities 
are the bitumenization system, the cementation system, and the urea-formaldehyde system. Each 
system is commercially available and in use in existing facilities. A variety of lesser-developed 
systems are proposed for radioactive waste immobilization. Included are various absorbents and 
polymeric solidification processes. Except for absorbents, these systems are not yet in com
mercial use. 

As the need to build a radioactive waste immobil1zation facility is demonstrated, a plant 
operator will have to choose from among several operational alternatives. With available 
concepts, a plant may be operated either remotely_or with. localized shielding to minimize opera
tor radiation exposure. Either contact or remote maintenance may be used. The operator may 
choose to reduce the volume of his immobilized waste form, thereby increasing radiation levels 
from the waste. He may decide to evaporate free water from the radioactive waste, thus reducing 
the volume; however, this procedure necessitates the installation of a steam recovery/cleaning 
system and possibly a system for contaminated water recycle and/or disposal. The advantages 
and disadvantages associated with the radioactive waste immobilization system alternatives 
must be evaluated while.keeping sight of the design objective. That is, a nuclear facility 
must produce an immobilized radioactive waste form that will protect the environment, meet all 
pertinent Federal regulations, and be of lowest possible cost. 

4.7.1 Bitumen Immobilization at a Fuel Reprocessing Plant 

The use of bitumen to immobilize radioactive wastes has been well demonstrated largely 
through extensivP opr:>rating experience. The develu!JIIIent of the bltumenization processes has 
proceeded mainly in Europe. Basically, the system, whether batch or continuous, operates by 
mixing the untreated radioactive waste with bitumen at temperatures above 100°C (212°F). 
Greater than 99.5% of the water in the radioactive waste is evaporated. The resulting bitumen 
and radioactive waste mixture is placed in a shipping container and allowed to cool. The 
final waste form has a reduced volume relative to that of cement but has an increased surface 
radiation dose rate. 

4.7.1.1 Bitumenization Process Alternatives at the Fuel Reprocessing Plant 

Both batch and continuous bitumenization units have been developed for the immobilization 
of radioactive wastes. A batch stirred-evaporator process has.been developed in Europe, a 

continuous turbulent film evaporator process has been developed by several interests worldwide, 
and a screw extruder process has been developed in Europe at Marcoule, France, and Karlsruhe, 
Germany. A bri et· description of each process may be found in ERDA 76-43. ( 1 ) 



4.7:2 

The reference bitumenization process selected for this study is the continuous screw
extruder process, which is commercially available from the Werner and Pfleiderer Corporation 
(WPC). (2) This selection is based on the following considerations: 

1. The screw extruder bitumenization process operates at lower temperatures·and with shorter 
residence times than the batch process, thus minimizing off-gas problems. 

2. The reference process uses demonstrated technology. The system has not only been used to 
immobilize radioactive waste but has been used with good reliability in the plastics 
industry, as well as others. 

3. The process is commercially available in the United States. 

4.7.1.2 Design Basis for the Bitumen lmniOb111zation racility at the Fuel 
Reprocessing Plant 

A remotely operated bitumen immobilization facility (BIF) is proposed for the reference FRP 
for radioactive waste immobilization. The conceptualized shielded facility is located adjacent 
to the separations facility. It is designed to receive and immobilize intermediate-level wastes 
and low-activity wastes, both of the transuranic (TRU) and nontransuranic categories (non-TRU). 
Administrative control is used to segregate products according to the TRU content. The BIF is 
required to process waste with up to 1000 Ci per m3 of mixed fission products and/or transur
anics. In addition, it must be capable of processing· at "least 30o·m3 of FRP wastes per year. 

4.7. 1.3 Process for the Bitumen Immobilization Facility at the Fuel 
Reprocessing Plant 

Bitumen immobilization 1s a one~step volume reduction and solidification process. It uses 
a screw extruder-evaporator to remove free water, mix radioactive wastes with bitumen, and homo
geneously disperse the wastes i11 a bitumen_matrix. This waste solidification process is used 
to ~onvPrt all FRP particulate and wet wastes 1nLu a monolithic solid on a continuous processing 
basis. FRP particulate and wet wastes and their sources an:: 11!ted in Table 4.7.1 and illtrc;
trated in Figure 4.7.1. 

TARLE 4. L 1. 

Sotrrr.e 

Fuel receiving and storage 
tac111ty 

Separations facillty 

Pu02 conversion facility 

UF6 conversion facility 

Waste treatment facilities 

Fuel Reprocessing Plant Particulate and Wet Wastes 

Description 

Mostly non-TRU, intermediate-level solutions and s1urries of ion 
Pxr.hange resins, filter aids, and concentrated solutiuns 

Prim~r11y irrterm~dint~ level TRU concentrated solutions and 
slurries 

Low-level TRU solutions and slurries (volumes would be combined 
with separations facility wastes) 

Low-level; 1 ittle or no TRU content; low water content; composed 
of oxides, hydroxides, and fluorides 

Secondary wastes arising from waste treatment operations, 
·including incinerator ashes, off-gas scrub solutions, and 
decontamination solutions 
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FIGURE 4.7.1. System Interactions for the Fuel Reprocessing 
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It is also used to encapsulate spent cartridge filters and similar small solid wastes that can 
be inserted into the waste containers prior to filling them with bitumenized wastes. 

A simplified system flowsheet for the reference process is shown in Figure 4.7.2. As 
shown, the major components of the process are feed·preparation; product.mixing; water evapora
tion; and product packaging; inspection, surv~y, and interim storage. The entire process is 
controlled remotely. 
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Preconditioned liquid and slurry radioactive wastes are pumped to the extruder from a feed 
tank on a continuous basis. Preconditioning may involve dewatering of resins and sludges and a 
pH adjustment in the range of 7 to 10. The bitumen is pumped to the extruder from a heated stor
age tank maintained at 120°C (248°F). 

The heart of the bitumen immobilization unit is the extruder-evaporator. It consists of 
twin co-rotating screws that operate i~ a series of horizontal housings or barrels that are 
divided into zones in which the temperature is separately controlled with high pressure steam 
and cooling water. The waste and preheated·bitumen are continuously pumped into the inlet 
barrel, where the screws mix, knead, and transport the waste-bitumen mixture through the bar
rel. The mixing and kneading action transforms the mixture to a thin film that aids in the 
evaporation of the entrai_ned water and permits the screws to self-wipe each other along the 
length of the extruder-evaporator. The steam from the evaporated entrained water is vented 
through steam domes and then condensed 1n ir1teyral condenser5. The distillate i~ then passed 

through oil filters to remove any organics distilled from the waste-bitumen mixture and 
recycled to the FRP general purpose concentrator and/or tu Lhe excess water vaporizer. ThP. 
distillate is relatively pure; decontamination factors (feed to distillate) on the order of 
6000 have been measured for nonvolatiles. The waste-bitumen product is discharged at the end 
of the screw extruder into drums. Average residence time in the extruder 1s from one to a 
few minutes. The temperature in the extruder varies from 70°C (158°F) in the first barrel 
to 175°C (347°F) in ·the last barrel. 

The waste-bitumen product is discharged from the extruder into drums positioned·on a 
transfer cart. An overhead crane is used to place empty drums on the cart and transfer the 
filled ones. Department of Transportation (DOT) Specification 17C, 55-gal steel drums are 
used. Drum filling is observed by the operator through shielded windows and/or a closed-
circuit television system. 
the system control pa~el. 

The operator can monitor and control all aspects of filling from 
The fill iny ope1·ation can be programm~;>rl r.o partlall.V fill each 

drum in sequence to improve the tl11 e1'f1c·lem.:y, allowing :;i.Juil! cooling and ;'lf:r.nr.iated 5hrink11ge 
to occur between additions. Three filling sequences are generally used to increase the 
effective capacity of a drum. Cartridge filters, including oil filters used to treat the 

/ 

distillate, are encapsulated by remote insertion into a barrel pr1or to Llie described filling 
sequence~ Activity levels 1n tile wastes p1·oces~cd 1n tliy FRP Lnr nrP. :;hown in Table 4,7.2; 

volumes for the untreated wastes are also noted. 

A remotely-operated drum capper· and monitoring station is provided to cap the filled 
drums, monitor the radiation level, and obtain a "swipe" to determine the presence of exte1·nal 
contamination. Should a drum be externally contaminated, it is placed in the clean1ng statiun. 
Steam is used as the solvent when cleaning is necessary. The cleaning effluent (about ,1 gal or 
4 x 10-3 m3 per cycle) is drained and returned to the plant general purpose concentrator. 
Filled drums 11re normally ~tored in the cooling chamber for 24 hr. After the product has 
cooled sufficiently, it is.moved to the drum storage area. 

.. 
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TABLE 4.7.2. Activity in Untreated Wastes for Fuel Reprocessing Plant 
Wet TRU Waste Immobilization Facilities(a) 

Radionuclide Primar.l: Wastes(b) 
Ci/.}::r 

Secondar.}:: Wastes(c) Total 

Fission products 

3H 840 25 865 
129I 

~ 0. 21 0.007 0.21 
90Sr + 90y . 2,400 600 3,000 
95zr + 95Nb 22,000 240 22,240 

1 06Ru + 1 06R h 760,000 8,400 768,400 
134Cs + 137Cs + 137mBa 6,000 1,500 7,500 
144ce + 144Pr 9,600 2,400 12,000 
All Other Fission Products 2,000 500 2,500 

TOTAL 803,000 13,7.00 817,000 

Actinides 

239Pu 720 500 1,220 
241Pu 350,000 240,000 590,000 
Other Pu 12,000 8,300 20,300 
242cm + 244cm 340 100 440 
All Other Actinides 18 5 23 

TOTAL 363,000 249,000 612,000 

Activation products 

55 Fe 0 830 830 
) 60Co 0 830 830 

95zr + 95Nb. 0 60 60 
All Other Activation Products 0 abo 800 

TOTAL 0 2,520 2,520 

a. Based on waste characterization Tables 3.3.31 and 3.3.32 and secondary waste Table 3.5.1, 
assunring uran1um and plutonium recycle, 2000 MTHM/yr reprocessed 1.5 years out of reactor: 

b. Volume = 298 m3jyr. 
c. Volume = 574m3/yr. 

A process flow diagram for process.ing primary wastes through the FRP BIF is shown in 

Figure 4.7.3. Material balances for primary and secondary TRU waste processing are shown in 
Table 4.7.3.· The treated wastes are described in Table 4.7.4. One characteristic of the 
immobilized waste product of great importance is the leach rate. Leach rates of bitumen 

/ -4 -7 2 -7 -8 2 immobilized waste product have been measured at 10 to 10 g/cm - day and 10 to 10 g/cm -
day for alkali and alkaline earths and for~ actin.ides and rare earths, respectively. As shown 

on Table 4.7.4, five product streams from the FRP BIF exist which occur as a result of the 
processing campaign mode-of-operation. In the order as· listed in Table 4.7.4, 42 drums/yr 

are produced with a dose rate less than 0.2 R/hr. These are-the main plant silica gP.l wasteg 
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(see Table 3.3.31). They are processed separately because they are dry and may be processed 
quickly (relative to 1 iquid wastes), because they are received batchwise from a s'ingle source, 
and because they ·have a very low surface dose. rate as an immobilized product. In the dose rate 
category of 0.2 to 1.0 R/hr, 659 drums/yr are produced. Th,ese are derived from the UF6 plant 
fluorinator and contain the fluorinator beds and fines. They are processed in c~mpaigns because 
they are dry and may be processed quickly and because their surface dose rates are relatively low. 
The ILLW and miscellaneous secondary solutions are processed together and result in 685 drums with 
average surface dose rates of 1,370 R/hr. They are processed together to isolate the primary 
sources of radioactive material. The incinerator ash ·is processed as a single waste stream and 
results in 298 drums/yr with an average surface dose rate of 50 R/hr. The rationale for process
ing the stream separately is that, like the silica gel wastes, they are dry and may be processed 
quickly and because they are a major source of radioactivity. Finally; the inciner·ator scrubber 
solution is processed separately and results in 044 drum~/yr with an av~r~gR dose rate of 0.24 R/hr. 
It is processed sepa~ately because of the low dose rate of the product. 

As stated prev1ously, the FRP BIF is designed to procc~~ all TRU and som~ nnn-IKU FRP wastes. 
\ 

The processing of all TRU wastes will require approximately 5190 hr/yr. For non-TRU waste pro-
cessing, 2350 hr/yr are required. Thus, the projected annual _operating hours for the FRP BIF 
will be 7540,.which yields an operating capacity factor of 0.85. For a contact maintenance 
facility this may be an optimistic estimate of operating capacity. However, the Werner and 
Pfleiderer Corporation has demonstrated higher operating capacities in hot facilities. If this 
capacity requi~ement were judged too optimistic, two direct alternatives would be available. 
First, an additional extruder could be installed. ·Second, non-TRU wastes could be processed 
in alternate facilities. A variety of other alternatives are available. 
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FIGURE 4.7.3. Process Flow Diagram for the Fuel Reprocessing Plant 
Bitumen Immobilization Facility 



TABLE 4.7.3. Material Balance for the Treatment of T~ansuranic Waste at the Fuel Reprocessing Plant 
Bitumen Immobil i za ti on Facility 

Stream 
Number 

Stream 
Material 

Description 
VolUme Oensi~y Mass Temoerature 

"C 

Number 
of Plutonium 

Radioactivit/a) 
Uranium F1ss1on Prgduct All Other 
~ . 95zr + 9 Nb 106Ru + 106Rh ~ Fission Products 

All Other All Act1v~t1on 
.E:l.E ..!.9L!!!::_ ~ Drums/yr ~ 

6. 

Primary Waste F~ed 

Fluorinator Bed 
Ros i dues ( b I 

Fluorinator Fines.(b) 

ILLW(c) 

Silica Gel (c) 

Bitumen 

Distillate 

Empty Drums 

Filled Drums 

Process Vent (e 1 

Mi see 11 aneous 
Solutions(d) 

Bitumen 

Distillate 

Empty Drums 

F i 11 ed Drums 

Process Vent (e) 

Incinerator Ash(j) 

Bitumen 

Distillate 

Empty Drums 

Filled Drums 

Process Vent(e) 

In~~~~~~~~fd~crut.ber · 

Bitumen 

Distil late 

Empty Drums 

filled Drums 

Process Vent(e) 

a· 
6D 

:22D 

ID 

181 

200 

284 

284 

34 

10 

30 

I 7 

17 

; 70 

3r 
. 0 

65 

·65 

:!70 

1J6 

3':33 

134 

134 

1,500 

1,500 

1,250 

800 

1 ,050 

1,000 

115 

1 ,460 

1 ,200 

1,050 

1,000 

115 

1,360 

230 

1,050 

1,000 

115 

1 ,320 

1,200 

1 :o5o 

1,000 

115 

1,320 

12,000 

90,000 

275,000 

8,000 

190.000 

200,000 

32.700 

414,000 

41,000 

10,200 

30,000 

1,950 

23.200 

39,100 

39,100 

0 

7,450 

85,700 

444,000 

1 11,000 

333,000 

21 ,100 

243,000 

Ar.lbient 

Ar.lbient 

Anbient 

Anbi ent 

120 

40 

Anbient 

Anbient 

Arlbient 

Arrbient 

120 

40 

AITOient 

Annient 

Amoient 

Ambient 

·2o 

40 

Am~ient 

Am~ient 

Am•ient 

Amtient 

120 
40• 

Amt:ient 

Ambient 

Amtnent 

76 

583 

607 

42 

0 

1,308 

1,308 

78 

0 

298 

298 

298 

844 

0 

0 

844 

844 

78 

78 

24 

24 ,JOO 

2.4. 

0 

4.1 

24.300 
2 X 10-5 

PRIMARY WASTE 

12 

2,890 

1,940 

0 

0.8 

4,840 

5 X 10-6 

1 X 10-5 

1 X 10-4 

0.99 

1 X 10-4 

2 X 10-4 

0.990 
1 X 10-9 

1 X 10-4 

0:001 

0. 99 

0 

0 
2 X 10-4 

·o 
0. 991 

1 X 10-9 

SECONDARY WASTES fiiSCELLANEOUS SOLUTIONS 

2,200 

0.37 

0 

2,200 
2 X 10-6 

97 

0 
1.6 X 10-2 

0 

97 
X 10-7 

0.001 

0 

2 X 10-7 

0 

0.001 

1 X 10- 12 

0.001 

0 
2 X 10-7 

0 

0.001 

1 X 10- 12 

SECONDARY WASTES - INCINERATOR ASHES 

14,000 

0 

14,000 

1 X 10-5 

19 

0 

19 

2 x 10-a 

0. 010 0.010 

0.010 0.010 

1 X 10- I1 1 X 10-11 

SECONDARY WASTES - INCINERATOR SCRUBBER SOLUTION 

600 

0 

0.1 

0 

600 
6 X 10- 7· 

0.48 

0 

8 X 10-5 

0 

0.48 
5 X 10-lO 

2 X 10-4 

0 
3 X 10-S 

0 
2 X 10-4 

2 X 10-lJ 

2 X 10-4 

0 
3 X 10-S 

0 

2 X 10-4 

2 X 10-13 

a. Fr.action of input r.adioactility (Table 4.7.2). The spec.:ific isotopes shown are the major contributers to the 
product radiation dose rate Iodine is listed for general information. 

b. Characterized in Primary Naote Table 3.3.32. 
c. Characterized in Primary ·~a-;te Table 3.3.31. 
d. Characterized in Se=ondary li'aste Table 3.5.1. 
e. 82n m3fhr of air. 

0. 967 

0. 967 
1 X 10-4 

6 X 10-4 

0 
1 X 10- 7 

0 
6 X 10-4 

6 X 10-S 

0 I 

6 X 10-4 

6 X 10-S 

0. 032 

0 
5 X 10-f . 

0 

0.032 
3 X 10- 11 

0 .. 80 

0 
1 X 10-4 

0 

0.80 . 
8 X 10-lO 

0.080 

0 

1 X 10-5 

0 

0.080 

8 X 10- 11 

0.127 

0 

0. 127 

1 X 10-lO 

0.002 

0 
3 X 10-7 

0 

0.002 
2·x 10- 12 

__ Pu ____ u __ Actinides Products 

o.;69 0.390 

1 X 10-4 0.002 

6 X 10-4 0. 585 

6 X 10-5 

0 

9 < 10-5 2 X 10-4 

o·:~-70 o.977 

6 > 10-lO 1 X 10-9 

0.054 

0 
9 X 10-6 

0 

0.019 

0 
3 X 10-6 

0 

O.J;4 0.019 

5 X 10- 11 2 X 10- 11 

0. 361 

0 

0 

0.004 

0 

0.817 

0 

0.817 
8 X 10-lQ 

6 X 10-4 

0 
1 X 10-7 

0 
6 X 10-4 

6 X 10-13 

0.164 

0 

O.J61 0.004 0.164 
4 X 10-lO 4 X 10- 12 2 X 10-lO 

0.(16 

0 
3 X 10-6 

0 

0.016 

2 X Hi- 11 

1 X ·10-4 0.019 

0 0 
2 X 10-~ 3 X 10-6 

0 0 
1 X 10-4 0.019 

1 X 10- 13 2 X 10-ll 

0 

0 

0 

0.99. 

0 . 
2 X 10-4 

0 

0.99 
1 X 10-9 

0.010 

0.010 

1 X 10-11 

1 X 10-5 
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TABLE 4.7.4. Treated Waste From FRP Bitumen Immobilization 

Volume(a) 
', 

Radioactivit* Factors (b) Waste Type and Density Volume Ratio Drums 
Surface Dose Rate Class ~ ~ Treated/Untreated Per Year f1ss1on Produ.c.ts . ~ct1nldes 

Bitumenized Wet and ' Part·iculate Wastes 

<D. 2 R/hr B.B 1,46D D.88 42 Zr, Nb = 1 X 10-4 Pu = 6 x 10-S 
(0.13 R/hr) Other = 0 Other = 0 

0.2-1.0 R/hr 138 1,460 2.0 6s9 Zr, Nb = 1 X 10-4 u = 0.575 -4 
(0. 35 R/hr) Ru, Rh = 0.001 Pu = 7 x 10 

Other = 0 Other = 0 

>10 R/hr 144 1,460 0. 57 685 3H = 0.005 u = 0.421 
(1,~70 R/hr) I = 0.967 Pu = 0.623 

Zr, Nb = o.qq Other = 0.818 
Ru, Rh = 0. 989 
Other = 0.871 

Bi tumenized Incinerator 
Ash 

>10 R/hr 63 1,320 298 3H = 0 u = 0.004 
(~0 R/lu) I = 6 X 10-4 

Pu = 0.361 
Zr, N~ = 0.010 Other = 0.164 
Ru, Rh = U.UIU 
Other = 0.127 

Bitumenized Incinerator 
Strubber Soiution 

0. 2-1 R/hr 180 1,320 H44 3H " 3 X 10-6 U = 1 X 10-4 
(0.24 R/hr) 1 = o.on 1 Pu = 0.016 

Zr, Nb, Ru, Rh = 2 x 10- Other = U.UIY 
Other = 0. 002 

a. Treated volume based on container volume. 
b. Fraction of facility input (Table 4. 7. 2). 

4.7.1.4 Description of the Bitumen Immobilization Facility at the Fuel 
Reprocessing ·Plant 

~ct1Vat1on Products 
····-

All = 0 

All = 0 

All 7 0.99 

All = 0.010 

All = 1 X 10_, 

The FRP BIF is assumed to be an integral part of the FRP and wil·l be a Category I struc
ture. Figure 4./.4 shows the apprux1"~L~ location of the BIF. A conceptual layout of thP 
immobilization, storage, and loadout facilities is shown in Figures 4.7.5, 4.7.6; and 4.7.7. 
The system is des1gned so that majur ~.:u111~0nents at·e located in :;cparate cubicles or roomc; 
to reduce radiation exposure during maintenance. 

The total floor space of the FRP facility is about 550m2 (6000 ft2)- about 180m~ 
(lgoo ft2) allotted to the solidification facility; 120 m2 (1260 ft2) to shielded drum storage 
(sufficient for 3 months of operation); and the remainder to miscellaneous storage, truck load
out, Anc1 c:rane maintenance. The interior height of the building is about 7.5 m (24.5 ft). 

Major Process Equipment. Th.e FRP BIF contains the following eight major system components: 

• waste feed system 
• bitumen feed system 
• screw extruder-evaporator 
• filling and capping stations 
• inspection and decontamination stations 
• container transfer cart 
• bridge cranes 
• control module. 
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Waste Feed System. TRU and non-TRU waste collection and evaporation systems are assumed 
to exist as part of the primary FRP facility. Segregated by administrative controls, the two 
waste streams enter the waste feed system, consisting of,a waste mixing and dewatering tank, 
a waste feed pump, a slurry dewatering pump, and associated instruments and controls. Gear 
pumps ~re used to transfer the waste streams. 

The feed tank is constructed of stainless steel. The tank is equipped with an agitator, 
a spray nozzle washdown system for tank_cleaning, a liquid and slurry waste inlet, a level 
monitor, and vent and overflow connections. A high liquid-level probe provides redundant. pro
tection against overfilling the waste mixing tank. Heat tracing is supplied to maintain the 
temperature at 60°C (140°F) to avoid crystallization of concentrated wastes. Valving of the 
tank is arranged to permit Pumping the contents b~r.k to the waste pretreatment facility in the 
event of a malfunction in the bitumenization facility. Slurries can be dewatered in the 
tank by draining excess water through a filter. 

The processing of dry, particulate solid secondary wastes will require the ;,ciciit.ion of 
a dry waste feeder to the FRP solidification facility. A schematic drawing of one type of 
dry waste feed system is shown in Figure 4.7.8. Dry waste, such as ashes, would be trans
ferred pneumatically or by gravity flow to the dry waste hopper. The exhaust air would be 
passed through a suitable filter system to assure adequate retention of dusts and aerosols 
(less than 10-6 fraction release to the process off-gas treatment system). 

Bitumen Feed System. The bitumen feed system is provided to store the bulk bitumen, main
tain the bitumen in a liquid state, and meter the proper quantity of the binder to the extruder-

- evaporator to achieve the desired ratio of bitumen to ~aste in the end product. This system 
consists of a b·itumen storage tank, transfer pumps, inlet and 6utlet strainers, metering pump, 
and the required instrumentation and controls. All systems are steam heated and insulated to 
maintain the bitumen at a minimum of 120°C (248°F) to eniure that proper flow properties are 
maintained. fhe bitumen storage tanks are made of carbon steel ·and have a capacity of 34 m3 

(9000 ga 1). 

Sarew Extruder-Evaporator. The major sections of the extruder-evaporator are the motor 
drive and process sections. Figure 4.7.9 shows an extruder-evaporator unit. This unit has 
a maximum evaporation capacity of 120 kg/hr (:12 gal/hr) and an end-product volume rute of 
0.032.to 0.064 m3/hr (8.5 to 17 gal/hr) for liquid. feeds. Nominal operating capacity of the 
FRP bitumenization facility has been assumed to be 120 kg/hr boil-off rate for liquid waste 
feed.and 3 drums/hr of solidified product for solid waste feeds. 

The motot d1·1ve is tyvi~dlly a 50- to 100-hp motor connected to a reduction and distribu
tion gear. The gearbox is equipped with a forced lubrication system that supplies oil to all 

·gears and bearings. The design of the extruder-evaporator allows for a shielding wall to be 
placed between the drive and process section, thus providing access to the drive section 
while m1n1mizing operator exposure. 
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FIGURE 4.7.8. Dry Waste Feed System 

FIGURE 4.7.9. Screw Extruder-Evaporator (Courtesy of 
the Werner and Pfleiderer Corporation) 

The process section has two co-rotating screws. These screws consist of screw shafts with 
fitted kneading and conveying sections of different pitch and length, each fixed to the shafts 
by a key. The screw profile is intermeshing with about 1 mm clearance between the correspond
ing parts of the two rotating elements, providing self-wiping and cleaning. The extruder 
screws pass through housings (barrel sections) that are tightly bolted together. These housings 
are interchangeable and are supported by plates that rest on the machine base frame. Both the 

screw housings and the screw elements are made of nitrided steel. 

Heating steam flows through interconnected axial bores within the housing walls to heat 
the process section. Steam inlets and outlets are in the housing flanges. The units use 

\ 
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saturated steam (220°C, 300 psig). Cooling water is supplied to the inlet and outlet sections 
of the extruder-evaporator to aid in mixing. 

Steam domes are mounted on top of the barrels with vent openings to convey the evaporated 
water to an integral condenser. The steam domes are equipped with steam injection nozzles to 
clean their inside surfaces. Process distillate is drained by gravity to the distillate col
lection and transfer system. The distillate is pumped through a small cartridge oil filter to 
a 3-m3 distillate collection tank from which it is conveyed to the general purpose concentrator. 

Filling and Capping Stations. The container filling and capping operations take place 
in a shielded area to minimize radiation exposure to the operator and other personnel. The 
operator can monitor and control all aspects of these operations from the system control panel. 

Located within the container filling area is the discharge barrel of the screw extruder. 
A transfer cart, which holds three drums, indexes to the drum filling position for a one-cycle drum 
fill . Filled drums are then transported to the capping station where the drums are remotely 
cappP.d, i'IS f-igurP 4. 7.10 shows. 

I-- 50 in. ----+j 

FIGURE 4./. lU. Kemote Control Drum Capper and Transfer Cart 

I nspecti on and .Decont amination Stations . After being capped, the filled drums are moved 
to the inspection and decontamination stations. In this area, swipes are taken with a special 
extension tool through a shie l d wall to determine the presence of smearable contamination. If 
contamination is present, the drums are decontaminated with a steam and water spray. Addi
tional swipe tests and decontaminations are done until the filled drum is shown to be free 
of surface contamination. 
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Container.Transfer Cart. Th~ container transfer cart is shown in Figure 4.7.10. Its 
movement.path is shown in Figure 4.7.5. The cart is sized to carry three drums at any one 
time .. Within one filling cycle, three empty drums are loaded onto the cart and carried 
into the processing cell for· filling. After filling, the drums are carried through the 
capping and decontamination stations and finally into the storage area. After the drums are 
unloaded, the process is repeated. 

Bridge Cranes. As Figure 4.7.5 shows, two bridge cranes are used in the FRP BIF. They 
are remotely operated 6-ton bridge cranes, one located in the processing cell and one in the 
storage area. Both cranes are controlled from the operating gallery. 

The cranes have a variety of uses. The processing cell crane is available for placing 
spent cartridge filters into empty drums, as well as for maintenance. The filled drum storage 
area crane is used to remove drums from the transfer carts, to move drums into carts, and to 
load drums onto transport vehicles. Both cranes are available for use in accident conditions, 
if needed. 

Control Module. The FRP BIF is remotely operated from a central control panel from which 
all operating functions can be controlled and monitored. The reference system and controls 
are·designed for operation by one person. In·addition to the main control panel, a separate 

. control panel is provided for container handling operations. Full control and observation .of 
crane and other· container handling controls are provided on this panel. 

Visual access is provided to the fill chamber and -to subsequent capping and monitoring 
.operations by shield windows and closed-circuit television monitors. Each camera and motorized 
lens assembly is mounted in a dust-tight enclosure to protect the camera and lens from contamina
tion. Fixed position and motorized pan with tilt mounting are included .. The system includes 
two monitors in the main control panel; two monitors at the crane control panel; two cameras 
with fixed focus lens; four cameras with pan, tilt, and zoom lens; and one set of system controls 
and switching units. 

Shielding. At the FRP BIF, operators are protected durin9 normal operation by 0.9 m (3 ft) 
of concrete shielding. This assures the capability of· processing wastes that contain a maximum 
radioisotope concentration of 4000 Ci/m3 (100 Ci/ft3) of mixed fission products. Dose rates in 
the operating areas will not exceed 0.5 mrem/hr. 

4.7.1.5 Operating and Maintenance Requirements for the Bitumen Immobilization 
Facility at. the Fuel Reprocessing ·Plant 

The reference FRP BIF is highly automated and is operated remotely. Operation of the facil
ity is on an intermittent, as-needed basis. In processing primary TRU wastes, the system 
operates 2050 hr/yr. Immobilization of secondary TRU wastes requires 3140 hr/yr of operation. 
(The hours required for secondary TRU waste processing are largely spent in the processing 
of incinerator blowdown solution, as Table 4.7.4 shows.) 



4. 7.16 

Contact maintenance is used in the FRP BIF. The system is designed with major compo
nents located in separate cubicles for ease of operation and maintenance. Radiation levels· 
are reduced when needed for maintenance by flushing the waste feed system and recycling the 
flush to the primary facility radioactive waste system. The extruder is largely self-cleaning 
because of the conveying and self-wiping action of the screw elements. To reduce the thin film 
of waste-bitumen mixture that remains on the screw assembly surfaces, it is necessary to oper
ate the steam dome jets. This type of cleaning needs to be done only when the screw assemblies 
are to be removed for inspection. Based on the operating experience, this inspection, which 
can typically be done in less than 2 hr, should be scheduled approximately once every 4000 hr 
of operation or annually. Typically, residual radiation levels at the extruder during a shutdown 
have measured less than 10 mR/hr, even after having operated with waste feed streams that have 
a specific activity of 1000 Ci/m3 of mixed fission products·. (2) 

Staffing Requirements. Average manpower requirements for the FRP BIF are s~,tmmar1zed in 
Table 4.7.5. 

T/\BLE 4.7.5. Staffing Requirements for the Fuel Reprocessing 
Plant Bitumen Immobilization Facility 

Waste ManEower Requirements 2 man-~r[~r 
Processed 0Eerators Radiation Monitors Maintenance Craftsmen 

Primary waste 1.6 0.2 0.4 
Miscellaneous 

secondary 
solut.ions 0.2 0.03 0.05 

Incinerator ash 0.1 0.02 0.03 
Incinerator 

blowdown 1.9 0.3 0.5 
f"acil ity total :3.8 0.6 1..0 

SuEplies and Utilities. Based on primary waste, miscellaneous secondary solution, inciner
ator ash and incinerator scrubber solution immobilization times of 2050 hr/yr, 260 hr/yr, 
100 hr/yr and 2,780 hr/yr, respectively, supply requirements for the FRP BIF are shown in 
Tabie 4.7.6; utility requirements are given in Table 4.7.7 . . 

Hazardous Materials. No unduly hazardous materials are involved in the operation of the 
FRP BIF. Bitumen is combustible, although only at high temperatures .. · The steep roofing.type 
of bitumen used by these systems has a flashpoint of about 290°C (554°F) and a burning point 
of about 440°C (824°F). (Z) Those temperatures are well above the highest temperature reached 
in the process system (175°C or 347°F). 

The incorporation of radioactive wastes into bitumen does not substantially alter ~he 
flashpoint or burning point. Tests have shown that the temperature of spontaneous combustion 
of radioactive waste and bitumen mixtures is greater than 350°C (762°F). (2) Furthermore, a 
bitumen fire can be easily extinguished with co2. 
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TABLE 4.7.6. Supply Requirements for the Fuel Reprocessing 
Plant. Bitumen Immobilization Facility 

Waste 
Processed 

Primary waste 
Miscellaneous 

secondary solutions 
Incinerator ash 
Incinerator blowdown 
Facility total 

Annual Supply Requirements 
Drums(a) Bitumen,(b) kg 

1308 1 . 9 X 1 05 . 

78 1.0 X 104 

298 3.9 X 104 

844 1 . 1 X 1 05 

2528 3.5 X 105 

a. DOT Specification 17C, 55-gal (0.21 m3) drums. 
b. Bitumen is steep roofing type and has the fol

lowing characteristics: 

Softening point 
Flash point 
Density 
Solubility in cc1 4 

88° to 93°C 
"'290°C 3 "'1000 kg/m 
>99.0% 

TABLE 4.7.7. ·Utility Requirements for the Fuel Reprocessing 
Plant Bitumen Immobilization Facility 

Annual Utility Requirements 
· Water InstrUJpent 

Electricity, kWh(a) Consumed,(b) m3· Air,(cJ m~ 

1 . 6 X 1 05 3. 3 X 1 02 1 X 1 04 

Mi see 11 aneous 
secondary waste 4.6 X 101 1.5x 1 o3 

Incinerator ash 

Incinerator 
blowdown 

Faci 1 ity total 

a. Use rate of 100 kW. 

2.8 X 105 

4.8 X 105 

b. Use rate of 0.2 m3/hr. 3 c. 80 to 100 psig, use rate of 6 m /hr. 
d. 300 psig, 2l7°C, use rate of 230 kg/hr. 

1.8 X 101 6.0 X 103 

5.1 X 1 o2 1. 7 X 1 o4 

9.0 X 1 o2 J.G X 104 

Steam,.(d) kg 

4.3 X 105 

5.9 X 104 

2.3 X 104 

6.4 X 105 

1. 2 X I 06 

4.7.1 .6 Secondary Radioactive Wastes for the Bitumen Immobilization Facility 
at the Fue_l Reprocessing Plant 

Opera.tion of the solidification facilities produces secondary wastes with characteristics· 
comparable to the primary wastes. It is estimated that uncompacted general trash (disposable 
clothing, plastic, paper, tools, ~tc.) is generated at a rate of 0.004 m3 per drum of waste 
solidified plus 0.001 m3 per man-hour of operation. Liquid decontamination and flush solu

tions are estimated to be generaL!:!d ~t a rate of 0.002 m3 per m3 of wet waste feed. Total 
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secondary radioactive waste quantities generated in treating primary TRU wastes at the FRP BIF 
are shown in Table 4.7.8. 

TABLE 4.7.8. Reprocessing Plant Bitumen 
Immobilization Facility 
Secondary Radioactive Wastes 

Description 
Combustible and 
compactable waste 
HEPA filters 
Wt-!L waste 
Solid noncombustible, 
noncompa~table wnste 
Oil filters(b) . 

Volume, 
m3/yr 

9 

2 

0.03 

Radioactivity 
Factor( a) 

10-6 
10-6 
10-3 

1 o-6 

10-4 

a. Fraction of input activity, (Table 4.7.2) in secondary 
wastes. 

b. Added to drums. prior to filling. 

4. 7 .1. 7 Emission:; from the Bitumen Tmmohil iz'a;t,ion Fa_c_i}_i_t.Y. at the Fuel Reprocessing Plant 

No liquid process effluents are released to the environment. Condensed process steam 
and cooling water are recycled within the FRP via closed primary loops isolated for the sec
ondary heating and cooling systems. 

Off-gases are -vented to the facility off-gas system from various sour-ces, as summarized 
in Table 4.7.9. As shown earlier in Figure 4.7.3, the FRP BIF off-gas is cycled through a 
HEPA and charcoal filter prior to discharge to the FRP APS. Via the pru~ess off-gas, 1 x 10-4 

of tile BIF input 129I and 1 x 10-9 of the remainder of the BIF input radionuclides are 
released to the FRP APS. 

Another release pathway for airborne radionuclides has been identified for the FRP BIF. 
Secondary 1 iquids generated in facility operation, such as the process distillate and the vari
ous decontamination solutions, are routed to the FRP general purpose concentrator. The over
heads of the general purpose concentrator are either recycled (50%) or are sent to the FRP 
excess water vaporizer. Once the overheads reach. the excess water vaporizer, they are 
released to the stack with no further treatment. The bottoms of both the general purpose 
concentrator and excess wate1· vapOI"1zcr are r·uu·t&d to the RIF as concentrilt.ecl secondary waste 
for immobilization. By this pathway, 3 x lo-12 of the nonvolatile feed BIF radionuclides are 
estimated to be released to the environment along with essentially all BIF input tritium. 

An estimate of the integrated release due to minor accidents, Section 4.7.1.9, for this 
facility is included in Table 4.7.9. It was developed by weighing the m1nur· accident. releases 
by their expected frequencies and summing the quantities for all identified minor accidents. 
In addition, a contingency was included in the integrated release to account fo.r unidentified 
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minor accidents and to compensate for the uncertainty in expected frequency information. Esti
mated integrated annual releases due to minor acciden.ts for this technology are shown in 
Table 4.7:9. 

Radioactive releases resulting from operatioris in the F~P BIF are in the form of partfcu
late aerosols composed of salts, both soluble and insoluble, and insoluble oxides. 

Emission 
Gaseous 

Cooling 
tower water 

Other 

TABLE 4.7.9. Emissions from the Fuel Reprocessing Plant 
Bitumen Immobilization Facility 

Description 
Process off-gas 

Vaporized 
excess water 

Minor accident 
integrated 
annual release 

Evaporated (T = 38°C) 
Drift (T = 38°C) 

·Blowdown (T = 27°C) 

Heat 

Annual Quantity 

7.4 x105 kg 
3.6 X 103 kg 
1.3 X 105 kg 

5. 0 X 102 MW-hr 
(1.7 x.109 BTU) 

Radioactivity Release 
Factor to Atmosphere(a) 

3H 1 X 10'""9 

129I X 10-4 

Others x lo-13 

All 

1.0 

1 X 10-6 

3 X 10-l 2 

6 X 10-lS 

a. Fraction of input activity (Table 4.7.2) released.to atmosphere. Includes DF from 
main plant APS where applicable: Release over 220 days/yr. 

No nonradiologic liquid or gaseous effluents have been identified for the FRP immobiliza
tion facility. No lead, arsenic, nickel, mercury, beryllium nor any other such potential toxic 
nonradioactive substance has been identified as a feed stream to the FRP immobilization facil
ity; thus no such material is re'leased. 

In the bitumenization of primary wastes, heat r~leases are estimated to be 1.4 x 106 M~/yr 
(1.3 x 109 BTU/yr), with about half of this amount discharged in the condensate cooling water and 
about half to the air.* During secondary waste immobilization, heat releases are approximately 
430 MJ (4. 1 x 105 BTU) per hour of operation, plus 2660 MJ (2.5 x 106 BTU) per m3 of· water con-

. tained in the waste. · 

*The condensate cooling water discharges its heat to a secondary cooling water loop and from 
there to the atmosphere via discharge to a cooling tower or pond. 
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During processing, cooling water is used for condensing distillate in the steam dome 
condensers on the. extruder and in the lube oil cooler. The estimated cooling water heat duty 
requirement is about 2 x 104 kcal/hr plus 600 kcal per kg of distillate. For the flowsheet 
conditions in solidifying all TRU wastes, the annual cooling water heat duty is about 
4.4 x 108 kcal, equivalent to 1.8 x 106 MJ (1.7 x 109 BTU). Cooling water requirements are 
the makeup requirements of water at the cooling tower, estimated at 488 g H20 per MW-sec. 

4.7. 1.8 Decommissioning Considerations for the Bitumen Immobilization Facility at the 
Fuel Reprocessing Plant 

The FRP BIF is designed· to last 30 years. The equipment 1s readily flushable," and it 
should be possible to chemically decontaminate the equipment and facility to dose rates no 
greater than about 100 mrem/hr for decommissioning. 

4.7. 1.9 Postulated Accidents for the Bitumen Immobilization Facility at the Fuel 
Reprocessing Plant 

Identified minor and moderate accident scenarios are listed in TiJbles 4.7.10 and 4.7.11, 
respectively. No accidents that could be classified as severe ~ould be realistically postulated 
for this technology. For purposes of environmental consequence analysis, releases from acci
dents 4.7.6 (bitumen fire) and 4.7.8 (cell HEPA filter with bitumen fire) have been designated 
as 'umbrella source terms (see Section 3.6-Basis for Accident Analyses). Source term categories 
are cross-indexed by accident number in Appendix A, Section 3. 

4. 7. 1.10 Costs for the Bitumen Immobilization Facility at the Fuel Reprocessing Plant 

Capital, operating and levelized unit costs have been estimated in mid-1976 dollars. A 
complete description of cost estimate bases, assumptions and definitions is given in Section 3.8. 

Capital Costs. The capital construction cost estimate for the FRP BIF is summarized in 
.Table '1.7.12: 

' Operating Cost. ·The costs for·direct labor, materials, and utilities are based on require-
ments shown in Tables 4. 7.5, 4.7.6, and 4.7.7. Process materials consist of bitumen at $0.105 
per kilogram and DOT Specification 17C drums at $20 each. ·Maintenance materials costs are esti
mated at 3% of major equipment. Table 4.7.13 summarizes the operating costs. 

Levelized Unit Cost. The levelized unit cost, including levelized capital and operating 
costs, is shown in Table 4.7.·14. The unit c:nst calculation assumes private owner!;hip of the 
faci 1 ities. 

4./. 1.11 Construction Requirements for the Bitumen Immobilization Facility at the 
Fuel Heprocessing Plant 

Many factors relating to site preparation and reference facility construction may have 
some impact on the environment, the local economy, and the natural resources of the surrounding 
area. The information that follows prnvides a basis for evaluating the impact o.f construc
tion activities. 
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TABLE 4.7.10. Minor Accidents for the Fuel Reprocessing 
Plant Bitumen Immobilization Facility 

Accident No. and 
Description 

4.7.1 -Spillage during drum 
filling. 

4.7.2- Drum filling control 
valve failure 

4.7.3- Drum fill level 
detector instrument failure. 

4.7.4- Container rupture. 

~.7.5 Leak in wo5te 
transfer 1 ine. 

Sequence of Events 
1. Drum fails to index in 

filling position. 

2. Waste spills into cell. 
J. Filling stops. 

4. Waste repackaged 'and cell 
dec on tami na ted. 

1. Valve remains ogeQ when 
drum is filled. (a) 

2. Waste form spills to 
floor of ce1 1. 

3. Malfunction detected by 
visual observation, 
radiation monitor, or 
level detection equipment. 

4. Backup valve closed. 
5. Spill is removed and 

packaged; area is decon
taminated. 

1. Leve 1 detector fa i 1 s when 
drum is filled. 

2. Waste form spills to floor 
of cell. 

3. Malfunction detected by 
visual observation, radia
ti'on monitor, or redundant 
level detector. (bJ 

4. Filling sequence stopped by 
operator. 

5. Spill is removed and packaged; 
area is decontaminated. · 

1. Handling equipment 
malfunctions. 

2. Drum falls. and is ruptured. 
3. Waste form spills to floor 

of cell. 
4. Malfunction detected. 
5. All operations stopped. 

6. Spill is removed and pack
aged; area is decontami
nated. 

i. Transfer liM tai Is. 

2. Contents of feed tank to 
cell floor. 

3. Leak detected. 
4. Backup valve closed. 

5. Spill is removed and pack
aged; area is decontami
nated. 

Safety Systems 
1. Detection Systems. (b) 

2. Cell contains spill. 

1. Detection systems. (b) 

3. Cell contains spi 11 s. 

1. Detection systems.(b). 

2. Cell containment. 

1. Detection sys terns. (b) 

2. Cell contains spill.. 

1. Detection systems. (u) 

2. Backup valve. 

3. Cell contains spill. 

Release 
None. 

None. 

None .. 

None. 

Less than 
Ac:c:inPnt 4.7.6. 

a. The bitumen extruder does not have a freeze valve but a catch pan which catches the bitumen-waste mixture while drums 
are moved. Til" ,;~.,roar·iu i~ ~imildr In that the catch pan may fa11 to move 1nto pos1tion when the drum is filled. 

b. "Detection System" is a generic term used to· describe a set of systems which may exist, but, because of the generalized 
state of the facility design, are not described. Included as detection sys'tems· are flow monitors, drums scales, radia
tion monitors and even visual monitoring by operational personnel. 
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TABLE 4.7.10. Minor Accidents for the Fuel Reprocessing Plant 
Bitumen Immobilization Facility (cont'd) 

Accident No. 
and Description 

4.7.6- Bitumen fire 
during drum filling.(c) 
Expected frequency, 0.03 
per year. 

Sequence of Events 

1. Operational error 
results in chemically 
reactive material in 
feed stream. 

2. Fire in filled drum 
results from sponta-) 
neous combustion.ld 

3. Radionuclides vola
tilized. 

4. Fire detected, 

5. co? extinguishing 
~y~tem is activated. 

6. Cell decontaminated 
and filters replaced. 

Safety System 

1. Fire detection system. 

2. C02 fire extinguishing 
system. 

3. Cell filters and APS 
reduce release to 
atmosphere. 

Release 

Three open barrels of 
bitumen catch fire 
during the filling 
operation. It is 
estimated that·before 
extinguishment, 1 kg 
of fixed waste would 
burn in each barrel. 

· Rased on experience 
with burning ~olvent 
in open pans,le) it 
is estimated that no 
more than 1% of the 
activity in thP 
burned wastes wuulu 
be relea5ed tn ~hP 
a lmo:•~phpo·p Thi ~ 
material would be re
leased to the plant 
stack after processing 
by th~ r dC il i ty IICrA 
filters (UI' = 107) 1n 
0.5 hours. 

c. FRP ILLW will produce largest source term. Bitumen fire may occur with equal probability with other 
feed streams. 

d. W. Bahr, w.· Hild and W. Kluger, Bituminization of Radioactive Wastes at the Nuclear Research Center, 
Karlsruhe. Kernforschungszentrum Karlsruhe report KFK-2119, October 1974. 

e. D. W. Tharn~ Burning of Radioactive Process Solvent, USAEC report DP-942, E. I. Dupont de Nemours & Co., 
Savannah River Laboratory, Aiken, SC, 1965. 

TABLE 4.7.11. Moderate Accidents for the Fuel Reprocessing 
Plant Bitumen Immobilization Facility 

Accident No. 
and Descri[!tion 

4.7.7-r.Pll HEPA filter 
failure with any minor 
accident. 

4.7.8- Cell HEPA filtP.r 
r.,ilur~ w~th bitumon 
fire; estimated fre-
quency, 0.003 per year. 

Sequence of Events 

l. HEPA filter clogs with 
minor accident. 

2. HEPA filter fails. 

3. Airborne radioa.cti ve mate-
rial bypasses HEPA filter. 

4. Failure det~cted with 
pressure differential 
across H~PA f1ll~r. 

s. C:P.ll ventilation system 
automatically shuts off. 

6. Filter replaced. 

l. HEPA filter clogs with 
minnr ilccidcnt. 

2. HEPA filter fails. 

3. Airborne radioactive mate~ 
rial bypasses HEPA filter. 

4. Failure detected with pres
~urc differenti~l across 
HEPA filter. 

5. Cell ventilation system 
automdlically ~huts off. 

6. Cell decontaminated and 
filter replaced. 

Safety Systems 

1. HEPA filter tailure 
dctoction sy~tPm. 

2. Cell ventilation sys
tem shutoff. 

1. HEPA filter fdllure 
getection sy~tem. 

2. Cell ventilation sys
tem shutoff. 

filter. 

Release 

L~~~ than 
Accident 4.7.8. 

The ~ource term 
of Accident 4.7.6 
1& rwlw~~~d 
directly to the 
FRP APS, bypass
ing the cel.l HEPA 
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TABLE 4. 7.12. Capital Cost Estimate for the Fuel Reprocessing Plant 
Immobilization Facility 

Costs, 
Man-hours, 1000s 1000s of Mid-1976 

Cost Element .Nonmanual Manual Material Labor 

Major equipment 15 2,600 200 
Buildings and structures 75 500 800 
Bulk materials 100 2,100 1,300 
Site improvements 

Subtotal of direct 
site construction 
costs 190 5,200 2,300 

Indirect site 
construction costs 50 . 40 800 1 ,0.00 

Total field cost 50 230 6,000 3,300 

Architect-engineer 
service£ 

Subtotal 
Owner's cost 

Total facility cost 
Estimated accuracy 

range 

TABLE 4.7.13. Operating Cost Estimate for 
the Fuel Reprocessing Plant 
Bitumen Immobilization 
Facility 

Annual Costs, 
Cost Element $1000s 

Direct labor 100 
Process materials 120 
Utilities 35 
Maintenance materials 85 
Overhead 170 
Miscellaneous 40 

Total 550 +50% 
-25% 

Bitumen 

Dollars 
Total 

2,800 
1,300 
3,400 

7,500 

1,800 
9,300 

1,600 
10,900 

3' 100 
14,000 

±25% 

TABLE 4.7.14. Levelized Unit Cost Estimate for the ~uel 
Reprocessing Bitumen Immobilization Facility 

Unit Cost, 
Cost Element $/kg HM 

Levelized tapital charge 1.73 
Levelized operating charge 0.27 
Levelized total unit cost 2.00 ±35% 
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Proje~t Schedules and Construction Manpower. The schedule for engineering, proc~remen~, 
and construction of the FRP BIF is an integral factor in the overall schedule for the construc
tion of the FRP. The field labor force estimated for the construction of the FRP BIF is tabu
lated below: 

Manual field labor 
Nonmanual field labor 

Total field labor 

Man-hours, 
1000s 

230 
50 

280 

Distribution of Onsite and Offsite Costs. Onsite costs are those for all construction, 
materials, and services provided at the site of the FRP; offsite costs are those for all 
services provided, equipment fabricated and/or assemi.Jleu, and mnteriul purchased elsewhE>re, 
The distrih11t.ion of total costs 1n these cateyur·ies is as follow!>: 

Onsite 
Offsite 

Total 

Costs, 
$1000s 

4,000 
11 ,000 
15,000 

Site Requirements, The BIF requires 860 m2 (6000 ft2) within the FRP site. 

Water. Water used during the construction period is approximately 3400 m3 (0.9 x 106 gal). 

Construction Materials. Materials committed to facility construction are: 

Conr.rP.te 
Steel 
r:oppet 
Lumber 

Energ~. Energy resources 

Propane 
Diesel fuel 
Gasoline 
Electricity 

used 

1400 m3 

360 MT 
7 MT 

Rn m:~ 

during construction 

30 m3 

320 m3 

210 m3 

Peak demand 250 kW 
Total consumption 160,000 kWh 

(1800 yd3) 
( 400 tons) 

(8 tons) 
(35 MFBM) 

are: 

( 8,000 gal) 
(85,000 gal) 
(55,000 gal} 

Transpor·tation Requirements. No :oeparate transportation requ1rements for the FRP BIF 
have been identified beyond those for the FRP. 

4.7.1.12 Effects of Fuel Cycle Options 

The FRP BIF would not be required for the once-through fuel cycle since there is no fuel 
reprocessing. The facility and process described here apply.to either uranium recycle or 
uranium-plutonium recycle. 
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4.7~2 Cement Immobilization at a Fuel Reprocessing Plant 

Except for the fuels receiving and storage facility wastes that resemble nuclear power 
plant wastes, there is very little industrial experience in solidifying typical FRP wastes 
with available cementation systems. Thus, adapting commercially available cementation sys-
tems to FRP wastes requires some extrapolation of demonstrated capabilities. The immobiliza
tion of the nontransuranic (non-TRU) wastes, such as ~hose from the fuels receiving and _stor-
age facility, is not included in the scope of this report and will not be discussed. However, 
treatment facilities have been sized to ac·commodate both the TRU and non-TRU FRP wastes. Wastes 
and their sources are the same as those listed earlier in Tables 4.7.1 and 4.7.2, and illustrated 
in Figure 4.7.1 ~ 

4.7.2.1 Cementation Process Alternatives at the Fuel Reprocessing Plant 

Several different types of cement immobilization facil ifies (CIF) are commercially 
" available. These include in-drum mixers, drum-tumblers, and in-line mixers, each of which 

is described. (4) A drum-tumbling system, similar to the system manufactured by the Stock 
Equipment Company for immobilization of reactor radioactive wastes, has been selected as the 
reference FRP CIF. This drum-tumbling system was selected because of its ability to process 
both liquid and dry wastes. In addition, the wastes are mixed inside the container in which 
the mixture is shipped and disposed of; thus the possibility of external freezing of the 
waste-cement mixture is avoided. 

4.7.2.2 Design Basis for the Cement Immobilization Facility at the Fuel 
Reprocessing Plant 

The FRP CIF is used to convert all aqueous solutions, slurries, and dry particulate 
solids containing substantial levels of fission products and transuranics to liquid-free mono
lithic solids to be contained in DOT Specification 17C, closed-top, 55-gal drums with screw
capped openings 0.1 m (4 in) in diameter. The FRP CIF has a capacity of two to three 
drums of solidified waste per hour and is capable of processing·FRP wastes contaminated with 
as much as 1000 Ci per m3 of mixed fission products. Both TRU and non-TRU wastes can be 
immobilized in the FRP cementation facility. Administrative and operating controls will main
tain the segregation of the two waste types, with processing campaigns for each waste type . 

. 4.7.2.3 Process for the Cement Immobilization Facility at the Fuel Reprocessing Plant 

In the operation of the FRP CIF a weighed amount of cement powder and a mixing weight 
are added to the waste disposal" drum before transfer to the fully-enclosed waste filling 
station. After filling with waste and capping, the drum is rotated end-over-end for a few 
minutes. The drum is then inspected and moved to storage _prior to transport and disposal. 

The FRP CTF flow diagram, modified to include a conceptual process for handling dry 
particulate wastes, is shown in Figure 4.7.11. The process begins with the receipt, inspec
tion, and storage of empty drums. When an empty drum is to be filled with waste, it is 
removed from storage and transported on a roller conveyor to th~ cement filling station where 
a mixing weight is manually inserted into the fi 11 i ng connection of the drum.· Ce~ent is 
weighed into the drum from a cement storage silo eq~ipped with its own bag type of dust 
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TO GENERAL 
f-----------~::.::=...!:.::;~+ PURPOSE 

DRUMMING STATION 

System Flow Diagram for the Fuel Reprocessing 
Plant Cement Immobilization Facility 

CONCENTRATOR 

collector. The cap is replaced on the drum, and the drum is transported to the enclosed drum
ming. station. The facility operator then starts .an automatic fill cycle in which the drum is 
uncapped. filled. capped. and mixed by end-over-end tumb 1 i ng. after which the drum returns to 
the load-unload position. With the double-fill option selected for the FRP CIF,· additional 
waste is then added and the tumbling operation is repeated. This procedure increases the 
drum loading from a 75% fill to· a 90% fill. The processing enclosure is provided with two 
spray systems for decontamination of both the enclosure and the drum if contamination is 
detected when the hatch is opened. Spills and decontamination water are contained in the 
enclosure and routed to the contaminated drain system. After passing inspection, the drum 
is moved to a scale platform by crane where it is weighed and the radiation level is measured. 
The .drum is then transferred by crane to.a shielded storage area. where containers are segre
gated according.to radiation level and TRU content. and from there to truck loadout . 

. -
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A decant tank is provided to remove excess water from waste -slurries. After the solids 
have settled out, excess water is pumped off and returned to the waste slurry storage tank, 
leaving sufficient water to obtain a proper mix with the cement. A tank mixer is then used to 
remix the remaining water with the settled material and to keep the mixture homogeneous prior 
to'drum filling. 

The conceptual dry waste process shown in Figure 4.7.11 is used to immobilize dry wastes 
such as incinerator ashes and zeolites. The drum would be placed in the dry waste addition 
station, the cap removed, and the dry wastes metered according to a_predetermined formulation. 
The cap would then be replaced and the exterior of the drum decontamina-ted, if necessary, 
before transfer by crane to the liquid waste drum processing enclosure where the required 
amount of liquid waste would be·added to provide a good mix. 

Waste-cement mixtures are predetermined by analysis and laboratory testing to optimize 
the performance of the cement product. Tables 4.7.15 and 4.7.16 shows typical mixing ratios 
for various types of wastes. Based on Tables 4.7.15 and 4.7.16, the untreated waste characteri
zation in Table 4.7.2, and on a 90% drum fill, material and process flow diagrams for processing 
TRU wastes in the FRP cementation system are shown in Figure 4.7.12 and in Table 4.7,17. The 
immobilized product of the FRP CIF is characterized in Table 4.7.18. Not shown is the leach 
rate of cement immobilized radioactive wastes which has been measured at 10-l to 10-6 g/cm2-day 

and 10-7 to 10-9 g/cm2-day for alkali and alkaline earths, and for actinides and rare earths, 
respectively. (J) As shown in Table 4.7.18,_ there are three product streams. for the FRP CIF. 
The primary waste and miscellaneous secondary solutions have been composited. The ILLW is 
used as the added liquid for the immobilization of the fluorinator and silica gel wastes. The 

'added liquid for the immobilization of incinerator ash is 27% of the incinerator scrubber solu
tion. The primary and secondary miscellaneous solution wastes are processed in the CIF as one 
stream, the incinerator ash as one stream and the incinerator scrubber solution not used with 
the ash is one stream. 

4.7.2.4 Description of the Cement Immobilization Facility at the Fuel Reprocessing Plant 

The FRP CIF is assumed to be an integral 
ture. The approximate location of the CIF is 
detail in Figures 4.7.14, 4.7.15, and 4.7.16. 

part of the FRP and will be a Category I struc
shown in Fig"re 4.7.13. The CIF is shown in 

The design uses concrete shield walls 0.9 m (3 ft) 
thick, four separate storage areas for segregating wastes according to radiation levels and 
TRU content, and an enclosed ·truck bay. The interior dimensions are 21 x 40 x 7 m {70 x 130 x 23 
The shielded crane bay is 14 m (46 ft) wide and covers the length of the facility. Working 
areas include 285 m2 (3070 ft2) of shielded storage space, a 110-m2 {1190 ft2) truck bay, 
44 m2 {470 ft2) of empty drum storage, an 18-m2 (200 ft2) control room, and 84 m2 (900 ft2) 
for the cement filling station. and access corridors. The remaining area is occupied by shield 
walls and shielded process stations. 

' 

•, 
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TABLE 4.7. 15. Fuel Reprocessing Plant Waste-Cemen't 
Formulation 

Com2onent 2er m3 Solidified Waste 
Added Water 

Dry Waste or Waste Bulk 
or Dewatered Concentrate, Cement, Cement, Cement, 

Waste Sludge, m3 m3 m3 kg wt% 
Separations and Pu02 Facility: 

ILLW(a) (30% NaN03 + 
Nal04) 0.60 0.82 1230 62 

Silica gel (30% H20) 0. 72 0.18 0.23 344 30 

UF6 Facility: 

Fluorinator beds and fines o. 91 0. 2.0 0.40 600 27 

a. Intermediate-level liquid wastes. 

TABLE 4.7. 16. Secondary Waste-Cement Formulations 

Added Liquid. Cement, Product Density, 
kgfm3 Secondarl Waste wt% wt% 

Miscellaneous concen-
trated solution 
(75 wt% water) 60 1900 

Incinerator ash 45(a) 40 1730 
Concentrated incinera-

tor scrubber solution 
(75 wt% water) 60 1900 

a. Incinerator ~Cr!Jbber solution used to provic.J~ necessary Wolter. 

Major Process Egui2ment. The FRP CIF consists of six basic elements: 

• cement filling station 
• waste feed system 
• drurrnu i 11y s ta ti on 
• in3pcction and labelina st~tion 
• bridge crane 
• control console. 

Cement Filling Station·. The cement unioadlny, storing, fccd1ny, w~:~ighing, nnrl conveying 
equipment comprises the cement feed system, shown schematically in Figure 4.7. 17. The system 
is designed for low-dust operation with tight joints, special shutoff valves, and ~ust-free 
nozzle. Controls and interlocks ensure vacuum conditions within the storage tank and conveyor 
and around the fill nozzle. Exhaust air is·filtered through a bag filter dnd fan system 
attached to the cement storage tank. 
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TABLE 4.7. 17.)Mater·al Balan:e far the Treatment of 

· , Ce11ent Immobilization Facility 
Transuranic Waste at the Fuel Reprocessing Plant 

Nurrt.er Rad i oa: t i vity (a) 
Stream 
Numbe:"' 

Stream 
Material 

Description 
Vo]une 'Jens~t·· Mass 

.!"'tE~~ 
Tem>erature 

•c 
of =>lutoniL•m Uranium Fls

9
s
5

,Zorn+Pr£1,ubct · 106 lJG 129 ~11 O:her All Other All Activatlon 
Dru~'/}r -~ ~ y_n Ru + Rt- , ___ 1 __ t=ission 'roducts __ P_u __ __ u __ Act in ides P'"oducts 

Primary Waste Feed 

Fl~~~:~!~fb~ed 
Fh•orfnator Fines{b) 
ILLW(c) 

Silica Gel(c) 

Cement 

Mixing Weights 

Empty Drums 

Filled Drums 

Process Vent(e) 

Mi~~~~~~~~Y~l 
Cement 

Mixing1 Weight5 

Empty Drums 

Filled, Drums 

Process Vent(e) 

Incinerator Ash(d) 

Cement 

Mixing Weights 

Empty Jrums 

Filled Drums 
Proces; Vent(e) 

Incinerator Scrubber 
Solu:ion(d) 

Cement 

Mixing Weights 

Empty Drums 

Filled Drums 

ProceS< Vent(e) 

1,500 

EO 1 ,500 

2<0 1 ,250 

10 . 800 

::10 1,500 

1.04 7,800 

4f7 

<If? 

' 115 

1 .890 

:!4 1 ,200 

'11 1,500 

0.1 7,800 

52 115 

12 .occ 
90 ,occ 
~75 ,0(( 

8,0({ 

~65 ,0(( 

8,14( 

56,1(( 

l19,00C 

41 ,O!JG 

61,200 

1,033 

1 ,oro 
1,780 ;10,000 

170 230 

7'2 1,500 

0.4 7.800 

1'30 115 

39,100 

1D8,00>) 

3,00() 

20,70!) 

Arlbient 

Allbient 

Allbient 

Aabient 

· Ambient 

Aabient 

Anbient 

Anbient 

Anbient 

Anbient 

Mbient 

AAbient 

Ar.bient 

Arr.bient 

Ar.bient 

Arlbient 

Allbient 

Anbient 

Arlbient 

1:3;) 1 ,620 ~91 ,ODO 'Artlient 

3') 1,200 

32) 1,500 

1.0 7,800 

144,00•) 

<82,00•) 

8.D9•J 

435 

43l 

115 55,80•) 

1,790 UO,OOQ 

Anbient 

Arrbient 

Arrbitint 

Arrbient 

Arrbient 

Atr::lient 

Alnient 

<6(( 

3'7(f 

1 '7;7 
;3(( 

PRIMARY WASTE 

24 

2• ,30D 

2.4 

0 

12 

; ,R90 

. ,940 

0 

0 

2<,300 <,840 

2 X JU"5 5 X 10'6 

1 X 10·5 

1 X 10'4 

. 0.99 
1 X 10-4 

0 

0 

0 

0.990 
1 X 10·9 

1 x 1o-" 
0.001 

0. 99 

ti 
·o. 991 

1 X 10·9 

SECONDAR\ WASTES - fi!SCELLANDUS SOLUTIQ;lS 

2SJ 

0 

0 

2:::3 

253 

',200 

0 

0 

97 

0 

0 

2,200 97 

2 X 10 ·6 1 ~ 10-7 

0.001 

0 

0.001 
1 X 10-] 2 

0.001 

0 

0.001 
1 X 10-l~ 

SECONMRY WASTES - INCINERATOR ASHES 

829(g) 1<,ooo 
0 

0 

82'3 0 

19 

0 

0 

0 

829 14,000 19 

1 X 10-J 2 X 10·8 

0.010 

0 

0.010 

1 X 10- 11 

0.010 

0 

0.010 

1 X 10- 11 

SECONDARY WII5TES - INCINERATOR S(RU88ER SOLUTION 

2 ,23.) 

) 

2 ,23) 

2,23) 

600 

0 

0.48 

0 

600 0.48 

6 • 10-7 5 < 10-10 

0 

2 X 10-4 

2 X 10- 13 

a. Fraction of input radioacti ... nty (Table 4. i.2}. -he spacific isotope·; shJ~ 3re the maior contributers to the 
product radiation dose rate. IocDine is 1 is ted -=or ·~ereral information. 

b. Characterized in Primary Wa:.:e Tajle 3.3.~2. 
c. Characterized in Primary Wa:.:e TaJle 3.3.~1. 
d. Characterized in Secondary lJ•ste Table 3.:.1. 
e. 820 ml/hr of ·air. 
f. ILLW used as liquid in i11100•:1ization. 
g. Incinerator Scrubber Solutio• usej as liql.id in ·rrmobilization. 

( 

a 
0.967 

0 

0 

0 

0 

0•. 967 

i X 10-4 

0 .( 10'4 

.; " 10-8 

0.032 

0 

0 

0.032 

: > I0- 11 

0.80 

0 

0 

0. 

0.80 

3 X 1C10 

0.08( 

0 

0 

0. 08C 
f. X lC-11 

.Q.127 

0 

0 

0 

0.127 

1 X 10' 10 

•0.002 

0 

0 

0 

0.002 

2 X 10' 12 

0. 569 

1 X 10-4 

6 X 10-4 

6 X 10-5 

0 

0 

o. 390 

0.002 

D. 585 

0 

0.817 

0 

0. 570 0. 977 0.817 

6 X 19· 10 1 X 10-9 8 X 10-JO 

0.054 

0 

0.019 

0.054 0.019 6 X 10-4 

5 X J0- 11 2 X 10' 11 6 X 10' 13 

0.361 

0 

0.004 

0 

0 

0 

0.164 

0 

0.3EI 0.004 0.164 
4 X 10-JO 4 X 10- 12 2 X 1Q-1D 

0. 016 

D 

0.016 
2 X 10-4 

1 X 10'4 

0 

0 

0.019 

X 10-4 0.019 

1 X 10· 13 2 X 1D-IJ 

0 

D.S9 

0.99 

1 X 10·9 

0.010 

0 

0.010 
1 X 10-ll 

1 X 10·5 

0 

0 

~ 

....... 
w 
0 
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TABLE 4.7. 18. Treated Waste From FRP Cement Immobilization 

Waste Type and 
Surface Dose 
Rate Class 

Cement Immobilized Wet and 
Particulate Wastes 

>lD R/hr 
(280 R/hr) 

Cement Immobilized 
Incinerator Ash 

J 
>10 R/hr 
(10.6 R/hr) 

Cement Immobilized 
Incinerator Scrubber Solution 

<0.2 R/hr 
(0.05 R/hr) 

wolume(a) Density Volume Ratio Drums 
m3/yr ~ Treated/Untreated Per Year 

53D 1,890 1.60_ 2.526 

174 1,620 1.0 829 

468 1. 790 1.3 2,230 

a. Treated volume based on container volume. 
b. Fraction of facility input (T:!ble 4.7.2). 

Radioactivity Factors(b) 
Fissio~ Attivation 

· Products Actinides Products 

3H = 1. 0 
I = 0.967 
Zr, Nb, Ru, Rh = 0.990 
Other = 0.860 

3H = 0 
10-4 I = 6 X 

Zr, Nb, Ru, Rh = D.DlO 
Other = 0.138 

U = 0.996 All 0.989 
Pu = 0.623 
Other = 0.803 

u = 0.004 All 0.010 
Pu = 0.361 
Other = 0.177 

All 0.001 3H = 1 X 10-4 
I = 0.032 
Zr, Nb, Ru, Rh = 
Other = 0.002 

Ll = 1 X 10-4 
Pu = 0.016 

2 x· 10-4 Other = 0.020 

""" . 
'-I 

w 
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The cement storage tank, fabricated from mild steel, has a capacity of 28m3 (1000 ft3); it 
is 4.4 m (14.5 ft) tall and requires 14 m2 ·(150 ft2) of floor space. The tank fluidizes the 
cement in an air stream and includes a rotary undercut type of shutoff and flow rate regulatory 
valve at the outlet. Air for fluidizing the cement is furnished by a 5-hp cast-iron positive 
displacement rotary blower equipped with a pressure relief valve with intake and exhaust air 
silencers. A bucket elevator lifts cement from the storage tank into a small (about 2 to 3 m3) 
feed tank that discharges into the drum feed screw conveyor. 

The drum loading system consists of a drum conveyor, a control cabinet, and a fixed-height 
fill nozzle surrounded by a dust control plenum. The drum loading system control cabinet is 
equipped with an elevating mechanism to lift the drum into the load position and an electronic 

'scale to weigh the amount of cement added. 

Waste Feed System. The waste feed system is a compact assembly of components designed 
to. remotely decant waste slurries and to pump slurries and concentrated waste solutions to the 
drums for immobilization. The equipment is mounted on both sides of a machined-steel shield 
wall a~proximately 1.·5 x 3 x 0.3 m (5 x 10 x 1 ft) thick for personnel protection during 
operation and maintenance. The shielding wall bolts to machined inserts in the concrete shield 
walls of the radioactive waste processing area. 

The waste feed system contains. the decanting tank, decanting pump, slurry metering pump, 
concentrated waste metering pump and associated controls and piping m9unted on a shield·wall. 
The stainless steel decanting tank is 1.4 m (4.5 ft) in diameter by 1.5 m (5 ft) tall. It has 
a working capacity of 1.9 m3 (500 gal). It includes a moveable decanting nozzle, sensors, and 
a mechanical mixer. An emergency overflow at the top of the tank connects to the plant drain 
line. The decant tank is vented to the radioactive process vent treatment system. A water 
spray manifold at the top of the tank provides for internal decontamination for maintenance 
operations. The motors and actuators are located on the ''cold'' side of the shield wall. 

Dry, particulate wastes require special handling to introduce them into the FRP CIF. 
Two options appear feasible. For dense solids, a dry weighing system similar to the cement 
filling station could be used. Light solids, such as incinerator ashes, could be pneumatically 
transferred to the decant tank or a special mixing station where they would be blended with 
water or a suitable waste solution. Both systems are conceptual and require specific eng1neer
ing design. 

Drumming Station. The drumming station is designed to immobilize radioactive slurries 
and solutions in cement in 55-gal drums. It is mounted on both sides of a machined-steel 
shield wall approximately 1.5 x 3 x 0.3 m·(5 x 10 x 1 ft) thick. All motors and as much 
support equipment as practical ·are mounted on the cold side of the wall. The shield wall bolts· 
to machined steel inserts that fit into the concrete shield walls of the radioactive waste pro
cessing areas. 
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The drum processing enclosure is mounted on the radioactive or hot side of the shield wall. 
It provides cap removal, liquid waste filling, recapping, drum tumbling, and the water-steam 
spray for decontamination of the filled drums. The assembly is completely enclosed to mini.
mize escape of radioactive liquids or aerosols. The enclosure is stainless steel with internal 
surfaces free of crevices to facilitate internal decontamination by the built-in water-steam 
spray system. Flush solutions and spills are washed into the plant drain. Several interlocks 
are provided to minimize spills or external contamination to the drum. 

The drum processing enclosure has two external platforms, one for the incoming drum and 
one for the outgoin·g drum. An internal transfer platform moves the drum to and from the two 
operational positions. The drum is lowered by crane into the processing enclosure, and the 
hatch is closed. The operator then sets the processing controls to ~utom~tic~lly carry out 
the uncapping, filling, capping, and mixing operations according to pretested formul~s for 
the specific mixes. The drum filling nozzle has a concentric passage around the nozzle to 
vent displaced air to the radioactive process vent line via a replaceable roughing filter. 
In the mixing position, the drym is firmly clamped ~nd rot;:~ted endaover-end at 17 rpm for a 
period contro'lled by an adjustable timer. The selected double-fill option repeats the w~ste 
addition and tumbling operations. At the end of the cycle, the drum is returned t~ the 
unload position, the operator remotely opens the hatch, and the drum is removed by the over
head crane to the loadout platform for weighing and radiation monitoring. The drum is then 
transferred to the drum inspection and labelling station for loadout. Cycle time is approxi
mately 5 min for uncapping, filling, and recapping. Mix times are variable but average about 
8 to 10 min. Total cycle time is approximately 15 min. 

Inspection and Labeling Station. A small shielded enclosure is provided with a motor
driven turntable that enables the operator to smear-test and monitor the radiation levels of 
the drums. A slot provides access to the drum for applying labels. All openings are guarded 
to prevent direct-line radiation exposure to the operator. A periscope or mirrors are used 
ror· .viewiuy. Equ1pment iS mounted on a small stee1 shield wall. 

Bridge Crane. The bridge crane, with trolley and 8-ton hoist, is designed and constructed 
for precise remote handling of radioactive materials. The hoist i~ P~uipped with a ~pQcially 
designed grab for handling 55-gal drums. It is operated from the control room with the aid 
of television cameras--three pointing downward to view the working area as the drum is being 
transported and one pointing upward to view an indexing grid mounted on the ceiling. The 
indexing system provides accurate placement. of drums in the storage area. Lamps are provided 
for lighting 'the ~ield of view. Two electrical circuits are provided for the trolley, bridge. 
and hoist--one for the high speed motors and one for the low speed motors. The crane has a 
span of 15m (46 ft) and a hoist lift of about 5.7 m (19 ft), sufficient to clear the 4.7 m 
(15.5 ft) shield walls. The equipment can be washed down for decontamination while crane 
maintenance is carried out in the truck bay. 

Control Console. The control console is a desk type of free-standing, dust-tight enclo
sure. All control and indicating device.s required for remote operation of the decanting 
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station, drumming station, and bridge crane are located on this console. The console is 
placed in a small control room equipped with a record board for recording the location of 
stored waste drums. 

Shielding. The FRP CIF is designed to be operated and maintained with a minimum of per
sonnel exposure. Use of integrated, automatic control system and closed circuit te·levision 
permits totally.remote operation and monitoring of the entire waste processing and container 
filling procedure. Operators are protected by concrete 0.9 m (3ft) thick and by steel shield 
walls 0.3 m (1 ft) thick; the latter are equivalent to about 1 m of concrete. Thi's shielding 

. ' 
ensures the capability of processi·ng feeds that contain the maximum expected radioactive material 
concentration of about 4000 Ci/m3 (100 Ci/ft3) of mixed fission product activity. Dose rates 
in the operating areas should not exceed 0.5 mrem/hr. For most of the waste, dose rates at the 
operator's positon should be immeasurable above normal plant background. 

4.7.2.5 Operating and Maintenance Requirements for the Cement Immobilization Facility 
at the Fuel Reprocessing Plant 

The FRPrCIF is highly automated and operated from a remote console. All observations 
of the waste operations are monitored by closed circuit television or periscope. The facility 
operates on an intermittent, as-needed basis. Operating hours for primary waste. miscellaneous 
secondary sol ut.ions, incinerator ash, and incinerator scrubber sol uti on immobilization are 
750 hr/yr, 95 hr/yr, 280 hr/yr, an~ 750 hr/yr, respectively. 

The FRP CIF is designed so that equipment can be flushed and decontaminated .for ease 
in maintenance. Containment systems are provided to control the generation and dispersion 
of aerosols and to filter aerosols from the off-gas streams, if necessary, before discharging 
them to the FRP APS. 

Many high maintenance items in the FRP CIF are mounted on the cold side of the steel 
shield wall. Occasional direct maintenance may be required on the hot side of the wall. All 
facilities in the hot processing areas· can. be remotely flushed to reduce general direct main
tenance activity levels below 100 mrem/hr. Modular design and addition of shield walls between 
process components also reduce radiation exposure. Total estimated maintenance radiation 
exposure is less than 1 man-rem/yr. 

Staffing Requirements. Direct staffing requirements of the FRP CIF a,re summarized in 
Table 4.7.19. 

Supplies and Utilities. Supply and utility consumptions tor primary and secondary 
waste immobilization are shown in Tables 4.7.20 and 4.7.21, respectively. 

Hazardous Materials. No unduly hazardous materials 'are involved in the operation of 
the FRP CIF. 

4.7.2.6 Secondary Radioactive Wastes for the Cement Immobilization Facility at the 
Fuel Reprocessing Plant 

Secondary radioactive wastes generated at the FRP CIF are summarized in Table 4.7.22. 
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TABLE 4.7.19. Staffing Requirements for the Fuel 
Reprocessing Plant Cement Immobiliza
tion Facility 

Man~ower Reguirements, man-:t:r/~r 
Processed O~erators Radiation Monitors Maintenance 

Primary waste 0.2 
Miscellaneous 

secondary solutions 0. 1 o·.oo2 
Incinerator ash 0.4 0.6 
Incinerator 

blowdown 1.0 0.2 
Facility total 2.5 0.5 

TABLE 4.7.20. Supply Requirements for the Fuel 
Reprocessing Plant Cement Immobil
ization Facility 

Waste Annua~ Ju~~l~ Reguiremtnts 
Processed Drums a Cement, kg 5 

Primary waste 2243 4.7 X 105 

Miscellaneous 
104 secondary solutions 283 6.1 X 

Incinerator ash 829 1.1 X 105 

Incinerator blowdown 2230 4.8 X 105 

Facility total 5585 . 1. 1 X 106 

a. DOT Specification 17C, 55-gal drums; mixing 
weights are used in each drum. 

b. Portland cemPnt. 

0.3 

0.04 
0.1 . 

0.3 
0.7 

Craftsmen 

TABLE 4.7.21. Utility Requirements for the Fuel Reprocessing 
Plant Cement Immobilization Facility 

Ann11ill Utility RP.guirements 
Waste Elcctr~cjty, Water Process 

Pr'ocessed kWh a. r.onsumed, m3(b) /\ir 1 m3(c) 

P Y"'i ma r·y waste 3.8 X 104 5.3 X 101 6.4 X 103 

Miscellaneous 
103 102 secondary solutions 4.8 X 6.7 8.0 X 

Tnci nerator ash L4x 104 ·1.8 X i 01 2.4 X 103 

Incinerator blowdown 3.8 X 104 5.3 X 101 6.4 X 103 

Facility Total 9.5 X 104 1. 3 X 102 1.6 X 104 

a. Use rate of 50 kW 
b. Use rate of 0.07 m3/hr 
c. 60 to 80 psig, use rate of 8.5 m3/hr 
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TABLE 4.7.22. Secondary Radioactive Wastes for the Fuel 
Reprocessing Plant Cement Immobilization 
Facility 

Volume, Radioactivity 
oe·scri~tion m3flr Factor(a) 

Combustible and 
10-6 compactable waste 9.8 

HEPA filter 3.2 io-6 

Wet wastes 0.6 10-3 

Solid noncompactable 
and noncombustible ·10-6 wastes 2.4 2 X 

a. Fraction of input activity (Table 4. 7. 2) in 
secondary waste. 

4.7.2.7 Emissiqns From the Cement Immobilization Facilitl at the Fuel Reprocessing. 
Plant 

No liquid effluents are released to the environment during routine operation of the FRP 

CIF. Various liquid streams are recy~led within the FRP as secondary wastes and are subse
quently concentrated and immobilized. 

Vessel and process off-g~s vents discharge about 210 m3/hr (120 cfm) of air into the 
building ventilation system. The immobilization facility ventilation system will then dis
charge about 36·;000 m3/hr (21 ,000 cfm) of air to the FRP APS and stack. Via the process off
gas vent, 1 x 10-4 of_the CIF input iodine and 1 x 10-9 of the remaining nonvolatile CIF input 
radionuclides are estimated as being released to the FRP APS. As discussed in Section 4.7.1 .7, 

the concentration of secondary liquid wastes provides a pathway for radioactive effluent 
release; 3 x lo-12 of the CIF input nonvolatile radionuclides are estimated as being released 
to the environment from the excess water vaporizer, along with 1 x 10-3 of the CIF input 
tritium. 

An estimate of the integrated release due to minor accidents, Section 4.7.2.9, for this 
facility is included in Table 4.7.23. It was developed by weighing the minor accident releases 
by. their expected frequencies and summing the quantities for all identified minor accidents. 
In addition, a contingency was included in the integrated release to account for unidentifed 
minor accidents and to compensate for the uncertainty in expected frequency information. 
Estimated integrated annual releases due to minor accidents for this technology is shown in 
Table 4. 7 23. 

Heat released from the FRP CIF comes from equipment operation and from the hydration 
reaction with cement. Release rates are 31 kW (1.0 x 10~ BTU/hr) and 0.015 kWh (51 BTU) per 
kg of cement, respectively. Thus, heat releases from primary and secondary waste immobilization 
are 3.1 x 101 MW-hr/yr ·(1.0 x 108 BTU/yr) and 4.3 x 101 MW-hr/yr (1.5 x 108 BTU/yr), respectively. 
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Noise, odor, and vibrations from the facility are insignificant. 

Dominant emissions from the FRP CIF are shown in ~able 4.].23, 

TABLE 4.7.23. Emissions from the Fuel Reprocessing Plant 
Cement Immobilization Facility 

Emission 

Gaseous 

Cooling tower water 

Other 

Description 

Process off-gas 

Vaporized 
excess water 

Minor accident 
integrated 
annual release 

Evaporated 
Drift 
Blowdown 

Heat 

(T = 38°C) 
(T = 38°C) 
(T = 27°C) 

Air 

Annual 
Quantity 

3 . 1. 2 X 10 kg 

1 . 1 X 105 kg 
5.4 X 102 kg 

4 1. 9 X 10 kg 

7.4 x 101 MW-hr 
(2.6 x 108 BTU) 

Radioactivity 
Release Factor 

to Atmosphere(a) 
3H · X 10-9 

129I X 10-4 

Others x 1o-13 

3H X 10-3 
129I 1 X 10-6 

Others 3 x lo-12 

All 

a. Fraction of input activity "(Table 4. 7.2) ,released to atmosphere. Includes OF from 
main plant APS where applicable. Released over 80 days/yr. 

4.7.2.8 Decommissioning Considerations for the Cement Immobilization Facility at the 
Fuel Reprocessing Plant 

The FRP CIF is designed to last the 30-year lifetime of the main plant. The system is 
completely flushable, thus making it possible to decontaminate the equipment and facility to 
less than IUU mrem/hr for decommissioning. 

4./.£.9 Postulated Accidents for the Cement Immobilization Facility at the Fuel 
Reprocessing Plant 

Postulated accidents for the CIF are discussed in Section 4.7.1.9. The minor and moder
ate accidents selected as being worst case pertain specifically to the bitumen immobilization 
of FRP wastes. Thus, the consequences of accidents at the CIF are expected to be less severe 
than those for the BIF. 
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4.7.2.10 Costs for the Cement Immobilization Facility at the Fuel Reprocessing Plant 

Estimates have been made, in mid-1976 dollars, of incremental capital, operating and level
ized unit costs. A complete description of the cost estimate basis, assumptions and definitions 
i~ given in Section 3.8. 

Capital Costs. The capital construction cost estimate for the CIF is summarized in 
Table 4.7.24. 

Operating Costs. Costs of direct labor, materials and utilities are based on requirements 
·given in Tables 4.7.19, 4.7.20, and 4.7.21. Costs of.process materials for cement immobiliza
tion at the FRP are cement at $0.073 per kg, DOT Specification 17C drums at $20 each, and 
mixing weights at $0.086 per kilogram. ·Maintenance materials costs are estimated at 3% of major 
equipment. Table 4.7.25 summarizes the operating costs. 

Levelized Unit Cost. The levelized unit cost, including levelized capital and operating 
costs, is shown in Table 4.7.26. The unit cost calculation assumes private ownership of the 
facilities. 

TABLE 4.7.24. Capital Cost Estimate for the Fuel Reproces
sing Plant Cement Immobilization Facility. 

Cost Element 

Major equipment 
Buildings and structures 
Bulk materials 
Site Improvements 

Subtotal of direct site 
construction 

Indirect site 
construction costs 
Total field cost 

Architect-engineer services 
Subtotal 

Owner's cost 
Total facility cost 
Estimate accuracy 

range 

~·1an-hours, 
1000s 

Nonmanual Manual 

20 
150 

20 

190 

50 40 
50 230 

Costs, 
1000s of Mid-1976 Dollars 

Materia1 Labor Total 

3,200 200 3,400 
1,300 1,800 3,100 

400 200 600 

4,900 2,200 7,1 oq 

800 1 ,1 00 1,900 
5,700 3,300 9,000 

1,600 
10,600 
3,200 

13,800 

±25% 

4.7.2.11 Construction Requirements for the Cement Immobilization Facility at the Fuel' 
Reprocessing Plant 

Many factors relating to site preparation and reference facility construction may have some 
impact on the environment, the local economy, and the natural resources of the surrounding area. 
The information that follows provides a basis for evaluating the impact of construction activities . 

...--

- ' 



4. 7.42 

TABLE 4.7.25. Operating Cost Estimate for the 
Fuel Reprocessing Plant Cement 
Immobilization Facility 

Cost Element 

Direct labor 
Process materials 
Utilities 
Maintenance materials 
Overhead 
Miscellaneous 

"fatal 

Annual Costs, 
$1000s 

80 
190 

7 

100 
150 
43 

570 +SO%. 
-25% 

TABLE 4.7.26. Levelized Unit Cost Estimate for the 
Fuel Reprocessing Plant Cement 
Immobilization facility 

Unit Cost, 
Cost Element $/kg HM 

Levelized capital charge 1. 70 
Levelized operating 

charye 0. 30. 
Levelized total unit 

cost 2.0 ±35% 

Project Schedules and Construction Manpower. The schedule for engineering, procurement, 
Anrl ~onstruction of the CIF is an inte~ral factor in the overall schedule for the construction 
of the FRP. The field labor force estimated for the construction of the CIF is tabulated 
below: 

Manual field labor 
r~onmanual field labor 

Total field labor 

Man-hours, 
1000s 

230 
50 

280 

Distribution of Onsite and Offsite Costs. Onsite costs are those for all construction, 
materials, and services provided at the site of the FRP; offsite costs are those for all 
services provided, equipment fabricated and/or assembled, and material purchased elsewhere. 
The distribution of total costs in these categories is shown below: 

Costs, 
ilOOOs 

On site 3,600 
Off site 10,200 

Total 13,800 
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Site Requirements. The CIF requires 960m2 (10,000 ft2) within the FRP site.· 

Water. Water used during the construction period is appr~ximately 3800 m3 (1.0 x 106 gal). 

Construct1on Materials. Materials committed to facility construction are: 

Concrete 
Steel 
Copper 

, Lumber 

3000 m3 

500 MT 
0. 9 11T 

180 m3 

Enet'gy. Energy l"esources used during construction are: 

Propane 
Diesel fuel 
Gasoline 
Electricity 

Peak_. demand 
Total consumption 

250 kW 
160,000 kWh 

(40_00 yd3) 
( 570 tons) 

(1 ton) 
(80 MFBM) 

(8,000 gal) 
( 80,000 ga 1) 

(60,000 gal) 

Transportation Requirements .. No transportation requirements for the CIF have been 
identified beyond those for the FRP. 

4.7.2.12. Effects of Fuel Cycle Options 

Effects of the fuel cycle option on the CIF are the same as for the FRP BIF, as discussed 
in Section·4.7.1.12. 

4.7.3 Other Immobilization Alternatives at a Fuel Reprocessing Plant 

In this section, two classes of alternatives are discussed--alternative feed stream 
treatments and options in the immobilization technology. 

4.7.3.1 Feed Stream Treatment Alternatives at Fuel Reprocessing Plant 
Immobilization Facilities 

Four treatment alternative~ rur FRP waste str~ams which impact the BIF and CIF are: 

• no incineration of combustible trash 
• intermediate-level liquid waste (ILLW) combined with high-level liquid waste (HLLW) 

solidification 
• separate spent solvent incinerator 
• main plant bead resins to BIF versus incineration. 

No Incineration. With the incineration of combustible and compactable trash at an FRP, 
large volumes of incinerator off-gas scrub solution (called blowdown) are generated along with 
smaller volumes of incinerator ash. Both the ash and blowdown are immobilized prior to ship
ping and disposal. Quantities of ash and blowdown before and after treatment are summarized 
in Table ~.7.27. If incineration is not selected as the treatment for combustible trash, sub
stantially smaller quantities of S!Jpplies, utilities, and manpower are required at the 
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immobilization facilities, as shown i[l T!ibl~.4.7 .. 28. In addition, without incineration the 
amount of radionuclides released to the environment from radioactive waste immobilization is 
somewhat smaller. 

If the immobilization facility has no incinerator, throughput is drastically reduced. 
However, this increases throughput at some other facility. Without incineration, trash must 
either be packaged without treatment or must be compacted. The decision to incinerate or 
not must be made after a careful economic, environmental, and safety study. 

TABLE 4.7.27. Summary of Ash and Blowdown Immobilization 
Requirements for the Fuel Reprocessing Plant 
Incinerator 

Volume, Density, Activity, 
Waste Treatment m::lLy_r kg/m3 C1/~r Dr·uJu:>/Yl' 

Ash 

Scrubber 
Solution 

Untreated 
Bitumen 
Cement 

Untreated 
Bitumen 
Cement 

170 
63 

170 

370 
180 
470 

230 227,000 
1,300 227,000 298 
1, 730 227,000 829 

1 '200 9,580 
1,300 9,580 844 
1,800 9,580 2,230 

ILLW to HLLW. One alternative treatment of the ILLW is to combine it with the HLLW. If 
this option is chosen, the major component of the primary feed to the FRP low-level waste 
immobilization facilities would disappear. Table 4.7.29 shows estimates of the supplies, 
utilities, and manpower that would be saved by choosing this option .. 

If the ILLW feed stream were· treated otherwise, the design basis for the immobilizption 
facilities would change substant1a1ly .. Not only would the major feed r:'Ompnnent be removed, 
but. the ma,jor source of radioactive material would also be reruuLt!u. Thus, both the throughe 
put and the shielding requirement would be reduced. 

Separate Spent Solvent Incineration. In the reference waste management system, the 
spent solvent from the FRP is incinerated with the ILW combustible- trash. The off-gas scrub 
for the incinerator effectively scrubs the phosphates that result from burn1ng the spent sol
vent. An alternative spent solvent treatment is a stand-alone solvent incinerator, as 
described in Section 4.5. The off-gas from the spent solvent incinerator would be scrubbed 
to remove the. phosphate compounds that result from the burning of the tributyl phosphate (TBP) 
in the solvent. The resultant volume of scrub solution, or blowdown,·would be routed to the 
FRP concentration system prior to immobilization. The net impact on the immobilization facili
ties' material, utility, and manpower consumptions would be negligible if the solvent was incin
erated in a stand alone system rather than the reference incineration facility. 

Main Plant Bead Resins to BIF. An add-itional variation in primary waste feed is the 
possibility of routing the main plant bead resins directly to the bitumen immobilization 
facility rather than to the ILW incinerator. The bead resins are characterized 1n Table 4.7.30. 



TABLE 4.7.28. Effect of Incineration Option on Annual Requirements for Supplies, Utilities 
anc Manpower at the Fuel Reprocessing Plant Immobilization Facilities 

Annual Su~~lies and Utilities Man~ower, inan-~r/~r 
Feed Binder,(a) Electricity, Air, Steam, · Water,(b) Processing Radiation 

O~tion Drums kg kWh m3 kg m3 Hours O~erators Monitors Maintenance Total 

At Bitumen Immobilization Facility 

Ash 298 3.9 X 104 l.Ox 104 6.0 X 103 2.3 X 104 1.8 X 101 100 0.1 0.02 0.03 0.2 

Scrub solut~on 844 1.1 X 105 3.8 X 105 1. 7 X 104 6.4 X 105 5.1 X 102 2780 1.9 0.3 0.5 2.7 

Total 
105 105 104 6.6 X 105 5.3 x102 Incineration 1142 1. 5 X 3.9 X 2.3 X 2880 2.0 0.3 0.5 2.9 

Tota 1 withoL•t 
105 105 1.3 X 104 4.9 X 105 3. 7 X 102 Incineration 1386 2.0 X l. 9 X 2310. 1. 7' 0.3 0.4 2.4 

Total with 
3.5 X 105 105 3.6 X 104 1.2 X 106 9. 0 X 102 I!1cineration 2528 5.8 X 5190 3.7 0.6 0.9 5.3 

At Cement Immoblization Facilit~ 
""' 

Ash 829 1. 1 X 105 1.4 X 104 2.4 X 103 4.0 X 103 280 0.4 0.06 0.1 0.6 ~ 

Scrub solution 2230 4.8 X 105 3.8 X 104 6.4 X 103 1.1 X 104 750 1.0 0.2 ""' 0.3 1.5 Cj'l 

-:-otal 
105 4.8 X 104 8.8 X 103 104 Incineration 3059 5.9 X 1. 5 X 1030 1.4 0 .. 3 0.4 2.1 

Tota 1 withou;; 
105 4.3 X 104 103 10

4 Incineration 2526 5.3 X 7.2 X 1.1 X 850 1.1 0.2 0.3 1.6 
Total with 

106 ~ 104 104 104 Incineration 5585 1. 1 X 9.1 1. 6 X 2:6 X 188.0 2.5 0.5 0.7 3.7 

a. For BIF, tinder is bitu~en; for CIF, binder is cement. 
b. Includes process and cooling tower 11akeup water. 



TABLE 4.7.29. Effect of ImmObilization of Intermediate-level Liquid Waste on.Anrual Recuirements for Supplies, Utilities, 
and Manpower at the Fuel Reprocessing Plant Immobilization Faci 1 Hies 

Maneower, man-~r[~r 
Feed Binder, a. Steam, Water, b Processing Radiation 

oetion Drums kg l<g mJ. Hours 02erators Monitors Maintenance Total 

At Bitumen ll11llt)bilization f.3cilitx 

ILLW 607 &.4 X 104 1. 6 X .1 05 9.0 X 1C3 3.4 X 105 2.6 X 102 1600 1.1 0.2 0.3 1.6 
Total without 5 5 2.5 X 104 8. 6 X 1 05· 6.4 ) 102 ILLW 1921 2. 7 ~. 10 4.2 l: 10 3590 2.6 0.4 0.6 3.7 

Total with 
3.5 X 105 5.3 X 105 104 1. ~ X 106 9.0 X 102 ILLW 2528 3.6 ~ 5190 3.7 o.o 0.9 5.3 

At Cement Immob 1 i za ti on Faci 1 it~ 

ILLW 1777 l.. 5 X 10 5 3.0 X 104 5.<0 X 103 8.4 X 103 59C 0.8 0.1 0.2 1.1 
Total without 

6 .. 5 x 1 o4 
X 104 X 1)4 1. 8 ( 1 o4 ILLW 3803 6.1 1.1 1290 1.7 0.4 0.5 2.6 

Total with 
X 106 

X 104 1. 6 .< 104 2. 6 X 104 ILLW 5585 1.1 9 .. 1 1830 2.5 0.5 0.7 3.7 

a. For BIF, binder is bitwr:en; for CIF, binder is cement. 
. b. Includes process and cosling tower makeup water . 

""" --..1 

""" 0'1 



4.7.47 

TABLE 4.7.30. Characterization of Main 
Plant Bead Resins 

Composition - 50 wt% polystyrene and 
50 wt% water 

Volume - 10 m3/yr 
Density - 720 kg/m3 

Activity, Ci/yr(a) 
95zr - 70 
95Nb - 150 
106Ru - 3800 
129I -0.1 . 

Other mixed fission products - 240 

u - 0.1 
Pu - 3700 
Other mixed actinides - 3 

a. Sased on waste characterization 
Table 3.3.33. 

If these resins are immobilized in the BIF, the quantity of materials, utilities, and 
manpower would increase by a small amount, as shown in Table 4.7.31. 

4.7.3.2 Technology Alternatives at Fuel Reprocessing Plant Immobilization Facilities 

More than a dozen companies in the United States currently market radioactive waste . 
immobilization processes. Four basic types of radfoactive waste immobilization systems are . . 

availabl~: cement with its variations, bitumen, urea-formaldehyde (U-F), and other organic 

polymer systems. 

Most of the various cement systems that are commercially available use external, in-line 
cement-waste mixers. (4) Each supplier offers variations in process equipment, immobilization 
agent, and additives. However the basic system--in which radioactive waste is mixed with water, 

if necessary, and po~sibly an additive--is repeated in each model. 

The basic bitumen immobilization system commercially available in the U.S. is the screw 
extrusion system described in Section 4.7.1. Some variations in this system may be encoun
tered. These variations include using a wiped film evaporator or a pot type of evaporation 
system where bitumen and wastes are mixed, water is evaporated, and the waste is.fed to a drum. 
Also, the screw extruder-evaporator system may be used with polyethylene as the immobilization 
agent. Other variations may also be encountered in the bitumen immobilization support system. (l) 

The U-F systems and the organic polymer· systems are discussed in detail in the sections 

to follow. As with the other technologies, although variations may be found in process 
equipment and immobilizing agents from system to system, the fundamentals of operation remain 

similar. 



·~ 

Feed 
O~tion Drums 

Bead resin 42 
Total without 

bead resin 2486 
Total wi-th 

bead resin 2528 

TABL:. 4.7.31. Effect of Bead Resin Irnmcbilization on Annual Requirements for Supplies, 
Utilities, and M:mpower c.t the Bitumen Immobilization Faci-1ity 

Su I i es and Ut il i ti e5 Maneower, man-lrLlr 
Bitllmer, Electric1ty, Air, Steam, Water, a Process in·~ Rad1at1on 

tg kWh m3 kg m3 Hours O~enbrs Monitors Maintenance 

3.6 x ·o3 3.0 I( 103 1. 8 x 1 o2 5.8 :< 103 1.1 X 101 30 0.03 0. 01 0. 01 

3.5 X 105 5.8 X 105 3.6 x -,o4 1. 2 X 106 9.0 X 102 5Hi0 3.7 0.6 0.9 

3.) X 105 5.8 X 105 3.6 X 104 1. 2 X 106 9.1 X 102 5190 3.7 0.6 0.9 

a. Includes process and cooling tower mal:eup water. 

Total 

0.05 

5.3 

5.3 
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All of these systems may be further modified by us'ing various feed treatments. The 

treatment most often discussed is volume reduction, which is achieved by concentrating the 
.liquid feed streams to reduce volume prior to immobilization. A bitumen system and an 
organic polymer system that include volume reduction as a fundamental part of process 
<?Peration are commercially av.ailable. This option offers possible advantages in terms of 
operating capacity and potential cost reduction. 

Other radioactive waste immobilization technologies have been proposed and are in vari
ous stages of development. Detailed discussions of some alternatives may be found in the 
literature.( 5•6) 

Urea-Formaldehyde System. The immobilization of radioactive wastes in urea-formaldehyde 
(U-F) ·is a well-developed technology. Several companies in the United States market U-F 
radioactive waste immobilization systems. These U-F systems have been used extensively to 
immobilize radioactive wastes from various nuclear fuel cycle sources, (6) thus providing 
many years· of operational experience. 

The U-F system is a polymeric process. There .is no chemical reaction between U-F and 

the radioactive wastes. The polymer, after it is homogeneously mixed with radioactive waste, 
is made to form long-chain molecules of organic polymer that trap the radioactive waste within 
their structure.( 5) The chemical impetus to this immobilization process is an acidic catalyst 
such as H3Po4, NaHS04, or H2so4,(?) which adjusts the pH to 1.5 ~ 0.5. 

The mixing of the polymer and the radioactive waste is done in one of three types of 
mixers. (5) These are the in-drum paddle mixer, the in-line static mixer, or the in-line 
mechanically driven mixer. For in-line mixing, after a good mix of the polymer and radio
active waste has been obtained, the mixture is delivered to a drum for filling. As filling 
takes place, the catalyst is added. The mixture will start to gel immediately. The gel 
times vary, depending on temperature and pH, but range from a few minutes to several 
hours. (4•6) For the in-drum mixing, the catalyst, polymer, and radioactive waste are mixed 
together, a procedure usually used with problem feed streams. (5) 

The immobilized U-F product is a homogeneous monolithic solid. It has a density slightl.Y 
greater than water. (G) Its leachability is roughly equivalent to that of cement. (B) During. 

immobilization, no detectable exothermic reaction occurs that might cause radionuclide 
volatilization. (5) 

As mentioned previously, the U-F solidified product may be prepar~d in several mixing 

modes. One system incorporating the in-line static mixer is shown in Figure 4.7.18. The 
facility description of such a system would closely resemble either the CIF or BIF, with 
adjustments for particular equipment differences. The number of drums of U-F solidified pro
duct that would result would be roughly equivalent to that of the CIF. In addition, sup
plies, utilities, and manpower consumed would be similar to the CIF. The capital cost of the 

U-F system at the FRP would be in the range of the CIF and BIF estimates. 
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Other Organic Polymer Processes. Several U.S. companies are actively marketing additional 

polymeric processes for radioactive waste immobilization. Most of these processes are basi

cally similar to the U-F systems in that radioactive waste is homogeneously mixed with an 
organic polymer. The mixture is fed to a drum, a catalyst is added, and the product solidi
fies by polymerization. Each vendor offers variations in polymers and catalysts, as w~ll as 
in processing characteristics. 

Several companies also offer polymeric radioactive waste immobilization systems. Most 
have as the final processing step the addition of a catalyst to a polym·er that immobilizes 
the radioactive waste. The process flows for each of these systems is similar to that shown 

for the U-F system in Figure 4.7. 18 except for the mixing system, which is tailored to the 
process. One major variation from that system description is an inert carrier process .. 
I iquid radioa~tive wastes and sludges are injected into a high-temperature, silicone oil 

carrier fluid, where water is flashed from the mixture. The dried residue in the inert 
carrier is mixed with the polymer, separated from the carrier fluid, and fed to a drum along 
with a hardening,catalyst. 
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FIGURE 4.7.18. Flow Diagram for the Conceptual Fuel Reprocessing 
Plant Urea-Formaldehyde (U-F) System 
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The immobilized products from each of these processes are similar in form to the U-F 

immobilized product. Detailed information on product characteristics is limited because 
of the relative newness of the processes and the lack of commercial experience with them. 

4.7.4 Bitumen Immobilization at a Mixed Oxide Fuel Fabrication Plant 

As discussed in Section 4.7.1, bitumen immobilization of radioactive wastes is a well
demonstrated technology. The wastes to be .immobilized at a mixed-oxide fuel fabrication plant 
(MOX FFP) are similar to FRP radioactive wastes• in that they are largely nitrate salt solu
tions. In terms of radionuclide content, the MOX FFP wastes are dissimilar to FRP wastes but 
not enough so as to affect the process. The major difference is that the radiation dose 
rates of MOX FFP wastes are much lower and generally permit direct personnel contact, whereas 

FRP wastes require completely remote processing from a shielding standpoint. Processing of 
MOX FFP wastes .is done remotely in the reference conceptual systems, however, because of a 
material containment necessity. 

4.7.4.1 Bitumen Immobilization Process Alternatives at the Mixed Oxide Fuel 
Fabrication Plant 

Process alternatives and criteria for reference process selection are .the same as those 
discussed in Section 4.7.1. 1. 

4. 7 .4.2 Design Basis for the Bitumen Immobilization Facility at the Mixed Oxide Fuel 

Fabrication Plant 

A single bitumen immobilization facility (BIF) is proposed. for the reference 400-MTHM/yr 
MOX FFP. The BIF is designed for remote operation and contact maintenance. It is located 
in the radioactive waste treatment facility of the MOX FFP. Such items as the utility services 
and ventilation system are common with the MOX FFP. Only that portion of the building devoted 
to bitumen immobilization of radioactive wastes is described in this section. 

The BIF is designed for an annual throughput of nearly 750 drums/yr of immobilized pro
duct containing over 100,000 Ci of actinide radioisotopes. The BIF is designed to store three 
months' WOrth Of processed dr·UiiiS, or about 200 drUmS. 'Jhe drum Storage iS designed to \hand1e 
and load filled drums by the rernote processing equipment. 

4.7.4.3 Process for the Bitumen Immobilization Facility at the Mixed Oxide Fuel 
·Fabrication Plant 

The MOX FFP BIF is a one~step volume reduction and solidification process. It uses a 
Sl;n!w extruder-evaporator for removing 1free water, mixing radioactive wastes with bitumen, 
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and homogeneously dispersing the wastes in a bitumen matrix. Activity levels for the wastes 
that must be processed are given in Table 4.7.33, along with waste volumes. A system flowsheet 
of the MOX FFP BIF is shown in Figure 4.7. 19. 

TABLE 4.7.33. Activity in Untreated Wastes for the Mixed Oxide Fuel(a) 
Fabrication Plant Wet Waste Immobilization Facilities 

Radionuclide Primar Total 

239 Pu 57 172 230 

241Pu 25,500 76,600 100,000 

Other Pu 951 2,860 3,800 

241Am 7,680 120 7,800 

All nt.hP,r 
Actinides 0.7 2.l! 2.9 

a. Based on waste characterization Table 3.3.39 and secondary waste 
Table 3.5.2, assuming 400 MTHM MOX fuel fabrication 1 year after 
plutonium purification. 3 b. Untreated volume = 148 m /yr. 

c. Untreated volume = 138 m3/yr. 
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Primary MOX liquid wastes that are to be immobilized in the bitumen system contain large 
quantities of ammonium nitrate. Thus the BIF provides for the removal of ammonia from the 
waste feed and for its recycle to the MOX FFP scrap recovery process. The policy of recover
ing ammonia and not solidifying it is based on the lack of experience and data demonstrating 
the safety of ammonium nitrate in bitumen. Other nitrates, including alkali and alkaline 
earth nitrates, have been solidified. Tests have shown a lowering of burning point of the 
waste-bitumen product when the nitrates or nitrites are in excess of 30 wt% of the prod~ct. (2) 

As Figure 4.7.19 shows, the major components of the system are feed preparation, waste 
extrusion and evaporation,.product packaging, inspection, survey, decontamination, and interim 
storage. Because of the low radiation levels of the MOX FFP wastes, operations on the filled 
waste drums such as inspection, surveying, decontamination, and handling need not be done 
remotely. 

In the BIF, the primary waste stream is made alkaline with hydrated lime and fed to the 
extruder-evaporator where i~ is mixed with bitumen. -Water and ammonia are driven off the waste
bitumen mixture in the extruder, condensed, passed through an oil filter, and recycled to the 
MOX FFP scrap recovery process. The waste-bitumen mixture is extruded into DOT Specification 
17C, 55-gal removeable head steel drums. The drummed waste is then inspected, surveyed, 
decontaminated if necessary, and stored. A detailed description of the operation of the BIF 
may be found in Section 4.7.1.3. 

A process flow diagram is shown in Figure 4.7.20 and the material flows are shown in 
Table 4.7.34. The waste-bitumen product mixture is characterized in Table 4.7.35. There are 
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TABLE 4.7.34. Mc.terial Balance for the Mixed O>:ide Fuel Fabrication 
Plant Bitumen Immobilization Facility 

Stream Nunber R>dioactivi tl(a) 
Stream Material . Volume Oe.n5i:y Mass Temperature C•f Plutonium .Uranium All Other 
NuJlber llescti~tion ~ l:g/m3 ..l2Ll!._ ·c Drums/yr ~ _____gil!:._ Americium PI utonium .~ctinides 

PRlMAtY WASTE 

lA Pr·>cess ~olution{b) ,20•) 9,600. Ambient 170 3,9:30 5 X 10-4 0.023 0.120 

lB Sc~~~ u~~~~rw 140' ; ,10') '1 54 ,oco Ambient 1 ,710 39,300 0.9B3 . 0.227 0.388 

Lime 4. ~ ·. ,20] 5,900 Ambient 0 0 0 0 0 

Bitumen 73 • ,05-J 76 ,6(•0 120 0 0 0 0 0 

Oistilla~e 135 99•) 134,000 40 0.3 7.2 2 • 1 o-4 4 X ]0-5 6 X 10-5 

Empty Drams 99 115 11 ,400 Ambient 156 0 0 D 0 0 

Filled Drum·; 99 I ,230 121,000 Ambient 156 1 ,B80 43,2JO 0.984 0.249 0. 508 

7 Fi ~!~~?dttatic;n 2 X 10-7 4 • lo-6 1 X \0-JQ 2 X 10-ll 5 X 10-ll Ambient 

SECONDARY WASTE - 111SCELLANEOUS SOLUTIOOS 

lC Mi~~~~i~~~~~~} 1.6 ~ ,2Cll 1 ,900' Ambient 510 ll,500 0.001 I 0.068 0.045 

Lime 0 1 ,2Cll 0 Ambient 0 0 0 0 0 

Bitumen 0.; 1 ,OS<l 490 120 0 0 0 0 0 

Distillate 1.1 1,000 1 ,400 40 0.09 1.9 2 • 10-7 1 X 10-5 8 X 10-5 

Empty DrJms o. ~ 115 100 Ambient 0 0 c 0 0 

""" Filled Orums 0.9 1 ,210 1 ,0"30 Ambient 510 11,500 0.001 0.068 0.045 
""-J 

Fillin~ Station 
5 x 10-E X 10-6 1 X 10-lJ 7 X 10-) 2 5 X 10-] 2 Vent d) Ambient U1 .,. 

SECONDARY WASTE - INCINERATOR PSH 

lC Incinerator Ash(c) B 2<0 ., ,920 Ambient 11; ,000 72' 500 0.015 0.682 0.446 

2 L-ime 0 ) ,200 0 Ambient 0 0 0 0 0 

Bitumen 1.9 1,050 1 ,990 120 0 0 0 

Distillate 0 1 ,000 0 40 0 0 

Empty Drums 3.5 n5 400 Ambient 16 0 0 0 o. 

Filled Crums 3.5 1 ,2JO 4,310· Ambient 16 ll5 ,000 n,5oo o .ou5 0.682 0.446 

Fillin~ ~tcti-Jn 
Vent c Ambient 1 X 10-5 7 X 10-6 2 X 10-) 2 7 X 10-lJ 4 X 10-Jl 

SECONDARY WASTE - INC!NERATOR SCRUBBER SOLU710N 

lC I 1.c~nerctor ~crubber 
I0-5 7 X 10-4 4 X 10-4 So 1 utlon 1. c 127 1 ,0:~0 130,000 Ambient 5. -, 120 1 :< 

Lime 0 1 ,2•)0 0 Ambient 0 0 0 0 

Bitumen 6.3 1 ,o;o 6.~90 120 0 0 0 0 0 

Di_still<te 124 1 ,0)0 124 ,coo 40 9 X 10-4 2 X 10-2 2 • 10-9 1 X 10-7 7 X 10-8 

Enpty Drums 12 115 1 ,250 Ambient 54 0 0 o) 0 0 

Filled Drums 12 1.1 ;o 13,SOO Ambient 54 5.1 120' • 10-5 7 X 10-4 4 X 10-4 

Fillin~ ~tation 
5 X 10-9 x 10-B 

·'· 
1 .• lo-15 7 X 10-) 4 ~ X 10-14 Vent d Ambient 

a. Fraction of input radioactiv·ty [Table 4.7.33:·. 
b. Ctiaracter·. ze.j in Primar} Was:e hble 3.3.39. 
c. Character'ize.j in Secondary W•ste Table 3.5.2. 
d. 10 m3/hr of .,ir. 
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two product streams for ~he MOX-FFP BIF, as shown in Table 4.7.35. These are composites of the 
primary waste and miscellaneous. secondary solutions, and the incinerator residues. Unlike the 
FRP, the product streams have no differences in surface dose rate categories; thus the compo
site waste stream splits have been assumed. 

TABLE 4.7.35. Treated Waste from MOX-FFP Bitumen Immobilization 

Waste Type and 
Surface Dose 
Rate Class 

Bitumenized Wet and 
l?art.iculate Wastes 

,, 

<0.2 R/hr 
(2 X 10-4 R/hr) 

Bitumenized Incinerator 
Ash and Scrubber So}ution 

<0.2 R/hr 
(0.001 R/hr) 

Volume(a) Density 
m3/yr kg/m3 

97 1,230 

15 . 1 ,230 

a. Treated volume based on cont'ainer volume. 
b. Fraction of facility input (Table 4.7.33). 

Volume Ratio Drums 
Treated/Untreated Per Year 

0.65 460 

0. ll 70 

Radioactivity 
Factors(b) 

241 Am = 0.985 
Other = 0.318 

241 Am = 0.015 
Other = 0.682 

4.7.4.4 Description of the Bitumen Immobilization Facility at the Mixed Ox·ide Fuel 
Fabrication Plant 

The conceptual BIF is contained within the MOX FFP and is assumed to be a Category I 
structure. A plot plan indicating•the location of the BIF is shown in Figure 4.7.21. A con
ceptual layout of the facility is shown in Figures 4.7.22 and 4.7.23. · The total floor space of 
the BIF is approximately 450.m2 {4800 ft 2), including about 100m2 for storing three months' 
production of filled drums. As shown in the layout, all functions of the BIF, including 
filling and storage, are performed within the facility. 

Majur· Process Equipment.· The MOX FFP BIF has the following eight major system components: 

• waste feed system 
• bitumen feed system 
• screw extruder-evaporator 
• filling and capping stations 
• inspection and decontamination stations 
• container transfer cart 
• br1dge cranes 
• control module. 
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Waste Feed System. The waste feed system consists of a waste neutralizing and feed tank, 
.he waste feed pump, and associated instrumentation, as discussed .in Section 1.7.1.4. The 

neutralizing and feed tank is constructed of·stainless steel and has a volume of 3m3. It is 
equipped with an agitator and an inlet for lime addition to the waste solution. For the 
;~mobilization of dry solids such as incinerator ashes, a dry waste feed system, as shown in 
Figure 4.7.8, will be required. ' 

Bitumen feed system. The bitumen feed system is described in Section 4.7.1.4. 

Screw extruder-evaporator. The screw extruder-evaporator. is described in Section 4.7.1.4. 

Filling and capping stations. The filling operation is done remotely in the bitumen 
immobilization cell. The empty drums are moved to a turntable that holds six drums and that uses 
a multiple fill sequence. Details of the filling and capping stations are given in Section 4.7.1 

Inspection and decontamination stations. The inspection and decontamination stations are 
described in Section 4.7.1.4. 

Container transfer cart. The container transfer cart is described in Section 4.7.1.4. 
However, one deviation from the description in Section 4.7.1.4 is that a turntable is used in 
the MOX FFP. The transfer cart is used.to move the f:i.lled drums-from ·the filling station thrcH.ighf 
drum capping, inspection, decontamination, and into interim storage. 

Bridge crane. As shown in Figure 4.7.23, two bridge cranes are used in the BIF. The 
use of these cranes is described in Section 4.7. 1.4. 

Control.Module. The control module of the BIF is described in Section 4.7.1.4. 

Shielding. Minimal radiation shielding 1s required at the BIF. The unshielded waste
bitumen mixture is estimated to have a surface dose rate of about 500 mR/hr primarily because 
of 241 Am. Attenuation from the 16-gauge steel drums should reduce this rate to about 20 mR/hr. (g) 
All filled waste drums will have a surface dose rate of less than 50 mR/hr. Process equipment, 
such as the storage tank and extruder, will have greater attentuation factors to shield the· 
untreated wastes. 

4.7.4.5 Operating and Maintenance Regui.rements for the Bitumen Immobilization Facility 
at the Mixed Oxide Fuel Fabrication Plant 

The BIF is highly automated and is operated from the central control panel prevjously 
described. The annual processing time for the BIF is about 2100 hr, with 1200 hr used for pri
mary waste processing and 1050 hr used for secondary waste processing. Maintenance require
ments for the BIF are described in Section 4.7.1.5. 

Staffing Requirements. 
in Table 4.7.36. 

Supplies and Utilities. 
Tables 4.7.37 and 4.7.38. 

Average manpower requirements for the MOX FFP BIF are summarized 

I 

Annual utility and supply requirements are summarized in 



TABLE 4.7.36. 
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Staffing Requirements for the Mixed 
Oxide Fuel Fabrication Plant Bitumen 
Immobilization Facility 

Manpower Requirements, man-yr/yr 
Waste 

Pr.ocessed 
Radiation Maintenance 

Operators Monitor Craftsmen 

Primary wastes 0.8 0.1 0.2 
Miscellaneous 
. secondary solutions 0. 01 0.001 0.002 

Incinerator 
ash 0.01 0.001 0.002 

Incinerator 
blowdown 0.8 0.1 . 0.2 

Facility total 1.6 0.2 0.5 

TABLE 4.7.37. Supply Requirements for the Mixed Oxide 
Fuel Fabrication Plant Bitumen Immobiliza-

r ti on Facility 

Annual Suppl~ Requirements 
Waste 

Drums (a) Bitumen, (b) Lime,(c) Processed kg kg 

Primary waste 456 76,000 5,900 
Miscellaneous 

secondary solution 4 490 0 
Incinerator ash 16 1,990 0 
Incinerator 

blowdown 54 6,590 0 
Faci 1 i ty tota 1 .530 85,100 5,900 

a. DOT Specification 17C, 55-gal drums. 
b. Bitumen is steep roofing type and has the following characteristics: 

Softening point 88 to 93°C 
Flashing point 290°C . · 
Penelrdliun aL 2snc 20 ·to 30 11111 

Density 1000 kg/m3 
Solubility in CCl4 99.0% 

c. Ca(OH) 2 

Hazardous Materials. No unduly hazardous materials are involved in the operation of the · 
MOX FFP BIF, as discussed in Section 4.7.1.5. 

4.7.4.6 Secondar.l: Radio_active Wastes for the Bitumen Immobilization Facility at the 
Mixed Oxide Fuel Fabrication Plant 

Secondary radioactive wastes generated at.the MOX FFP BIF are summarized in Table 4.7.39. 



TABLE 4. 7. 38. Utility Requirements for the t·1ixed Oxide Fuel 
Fabrication Plant Bitumen Immobilization 
Facility 

Annual Utilit~ Reguirements 
Waste 

Processed 
Electrtcjty, 

kWh a Air, m3(b) Steam, kg(c) 
Water 3(d) 

Consumed, m 

Primary waste 1.2 X 105 7.2 X 103 3.4 X 105 

Mi see 11 aneous secondary 
1.3 X 103 101 103 solutions 7.0 X 3.5 X 

Incinerator as.h 4. 7 X 102 3.0 X 101 l.4x 103 

Incinerator 
1.0 x io5 3 105 blowdown fi.?, X 10 2.9 X 

Facility total 2.2 X 105 1.4 X 104 6 .. 1 X 105 

a. Use rate of 100 kW. 3 b. 80 to 100 psig,_ use rate of 6 m /hr. 
c. 2l7°C at 300 psig~ use rate of 280 kg/hr. 
d. Use rate of 0.4 mj/hr. 

TABLE 4.7.39. Secondary Radioactive Wastes for the Mixed 
Oxide Fuel Fabrication Plant Bitumen Immo
bilization Facility 

Waste Category 

Compactable and 
combustible wastes 

Volume, 
m3/yr 

HEPA filter 1 . 1 
General trash 3.3 

Concentrated liquids, wet 
wastes and particulate 
solids 0.05 

Solid noncompactable, 
noncombustible wastes 0.8 

Radioactivity 
Factor(a) 

1 o-6 

1 o-6 

10-3 

2 X lQ-6 

4.3 X 102 

4.5 
1.1 

3. 8 X 102 

8.2 X 102 

a. Fraction of input activity (Table 4.7.33) in secondary 
waste. 

1.7.1.7 Emissions from the Ditumen Immobili:ldLiuu Fdl:ility at the M1xed Ox1de Fuel 
Fabrication Plant 

No liquid process effluents will be released to the environment. Condensed process steam 
and cooling water are recycled within the MOX FFP. 

Vessel and process off-gas vents, including the vented hood at the filling station, dis
charge about 210 m3/hr into the facility ventilation system. The building ventilation system 
discharges a total of about 12,000 m3/hr (equivalent to six solidification\storage facility 
volume changes per hour) to the MOX FFP stack. 
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Airborne radioactive emissions from the BIF may pass through two different pathways, as 
described in Section 4:7.1.7. Airborne emissions originating from process vents and passing 
through the BIF HEPA filter release 1 x. 10-lO of the BIF feed radionuclides. This release is 
then circulated to the MOX FFP atmospheric protection system. 

Airborne radioactive emissions from the BIF originating in the concentration of secondary 
liquid wastes will come through the MOX FFP general purpose concentrator and released through 
excess water vaporizer. Radionuclides released by this pathway are 3 x lo-12 of the BIF feed 
radionuclides. They are released directly to the MOX FFP stack. 

An estimate of the integrated release due to minor accidents, Section 4.7.4.9, for this 
facility is included in Table 4.7.40. It was developed by weighing the minor accident releases 
by their expected fr~quencies and summing the quantities for all identified minor accidents. In 

,· 
addition,.a contingency was included in the integrated release to account for unidentifed minor 
accidents and to compensate for the uncertainty in expected frequency information. Estimated 
integrated annual releases due to minor accidents for this technology are shown in Table 4.7.40. 

Radioactive releases resulting from operations in the BIF are in the form of particulate 
aerosols composed of oxides and salts, both soluble and insoluble. No nonradioactive toxic 
emissions from the MOX FFP BIF have been identified. 

For primary waste immobilization, heat releases from operation of the BIF are about 
2.5 x 102 MW-hr/yr {8.3 x 108 BTU/yr) with about half of this amount discharged in condensate 
cooling water and about half discharged to the air. In secondary waste immobilization, heat 
releases will be 120 kWh {4.1 x 105 BTU) per hour of operation plus .74 MW-hr {2.5 x 106 6TU) per 
m3 of water contained in the waste, the heat being dissipated as in primary waste immobilization. 
Thus, the total heat release for secondary waste immobilization will be about 2.3 x 102 MW-hr/yr 
{8.0 x 108 BTU/yr). 

Major emissions from the MOX BIF are shown in Table 4.7.40. 

TABLE 4.7.40. Emissions from the Mixed Oxide Fuel Fabrication 
Plant Bitumen Immobilization Facility 

ErniHion 

Gaseous 

Cooling tower water 

Other 

De5cri pt iuu 

Process off-gas 

Vaporized.excess water 

Minor accident 
integrated 
annual release 

Eva Dora ted 
Dr 1ft 
Slowdown 

Heat 

(T = :lll 0
\.) 

(T = 38°C) 
(T = 27°C) 

Annual 
yuantity 

Air 2.2 x 104 m3 

H20 2.6 x 105 kg 

7.0 X 105 i(g 
3. 4 x 103 kg 
1.? )I 105 kg 

4. 7 x 102 MW-hr 
(1.6 x 109 BTU) 

Radioactivity 
Release Factor 

to.Atmosphere\a) 

All 1 X 10-17 

All 3 x 10-12 

All 7 X 10-lB 

a. Fraction of· input activity (Table· 4.7.:n) released to atmo$phcrc. Includes PF frurn 
main plant.APS where applicable. Released over 90 days/year: 
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4.7.4.8 Decommissioning Considerations for the Bitumen Immobilization Facility at 
the Mixed Oxide Fuel Fabrication Plant 

The BIF is designed to last 30 years. The equipment is readily flushable, making 
it possible to decontaminate both equipment and facility to 10 mrem/hr for decommissioning. 

4.7.4.9 Postulated Accidents for the Bitumen Immobilization Facility at the Mixed Oxide 
Fuel Fabrication Plant 

Postulated accidents for the BIF are discussed in Section 4.7.1.9. The accidents selected 
as worst case in Section 4.7. 1.9 have radionuclide source terms as specified for the FRP BIF. 
Three main differences exist for the MOX FFP BIF. F1rst, the radionuclide spectrum released in 
the FRP BIF postulated accidents consists of mixed activation products, fission products, and 
actinides, whereas only actinides are available for release at the MOX FFP. Second, the 
quantity of radionuclides released from the FRP is greater than for the MOX FFP. Third, only 
three drums at the ~RP BIF may catch f1re, while six are available in the MOX FFP BIF. However, 
the activity released from the FRP waste is greater, even with this consideration. 

4.7.4. 10 Costs for the Bitumen IITUTlobilization facility at the Mixed Oxine Fuel 
Fabricat1on Plant 

Estimates have been made, in mid-1976 dollars, of capital, operating and levelized unit 
costs. A complete description of the cost estimate bases, assumptions and definitions is 
given in Section 3.8. 

Capital Costs. The capital construction cost estimate for the BIF is summarized in 
Table 4. 7.41. 

Operating Costs. Costs of direct labor, materials, and utilities are based on require
ments given in Tables 4.7.37, 4.7.38 and 4.7.39. Costs of process materials for bitumen 
immobilization at the MOX FFP are $0.07 per kg of CaO, at $0.105 per kg of bitumen, and $20 
each for UOT Spec1fi~dtion 17C drums. Maintenance materiRl~ tosts are estimat~d ~l 3% or 
major equipment Table 4.7.42 summarizes the uper·dLing costs. 

Levelized Unit Cost. The levelized unit cost, including levelized capital and operating 
costs, is shown in Table 4.7.43. The unit cost calculation assumes private ownership of the 
faCilities. 

4.7.4. 11 Construction Requirements for the Bitumen Immobilization Facility at the 
Mixed Oxide Fuel Fabrication Plant 

Many factors relating to site prepar·dLiull and reference facility constnrrtinn may have 
some impact on the env1rurum~nl, the "iocul economy, dllu the natLrrill resources of the 5r.rrrnunding 
area. The information that follows provides a basis for evaluating the impact of construction 
activities. 
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TABLE 4. 7 .41. Capital Cost Estimate for the tolixed Oxide Fuel Fabrication Plant 
Bitumen Immobilization Facility 

Man-hours, Costs, 
1000s 1000s of Mid-1976 

Cost Element 

Major equipment 
Buildings and structures 
Bulk materials 
Site improvements 

Subtotal of direct site 
construction costs 

Indirect site 
construction costs 

Total field cost 
Architect-engineer services 

Subtota 1 
Owner's cost 

Total facility cost 
Estimate accuracy 

range 

Nonmanual 

40 
40 

Manual Material Labor 

10 1,800 200 
80 500 1 '1 00 
80 1,500 900 

170 3,800 2,200 

30 800 1,100 
200 .4,600 3,300 

TABLE 4.7.42. Operating Cost Estimate for the Mixed 
Oxide Fuel Fabrication Plant Bitumen 
Immobilization Facility 

Annual Costs, 
Cost Element $1000s 

Direct labor 31 
Process materials 28 
Utilities 6 
Maintenance ·materials 60 

Overhead 70· 

Mi see 11 aneous 35 
Total 230 +50% 

-25% 

TABLE 4.7.43. Levelized Unit Cost Estimate for the 
Mixed Oxide Fuel Fabrication Plant 
Bitumen Immobilization Facility 

Cost Element 
Levelized capital charge 
Levelized operating charge 

. Levelized total unit cost 

Unit Co~t, 
$/kg HM~a 

7.50 
0.50 
8.00 ±35% 

a. Dollars per kg HM MOX fuel. To convert 
to $/kg HM rep~ocessed, d1v1de by 5. 

Dollars 
Total 

2,000 
1,600 

. 2,400 

6,000 

1 ,900 
7,900 
1,600 
9,500 
2,500 

12,000 

±2!i~~ 
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Project Schedules and Construction Manp·ower. The schedule for engineering, procurement, 
and construction of the BIF is an integral factor in the overall schedule for the construction 
of the MOX FFP. The field labor force estimated for the construction of the BIF is tabulated 
as follows: 

Manual field labor 
Nonmanual field labor 

Total field labor 

Man-hours, 
1000s 

200 
40 

. 240 ' 

Distribution of Onsite and Offsite Costs. Onsite costs are those for all construction, 
' materials, and services provided at tl'le site of the MOX FFP; offsite cos·ts are- those fo·r all 

services provided, equipment fabricated. and/or assembled, and material purchased .elsewhere. 
The distribution of total costs in these categories is as follows: 

site. 

Onsite 
Offsite 

Total 

Costs, 
$1000s 
4,000 
8,000 

12,000 

Site Requirements. The BIF requires about 450 m2 (4800 ft2) within the MOX FFP 

Water. Water used during the construction period is approximately 3,000 m3 (0.8 x 106 gal). 

Construction Materials. Materials committed to facility construction are: 

Concrete 1,500 m3 (2,000 yd3) 
Steel 360 MT {400 tons) 
Copper 
Lumber 

Energy. . Energy resources 

Propane 
Di~s~l fuel 

Gasoline 
Electricity 

PGak demand 
Total con .. 

sumption 

used during construction are: 

26 n? 
265 m3 

· 190 m3 

300 kW 

200,000 kWh 

(6 tons) 
(40 MFBM) 

(7,000 gal) 
(70~000 !=lal) 
{50,000 gal) 

Transportation Requirements. No separate transportation requirements for the BIF have 
been identified beyond those for the MOX FFP. 
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4.7.4.12 Effects of Fuel Cycle Options 

The BIF would not be required for the once-through fuel cycle or for the uranium-recycle
only fuel cycle. The facility and process described here apply only to the uranium-plutonium 
recycle fuel cycle. 

4.7.5 Cement Immobilization at a Mixed Oxiae Fuel Fabrication Plant 

As discussed in Section 4.7.2, cementation of radioactive wastes has been well demon
strated. In processing MOX FFP wastes, which are.characterized by their high ammonia content 
and radioactivity composed entirely of actinides, an extension of proven technology is made. 
However, the wastes are similar to FRP wastes, provided the ammonia is removed. Other differ
ences between MOX FFP and FRP waste processing are discussed in Section 4.7.4. 

4.7.5.1 Cementation Process Alternatives at the Mixed Oxide Fuel Fabrication Plant 

. A waste-cement product may be prepared in. a batch or a continuous mode. The product 
may be formed by mixing outside of the disposal container or within the container. Basic 
features of several systems are described in ERDA 76-43(4) and are discussed briefl.Y in 
Section 4.7.2.1 of this report. 

4.7.5.2 Facility Design Basis for the Cement Immobilization Facility at the Mixed 
Oxide Fuel Fabrication Plant 

r 
The conceptual cement immobilization facility (CIF) for the MOX FFP.incorporates features 

characteristic of several operating facilities but is not identical to any. The selected 
facility provides for removal of ammonia from primary aqueous wastes prior to cementation to 
avoid possible postcementation pressurization of sealed containers. Such removal by evaporation 
leads to a reusable aqueous ammonia stream and to reduced disposal costs by volume reduction. 
Other design requirements are similar to those discussed in Se7tion 4.7.4.2. 

4.7.5.3 Process for the Cement Immobilization Facility at the Mixed Oxide Fuel 
Fabrication Plant 

The CIF is contained within the MOX FFP. Primary liquid wastes from fuel fabrication 
processing and scrap recovery operations are received from the MOX FFP by transfer piping 
into collection tanks. Scrap recovery solutions are first treated with hydrated lime to 
achieve a solution with a pH of 10 and are then evaporated to form a concentrated, ammonia-free 
product. The condensed, ammoniated evaporator overheads are routed to the scrap recovery 
system (not part of the CIF) for reuse. The concentrate is blended with the process solutions 
and metered into DOT Speci.fication 17C, 55-gal drums. Dry cement is added to the drum and an 
.agitator is lowered into the drum to mix the blend. The agitator is removed and the drum is 
capped, sealed, surveyed, decontaminated if necessary, and sent to storage to await subsequent 
disposal. This description is shown systematically in Figure 4.7.24. Activity levels and vol
umes for "the wastes that the CIF must process are given earlier in Table 4.7.33. 

Waste solutions, incinerator ash, fncinerato~ off-gas, scrub solution, and cement mix
tures that optimize product performance are summarized in Table ~.7.44. The CIF proee~~ flow 
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FIGURE 4. 7. 24. 
--···=~ ................. ~-- System Flow D{agram for the Mixed Oxid~ Fuel Fabrication Plant 

Cem~nt Jmmobilization Fac111ty 

TAB~~~44. Waste-Cement Formulations 

Waste Type 
Scrap recovery solution 

(with 1 ime) 
Process solution 
~1iscellaneous solution 

(25 wt% solids, 
75 wt% water) 

Incinerator ashes 
Inc1nerator blowuown 

Wt% Dry 
Solid 

15 

a. Product de~sity without canister. 
b. Incinerator blowdown. 

Wt% Wt% 
Liguid Cement 

40 60 

34 66 
40 60 

40(b) 45 
36 60 

\ 

Product (a) 
Density, k~/m3 

2050 

2020 
1900 

1640 
1800 

dia~ram and materia~ balance for pr1mary and secondary wastes are shown in Figure 4.7.25 and 
Table 4.7.45, respectively. Solidified product characteristics are shown in lable 4.7.46 .. 
As shown in iable 4.7.46, two composited waste streams ex1st at the MOXFFP CIF, the pl"imary 
wastes water the miscellaneous secondary solutions and the incinerator residues. There are 
no overriding product dose rate criteria which would imply different compositing scheme; thus 
the product stream mixes have been assumed. 

Various secondar.v wastes are immobilized in the CIF. f~iscellaneous concentrated solu
tions are immobilized through the same route as the process liquid waste. If incineration 
of_compactable trash and combustible waste is selected. incinerator ashes and incinerator 
off-gas scrub solution (blowdown) will need to be immobilized. A s.vstem flowsheet for incin
erator residue immobi"lization. is included in Figure 4.7.25. As shown, the blowdown is collected 
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FIGURE 4.7.25. Process Flow Diagram for ·the Mixed Oxide Fuel Fabrica
tion Plant Cement Immobilization Facility 

in a storage tank prior to immobilization. The ashes. are preweighed into 55-gal drums to 
assure the proper mix ratios shown in Table 4.7.44. The blowdown is then added to the ash or 
to an empty drum if no ash is available for immobilization. The drums are sent to the filling 
station;_ the remainder of the process continues as previously described in this section. The 
process flow additfons from immobilization of secondary wastes are summarized in Table 4. 7.45. 

As shown in Table 4.7.45, incinerator off-gas scrub solution (blowdown) represents a 
major portion of the secondary wastes processed in this facility. The solution is projected 
to be quite dilute. An appreciable volume savings could be obtained by concentrating the 
blowdown in the facility concentrator. This.option would necessitate a separate condenser 
and distillate collection system to· avoid potential contamination of the ammonia distillate. 
In addition, special materials would be required in the construction of the concentrator to 
avoid severe corrosion attributable to the concentrated NaCl ·blowdown solution. The reference 
facility does not include a separate concentrator for this purpose. 

4.7.5.4 Description of the Cement Immobilization Facility at-the Mixed Oxide Fuel 
Fabrication Plant 

The CIF. is· contained within the MOX FFP and is a Category structure. Figure 4.7.26 
shows a plot plan of the conceptual MOX FFP with the location of the CIF. A conceptual layout 
of the facility is shown in Figures 4.7.27, 4.7.28, and 4.7.29. The total floor space of the 
facility is about 520.m2 (5600 ft2). 



TABLE 4.7.45. Material Balance for the 11ixed Oxide Fuel Fabrication 
Phnt Cement Immobilization Facility 

Stream 
Material 

Description 

Number Rcdloactivi~y(a) 
Volume Dell5ity Hass Temperature of Plutonium Uran·ium All Other Stre;m 

~ m3fyr· -~ .l9Ll!:._ •c Drums/y- _.!Jll!__ ~ Amerfcium · P~utonium Actinides 

B 

1!1 

z 
3 

4 

5 

& 

T 

P.-ocess. Solutio,(b) 

s-=s~~u~~~~w 
Lime 

C:mcentrate 

Enpty Drums 

C<!ment 

Filled Drums 

Filling Statio:, 
. Ventld) 

H: rti sec 11 aneo1.1s 
· Solutionslc) 

Z Lime 

3 C:lncentrate 

4 E"npty Drums 

!'> C:.ment 

6· Filled Drums 

7 

lJ 

2: 

3 

·Filling Station 
VentlC) 

!1cinerator Asll[c) 

Lime 

C.)ncentrate 

4 E npty Drums 

!'> C.~ment 

& Filled Drums 

8 1,200 

140 1,;100 
5.2 . 1,.200 

57 1 ,.360 

124 ~ 15 

90 1 .500 

124 1 ,.910 

1.6 1,200 

0 1 .200 

0 l.J60 

3.0 n1s 

1.9 1,500 

3.0 1,580 

8 

0 

0 

. 240 

1,200 

1 ,.360 

9. 3. 115 

3.8 1.500 

9. 3 350 

9,600 

154,000 

6,300 

!7 ,980 

14,300 

115,000 

217,000 

.Ambient 

Ambient 

Ambient 

Ambient 

Ambient 

Ambient 

Ambient 

Ambient 

PRIMARY W.ISTE 

570 

570 

170 

1,710 

0 

1,710 

0 

0. 

1,880 

3,93•) 

39,300 

•) 

39,30•) 

·J 
') 

43 ,20•) 

SECONDARY WASTE - MISCELANEOUS SOLUTIONS 

1,900 Ambient 

0 Ambient 

0 Ambient 

350 Ambient 

2,800 Ambient 

5,050 Ambient 

Ambient 

14 

14 

510 

0 

0 

0 

0 

510 

SE.CONDARY WASTE - IN:INERATOR ASH 

1,920 

0 

0 

1,080 

5,760 

8,760 

Ambient 

Ambient 

Amb'ient 

Ambient 

Ambient 

Ambient 

43 

43 

ll5,000 

o· 
0 

0 

0 

115,000 

11,500 
·) 

J 

i 1,50•) 

72 ,50) 
) 

) 

n,soo 

0.983 

0 

0.983 

0 

0 

0.984 

J.023 

0.227 

J 
J.227 
() 

·J 

·J.249 

0.120 

0.388 

0 

0.388 

0 

0 

0.508 

1 X 10-lO 2 X 10-ll 5 X 10·ll 

o.OOl 

0 

0 

0 

0 

0.001 

0.015 

0 

0 

0 

0 

0.015 

J.068 

J 

J 

D 

J.068 

0.682 

0 

0 

0 

0. 
0.682 

0.045 

0 

0 

0 

0 

0.045 

0.446 

0 

0 

0 

0 

0.446 

T Filling Statioll 
Ventld) Ambient 1 X 10·5 ] X 1)-6 2 X 10"12 ] X 10-ll 4 X lQ"ll 

SECOnDARY WASTE - INCINERATOR SCRUBBER 

lC 

2 

3 

4 

5 

& 

T 

InCinerator Scr-Jbber 
Solution c) 127 

Ume 0 

C:lncentrate 0 

Ellpty Drums 224 

Cament 147 

Filled Drums 224 

Fllling Station 
Vent ld) 

1 ,[)20 

1,200 

1 ,.360 

115 

1,500 

1.680 

130,000 

oJ 

25,700 

221 ,000 

3!7 ,000 

a. Fra:tion of input. radioactivity (Table 4,7.33). 
b. Cha.·acterized in ?rima~y Waste Tabl'e 3.3. 39. 
c.. Characterized in Secondary Waste Table 3.52. 
d.. 20 n3thr of air. 

~ient 

Ambient 

Ambient 

Ambient 

Ambient 

Ambient 

Ambient 

1,028 

1,028 

5.1 

0 

0 

0 

0 

5.1 

5 ~ 10"9 

120 

·J 

0 

•J 

) 

120 

1 X 10"5 

0 

0 

0 

0 
X 10"5 

] X 10"4 

0 

0 

0 

0 
7 X 10"4 

4 X 10"4 

0 

0 

0 

0 
4 X 10"4 

X 10·lS 7 X 10"14 4 X 10"14 
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TABLE 4. 7.46. Treated Waste from MOX FFP Cement Immobilization 

Waste Type and 
Volume(a) . ' Surface Dose Density Volume Ratio Drums 

Factors(b) Rate Class m3j~r kgfm3 Treated/Untreated Per Year Radi oacti vit~ 
CemenV Immobilized 
~et and Particulate 

Waste 
<0.2 R/hr 123 1,910 1.3 584 241 Am = 0.985 

(1 X 10-4 R/hr) Other = 0; 318 

Cement Immobilized 
Incinerator Ash and 

Scrubber Solution 
<0.2 R/hr 225 1,680 1.7 1 ,071 241 Am = 0. 01 5 

(0.002 R/hr) Other = 0. 682 

a. Treated volume based on container voiume. 
b. Fraction of facility input (Table 4.7.33). 

·Maj6r Process Equipment. The CIF has the following eight major system components: 
• waste feed system 
• cement feed system 
• filling and mixing station 
• capping and decqntamination stations 
• container transfer cart 
• bridge crane 
• recovered ammonia storage 
• control module. 

Waste Feed System. The waste feed system is fOnceptualized to receive untreated waste, 
neutralize and evaporate ammonia, if present, and deliver the waste to the .drums. for immobJJi
zation in cement.. The specific components of the waste feed- system are .the 17-m3 (4SOO gal) 
~crap recovery solution receiving and storage tank, the carbon steel 1.4-m3 (50 ft3) lime 
storage silo and feed system, the scrap re~overy solution concentrator, the 8-m3 (2100 gal) 
miscellaneous waste collection and waste blending tank and associated pi

1
ping and pumps. All 

tanks except the lime storage tank are stainless steel. The scrap recovery solution concen
trator is a wiped film evaporator. Associated pipes and pumps are sized according to 
system requirements. 

f~ment feed system. Dry cement is received and stored in a carbon steel 12-m3 (425 ft3) 
s1lo. A vibrating screw feeder sends cement to the drums that already have 1 iquid waste in 
them. 

0 
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Filling. and mixing stations. New drums are transferred without lids into a fume hood. 
Located below a gasketed cover assembly, the drums are raised to the gasket, filled "with solu
tion, and then lowered. They are moved to a similar gasketed cover assembly containing an 
agitator extending below the cover and again raised into the gasket. Cement is metered into 
the drum with the agi_tator r_unning. After receiving the specified mixing, the drums are 
'lowered and transferred to subsequent operations. 

Capping and deaontamination stations. Drums are transferred from the filling -station to 
be remotely capped. They are remotely checked for contamination and, if necessary, decontami
nated. Finally, they are moved to the interim storage pad. 

Container transfer aart. The container transfer cart is si.milar to that· described in 
Sect1on 4.7.1.4. 

Overhead arane. 'A 6-ton bridge crane with a 12-m (40ft) span is used in the storage 
area to handle the drums of waste product. 

Recovered amnonia storage. 1\nmonia from the recovery system is sent for surge storage 
to a lO-m3(2650 gal) stainless steel holding tank. Subsequently it is recycled to the main 
MOX plant for reuse.in the scrap recovery process. 

Control module. The control module is similar to that described in Section 4.7.1.4. 

Shielding. Minimal radiation shielding is required at the CIF. Calculations have been 

performed showing that all filled waste drums would have surface dose rates of less than 50 mR/hr. 
Process equipment provide· shielding for unprocessed wastes equal to or greater than the shieldir 
provided for process wastes by the 16-gauge steel drum, thus lessening shielding requirements 
for the CIF. 
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4.7.5.5 ·Operating and Maintenance Requirements for the Cement Immobilization Facility 
at the Mixed Oxide Fuel Fabrication Plant 

The MOX FFP cementation system is highly automated and is operated from a central control 
panel. The system is operated intermittently on an as-needed basis. Contact maintenance is used 
on ~he MOX cement facility. Radiation levels can be reduced by flushing the waste feed system 
and recycling the flush to the MOX plant radioactive waste system. 

Staffing Requirements.· Average manpower requirements for the CIF are summarized 1n 
Table 4.7.47. 

Supplies and Utilities. Based on annual processing times of 285 hr for primary wastes 
and 540 hr for secondary wastes, the annual utility and supply requirements are summarized 
in Tables 4.7.48 and 4.7.49. 

Hazardous ~1aterials. No unduly hazardous materials are involved in the operation of 
the CIF. 

TABLE 4.7.47. Staffing Requirements for the Mixed Oxide'Fuel 
Fabrication Plant Cement Immobilization Facility 

. Manpower Requirements, man-tr/tr 
Waste Processed Operator Maintenance Radiation Monitor 
Primary wastes 0.3 0.08· 0.05 
Incinerator ash 0.02 0.006 0.004 
Incinerator 

blowdown 0.6 0. 1 0.08 
l~i see 11 aneous 

secondary 
solutions 0.008 0.002 0.001 

Facility Total 0.9 0.2 0.1 

TABLE 4.7.48. Supply Requirements for the Mixed-Oxide 
Fuel Fabrication Plant Cement Immobiliza
tion Facility 

Waste 
Processed 

Annual Supplt R~~u1rements 
Drums(a) Cement, kg( ) Lime, kg(c) 

Primary waste 570 1. 4 X 105 6.3 X 103 

Miscellaneous 
103 secondary solution 14 2.8 X 0 

Incinerator ash 43 5.8 X 103 0 
Incinerator 

1 o5 blowdown 1028 2.2 X 0 
Facility tntill i654 3.7 X 1 o5 6.3 X 103 

a. DOT Specification 17C, 55-gal drums. 
b. Portland cement. 
c. Ca(OH) 2 



4.7.74 

TABLE 4.7.49. Utility Requirements ·for the Mixed Oxide 
Fuel Fabrication Plant Cement Immobilization 
Facility 

Annual Utility Requirements 
Waste 

Processed 
Primary waste 
Miscellaneous 

Electricit~, ·kwh(a) 
5.4 X 10 

Air, m3(b) Steam, k§(c) Water Consumed, m3(d) 

1.8 X 104 1.8 X 10 2.1 X 10 

secondary solutions 
Incinerator ash 
Incinerator blowdown 
Faci 1 i ty tota 1 

8.0 X 101 

3. 7 X 102 

8.7 X 103 

1.5xlo4 

a. Use rate of 17 kW. 
b. 80 to 100 psig, use rate of 55 m~/hr·. 
c. 120 psig. 
d. lise -rate of 0.07 m3/hr. 

8.0 X 101 0 5.2 X 10-l 

1.2 X 103 0 1.6 
2.9 X 104 0 3.8 X 101 

4.9 X 104 1.8x 104 6.lx101 

4.7.5.6 Secondary Radioactive Wastes for the Cement Immobilization Facility at the 
Mixed Oxide Fuel Fabrication Plant 

Secondary radioactive wastes .generated at the CIF are summarized in Table 4.7.50. 

TABLE 4.7.50. Secondary Radioactive Wastes Generated in 
Cementation of Primary Wastes at the Mixed 
Oxide Fuel Fabrication Plant 

Waste Categor~ 
Volume3Generated 

m /~r 
Radioact~vity 

Factor a) 
Combustible·and compactable 

waste 

HEPA filters 1.8 10-6 

General trash 2.6 10-6 

Concentrated liquids, wet 
10-3 wastes, and particulate solids 0.06 

Solid noncompactable trash 
2 X 10-6 and noncombustible waste 0.6 

a. Fraction of input ar.t.ivity (Table 4.7.33) in secondary wastes. 

4.7.5.7 Emissions From the Cement Immobilization Facility at the Mixed Oxide ~uel 

Fabrication Plant 

No liquid radioactive effluents are released to.the environment from the CIF. Vessel and 
off-gas process vents discharge about 20 m~/hr ·into the MOX FFP atmospheric protection system (APS). 
The. CIF ventilation system discharges about 11,000 m3/hr into the MOX APS. Airborne radioactive 
releases from the CIF are the same as for the MOX FFP bitumen immobilization facility, as dis
cussed in Section 4.7.4.7. 
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An estimate of the integrated release due to minor accidents, Section 4.}.5.9, for this 
facility is included in Table 4.7.51: It was developed by weighing the minor accident 
releases by their expected frequencies and summing the quantities for all identified minor 
accidents. In additiol\, a contingency was i.ncluded in the integrated release to account for 
unidentified minor accidents and to compensate for the uncertainty in expected frequency infor
mation. Estimated integrated annual releases due to minor accidents for this technology is 
shown in Table 4.7.51. 

Radioactive releases resulting from operations in the CIF are in the ·form of particulate 
aerosols composed of oxides and salts, both soluble. and insoluble. Cement dust is also 
released from the CIF. From primary~aste immobilization, 14 kg/yr of cement dust is discharged 
to the atmosphere.· In' secondary waste immobilization, 22 kg/yr of cement dust is discharged. 

Heat is discharged from the CIF at an estima~ed rate of 40 kW (1.4 x 105 BTU/hri. ·Thus 
from primary waste immobilization, 1.3 x 101 MW-hr/yr (4.5 x 107 BTU/yr) is released. From sec-' 
ondary waste immobiUzation, 2.0 x 101· MW-hr/yr (6.8 x 107 BTU/yr) is released. 

Dominant facility emissions are shown in Table 4.7.51. 

TABLE 4.7.51. Emissions from the Mixed Oxide Fuel Fabrication Plant 
Cement Immobilization Facility 

Emissions 
Gaseous 

Cooling tower 
water 

Other 

Description 
Process off-gas 
Vaporized excess 
water 
Minor accident 
integrated annual 
release 

Evaporated (T = 38°C) 
Drift (T = 38°C) 
Blowdown (T = 27°C) 
Heat 

Annual 
Quantitl 

5.0 X 10~ kg 
2-.4 X 103 kg 
8.6 X 10 kg 
3.~ x 10~ MW-hr 

(1.1 x 10 BTU) 

Radioactivity 
Release FactQr 

to Atmospherela) 
All 1 X 10-17 

All 3 X 10-l 2 

All 7 X 10-l8 

a. fracti.on of input activity (Table 4.7.33) released to atmosphere. Includes 
OF from main plant APS where applicable. Released over 35 days/yr. 

4.7.5.8 Decommissioning Considerations for the Cement Immobilization Facility at the 
M1xed Oxide Fuel Fabrication Plant 

rhe CIF is designed to last the anticipated 30-year lifetime of the MDX FFP. The equip
ment is readily flushable, and it should be possible to decontaminate most of it to 100 mrem/hr 
for decommissioning. 

I-
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4.7.5.9 Postulated Accidents for the Cement Immobilization Facility at the Mixed Oxide 
Fuel Fabrication Plant 

Postulated accidents for the FRP BIF are discussed in Section 4.7. 1.9. 
sections, the accidents of the FRP BIF are the umbrella for the ~10X FFP CIF. 

As in the previous 
As discussed in 

Sections ·4.7.2.9 and 4.7.4.9, three ma.in differences exist between postulated accidents at the 
MOX FFP CIF and those discussed in Section 4.7. 1.9. First; postulated worst case accidents 
involve bitumen fires. No equivalent accident is possible at the CIF. Second, only actinides 

\ 

are available for release from the CIF, rather than the. activation products, fission products, 
and actinides of the FRP. Third, the actual quantity of radionuclides available for release 
at the MOX FFP is less than that for the FRP. 

' 4.7.5.10 Costs for the Cement Immobilization Facility at the Mixed Oxide Fuel 
Fabrication Plant 

Estimates have been made, in mid-1976 dollars, of capital, operating and levelized 
unit costs. A complete description of the cost estimate bases, assumptions and defini
tions is given in Section .3.8. 

Capital Costs. The capital construction cost estimate for the CIF is summarized in 
Table 4.7.52. 

Operating Costs. Costs of-direct labor, materials and utilities are based on the 
requirements given in Tables 4.7.47, 4.7.48 and 4.7.49. Cost of process materials for 
cement immobilization at the MOX FFP are a $0.07 per kg of CaO, $0.105 per kg of cement, 
and $20 each for DOT Specification 17C drums. Maintenance materials costs are estimated at· 
3% of major equipment. Table 4.7.53 summarizes the operating costs. 

TABLE 4. 7. 5e. Capital Cost Estimate for the Mixed Oxide Fuel Fabr1ca
tion Pl~nt r.P.ment Immobilization Facility 

Cost Element 
f·1ajor equipment 
Buildings and structures 
Bulk materials 
Site improvements 

Subtotal of direct site 
construction costs 

Indirect site 
construction costs 
Total field cost 

Architect-Enqineer services 
Subtota 1 

Owner's cost 
Total facility cost 
Estimated accuracy range 

Man-hours, 
1000s 

Nonmanual t~anua 1 
10 
85 

65 

160 

40 30 
40 190 

Costs, 
1000s of Mid-1976 Dollars 
Rateria1 Labor Total 
1.600 100 1,700 

600 1,200 1 ,800 
1,300 800 2,100 

T,500 T,11iO 5,600 

800 1,000 1 ,800 
4,300 3,100 7,400 

1,500· 
8,900 

2,600 
11 ,500 

±25% 
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TABLE 4. 7. 53. ,Operating Cost Estimate for the 
Mixed Oxide Fuel Fabrication 
Plant Cement Immobilization 
Facility 

Cost Element 

Direct labor 
Process materials 
Utilities 
Maintenance materials 
Overhead 
Miscellaneous 

Total 

Annual Costs, 
$1000s 

20 
60 

50 
so· 
39 

220 +SO% 
-25% 

Levelized Unit Costs. The levelized unit cost, including levelized capital and operating 
costs, is shown in Table 4.7.54. The unit cost calculation assumes private ownership of the 
facilities. 

TABLE 4.7.54. Levelized Unit Cost Estimate 
for the Mixed Oxide Fuel 
Fabrication Plant Cement 
Immobilization Facility 

Cost Element 
Unit Co~t' 
$/kg HM a 

Levelized capital charge 7.40 
Levelized operating 

charge .60 
Levelized total unit cost 8.00 ±35% 

a. Dollars per kg HM MOX fuel. To convert to $/kg HM 
reprocessed, divide by 5. 

4.7.5.11 Construction Requirements for the Cement Immobilization F_~~i_lity at the Mixer! 
Oxide Fuel Fabrication Plant 

~1any factors relating to site preparation ,and reference facility construction may have 
some impact on the environment, the local economy, and the natural resources of the surrounding 
area. The information that follows provides a basis for evaluating the impact of construction 
activities. 

Project Schedules and Construction Manpower. The schedule for engineering, procuremerit, 
and construction of the CIF is an integral factor in the overall schedule for the construction 

\ 

of the MOX FFP. The field labor force estimated for the construction of the CIF is tabulated 
as follows: 
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Man-hours, 
1000s 

Manual field labor · 190 
Nonmanual field labor 40 

Total field labor 230 

Distribution of Onsite and Offsite Costs. Onsite costs' are those for all construction, 
materials, and services provided at the site of the MOX FFP; ·offsite costs are those for all 
services provided, equipment fabricated and/or assembled, and material purchased elsewhere. 
The,distribution of total costs betwee11 these categories is shown below: 

Onsite 
Offsi te 

Total 

Costs, 
$1000s 
4,000 
7,500 

11 ,500 

Site Requirements. The CIF re4uir·es about 520m2 (6600 ft2) within the MOX FFP site. 

Water. Water u~ed during the construction period will be approximately 3,000 m3 

(0.8 x 106. gal). 

- Construction Materials. 

Concrete 
Steel 
Copper 
Lumber 

Materials committed to 
. 3 1,700 m . 

340 MT 

4.5 MT 

100 m3 

facility construction are: 

(2200 yd3) 
(380 tons) 

(5 tons) 
(45 MFBM) 

Energt. Energy resources used dur'ing construction will be: 

Propa'ne 
DiP.r.P.l fuel 
Gasoline 
Electricity 

Peak demand 
Total consumption 

26 m3 

265 m3 

190 m3 

300 kW 
200,000 kWh 

(7,000 ydl) 

(70,000 gal) 
(50,000 gal) 

ITansP.ortation Requirements. No separate transportation requirements for the 'CIF have 
been identified beyond those for the MOX FFP. 

4.7.5.12 Effects of Fuel Cycle Options 

The CIF would not be required for the once-through fuel l:ytle or the urlm1um-rccyGle-uuly 
fuel cycle. The facility and process described here apply only to the uranium-plutonium recycle 
fuel cycle. 

4.7.6 Other Immobilization Alternatives at a Mixed Oxide Fue·l Fabrication Plant 

Two types of immobilization alternatives exist .for this system--feed stream treatment 
alternatives and technology alternatives .• The various technology alternatives for radioactive 
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waste immobilization are discussed in detail in Section 4.7.3. Thus, only MOX FFP feed 
stream alternatives are discussed here. 

There is only one feed stream alternative at the MOX FFP for the radioactive .waste 
immobilization facilities. This is the option to not incinerate, thus removing the incin
erator ash and scrub solution from the feed stream of the immobilization facility. As dis-
cussed in Section 4.7.3, the decision to not incinerate represents a throughput savings for 
the immobilization facilities, while imposing a substantial increased throughput requirement 
on trash packaging. These factors, as well as costs, packaged waste integrity, and·radiation 
levels, must be weighted prior to making a decision to incinerate. 

The impact of incineration on the. throughput.at the MOX FFP CIF and BIF is summarized in 
Table 4.7.55. The potential supplies, utility, and manpower requirements at the CIF and BIF with 
and without incineration are shown in Table 4.7.56. 

TABLE 4. 7. 55. Summary of Mixed Oxide FL•el Fabrication Plant 
Incinerator Ash and Slowdown Immobilization 
Requirements 

Feed 

Ash 

Scrubber 
Solution 

- Treatment 

Untreated 
Bitumen 
Cement 

Untreated(a) 

Bitumen 
Cement 

Volume 
m3/~r 

8 
3 
9 

127 
11 

216 

a. Unconcentrated scrub solution . 

Density Activity, 
kg/m3 Ci/~r 

240 72,500 
1,300 72,500 
1,640 72,500 

1 ,020 100 
1,300 100 
1,800 100 

Drums/~r 

16 
43 

54 
1028 

. 4.7.7 Physical Protection and Safeguard Requirements for Waste 
Immobilization Facilities 

Wet waste and particulate solid waste immobilization facilities and the materials they pro
·duce are not attractive targets for sabotage or theft. The wastes processed in these facili
tieis at both FRP and MOX-FFP contain only a fraction of the plutonium contained in spent 
fuel, and they have relatively low concentrations of other radioactive nuclides as well. If 
an adversary succeeded in stealing some of these wastes, he would likely have insufficient 
resources to isolate enough plutonium to.make an explosive device. 

Complicating any attempt at theft or sabotage of these wastes is their inaccessibility. 
Most of the wastes in these facilities are immobilized in cement or bitumen and placed in 55-gal 
drums, thus making the wastes both inaccessible and. difficult to pulverize. Because of this, 
deliberate dispersal of the contents' of a drum by an adversary is unlikely. Furthermore, the 

•' .. 
wide range of radioactive material concentrations would tend to make the results of either 
theft or s~botage unpredictable, thus add1ng to the unattractiveness of these wastes. 



TABLE 4.7.56. Effects of Incineration Opticn on Annual Requirements for Supplie~, Util i1ties, and Manpower 
et the Mixed Oxide Fuel Fabri1c3.tion Plant Immobilization Facilities 

5u lies a~d Utilities ManEower, man-~r 
Feed Binder, a El ·~ctri city, -~··r • Steam, Water, Proc<!ssing Radiation Mainte-

DEtian Drums, k:g kWh n3 kg m3 HOJli'S DEentars Monitors nance Total 
At Bitumen Immobilization Facilit~ 

Ash 16 2.•0 X 103 ~. 7 X 102 3.0 : 101 1.4 X 103 1.1 5 0.01 0.001 0.002 0.01 

Scrub solution 54 6.·6 X 103 I. 0 x 105 f;.2 : 103 2.9 X 105 3.8 X 102 1030 0. ~~ 0.1 0.2 1.1 

Total \ 

Incineration 70 8.•6 X 103 1. 0 x 105 f .. 2 : 103 2.9 X 105 3.8 X 102 1•)35 0.;3 0.1 0.2 1.1 

Total without 
7. 7 X 104 1. 2 x 105 ; . 3 : 103 3.4 X 105 4. 3 X 102 Incineration 460 1 ?00 0.9 0.1 0.2 i.2 

Total with 
8.6 X 104 2. 1 x 105 1.4::: 104 6.3 X 105 8.lxl02 Incineration 530 2:?35 1.7 0.2 0.4 2.3 

At Cemen: Immobilization Facility 
+=> 

Ash 43 5.8 X 103 3. 7 X 102 1. 2 X 103 0 1.6 ?"' ~c. 0.02 0.004 0.006 0.03 ....., 

Scrub solution 108 2.2 x: 1 o5 8.7 X 103 2.9 X 104 0 3.8x101 514 0.6 0.08 0.1 0.8 
co 
0 

Total 
2.2 X. 105 9.1 X 103 3.0 X 104 4.0 X 101 Incineration 1,071 0 536 0.6 0.08 0.1 0.8 

Tota 1 without 
1.4 X 105 5. 5· X 103 5.5 X 103 1.8 X 104 2.2xlo1· Incineration 584 292 0.3 0.05 0.08 0.4 

Total with 
3.6 X 105 ~. 5 X 104 3. 6 >: 1 o4 1.8 X 104 6.2 X 101 Incineration 1,654 828 0.9 0.1 0.2 1.2 

a. For BIF, binder is bitumen; for Clf, cinder is cement. 
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Inunobilization facilities for wet wastes and solids are ·loca.ted within vital areas of an 
FRP or MOX-FFP. The physical protection .normally. afforded these areas ~rovjdes adequate safe
guards for these materials. 
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4.8 OFF-GAS PARTICLE REMOVAL SYSTEMS 

Off-gas and ventilation air from processes and operations associated with fuel reprocess
ing, mixed-oxide fuel fabrication and spent fuel storage contain radioactive particles. Princi
pal sources of these particles are: 

• condensation processes 1n which a supersaturated gas condenses on a small nucleus 
or cluster of molecules 

• homogeneous chemical gas reactlons that yield solids 

• suspension of fine solids from corroding surfaces 
( 1 ' • air suspension from bulk powders ... ' J 

These small particles are usually solids but can occur as liquid droplets. Their release to 
the environment as part of the effluent stream of a fuel cycle facility must be tightly con-. 
trolled; particle concentration in effluent streams must not exceed limits set by Federal 
Regulations. (2) Th~ goal is to limit releases so that people in the vicinity are exposed to 
the lowest concentrations reasonably achievable. 

Existing technology permits radioactive particle removal systems of almost any design 
efficiency.(l) These systems can be tailored to have long operating lives, and high capacities, 
·to be resistant to a variety of corrosive gases, and tQ be relatively insensitive to wide 
fluctuations in humidity .. Available options offer a high degree of resistance to fires, 
earthquakes, and severe weather stresses such as overpressure during tornadoes. Over 30 years 
of experience with hundreds of installations have shown particle removal systems to be highly 
reliable, even when plant upsets and nonstandard conditions have occurred. 

Particle removal in nuclear facilities is accomplished almost entirely by dry passive 
systems of filters. Some facilities may use other kinds of air cleaning methods as well, but 
virtually all gaseous effluent systems incorporate a passive cleaning element (i.~ .• a filter) 
as the final air cleaner before ventilation air is discharged to the atmosphere. 

Filter units for dry radioactive particle _rem'oval systems often employ replaceable filters; 
they may, however, be designed and installed as a permanent structure to be used to capacity, 
then retired. When the effic·fency of such a permanent unit becomes substantially impaired, 
the unit is withdrawn from .service, isolated 1n place, and a similar unit that has been con
structed alongside is placed in service. 

The following subsections discuss in a general way the kinds of filters used in dry 
particle removal systems. These filters fall into two basic categories: 1) prefilters and 
2) high-effiCiency particulate air (HEPA) filters. These two types of filters are u~ed in 
various combinations to make up filtration (or particle removal) systems suited to the needs of 
a particular fuel cycle faci~ity. A very specialized and large-scale applicatioD of the 
prefilter/HEPA filter particl,e removal system_ is the atmospheric protection system (APS) at a 
fuel reprocessing plant (FRP). _This system, which is_ the. final filtration step for process and 
ventilation air before its release to FRP stacks, is discussed in a separate section for this 
report, Section 4.11 .. Possible alternatives to dry particle removal system are discussed later 
iu Uris section. 
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4.8.1 Prefilters 

Prefilters are used to remove most airborne particles larger than 10 ~m; they are less 

efficient for smaller particles. Prefilters are available in various shapes, sizes, filter 
media and efficiencies. In many .applications it is desirable to have modular units that per
mit assembly of large filter banks by arranging many prefilter units in rows and columns in 
appropriate rigid supporting structures. Each modular prefilter has its own sealing gasket 
and can be installed or removed without affecting its neighbor module. A common face dimension 
for the modular prefilter is 61 x 61 em (2 x 2ft), which matches the dimension of a frequently 
used HEPA filter unit. The depth of the filter will range from as little as 2.5 em (1 in.) to 
61 em (2 ft). 

PrPfiltP.r construction and media are variable, depending on the performance criteria 
for the filtering system 1n wh1ch Llit:!y are used. rref1ltcr!; are claisified i'ls r.roup I~ II 
or III, depending on their construction and efficiency. In the simplest, least efficient 
system, panel filters may be us~d. These tlre known as viscous .impingement filters beceusP. of 
the low-density filter medium used and the filtering mechanism.and are represented most typically 
by such filters as home furnace filters. The filter medium usually is glass fiber that has a 
very low density (highly porous packaging). The filters are coated with a sticky resin to 
assist retention of particles. 

The most efficient prefilters (Group III) are more complex in their design. A commonly 
used configuration is the extended medium type. This type of prefilter consists of a support
ing frame into which is sealed the filter medium. The filter medium is a web of glass fibers, 
or high-porosity paper, folded back and forth over corrugated spacers. This permits a large 
filter area to be incorporated into a small volume of the filter unit. These units are used 
until dust loading is sufficient to produce an intolerable pressure drop; the filter unit as 
a whole is then removed and discarded and a new unit is 1nstalleu. 

A second typical Group III prefilter is the bag type. Th1s u11iL cons1!ts uf .:1 inetal 
frame with modular filter face perpendicular to the airflow, matching HEPA un1t dimensions used 
downstream. ThP. filter mechanism is a fabric, frequently a mat of glass fibers, shaped into 
bag-like tubes that may or may not be supoorted by spacer framing. ihe individual bags, ur· 
multiple bags, may be removed when pressure droo becumes too great and tln:IIJ be r~plnced with 

new units. 

·A third common Grnup Til prefilter is made up of V-shaped frames packed with glass fii.Jer's~ 

These fr~mP.s are inserted into a support that makes up a module. Filter frames can be replaced 
when dust loading is excessive. Figure 4.8.1 illustrates the three types ot l:iroup III prt:!fil
ters described here. 

Table 4.8. 1 classifies the three groups of prefilters relative to HEPA filter efficiencies, 
based on the results of atmuspheric dust spot tests and.arrestenr::e tests. Dust spot test effi
ciency ismeasured by comparing the darkness of a filter that has drawn atmospheric air for a 
given period with the darkness of a like.filter paper·drawing the same volume of.air after the 
air has passed through the first filter. The arrestance of a prefilter is the fraction of a 
test dust stopped by the filter. The test dust is ca.r.efully sized and dispensed in a standard 
way. (J) 



4.8.3 

B. BAG-TYPE, REPLACEABLE-MEDIUM GROUP Ill 
AIR FILTER. !COURTESY CAMBRIDGE FILTER CORP.! 

A. EXTENDED-MEDUIM, DRY-TYPE, lHROWAWAY 
GROUP Ill AIR FILTER, WllH GLASS FIBER 
MEDIUM, SEPARATORS, AND Ml NERAL -BOARD 

CASES. ' ,.c:.;=:=;::::~~~~ 

C. REPLACEABLE-MEDIUM GROUP Ill AIR 
FILTER, WllH WIRE MEDIUM SUPPORTS AND . 
INDIVIDUALLY REMOVABLE CORE SEGMENTS. 
!COURTESY AMERICAN AIR FILTER CO.) 

FIGURE 4.8. 1. Typical Group III Prefilters 

TABLE 4.8.1. Classification of Common Air Filters According to Efficiency( 4) 

Stain Test 
Arrestance,(a) Group Efficienc~ Filter T~pe Efficienc~, % 

I Low Viscous impingement, <20(a) 40-80 
panel type 

II Moderate Extended medium, dry 20-60(a) 80-96 
type 

III High Extended medium, dry 60-98(b) I 96-99 
typ~ 

lOO(c) HEPA Extreme Extended med1um, dry 100 
type 

a. Test using synthetic dust. 
b. Test using atmospheric dust. 
c. Reference 3. 

% 

· The decontamination factor (DF) for removal of radioactive particles by a prefilter can 
vary depending on the quality of the prefilter. Table 4.8.2 compares particle removal for 
the three groups of prefilters and the HEPA filter. For' effluent release calculations, a DF. 
of 10 (90% efficiency) is a reasonable assumption for Group III prefilters. 
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TABLE 4.8.2. Comparison of Air Filters by Removal Efficiency 
for Various Particle Sizes{4) 

Removal Efficienc~ b~ Particle Size, % 

I I 

I I I 
HEPA 

Efficienc~ 

Low 
Moderate 
H1gh 
Extreme 

0.3 ]lm 1. 0 l:!m 

0-2 10-30 
10-40 40-70 
45-85 75-99 

>99.97 99.99 

5.0 l:!m 10.0 l:!m 

40-70 90-98 
85-95 98-99 
99-99.9 99.9 

100 100 

Prefilters are characterized by a much more open medium than HEPA filters and thus give a 
much lower pressure drop. Their main purpose in effluent systems is to lengthen the life of the 

more expensive high efficiency filters. Prefilters are intended to remove the usual ambient 
dust entering a facility in the ventilation air. Lint, rust partic'les, concrete dust, and dust 
from chemical makeup areas are principal sources. Service life of a HEPA filter will generally 
be increased by two to three times when the filter is used in combination with-the appropriate 
prefilter. However, it is not always cost effective to install prefilters. lf the air to be 
filtered is "clean," less than -v2 mg of dust per m3 (-vl grain per "1000 ft 3), prefilters should 
not be considered except to. reduce· the accumulation of dust in ducts or to provide some measure 
of protection from fires or overpressure surges. 

A clean prefilter will show a pressure drop on installation of about 0.8 em H2o,. and will 
be replaced when pressure rises to about 3.8 em H20. The lifetime of these filters will be 
determined by the dust loading in the ventilation air (which is rough-filtered at the supply 
fans), and the dust, lint, and other sources within the plant. Prefilters will be replaced once 
a year or less often. 

4.0.2 HEPA Filters · 

High-efficiency particulate air filter~ are used almost universally in nuclear instal~ 
lations. (5•6) These filters and the technology for their use have been developed over many 
years in the nuclear energy industry. (7•8) 

HEPA filters are encased in wood or metal. They are usually of a specially-formulated 
glass fiber mat with a small amount of binder. When resistance to hydrofluoric acid is 
essential, asbestos fibers are combined with cellulose fibers to make a resistant web. HEPA 
filters are available in several modular sizes. The most common module for large installations 
has a cross section area of 3721 em? (576 1n. ~) and 1s 29 1,;111 (11.5 iu.) ·ueep. This module will 
filter 0.47 m3/sec (1000 cfm). It weighs 16 to 20 kg (35 to 45 lb) and has a volume of about· 
0.1 m3 (4 ft3). Appr9ximately 18.4 m2 (200 ft2) of the medium is used in each module; thus, the 
nominal medium face velocity is 0.025 m/sec (5 fpm). 

Strict quality assurance at·the manufacturing stage and subsequent manufacturer and 
independent test station efficiency measurements ensure that every filter will be at least 

99.97% efficient for removing particles of 0. 3-]lm nominal diameter. Larger or smaller particlt 
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are retained more efficiently. Recent experience has shown that many filters will be greater 
than 99.99% efficient at the time of installation. (9) Detailed instructions, including instal
lation and testing directions, are available to designers of systems using HEPA filters. (4) · 
Essential to HEPA filtration systems is the capability for in-place testing with a test aerosol. 
Other features of the filter specification establish the fire resistance, moisture resistance, 
dimensional tolerances, and the· gasket quality. 

Although fiber modules must show efficiencies of 99.97% or greater prior to installation, a 
more conservative efficiency is reconunended for calculating the anticipated in-service effi
ciency. Potential deterioration with service or minor leaks.developing because of imperfect 
sealing will decrease efficiency. Two or more filters are frequently used in series, and the 
first filter may exhibit a higher ef{iciency than the subsequent filters. The fractional pene
tration exhibited by multiple filters for plutonium oxide aerosols of 0.22 to 1.6 Jlm aerodynamic 
median activity diameter (AMAD) was recently reported, as Table 4.8.3 shows. (lO) 

TABLE 4.8.3. Penetration of HEPA Filters Operating at Full Flow by 238Pu02 Aerosol 
·with 0.22 to 1.6 ]lm AMAD 

HEPA 
No. 

4 
2 

3 

Penetration 
Rating 

Low(b) 
High(c) 
Low(c) 
High(c) 
Low(b) 

Maximum 
Penetration, 

xlo6 

21 
108 

31 
159 

78 

Mean Standard 
Penetration, 

xlo6 
Deviation, 

x106 N(a) 

8.3 7.1 20/20 
32 33 23/24 
17 7.2 22/23 

106 38 15/15 
71 10 6/8 

a. Number of data (Joints passing "outliers" test versus data points available. 
b. 20 to 150 x 10-6 by 0.3 Jlm dioctylphthlate (DOP) quality assurance test. 
c. 151 to 300 x 10-6 by 0.3 Jlm DOP quality assurance test. 

For comparison these penetrations are grouped and converted to efficiency in Table 4.8.4. 
These results show that the second and third filters in series are marginally less efficient in 
filtering the aerosol than the first filter. A three-stage HEPA filter bank based on these data 

should exhibit a decontamination factor of 1012 if the lesser test of efficiency filters are 
used as representative. 

The efficiencies shown in Table 4.8.5, though conservative, are recommended for estimating 
anticipated releases. These conservative'DFs allow a margin of safety for accidental situations 
where some deterioration from aging is accounted for or for·situations where the aerosol 
reach1ng the filters may be many times greater than that nominally assumed for the steady 
state. 
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TABLE 4.8.4. Efficiencies of HEPA Filters Operating 
at Full Flow for Removing Particles of (lO) 
238puo2 Aerosol with 0.22 to 1.6 ~m AMAD 

Filter Category 

Group A (a) 

First filter 

Second filter 
Third filter 

Group B(b) 

First filter 
Second filter 
Third filter 

Efficiency, % 
Minimum Mean 

99.9979 99.9992 

99.9969 99.9983 
99.9922 99.9929 

99.9892 Q9,QQfiR 
99.9R41 99.9R94 

a, Filters shown to range in efficiency from 99.998 
to 99.985% in DOP quality assurance test. 

b. Filters shown' to range iri efficiency from 99.998 
to 99.970% in DOP quality assurance test. 

TABLE 4.8.5. HEPA Filter ~fficiencies Recommended for Design Calculations 

Number 
of Filters DF Efficienc~, % Cumulative DF 

l.Ox 103 99.9 l.Ox 103 

2 l.Ox 1 o3 99.9 1. 0 X 106 

3 l.Ox 103 99.9 1.0 X 109 

4 l.Ox 103 gg,g 1.0 X 1012 

The efficiencies of all individual units prior to installation are measured using a test 
aerosol 0.3 ~m in diameter. The 0.3-~m size was chosen because it represents .the most difficult 
particle size to remove given the design face velocity of the filter med1um. Radioactive 
aerosols arising from light water reactor fuel cycle operations may be larger or smaller than 
.this most difficult size to filter. Efficiency of removal could be as high as 100% for larger 
particles and could approach 100% for the extremely small particles that have high diffusion 

I 

co~fficients .. 

Modular design permits HI::PA filters to 'be replaced when pressure drop becomes excessive and 
prevents adequate fiow. A new HEPA filter will show a pressure drop of about 2.5 em. (1 in.) at 
rated flow. The filter unit will be rep.laced when pressure drop reaches about 10 em (4 in.) H20. 
The working life of'·a HEPA filter will vary widely depending on the particle loading in the. air 
sampled ~nd on the size of the particles. As stated earlier, prefilters will increase the life· 



4.8.7 

of the more expensive HEPA filters. An unprotected HEPA filter will typically require changing 
in three years. (ll) A second-stage HEPA filter, or one protected with a 90% dust stain effi
ciency, may not need replacing for five years or more, depending upon the circumstances. Filter 
modules removed from service ·are disposed of as solid radioactive waste. 

4.8.3 Alternative Particle Removal Systems 

Other types of particle removal systems are used in industrial air cleaning applications 
but have not found extensive application in nuclear facilities. The following systems are 
representative .. 

4.8.3.1 Electrostatic Precipitators 

Electrostatic precipitators remove particles by first imparting a unipolar charge to the 
particles, passing the particles through a high voltage ~ield. The collectors are high voltage 
electrode wires centered between plates. Although widely used in industry for reducing emis
sions, these precipitators have features that make their use in nuclear fuel cycle plants 
unattractive. Under close control an electrostatic precipitator can be 99% efficient. Effi-

. ciency will drop to zero during a power failure or other electrical equipment malfunction. 
Another drawback is the potential for deposited particles to slough off the collector plates_ 
and be reentrained in the gas stream. For these reasons, electrostatic precipitators are not 
used in nuclear facilities. 

4.8.3.2 Bag Filters 

Fabric filters ~n the form of long vertical sleeves are used in industries where an airborne 
effluent is to be recovered. Efficiencies of greater than 99% are achieved. This type of 
filter could be applied as a prefilter; efficiencies would generally not be adequate as a final 
filter. Bag filters, however, would require greater space and are more expensive to maintain 
than the prefflters commonly used in nuclear facilities. 

4.8.3.3 Wet Collectors 

A variety of·wet scrubber systems are used for removing particles and gases from effluent· 
streams. Most applications do not insure the removal of submicron-sized particles, although 
venturi scrubbers and other scrubbers that impart great energy to the fluid can provide 99% 
removal. A principal disadvantage of wet scrubbers when applied to radioactive particle 
removal is the creation of a liquid waste stream. Thus, the scrubber fluid would have to be 
converted to a form suitable for disposal. Efficiency is dependent on maintaining control of 
scrubber flow; this control requirement introduces possible variable efficiency, which cannot 
be tolerated in radioactive particle removal systems. Although wet scrubbers have been used 
for relatively low-volume, radioactive-particulate-laden streams, they are more commonly used 
in nuclear facilities for·removing soluble volatile components in the off-gas, such as nitrogen 
oxides. In these applications, a particulate OF is usually realized but is always backed up 
with HEPA filters or prefilter/HEPA filter combinations. 
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4.8.4 Physical Protection and Safeguards Requirements for Off-Gas Particle 
Removal Systems 

Filters for particle removal at fuel reorocessin9 olants (FRPs) are neither attractive 
nor accessable targets for theft. The process and ventilation filters at an FRP contain 
essentially only long-lived fission products and the structures in which the filters are housed 
as well as the health and safety risks (the dose rates exceed 10 R/hr) to anyone handling the 
filters, make them difficult to remove. Filters on glove boxes where Pu02 is processed in a 
FRP and in a MOX FFP are potential targets for theft because they accumulate Puo2. Therefore, 
even the area where spent filters are stored would be safeguarded as a material access area 
(see 10 CFR 73). 

Sabotage of process off-gas filters by use of explosives or projectiles could result in 
release of radioactive part1culate mater1al to the envir-omneut. Howev~r·, at 'least two stages 
of filtration normally protect the environment and simultaneous sabotage of both is very 
improbable. In addition, the off-gas fi'ltration subsystems of a plant would be moderately 
inaccessible. Even if some filter banks were made inoperable, plant design would allow for 
bypassing and repairing them without affecting the integrity of the plant's filtration system. 
The consequences of some of the accidents discussed in 4.1.'2.9 give an indication of the con
sequences that might result from disruption of a portion·of the process off-gas filtration 
system. 

The Off-Gas Particle Removal Systems in both an FRP and a MOX FFP would be safeguarded 
under the physical protection systems of these facilities. In addition, the first stage of 
filtration would be in or adjacent to ·the operating areas and would also be protected under 
the safeguards provided to a vital area. 
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4.9 FRP DISSOLVER. OFF-GAS TREATMENT 

A major source of.radioactive gaseous waste from a fuel reprocessing plant (FRP) is the 

off-gas produced during dissolution of the spent nuclear fuel. The dissolvers operate under 
highly acidic conditions, and essentially all of the iodine-129, carbon-14, and krypton-85 in 
the. spent fuel are volatilized into the dissolver off-gas (DOG). Part of the tritiu-m inventory 
is volatilized as water vapor, and a small fraction of the semivolatile fission products, such 
as ruthenium-106, is transported by entrainment or as gaseous species. The major constituent 
of the dissolver off-gas is air, which is _used as an agitation medium to stir.the di~solver 
contents. 

4.9.1 .Dissolver Off-gas Iodine Recovery 

Release of radioactive iodine to the atmosphere represents a biological risk since iodine 
tends to be taken up in the food chain iJ,nd to concentrate in the human thyroid. To reduce 
this risk during early production of defense plutonium in the United States, radioactive iodine 
(mostly 131 I) from dissolver off-gas was removed by using silver nitrate-coated ceram1c saddles 
(90-95% efficient) and later by caustic scrubbing. In reprocessing power reactor fuels, ~he 

short-lived iodine-131 (8 day half-life) can be controlled simply by delaying reprocessing 
until this nuclide has decayed to an insignificant concentration. Thus, researchers are con
cerned presently with removing the long-lived iodine-129 (1 .6 x 107 yr half-life). 

4.9.1.1 Process Alternatives· for Dissolver Off-gas Iodine Recovery 

Iodine recovery can be accomplished by aqueous scrubbing processes or by solid adsorbent 
processes. Caustic~scrubbing technology has been applied in numerous fuel reprocessing systems 
and is considered fu;ly developed. (l) However, caustic scrubbing has a low (50-90%) iodine

removal efficiency and therefore has limited applicability for iodine removal in the commercial 
fuel reprocessing industry. 

Mercuric nitrate-nitric acid scrubbing has been developed(l) and is described in the 
flowsheet( 2) for the Barnwell Nuclear Fuel Plant Separations Facility developed by Allied 
General Nuclear Services (AGNS). The system is reported to qe effective (99% recovery) in 
removing elemental iodine from off-gas streams but ineffective for organic species because of 
very slow reaction kinetics for organic iodides. Using this system, the reference FRP would 
generate approximately 40 m3 of 0.4 molar mercuric nitrate solution per year. Laboratory
scale development has been conducted to concentrate this waste; AGNS suggests that it can be 
absorbed on clay and packaged in fuel residue containers. 

In 'the Iodox scrubbing process, (l) iodine is removed from the off-gas stream by scrubbing 

with 20 to 22 molar nitric acid. Although scrubbing column technology has been demonstrated 
at Oak Ridge Natio~al Laboratory (ORNL), (3) long-term sy-;tem capacity and corrosion effects on 

applicable construction materials need to be determined. 

The selected reference process is the most efficient iodine removal technique known. 
Solid adsorbent materials impregnated with silver or silver nitrate are effective for removal 
of iodine and its compounds from process off-a~~ str~ams.( 4 • 5 ) Silver-loaded adsorbents achieve 
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a relatively high adsorption efficiency because of the great affinity of volatilized iodine 
for silver ions. The process is costly but produces compact solid iodine waste that can be 
easily packaged for disposal. 

Candidate sorbent matrix base materials include zeolites and several types of silicates. 
The chemical reactions postulated for silver-nitrate-impregnated substrates are: 

2Ag + I2 -+ 2Agi 
AgN03 + HI -+ Agi + HN03 
2AgN03 + I2 -+ 2Agi + 2N02 + 02 
AgN03 + CH3I ·> Agi + CH3No3 

Testing of both commercially-available sorbents and laboratory-prepared sorbents is in 
progress at both government and industry laboratories to fully assess and optimize process
scale applications. Preliminary results indicate that other metal-load~d adsorbents (cadmium, 
copper, sod1um, lead, zinc) do not have sufficient iodine loading capacity for bulk iodine 
removal. (5) 

Of the var1ous s1lver-loaded adsorbents tested to date, the highest loading of iodine per 
gram of silver had been obtained with silver-nitrate-impregnated amorphous silicic acid. Frac
tional penetration of the CH3I and elemental iodine thr.ough a silver-treated bed is a function 
of many variables. (6•7) However, experiments( 4) have indicated that up to 98% of the silver 
is available for reaction. Consequently, this material was chosen for use in the reference 
system for iodine recovery. An iodine loading based on 80% of the silver reacting (0.94 gram 
of iodine per gram of silver) was conservatively assumed for design purposes. 

High concentrations of oxides of.nitrogen (NOx) and water vapor in an air stream can also 
reduce the efficiency and capacity of silver-treated materials. However, the effect does not 
appear to be significant at NOx concentrations below 10 vol% and a dew point of below 75°C. (4•6) 

4.9.1.2 Desi_gn Basis for the Dissolver Off-gas Iodin~ R~covery System 

The following assumptions were made in the design of the reference·facility: 

• The entire DOG treatmen.t system operates 300 days a year and treats off-gas from the 
2000-MTHM/.vr reference FRP for recovery of iodine using silver zeo 1 ite beds. 

• The FRP fuel shear off-gas is combined with the DOG. 

• The design volumetric flow is approximately 2.8 m3/min (100 ft3/min). 

• The iodine recovery.system is incorporated as an integral part of the FRP. 

• The iodine recovery system retrieves both ruth~nium and iodine prior to release of the 
DOG to the atmospheric protection system (APS). 

• The system is' designed to achieve a decontamination factor (OF) of 105 for particulate 
ruthenium and other particles, 104 for volatile ruthenium, and 103 for iodine. 

4.9.1.3 Dissolver Off-gas Iodine Recovery Process 

For gas cleanup prior to iodine removal, the dissolver off-gas is routed through: 1) an 
aqueous scrubber deentrainer for NOx and particle removal, 2) a ruthenium adsorber and 3) a 
high-efficiency particulate air (HEPA) filter for particle removal. The off-gas then passes 
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through the iodine adsorbers for recovery of volatile iodine. and is either discharged to the 
APS or becomes the feed stream for the additional recovery of carbon (Section 4.9.2). or 
krypton (Section 4.9.3), or carbon and krypton (Section 4.9.4). 

Table 4.9. 1 shows the refer~nce dissolver off-gas composition. A schematic flowsheet 
for the iodine recovery system is shown in Figure 4. 9.1 .. The material balance is given in 
Table 4.9.2. Table 4.9.3 characteriz~s the solid waste resulting from the iodine recovery 
system. The liqu.id stream from the scrubber deentrainer is routed to the FRP concentrator 
system for processing. 

The material balance calculations are based on sparging the di.ssolver with 2.8 m3/min 
(100 ft3/min·) of dry air for agitatioo. Iodine and bromine are assumed to be .completely 
volatized in the DOG. Approximately 0.01% of the ruthenium inventory is assumed to be 
carried in the DOG by volatilization. (8) An equal fraction (0.01%) of the ruthenium .present 
in the dissolver is entrained in the off-gas particles. 

TABLE 4.9.1. Fuel Reprocessing Pl~nt Dissolver Off-gas(a,b) 

Component 

H ·o 
2 

Air 
NOx 

. c( c) 

Kr 

Ru 
Br 

Annual 
Quantity. kg 

1. 8 X 105 

1. 6 X 106 

5.1 X 105 

100 
650 
470 

0.81 
27 

Radioactivity. Ci/yr 

Fission Products 

3H 
1291 

85Kr 
90Sr + 90y 
95zr·+ 95Nb 

1 06Ru + 1 06Rh 
134cs + 137Cs + 137m8a 
144ce + 144Pr 

ALL OTHER 
TOTAL 

Actinides 

239Pu 
241Pu 

Other Pu 
242cm + 244cm 

ALL.OTHER 
TOTAl_ 

Activation Products 

14c 

4. 2 X 104 

6.9 X 101 

1. 68 X 107 

2.4 X 101 

2.2 
1.5 X 105 

6.0 X 101 

9.6 X 101 

2.0 X 101 

1. 7 X 107 

7. 2 x w-2 

3.5xl01 

1.2 

3.4 
1.8 X 10-l 

4:0 X 101 

1. 12 X 103 

a. Based on ~aste characterization Table 3.3.27,·assuming uranium 
and plutoniu~ recycle. 2000 MTHM/yr reprocessed 1.5 years out 
of reactor. 

b. Volume = 1.2 X 106 m3;yr. 
c. COz in process air is not included. 
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Deentrainment. Two mist eliminators, or deentrainers, protect the iodine adsorbers and 
the HEPA filters by removing entrained dissolver solution from the off-gas. A coarse, mesh pad 
in the top of the absorber column (first deentrainer) removes approximately 99% of the entrain
ment. Following this coarse pad, a fine-pad deentrainer removes approximately 99.8% of the 
droplets larger than 3 ~m (primarily to protect the HEPA filter). Decontamination factors for 
iodine, volatile ruthenium, tritium and particles in the scrubber deentrainer are estimated to 
be 1, 5, 10 and 100, respectively. In actual plant experi~nce, iodine may be partially removed 
in the scrubber deentrainer. The resulting scrub stream is sent to the low level conceQtrator 
(Figure 3.2.10). The contained iodine then distributes between the VOG stream, the high level 
liquid waste stream and the recovered HN03 and water streams. By suitable treatment of these 
streams, the release of iodine to the atmosphere by this route is also maintained below 10-3 

of the 1nput value. 

TO HN03 --~:-4-~~r__J-.......;('? 
RECOVERY+ 

AIR 

SPENT IlEPA 

TO CARBON REMOVAL 
OR APS 

FIGURE 4. 9. 1. ·Process Fl owsheet for the Iodine Recovery System 
(C1rcled numoers refer to stream numbers in 
Tabh! 4.9.2) 

. NO. Removal. The first deentrainer also includes an 
-x.....;.;;.=_:_::.~ 

remove nitrogen oxides. The scrubber deentrainer reduces 
than 2 vol%. Water vapor is reduced to less than 3 vol%, 
absorber is recycled to the acid recovery system. 

aqueous scrubber, or ab5orber, to 
the NO from the dissolver to less X . 
and the absorbed NOx from the 

The ,following reactions are involved in the nitrogen oxide absorption process: 

2ND + 02 -+ 2N02 
2N02 -+ N204 



TABLE 4.9.2. Dissolver Off-gas Iodine Recovery Material Balance 

Total Total Solid Cooling 
Stream Pressure, Teinpen- ~~w. Flow, Flow b.)! Comeonents 1 kg[hr Waste, Water, 
NLOmber ~ ture. ='C ----.fl!!:_ kg/hr __!!_ _Q__ ~r ~- _ __!!zQ_ _H_ ___!jQ,.__ ~Q__ I 8r Kr ~- Ru ~ ~ 

35 170 (STO} 219.8 166 50.8 2. 79 0.11 Trace Trace 6.6 X 10-4 i!: 1 X 10-5 

1.1 90 2Z2 232.9 166 50.8 2. 79 0.16 2.5 X 101 7.12 X 101 Trace 6.5 X 10-2 3.8 X 10-3 0.090 1.30 ]. 12 X 10-4 6.94 X 10~7 

1.1 35 134 232.9 166 50.8 2. 79 0.16 4.3 7.35 Trace 6.5 X 10-2 3.8 X 10-3 0.090 1. 30 6.2 X 10-6 1.2 ;, 10-7 

1.1 45 190 232.9 166 50.8 2. 79 0.16 4. 3 7.35 Trace 6.5 i< 10-2 3.3 X 10- 3 0.090 1. 30 6.2 xlo-6 1.<· X 10-7 

45 232.9 166 50.8 2 79 0.16 4.3 7. 35 Trace 6.5 X 10-2 3.8 X 10- 3 0.090 1.30 5. 7 X 10-7 
1.< X 10-7 

6 1.0 45 209 232.9 166 50.8 2 79 0.16 4.3 7.35 Trace 6.5 X 10-2 3.8 X 10-3 0.090 1.30 5. 7 X 10-7 1.2 X 10-7 

7 1.0 45 209 232.9 166 50.8 2. 79 0.16 4.3 7:35 Trace 6.5 X '10-2 3.8 X 10- 3 0.090 1. 30. 6.2 X 10-9 1.2 X 10-7 

8 0.085 +=> 
g. 1.0 150 2n 232.9 166 50.8 2. 79 0.16 4.3 7.35 Trace 6.5 X 10-2 3.8 X 10-3 0.090 1.30, 6.2 . X 10-9 1.2: X 10-7 

\0 

10 0. 76 150 3f.4 232.9 166 50.8 2. 79 0.16 4.3 7.35 Trace 6.5 X 10-5 3.8 X 10-6 0.090 1. 30 6. 2 X 10-9 1.2 X 10-] trl 

11 6.6 
12 45 2. 3 
13 :al 

2.5 
14:bl 3.4 4.4 3.3 1.0 0.057 2.2 X 10-3 

a. Spent nthenium adsorbent solid waste volume on 5 year c!>angeout (m3/5 yr}. 
b. Air pru3e for 8 hours prior to adsorber cartridge removal. This flow is not 

included in downstream tabulations. 
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3N02 + H20 + 2HN03 + NO 

2N02 + H20 + HN03 + HN02 
2HN02 + 02 + 2HN03 

4.9.6 

The first reaction is rate-controlling and increases with the partial pressure of the reactants 
and with decreasing temperature. (9,lO,ll) The concentration of NOx cannot, practicably, be 

driven below about 1000 ppm in an air stream by absorption in water. 

TABLE 4.9.3. Description of Packaged Waste from Iodine Recovery System 

Surfacg ·ooie Rat~ 
Volume, 

m3f:t..r 
~0.2 R/hr 

(''-'0. 03 mR/ hr) 7.6 

>10 R/hr 
("-250 R/hr) 0.5 

Densi ~y, 
kg/m_ 

7 
'l 

x 1 o'-

7 X 1 o2 

Containers/yr. 
55-Gal Drums 

36 

?.4 

a. Fraction of input activity from Table 4.9.1. 

Fraction of IQ~Vt 
Activi tyl J 

1.0 

0.05 

Ruthenium Recovery. In the n~xt step, silica gel beds are used to remove the ruthenium. 
Since ruthenium is one of the major contributors to total dissolver off-gas activity, removal 
at thi.s early stage reduces overall activity throughout the rest of the process. Based on 
recent experiments in a silica gel bed, a DF of 1000 is achievable for volatile rutheriium.(S) 
The back-up ruthenium adsorber is int~nded to handle unexpected bursts of ruthenium· from the 
dissolver in case of process upset. Two adsorbers in series should yield a combined DF con-
siderably higher than· 1000. The adsorbers are operated until ruthenium is detected at the 
exit or until the beds plug. The gas stream is then diverted to a parall~l d~sorber and back
up bed. A.ithough one adsorb~r· hd:. d loading capacity sufficient for the lifetime of thP plilnt, 
the longevity of the adsorber under operating conditions has not been ~stdbl ished. It is con
servatively assumed that bed change will be required at 5-year 1ntervals. 

Following ruthenium recovery, a HEPA filter reduces particulate loading of the gas. No DF 
is ohtained for volattle ruthenium at this filter. The gas is then clean enough for the iodine 
adsorption bed. An e 1 ectri c heater preheats the gas to 150°C prior to its entet1 ng the. adsor·p

tion bed where the iodine is removed. 

Total ruthenium-rhodi.um activity removed during the off-gas. cleanup procedure prior to. 
1od1nc remuvdl i~ ai follows: 

• 4.8 x 102 Ci/day for the scrubber deentrainer 
• 2.5 x 101 Ci/day for the ruthenium adsorber 
• 2.5 Ci/day for the HEPA filters. 

These figures assume: 1) 0.01% volatility and 0.01% entrainment of the ruthenium from the 
dissolver, 2} a yearly 106Ru-Rh di.ssolver off-gas inventory of 1.5 x 105 Ci/yr, 3) the 
decontaminati.on factors mentioned above, and 4) 103Ru-Rh has decayed to a negl.igible status. 

(0.03 Ci/yr). 
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Two silver zeolite iodine adsorbers are placed in series, a primary and a back-up.· The 
primary bed is a large· bed designed to adsorb all off-gas iodine during a 25-day period of 
operation. An iodine monitor is located in the gas stream between the primary and back-up 
adsorption beds. The smaller back-up bed ensures that no iodine losses occur when the iodine 

. monitor indicates breakthrough of the primary bed. When breakthrough occurs, the gas stream 
is switched to a parallel i·odine adsorbent bed held in reserve. As with the ruthenium adsorber, 
no credit is taken for any iodine removal in the back-up bed, although in practice another DF 
of up to 1000 might be obtained. 

Testing of the silver-zeolite by both industry and government laporatories is currently 
in progress to determine optimum design parameters. The principal process design features of 
the iodine adsorbent train can be summarized as follows: 

• The bromine-81 would be adsorbed along with the iodine, which would give an equi:Valent 
iodine inventory of ~500 kg/yr. 

• The silver-zeol_ite contains 12 wt% silver and has a dry density of 0.68 g/cm3. 

• At breakthrough (measured between the fourth cartridge and the back-up bed), at least 
80% of the silver in the first three silver-zeolite cartridges is reacted, producing 
an average loading of 0.078 g I/cm3. 

• At each ihange, only cartridges one through three are discarded; the tail-off and back-up 
cartridges are then moved to front positions. 

• Breakthrough occurs after about 25 days of operation. 

• About 36 cartridges of silver-zeolite are us'd per year. 

• Dual adsorber trains are used to permit continuous iodine removal while one or the other 
is being recharged. The dual system also provides 25 days of reserve capacity for repairs 
should the operating adsorber malfunction. 

• The volumetric flow rate to the iodine adsorbent vessel inlet, given an operating tempera
ture of 150°C, is 4.6 m3;min {163 ft3;min). 

• The inlet pressure is 1 atmosphere (14.7 psi); the pressure drop across the total train 
(principal plus back-up) is approxim~tely 0.24 atm (3.5 psi). The bed is designed for a 
superficial flow velocity of about 15m/min (50 ft/min). 

• Because of high gaseous activity from krypton-85, the beds must be purged with dry air 
before discharge to flush out krypton-85 held up in the interstitial void spaces in the 
adsorbent bed. An 8-hour purge of 3 to 4 m3/hr is assumed. 

4.9.1.4 Facility Description for.the Dissolver Off-gas Iodine Recovery System 

The dissolver off-gas iodine recovery system is designed to be incorporated as an integral 
part of the reference fuel reprocessing plant (see Section 3.2). The DOG treatment facilities 
share FRP services, uti·lities, laboratories, health physics support, operating personnel change 
areas, maintenance areas, warehousing, shops and offices. The off-gas treatment system 'is 

capable of hanoiing the total DOG stream from the reference FRP. The approximate location 
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Jf the facilities for iodine recovery is shown on the plot plan of the FRP in Figure 4.9.2. A 
plan and cross-sectional view of the iodine recovery system are shown in Figures 4.9.3 and 
4.9.4. All process equipment is enclosed within Category I cells and galleries, which are 
constructed of reinforced concrete. Cells are provided with floor pans, sumps and protective 
coatings to facilitate d~contamination and to cope with possible spills. The facilities shown 
are enclosed within the outer walls of the Category I FRP structure. 

Major pieces of ~quipment within the cell are described below, including the absorber 
deentrainer, heaters, ruthenium adsorber, HEPA filters, and the iodine adsorber cartridge. 

Absorber. Deentrainer. The top of the absorber is equipped with a 15-cm diameter deentrainer, 
which gives a face velocity of 200m/min in a wire mesh pad (austenitic stainless steel). 
This results in approximately a 99% entrainment removal efficiency. A normal pressure drop 
(~P) of 5·cm H20 is estimated for the absorber deentrainer. When the ~p 1ndicates plugging, 
the deentrainer is washed, using a wash solution flow of 0.6 t/min. 

Deentrainer. The second deentrainer, contained in its own vessel. gives 99.8% removal 
efficiency tor dropiet sizes up to 3 ~m. A design face velocity of 75 m/min is achieved using 
a 25-cm diameter vessel. The mesh pad is located 75 em from the bottom of the 100-cm high 
vessel .. Figure 4.9.5 shows the recommended dimensions of the vessel, which is made of austenitic 
stainless steel because of the acidic conditions. The nominal deentrainer ~p is 3 em H20. A 
spray directed on the bottom of the mesh pad periodically washes this equipment. 

HEPA Preheater. The HEPA preheater is an electric heater (1.0 kW) requiring 640 W of 
power during normal operation .. This heater, made of austenitic stainless steel because of 
possible traces of nitric acid mist, raises the gas temperature by l0°C. 

·Ruthenium Adsorbers. The ruthenium adsorbers (primary and back-up) are silica gel 
adsorption beds designed for a face velocity of 7.2 m/min. Each bed is 75 em in diameter and 
is 1.7 min length. Two beds, made of austenitic stainless steel, are installed in series 
between a ruthenium monitor. The monitor is set to alarm when breakthrough occurs and ruthenium 
penetrates the bed. At that time, gas flows are diverted to a parallel adsorber train. Based 
on the ruthenium flows described ~n Table·4.9.2, each bed would be adequate for over 70 years 
of plant operation. However, since these silica gel beds are the first processing steps 

downstream from the .adsorber-deentrainers, particle removal mechanisms and adsorption of other 
species may also take place. The bed life has been estimated to be .about 5 years. Bed 
change is accomplished remotely by removing the bed cartridge intact. 

Ruthenium Monitor.' Four ruthenium samplers ·and a single monitoring instrument are used 
to record the DFs across the pairs of primary and back-up adsorbers and the HEPA filter. The 
ruthenium samplers consist of small silica gel beds contained within Nai crystals such that a 
small gas sample is continuously drawn through the beds. The ruthenium-106 activity in the 
gas stream is continuously monitored by a multichannel analyzer that can also monitor other 
semivolatile fission products that may be present. Sequential switching is used to check the 
accumulative activity on each sampler at. the desired frequency. 
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HEPA Filter. Two standard HEPA filters with metal-asbestos frames are installed parallel
wise to allow continuous operation. Based on a gas flow of 3.4 m3/min at 45°C, a size 3 HEPA 
(0.3 m x 0.3 m in surface area and 0.15 thick) is adequate (maximum capacity 4.3 m3/min). The 
filters are instrumented with both pressure-differential and activity monitors. General 
operating experience indicates that filter change is determined by the rate at which the 
radioactivity builds up. Typical DOG service at the Idaho National Engineering Lab requires 
HEPA filter change every 6 months. (8) A 2-month change period has been assumed for this 
facility because of the high ruthenium levels in light water reactor fuel. 

Iodine Adsorber Preheater. The iodine adsorber preheater raises th~ gas temperature to 
150°C using electrical heaters made of austenitic stainless steel .. A nominal heat load of 6.8 
kW is required and a design heater installation of 10 kW is recommended. The heater power is 
automatically controlled to give 150°C gas in the outlet. 

Iodine Adsorbers. A typical iodine adsorber cartridge is illustrated 1n F1gure 4.9.6. 
giving the dimensions of the adsorbent train filter cartridges. The adsorber, amorphous 
silicic acid impregnated with silver nitrate, is encapsulated in separate filter cartridges 
such that each cartridge can be readily inserted or removed from the filter train when instru
mentation indicates that iodine breakthrough has occurred or a reprocessing campaign has ended. 
Figure 4.9.7 provides a ~chematic of the total train. Each filter cartridge, or ad$orbent 
container, has a locking groove (see Figure 4.9.6) for ready loading and unloading of the. 
adsorbent train vessels. Each filter cartridge weighs approximately 125 kg (275 1bs) and fiL~ 

into standard 55-gal drums for storage or final tsolation. Loading and unloading operations 
are required not only to remove the iodine-loaded cartridges for storage or isolation b·ut also 
to maximize utilization of the adsorbent material. The partially-loaded bottom cartridge in. 
the primary vessel and the normally unused back-up cartridge train are placed in the front 
first and seco~d positions, respectively, of the primary vessel dur1ng each change operation. 
New cartridges are placed in the back-up vessel and 1n the bottom po~idt'ions of the primary 
vessel. 

Iodine Mon·itor. The iodine-129 samplers are positioned before and after the primary and 
back-up iodine adsorbers. The sampling systems involve small heated beds of silver-zeolite 
positioned on top of lithium-drifted germanium detectors (the 30 keV x-ray from 1291 is 
measured). A small sample str·eam is drawn continuously through the beds; however, the samplers 
must be evacuated to remove krypton-85 prior to measurement. A multichannel analyzer with 
sequential switching is used to monitor a giyen sampler at a desired frequency. 

Shielding and Remote Handling Egui~ment. The majot Sh1eld1ng cons1deration in the DOG 
iodine recovety facnity is the 106Ru-Rh. Assuming a constant feed rote of 25 C.1/day to the 
ruthenium adsorber, in 5 years about 14,000 Ci (97% of the steady-state level) would accumu
late. About 1 m of c~ncrete is adequate for shielding. The HEPA filter is installed in the 
shielded cell to allow for activity from 106Ru-Rh (~95 Ci/yr), other particles, and 85Kr. 

The iodine adsorption beds (at saturation) would establish a dose rate of about 1 mR/hr. 
The activi.ty of the gaseous fission products in the void spaces of the iodine adsorber during 
operation would contribute an additional .activity. Therefore, the iodine beds are installed 
in the shielded cell. 
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· 4.9.1.5 Operating and Maintenance Requirements for the Dissolver Off-gas Iodine Recovery 
System 

The facility operates as part of the FRP 24 hours a day, 7 days a week, 300 days a year. 
Normal activities include monitoring of the iodine and ruthenium removal systems and normal 
maintenance and replacement. 

All normal process operations are handled remotely in the hot cell and dose rates are 
limited to less than 1 mrem/hr. The valve and pump gallery is normally unoccupied; personnel 
'enter only to install or remove equipment. Where infrequent operations, instrument readings, 
and some maintenance activities are needed (Figure 4.9.4), personnel may be exposed to higher 
dose rates. In such cases, exposure is rigorously controlled. 

Maintenance of the ruthenium adsorption subsystem must be by f't!llluLe liandl ing equipment 
ber.:~usP. of the high radiation levelS in the silica geliJeds. The iodine adsorbent is contained 
in cartridges that can be readily handled using an overhead crane. 

During operat1on. the dt!entrainers occasionally plug (indicated by a mesh pad pressure 
drop of three times the nominal ~P) and require washing with water or acid using the spray 
nozzles installed for that purpose. ·Both. ruthenium and iodine adsorption beds are operated 
until breakthrough. At breakthrough the radiation monitors alarm, the gas flows are switched 
to the parallel system, and the loaded adsorbents are replaced with fresh adsorbent by using 
remote manipulators. 

Staffing. Estimated staffing.requirements f9r the reference system are shown in Table 4.9.4. 

TABLE 4.9.4. Disso.lver Off-gas Iodine Recovery 
System Staffing Requirements 

_Jg_b Dc~criptio_n 

Operators 

Personnel Requiredj 
mcm-yr/yr 

Radiation monitors 
Maintenance craftsmen 

0.5 

Supplies and Utilities. Table 4.9.5 shows the suppl1es used ir1 tht! di~~olver off-gas 
iodine recovery system. l:.stimates Of ut111ty requlr't!lll~uLs are !hown in Table ~.9.6. 

TABLE 4.9.5. Dissolver Off-qas Iodine Recovery 
Sy!item Su1J1JlY RequiremP.nts 

Description Use Annual Reguirement 

Silica gel Ru recovery 0.5 m3 

Silver-zeolite I2 rec:UVt!I'Y 6.6 m3 
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TABLE 4.9.6. Dissolver Off-gas Iodine Recovery System 
Utility Requirements 

Utility 

Electricity 
Steam 

Use Rate 

7 kW 
42 kg/hr 

Annual Requirement 

5 X 104 kWh 
3 X 105 kg 

4.9. 1.6 Secondary Radioactive Wastes for the. Dissolver Off-gas Iodine Recovery System 

Estimates of secondary radioactive'wastes associated with the reference system are shown 
in Table 4.9.7. 

TABLE 4.9.7. Dissolver Off-gas Iodine Recovery 
System Secondary Radioactive Wastes 

Description 
Combustible and 
compactable waste 

V~lume, 
m /year 

30 
Radioactivity Factor(a) 

1 X 10-5 

a. Fraction of input activity (Table 4.9.1, volatiles 
excluded) in secondary wastes. 

4.9.1.7 Emissions from the Dissolver Off-gas Iodine Recovery System 

System emissions are characterized in Table 4.9.8. 

Emission 

Gaseous 

TABLE·4.9.8. Dissolver Off-gas Iodine Recovery System Emissions 

Description 

Dissolver Off-gas 

Minor accident integrated 
annual release 

Annual Quantity 

Air 1.3 x 106 m3 

NOX_ 5.3 X 104 kg 

Radioactivity Release 
Factor to Atmosphere(a) 

3H 0.2(b) 
14c 1 . o. 
85Kr 1.0 

129I l.x 10-3. 
106Ru-Rh 5 x 10-5(c) 

All others 1 x lo-9 

Included in operational 
release 

a. Fraction of input activity (Table 4.9.1) released to atmosphere. Includes OF from 
main plant APS where applicable. Released over 300 days/yr. Peak release rates 
are approximately 10 times larger than the average rate. 

b. The remainder o~ the input tritium is removed in the scrubber deentrainer·and i~ 
ultimately released to the atmosphere in the vaporized excess water. 

c. Assume5 that ·the volatile ruthenium is not converted to particulate ruthenium by 
the time it r-eaches the APS. 
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4.9.1.8 Decommissioning Considerations for'the Dissolver Off-gas Iodine.Recovery System 

The dissolver off-gas iodine recovery system is d~signed to be functional for the life of 
the FRP. At the end of the reference FRP's operating life, the iodine recovery system is 

expected to be relatively free.of external .contamination. The capability to remove the 
silica gel, silver-zeolite, and'HEPA filters facilitates decontamination. 

4.9.1.9 Postulated Accidents for the Dissolver Off-gas Iodine Recovery System 

Scenarios of postulated accidents for the dissolver off-gas iodine recovery system are 
listed in Tables 4.9.9 and 4.9.10 .. The loss of·flow in either a ruthenium or iodine bed is 
considered a minor accident, with no activity released to the atmosphere. A torn HEPA filter 
could be isolate~ from the system for replacement and would not exceed.normal operational 
releases through the FRP stack: No serious downstream contamin~tion_is anticipated from the 
postulated moderate accidents. No accident that could be classified as severe could be real
istically postulated for this technology. 

TABLE 4.9.Y. Dissolver Off-gas Iodine Recovery System Minor Accidents 

Accident No. 
and Description 

4.9. 1 - Plugged iodine 
or ruthenium bed. 

4.9.~- Torn HEI'A 
filter. 

Sequence of Events 

1. Bed plugged by particles. 

2. Loss of gas flow noted by 
instrumentation. · 

3. Adsorber is isolated from 
system. 

4. Dual system is switched into 
servi<;e, 

5. Plugged bed is repl~ced. 

1. rilter media damaged because 
of improper inttallation or 
defective materials. 

2. Loss of filtration noted by 
alarm. 

3. HEPA system is isolated 
from the rest of the _system. 

4. Dual system is switched into 
~crvicc 

5. Damaged filter is replaced 
while· FRP is. still in 
service. 

Safety System 

1. Particle removal systems· 
upstream of adsorber beds. 

2. Radiation and airflow mon
itoring systems provide 
continuous information. 

J. The adsorber system 
has redundant system 
instnllPn in p~r~llPl. 

4. The aclsorl:>er system is 
·capable of beinq remotel.v 
replaced while in service. 

1 . ~; 1 ter UUI'-tes ted be tore 
and after inttallation. 

2. Radi·ation and airflow 
monitoring systems provide 
continuous 'information. 

3. The ruthenium particle 
HEPA filter system is 
switched to the rese1·ve 
system. 

-4. The defective HEPA can be 
replaced while the reserve 
syst.Pm i~ in service. 

Release From 
Confinement 

None. 

wouid not exceed 
normal operational 
releases through 
FRP stack. 
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TABLE 4.9.10. Dissolver Off-gas Iodine Recovery System Moderate·Accidents 

Accident No. 
and Description 

4.9.3 - Process shut
down while dissolver is 
operating. 

l. 

2. 

3. 

Sequence of Events 
Both the iodine and ruthen
ium adsorber systems fail. 

Radiation and airflow moni
toring systems. detect vent
ing of DOG directly to APS 
and FRP main stack. 

Dissolver and main FRP pro
cess are shutdown. DOG is 
shut down after processing 
material in dissolver or 
when safe conditions exist 
in the dissolver. 

4. FRP continues to process 
until out of dissolver 
feed. 

4.9.4- Iodine canister 1. 
adsorbent spill during 
replacement; expected 
frequency 3.6(0.01) =· 2. 
0.036/yr 

Iodine canister ruptures 
during change. · 

Spill detected by radiation 
monitoring system. 

4.9.5- Ruthenium 
canister adsorbent 
s,pill during replace
ment; expected fre
quency 2 x l0-3/yr 
(0.01 canisters bro
ken per change; 0.2 
canister changes per 
year). 

3. Iodine system is placed in 
service. 

4. SoH d adsorbent is vacuumed 
or swept into a spare 
canister. 

1. Ruthenium canister ruptures 
during change. 

2. Spill detected by radiation 
monitoring system. 

3. Parallel ruthenium system is 
placed in service. 

4. Solid adsorbent i~ va~uumed 
or swept into a spare 
canister. 

l. 

2. 

3. 

Safety System 
Radiation and airf.low 
monitoring systems provide 
continuous infonnation: 

DOG is shut down by reduc
tion of temperature and 
acid concentration in the 
dissolver. 

FRP remains down until 
repair? are completed. 

Release From Confinement 
If the DOG is vented to the 
stack with a gas flow of 
about 2 x 1.05 m3/hr, the 
iodine relea~e·con~entration 
would be 5 .• 5 x lo-B 1JCi/cm3. 
This is below the maximum 

· permi·ssible concentration 
fbr soluble and~nsolubl~10 species in air of 8

3
x 10 

an,d 7 x 1 o-8 IJCi /em . 
Short-tenn releases would 
be considered to have 
sma 11' consequences. 

If ruthenium were also 
released to the APS under 
the-c-onditions as above,' 
the average release rate 
would be 3'x l0-9 1JCi/cm3. 
An additional OF of 104 
could be assumed as the 
stream passed through the 
APS. This would then be 
below the controlled area 
guideline of a maximum per-

. missible concentration for 
soluble and insoluble 106Ru 
species in air of 8 x.lo-8 
and 6 x l0-9 1JCi/cm3. 

l. Radiation and airflow None. 

2. 

monitoring systems provide 
continuous infonnation. 

Vacuum equipment is avail
able in the event of a 
spill. 

3. Parallel iodine syst'em 
provides continuous DOG 
recovery. 

1. Radiation monitoring and None. 
airflow systems provide 
continuous information. 

2. Vacuum equipment is avail
able in the event of a 
spill. 

3. Parallel rutheniurn system 
prnvirlP< (Qntinuoui DOG 
recovery. 
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4.9. 1.10 Facility Costs for the Dissolver Off-gas Iodine Recovery System 

Estimates have been made, in mid-1976 dollars, of capital, operating and levelized 
unit costs. A complete description of the cost estimate bases, assump~ions and definitions 
is given in Section 3.8. 

Capital Costs. The capital cost estimate for the iodine recovery facility is shown in 
Table 4.9.11 and covers all capital costs specifically resulting from the inclusion of the DOG 
facilities as an integral part of the primary reference FRP. These costs also cover incre
mental additions to heating, ventilation and air conditioning (HVAC) and utilities, as well as 
to bulk materials for piping, electrical and instrument tie-ins with the primary FRP. However, 
general FRP costs for such services as laboratories, personnel facilities, health physics 
support, warehousing, and shops are.not allocated to the reference recovery system. 

The total capital cost includes all plant-related costs incurred from the start of e·ngi
neering to the initiation of commercial operat1on. 

· TAOLC 4.9.11. Dissolver Off-~a~ Iodine Recovery 
System Capital Cost Estimate 

Costs, 
Man-hours, 1000s 1000s of Mid-1976 

Cost Element Nonmanua1 Manual Material Labor 

Major equipment 10 1,400 100 
Buildings and structures 60 800 700 
Bulk materials 80 1 '300 1,000 
Site improvements 10 100 

Subtotal.of direct 
site tonstruction 
costs "160 3,500 1, 900 

InrlirPr.t. site 
construction costs 40 - ::!U 700 900 
Total field cost 40 190 4,200 2,800 

Architect-engineering 
services 
Subtotal 

Owner's cost 
Tota 1 facility cost 
Estimate accuracy range 

Dollars 
Total 

1 '500 
1,500 
2,300 

100 

5,400 

1,600 
7,000 

1,400 
8,400 
2,600 

ll ,000 
±30% 

Operating Costs. Table 4.9.12 shows the operating cost components for the iodine 
recovery system. Direct labor is based on the manpower schedule in Table 4.9.4. · Process 
materials and utilities costs are based on requirements shown in Tables 4.9.5 and 4.9.6. 
The si1ver-zeo"lite costs, based on ctrl estimated price of $110/kg~ account for 70% of the 
total operating cost. This cost is subject to fluctuations in the price of silver. Annual 
maintenance materials costs are estimated at 3% of initial major equipment costs. 
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TABLE 4.9.12. Operating Cost Estimate for 
the Dissolver Off-gas Iodine· 
Recovery System 

Cost Element 

Direct· 1 abor 
Process materials 
Utilities 
Maintenance materials 
Overhead 
Mi see 11 am~Elus 

Total 

Annual Costs, 
$1000s 

54 

500 

5 

45 

40 

40 
660 ±25% 

Levelized Unit Costs. The total levelized unit cost, including·levelized capital and 
operating costs, is given in Table -4.9.13. The cost ·calculation assumes private ownership .of 

'the faciliti~s and a 15-year economic life. 

TABLE 4.9.13. Levelized Unit Cost Estimate for 
the Dissolver Off-gas Iodine 
Recovery Sys tern 

Cost Element 

Levelized capital charge. 
Levelized operating charge 
_Leveli~ed total unit cost 

Unit Cost, 
$/kg HM 

1. 40 

·.30 
1. 70 ± 40% 

4.9.1. 11 Facility Construction Requirements for the Dissolver Off-gas Iodine Recovery System 

Many factors relating to site preparation. and reference facility construction may have 
some impact on the environment, the local economy, and the natural resources of the surrounding 
area. The information that follows provides a basis for evaluating the impact of construction. 
activitie.s. 

Project Schedules and Construction ~anpower. The. ~chedule for engineering, procurement 
and construction of the iodine recovery system is an integral factor of the overall, schedule 
for the FRP. The field labor force estimated for the construction of the iodine recovery 
system is given below: 

Manual field labor 
Nonmanual field labor 

Total field labor 

Man-houl·s, 
1000s 

190 
40 

230 
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Distribution of Onsite and Offsite Costs. Onsite costs are those for all construction, 
materials and services provided at the site of the FRP, while offsite costs are those for all 
services provided, equipment fabricated or assembled, and material purchased elsewhere. The 
distribution of total costs in these categories is: 

Onsite 
Offs i te 

Total 

Costs, 
$1000s 
3,000 
8,000 

11 ,000 

Site Requirements. The iodine recovery system shares the same site as the FRP. No 
site requirements b_eyond those for the FRP are identifiable. Commitments of land for the 
reference system are included with those of the FRP. 

Water. Water used during the construction period is estimated at 2,600 m3 (0.7 ·x 106 gal). 

Constr~,Jct.ion Materials. 
Concrete 
Steel 
Copper 
Zinc 
Al umirrurll 

Lumber 

Materials committed to construction of 
l,lbU m3 

270 MT 

2.7 MT 
negligible 
negligible 

50 m3 

Energy. Energy resources to be _used 

Propane 

during construction are: 

26 m3 

Diesel 265 m3 

Gasoline 174 m3 

Electr1c1ty 
Peak demand 200 I<W 

Total consumption 130,000 kWh 

the recovery facility are:· 
(1,500 yd3) 

(300 tons) 
(3 tons) 

· (20 MBFM) 

(7 ,000 gal) 
(70,000 gal) 
(46,000 gal) 

Transportation Requirements. No transportation requirements for-the iodine recovery 
facility have been identified beyond those for the FRP. 

4.9.1.12 Effects of Fuel Cycle Options 

The refe~ence process for the dissolver off-'gas iodine recovery system assumes reproces·sing 
. . 

of LWR fuel and recycling the retrieved uranium and plutonium. The following alternative fuel 
cycle modes have also been assessed insofar as they relate to this process. 

No Recycle. Eliminating the fuel reprocessing operation eliminates the generation of 
dissolve·r and processing off-gases. Accordingly, no treatment system is required. 
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Uranium Recycle Only, with Plutonium to a Repository; This alternative is expected to 
generate about the same amount of dissolver and processing off-gas as in the uranium and 
plutonium case. 

Uranium Recycle Only, with Plutonium to HLW. This alternative would generate about the 
same quantity of'dissolver and processing off-gas as the uranium and plutonium,recycle case. 

' ' 

4.9.2 Dissolver Off-gas Carbon-14 Recovery 

Small quantities of carbon-14, released as carbon dioxide (C02) gas during spent.fuel 
dissolut'ion, are produced during fuel irradi~tion, primarily by a neutron reaction with the 
nitrogen-14 present in the fuel rods. Carbon-14 release is a concern because of the isotope's 
long half-life (5700 yr), and because it can be absorbed into the food _chain through photosyn
thesis reactions. The low concentr~tion of co2 in the dissolv~r off-gas (about 0.07 wt%) 
makes its recovery difficult. The carbon-14 content is 0.9 Ci 14c per kg of co2 (approxi-

14 } . mately 0.08% of the co2 is C02 . To date, no effort has been made to remove carbon-14 from 
FRP effluents even through procedures for co2_recovery from gas-streams are used in the 
chemical industry. 

4.9.2. 1 Process Alternatives for Dissolver Off-gas Carbon-14 Recovery 

One possible carbon-14 recovery process is co2 removal by caustic scrubbing to produce 
a soluble carbonate. (l) Two scrubbers are requir~d to recover approximately 99% of the C02. 
The addition of acid to the scrubber 1 iquid releases the co2 to an ai·r stream. ·_The air-co2 
gas fs passed into a lime scrubber, which precipitates the co2 as Caco3. The precipitated 
carbonate is filtered and dried for long term storage. Although the chemistry _for this pro
cess is well-known, recovery of co2 has not been demonstrated with dissolved off-gas. 

Another recovery process involves disso)utio~ of co2 in fluorocarbons. The separated co2 
is recovered as Caco3. This method has demonstrated high-efficiency recovery on a pilot-plant 
scale at Oak .Ridge but has not been demonstrated with actual dissolver off-gas. 

The molecuiar sieve (zeolite) ·process was selected as the refe~ence technology because of 
it~ compatibility with the cryogenic krypton removal process. Although moisture and co2 have 
been removed from ~ases by using several molecular sieves, removal has not yet been demon
strated for dissolver off-gas. 

4.9.2.2 Design Bas.is for the Dissolver Off-gas Carbon-14 Recovery System 

The following assumptions were made in the design of the reference system: 

• The carbon-14 recovery system is designed to process the effluent gas from the DOG iodine 
recovery system to retrieve 99t of the carbon-14 (DF of 102) using molecular sieves. 

• ThP. molecular sieve process for c·arbon-14 removal requires high-efficiency removal of 
nitrogen oxides and water (a DF of 103 and 106, _respectively). . 

• The carbon-14 is recovered and packaged for disposal as calcium carbonate-
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4.9.2.3 Dissolver Off-gas Carbon-14 Recovery Process 

The dissolver off-gas from the iodine recovery system (Section· 4.9.1) contains ·oxides of 
nitrogen, water vapor, tritium, and krypton. For efficient co2 removal, the oxides of nitro
gen and the w~ter vapor must· first be removed from the stream. The krypton passes through the 

. co2 removal system unaffected. The co2 is removed f~om the off-gas by molecular sieves. The 
processed gas is discharged to the APS or becomes a feed stream for the additional recovery of 
krypton. Periodically, the· sieves are regenerated and the co2 is absorbed in a Ca(OH) 2 scrubber, 
with the carbon-14 ultimately recovered as precipitated calcium carbonate (CaC03) by filtration. 

The composition of the off-gas received from the iodine recovery system (Section 4.9. 1) 
is shown in Table 4.9. 14. Figure 4.9.8 is a process flow diagram for the carbon-14 recovery_ 
system; Table 4.9.15 gives the material balance. Table 4.9. 16 describes the waste recovered 
from the reference process. 

TABLE 4.9.14. Composition of' Off-gas Entering Dissolver 
Off-gas Carbon-14 Recovery System(a,b) 

Component 

H20 

Air 

NOx 
CO (c) 

2 

Annual 
Quanity, kg 

'4 3.2 X 10 
1.6 X 106 

. 4 
5. 3 X 10 
1. 2 X 103 

Radioactivity, Ci/yr 

Fission Products 

3H 
1291 

85Kr 
90Sr + 90y 
95zr + 95Nb 

106Ru + 106Rh 
134cs ; 137 Cs + 137mBa 
144ce + '144Pr 
All other 

TOTAL 

Actinides 

239pu 
24lpl) 

Other Pu 
242cm + 244cm 

All nther 
TOTAL 

Activation Products 

14c 

8.4 X 103 

6.9 X 10-2 

1.68 X 107 

2.4 X 10-4 
2.2 X 10-5 

8.4 
6.0 X 10-4 

9.6 x 1o:: 
2.0 X 10" 
1.7xl07 

7.2 J( 10-7 

3,5 X 10-4 

1. 2 X 10-5 

3.4 X 10-5 

-6 l.R .l< 10 

4,0 X 10-4 

1. 1 X 103 

a. Based on Tables 4.9.1 and 4.9.8 without the APS contribution to. 
the release factor. 

b. Volume= 1.2 x 106 m3jyr. 
c. Includes co2 in process air. 
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TABLE 4.9. 15. Material Balance for the Dissolver Off-gas Carbor-14 Recovery System 

T:tal 
Stream Pres·sure Temperature. Flow, 
Number ~ •c .J:3L.!!!:__ __ N_ 

·Based on 24 hr/day 

1 0. 75 
2 0. 75. 

3 3.4 

4 0.75 

5 5.1 

6 5.1 

7 5.1 

8 ·5.1 

9 5.1 

10 . 5., 

Based on 8 hr/ day 

11 1.0 

12 34 

13 5.1 

14 1.0 

15 1.0 

16 0.8 

17 0.8 

;8 o. 7 

19 1.0 

20 

21 

22 

23 

24 

25 

26 

.1.0 

1.0 

1.0 

1.0 

1.0 . 

0.7 

1.0 

l5o 
350 

300 

35 

208 

35 

35 

35 

·35 
35. 

35 

35 

35 

35. 

35 

32. 

32 

32 

32 

32 

32 

32 

100 

100 

32 

32 

. 232 

232 

3.1 j 

~35 

235 

;!26 

~26 

.226 

225 

8. 73 

5.49 

4.95 

6.15 
·o.<26 

0.106 

Hi99.1 
0.220 . 

ll397 .l. 

1.80 

1099.5 

0. 72 

0.604 

0.60 

1.20 

0.221 

"•J98.D 

166 . 50.6 

166 50.8 

0.0 0.0 

171 50.8 

171 50.8 

171 50.8 

171 50.8 

171 50.8 

171 50.8 

0.0 0.0 

2.79 

2.79 

0.0 

2.78 

2. 78 

2.78 

2.78 

2.78 

2.78 

0.0 

4.152 1.271 0. 069 

0.1 Ef- 0. 051 0. 008 

4.65 1.42 0.076 

0.1E6 0;051 0.003 

O."lE6 0.·051 0.003 

0.0 0.0 0.0 

o. 166 o. 051 0. 003 

0.16' 0.051 0.003. 

0. 1.;.5 0.051 0.003 

0.16 

0.16 

0.0 

0.16 

0.16 

0.16 

0.16 

0.16 
3.8 X 10-4 

0.0 

0.0027 

o.ooc 
0.0031 

0._0001 

0.48 

0.0 

0.0048 

0.0048 

0.0041! 

4.31 

4.31 

0.0 

10.3 

10.3 

1. 56 

1. 56 

5. 28 X 10-6 

5. 28 X 10-G 

8.73 

0.0 

4.68 

0.0 

7.35 Trace 6.5 x 10-5 

7. 35 Trace 6. 5 x 10-5· 

0.0 0.0 0.0 

0.0074 0.281 6.5 X 10-5 

0. 0074 0. 281 6. 5 X 10-5 

0. 0074 0. 281 6. 5 X 10-5 

0.0074 0.281 6.5 X 10-5 

0.0074 0.281 6.5 X 10-5 

0. 0074 0. 281 6. 5 X 10-~ 

3.8 X JC-G 

3.8 X 1()-G 

0.0 
3.8 X 1(,-G 

3.8 X l(o-G 

3.8 X 10-G 

3.8 X 10-G 

3.8 X 10-G 

3.8 X 10-G 

0.09 ].3 1.2 X 10-7 

0.09 1.3 1.2 X 10-7 

0.1) 0.0 0.0 

0.09 1.3 1.2 X 10-7 

0.09 1.3 1.2 X 10-7 

0.09 1.3 1.8 X 10-8 

O.J9. 1.3 1.8 x 10-8 

0. J9 1. 3 Trace 

0.09 1.3 0.0 

1.2-x J0-7 

Trace 

5. 23 X 10-G 0. 0074 0. 586 6. 5 X 10-S 3. 8 X D-G 0 .. 09 

0.0 

1.3 Trace 

1097.9 

0.0 

1097.2 

0. 72 

1097.9 

a. 72 

(.60 

0.12 

0.00033 

1097.2 

0.0 0.0 0.0 16 o.o 0.0 0.0 

0.0 0.0 

0.0 0.0 

3.15 0.0 

0.0 0.0 

0.0 0.0 

0.0 0.0 

0.0 . 0.0 

0.0 0.0 

0.0 0.0 

0.0 0.0 

0.0 0.0 

0.0 0.0 

0.604. 

0.0 

o.o· 
0.0 

0.0 

0.0 

o·.o 
0.0 

0.0 

0.0 

0.0 

o.p 

0.614 

0.813 

0.001 

1.61 

0.313 

caco
3
· . 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.08 

0.0 

1.08 

1.08 
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TABLE 4.9.16; Description of CaCO Product 
from Carbon-14 Reco~ery System 

Volume 
Density 
Containers/yr · 
55-gal drums 
Container 
Surface dose 

Radioactivity as (a) 
fraction of input 

a. See Table 4.9.14. 

2 m3 /yr 
1. 3 x l03kg/m3 

10 

<0. 01 mR/hr. 

14c o.99 

The carbon recovery system is comprised of three basic subsystems: 1) NOx removal sub
system, 2) H20 removal subsystem, and !) co2 removal subsystem. 

NOxRemoval Subsystem. Figure 4.9.9 is a flow_diagram of the NOx removal subsystem. The 
gas from the iodine recovery system passes through an electric heater, which raises the gas 
temperature to about 350°C as required for operation of the NOx removal_ system. The gas. exits 
the heater and flows downward through a packed bed of synthetic mordenite. Near-stoichoimetric 
amounts of ammonia are added to the ·gas stream just before it enters the bed. The synthetic 
mordenite bed catalyzes the reactions: 

\ 

3N02 + 4NH3 ~ 7/2 N2 +"6H20 
and 

3NO + 2NH3 + 5/2 N2 + 3H20 

These reactions proceed essentially to completeness,(l 2) and remove ~9.9% of the NOx. Minor 
quantities of N2o are produced as a result of a competing reaction: 

ELECTRIC 
HEATER 

4N02 + 3NH3 + 7/2 N20 + 9/2 H20 

---------~--------~ 

FRO'tl IODINE 
RECOVERY SYSTEM -.J 

tO WATER 
'--..,....------+ REMOVAL 

SUBSYSTEM 

FIGURE 4. 9. 9. NOx Removal Subsystem r'low Diagram (Circled 
numbers refer to stream numbers given in 
Figure 4.9.8 and Table 4.9.15) 
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which is dependent on temperature and the water content of the gas. By keeping the tempera
ture at or above 350°C and the water content of the gas below 3%, less than 10% of th~ influent 
N02 should be converted to N20. None of the NO reacts to form N20. 

The NOx removal subsystem must operate whenever the dissolver is in operation. Spare 
heating coils are installed in the heater. If one set fails, the second set is automatically 
activated by a temperature sensor at the outlet of the heater. Two independently-piped NOx 
reactors are available, with one in use, one as spare. A high pressure drop across one is 
sensed by a differential pressure sensor across the inlet and outlet of the bed and switches 
flow automatically to the second bed. 

Water Removal Subsyste~. Figure 4.9. 10 is a flow diagram for the water removal subsystem. 
This system removes all but 1 ppm water vapor from the gas stream. ·After the NO removal . X 
subsystem, the gas is cooled to about 35°C in a heat exchanger and then compressed to 5 atm, 
which is the operating pressure required{l 3} for efficient operation of the mo·lecular sieves 
that remove water vapor and C02: 

Zeolite molecular sieves. are natura1 or synthetic crystalline alumosi licates with ion 
exchange properties. However, as ion exchangers they.are of little importance. They are 
useful as highly specific sorbents. Because of their narr6w, rigid, and useful pore structure 

0 

(3-13A) they act as "molecular sieves" which can sorb small molecules and completely exclude 
molecules which are larger than the openings in the crystal framework . 
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FIGURE 4.9.10. Water Removal Subsystem Flow Diagram (Circled numbers refer to 
stream numbers given in Figure 4.9.8 and Table 4.9. 15) 
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Gas flow from the NOx removal subsystem continuously passes through one of two compressors 
(one on line and on~ spare) to the condenser. The adsorption of water vapor and co2 on mole
cular sieves is a pressure and temperature dependent phenomenon. To operate at atmospheric 
pressure, either the temperature would have to. be drastically reduced or the retention capa
bilities of the sieves markedly decreased. (l 3) 'The compressor adds .. significant amounts of 
he't to th~ gas and increases its tempe~ature to about 2~~°C. A cooler/condenser is used to 
reduce the gas temperature to 35°C for effective operation of the molecular sieve and to 
reduce the vapor loading_in the sieve. The majority,(85%) of the water vapor is condensed 
by the compression and cooling of the gas to the operating conditions req~ired for the mole
cular sieves. 

After the gas leaves the condenser it passes through a wire mesh demister to remove any 
entrained liquid. The condensate and entrained liquid flow via gravity to a condensate hold 
tank. The gas flows downward through two zeolite molecular sieves connected in series for 
water removal. (A third sieve is always available for regeneration). 

An on-line hygrometer detects breakthrough of water vapor on the first sieve. The moni
tor leaves the system in this mode until equal concentrations of water are detected in both 
the influent and effluent streams of the first. sieve. Meanwhile, the second bed in series 
has become partially loaded. When the hygrometer determines that the first bed is·completely 
loaded,_ it se·nds a signal to a microprocessor which switches 16 two-position, 3- and 4-port 
valves, aligning the system such that the sieve originally second in the series is now first 
in series. The valving is set automatically to regenerate the first bed. When the se·cond 
bed is fully loaded, the hygrometer signals the microprocessor to switch the valve alignment 
such that the #3 bed is now the first in series with the #1 bed. The #2 bed is automatically 
valved.for regeneration. 

The first step of regeneration, purging the molecular sieve vessel of krypton, is accom
plished by a backflow of dry air (pressurized to keep the water adsorbed) routed back to just 
in front of the main compressor. After the purge is complete, the pressure on the bed is 
relieved. This pressure swing is sufficient to release most of the water adsorbed on the bed. 
However, to assure thorough removal of water from the vessel, a vacuum pump is automatically 
uctivated once the inter·iur dfltl exterior pressures equa·lize. This pump evacuates the vessel 
to 0.34 atm, and a c~ntrolled flow of 0.07 m3/min of dry air passes through the bed in the 
opposite direction of "loading" flow to flush out the last of the water. The gas contains 
minor quantities of tritium, but the major fraction of the tritium released from the dissolver 
is in the condensate hold tank in the form of HTO. 

Carbon Dioxide Removal Subsystem. A flow diagram for the co2 removal subsystem is pre
sented in Figure 4.9.11. This subsystem removes all but 3 ppm of the co2 in the gas stream by 
pa~sing the gas at approximately 5 atm and 35uc through two zeolite molecular sieves. connected 
in series. The gas, containing less than 1 ppm water vapor and less than 3 ppm C02, leaves 
the co2 removal sieves and proceeds to the krypton removal system or to the atmospheric pro
tection system (APS) and stack. Breakthrough is detected by monitors, and as with the sieves 
for water removal, the switching of beds is similarly accomplished by a microprocessor. 
Fiyun~ 4.9.12 deldih the process by wh1ch the sieves remove the C0 2 from the off-gas stream. 
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Although regeneration of the C02 sieves is accomplished according to the procedure 
described for the water sieves, less gas flow is used (0.002 m3/min) in order to maintain a 
high percentage of C02 in the stream, and the gas is diverted to the bottom of the co2 fixa
tion tower. In the tower, the gas bubbles through a saturated solution of calcium hydroxide 
(Ca(OH) 2) which reacts with the co2 to form Caco3 as follows:. 

· C:a(OH) 2 + C02 + CaC03 + H20 

This reaction converts about 99% of the C02 in the gas stream to calcium carbonate (Caco3). (l 4) 
The gas is vented from the top of the fixation tower to the hood over the .vacuum drum filter 
in order to equalize the pressure between the co2 fixation tower and the vacuum filter, thus 
preventing the liquid in the co2.fixation tower from being drawn into the filter at an ~xces

sive rate. The liquid containing the calcium carbonate flows from the fixation tower through 
a continuous vacuum drum filter which separates the calcium carbonate solid from the liquid 
filtrate. The wet cake (60% solids - 40% liquid) proceeds to a dryer where the water is 
removed. The dry calcium carbonate is sent to a drumming station for preparation for disposal. 
The filtrate from the vacuum filter passes through a gas vapor separator and the l'quid.flows 
back to the lime slaker where the calcium hydroxide is prepared. The gas. drawn through the 
vacuum pump via the vacuum filter from the fixation tower flows to the plant. APS system and 
stack. 

The co2 fixation tower is cooled by submerged tubes that circulate water at 32uc. Since 
Ca(OH) 2 solubility is an inverse function of temperature, the solution temperature must be kept 
below 35°C to prevent formation of solids in the tower. 

The co2 fixation system is only operated during the regeneration of one of the C02 
removal molecular sieves (generally. eight hours per day). While the system is not in opera
tion, the solution of calcium hydroxide is continuously recycled to prevent solid formation or 
plugging. 

4.9.2.4 Facility Description for the Dissolver Off-Gas Carbon-14 Recovery System 

The dissolver off-gas carbon-14 recovery system, desi9ned to be incorporated as an 
integral part of the reference fuel reprocessing plant, shares common use of FRP services, 
utilities, laboratories, health physics support, personnel change areas, maintenance areas, 
warehousing, shops and offices. The approximate location of the facilities housing the 
reference s,xstell) is the same as that shown earlier in Figure 4.9.2. The carbon-14 recovery 
system is designed to be added to the iodine recovery system described in Section 4.9.1. 

Figur&ls 4.9.13 ;;~nn 4.q.l4 show plan and section views of the facilities. All process 
equipment is enclosed within Category I cells and galleries constructed of reinforced concrete. 
Cells are provided with floor pans, sumps and protective .coatings to facilitate decontamination 
and to cope with possible spills. The facilities shown are enclosed within the outer walls of 
the CdLegot'Y I FRP structure. 

Major equipment items within the cells are described in Tables 4.9.17, 4.9.18 and 
4. 9.19. 
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Equipment 
Heater 
{2 coils) 
NOx reactor 
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Cooler 

Compressor 
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C02 fixation 
tower 
Vacuum filter 

Compressor 

Cooler 

Gas-liquid 
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Vacuum pump 

Lime slaker 

4.9.33 

TABLE 4.9.17. NOx Removal Subsystem Equipment 

Dimensions . Type Capacity 
Material 

Construction 

29 em {ID) 
92 em {L) 

Electrical 
resistance 

Packed bed 

·20 kW 304 ss 

304 ss 

TABLE 4.9.18. Water Removal Subsystem Equipment 

Dimensions Type Capacity / 
Mater.ia 1 

Construction 
244 cm{L) 
32 em {OD) 

244 em {L) 
32 em {OD) 

86 em {L) 
1110 em { ID) 

210 em {L) 
38 em {OD) 
182 em { L) 
73 em {D) 

Single-pass 
turbulent 
flow; 
Gasside: 
Re = 15,000 
126 tubes 
1.6 em {OD) 
2-stage 
piston 

Shell-and
.tube; sin
gle ·-passe; 
100 tubffs 

Wire mesh 

Zeolite 

Pressure 
vessel rated 
to 7 atm 

Inlet= 0.75 atm 
Outlet = 5 atm 
2.94 m3/min 
Shell side: 

· H20-@ -32°f 
Tube side: 
2.94 m3/min 
q = 1350 cal/hr 
2.94 m3;min 

0.24 m3 

316 ss 

316 ss 

316 ss 

316 ss 

316 ss ' 

316 ss 

TABLE 4.9.19. C02 Removal Subsystem Equipment 

Dimensions r' 
T~pe Capac-i-tt Mater-ia~ 

38.1 em {ID) Zeolite 2.94 m3;min 316 ss 
2.43 m {L) 
61 em (ID) Not ap- Not . 316 ss 
2.43 m {L) plicable applicable 

Drum Slurry at 316 ss 
5 kg/hr 
5.66 m3/min 316 ss 
Discharge pres-
sure= 5.1 atm 
Suction = 1 atm 

Shell- 420 kcal/hr 316 ss 
and-
tubes 
Packed 10 .Q./min 316 ss 
bed {1.42 m3/min) 

3 . 
1. 42 m /min 316 ss 
Discharge pres-
sure = 1 atm 
Suction = 0.34 
atm 

.Agitated 1200 .Q, 316 ss 
tank 

Number· 
Required 

2 

Number 
Required 

1 

2 

3 

Number 
R~utred· 

3 



4.9.34 

Shielding and Remote Handling Equipment. All operations are carried out inside shielded 
cells using remote controls and remote manipulation. ·.The compressor and pump gallery is 
normally unoccupied; personnel enter only to install or remove equipment. Entry of personnel 
into the cell or gallery is rigorously controlled to minimize exposure to radiation· and 
contamination hazards. 

4.9.2.5 Operating and Maintenance Requirements for the Dissolver Off-gas .Carbon-14 
Recovery System 

The facility operates as part of the FRP 24 hours a day, 7 days a week, 300 days of the 
year. Normal activities include monitoring the NOx' H2o, and co2 subsystems, and ~ormal main
tenance and replacement. All normal process operations are handled with remote equipment in 
the hot cell. Dose to personnel is controlled and limited to less than 1 mrem/hr. If plugging 
occurs in either of the packed-bed NOx removal vessels, the vessels must be completely removed 
and replaced. This requires the use of flanges on the inlet·and outlet of each bed. Burnt out 
electrical resistance elements in the heater must also be replaced during system shutdown. 

Compressors are inherently high maintenance items, especially the 2-stage, piston type. 
Since regular maintenance is necessary, compressors must be located outside of the cell in a 
contamination control zone. An on-line spare is provided and can be automatically activated 
if the differential pressure sensor across the·inlet and outlet registers a drastic pressure 
rlrnp. 

Backwash of the mist eliminator pad is automatically accomplished from below when a pre
determined unacceptable pressure drop develops across the pad. 

Staffing. Estimated staffing requirements for the facility are shown in Table 4.9.20. 

TABLE 4.9.20. Dissolver Off-gas Carbon-14 Recovery System Staffing Requirements 

Jnh 0Pscriptinn 

Operators 
Radiation monitors 
Maintenance craftsmen 

P0r~onnel Required, 
man-yr/yr 

1 

0.5 
0.5 

Supplies and Utilities. Table 4.9.21 shows the supplies used for the DOG carbon-14 
recovery system. Utility requirements are estimated in Table 4.9.22. 

TA~LE q,g;21. D1~~olvcr Off~g~~ c~rbon-14 ~ccovery system supply Kequirements 

Annual 
Supply Use Requirement 

~0 C02 fixation 1,450 kg 
NH3 NOx removal 21,640 kg 

3 Zeolite co2 removal 0.8 m 
3 Zeolite NOx removal 0.6 m 

Zeolite H20 removal 0.75 m3 . 
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TABLE 4.9.22. Dissolver Off-Gas Carbon-14 Recovery 
System-Utility Requirements 

Utility 

Electricity 
Water consumed 

Use Rate 

42 kW 
0.08 m3 

Annual 
Regui rement 

3 ~ 105 kWh 
550 m3 

Hazardous Materials. Calcium oxide can cause severe burns if it strikes the eyes, is 
ingested, or simult~neously contacts skin and water. Provision must be made to assure that 
calcium oxide will not be a physical contact hazard. 

4.9.2.6 Secondary Radioactive Wastes for the Dissolver Off-gas Carbon-14 Recovery 
System 

I 

Estimates of secondary radioactive wastes associated with the reference faci l_ity are 
shown in Table 4.9.23 .. 

TABLE 4.9.23. Dissolver Off-gas Carbon-14 Recovery System 
-Secondary Radioactive Wastes 

Description 
Combustible and 
compactable waste 

Volume, 
m3/year 

30 

Radioactivity Factor(a) 

a. Fraction of input activity (Table 4.9. 14, volatiles 
excluded) in secondary wastes. 

4.9.2.7 Emissions from the Dissolver Off-gas Carbon-14 Recovery System 

Emissions for the reference system are characterized in Table 4.9.24. . 
4.9.2.8 Decommissioning Considerations for the Dissolver Off-gas Carbon-14 Recovery 

System 

The dissolver off-gas carbon-14 recovery system is designed to be functional for the 
1 i fe of the FRP. At the end of the reference FRP' s operating 1 ife, the carbon-14 recovery 
system would be relatively free of external contamination. The ability to remove the solid 
sorbents aids in decontamination. Ease of retirement and removal is an important cDnsidera
tion in selecting all materials and equipment for the facility. 

4.9.2.9 Postulated Accidents for the Dissolver Off-gas Carbon-14 Recovery System 

Scenarios of postulated accidents for the carbon-14 recovery system are given in 
Tables 4.9.25 and 4~9.26. No accident that could be classified as a severe accident could 
be realistically postulated for this technology. 
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TABLE 4.9.24. Dissolver Off-gas Carbon-14 Recovery 
System Emissions 

Emission Description Annual Quantity 

Radioactivity 
Release Factor( ) 
to Atmosphere a 

Gaseous 

Other 

Dissolver off-gas 

Minor accident inte
grated annual release 
• P.vapnrated; T=38°C 
• drift, T=38°C 
• blowdown, T=27°C 
Heat 

NOX 5.3 X 1o1 kg 
N20 2.0 X 1q3 kg 

4.7 X 105 k~ 
2. 3 .X 1 OJ kg 

8.2 X 104 kg 
3.2 X 102 MW-hr 

(l.O x 109 Btu) 

3H 1. o(b) 
14c 1 x 10-2 
85Kr 1.0 

129I 1.0 
106Ru-Rh 0.9(c) 

All others 1 x 10-4 

Included in opera
tional release 

a. Fraction of input activity (Table 4.9. 14) released to atmosphere. Includes OF. from 
main plant APS where applicable. Released over 300 days/yr. Peak release rates ar-e 
approximately 10 times larger than the average rate. 

b. Removed from dissolver off-gas but ultimately re·leased via FRP excess water vaporizer. 
c. Assumes that the volatile ruthenium is not converted to particulate ruthenium by the 

time it reaches the APS. 

TABLE 4.9.25.· Dissolver Off-gas Carbon-14.Recovery System.Minor Accidents 

Accident No. 
and Description 

4.9.6- Plugged 
recovery bed. 

4. 9. 7 - Plugged 
1 i me scrubber. 

l. 

Sequence of Events 

NOx• H20, or C02 bed plugged by 
particles 

2. Loss of gas flow noted by instru
nn:m ~~~Lion. 

3. Identified bed is isolated from 
system. 

4. Dual system is switched into 
service. 

5. Plugged bed is replaced. 

1. Ca(OH)2 forms a plug in a recir
culation line to the co2 scrubber 
tower. 

2. The release of pressure on the 
C02 removal bed is stopped and 
the pressure is increased to 
stop the release of co2. 

3. The two other beds continue to 
remove co2 ("·16 hours). 

4. The plug in the C02 fixation 
tower is located and unp1ugged 
or bypassed. 

Safety Sys terns 

1. Equipment upstreain to control 
particulates. 

~- Radiation and a1r flow mon1-
t.nrino sy~tems provides con
tinuous information. 

3. The adsorber and reactor systems 
have redundant units installed in 
parallel. 

4. The beds are cap11.b ,,. nf hPi no 
remotely replaced while in 
service. 

1. Sol.ution recycled continuously to 
prevent plugging. 

2. Monitoring systems detect a p]yg 
in the tower. 

3. The two other co2 removal units 
continue to collect C02. The C02 
fixation tower is only normally 
operated for 8-hr per day. 

4. Bypass lines are available if the 
plug cannot be located within 
16 hours. 

5. The calcium hydroxide ·can be dis
·solved out of the tower· w1th water. 

Release from 
Conf i neutent 

None. 

None. 
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TABLE 4.9.26. Dissolver Off-gas Carbon-14 Recovery sy"stem Moderate Accidents 

Accident No. 
and Description 

4.g.s - Process 
shutdown with 
l~c venting. 

Sequence of Events 

1. Carbon-14 fixation system bypass
ed.for 30 days due to process 
equipment failure. 

2. Dissolver and other volatile 
recovery systems continue 
(1, Ru, Kr, H20, NOx) to operate. 

3. Equipment repaired and 14c 
fixation resumed. 

Safety Systems 

1. System can collect 14c for 16 
hours before fixation system 
needed. 

2. Radiation and airflow sensors 
monitor venting of 14C to the 
FRP main stack. 

. 3. · Sample towers used to moni
tor for increased 14C con-· 
centrations. 

Release from 
Confinement 

If the DO~ is vented 
directly to the stack, 
approximately 5 Ci of 14c 
would be released per r 
day. S i nee the current · 
practice of releasing 
all airborne carbon 
is acceptable, short 
term releases in future 
reprocessing plants 
would be considered to 
have small consequences·. 

4.9.2.10 Facility Costs for the Dissolver Off-gas Carbon-14 Recovery System 

The costs have been estimated for the dissolver off-gas carbon-14 recovery system at 
the FRP assuming it is operated in conjunction with the iodine recovery system (Section 4.9.1). 
A complete description of the cost estimate bases, assumptions and definitions is given in 
Section 3.8. 

Capital Costs. The capital cost estimate for the carbon-14 recovery facility is shown in 
Table 4.9.27, expressed in mid-1976 dollars. This estimate covers all capital costs specifi
cally resulting from the inclusion of the carbon-14 recovery facility as an integral part of 
the reference FRP. Capital costs also cover incremental additions to heating, ventilation, 
and air conditioning (HVAC) and utilities, as well as bulk materials for piping, electrical 
and instrument tie-ins with the primary FR.P. However, general FRP costs for such services 
as laboratories, personnel facilities, health physics support, warehousing, shops, and admin
istration facilities ~re not allocated to the reference system. 

TABLE 4.9.27. 

Cost Element 

Major equipment 
Bu11d1ngs and structures 
'Bulk materials 

~ Site improvements 
Subtotal of direc~ site 
construction costs 

Indirect site construction 
costs 
Total field cost 

Architect-engineering 
services · 
Subtolal 

Owner's cost 
Total facility cost 
Estimate accuracy range 

Capital Cost Estimate for the Dissolver Off-gas 
Carbon-14 Recovery System 

Man-hours, 1000s 
Nonmanua1 Manual 

10 
30 
60 
10 

110 

30 20 
30 130 

Costs, 
1000s ·of Mid-1976 Dollars 
Materia 1 Labor Tot a 1 

800 
400 

1 ,000 

2,200 

500 
2,700 

100 
400 
700 
100 

1 ,300 

600 
1 ,900 

900 
800 

1,700 
100 

3,500 

1 '1 00 
4,600 

900 
5,500 
1,500 
7,000 

±30% 
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Operating Costs. The operating cost components for the DOG carbon-14 recovery system 
' are shown in Table 4.9.28. The direct lab?r costs are based on the manpower requirements 

given in Table 4.9.20. Process materials ·and utilities costs are derived from requirements 
shown in Tables 4.9.21 and 4.9.22. Annual maintenance materials costs were estimated at 2% 
of initial major equipment cost. Overhead and miscellaneous costs were calculated as described 
in Section 3.8. 

TABLE 4.9.28. Operating Cost Estimate for 
the Dissolver Off-gas Carbon-14 
Recovery System 

Annual Costs, 
Cost Element $1000s 

Direct labor 30 
Process materials 15 
Utilities 10 
Maintenance materials 20 
Overhead 25 
Miscellaneous 10 

Total 110 + SO% 
- 25% 

Levelized Unit Costs. Table 4.9.29 gives the total levelized unit cost, including the 
levelized capital and operating components. The cost calculation assumes private ownership 
of the facilities and a 15-year economic life. 

TABLE 4.9.29. Levelized Unit Cost Estimate 
for the_Dissolver Off-gas 
Carbon-14 Recovery System 

Cost Element 

~evalized capital chargQ 
Levelized operating charge 
Levelized total unit cost 

Unit Cost, 
$/kg HM 

0.94 

_0.06 
1. 00 ± 40% 

4.9.2.11 Facility Construction Requirements for the Dissolver Off-gas Carbon-14 
Recovery System 

Many factors relating to site preparation and reference facility construction may have 
some impact on the environment, the local economy, and the natural resources of the surround
ing area. 

Project Schedules and Construction Manpower. The schedule for engineering, procurement 
and construction of facilities for carbon-14 recovery is an integral factor in the overall 
schedule for the FRP. The field labor force estimated for the construction of the car.bon-1.4 
recovery system is given below: 
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Manual field labor 
Nonmanual field labor 

Total field labor 

Man-hours, 
1000s 

130 
30 

160 

Distribution of Onsite and Offsite Costs. Onsite costs are those for all construction, 
. . 

materials and' services provided at the site of the FRP, while offsite costs are those for all 
services provided, equipment fabricated or assembled, and material purchased elsewhere. The 
distribution of tptal costs in these ~ategories is as shown: 

Onsite 
Off site 

Total 

Costs, 
$1000s 
2,000 
5,000 
7,000 

Site Reguirem~nts. The carbon-14 recovery facility shares the same site as ·the FRP. No 
additional site requirements beyond those for the FRP are identifiable. Commitments of land . 
for the carbon-14 recovery facility are included with those of the FRP. 

Water. Water to be used during the construction period is estimated at 1,900 m3 

. (0.5 ;-wo gal). 

Construction Materials. Materials committed to the facility construction are: 

Concrete 
All Steel 
Copper 
Zinc 
Aluminum 
~!umber 

690 m3 

160 MT 
1.8 MT 

negligible 
negligible 

20 m3 

Energy. Resources of energy expected to be used during 

Propane 19 m3 

Diesel 189 m3 

Gasoline 121 m3 

Electricity 
Peak demand 
Total consumption 

(900 yd3) 
( 180 tons) 

(2 tons) 

(10 MBFM)' 

construction: 

(5,000 gal) 
(50,000 gal) 
(32,000 gal) 

150 kW 
90,000 kWh 

Transportation Requirements. No transportation requirements for the carbon-14 recovery 
system have been identified beyond those for the FRP. 

4.9.2.12. 'Effects of Fuel Cycle Options 

The reference process for dissolver off-gas carbon-14 recovery assumes reprocessing of LWR 
fuel and recycling the retrieved uranium and plutonium. The following alternative fuel cycle 
modes have also been assessed insofar as they relate to this process. 
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No Recycle. Eliminating the fuel reprocessing operation eliminates the generation of 
dissolver and processing off-gases. Accordingly, no treatment system is required~ 

Uranium Recycle Only, with Plutonium to Storage. This alternative is expected to generate 
about the same amount of dissolver and process off-gas as in the uranium and plutonium recycle 
case. 

Uranium Recycle Only, with Plutonium to HLW. This alternative would g~nerate about the 
same quantity of dissolver and process off-gas as in the uranium and plutonium recycle case. 

4.9.3 Dissolver Off-gas Krypto~_R.ecovery 

Both stable and radioactive krypton isotopes are produced as fission products during fuel 
irradiation and are released during spent fuel dissolution. About 0.04 wt% of the dissolver 
off-gas is krypton. At the time of reprocessing, the only radioactive krypton isotope remain
ing is krypton-85, which makes up about 6% of the total krypton. This isotope has a half-
life of 10.7 yr and emits a medium-intensity beta radiation (0.65 MeV). Since krypton is a 
chemically inert gas, radiation hazard from its release results only from external exposure 
or an immersion dose. The only body organ appre~1ably affected is the skin. The principal 
concern with krypton-85 is for the possible long-term, worldwide accumulation in the atmosphere. 

4.9.3.1 Process Alternatives for Dissolv~r Off-gas Krypton Recovery· 

Absorption by liquid fluorocarbons has not been demonstrated for removing krypton from the 
off-gas of a commercial fuel reprocessing plant (FRP). The presence of impurities. such as nitrogen 

. oxides (NOx), H2o and co2 is also a problem. Pilot-plant development of the process has been in 
·progress at the Oak Ridge Gaseous Diffusion Plant since 1968. The fluorocarbon process has also 
been studied for use in the· Allied-General Nuclear Services and Nuclear Fuels Services fuel 
reprocessing plants. 

The use of cryogenic separation of the noble gases fr·o111 dhsolvtH' uff-yds wds selec.:ted 
as the reference process tor this report because all of the components of the process have 
been used extensively in commercial liquid air plants. In addition, a cryogenic distillation 
process has been operated intermittently at the Idaho Chemical Processing Plant to recover 
krypton-85 from fuel reprocessing off-gas for research and development applications. 

An alternative to krypton recovery is dispersal to the atmosphere. 

4.9.3.2 Design Basis for 'the Dissolver Off-gas Krypton Recovery System 

The following assumptions were made in the design of the reference system: 

• The krypton recovery system is designed to process the effluent gas from the dissolver 
off-gas (DOG) iodine recovery system for recovery of 90% of the krypton in pressurized 
gas cylinders using a cryogenic distillation process. 

• The krypton storage cylinders are filled to a 34 atm pressure and contain 104~000 Ci. of 
krypton-85. Approximately 145 cylinders are filled each year. 

• The krypton recovery facility sends 10% of the krypton~85 to the FRP stack as an opera
tional ·release. 

-. 
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4.9.3.3 Dissolver Off-gas Krypton Recovery Process 
' . 

The dissolver off-gas from the iodine recovery facility (Section 4·.9.1) contains oxides 
of nitrogen, water vapor, including tritium from the dissolver, and krypton. For efficient 
krypton removal, the oxides of nitrogen, and the carbon dioxide must first be removed from 
the stream. This part of the krypton recovery process is identical to the first ~art of the 
carbon-14 recovery process and is described in Section 4.9.2. (Figure 4.9.8 and Table 4.9.15, 
up through stream 15, give the flow diagram and material balance for the NO and co2 removal 

. X . 
process:) The processed gas is then sent to the krypton recovery system, stream 9. 

The composition of the off-'gas received from the iodine recovery system is described in 
Table 4.9.14. (Stream No. 9 in Table 4.9.15, Section 4.9.2, is the feed stream to the krypton 
recovery system.) Figure 4.9.15 is a flow diagram for the krypton recovery system and 
Table 4.9.30 gives the material balance. The krypton gas produced from this system is ·described 
in Table 4.9~31. 

Following NOx and ~02 removal, the oxygen in the off-gas is removed by converting it to 
water in a catalyic recombiner that uses hydrogen supplied by an electrolytic gen~rator. 
Oxygen is present in the gas stream at its concentration levels in air. Although a cryogenic 
noble gas recovery system can be opera~ed in an oxygen rich mode, as has been demonstrat~d at 
Idaho Chemical Processing Plant (ICPP), the advantages of an oxygen free system outweigh dis
advantages if removal can be safely and efficiently accomplished. Catalytic (platinum or 
pa 11 adi urn). recombi ners can be expected to reduce oxygen content by reaction with hydrogen to 
less than 0.01% by volume in the exit gas. The water that is produced in the recombiner is 
condensed. Part of the exit gas stream is recycled to the combiner inlet and mixed with feed 
gas and hydrogen in proportions such that ·mixed gas always contains 

1
1ess than 3% hydrogen by 

volume. (The minimum hydrogen concentration for an explosive mixture is 4%) 

Oxygen-free gas leaves the recombiner circuit at about 480°C and passes to a primary con
denser where it is cooled.to 380.C and some of the water is removed. After leaving the primary 
condenser, the off-gas (now a mixture of nitrogen, noble gases, some water and hydrogen and trace 
quantities of nitrogen oxides) is passed through a secondary refrigerated condenser to remove 
additional water to a dew point of about 2°C. Exit gas from this condenser is compressed to 
approximately 2.4 atmospheres and passed through a demister to remove any droplets of free 
water picked up from the water-sealed compressors. Gas leaving the demister can be expected 
to contain about 0.005 kg of water per kg of dry gas. To keep the.freeze out burden in the 
precoolers as low as possible, p~ocess gas is routed through a multiple-bed, silica-gel adsor
bent dryer to reduce the gas dew point to -46°C (equivalent to 0.0002 kg of water/kg of dry 
gas). The gas then enters the cryogenic absorption, stripping, distillation, and recovery 
system. 

The cryogenic system comprises precoolers, a primary absorption-stripping column, an 
argon-nitrogen stripping column and a final product fra~tionation column. 

The precoolers cool the feed gas from -4°C to -160°C and warm the primary column exit gas 
from -184°C to approximately· -l2°C. 
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TABL~ 4.9."30. Material 
. ~· 

Balance for the Krypton Recovery System 
:Total 

Stream· Flow, Flow bl Com~onent 1 kg£fir 
Number Descri~t· on ~ J!z 0 Ar ____fQz __ ____!!_zQ__ NO~t-- ___!izQ__ ~-. _ -kz-- Kr ~e ____:Hz_ ~-

Process gas feed 225 171 5il.8 2.78 3.8· X 10-4 5.28 X 10-6 7.4 X 10-3 2.8·1 X _10-l 6.5 xl0-5 3.8 X lo-6 9 .X .10-2 1.3 1.4 ·x 10-2 
(strl!iim 9, -able 
4.9.15) 

2 Hydrogen 
prodoct1on 6.4 

3 Waste oxygeo 51.2 
4 02 f~e process 

9 X 10-2 
X 10-l' gas 232 172 Tr!lce 2.78 Trace 57.2 Trace Trace . 1.3 ·Ll 

5 Condensed H~O 50.0 
6 Condensed H~O 6.6 

~ 7 Low H.20 process 
g x 10-2 X 10-l! gas 232 172 Tr!lce 2.78 0.7 Trace Trace '1.3 1.1 !0 

8 .Dried ·process gas 232 172 Tr!lce 2.78 0.009 Trace trace 9 X 10-2 1.3 1.1 X 10-l ~ 
w 

9 Cold stripped 
X 10~l process gas 221 162 2.78 -- trace 1.1 

10 LN2 supply tot a 1 60 60 
11 Cold rnitrogen gas 58 58 
12 LN2 to N2 column 

reflux condenser 2.5 2.5 
13 Feed to N2 >trip 

9 X 10._2 column . 11.3 9.g -- 1.3 
14 Feed to Kr-.<e 

fractionation 
9 X 10-2 co 1 urm 1.39 -- 1.3 

15 Kr product -- 8.1 X 10-2 2.0 X 10-2 

16 Xe stream 9 X 10-3 1.28 

/ 
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TABLE 4.9.31. Description of Packaged Waste from 
the Krypton Recovery System 

Volume (compressed gas) 6.2 m3/yr 
Containers/yr (42.5-t gas 

cylinders) 145 
Radioactivity as fraction 

of input 
Radioactivity per cylinder 
Heat per cylinder 
Container surface dose rate 

85Kr 0.9 
85Kr 104 kCi 

150 w 
700 R/hr 

Krypton and xenon in the feed gas are absorbed-condensed in the primary column by liquid 
nitrogen flowing downward through sieve plates .. Liquid. nitrogen (LN2) is not fed directly.to 
the top ~f the column.· Instead, nitrogen in the off-gas stream is condensed by a reflux 
condenser at the top of the column. Purchased LN2 is boiled inside the reflux condenser to 
absorb not only.the heat necessary to liquify nitrogen within the column, but al~o to.absorb 
column reboil heat,.cold box heat leaks, !=Onduction heat .leaks, .and.·recovery system reboil 
heat .. A closed system is used to avoid.the possiblility of oxygen contamination of the 

'process gas (commercial LN2 may contain ~0.5% 02/t). 
I 

The liquid nitrogen reflux in the primary column tower condenses and absorbs ·noble gases 
in the feed that have boiling points.above argon. Hydrogen, nitrogen and most of the argon in 
the feed, with possible trace quantities of krypton, leave the top of the column. Xenon, 
krypton, nitrogen and some argon accumulate in the reboiler at the bottom of the absorption 
column. 

The bottoms from the primary column can be distilled continuously or in batches. Avail
able data indicate that a continuous fractionation system is feasible and could have some 
advantages. A continuous fractionation system has been selected for the reference krypton 
recovery system. Primary-column bottoms from the reboi1er flow to an argon-nitrogen stripping 
column. Overheads from this column, mostly nitrogen with some argon and· some krypton, are 
recycled to recover krypton. Bottoms consisting almost entirely of krypton and xenon flow to 
a krypton-xenon separation column. It should be possible to produce a high krypton overhead· 
product and a xenon bottoms with essentially no krypton. However, it is conservatively 
assumed that the final krypton product is approxim~tely 80% krypton and 20% xenon. Krypton 
recovery is assumed to be 90%. 

Two receivers are provided for co11 ecting the 1 iquid krypton product. While one receiver 
is co 11 ecti ng product, the other one is used to fi 11 storage cylinders. The product receivers. 
store the krypton in amounts requiring cooling to remove decay heat. A receiver storing pro
duction equivalent to one 42.5 t cylinder of gas at 35 atm generates approximately 150 W in . ~ ' . 

decay heat. The receivers are cooled with gaseous nitrogen at -193°C from the reflux 
condenserS. 
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Krypton final storage cylinders are filled in a hot ·cell filling station by warming a 
krypton receiver to approximately -84°C. The product bottle is positioned at the filling 
station and is connected to the filling line. Line and bottle are evacuated before filling. 
After filling, the bottle is isolated and the fill line. evacuated back to the process. The 

0 0 

cylinders containing up to 104,000 Ci of krypton-85 at 35 atm are placed in an interplant-
lr·ansfer· slrielued container and sent to the krypton storage facility (see Section 5.6) for 
58 years of storage prior to release to the atmosphere. 

4.9.3.4 Facility Description for the Dissolver Off-gas Krypton Recovery System· 

The dissolver. off-gas krypton recovery system, designed to be incorporated as an integral 
part of the reference fuel reprocessing plant, (FRP) shares .common ... use. oLFRP._ services,-utili
ties, laboratories, health physics support, operating personnel. change areas, maintenance 
areas, warehousing, shops and· offices. The off-gas treatment system has sufficient capaci~y. 
to handle the total dissolver off-gas (DOG) stream from the reference FRP. The approximate 
location of the krypton recovery facility is the same as that shown for iodine recovery in 
Figure 4.9."2: The krypton recovery system is designed to be added to the iodine recovery 
system (see Section 4.9.1). A plan and section view of the reference facility is shown in 
Figures 4.9.16 and 4.9.17. The facility for removing C02, NOx and H20 from the incoming DOG 
is shown in Figures 4.9.18 and 4.9.19. 

I OXYGEN RECOMB I NER 
2 HYDROGEN GENERATOR 
3 HYDROGEN STORAGE GAS HOLDER 
4 RECYCLE GAS COOLER 
5 PRIMARY PROCESS GAS CONDENSER 
6 SECONDARY REFRIGERATED CONDENSER 
7 PROCESS GAS COMPRESSOR 
8 SEPARATOR -DEMI STER 

~ § 9 PROCESS GAS ORYER 

"" 10 CRYOGENIC SYSTEM COLD BOX 
~ =i IDa PRECOOLER 

lOb PRIMARY ABSORPTION COLUMN 
JOe NITROGEN STRIPPING COLUMN 

<;> 0 l!kl KRYPTON PRODUCT COLUMN 
""- JOe KRYPTON RECEIVER 

II CELL VIEWING WINDOW 

~ 
e 12 CELL ROOF HATCH 10' -Q" SO -,_ 

13 CELL ROOF HATCH 4' -Q" SO 
~ ...; 

~ 
14 CELL SHIELDING DOOR 
15 GALLERY AND IN -CELL SHIELDING DOOR 

9- 16 SUMP PUMP 

"" 17 WASTE LIQUID RECEIVER TANK 
18 BRIDGE CRANE W/POWER MAN I PULA TOR 
19 CYLINDER CARRIAGE 
20 MAN I PULATOI\ 

0 I 2 3 Meters 21 CYLINDER PASS-THRU PORT 
22/ TRANSFER CASK SUP PORT RACK 

0 5 10 Ft. 

10'-0" 3'-0" 

13. 05ml 10. 9lml 

FIGURE 4.9.16. Dissolver Off-gas Krypton Recovery 
System, Gener·a 1 P 1 an 

• 

/ 
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CELL 

A-A 

... ,..._ ..... ....,._.-tr--~ 
:_:: EXPLOSION 
. PANEL 

----, 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

RESTRICTED AREA 
FOR EXPLOSION PANELS 

FIGURE 4.9.'1/. Dissolver Off-gas Krypton Recovery System, 
Sections A-A and B-B (See Figure 4.9.16 for 
key to circled numbers} . 

All process eq1,1ipment is enclosed within Cate9or.v I cells and galleries constructed of 
reinforced concrete. Cells are provided with floor pans, sumps and protective coatings to 
facilitate decontamination and to cope with possible spills. The facili-ties shown are 
enclosed within the outer walls of the Category I' FRP structure. Because of the quantity and 
activity of krypton-85, the entire plant must be considered to present raMoactive hazards and 
must .. be designed accordingly. Dependability of equipment and accessories is essential; 
only components of the highest quality are to be used, failure analyses should be made on all 
equipment and accessory items, and redundancy should be provided in areas of significant fail
ure probabi 1 i.ty. 
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FIGURE 4.9.18. Dissolver Off-gas Krypton Recovery System, General 
Plan of Facilities for Removing Carbon Dioxide, 
Oxides of Nitrogen and Water from the Feed Stream 

.. 

In addition to the krypton ctyogenic system equipment, all of the equipment 11sted 1n 
Tables 4.9.17 and 4.9.18 for NO and water removal in the carbon-14 recovery facility, as well 

X . ' 
as the co2 molecular sieves, are required for this facility. Other major equipment items 
required for the krypton recovery system are described below. 

/ 
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FIGURE 4·.9.19. Dissolver Off-gas Krypton Recovery System, Sections A-A 
and B-B of Facilities for Removing Carbon Dioxide, 
Oxides of Nitrogen and Water from the Feed Stream 

Oxygen Rec6mbiner. The recomb1ner is a vertical, stainless steel vessel "'0.9 min 
diameter by 3m high (3 f.t by 10ft) filled with a platinum or pa,lladium catalyst on a suit
able support material to form a packed bed. 

Safety features are important in the design of the recombiner s.vstem bec:ause nf the 
explosiou IJUti:mt1al of hydrogen-oxygen mixtures. Extreme care is taken in. the design an? 
operating fea.tures to assure that the 3% hydrogen concentrati.on 1 imit is never exceeded. 

\ 

Hydrogen concentrati.on of feed to the converter is maintained below 3 vol% by recycle of exit 
gas. A water-coo'led shell-and-tube heat exchanger controls the recycle gas temperature, 
thereby controlling the bed temperature. 

Duplicate equipment is provided.throughout the recombiner step. Each packed vessel is 
provided with an explosion disc and relief piping to the outside of the building. Each vessel 
is ~nclos.ed in a three-~ided concrete barrier with the fourth side enclosed by a break-away 
explosion panel directed toward a restricted area outside the building (Figure 4.9.17). 
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Hydrogen Generator. The amount of hydrogen required for the oxygen ·recombiner--about 
m3/min--could be supplied in a number of ways, but a simple electrolytic cell ·appears most 

practical when compared tQ ammonia decomposition or outside purchase. The hydrogen generator 
produces 9.kg of H2 per hour by electrolysis of water. The hydrogen produced is at atmospheric 
pressure and is directed to an iriterim storage gas holder with a capacity of approximately 
1.4 m3. By-product oxygen produced is vented ·to the atmosphere via a separate stack. 

Recycle Gas Cooler. The two recycle gas coolers that control the temperature in the 
recombiner are conventional shell-and-tube heat exchangers made of 347 stainless steel, each 
approximately 0.4 min diameter, 2.4 mlong, with about a 19-rnl area, and requiring 0.08 m3/hr 
of cooling water. U-shaped tubes in vertical orientation are preferred, with water on the 
tube sid~ and hot gas on the shell side. 

Primary Process Gas Condenser. This condenser is of the same design ·as the recycle gas 
coo 1 er but with about ha 1 f the heat trans fer surface. The condenser, in hori zonta 1 ori entation, 
is approximately 0.3 min diameter, 2.4 m long, and require~ .Q.04 m3/hr of ~ooling water. 

Secondary Refrigerated Condenser. This condenser is of conventional stainless shell-and
tube design, with provision for bypassing in the event of mechanical failure .. A standard, 
2-ton refrigeration unit supplies necessary cooling. 

Compressors. Two compressors are required (one spare). to compress the off-gas to 2.4 atm, 
the cryogenic system operating pressure. As vital pieces of equipment, the compressors must 
be of high quality. Water-sealed compressors made of 347 stainless steel are specified; they 
must be capable of delivering 3.4 m3/hr of process off-gas at 2°C and 3.4 atm, and have a 
negative pressure of 1 atm. These compressors are simila~ to the caustic ·solution-sealed 
compressors in service at the ICPP rare gas recovery facility. 

Separator-Demister. The use of liquid seal compressors has the disadvantage of reintro
ducing water to process gas, .which enters the compressors at a dew point of approximately 2°C 
The amount of water evaporated is negligible, but free water in the form of droplets and mist 
must be separated from the gas leavi~g the compressors. This separation is accomplished in a 
catch tank 30 em (1 ft) in diameter by 122 em (4 ft) high. The tank is constructed of 347 
stainless steel; a 347-stainless-steel wire mesh pad 15 em (6 in) thick is provided at the top 
0 r Llr~ t:d tch tank. 

Process Gas Dryer. A multibed (three beds) silica gel d~yer, made of 347 stainless steel 
and with a design operating pressure of 4.4 atm, is used for process gas drying service. Each 
bed has sufficient capacity to remove water from 3.4 m3/min (120 ft 3;min} of gas at a rate of 
1 kg/hr (2.4 lb/hr) for at least eight hours before regeneration is required. The dryer system 
is equipped with timers and automatic valves to switch from drying to regenerating cycles. 
Off-gas is valved to the plant stack during regeneration. Dryers are equipped with self-
contained heaters, also automatically actuated. 
line alarms when ·gas dew point rises to -29°C. 
drying 'process gas at a rate of 2. 3 m3 /min. · 

A moisture monitor installed in the dried gas 
The dryer load is 0.8 kg/hr of water while 
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Cold Box. All equipment, piping, and accessories required to conduct the cryogenic opera
tions are located in a heavily insulated and shielded, self-contained structure called a cold 
box. This cold box has inside dimensions .of approximately 1.2 x 1.2 x 3.7 m (4 x 4 x 12ft) 
with a volume of 5.3 m3 (190 ft3). Internal temperature is -170°C during operations. The 
cold box shell structure· is leak-tight, with a controlled and monitored vent to provide con
tainment and control for process or piping leaks. 

Precooler. Process feed gas to the cryogenic system is precooled by cold waste gas exiting 
the primary absorption-strfpping column .. Present ICPP desi~n accomplishes this with regene~ative 
exchangers, which require periodic recycle operations because of direct mixing of feed and exit 
gases. Surface heat exchangers are, used in this design to eliminate mixing of the two gas 
streams. (Shell-and-tube heat exchangers are specified here, but other types of surface 
exchangers are used in the cryogenic industry and may have advantages.) The exchangers remove 

approximately 7.3 kWh. of heat per hour. The design provides electric heaters at the inlet 
for warming and thawing Orie exchanger while the ~el:ontl is in .service. 

Primary Adsorption-Stripping Column. The primary column is approximately 1.5 m (5 ft) 
high and about Hl em (I in.) 1n diameter -above ihe feetl ya~ introduction point, and about 
11 em (4 in.) in diameter below. Each section is equipped with approximate-ly 10 sieve trays. 
A reflux condenser ~hat uses purchased LN2 for· cooling is provided at the top of the primary 
column. The reflux condenser is required to evaporate an estimated 53 kg of N2 per hour 
at slightly above atmospheric pressure and at a boiling temperature of -194°C. Condensing 
pressure of gas on the column side is 2.7 atm psig; the condensing temperature is -186°C, 
creating a 6T of 8°C. These conditions require an estimated 0~5 m2 of surface for the reflux 
condenser. Liquid outflow from the bottom of the column is into a reboiler pot with a capacity 
of 10 ~ (2.6 gal) and equipped with external heating elements. All equipment in the reboiler, 
column, condenser sysem is copper with silver-soldered connections. 

Argon-Nitrogen Stripping (;olumn. The argon-nitrogen slriwiny ~.;olumn is approximately 
7.5 em (3 in,) in diameter and 1.5 m (5 ft) high. A reflux condenser at the top is cooled by 
commercial LN2 and an electrically heated reboiler is provided at the bottom. The reboiler, 
column, and reflux condenser are all constructed of copper with silver-soldered connections. 

Krypton-Xenon Separation Column. The krypton-xenon separation column is approximately 
2.5 em (1 in.) in diameter and 1m (3.3 ft) high. An electrically heated reboiler is provided 

' 
at the bottom. Construction is all of copper with silver-soldered connections. 

Krypton Receivers. Twq 6-~ krypton receivers are required. Each one holds approximately 
four days' production of liquid krypton at 170,atm and at -185"C. The jacketed l'eceivers are 
cooled with gaseous nitrogen from the argon-nitrogen stripping column reflux condenser and/or 
the primary column reflux condensor. 

Cylinder Filling Station. The gas cylinders are filled outside of. the process cold box 
but within a cell filling station (see Figures 4.9.16 and 4.9.17). The filling station cell 
is equipped with remote manipulators and a cylinder passthrough port for transfer into an 
intraplant-transfer shielded container, in which they are removed to the krypton storage 
facility nearby. 
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Shielding and Remote Handling Equipment. 'Although krypton-85 is primarily a.beta emitter, 
it does have a small component of gamma radiation (0.41% of 0.514 MeV). In addiJ:ion, when 
large quantities of beta radiation are concentrated in a container, penetrating radiation 
called bremsstrahlung is generated within the container walls as a secondary effect of absorb
ing the beta radiation. Thus, substantial shielding may be required. 

The process gas to be treated has an activity of 11.4 Ci/m3 before krypton-85 is concen
trated in the cryogenic section of the plant. Equipment used to handle this concentration 
can be adequately shielded by concrete walls 15 em (6 in.) thick; limited pe.rsonnel access 
to this equipment is required. The activity in the system increases as ttie process streams 
are enriched in krypton. The liquified final product has an activity of ~19 Ci/g. One day's _ 
production, if stored in a receiver, ~epresents a source of about 50,000 Ci. Two days' pro
duction are required to fill one 42.5 i cylinder at 35 atm. Stored as liquid, thi~ represents 
a source of nearly 104,000 Ci, requiring its own shielding (approximately 5 em of le~d) inside 
the cold box shield. 

The overall cold box krypton inventory, exclusive of the above-mentioned product inventory, 
is estimated to be 50,000 to 75,000 Ci, located almost entirely in the column reboilers and 
final product column. Shielding for these sources requires approximately 8 em lead or its 
equivalent. 

4.9.3.5 pperating and Maintenance Requirements for the Dissolver Off-gas Krypton 
Recovery System 

The reference facility operates as part of the FRP 24 hr a day, 7 days.a week, for 300 days 
of the year. Normal activities include monitoring of the NOx, H20, co2, and krypton removal 
systems and normal maintenance and replacement. 

All normal process operations are handled remotely in the hot cell. The compressors and 
pump gallery are normally unoccupied; personnel enter only to install or remove equipment. 
Entry of personnel into the cell or gallery is rigorously controlled to minimize exposure 
to radiation and contamination hazards. Where infrequent operations, instrument readings, 
~nd some maintenance activities are needed, personnel may be exposed to higher dose rates. 
In such cases the dose is co~trolled and limited to less than 1 mrem/hr. 

Staffing. Estimated staffing requirements for the facility are shown in Table 4.9.32. 

TABLE 4.9.32. Dissolver Off-gas Krypton Recovery 
System Staffing Requirements 

Job Description 
Operators 
Radi.ation monitors 
Maintenance craftsmen 

Personnel 
Required, man-yr/yr 

5 

1 

2 

Supplies and Utilities. Table 4.9.33 shows the supplies used in the dissolver-off-gas 
krypton recovery system. Utility requirements are estimated in Table 4.9.34. 
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TABLE 4.9.33. Dissolver Off-gas Krypton Recovery System Supply 
Requirements 

Descrietion Use Annual Heguirement 
NH3 NOx removal 21 ,640 kg 

·Zeolite co2 removal 0.8 m3 
3 Zeolite NOx removal 0.6 m 

Zeolite H20 removal 0.75 m3 

LN2 Cold trap 4.0 X 105 kg 

H2 02 removal ·6.6xl04 kg 
Noble metal catalyst 02 recombination Unknown 
Gas cylinders and caps Krypton storage 145 

TABLE 4.9.34. Dissolver. Off .. gas Krypton RP.c:overy System 
Ut'lllty Requirements 

~-U_t_il !~,¥ __ 
Electricity 
Water consumed 

Use Rate 

175 kW 
6 x 102 kg/hr 

Annual Requirement 

1 X w6 kWh 
4 X 106 kg 

Hazardous Materials. The operations of the krypton recovery facility involve several 
potentially hazardous materials. 

Hydrogen. The conceptual process for removing oxygen from the dissolver off-gas is to 
react it with hydrogen in a recombiner using a noble catalyst. Hydrogen for the reactor is 
generated electrolytically (other methods such as ammonia decomposition could be used) and is 
mixed with incoming process gas and a recycle stream before entering the catalytic reactor. 
The mixture is maintained at a hydrogen concentration well below its lower explosive limit. 
With gross malfunction, either the hydrogen generation equipment or the recombiner c~yld 

contain gas mixtures within the hydrogen-oxygen expiosive range. 

Design instrumentation and control schemes minimize the probability of formation of an 
explosive mixture. In addition, the equipment is installed in such a manner that, if the 
improbable explosive mixture were formed and an explosion resulted, personnel and the remain-, . 
der of the plant would be protected. To this end, the design concept places both recombiners 
and the hydrogen generator within three-sided, reinforced concrete barriers. The fourth side 
is a break-away building wall with a restricted area outside. 

Oxides of Nitrogen. Solid oxides of nitr-ogen in the presence of oxygen can explode even 
at cryogenic temperatures. Most of the oxides of nitrogl':ln thl'lt are evolved in dissolver off
gas are removed in gas processing steps prior to oxygen removal. Nitrous oxide (N20) in the 
gas entering the recombiners is converted to N2 and H20 so that with normal operation only 
trace quantities of NOx and N20 are in the gas entering the cryogenic system. A well-designed 

_and properly-operated catalytic recombiner can-be expected to reduce free oxygen to fractions 
of a part per million in exit gas, thus reducing to a very low level the probability of an 
explosive nitrogen oxide-oxygen reaction'.' 
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Ozone. With the very small amounts of oxygen entering the cryogenic system, radiolytic 
formation of ozone and the attendant possible explosion hazard are not credible. 

Oxygen. By-product oxygen produced by.the electrolytic hydrogen generator presents a 
potential hazard. However, appropriate venting and standard safety practices fqr design and 
op~ration reduce the hazard to negligible levels. 

' 4.9.3.6 Secondary Radioactive Waste for the Dissolver Off-gas Krypton Recovery System 

Estimates of secondary radioactive wastes associated with the reference facility are 
shown in Table 4.9.35. 

TABLE 4.9.35. Dissolver Off-gas Krypton Recovery 
Facility System.Radioactive Wastes 

Description 
Combustible and · 
compactable waste 

Volume, 
m3/year: 

50 

Radioactivity Factor(a) 

1 X 10-5 

" 
a. Fraction of input activity (Table 4.9.14, excluding 

volatiles) in secondary wastes. 

4.9.3.7 Emissions from·the Dissolver Off-gas Krypton Recovery System 

Facility emissions are characterized in Table 4.9.36. 

Emission 
Gaseous 

Cooling 
tower 
water 

Other 

TABLE 4.9.36. Dissolver Off-gas Krypton Recovery System Emissions 

Description 
Dissolver Off-gas 

Minor accident integrated 
annual release 
• evaporated, T=38°C 
• drift, T'=38°C 
• blowdown, T=27°C 

Heat· 

Annual Quantity 
5 3 N2 9.6 X 10 m 

. 5 3 
02 5.0 x 10 m 
H2. 8.0 x 102 kg 

3.5 X 106 kg 
1. 7 X 104 kg 

- 6.0 X 105 kg 

2:4 x 103 MW-hr 
(8.0 X 109 Btu) 

Radioactivity Releas~ 
·Factor to Atmosphere~a) 

3H l.O{b) 
14c 1 . o 
85Kr 0.1 

129I . 1.0 
106Ru-Rh 0.9(c) 

All others 1 x 10-4 

Included in operational 
release 

a. Fraction of input activity· (Table 4.9.14) released to atmosphere. Includes DF from 
main plant.APS where applicable. Released over ·300 days/yr. Peak release rates 
are approximately 10 times larger than the average rate. 

b. Removed from dissolver off-gas but ultimately released via FRP exces$ water vap9rizer. 
c. Assumt:!S that the volatile ruthenium is not c:onverted to particulate ruthenium by 

the time it reaches the APS. 
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4.9.3.8 Decommissioning Considerations for the Dissolver Off-gas Krypton Recovery System 

The facility housing the dissolver off-gas krypton recovery system is designed to be 
.functional for the life.of the FRP. At the end of the reference facility's operating life, 
the portion of the facility devoted to removing NOx' H2o, and co2 is expected to be rela_tively 
free of external contamination. The ability to remove the solid·sorbents aids in decontamina
tion. The krypton portion of the facil.ity will have very low contamination levels. Ease of 
retirement and removal is an important consideration in selecting all materials and equipment 
for the facility. 

4.9.3.9 Postulated Accidents for the Dissolver Off-gas K~pton Recovery System 

Scenarios of postulated minor and moderate accidents for the krypton recovery system are 
listed in Tables 4.9.37 and 4.9.38. No accidents that could be classified as severe could be 
l't:al i~L ically <postulated tor this technology. A moderate accident was identified, with krypton-85 
venting to the FRP stack for 30 days owing to a cryogP.nic equipment failure {Accident 4.9.ll). 
It is assumed that the FRP would be allowed to continue to operate, with venting of krypton 
for this period. A failure in the co2 removal system wo.uld al~o require k1·ypton venLiuq. 

() 

TABLE 4.9.37. Dissolver Off-gas Krypton Recovery Facility Minor Accidents 

A~cident No. 
and Description 

4.9.9 - Plugged 
1 ines. 

4.9. 10- Freezing 

Sequence of Events 

1. H20 condenser or dcmis
ter plugged. 

2. See Table 4.9.25, Acci
dent 4.9.6, numbers 2 
througti 5. 

1. Line plugs becau'se of 
accumulation of ice and 
nitrogen oxides. 

~. ~oss of o~~ flnw is 
Identified by. 
inHr unr.,rrld Llu11. 

j, Dual system is 
switched into service. 

4. The plugged system is 
warmed and purged to 
remove tho icc plug. 

5. The exchanger i~ 
r·.,Lunu~d to service. 

Safety System 

1. se~ Accident 4.9:6. 

1. Air flow monitoring system 
provides con Vi rruuus 
information. 

2. The uyogerii1. ~y~l~m lias 
r·eduudant u~1 ts i nsta 11 ed 
in paraliel. 

3. The gas flows are capable of 
being rerouted to the s~cond 

· unit whil~ the FRP is in· 
service. 

Release 

Minor leakage 
included in 
operation a 1 
releases. 

Minor leakage 
included in 
operational 
releases. 

4.9.3.10 ·Facility Costs for the Dissolver Off-gas Krypton Recovery System 

F-.timi.l.tei havi been madCt in mid-197G dollar·~, uP lrtcremental capital, operating, and 
levelized unit costs. A complete description of the cost estimate bases, assumptions and 
definitions is ~iven in Section 3.8. 

Capital Costs. The capital cost estimates for the krypton recovery system are shown in 
Table 4.9.39. The incremental capital cost for this system is determined as an addition to 
the iodine recovery system (Section 4.9.1). The estimate covers all capital costs specifically 
resulting from the inclusion of the reference facilities as an integral part of the reference 
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TABLE 4.9.38. Dissolver Off-gas Krypton Recovery System Moderate Accidents 

Accident No.' 
and Description 

4.9.11 -Process 
s~utdown, with 
1:1 Kr venting. 

4.9.12 - Oxygen 
recombiner 
explosion. 

Sequence of Events 

1. Recovery system shut 
down because of equip
ment failure. Radiation 
and airflow monitoring 
systems record venting of 
Kr directly to APS and 
and FRP main stack. 

2. Dissolver and main FRP 
continues t~ process 
for 30 days 

3. Offsite Kr concentra
tions monitored to 
assure adequate di~
persion. 

4. Equipment repaired and 
returned to service. 

1. Gases in recombiner 
reach detonation limit 
(4 vol% H2) owing to 
failure of exit gas 
recycle or poisoned bed. 

2. Gases ignite. · 

3. Rupture disk vents to 
relief piping. Choked 
flow develops. 

4. Vessel ruptures. 

5. Off-gas stream routed 
to redundant system. 

6. Failed recombiner 
replaced: 

Safety System 

1. Redundant equipment installed. 
Radiation and airflow moni
toring systems provide con
tinuous information. 

2. If repairs are not completed 
within 30 days the FRP is 
shut down. 

3. Offsite monitoring system 
installed. 

1. Instrumentation and alarms moni
tor H2 levels~ Exit gas piping 
designed to assure adequate 
recycle. 

2. No ignition sources present. 

3. Rupture disk sized for 
deflagrations and minor over
pressures. 

4. Explosion barriers and· break
away building panels provided 
to mitigate explosion energy. 

5. Redundant recombiner installed 
in parallel. 

Release 

If the DOG is 
vented directly 
to the stack 
after treatment, 
approximC!tely 
5.6 X 1 Q4 Ci 
of 85Kr would 
be released per 
day. Current 
practice allows 
complete Kr 
release. Short
term re 1 eases 
in future repro
cessing plants 
would have lesser 
consequences 

53 c1 85Kr 
released at 
ground level 
through the . 
bui 1 ding breach. 

FRP, including the costs of incremental additions to heating, ventilation, and air conditioning 
(HVAC) and utilities, as well as bulk materials for piping, electrical and instrument ,tie-ins 
with the FRP. However, general FRP costs for such services as laboratories, personnel facilities, 
health physics support, 't/arehousing, shops, and administration ·buildings have not been allo-
cated to the krypton recovery 'system. 

The total capital cost includes all plant-related costs incurred from the start of engi
neering to the initiation of commercial operation, with the exception of working capital .. 

Operilting Costs. Table 4.9.40 11sts the operating cost components for the DOG krypton 
recovery system. Direct labor costs are based on the manpower requirements in Table 4.9.32. 
Process materials and utilities-costs are derived from requirements shown in Tables 4.9.33 
and 4.9.34 .. The gas storage cylinders are estimated to cost $3,000 each and are the largest 

cost item in the operating cost, accounting for about 40% of the total. Annual maintenance 
~aterials costs are estimated at 3% of the initial ma}o~ equipment cost. Overhead and miscel-
' . laneous costs were calculated as described in Section 3,_8. 
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TABLE 4.9.39. Capital Cost Estimate for the Dissolver Off-gas Krypton Recovery System 

Costs, 
Man-hours, 1000s 1000s of Mid-1976 

Cost Element Nonmanual Manua1 Materia1 Labor 
Major equipment 20 5,400 200 
Buildings and structures 80 800 900 
Bulk materials 140 2,600 1,700 
Site improvements 10 100 

Subtotal of direct 
site construction 
costs 250 8,800 2,900 

Indirect site 
construction costs 60 50 1,000 1,400 
Total field cost 60 300 9,800 . 4,300 

Arch1tect-engineering 
services 
Subtot;:~l 

Owner's cost 
Tota 1 facility cost 
Estimate·accuraty range 

TABLE 4.9.40. Operating Cost Estimate for the Dissolver 
Off-gas Krypton Recovery System 

Cost Element 
Dire"ct labor 
Process materials 
Utilities 
Maintenance materials 
Overhead 
Miscellaneous 

Tota 1' 

Annual Costs, 
$1000s 
120 
520 
25 

160 

225 
30 

1,080 +501 
-25% 

Dollars 
Tota1 
5,600 

1,700 
4,300 

100 

11 '700 

2,400 

14 '1 00 

2,000 
16,900 
2.t_l.OO 
22,000 

±30% 

Leveliz~d Unit Costs. The trital leve~ized uni~ cost, 1ncluding levelized capital and 
operating components, is presented in Table 4.9.41.. The cost calculation assumes private owner
ship and a 15:..year .economic l.ife. 

TABLE 4.9.41. levelized Unit Cost Estimate for Lht! Dissolver 
, Off-gas Krypton Recovery System 

Unit Cost, 
Cost-Element $/kg HM 

Levelized capital charge 2.80 
·Levelized operating charge 0.60 
Levelized total unit cost 3.40 ±35% · 

I 
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4.9.3. 11 Construction Requirements for the Dissolver Off-gas Krypton Recovery System 

Many factors relating to site preparation and reference facility construction may have 
some impact on the environment, the local economy, and the natura.l resources of the surround

ing area. The information that follows provides a basis for evaluating this· impact. The 
values given below describe incremental costs for krypton recovery only when added to the 
iodine recovery system (Section 4.9. 1). 

Project Schedule and Construction Manpower. The schedule for engineering, procurement and 
construction of the krypton recovery facility and systems is an integral factor in the overall 
schedule for the FRP. The field labor force estimated for the construction of the krypton 
recovery facility is tabulated below: 

~ 

Manual field labor 
Nonmanual field labor 

Total field labor 

Man-hours, 
1000s 

300 
60 

360 

Distribution of Onsite and Offsite Costs .. Onsite costs are those for all construction, 
materials and services provided at the site of the FRP, while offsite costs are those for all 
services provided, equipment fabricated or assembled, and material purchased elsewhere. ·The 
distribution of total costs in these categories is as follows: 

Onsite 
Off site 

Total 

Costs, 
$1000s 
5,000 

17,000 
22,000 

Site Requirements. No additional site requirements beyond tQose for the FRP are identi
ficable for the krypton recovery system. Commitments of land for the reference sYstem are 
included with those of the FRP. 

Water. Water used durin~ the construction period is estimated at 4,200 m3 {1.1 x 106 gal). 

Construr.t.inn Materials. Materials committed to the reference facility construction are: 

Concrete 
Steel 
Copper 
Zinc 
Aluminum 
Lumber 

1 ,450 m3 

425 MT 

3.6 MT 
. negligible 

negligible 
50 m3 

(1,900 yd3) 
{470 tons) 

( 4 tons) 

(20.MBFM) 
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Energy. Resources of energy expected to be used 

42 m3 

416 m3 

265 m3 

Propane 
Diesel 
Gasoline 
Electricity 

Peak demand 
Total consumption 

300 kW 
200,000 kWh 

during construction are: 

( 11 , 000 ga 1) 

( 11 0 , 000 ga 1 ) 
( 70,000 ga 1) 

Transportation Requirements. No transportation requirements for the krypton recovery 
system have peen identified beyond those for the FRP. 

4.9.3.12 E_ff~cts .of Fupl. Cycle Option!; 

The reference p'rocess for the krypton recovery system ;~ ssumes reprocessing of LWR fue 1 and 
recycling the retrieved uranium and plutonium. The following alternative fuel cycle modes have 
also been assessed insofar as they relate to this sy5tem. 

No Recycle. Eliminating the fuel reprocessing operation eliminates the generation of 
dissolver and processing off-gases. Accordingly, no krypton recovery system is required. 

Uranium Recycle Only, with Plutonium to a Repository .. This alternative is expected to 
generate about the same amount of dissolver and processing off-gas in the uranium and plutonium 
recycle case. 

Uran~um Recycle Only, with Plutonium to HLW. This alternative would generate about the 
same quantity of dissolver and processing off-gas as in the uranium and plutonium recycle case. 

4.9.4 Combined Dissolver Off-gas Treatment System 

A dissolver off-gas (DOG) treatment system is described here that combines rer.nvery of 
iodine, carbon-14, and ki"YI>ton in an integrated system. This system comprises silica gel and 
zeolite beds to remove ruthenium and iodine, a catalytic reactor to remove NOx' a series of 
zeolite beds to remove H2o and co2, and a cryogenic system to recover a mixture of Xe, Kr, Ar,. 
and N2. Th~:: l·Jquified gas mixture is then fractionated to obtain a final product containing 
about 80% krypton. The co2 captured on the molecular sieve (zeolite) is desorbed and disposed 
of as solid CaC03. The iodine and ruthenium adsorber· cartridges are removed from service and. 
disposed of as waste when their capacity has been reached. The krypton is placed in high 
pressure cylinders and sent to a storage facility adjacent to. the reference fuel repror.essing 
plant. 

4.9.4. 1 Process Alternatives for Combined Dissolver Off-gas Treatment 

Process alternatives for the subsystems that compose the combined off-gas recovery system 
have been described in Sections 4,9.1.1, 4.9.2.1 and 4.9.3.1. Previous reprocessing facilities 
have removed iodine and ruthenium by various methods. Krypton and carbon have been allowed to 
be released from the FRP stack. 
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4.9.4.2 Design Basis for the Combined Dissolver Off-gas Treatment System 

The following assumptions were made in the design of the reference system: 

• The combined DOG treatment system operates 300 days per year and treats off-gas from the 
2000-MWTH/yr reference FRP. · 

• The FRP fuel shear off-gas is combined with the DOG. 

• The design volumetric flo~ is approximately 2.8 m3/min (100 ft 3/min). 

• The system is incorporated as an integral part of the FRP. 

• The combined system is ~esigned to achieve a- DF of 105 for partic~late ruthenium and 
other particles, 104 for volatile ruthenium, 103 for iodine,.lo2. for carbon-14, and 101 

for krypton. 

4.9.4.3 Combined Dissolver Off-gas Treatment Process 

The reference dissolver off-gas composition is listed in Table 4.9.1. In the iodine 
recovery facility, this off-gas is passed through a water scrubber for NOx and particle 
removal, a heater"to raise the gas temperature above the dew point, a ruthenium absorber, a 
glass fiber filter (HEPA filter) .for additional particle removal, a second heater to increase 
the temperature of the gas to 150°C, and through an iodine adsorber for recovery of volatile 
iodine. The DOG leaving the iodine recovery subsystem (see Section 4.9.1) contains oxides of 
nitrogen, water vapor, including tritium from the dissolver, and rare gases including krypton. 

The gas from the iodine recovery facility then passes through an electric heater that· 
raises the gas temperature to about 350°C, the temperature required for operation of the 
second NOx removal system. The gas exits the heater and flows through .a packed bed of synthetic 
mordenite. Near stoichiometric amounts of ammonia are added to the gas stream just prior to 
entrance of the zeolite bed that catalyzes the reaction of NOx with ammonia to produce nitrogen 
and water. 

Next, the gas flows through two zeolite molecular sieve beds connected in series for water 
removal, followed by two ·zeolite beds connected in series for co2 removal. (See Section 4.9.2 
for details concerning the carbon-14 removal subsystem). Water removal sieves are regenerated 
by releasing the pressure on the bed: Carbon dioxide removal sieves are regenerated by a 

·similar process, and the resulting co2 gas flows to the co2 fixation tower, where it bubbles 
through a saturated solution of Ca(OH) 2 to form the carbonate. The calcium carbonate is 
separated using a vacuum drum filter, th~n dried and sent to a drumming station for removal 
to final isolation. The rare gases found in the DOG are not captured by either the iodine or 
carbon recovery subsystems but are passed to the krypton recovery subsystem (see Section 4.9.3). 

The inflow stream to the krypton recovery subsystem consists primarily of air with very 
small amounts of NOx and water. The oxygen is removed as water by reacting it with hydrogen 
in a catalYtic recombiner. The hydrogen is supplied by an electrolytic generator. The gas 
is refrigerated to condense out the water and passed through silica gel dryers for final water 
removal. The gas then_enters the cryogenic absorption, stripping, distillation·, and recovery 
subsystems. The krypton gas is placed in cylinders at 35 atm pressure and sent to the krypton 
storage facility for extended storage during decay of the krypton-85 (see Section 5.6). 
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Figure 4.9.20 is a process flow diagram for the combined DOG treatment system. The 
.subsystem process flowsheets are shown in Figures· 4.9.1, 4.9.8, and 4.9.15; the chemical 
material balances are shown in Tables 4.9.2, 4.9.15 and 4.9.30. Process details are 
described in the cited subsections. Solid wastes resulting from the combined DOG treat
ment system are summarized in Table 4.9.42. 

FUEL 
--~ 

IODINE 
RECOVERY 
SYSTEM 

(4.9.1) 

DISSOLVER 

Dl SSOLVER PRODUCT 

CARBON 
RECOVERY , 
SYSTEM 

(4.9. 21 
~ 

KRYPTON 
RECOVERY 
SYSTEM 

(4.9.3) 

ATMOSPHERIC 
PROTECTION 
SYSTEM lAPS) 

(4.11) 

FIGURE 4.9.20. Process Flow Diagram for the Combined 
Dissolver Off-gas Tr:eatment System 

. TABLE 4.q.42. Description of Packaged Waste from Combined DUG "lreatment System 

Waste type and con
tained surface dose 
rate cl_~ss, R/hr 

Si 1 ver-?eO 1 i te 
<0. 2 R/hr 

CaC03 
<0. 2 R/hr 

Sil1CCI. !]Al 
adsorbant 

>10 R/hr 

Krypton gas 
cylinders 

>10 R/hr 

Volume, 
m3/hr 

7.6 

2 

0.5 

6.2 

Containers/y_r 
Density 55-gal gas 
kgfm3 drums cy_lin~ers 

700 36 

1,300 10 

700 2.4 

145 

a. Fractfon of input activity from Table 4.9.1. 

Radioactivity Factor(a) 

1291 = 1 . 0 
Other:: uegligible 

14c = Lo 
Other = negligible 

·lOGRu-Rh = 0.05 
Other "' negli gi b 1 ~ 

85 Kr = 0. 9 
Other = negligible 
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4.9.4.4 Facility Description for the Combined Dissolver Off-gas Treatment System 

The dissolver off-gas iodine, carbon-14 and krypton recovery subsystems are designed 
to be an integral part of the reference fuel reprocessing plant (FRP). The combined treat
ment system has sufficient capacity to handle the total DOG stream from the reference FRP. 
The approximate location of the facilities for the treatment system is shown on th~ plot . . 
plan for the FRP, Figure 4.9.2. Plan and section views for the iodine carbon and krypton-
removal subsystems are shown in Figures 4.9.3, 4.9.4, 4.9.13, 4.9.14_, 4.9.16, and 4.9.17. 

The combined facility includes the cells and galleries described in Sections 4.9.1, 
4.9.2, and· 4.9~3, with the exception of ~he H20, NOx and co2 removal system discussed in 
Section 4.9.3. Service and support facilities associated with the combined system include: 

• main control room area, including space on the main contra) panel 

• ventilation system for the process cells, including space for equipment and ducts 

• heating, ventilation and air conditioning of associated service and support area 

• cell handling and maintenance areas, including the bridge crane and the truck loading and 
unloading area 

• equipment maintenance areas. 

All process equipment is enclosed within Category I cells and galleries constructed of 
reinforced concrete. Cells are provided with floor pans, sumps and protective coatings to 
facilitate decontamination and to cope with possible spills. The facilities shown are enclosed 
within the outer walls of the Category I FRP structure and share common use of FRP services, 
utilities, laboratories, health physics support, operating personnel change areas, maintenance 
areas, warehousing, shops and offices. 

4.9.4.5 Operating and Maintenance Requirements for the Combined Dissolver Off-gas 
Treatment Facility 

The system operates as part of the FRP 24 hr a day, 7 days a week, 300 days a year. The 
carbon fixation portion of the facility operates 8 hours per day. Normal activities include 

·monitoring of the 1od1ne, rutheuiu111, NOx' H20, co2 and krypton removal subsystcm5, and normal 
maintenance and replacement. 

All normal process operations are handled remotely in the hot cells, and radiation dose 
rates are limited to less than 1 mrem/hr. Where infrequent operations, instrument readings, 
and some maintenance activities are required through entry into the valve and pump galleries, 
personne 1 may be briefly exposed to higher dose rates. In such cases, exposure is rigorously 
controlled.-

Staffing. Estimated.staffing requirements for the facility are shown in Table 4.9.43. 
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TABLE 4.9.43. Combined Dissolver Off-gas Treatment 
System Staffing Requirements 

Job Description 
Personnel Required, 

man-yr/yr 
Operators 
Radiation monitors 
Maintenance craftsmen 

6.5 
1. 75 

3.25 

Supplies and Utilities. Table 4.9.44 shows the supplies used in the combined dissolver 
off-gas treatment system. Estimates of utility requirements are shown in Table 4.9.45. 

TABLE 4.9.44. Combined Dissolver Off_.gas Treatment System 
Supply Requirements 

Annual 
Description Use Reguirement 

Silica qel Ru rec:overy · 0.5 m3 

Si 1 ver-zeo 1 ite 12 recovery 6.6 m 3 

CaO co2 fixation 1 ,450 kg 
NH3 NOx removal 21,640 kg 
Zeolite co2 removal 0.8 m3 

Zeol1te H20 removal 0.75 m3 

Zeolite NOx removal 0.6 m3 

LN2 Cold trap 4.0 X 105 kg 

H2 02 removal 6.6 X 104 kg 
Noble metal ca~alyst 02 recomb1nat1on . ' Unknown 
Gas cylinders and caps Kr storage 145 

TABLE 4.9.45. Comb1ned D1ssolver utt-gas Treatment System 
Utility Requirements 

Utility 

El~:~t:tr1c1ty 

Water consumed 
Steam 

Use Rote 

200· kW 

0.6 m3/hr 
42 kg/hr 

Annual 
Reyu i r·eu1~11 L 

1. 3 X 106 kWh 

4000 m3 

3 X 105 kg 

4.9.4.6 S&condary Rad1oact1ve Waste!:; for the Combined Dissolver Off-yas Tn~dtm~IIL 

System 

Estimates of secondary radioactive wastes assoc1ated with the reference facility are 
~hown in T~ble 4.9.46. 
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TABLE 4.9.46. Combined Dissol~er Off-gas Treatment System 
Secondary Radioactive Wastes 

Description 
Combustible and 
'compactable waste 80 

Radioactivity Factor(a) 

1 X 10">5 

a. Fraction of input, activity (Table 4.9.1, excluding 
volatiles) in secondary wastes. 

4 9.4.7 Emissions from the Combined Dissolver Off-gas Treatment System 

Facility emissions are characterized in Table 4.9.47. 

TABLE 4.9.47. Combined Dissolver Off-gas Treatment System Facility Emissions 

Emission 
Gaseous 

Cooling 
tower 
water 

Other 

Description 
Dissolve~ Off-gas 

Minor accident integrated 
. annua 1 re 1 ease 

• evaporated, T=38°C 
• drift, T=38°C 
• blowdown, T=27°C 

Heat 

Annual Quantity 
5 3 N2 9.6 X 10 m 

02 5.0 x 105 m3 

H2 8.0 x 102 kg 

3.5 X 106 kg 
l. 7 X 106 kg 
6.0 X 105 kg 

2.4 X 103 MW-hr 
(8 X 109 Btu) 

Radioactivity Releas~ 
Factor to Atmosphereta) 

3H• l.O(b) 
14c 1 x 10-2 
85Kr 0.1 

1291 X 10-3 
106Ru-Rh 5 x 10-5(c) 
All others 1 x lo-9 

Included in operational 
release 

a. Fraction Of 1nput act'iv'ity (Table 4.9.1) reiea!;ed to atmosphere. Includes OF from 
main plant APS where applicable. Released over 300 dayi/yr. Peak release rate 
is approximately 10 times the average rate. 

b. Removed from dissolver off-gas but ultimately released via FRP excess water vaporizer. 
c. Assumes that the volatile rutheni~m is not converted to particulate ruthenium by 

the time it reaches ~he APS. 

4.9.4.8 Decommissioning Considerations for the Combined Dissolver Off-gas Treatment 
System 

The d1ssolver off-gas recovery subsystems required to capture iodine, ruthenium, carbon 
dioxide and krypton are designed to be functional for the life of the FRP. At the end of the 
reference FRP's operating life, the recovery facilities are expected to be relatively free of 
external contamination. The ability to remove the silica gel, the silver-zeolite, the other 
zeolites (required for H20, NOx and oxygen removal), and the HEPA filters aid in decontamination. 
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4.9.4.9 Postulated Accidents for the Combined Dissolver Off-gas Treatment System 

Scenarios of postulated accidents for the combined dissolver off-gas treatment system are 
listed in Tables 4.9.9, 4.9.10, 4.9.25, 4.9.26, 4.9.37,· 4.9.38, and 4.9.48. The loss of flow 
in either a ruthenium, or iodine bed (Table 4.9.9) is considered a minor accident with no release 
to the atmosphere. The loss of flow in the co2 fixation tower (Table 4.9.25) would not shut down 
main FRP process. The recovery of co2 on the zeolite system would continue for 16 hours without 
release to the atmosphere. A torn HEPA filter (Table 4.9.9) can be isolated from the system for 
replacement; during this replacement radioactive releases would not exceed normal operational 
releases through the FRP stack. Moderate accidents were identified as a spill of the silica gel 
or zeolite during canister replacement process shutdown with volatile venting for one day, and 
venting co2 and krypton-85 to the stack for 30 days. No accidents that could be classified as 
severe accidents could be realistically postulated for this technology. 

Accident 4.9.13 illustrates the releases which may occur in the unlikely event of a complete 
failure of the off-gas treatment system. It is expected that the FRP would continue to operate 
up to one day to finish processing inventories in the dissolver. Accident 4.9.14 shows releases 
which may occur if the FRP is allowed to operate with the carbon recovery and krypton recovery 
system shut down. This may occur if problems develop in the cryogenics or molecular sieves used 
in these processes. The complete dissolver off-gas system contains many redundant components, 
and several equipment failures must occur before these releases are initiated. 

The source terms from Accidents 4.9 .. 13 and 4.9.14 have been designated as umbrella source 
terms (see Section 3.7-Basis for Accident Analyses). This means that releases from these acci
dents involved the largest amounts of activity in their release group from accidents in the waste 
management system. Source term categories are cross-indexed by accident number in Appendix A of . 

Sec:tion 3. 

4.9.4.'10 Facility Costs for the Combined Dissolver Off-gas Tt•eatment System 

Estimates have been made, in mid-1976 dollars, of incremental capital operating and level
ized unit costs for the combined DOG treatment system. A complete description of the cost esti
mate bases, assumptions and definitions is given in Section 3.8. 

CaEital Costs. The capital cost,estimates for the combined DOG treatment system shown 
in Table 4.9.49 cover all capital costs specifically resulting from the inclusion of the 
system as an integral part of the primary reference FRP. These costs also include the costs 
of incremental additions to heating, ventilation, ann i'lir i:-onditioning (HVAC) ·and util itic!j, 
as well as bulk materials for piping, electrical and instryment tie-ins with the FRP, However~ 

no general FRP costs for such services as laboratories, personnel facilities, health physics 
support, warehousing, and shops are allocated to the reference system. 

The total capital .cost includes all plant related costs incurred from the start of engineer
·iny to the initiat1on of commercial operation. 

Operating Costs. The operating cost components for the combined dissolver off-gas treat
ment system are ·shown in Table 4.9.50. Direct labor costs are based on the manpower require-
ments in Table 4.9.43. Process material~ and utilities costs are derived from the requirement~ 
shown in Tables 4.9.44 and 4.9.45. Maintenance materials costs are estimated at 3% of the initial 
major equipment cost. Overhead and miscellaneous costs are calculated as described in Section 3.8. 
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TABLE 4.9.48. Combined Dissolver Off-gas Treatment Facility Moderate Accidents 

Accident No. 
and Description 

4.9. 13- Process shut
down with volatile 
venting - one day/yr. 

4.9. 14 - Process shut
down with 14c and 8jKr 
venting - 30 days. 

Sequence of Events 

1. Both the iodine and 
ruthenium adsorber 
systems fail. All 
volatile isotopes 
02. Kr, and C) vent 
to the FRP-APS for 
one day while the 
plant shuts down. 

2. Radiation and airflow 
monitor systems detect 
venting of DOG directly 
to APS and FRP main 
stack. 

3. Dissolver and main pro
cess are shut down. How
ever DOG is shut down 
only after material in 
dissolver is processed. 

4. FRP continues to process 
until out of dissolver 
feed. 

1. Carbon-14 and krypton-85 
systems bypassed for 30 
days_ due to process equip
ment failure. 

2. Dissolver and other 
volatile recovery systems 
continue (I, Ru, H20 and 
NOx) to operate. If 
repairs are not completed 
within 30 days the FRP is 
shut down. 

3. Equipment repaired and 
returned to service. 

Safety System 

1. Redundant treatment 
modules available for 
both I and Ru. 

2. Radiation and airflow 
monitoring systems pro
vide continuous 
information. 

3. Offsite monitoring 
system is installed. 

1. Redundant equipment 
installed. Radiation 
and airflow monitoring 
systems provide continu
ous information. 

2. Offsite monitoring system. 
i s i n s ta 11 ed . 

Release 

1. If the DOG is vented to 
the stack with a gas 
flow of 2 x 105 m3/hr, 
the iodine concentration 
would be 2.6 x 105 ~Ci/day; 
the 85Kr release would be 
5.6 x 104 Ci/d~y; and the 
14c release would be 
5 Ci/day. Current practice 
allows complete Kr and C 
release. An·additional 
OF of 104 could be assumed 
for Ru as it passed through 
the APS and would.be below 
the controlled area guide
line. 

1. If the carbon-14·and 
krypton-85 are released to 
the stack, approximately 
150 Ci of 14c and 1.7 x 106 
Ci of 85Kr would be releasedj 
Current practice allows 
complete release.of carbon 
and krypton. 

TABLE 4.9.49. Capital Cost Estimate for the Combined Dissolver 
Off-gas Trea tinent System 

Costs, 
Man-hours, 1000s 1000s of Mid-1976 Dollars 

Cost Element Nonmanual Manual Material Labor Total 

Major equipment 20 6,800 300 7,100 

Buildings and structures 140 1,600 1,700 3,300 

Bulk materials 240 4,100 2,900 7,000 

Site improvements 10 100 100 

Subtotal of direct 
site construction 
costs 410 12,500 5,000 17,500 

Indirect site 
1,800 2,400 4,200 construction costs 100 80 

Total field cost 100 490 14,300 7,400 21,700 

Architect-engineering 
4,300 services 

Subtotal 26,000 

Owner's cost 8,000 

Tota 1 facility cost 34,000 

Estimate accuracy range ±30% 
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TABLE 4.9.50. Operating Cost Estimate for the Combined Dissolver 
Off-gas Treatment System 

Cost Element 
Direct labor 
Process materials 
Utilities 
Maintenance materials 
Overhead 
Miscellaneous 

Total 

Annual Costs, 
$1000s 

200 
1 ,015 

. 40 

225 
290 
80 

1 850 +50% , -25% 

Levelized Unit Costs. Table 4.9.51 lists the total levelized unit cost, including the 
levelized capital and operating components. The cost calculation assumes private ownership 
of the facilities and a 15-year economic life. 

TABLE 4.9.51. Levelized Unit Cost Estimate for the Combined 
Dissolver Off-gas Treatment System 

Cost Element 
Levelized capital charge 
Levelized operating charge 
Levelized total unit cost 

Unit Cost, 
$/kgHM 
4.20 
1.00 
5.20 ±40% 

4.9.4.11 Facility Construction Requirements for the Combined Dissolver Off-gas 
Treatment System 

Many factors relating to site preparation and reference faci lit.y construc:tion may have 
some impact on the environment, the local economy, and th!:! ndlur·dl n:!~Ouf·ces or the sun·ounding 
area. The information which follows provides a basis for evaluating this impact. 

Project Schedules and Construction Manpower. The schedule for engineering, procurement 
and construction of the combined system is an integral factor i~ the overall schedule for the 
FRP. The field labor force estimated for construction of the reference facility is tabulated 
below: 

Manual field labor 
Nonmanual field labor 

Total field labor 

Man-hours, 
1 OOOs 

490 
100 
590 

Distribution .of Onsite nnd Offsite Costs. Onsite costs are those for all ~onstruction, 
materials, and services provided at the site of the FRP, while offsite costs are those for 
all services provided, equipment fabricated or assembled, and material purchased elsewhere. 
The distribution of total costs in these categories is as shown below: 
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Costs, 
$1000s 

On site 8,000 
Off site 26,000 

Total 34,000 

Site Requirements. The facilities for the combined DOG treatment system share the same 
site as the FRP. No additional site requirements beyond those for the FRP are identifiable. 

are: 

Wate~. Water used duri·ng the construction. period is estimated at 6,800 m3 (1.8 x 106 gal). 

Construction Materials. Materials committed to the construction of the combined system 

. Concrete 2,600 m3 

All steel 660 MT 
Copper 6.4 MT 
Zinc ·negligible 
Aluminum negligible 
Lumber ·go m3 

Energy. Energy resources used during construction are: 

Propane 
Diesel 
G'aso·l i ne 
Electricity 

Peak demand 
Total consumption 

500 kW 
330,000 kWh 

(3,400 cu yds) 
(730 tons) 

(7 tons) 
negligible 
negligible 

(40 MBFM) 

( 1 7, 000 ga 1) 

(174,000 gal) 
(116,000 gal) 

Transportation Requirements. No transportation requirements for combined DOG treatment 
system have been identified beyond those for the FRP. 

4.9.4. 12. Effects of Fuel Cycle Options 

The reference process for the complete dissolver off-gas .system assumes reprocessing of 
LWR fuel and recycling the retrieved uranium and plutonium. The following alternative fuel cycle 
modes have also been assessed insofar as they relate to DOG treatment. 

No Recycle. Eliminating the fuel reprocessing operation does away with the generation 
of dissolver and processing bff-gases. Accordingly, no off-gas treatment system is required~ 

Uranium Recycle Only, with Plutonium to High-Level Waste. This alternative is expected 
to generate about the same amount of dissolver and processing off~gas as in the uranium and 
plutonium recycle case. 

Uranium Recycle Only, with Plutonium to High-Level Waste. This alternative would generate 
about the same quantity of dissolver and processing o'ff-gas as in the uranium and plutonium 
recycl~ case. 
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4.9.5 Physical Protection and Safeguards Requirements for Fuel Reprocessing Plant 
Dissolver Off-Gas Treatment Facilities 

The gaseous radionuclides 85Kr, 14c, and 129 I are the principal products in the FRP dissolver 
off-gas treatment facilities. Except for concentrated krypton gas, all of the gases are non
toxic in the amounts found in any step in the treatment facility and too low in concentration 
to be a health hazard to the public if released on site in an act of sabotage. Neither 14c, 
packaged as Caco3, nor 1'29 I, packaged as a spent silver zeolite bed, are attractive targets for 
theft and eventual dispersal or for deliberate dispersal on site as a result of sabotage. 
Krypton-85 is concentrated in a cryogenic fractionation facility and collected as a gas for 
storage in gas cylinders. In this concentrated form it could be hazardous ·in an uncontrolled 
release. The safeguards and physical protection requirements for storage of these gas cylinders 
is discussed in Section 5.6.3, 

The treatment'facilities for dissolver off-gas will be located within the vital areas of an 
FRP where the phy~ir.~l security requirements for vital areas apply. 
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4.10 PROCESS OFF-GAS TREATMENT 

Process off-gas comprises gases emitted from process vessels, storage tanks, airlift 
vents, selected fuel storage areas, aqueous concentrators and calciners at fuel cycle facili

ties. Also included with process off-gas is the secondary off-gas generated by solid waste 
incinerators and high~level liquid w~ste concentrators used for processing primary waste. 
Within each major fuel cycle facility, off-gas from the various processes are, for the most 
part, combined ,and treated as a homogeneous stream. Exceptio.ns to ·this pr.ocedure include the 
off-gas from the fuel reprocessing plant (FRP) dissolver, which requires a separate treatment 
system (see Section·4.9). The treatment of process off-gas is designed to remove radioactive 
particles, gases and toxic chemicals from the off-gas before it is released to an atmospheric 
protection system (see Section 4.11) or to the biosphere. 

4.10.1 Process Off-gas Treatment at the Fuel Reprocessing Plant 

Off-gases from the fuel storage process vent and from all of the process vessels within 
the reference 1 FRP except the fuel ·shear and dis~olver, the UF6 off-gas system, and the excess_ 

. H2o vaporizer are treated by the vessel off-gas (VOG) system. This system is designed to remove 
particles, iodine, and oxides of nitrogen from the off-gas before it is released to the atmos
pheric protection system (APS) for final filtration and discharged through the main·FRP stack. 

4.10.1 .1 Alternative Vessel Off-gas Treatment Methods 

Alternativ-es for iodine recovery have been described in Section 4.9.1.1 for the FRP 
dissolver off-gassystem; these same alternatives also apply to the VOG system. A-1-te-r-na-t:iv.e-
particle removal systems have been described in Section 4.8. 

The system for removing oxides of nitrogen (NOx) is identical to the process described in 
Section 4.9.2.3 selected for the FRP vessel ·aff-gas system. This technology, which is based on 
catalytic reduction by NH3 and removes 99.9% of the NO in the off-gas stream, is relatively 
new; it was selected, however, after reviewing and rej~~tihg the following alternatives:(l)· 

e Release without recovery. This alternative was considered unacceptable. 

• Aqueous scrubb1ng technology. With this method, removal efficienci~s above 70% are 
·seldom obtained. 

• Nonselective, gas-phase reduction. This process was tested by the Atlantic Richfield 
Hanford Company and by American Cyanamid, who report that about 90% abatement of 1% NOx. 
in air can be obtained when the off-gas reacts with a reductant such as H2, CO, CH4 
or propane. 

4.10.1 .2 Vessel Off-gas System Design Basis 

The design basis VOG composition is shown in Table 4.10.1. The following assumptions were 

made in the design of the reference facility: 

• The ve~sel off-gas treatment system operates 365 days a year.and treats off-gas from the 

2000-MTHM/yr FRP and its storag~ ba~in. 
I 
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• .The design volumetric .flow is approximately 139m3/min (4900 ft 3/min). 

• The facility is incorporated as an integral part of ·the FRP. 

• The system is designed to achieve a decontamination factor (DF) of 103 for particulate 
ruthenium and other particles, 101 for volatile ruthenium, and 103 for iodine. 

TABLE 4.10.1. Fuel R~processing Plant Vessel Of~-Gas(a,b) 

Annual 
ComQonent Quantit,x:, kg 

H20 4.4 X 105 

I 2.4 
Air 9.4 X 107 

NO 
X 

5.!) ll 

.., 
lOL 

Radioactivity, Ci/yr 

Fission Products· 
3H 

1291 . 

05Kr 
90sr + 90y 
95zr + 95Nb 

1 06Ru + 1 06Rh 
134cs + 137cs 

+ 137mBa 
144ce + 144Pr 

All Other 
Total 

Actinides 
239p 

.1.1 

241Pu 

Other Pu 
242cm .,. 244cm 

All Other 
Total 

8.4 X 102 

3.5 X 10-l 

1.711101 

2.4 X 101 

2.2 
7.6 X 101 

6.0 X 101 

9.6 X 101 

2.0 X 101 

1. 1 X 1 o3 

7,2 X 10-2 

3.5 X 101 

1,2 

3.4 
1.8xl0-l 

4.0 X 101 

.a. Based on waste characterization Table 3.3.27 
assuming uranium and plutonium recycle, 20b0 MTHM/yr 
reprocessed 1.5 years out of reactor. 

b. Volume = 7.3 x 107 m~/yr. 

· 4.10.1.3 Vessel Oft-gas Treatment Process at the Fuel ~eQrocessing Plant 

Figure 4.10. 1 is a process flowsheet for the VOG system; the material balance is given 
in Table 4.10.2. The iodine recovery process portion of the flowsheet is described in 
Section 4.9.1 and is based on both bench-scale and plant operating experience. (2) The NOx 
removal process is described in Section 4.9.2. Table 4.10.3 lists the major components of 
the VOG system and summarizes their function. 
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FIGURE 4.10.1. Process Flow Diagram for fuel Reprocessing Plant Vessel Off-gas System 
(Circled numbers refer to stream numbers given in Table 4.10.2.) 

TABLE 4.10.2. Material Balance for Fuel Reprocessing Plant Vessel Off-gas System 

Total Total 
Stream Temperature,. F-l~w. F. low, Flow b.)C Comeonents 1 kglhr . 
Number •c m3Lhr kglhr _N_ _o_ fu:__ ~ ~Q__ _I __ Kr NO ____t!!!z_ NH3---1 35 8,340 10,783 8,111 2,480 137 5.4 50 3 X 10-4 Trace 0.07 

·2 35 1,000 1,000 

3 35 9,020 10,944 8,111 2,480 137 5.4 211 3 X 10-4 Trace 0.07 

4 45 9,313 10,944 8,111 2,480 137 5.4 211 3 X 10-4 Trace 0.07 

5 150 12,385 10,944 . 8,111 2,480 137 5.4 211 3 X 10-4 Trace 0.07 

6 350 18,245 10,944 8,111 2,480 137 5.4 211 3 X 10-7 Trace 0.07 

35 9,020 10,944 8,111 2,480 137 5. 4 211 3 X 10-7 Trace 3 X 10-S 3 X ·10- 3 

8 300 0.03 0.03 

9 

10 j!) 839 839 

Solid Waste, 
m3Ur 

7.5 

Gaseous emissions from the various process vessels and from the FRP spent fuel storage 
basin are collected in subheaders and are fed to the bottom of the off-gas scrubber-deentrainer. 
In the scrubber section, the gas stream is contacted with 17 ~/min of water from the radioactive 
waste distillate system. The scrubber-deentrainer, along with a second deentrainer, remove 
entrained water droplets to protect the glass fiber filters and iodine adsorbers. Water vapor 
i!; reduced to less than 3 vol%. The bottoms stream from the scrubber and deentrainers .is 
recycled to the radioactive waste concentrator. The particle DF is assumed to be 102 for the 

· scrubber-deentrainer. No DF is assumed for iodine although partial removal is expected. 
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Name 

Scrubber-deentrainer 
Oeentrainer 
Heater 
Glass fiber filter 
Heater 
Iodine adsorber 
Iodine back-up adsorber 
Exhaust. hlowP.r 
He;:~ter 

NOx reactor 
Effluent heat exchange 

Cooler 
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Major Components of the Fuel Reprocessing 
Off-gas System 

Function 

Removes particles from VOG 
Removes water vapor from gas stream 
Increases gas stream temperature to 45°C 
Removes particles from gas stream 
Increases gas stream temperature to 150°C 
Re1110ves iodine from gas stream 
Retains iodine breaking through on iodine adsorber 
Motivates gas flow 
Increases the gas to 350°C 
Convert~ the NOx Lu N2 a1id 1120 
Heat recovery prior to exhausting gas to cooler 
and APS 
Reduces the exhaust gas to 35°C prior to APS 

The off-gas stream exiting the top of the second deentrainer is heated to 45°C by an electric 
heater and passed through a packaged glass fiber high-efficiency filter to remove· additional 
particulate matter (OF= 101). The gas is then heated to 150°C and passed through the iodine 
recovery system (OF= 103), which contains a silver-impregnated adsorbent. The gas from the 
iodine recovery system is partially heated by the exit gas from the NO reactor and then 

X 
passed through another electric heater, which raises the gas temperature to that required for 
operation of the NOX removal system (about 350°C). Tre gas exits the heater and flows down
ward through the NOx reactor. After passing through the NOx removal subsystem, the gas 1s 
cooled to about 35°C in a heat exchanger and cooler before beiny released to the APS. 

The NOx composition 1n the vessel off-gas stream is about 7 ~ 10-4 wt% but varies consider

ably because of the variety of incoming off-gases. No NO decontamination is assigned to the 
X 

off-gas scrubber-deentrainer because of the low concentration of the incom1ng gas. The NOx 
s.Ystem(J) removes 99.9% of the NUx in the VOG by react1ny auuuunia with the oxides of nitrogen 
in the presence of a synthetic mordenite catalyst at temperatures of about 350°C. Some N20 is 
produced as a result of a competing reaction:.-· 

This reaction is dependent on temperature and on the water content of the gas. By keeping the 
temperature at or above 350°C and the water content of the gas below 3%, less than 10% of the 
influent N02 should be converted to N2o. None of the NO reacts to form N20. 

The NOx system functions continuously while the plant is in operation. Two independently 
piped NO preheaters and NO reactors are available, with one in use and one as a spare. A 

X X 
high-pressure drop across one reactor is sensed by a differential pressure sensor across the. 
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inlet and outlet of the bed, .which switches the"-flow automatically to the second bed. If plugging 

occurs in either of the packed-bed NOx removal vessels, the vessel must be removed and replaced. 
This requires the use of flanges on the in 1 et and outlet of each bed. Provi.s ion is made to 
replace burnt-out electrical resistance elements in the NO preheater. 

, X 

During vessel off-gas system operation, the deentrainers occasionally plug and require 
washing with water or acid; spray nozzles are installed in the deentrainers for that purpose. 
It is recommended that the deentrainers be washed when the mesh pad pressure· drops to three 
times the nominal pressure drop' (~P). ~ no~~nal. ~P of 5 em H2b is estimated for the scrubber
deentrainer. · The nominal ~p for the second. deentrainer is 3 em H20 .. A wash solution flow of 
about 27 ~/min would be required to unplug the former and a flow of 72 ~/min to unplug the 
latter. 

The iodine beds are operated until iodine is detected on the exit side of the cartridge. 
At this breakthrough, the radiation monitors alarm·and the gas flow is switched to the parallel 
system. 

4.10.1.4 Facil"ity Description for the Vessel Off-gas SystEiu 

Figure 4.10.2 shows the approximate location within the FRP of the facility that houses 
the vessel off-gas system. A pla·n and section views of the VOG facility are shown in 
Figures 4.10.3, 4.10.4, and 4.10.5. 

The VOG facility shares FRP services, utilities, laboratories, health physics support, 
personnel change areas, maintenance areas, warehousing, shops and offices. The facility is 
housed within three cells, one remote and two contact. The packed glass fiber fflter, which 
will probably f~st.the life of the plant, is in the remote cell. Other particle and iodine 

removal equipment is in one contact cell, and the NOx destruction equipment is in the other. 
Gas blowers are in individual, shielded niches outside the ce}ls. Shielded labyrinth entries 
to the contact-maintained process areas are used for personnel access. Hatches in the ceilings 
of the cells are provided for major equipment access; an overhead bridge crane is used in the 
area above the cells. 

All process equipment is enclosed within Category I cells and galleries, constructed of 
reinforced concrete. Ce n s are pro vi de d. with floor 1 i ners, sumps and protective coatings to 
facilitate decontamination. The facilities for the VOG system are, in turn, enclosed within 
the outer walls of the Category I FRP structure. The area above the cells is structural steel 
with insulated metal walls and roof. 

Scrubber-Deentrainer .. The deentrainment portion of the scrubber and mist eliminator has a 
1-m diameter. This provides face velocity of 200 rn/m1n 1n a coarse mesh pad (of austenitic 
stainless steel) in the top of the column that removes.approximately 99% of the entrainment. 
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FIGURE 4.10.5. Fuel Reprocessing Plant Vessel Off-gas System 
Section B-B (See Figure 4.10.3 for number key.) 

Deentrainer. Figure 4.10.6 shows the second deentrainer in the VOG system. This deen
trainer is a high-efficiency type contained in its own vessel. Its removal efficiency is 99.8% 
for droplet sizes up to 3 )Jm. A design face velocity of 75 m/min is achieved using a 1.5-m 
diameter vessel. rhe mesh 
overall height of 100 em. 
acid conditions. The pads 

pad is located 75 em from t~e bottom uf the ve~sel_, wl·dch has an 
Austenitic stainless steel construction is required because of the 
are fabricated of fine metal wire; typically, titanium wire is used 

in· stainless steel equipment. 

Off-gas Heaters. The glass fiber filter, the iodine a~sorber, and the NOx reactor each 
require a preheater to adjust the tempe~ature .of the inflow gas stream~ Preseht design of 
these heaters is limtted to their po~er requirements. ·The filter preheater is controlled to 

. give a l0°C temperature increase to the gas. It requires 30 kW of power during normal opera
tion and J design heater installation of 45 kW. The iodine adsorber preheater is co~trolled to 
give 150°C ·in the outlet and requires a nominal heat load of 140 kW and a design heater instal

lation of 200 kW. The NOx preheater is automatically controlled to give 350°C in the outlet; 
it requires a nominal heat load of 150 kW and a design heater installation of 200 kW. Austenitic 
stainless steel construction is recommended for all three heaters. 

Packaged:G1ass Fiber·Filter. The glass fiber filter (F1gure 4.10.7) 1sa tank-type( 4) 
structure containing layers of glass fiber filter medium. Fiber glass is used because of its 
resistance to corrosive nitric acid vapors. The glass fiber has a diameter of 20 \Jm and is 
bulk-packed in layers to densities ranging from 25 kg/m3 (1.5 lb./ft3) at the gas inlet to 
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FIGURE 4.10.7. Glass Fiber Off-gas Filter( 4) 

150 kg/m3 (l.5 to 9 lb/ft3) at the gas outlet. Wire mesh separates each layer. The unit is 4 m 
in diameter and is designed for a superficial flow velocity of 5 to 15m/min (15 to 50ft/min) 

and for a particle retention efficiency of about 99%. for 0.7-~m particles. The design 

permits high filtration efficiency, high particulate loadings and long service life. The unit 
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is equipped with backflush (radioactive waste recycle water) and drain lines to permit partial 
decontamination and reduction of pressure drop without removal. The unit is assumed to serve 
for the life of the FRP. 

Iodine Adsorbers. Figure 4.10.8 shows a typical iodine adsorber. (4) The halogen inven
tory in the vessel off-gas is about 2350 g of iodine per year. The adsorbent train provides an 
iodine decontamination factor (DF) of 103, and is the only iodine recovery method provided for 
in the VOG system. The adsorbent is silver-zeolite, containing 12 wt% silver, and has a dry 
density of 0.68 g/cm3. The adsorbent is held in place by wire mesh screen. over a m~tal grid. 
The adsorber bed is designed for a superficial flow velocity of about 15m/min (50 .ft/min) with 
a 4-m (13ft) diameter 304L stainless steel vessel. The bed is 1m (3.3 ft) deep and contains 
12.6 m3 (444 ft3) of the silver-zeolite, weighing 8.6 x 103 kg .. An 80% bed loading is used to 
give an average loading of 0.08 g of iodine per cm3 The iodine adsorber is assumed to serve 
for the life of the plant; however, actual experience may require more. frequent replacement. 

IODINE 
ADSORBENT 

MATERIAL WITH.IN 
CONTAINER SCREEN 

GAS OUTLET 

FIGURE 4.10.8 .. Iodine Adsorber( 4) 

Two iodine adsorbers are used in series so that failure of one w1 1 1 not result in a sig-
. nificant increase in iodine released to the environment, Each adsorber is equipped with an 

iodine monitor to detect breakthrough. The iodine-129 samplers are positioned before and after 
the primary and back-up iodine adsorbers. The sampling systems comprise small heated beds of 

·· silver-zeolite positioned on top of lithium-drifted 9ermanium detectors; these detectors 
measure the 30 keV x-ray from iodine-129. A fraction of the off-gas stream is drawn con
tinuously through the sampling system; however, the samplers must be evacuated to remove 
krypton-85 prior to measurement. A multichannel analyzer with sequential switching is used to 
monitor a given sampler at a desired frequency. 



4.10.ll 

NOW Reactor. The NO reactor is 3 m (9.8 ft) in diameter and 1.8 m (6 ft) high. The 
-" X 

·reactor contains 5100 kg (11,000 lb) of catalyst (synthetic mordenite) bed. Both inlet and 
outlet lines are 0.4 m (15 in.) in diameter. The vessel is designed for a pressure of 30 psig 
and a temperature ·of 460°C. The shell, heads, and internals are constructed of 321 stainless 
steel. 

Shielding and Remote Handling Equipment. Two of the facility's cells are contact main
tained; one is remotely maintained. Shielded labyrinth entries to the process area are used 
for personnel access to the contact-maintained cells. Dose rates are limited to less than 
1 mrem/hr, and during entry total exposure is rigorously controlled. For sorbent replacement, 
the large volume of sorbent may require remote ·transfer to storage barrels. 

4.10.1.5. Vessel Off-gas System Operating and Maintenance Requirements 

The VOG system operates as part of the FRP 24 hours a day, 7 days a week, 365 days a year. 
Normal activities include·monitoring the iodine, scrubber, and NOx systems, and routine equip
ment maintenance and replacement. 

' 
Staffing. Estimated staffing requirements for the VOG facility are shown in Table 4.10.4. 

TABLE 4.10.4. Fuel Reprocessing Plant Vessel 
Off-gas System Staffing 
Requirements 

Job Description 

Operators 
Radiation monitors 
Maintenance craftsmen 

Personnel Required, 
man-yr/yr 

2 

2 

I 

Supplies and Utilities. Table 4.10.5 shows th~ supplies used in the FRP vessel off-gas 
system. Estimated utility requirements are shown in Table 4.10.6. 

TABLE 4.10.5. 
--·-·-·~··-····'•" ...... . 

Supply 

Zeolite(a) 

NH 3 

Fuel Reprocessing Plant Vessel Off-gas 
System Supply Requirements 

Use 

NOx removal 
NOx removal 

Annual Requirement 

12.6 m3 

216 kg 

a. Removed only when necessary. 

.I 
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TABLE 4.10.6. Fuel Reprocessing Plant Vessel Off-gas 
System Utility Requirements 

Util it,t Use Rate Annual Reguirement 

Electricity 500 kW 2.3 X 106 kWh 
Steam 500 kg/hr 3. 6 X 106 kg 
Water 

1.6m3/hr 1. 2 x 104 m3 consumed 

4. 10. 1.6 Vessel Off-gas System Secondary Radioactive Wastes 

Estimates of secondary radioactive wastes associated with the reference facility are 
shown in Table 4.10.7. 

TABLE 4.10.7. Fuel Reprocessing Plant Vessel 
Off~gas System Secondary Radio
active Wa~te~ 

Description 

Combustible and 
compactable waste 

Vu 1 urut!, 
m3/yr 

80 

Radioactivity Factor(a) 

1 X 10-5 

a. Fraction of input activity (Table 4.10.1, excluding 
volatiles) in secondary wastes. 

4.10.1. 7 Vessel Off-gas System Emissions 

Facility emissions are characterized in Table 4.10.8. 

4.10.1.8 Vessel __ Off-gas System Decomm..i.?.s.Jq.n.J!:l.9 ___ Considerations_ 

The facility housing the FRP vesse'l off-gas system is des1gned to be fundional fOl' the 
life of the plant. The cells are provided with floor liners, sumps and protective coatings to 
facilitate decontamination. The glass fiber packed filter and the silver-zeolite column will 
probably last for the life of the ·plant and will be part of the FRP decommissioning waste. 
It is expected that at the end of the FRP faci I i ty; s operating 11 fe the vessel uff-ya:> facility 
will be relatively free of contamination, with the exception of the iodine-loaded silver-zeolite 
cq·lumn. 

4.10.1.9 Postulat~~--~~_cj__~_ents of the Plant Vessel Off-gas System 

Scenarios of postulated accidents for the FRP vessel off-gas system are listed in 
Tables 4.10.9 and 4.10.10. One of the postulated minor accidents is identical to Accident 4.9.1 
described in Table 4.9.9 for the FRP dissolver off-gas system. No accidents that could be clas
sified as severe accidents could be realistically postulated for this technology .. 
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TABLE 4.10.8. Fuel Reprocessing Plant Vessel Off-gas System Emissions 

Emission Description 

Gaseous Vessel Off-qas 

Annual Quantity 

Air 7.7 x 107 m3 

Radioactivity 
Release Factor 

to Atmosphereta) 

N20 2.1 X 101 kg 
NOX 2.5 x 10-l kg 

1.0 (c) 
5 X 10-2 . 

1 All ·others 

X 10-3 

1 x 1 o~7 

Cooling tower 
water: 

Other 

Minor accident 
integrated 
annual release 

evaporated 
T = 38°C 

drift 
T = 38°C 

blowdown 
T = 2JDC 

heat 

1.0 X 107 kg 

5.0 X 104 kg 

1.8 X 106 kg 

6.7 x 103 MW-h~ 
(2.4 x 1010 Btu) 

Included in 
. operational 

release 

a. Fraction of input activity (Table 4.10.1) released to atmosphere. Includes 
DF. from,main plant APS where .applicable. Released over 365 days/year. 

b. A portion of the tritium will be removed from the vessel off-gas and released 
.via the FRP excess water vaporizer. 

c. Assumes that the volatile ruthenium is not converted to particulate ruthenium 
by the time it reaches the APS. 

TABLE 4.10.9. Minor Accidents of the Fuel Reprocessing Plant Vessel Off-gas System 

Accident No. 
and Description 

4. 10.1 Plugqed iodine 
bed. 

4.10.2- Packaged glass 
fiber filter breached. 

1. 

2. 

3. 

4. 

5. 

Sequence of Events Safety Systems Release 
See Accident 4.9.1 in Table 4.9.9, Section 4.·9.1 None 

Filter media damaged 1.· Filter DOP tested before None. 
because of improper and after installation. 
installation. 
Loss of filtration 2. Radiation and airflow 
noted by alarm. monitoring systems pro-

vide continuous moni-
toring. 

Filter sys tern is 3. The off-gas continues 
by-passed. tu be fi 1 tered by the 

APS before being 
released. 

FRP shutdown. 4. The packaged filter can 
be replaced during FRP 
shutdown. ·, 

Damaged .fi 1 ter . is 
replaced. 
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TABLE 4. 10. 10. Moderate Accidents of the Fuel Reprocessing Plant Vessel Off-gas System 

Accident No. 
and Description 

4. 10.3 - VOG system 
shutdown. 

Sequence of Events 
1. Both iodine adsorbers 

fa i 1. 

2. Radiation and airflow 
monitors detect vent
ing to FRP APS. 

3. FRP fuel storage 
facility cont1nues 
to operate. 

4. Dissolver and main 
FRP process shut
down. FRP continues 
to process until out 
of dissolver solu
tion. 

Safety Systems 
1. Radiation and airflow 

monitoring is con
tinuous. 

2. Receipt of additional 
fuel in the storage 
facility limited 
until repairs in the 
FRP are completed. 

3. Dissolver is shut 
down after processing 
materia 1 -in di ssolvel'. 

4. FRP remains down 
until repairs are 
c.:omp1eted. 

5. FRP fuel storage 
facility limits 
activities to reduce 
process off-gas to 
minimum. 

4.10.1.10 Facility Costs for the .. Vessel Off-gas System 

Release 
If the VOG is vented 
to the main stack, 
which has a ~as flow 
of 4 x 105 m /hr, the 
iodine release con
centration would be 
1 x lo-10 ~Ci/cm3. 
This is below the 
maximum permissible 
concentration for 
soluble and insoluble 
species in air. 

Estimates have been made, in mid-1976 dollars, of capital, operating and levelized unit 
costs. A complete description of the cost estimate bases, assllmptions and definitions is 
given in Section 3.8. 

Capital Costs. The· capital cost estimate for the FRP vessel off-gas treatment facility is 
shown in Table 4.10.·11. The estimate covers all capital costs specifically resulting from the 
inclusion of the VOG treatment facility as an integral part of the primary reference FRP. It 
also includes the costs of incremental additions to HVAC and to utilities, such as electrical 
supply from the substation, steam. wiltP.r, and compressed air, us well as bulk ·mdLerials for 

~ 

piping, electrical and instrument tie-ins with the prim<~ry FRP. A portion of shured galleties 
outside the process _cells and central control room space is illso included as part of the incre~ 
mental additions. No illlocation is made of general FRP costs for such services as laboratories, 
personnel facilities, health physics, warehousing, shops, administration ~uildir1g, and so on. 

The total capital cost includes all plant-rel~ted costs incurred from the start of engi
neering to the initiation of commercial operation, with the exception of working capital. 
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TABLE 4.10.11. Capital Cost Estimate for the Fuel Reprocessing· Plant Vessel 
Off-gas System 

r4an-hours' Costs, 

Cost Element 

Major equipment 
Buildings and structures 
Bulk materials 
Site improvements 

Subtotal of direct 
site construction 
costs 

Indirect site 
construction costs 

Total field cost 

Architect-engineer 
services 

Subtotal 
Owner's cost 

Total facility cost 
Estimate accuracy 

range 

1 OOOs 
filonrnanual f¥1anual 

7 
360 

85 

452 

120 90 

120 542 

1000s of Mid-1976 Dollars 
r~ater'lal Labor ·rota 1 

1,350 90 1 ,440 
1,780 4,310 6,090. 
1,680 1,029 2,700 

4,810 5,420 10,230 

1,980 2,630 4,610 

6,790 8,050 14,840 

2,660 

17,500 
5,300 

22,800 

±25% 

. Operating Costs. Direct labor costs are based on the manpower schedule shown in 
Table 4. 10.4. Process material costs are based on requirements shown in Table 4. 10.5. The 
cost of silver-zeolite, estimated at $110/kg, is a one-.time charge in the first year of facil

ity operation. Utility costs are based on requirements given in Table 4.10.6. Table 4.10.12 
shows the operating cost breakdown. Maintenance materials costs are es~imated at 5% of major 
equipment costs. 

TABLE 4. 10.12. Operating Cost Estimate for the Fuel Reprocessing Plant 
Vessel Off-gas System 

Cost Element 
Direct labor 
Process materials (silver-zeolite) 

Utilities 
Maintenance materials 
Overhead 
Miscellaneous 

Total 

Annual Costs, 
$1000s 

First Year Subsequent Years 
80 80 

1 ,880 0 

60 60 
40 40 

100 100 
70 70 

2,230. ±25% 350 +50% 
-25% 
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Levelized Unit Costs. The levelized unit cost, including the levelized capital and oper
ating charges,·is shown in Table 4. 10.13. The unit cost calculation assumes private ownership 
of the facility and a 15-year economic life. 

TABLE 4. 10. 13. Levelized Unit Cost Estimate for the Fuel 
Reprocessing Plant Vessel Off-gas System· 

Unit Cost, 
Cost Element $/kg HM 

Levelized capital charge 
Levelized operating charge 
Lev~lized total unit cost 

2.80 
0.50 
3.30 ±35% 

4.10.1.11 Vessel Off-gas System Construction Requirements 

Many fuctors relating to site prepa1·ation and r-·efen~m;t:! fdcil ily cur1struct1un may have 
some impact on the environment, the local economy, and the natural resources of the surrounding 
area. The information that follows provides a basis for evaluating the impact of construction 
activities. 

Project Schedules and Construction Manpower. The schedule for engineering, procurement 
and construction of the VOG system is an integral factor in the overall schedule for the FRP. 
The field labor force estimated for the construction of the facility in which the vessel off
gas system ts housed is tabulated below: 

Man-hours, 
1000s 

Manual field labor G42 
Nonmanua I fie I d ·1 abor 120 

Total field labor 662 

Distribution of Onsite and Offsite Costs. Onsite costs are those for all construction, 
materials and services provided at the site of the FRP, while offsite costs are those for all 
services provided, equipment fabricated or assembled, and material purchased elsewhere. The 
distribution of total costs in these categories is: 

Site Requirements. 
requirements beyond those 
with those of the FRP. 

Costs, 
$1000s 

On~ i te 8;600 
Offsite 14,200 

Total 22,800 

The VOG will share the same site as the FRP. No additional site 
for FRP are identifiable. Land commitments for the VOG are included 
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Water. Water used during the construction period is estimated at 8000 m3 (2.1 .x 106 gal). 

Construction Materials. Materials committed to.construction are: 

Concrete 2,500 m3 (3,200 yd3) 
Steel 500 MT (550 tons) 
Copper 2.7 MT (3 tons) 
Zinc negligible 
Aluminum negligible 
Lumber 94 m3 (40 MFBM) 

Energy. Energy resources used during construction are:. 

Propane 76 m3 (20,000 gal) 
Diesel 760 m3 (200,000 gal) 
Gasoline 490 m3 ( 130, 000 gal) 
Electricity 

Peak deniand 300 kW 
Total consumption 380,000 kWh 

Transportation Requirements. No transportation requirements for the VOG system have been 
identified beyond those for the FRP. 

4.10.1.12 Effects of Fuel Cycle Options 

The reference process for the FRP vessel off-gas system assumes reprocessing of LWR 
fuel and recycling the retrieved uranium and plutonium. The following alternative fuel cycle 
modes have also been assessed insofar as they relate to vessel off-gas treatment at the FRP. 

No Recycle. Eliminating the fuel reprocessing operation does away with the generation of 
dissolver and process off-gases. Accordingly, no off-gas system is required. If spent fuels 
are being stored at ttie FRP, a process off-gas system would be required as described in 
Section 4. 10.2. 

Uranium Recycle Only, with Plutonium to a Repository. This alternative is expected to 
~enerate about the same amount of dissolver and process ·Off-gas as in the uranium and plutonium 
recycle case. 

Uranium Recycle Only, with Plutonium to HLW. This alternative would generate about the 
same quantity of dissolver and process off-gas as in the uranium and plutonium recycle case. 

4. 10.2 Process Off-gas Treatment at an Independent Spent Fuel Storage Basin 

A process off-gas (POG) system at the reference independent spent fuel storage basin (ISFSB) 
1s ~rovided to treat off-gas from cask v~nting, l~akin~ fuel assemblies, and other areas with 
hig~ potential for release of gaseous fission products. The process includes systems for iodine 
and particle removal. 
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4.10.2.1 Alternative Process Off-gas Treatment Methods 

Iodine recovery process alternatives have been described in Section 4.9.1 and apply to 
process off-gas treatment at the ISFSB. Alternative particle removal systems have been des
cribed in Section·4.8. 

4.10.2.2 Process Off-gas System Design Basis. 

Table 4.10.14 gives the design basis off-gas composition and· lists the components, the 
annual quantity, and the radioactivity factors associated with the feed stream. The following 
assumptions were made in the design of the reference POG system: 

• The POG treatment-system operates 365 days/yr and treats off-gas from a 3000-MTHM/ 
independent fuel storage basin. 

• The design volumetric flow is approximately 7m3/min (24~ ft 3;min). 

• The facility is designed as an integral part of the storage basin. 

• The facility recovers only iorline and particle~. 

TABLE 4.10.14. Independent Spent Fuel Storage Basin(a b) 
Process Off-gas System Feed Activity ' 

Annual 
ComQonent Quantit~, kg Radioactivit~, Ci/~r 

H20 2.5 X 1 o4 3H 0.34 

1 o6 He -4 
Air 4.8 X 8.4 X 10 

4.7 X 10-3 85 Kr 2. 2 X 10 2 

129 I 2.1 ·x 1 o-4 

1\11 other:; 0 

a. Based on waste characterization T~ble 3.3.23, 
assuming uranium and plutonium recycle, 3000 MTHM· 
in storage, average of 3.5 yr out of reactor. 

b. Volume= 3.7 x 106m3/yr. 

4.10.2.3 Process Off-gas Treatment Process 

A process flowsheet for the reference POG system is shown in Figure 4.10.9. Table 4.10.15 
gives the material balance. Table 4. 10.16 lists the major components of the POG system and 
summarizes their functions. 

Radioactive gaseous Pmissions from the ca~k venting and cool-dowr1 system and from leaking 
fuel in the independent spent fuel storage basin are col_lected and routed to the off-gas 
scrubber-deentrainer. Most of the particles are removed in the scrubber section, where the 
off-gas stream is contacted ·with about 1 ~/min of water recovered in the radioactive waste 
distillate system. The scrubber-deentrainer and a second·deetrainer are used to protect the 
high-efficiency particulate air (HEPA) filter and iodine adsorbers from entrained water drop
lets. Water vapor is reduced to less than 5 vol% by the deentrainers; the spent solution 

.containing some of the iodine and particles is recycled to the radioactive waste concentrator. 



SUBMERGED LEAK COLL~CTI ON 

R/IDWASTE 
DISTILLATE 

2 

SCRUBBER 
DEENTP.A I NER 

DEENTRAI NER 

HEPA 

TO RADWASTE 
CONCENTRATOR 

IODINE 
AD SORBER 

IODINE 
AD SORBER 

FIGURE 4. ID.9. Flowsheet for the Independent Spent Fuel Storage Basin Process 
Off-gas System (Circled numbers refer to stream numbers given 
in Table 4.10.15.) 

TO INDEPENDENT 
STORAGE STACK 

0 .. 



4.10.20 

TABLE 4.10.15. Material Balance for the Independent Spent Fuel Storage 
Basin Process Off-gas System 

Total Total 
Stream Temperature, Flow, Flow, Flow b~ Com~onents, kg/hr Solid Waste, 
Number oc m3/hr kg/hr N 0 Ar C02_ !:!.2Q__ I Kr m3/~r 

1 35 425 552 415 1 z"7 7.0 0.28 2.8 5.4 X 10- 7 trace 
2 35 60 60 
3 35 460 560 415 127 7.0 0.28 11 5.4 x 10-7 trace 
4 45 475 560 415 127 7.0 0.28 11 5.4 X 10-7 trace 
5 150 632 560 415 7.0 0.28 11 5.4 X 10-7 trace 
6 150 632 560 415 1.27 7.0 0.20 11 5.4 X 10-10 trace 
7 35 52 52 
8 ·0. 3(a) 

a. Replaced when necessary ("-' 12 months). 

TABLE 4. 10. 16. Major Components of the-Independent Spent Fuel Storage Basin 
Process Off-gas System 

Name Function 

Scrubber-deentrainer 
Deentrainer 
Heater 
HEPA 
H~ilter 

Iodine adsorber 
Iodine b;:u:kup 

adsorber· 

Removes particles from POG 
Removes water vapor from gas stream 
Increases gas stream temperature to 45°C 
Removes particles from gas stream 
Increases temperature .of gas stream to 150°C 
Removes iodine from gas stream 

Retains iodine breaking through on iodine adsorbPr 

The off-gas stream exiting the top of the scrubber and deentrainers is heated to 45°C by an 
electric heater and is passed through a prefilter and a fiber glass HEPA filter to remove 
any remaining particulate matter. The gas is then heated aga1n to 150°C and finally sent 
through the iodine recovery system, which contains a silver-impregnated adsorbent. Heating 
the air stream prevents condensation of water vapor in the downstream components. Elemental 
iodine and methyl iodide are adsorbed on the packed, silver-zeolite adsorber bed. The gas 
stream leaving the iodine recovery system is continuously monitored '"for radioactivity; it is 
combined with the ventilation air and sent to the independent stack. The iodine recovery por
tion of the flowsheet has been described in Section 4.9.1 and is based on both bench-scale and 
plant-scale operating experience. (2) The removal of particles using HEPA filters has been 
described in Section 4.8. The particle OF is assumed to be 103 for the HEPA filter and.l02 

for the scrubber-deenlniiner. The iodine or is assumed to be 103 for the silver-zeolite 
adsorber bed. 
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During operation the deentrainers occasionally plug and require washing with water or 
acid, using the spray nozzles installed for that purpose. Washing is recommended when a mesh 
pad pressure drop (~P) of ·three times the nominal ~P occurs. A nominal ~p of 5 em H2o has been 
estimated for the scrubber-deen~rainer. The second deentrainer has a nominal ~p of 3 em H2o .. l 

A wash solution flow of 1.3 ~/min is required to unplug. the former, and a flow of 4 ~/min to 
unplug the latter. 

4.10.2.4 Facility Description for the Process Off-gas System 

The process off-gas system is an integral part of the independent spent fuel storage 
basin. The approximate location of sy~tem facilities is shown on the plot plan for the ISFSB, 
Figure 4.10.10. Plan Bnd sectidp views of the process off-~as system are shown in Figures 
4.10.ll.and 4.10.12. 

The POG system shares the ISFSB services, utiliti~s. laboratories, health physics support, 
personnel change areas, .maintenance areas, warehousing, shops and offices. The system, including 
all its pr9cess equipment, is housed within a contact-maintained cell: Shielded labyrinth 
entries to the POG process area are used for personnel access. A roof hatch is provided for 

' . equipment removal. An overhead bridge crane within the facility is available for handling the 
iodine adsorber cartridges and for equipment transfer and maintenance. 

As a Category I, reinforced concrete structure, the cell is both earthquake- and tornado
resistant. It is provided with a stainless steel floor pan, a sump, and protective coatings to 
facilitate decontamination. The cell is located within the outer walls of the Category I ISFSB 
structure. Major pieces of equipment within this facility are described below. 

Scrubber-Deentrainer. The deentrainment portion of the scrubber and mist eliminator has a 
22-cm diameter, which gives a face velocity of.200 m/min in a coarse mesh pad (titanium wire) in 
the top of,the column. This remo~es approximately 99% of the entrain~ent. 

Deentrainer. The setdhd-deentra~nei used in th~ POG syste~ is identical to that shown in 
Figure 4.10.6 for the fuel reprocessing plant vessel off-gas system. This deentrainer is a 
high-efficiency type contained in its own vessel. It gives 99.8% removal efficiency for droplet 
sizes up to 3 ~m. A design face velocity of 75 m/min is achieved using a 36-cm diameter vessel. 

- The-mesh pad is loci'lt~d 75 em from the bottom of the vessel, whieh ha!; an ovcrull height of 
100 em. Austenitic stainless steel construction is required because of the acid conditions. 
The pad deentrainer is fabricated of fine metal wire; typically, titanium wire is used in 

stainless ste~l equipment. 

Filter Preheater. The filter ,preheater is an electric heater requ1r1ng 1.5 kW of power 
during normal operation. Heater design capacity is 2.5 kW. This heater is controlled to 
increase the temperature of the off-gas by l0°C. Austenitic stainless steel construction is 

pecified. 
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HEPA Filter. The HEPA filter is a standard one of metal-asbestos construction. Details 
concerning HEPA filters are presented in Section 4.8. Two filters are installed parallel-wise 
to allow continuous operation. Based on the gas flow of 7.9 m3/min at 45°C, two small HEPA 
filters are adequate (maximum capacity 4.3 m3/min). The face of each filter is 0.3 x 0.3 m 
'and 0. 15 m thick. A OF of 103 for partic'l es is obtai ned with this filter. Both HEPA filters 
are instrumented with pressure differential and activity monitors. , 

Iodine Adsorber Preheater. The iodine adsorber preheater uses electrical heaters to raise 
the gas temperature to 150°C. A nominal h.eat load of 16 kW is required, and a design heater 
installation of 25 kW is recommended. The heater power is automatically controlled. Austenitic 
stainless steel construction is specified. 

Iodine Adsorbers. Figure 4.10.13 is a schematic of the iodine ~dsorber used in th~ ISFSB 
process off-gas system. The adsorbent, either silver-zeolite or silicate, is encapsulated in 
separate filter cartridges s6 that each cartridge can be readily inserted or removed from the 
filter train when instrumentation indicates that iodine breakthrough nas occurred. Figure 4.10.13 
shows a detail of a cartridge. The filter cartridges have locking grooves for ready loading and 
unloading of the adsorbent train vessels. Each cartridge weighs about 125 kg (275 lb) and is 
dimensioned to fit into standard 55~gal drums· for storage or disposal. 

Additional information concerning the iodine adsorbent portion of the process off-gas sys
tem includes the following: 

• The halogen inventory in the independent spent fuel storage basin off-gas is about 
4.7 g/year. 

• The adsorbent train is the only iodine recovery mechanism. 

• The silver-zeolite contains 12% silver by weight and has a dry density of 0.68 g/cm3. 

• An 80% bed loading is used to give an ~verage loading of 0.08 grams of iodine/cm3. 

• The adsorbent train provides an iodine OF of 103. 

• The two-cartridge iodine adsorbent train and backup ca~tridge (0.18 m3;cartridge)_ are 
char1yed unly when breakthrough is detected h~tw~Rn the workinq bed and the back-up 
cartridge. 

• The capacity of each cartridge is 13,000 g of iodine, and cartridges are expected to last 

the life of the ISFSB. 

• Three sets of adsorber trains are used. 

e The volumetric flow rate at the iodine adsorbent vessel inlet is 10.5 ~3/min (371 ft 3/min) 

given an operating temperature of 150°C. 

• The inlet pressure is 1 atm (14.7 psi). 

• The pressure drop_across the tnree cartridge trains is approximately 0.17 atm (2.5 psi). 

• The beds are designed for a superficial flow velocitx of about 15m/min (50 ft/min). 
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METHOD OF LOADING 
AND UNLOADING 

EXTRACTION 
AND INSTALLATION 

GROOVE 

FIGURE 4.10.13. Iodine Adsorber and Cartridge Detail 
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Iodine-129 samplers are positioned before and after the primary and back-up iodine adsorbers. 
The sampling systems involve.small heated beds of silver-zeolite positioned on top of lithium
drift~d germanium detectors; these detectors measure the 30 keV x-ray from iodine-129. A frac
tion of the off-gas stream is drawn continuously through the beds; however, the samplers must be 
evacuated to removP. krypton-85 prior to measurement. A multichannel analyzer with sequenti~l 
switching is used to monitor a given sampler at a desired frequency. 

Shielding and Remote Handling Equipment. All normal process operations are handled in a 
contact-maintained cell, and external do~e rates are limited to less than 1 mrem/hr. As 
indicated earlier, shielded labyrinth entries to the process area are used for personnel 
access. In such cases, however, exposure i~ rigorously controlled. The iodine adsorbent is · 
contained in cartridges that can be readily handled, using a special grapple in combination 
with an overhead crane. 

4. 10.2.5 Process Off-gas System Operating and Maintenance Requirements 

The facility operates as part of the ISFSB 24 hours a day, 7 days a week, 365 days a year. 
Normal acti'vities include monitoring of the iodine adsorber systems and normal maintenance and 
replacement. The iodine beds are operated until iodine is detected on the exit side of the 
cartridge. At this breakthrough, the radiation monitors alarm and the gas flow is switched 
to the parallel system and the loaded adsorbents replaced with fresh adsorbent. The HEPA 

.filters are also changed periodically, about every 12 months, as the radioactivity builds up. 
-

Staffing. Estimated staffing requirements for the POG system are shown in Table 4.10. 17. 

TABLE 4.10.17. Staffing Requirements for the 
Independent Fuel Storage 
Basin Process Off-g~s System 

·Job Description 

Operators 
Radiation monitors 
Maintenance craftsmen 

Personnel Required, 
man-yr/yr 

0.5 

Supplies and Utilities. The only supplies indicated for the reference process off-gas 
system are HEPA filters. ·Table 4.10.18 gives estimates of utility requirements. 

4.10.2.6 Process Off-gas System Secondary Radioactive Wastes 

Estimates of secondary radioactive wastes associated with the reference facility are 
shown in Table 4.10. 19. 

· 4.10.2.7 Process Off-gas System Emissions 

Facility emissions are characterized in Table 4.10.20. 



4.10.28 

TABLE 4. 10. 18. Utility Requirements for the Independent 
Spent Fuel Storage Basin Process Off-gas 
System 

Utility 
Electricity 
Steam 

Use Rate 
25 kW 
50 kg/hr 

Annual Requirement 
1.8 X 105 kWh 
3.6 X 105 kg 

Emission 
Gaseous 

TABLE 4.10.19. Inde~endent Spent Fuel Storage Basin 
Process Off-gas System Secondary 
Radioactive Wastes 

Description 

Combustible and 
compactable waste 

Volume, 
m3;yr 

30 

Radioactivity Factor(a) 

1 X 10-5 

a. Fract1on of input activity (Table 4.10.14 excluding 
volatiles) in secondary wastes. 

TABLE 4.10.20. Emissions from the Independent Spent Fuel 
Storage Basin Process Off-gas System 

Description 
Process off-gas 

Minor accident 
integrated 
annual release 

I 

Annual Quantity 
Air 3.9 x 106 m3 

Radioactivity 
Release Factor 

to Atmosphere(a) 
3H 1. 0 

14c l. o 
85 Kr 11."0 

1291 1 X 10-3 

Included in 
operational release 

a. Fraction of input activity (Table 4.10.14) released to atmosphere 
over a period of 365 days/yr. 

4. 10.2.8 Process Off-gas System Decommissioning Considerations 

.The ISFSB process off-gas facility is designed to be functional for ~he life of the plant. 
The cell structure is provided with a stainless steel floor pan, a sump and protective coatings 
to facilitate decontamination. The ability to remove the s.ilver-zP.nlite and the filters will 
aid in final decontamination. It i~ expected that at the end of the ISFS6 facilitips' operating 
life, the process off-gas facility will be relatively free of contamination. 

4. 10.2.9 Process Off-gas System Postulated Accidents 

The two postulated minor acc.idents for the ISFSB process off-gas· system (Table 4.10.21) are 
identical to Accidents 4.9.1 and 4.9.2 presented in Table 4.9.9 of the section on FRP dissolver 
off-gas iodine recovery. These accidents involve a plugged iodine bed and a torn HEPA filter, 
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respectively. One of the moderate accidents postulated for the ISFSB POG system is the same as 

Accident 4.9.4 in Table 4.9.10. Table 4.10.22 details the other moderate accidents posed for 
the reference facility. No accidents that could be classified as severe accidents could be 
realistically postulated for this technology., 

TABLE 4.10.21. Minor Accidents of the Indeoendent Soent Fuel 
Storaae Basin Process Off-gas Facility 

Accident No. 
and Description Sequence of Events Safety Systems Release 

4.10.4- Plugged iodine bed. 

4.10.5- Torn ~EPA filter. 
See Table 4.9.9 in Section 4.9.1 

TABLE 4.10.22. Moderate 'Accidents of the Independent Spent Fuel 
Storage Process ,Off-gas Facility 

Accident No. 
and Description 

4.10.6- Proce~s 
off-gas system 
shutdown. 

4.10.7- Iodine 
canister adsor
bent spill during 
replacement. 

Sequence of Events 

1. Iodine system 
fails. 

2. Parallel system 
not in service. 

3. Radiation and air
flow monitors 
detect venting to 
ISFSB stack. 

4. ISFSB continues 
to operate'. 

Safety Systems 

1. Radiation and air
flow monitoring 
provides continuous 
information. 

2. Receipt of addition
al fuel for storage 
would be limited · 
until repairs are 
completed. 

3. The process off-gas 
could be sent to 
the emergency APS 
or sent directly to 
ISFSB stack. 

See Table 4.9. 10 in Section 4.9. 1. 

4. 10.2.10 Facility Costs for the Process Off-gas System 

ReJease 

If the process off-gas is 
vented to the stack, which 
has a gas flow of 4 x 105 
m3/hr, the iodine release 

~~~c~ni~~f3°~c~/~!~.beThis 
is below the maximum per
missible concentration for 
soluble and insoluble 
species in air. 

None 

Estimates have been made, in mid-1976 dollars, of incremental capital, operating, and 
levelized unit costs. ~complete description of the cost estimate bases, ass~mptions, ahd 
definitions is given jn Section 3.8. 

I 

~ap_ital Costs~ The capital cost estimate for the process off-gas system is shown in 
Table 4.10.23. Because fuel shipping casks cannot be unloaded without controlled venting, it 
is assumed that the reference facility will be constructed concurrently with the ISFSB. 

The total capital ,cost includes all plant-related costs incurred from the start of engineer
ing to the initiation of commercial operation. The,estimate covers all capital costs specifi~ 
cally resulting from the inclusion of the POG facility as an integral part of the ISFSB. The 

costs include the close-capture ventilation collectors in the storage basin, which collect off-gas 

\ 
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TABLE 4.10.23. Capital Cost Estimate for the Independent Spent Fuel Storage 
Basin Process Off-gas System 

Cost Element 

Major equipment 
Buildings and structures 
Bulk materials 
Site improvements 

Subtotal of direct site 
construction costs 

Indirect site con.struction 
CO!;tS 

Total field cost 

Architect-engineer 
services 

Subtotal 

Owner's cost 
Total facility cost 

Estimate accuracy range 

Man-hours, 
1000s 

Nonmanual Manual 

3 
43 
25 

71 

20 14 

20 85 

Costs, 
1000s of Mid-1976 Dollars 
Material Labor Total 

330 45 375 
175 505 680 
400 310 710 

905 860 1 '765 

310 420 730 

1 ,215 1,280 2,495 

!-l95 
2,990 

910 
3,900 

±25% 

from leaking stored fuel canisters, and the cask venting collection headers. Costs also 
include the effect of incremental additions for ISFSB utilities supplied to the reference 
system, including electricity, compressed air, steam, water and' space ventilation. General 
ISFSB costs for such services as laboratories, warehouses, and administration offices are not 
allocated to the POG system. 

Operating Costs. Direct labor costs are derived from the manpower requirements shown in 
Table 4.10.17. The cost of silver-zeolite, estimated at $110/kq, is a one-time requirement in 
the beginning year of facility operation. Annual maintenance materials costs are estimated at 3% 
of major equipment costs. Table .4.10.24 shows the operating cost components. 

Levelized Unit Costs. The levelized unit cost, including the levelized capital and oper
ating charges, is shown in Table 4. 10.25. The unit cost calculation assumes private ownership 
of the facilities and a 15-year economic life. 

4.10.2.11 Construction Requirements for the Independent Spent Fuel Storage Basin 
Process Off-gas System 

Many factors relating to site preparation and. reference facility construction may have 
some impact on the environment, the local economy, and the natural resources of the surrounding 
area. The information that follows provides a basis for evaluating the impact of construction 
activities. 
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TABLE 4.10.24. Independent Spent Fuel Storage Basin 
Process Off-gas System Operating 
Cost Estimate 

Annua 1 Costs, 
$1000s 

Cost Element First Year Subsequent Years 

Direct labor 
Process materials (silver-zeolite) 
Utilities 
Maintenance materials 
Overhead 
Mi see ll aneous' 

20 20 
160 0 

3 3 
10 10 
30 30 
12 12 

Total 235 +50% 
-25% 

75 +50% 
-25% 

TABLE 4.10.25. Independent Spent Fuel Storage Basin 
Process Off-gas System Levelized Unit 
Cost Estimate 

Unit Cost, 
Cost Element 

Levelized capital charge 
Levelized operating charge 
Levelized tota' unit cost 

$/kg HM 

1.80 

0.20 
2.00 ±35% 

Project Schedules and Construction Manpower. The schedule for engineering, procurement and 
construction of the facility is an integral factor in the overall schedule for the ISFSB. The 
field labor force estimated for the construction of the process off-gas facility is tabulated 
below: · 

Manual field labor 
Nonmariual field labor 

Total f.ield labor 

Man-hours, 
1000s 

85 

20 
105 

Distribution of Onsite and Offsite Costs. Onsite costs are those fqr all construction, mate
rials and services provided at the site of the ISFSB while offsite costs are those· for all services 
provided, equipment fabricated or assembled, and material purchased elsewhere. The distribution of 
total costs in these categories is-shown below: 

' Costs, 
$1,000s 

Ons 1te 1, 500 
Offsite 2,400 

Total 3,900 
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Site Requirements. The facility will share the same 
requirements beyond those for the ISFSB are identifiable. 
are included with those of the ISFSB. 

site as the ISFSB. No additional site 
Land commitments for the facility 

Water. Water to be us~d during the construction period is estimated at 1100 m3 (0.3 x 106 gal). 

Construction Materials. 

Concrete 
Steel 
Copper 
Lumber 

Materials committed 

380 m3 

80 MT 
0.4 MT 

15 m3 

to facility construction 

(500 yd3) 
(90 tons) 

(0.5 tons) 
(6 MFBM) 

Energy. Energy resources used during construction will be: 

Propane 11 m 3 (3,000 gal) 
Diesel 114 Ill 

3 (30,000 gal) 
Gasoline 76 m3 (20,000 gal) 
El ec LY'"i c1 ty 

Peak Demand 125 kW 
Total consumption 60,000 kWh 

are: 

Transportation Requirements. No transportation requirements for the process off-gas 
system have been identified beyond those for the ISFSB. 

4.10.2.12 Effects of Fuel Cycle Options 

The reference process for the independent spent fuel storage basin process off-gas system 
assumes reprocessing of LWR fuel and re~ycling the retrieved uranium and plutonium. The 
following alternative·fuel cycle modes have also been assessed insofar as they relate to off-. 
gas treatment at the storage basin. 

No Recycle. Eliminating the fuel reprocc::;::;ing operation does not eliminate the gener·aliun 
of off-gas from the fuel elements being received for storage and control of radioactive mate
rials being released both from intact and failed fuel. A process off-gas system would still 

·be required. 

Uranium Recycle Only, with Pluton·ium to a Reposi_to~y. This alternative is expected to 

generate the same amount of process off-gas as in the uranium and plutonium recycle case. 

Uranium Recycle Only, with Plutonium to HLW. This alternative would generate. the same 
quantity of process off-gas as in the uranium ilncl plut.nnium rer::yc::le case. 

4.10.3 Safeguards and Physical Protection Requirements for Process Off-gas Treatment 

The safeguards and physical protection requirements for these facilities, processes and 

recovered products are less stringent than those for dissolver off-gas·treatment described in 
Section 4.9.5. The only gaseous radionuclide recovered in the process off-gas systems is 

iodine-129, and the amount in these systems will be at most a few percent of that in the 
dissolver off-gas system. 
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4.11 FRP.ATMOSPHERIC PROTECTION SYSTEM 

The atmospheric protection system (APS) as applied to the fuei reprocessing plant (FRP) 
is the final stage of filtration for building ventilation air and process off-gas. Figure 4.11 .1 
shows the location of the facilities housing this system within the FRP. Table 4.11.1 summa
rizes the annual quantities of ·radioactive materials associated with the various off-gas streams 
flewing into the APS, assuming prior treatments of the dissolver off-gas and vessel off-gas 
streams as described in Sections 4.9 and 4.10. 

Figure 4.11.2 is a process flow diagram for the FRP APS. All off-gas streams except the 
general building ventilation air are treated before entering the APS. The APS consists of a 
prefilter followed by high-efficiency particulate air (HEPA) filters grouped into modules 
mounted in a concrete, below-ground-level structure. The prefilter can be of several dif
ferent media and configurations. The APS uses exhaust fans to develop the subatmospheric 
pressure needed to move the large volume of air. Motors, blowers, mounts, ducts and breeching 
are provided to exhaust the filte;.ed air to the exhaust stack. 

The three alternative atmospheric protection systems considered in the following sections 
·differ only in the type of prefilter used. Table 4.11 .2 compares these three alternatives, 
providing data concerning the various prefilters as well as the standard HEPA filters used in 
all three systems. 

4.11.1 Group III Filter Module/HEPA Filter Atmospheric Protection System 

The combination of a Group III filter module followed by a HEPA filter installation has 
been applied frequently for radioactive particle removal. The Group III filter module com
prises several Group III glass fiber filter units mounted together. The group number indicates 
the filter's efficiency, with III as the highest. Section 4.8 discusses the Group Ill filter 
in detail, providing a description and illustrations. The module size of the prefilter will 
depend upon the manufacturer's design; but, generally, the module dimensions are compatible 
with the basic dimension of the HEPA filter with which it is used. 

4 .11.1. 1 Altern?.t.i~~_r:efi lters for the Group I I I Filter Module 

Several types of modular Group III prefilters are commercially ava.ilable and could be 
selected for use in the reference APS. Alternative Group I and II prefilters (panel-type) are 
of light construction and difficult to seal properly. These prefilters also have limited 
efficiency and would be marginal for this application. The Group III filter chose~ for the 
reference APS is the extended-medium, dry-type, throw-away filter. Replaceable-medium pre
f1lters were not selected because of problems with contamination control when the media are 
changed, the unjustified expense of changing the highly-contaminated media, and the greater 

initial cost. 
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TABLE 4. 11. 1. Fuel Reprocessing Plant Atmospheric Protection 
System Feed Activity · 

oescrietion 1i:ct1vat1on Proaucts F 1 ss~~~~P!.!~~c~! l'i.r ~tln1aes 

Dissolver off-gas 14c 1.1 X 101 3H (b) 239"" 7.2 X 10- 7 

~~!:~:r!rd 1291 6. 9 X '10-2 241Pu 3.5 X 10•4 

SSKr 1 .68 X 106 
Other: Pu 1.2 X 10-5 

90Sr •. 90y 2.4 x10-4 242em + Z44c.n 3.4 X 10-5 

9SZI" + 95Nb 2.2 X 10-5 All ottiers 1.8 X 10-6 

106Ru + 106Rh 

134cs + 137cs 
7,5 Total 4.0 X 10-4 

+ 137'11, 6.0 X 10-4 · 
144ce + 144Pr 9.6 x·W4 

All' others 2.0 X 10-4 

Total 1. 7 X 106 

Vessel off-gas 3H (b) 239Pu 7.2 X 10-S . 
!:~~fcJreat- 1291 3.5 X 10-4 241Pu · 3.5 x 10-2 

SSKr 1.7 X 101 Other Pu 1.2 X 10-J 
90Sr + 90y 2.4 x 10-2 242Cm ., 244em 3.4 X IQ.J 
95zr +. 95Nb 2.2 X 10-3 A11 others 1.8 X 10·4 

106Ru + 106Rh 3.8 Total 4,0 X IQ-Z 

134Cs + 137Cs ... 

• 137'11' 6.0 x 10-2 

144ce + 144Pr 9,6 X 10•2 

All others z.O x 1o·2 

Total 2.1 X 101 

HVAC stream(d) 3H 8.4 x ·,o-6 239Pu 7.2 X 10-6 

1291 7.0 X 10-JO 241Pu 3.5 X 10-3 

85 ' 
Kr 1.7 X 10·4 Other Pu 1 :z x lo-4 

90Sr + 90y 2.4 X JQ-J Z4Zem , 244em 3·.4 X 10·4 

95 2.,. + 95Nb 2.2 X 10·4 All others 1,8 X 10-S 
106Ru + 106Rh 7.6 X 10-J Total 4.0 X 10-J 
134Cs + 137cs 

.• 137'11, 6.0 ~ 10-3 

144ce + 144Pr 9.6 )( 10-3 

All others 2.0 X 10-3 

Total 2.8 X 10-2 

Composi te{e) 14c 1.1 X 101 3H (b) 239Pu 8.0 X J0-5 
(OOG + VOG 

1291 6.9 )( 10-2 241Pu 3.9 x 10-2 
+ HAVC) 

85Kr 1.68 X 106 Other Pu 1.3 X 10-3 

90Sr + 90y 2. 7 X 10•2 242em + 244em 3.a x w- 3 

95zr + 95Nb 2.4 x w-3 All others 2.0 X 10•4 

106Ru + 106Rh 1.1 X 101(f) Total 4.4 )( 10-2 

134cs + 137cs 

, 137"aa 6. 7 X 10•2 

144Ce + 144Pr 1.1 )( 10-l 

All others 2.2 X 10-2 

Total 1.7 )( 106 

a. Based on Tables 4.9.1 and 4.9.47 without the APS contributions to the release factor. Volume= 1.2 x 106 m3tyr. 
b. Removed during treatment and ultimately released via the excess water vaporizer. 

Volume= 7.3 x 107 m3tyr. c. Based on Tables 4.10.1 and 4.10.8 without the APS contributions ~o the release factor. 
~:~~~~~eo~ ~~~t! fS3r~~~;~~zation Ta.ble 3.3.27. Volume= 3.6 x 10 m3/yr. 

f. APProximately YO'¥ volatile and 10% particulate. 

4.11:1.2 Design ~asis for the Group III Filter Mod~le/HEPA Filter Atmospheric 
Protection System 

Certain features of the FRP ventilation system and process off-gas treatment .systems are 
relevant to the design features of the APS: 

• Scrubbers, absorption beds, and filters are installed near prominent sources of airborne 
particles and gases. These lower the possibility of corrosive gases and hazardous fumes 
and vapors. 

• Air suppl~ systems have a roughing filter with a 90% dust spot efficiency. This reduces 
dust load in the system and increases the life of the filter5 in lhe APS. 
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• Air supply fans are turned off at the loss of exhaust below a predetermined pressure drop 
in the building or other critical areas, such as process cells. 

• Rate-of-rise temperature sensors that indicate and alarm at local and central control 
panels will be installed upstream of the APS. 

The reference FRP APS incorporates the following features: 

• The APS filter banks are made of parallel units. No single unit shall carry more than 
one-half the total design flow. Each unit has sufficient reserve capacity to maintain a 
safe exhaust flow through the system in the event of shutdown of a single unit. 

• The prefilter has a minimum particle removal efficiency of 90%. The HEPA filter instal
lation has a minimum particle removal efficiency of 99.9%. 

• Provision is made for sensing and recording pressure drop across the prefilter and across 
the HEPA filter. The pressure signal will activate an alarm when pressure drop is too low 
or tdo high. 

• Provision is made for measuring radiation levels near the face of the prefilter and final 
filter (HEPA). 

o Ports are provided for measuring the efficiency of the prefilter and the HEPA filter 
during operation at 6-month intervals. 

• Samplers are incorporated into the design to permit measurement of concentration of air-. 
borne radioactive material at a point upstream of the prefilter, downstream of the pre
filter bank, and downstream of the HEPA filter bank. 

• Stainless steel screens are an integral part of the prefilter and HEPA filter module on 
the downstream side to prevent pieces of the media from entering the ventilation system. 

4.11.1.3 Process for the Group III Filter Module/HEPA Filter Atmospheric Protective 
System 

The Group III filter module/HEPA filter APS process is essentially the same as that 
depicted in Figure 4.11 .2. The function of the Group III prefilter, as the name implies, is to 



TABLE 4.11.2. Three Alterrative Atmospheric Protection Systems for the Reference Fuel Reprocessing Plant 

Is Filter 
Filter or Pressure Number Bed 2 Face Efficiency, 

DF(a) 
or System Replacement 

Alternative S~stem Dro~, em of H2Q Size, m of Units Area, m Velocit~, m/Min % Removable? C~cle, ~r 

HEPA fi 1 ter CJsed 
in a 11 three 
alternative 

103 systems) 2.5 0.61 X 0.61 X 0.3 240 90 1.5 99.9 Yes 3 

Group III filter 
0.61 X 0.61 X 0.3 module (prefilter) 0.8 240 (c) 90 10 Yes 

0 Alternative liPS: 
Group III filter 
module/HEPA 

104 filter 3.3 (c) (c) (c) (c) 99.99 Yes (c) 

~ 

Sand filter 
(prefilter) 18-25 68.5 X 68.5 4700 1.5 90 10 No 20 

lT1 

e Alternative APS: 
sand filter/HEPA 

104 filter 20-28 (c) (c) (c) (c) 99.99 No (c) 

Deep-bed glass 
fiber filter 
(prefilter) 10 27.4 X 27.4 750 15 90 10 No 15-20 

• Alternative APS: 
deep-bed glass 
fiber filter/HEPA 

104 filter 13 (c) (c) (c) (c) 99.99 No (c) 

a. Decontamination factor. ~ 
b. Approach velocity of air through mejium is 1.5 m/min (5 fpm); face velocity of filter unit is 750 m/min (250 fpm). 
c. Not applicable. 
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remove a substantial fraction of the larger particles from the air stream and to lengthen the 
life of the HEPA filters. Exhaust air under slightly negative pressure enters the filtration 
bank made up of multiple Group III filter modules followed by the HEPA bank. Air moves hori
zontally throug~ the filter bank under the influence of fans at the exhaust. 

4.11.1.4 Facility Description for the Group III Filter Module/HEPA Filter Atmospheric 
Protection System 

Figure 4. 11.3 shows the arrangement of the reference facility. The APS is housed in a 
concrete structure 26.2 m (86ft) long and 25.3 m (83 ft) wide .. The attached exhaust blower 
station is 27.4 m (90ft) long and 25.3 m (83ft) wide. The overall height of the building is 
6.97 m (23 ft), with the lower 3m (10 ft) bel.ow grade. It is divided equally into 8 side-by
side compartments: within each compartment a prefilter and a HEPA filter mounting frame are 
installed in series. Each mounting frame is seal-welded to the compartment wall and holds an 
array 3 filters high and 10 filters wide. In the 8 compartments are 240 prefilters, and 
behind them a like number of HEPA filters. 

EXHAUST BLOWER STATION 

_----..:...___..E90'=-0"l2U!.l!!l7···lmL.._) ------4lrl ~ 
il 

EXHAUST BLOWER 
illill!! 

O· 10' 20· 30 ItO 50 FEET 

o· s· 10. 15 METERS 

FIGURE 4.11.3. Group III Filter Module/HEPA Filter Atmospheric Protection 
System, General Plan and Section A-A 
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Acces~ to the filter compartments is through an air lock system. These access passageways 
are essential in·construction and testing ~nd will provide the access during filter replace
ment .. The design is such that change of filters can be performed with difficulty commensurate 
with the radiation level on the filters. This radiation build-up must be monitored to provide 
information for scheduling filter replacement. 

Air distribution ducts are routed to the top of the room. Air enters from the top on one 
side of the room, passes through the filter banks, and travels to the suction side of the 
exhaust blower. Stainless steel pans and sumps are provided to collect any contaminated fluids 
for disposal through the liquid radioactive waste system. 

The APS facili-ty is constructed 9f reinforced concrete to assure that the structure will 
withstand design-basis naturai phenomena, .including earthquakes and tornadoes, and will prevent 
penetration by a maximum Gredible fire and/or explosion. The facility is designed to meet 
Category I structural requirements. 

Monitoring System. Beta and gamma radiation detectors are mounted within the housing 
near the filters to continuously monitor activity levels. Pressure differential monitors and 
alarms check the performance of the filter banks and indicate abnormaf occurrences as well as 
the need for filter changes. 

Fire Protection System. Exhaust air ducts to the filter room are equipped with debris 
screens to intercept airborne burning debris before it can enter the air plenum .. Detection is 
provided by a smoke detector and a combination rate-of-rise and fixed-temperature detector. 
Suppression is accomplished by spraying water as a fine mist on the debris screens. Both 
detectors must be in an alarm condition simultaneously to actuate the water supply. 

Air Moving Equipment. Five exhaust blowers supply the motive force to draw air through 
the FRP building ventilation system to the AP~. Another identical unit of blowers is in a 
standby mode during normal operation. The exhaust blowers are centrifugal-type blowers, rated 
at 1415 m3/min (50,000 cfm) at 115 em (45 in.) of water differential pressure each. Each 
blower is driven by a 375-kW electric motor. 

Shi eJ.9.:L!l9 and Remote Hand 1 i ng Egui pment. The rep 1 a cement of prefi lters and HEPA filters 
requires that temporary local shielding panels be moved into place to protect the workers from 
radiation during the change. The extent of shielding and the complexity of remote handling 

. equipment is determined by the rate of build-up of radioactive material on the filters and by 
the length of operation prior to filter change. The removed filters are placed in shielded 
containers for transport to solid radioactive waste storage and eventual disposal. 

4.11.1.5 Operating and Ma1nt~11ance Requirements for the Group III Fijter Module/HEPA 
Filter·Atmospheric Protection System . 

The facility operates 24 hr/day, 7 days/wk, the year ~ound. Normal activities include 
monitoring pressure drop across filters, sampling, and normal maintenance and replacement 
activities. All normal process operations, filter removal, and filter installation are 
handled manually. HEPA filters and prefilters will be replaced as required to maintain pres
sure and to comply with prescribed radiation limits. The APS is designed so that about two
thirds of the prefilters and HEPA filte~s can continue to be used while the remainir1y filters 
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are· changed. It is expected that all of the prefilters and one-third of the HEPA filters will 
be replaced each year. These filters are treated ~s FRP compactable waste. Prior to use, a 

new filter section will be tested using dioctylphthalate (DOP) aerosols. Detailed instructions 
for installation and testing are available. (l) 

Staffing. Estimated staffing requirements for operating the·reference system are shown 
in Table 4.11.3. 

TABLE 4.11.3. Staffing Requirements for the Group III 
Filter Module/HEPA Filter AtnDspheric 
Protection System 

Job Description 
Personnel Required, 

man-yr/yr 

Operators 

Radiation monitors 
Maintenance craftsmen 

1.5 

0.25 

0.5 

Supplies and Utilities. Table 4. 11.4 shows the supplies and utilities used in the refer
ence APS operations. 

TABLE 4. 11.4. Supply Requirements for the Group III 
Filter Module/HEPA Filter Atmospheric 
Protection System 

Supply 

Elcctl"icity 
Prefilters 
HEP/\ filters 

Detergent (for decon
Tan,i lid L i un and 
cleaning) 

Annual Requirements 

I .b x "107 kWh 
240 

80 

300 kg 

Use Rate 

1875 KW 

4.11.1.6 Secondary Radioactive Wastes for the Group III F_i_lter Module/HEPA Filter 

Atmospheric Prot~ction ?ystem 

Estimates of secondary radio;;~ctive wastes associated with the r·eference system are shown 
in Table 4.11.5. 

TA8LE IJ.ll.5. 

Description · 

Combustiule and 
compactable waste 

Failed equipment 

Soconda1·y !{ad ·iuacll ve wastes trom the 
Group III Filter Module/HEPA Filter 
Atmospheric Protection System. 

Volume, m3;yr Radioactivity Factor(a) 

HO x 10-5 

80 

a. Fraction of input activity (Table 4.11. 1, excluding 
volatiles) in secondary wastes. 
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4.11.1.7 Emissions from the Group III Filter Module/HEPA Filter Atmospheric 
Protection System 

Facility emissions are chiracterized in Table 4.11.6. 

TABLE 4.11.6. Emissions from the Group III Filter Module/HEPA'Filter 
Atmospheric Protection System 

Emission 

Gaseous 

Description 

Composite 

Minor accident 
integrated annual 
release 

Annual Quantity 

Air 3.7 x 109 m3 

Radioactivity 
Release Factor(a) 

3H 

85Kr 
1291 
106Ru-Rh 
All others 

1.0 

1.0 

1.0 
0.9(b) 

1 X 10-4 

None identified 

a. Fraction of input activity (Table 4.11.1) released to atmosphere. Released 
over 365 days/yr. Peak release rates of volatiles may be approximated by 
assuming release over 30 days/yr. 

b. Assumes that volatile ruthenium is not converted to particulate ruthenium 
before it reaches the APS. 

4. 11.1.8 Decommissioning Considerations for the Group III Filter Module/HEPA 
Filter Atmospheric Protection System 

The facility that houses the reference APS is assumed to have an operational life of 

• 

30 yr. It is projected that at the end of its operating life, the facility will be rela
tively free of contamination except for the Group III filter modules and H~PA filters. Ease 

of retirement and removal will be an important consideration in selecting all materials and 

equipment for the facility. Routine decontamination of the facility during normal replacement 

of the filters will aid final decommissioning. Any surfaces in the facility that are ~ighly 

susceptible to hard-to-remove radionuclide contamination will be covered with a.removable 

surface. 
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4. 11. 1.9 Postulated Accidents for the Group III Filter Module/HEPA Filter Atmospheric 
Protection System 

Scenarios of postulated accidents for the reference APS are listed in Tables 4.11 .7 and 
4.11 .8. Of the sceharios listed, Accidents 4.11.3 and 4.11 .4 have occurred or conditions 

,met.for occurrence on a number of occasions for similar types of installations. (2) Acci

dent 4. 11.1 has undoubtedly. occurred, but the frequency of this accident is unknown. Fire 
or explosion in the APS was not considered since no occurrence has been recorded for similar 
installations (fuel handling facilities and fuel reprocessing plants),( 2) and since there are 
no ignition sources near the filter faces. 

TABLE 4.11. 7. Minor Accidents for the Group I II Filter Modul e/HEPA Filter Atmospheric 
Protection System 

Accident No. and 
Description 

4.11.1 -Loss of normal 
electrical power. 

Sequence of Events 

1. Short in wire 
supplying exhaust 
blower. 

4.11.2- .Loss of exhaust 1. Electrical short or 
fan. mechanical malfunc

tion. 

Safety Systems 

1. Air supply fans 
cease operations. 

2. Emergency power 
diesel generator in 
-vll sec. 

1. Air supply fans 
cease. 

2. Spare fan brought 
into service man
ually. 

Release 

None. 

None. 

4.11.1.10 Facility Costs for the Group III Filter Module/HEPA ~,Iter Atmospher1c 
Protection System 

Estimates have been made, in mid-1976 dollars, of capital, operating and levelized 
unit costs. A complete description of the cost estimate bases, assumptions and definitions 
is give~ in Section 3.8. 

·Capital Costs. "!able 4.11.9 gives the capital cost estimate for the reference /\PS 
facility. This estimate covers all capital costs specifically resulting from the inclusion of 
the final filtration facility as an integral part of the FRP described in Section 3.2. These 
costs also include the ventilation air moving equipment and the effect of incremental additions 
to utilities such.as electrical power; healing, ventilation and air conditioning (HVAC); and 
compressed air; as well as to the cable, piping and other bulk materials incorporated directly 
into the final filtration facility. However, general FRP costs for such services as labora
tories and warehousing have not been allocated to the final filtration facility. 
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TABLE4.11.8. Moderate ·Accidents for the Group 
Protection System 

Accident No. and 
Descri~tion Seguence of Events 

4.11.3- Rupture in 1. Glass fiber mnt 
final HEPA filters (19m2) pulled from 
because of fatigue-- frame. 
excessive vibration and 
defective equipment. 2. Airflow increases 

due to decreas"e in 
flow resistance. 

4.11.4- Rupture of HEPA 1. Fire protection 
filters because of sud- system in walk-in 
den increase in flow space upstrea·m of 
resistance. HEPA·filter mal-

functions. 
2. Water wets filter. 

Glass fiber filter 
mat (19m2) pulled 
from frame due to 
sudden increase in 
flow resistance. 

3. Airflow channeled 
through space 
created by faulted 
filter. 

III Filter ~1odule/HEPA Filter Atmospheric 

Safeti: SJ":stems 

1. Large debris caught 
in wire screen be-
hind filters. 

2. Decrease in flow 
resistance filter 
bank a 1 armed at 
panel. 

3. Flow diverted from 
affected filter 
bank to parallel 
bank and isolated. 

1. Alarms at fire sta-
tion, central and 
local control 
boards. 

2. Exhaust fans are 
limited to a maxi-
mum t.p of 25 em 
(10 in.) H20 
across filters. 
Glass fiber 
filter mats are 
designed to with-
stand at least 
25 em (10 in.) 
H20 t.p for 
1 5 min , to a 11 ow 
time for control 
system response. 

3. Sudden increase in 
flow resistance 
alarmed at local 
control hoard. 

4. Sudden loss of 
flow resistance 
across filter bank 
alarmed at local 
control board. 

5. Flow diverted 
from affected. fil
ter bank. 

Release 

10-3 of inventory 
on HEPA filters 
released via· plant 
stack. Assume 
equivalent to 
9.3 X l0-3 Ci of 
1.5 yr-old, mixed 
nonvolatile fission 
products. 

10-4 of inventory on 
HEPA filters re-
leased via plant 
stack. Assume 
equivalent to 
9.3 x lQ-4 Ci 
1.5 x yr-old, mixed 
nonvolatile fis-
sion products. 
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TABLE 4.11.9. Capital Cost Estimate for the Group I II Filter Module/HEPA Fi l·ter 
Atmospheric Protection System 

Costs, 
Man-hours, 1000s 1000s of Mid-1976 Dollars 

Cost Element Nonmanual Manual Material Labor Total 

Major equipment 20 1,680 : 240 1 '920 
Buildings and structures 137 1,150 1 ,650 2,800 
Bulk materials 3 240 40 280 
Site improvements 

Subtotal of direct site 
construction costs 160 3,070 1,930 5,000 

Indirect site constr~c-
tion costs 40 30 680 920 1,600 

Total tield cost 40 190 :~' 7!i0 ~.850 6,600 
Architect-engineer servi"ces 1 ,200 

Subtotal 7,800 
Owner's cost 2,200 

Total facility cost 10,000 
Estimate accuracy range ±25% 

The total capital cost includes all plant-related costs incurred from the start of eng·J
neering to the initiation of commercial operation, with the·exception of working capital, the 
costs associated with the ventilation system upstream of the final filtration facility, and 
the costs associated with the ventilation system downstream from the discharge end of the ex
haust blower, up to and including the stack. 

Operating Costs. Table 4. ll.lU Shows the u~erating cost components for thP reference 
system. Direct labor costs a1·e based on the manpower schediJle in Toi.Jle 4.11.3. Supplies and 
utilities costs are derived from the 1nformation in Table 4.11 .4. The cost of replR~Rment 
filters is included in the miscellaneous cost categor·y. The cost of electricity is the major 
component in the tota 1 operating cost, accounting for aboUt 60% uf Llle ~:.us t. Ma i ntcnance 
material's costs are estimated at 3% of the initial cost of major equipment. Overhead and mis
cellaneous costs are calculated as discussed 1n Sectiu11 3.8. 

TABLE 4.11.10. Operating Cost Estimate for the Group III Filter Module/ 
HEPA Filter Atmo~pheric Protection System 

Cost Element 

Direct labor 
Process materials 
Utilities 
Maintenance materials 
Overheaq 
Miscellaneous 

Total 

Annunl Co~t!;. 
$1000s 

40 
0 

320 
60 
70 
50 

540 +50% 
-25% 
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Levelized Unit Cost. Table 4.11.1 I gives the total leveli2ed unit cost, including the 
levelized capital and operating components. The calculation assumes private ownership of the 
facilities'and a 15-yr economic life. 

TABLE 4.11.11. Levelized Unit Cost Estimate for 
the Group III Filter Mod.ule/HEPA 
Filter Atmospheric Protection 
System 

Cost Element 

Levelized capital charge 
Levelized operating charge 
Levelized total unit cost 

Unit Cost, 
$/kg HM 

1.25 
.25 

1. 50 ~35% . 

4.11.1.11 Facility Construction Requirements for the Group III Filte~ 

Module/HEPA Filter Atmospheric Protection System 

Many factors relating to site preparation and facility construction for the reference APS 
may have some impact on the environment, the local economy, and the natural resources of the 
surrounding area. The information that follows provides a basis for evaluating the impact of 
construction activities. 

Project Schedules and Cons·truction Manpower. The schedule for engineering, procurement 
and construction, as well as the estimate of the field labor force for construction, are both 
integrated with the schedules and estimates for the FRP (see Section 3.2.3.7). The field 
labor force estimated for the construction of the final filtration facility is tabulated 
below: 

Man-hours, 
1000s 

Manual field labor 40 
Nonmanual field labor 190 

Total field labor 230 

Distribution of Onsite and Offsite Costs. Onsite costs are those for all construction, 
materials and services provided at the site of the FRP, while offsite costs are those for all 
services provided, equipment fabricated or assembled, and material purchased elsewhere. The 
distribution·of total costs in these categories is shown below: 

Costs. l 
$1000s 

Onsite 3,000 
Offsite 7,000 

Total 10,000 

Site Requirements. Land commitments for the final fi.ltration facility are included with 
those of the FRP. 
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Water. About 3400 m3 (0.9 x 106 gal) of water are required during the construction 
period. 

Construction Materials. Materials committed to facility construction are: 

Concrete 2,300 m3 (3,000 yd3) 
Stee 1 .545 MT ( 600 tons) 
Copper 
Zinc 
Aluminum 
Lumber 

0.4 MT 
negligible 
negligible 

120 m3 

Energy. Energy resources used during construction are: 

Propane 
Diesel fuel 
Gasoline 
Electricity 

Peak demand 
. Total consumption 

Transportation Requirements 

200 kW 
130,000 kWh 

(0.5 tons) 

(50 MFBM) 

(I ,000 gal) 
(70,000 qal) 
(50,000 gal) 

No separate transportation requirements for the final filtration facility have been identi
fied beyond those for the FRP. 

4. 11.1.12 Effects of Fuel Cycle Options 

The reference process for the FRP APS based on Group III filter modules and HEPA filters 
assumes reprocessing of LWR fuel and recycling the retrieved uranium and plutonium. The 
following alternative fuel cycle modes have also been assessed insofar as they relate to the 
referenGP ~y~t.P.m. 

No Recycle. Eliminating the fuel reprocessing operation does away with the reprocess1ny 
plant requirement. Accordingly, no APS is required. 

Uranium Recycle Only, with Plutonium to a Repository. This alternative is expected to 
gP.nP.rate about the same amount of dissolver and process off-gas as the uranium and plutonium 
recycle case. 

Uranium Recycle Only, with Plutonium to High-Level Waste (HLW). This alternative would 
generate about the same quantity of dissolver and process off-gas as the uranium and plutonium 
recycle Ga~e. 

4.11.2 Sand Filter/HEPA Filter Atmospheric Protection System 

An alternat1ve APS for the reference FRP would employ a deep-bed graded sand filter as the 
prefilter. The final stage would be a HEPA filter bank. The graded sand filter would provide 
a large-capacity, efficient trap for most of the larger airborne particles and would be 99+% 
efficient for submicron-sized particles. Bed life for the sand filter is expected to be 
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20 years or more. The actual life is determined by the concentration of dust entering the fil
ter and tolerable pressure drop for the exhaust blowers. 

The deep-bed sand filter.provides a barrier that protects the APS, against process upsets, 
severe impacts from tornadoes, and seismic shocks; in addition, it is nearly indestructible 
by fire. The sand filter's efficiency is affected little, if at all, by temperature and 
temperature fluctuations; the filter is inert to chemical attack and has ~ large capacity for 
loading. The sand filter's advantages must be weighed against its much higher capital cost (two 
times greater than .that of the Group .III filter module/HEPA filter APS or of th~ deep-bed glass 
fiber filter/HEPA filter system described in the next section), its pressure drop, and resulting 
operating costs, and the much larger commitment of land. Another disadvantage of sand filtration 
is the large volume of sand and gravel that may require removal for terminal storage·at the end 
of the bed life. 

4. 11.2. 1 Alternatives for the Deep-Bed Sand Filter 

The deep bed sand filter selected for this report is uniquely designed for the conditions 
of the reference FRP APS. Some latitude can be exercised in the selection of the coarser 
grades of gravel and the air distribution systems that support.the layers of finer sand. 
Modifications· that may be tolerable from a performance specification standpoint would provide 
only marginal savings in cost, if any. The construction of the filter must be preceded by a 
demonstration that the fine sand and the depths of the layers chosen will provide the design 
efficiency. This constraint does permit some options in sources of sand and quality, but it 
would be inadvisable to greatly change the sand specification significantly without a substan
tial experimental program to evaluate the performance of the altered design. The potential 
advantages of using alternative designs that must be thoroughly tested appear to be obviated by 
the development cost. 

4. 11.2.2 Design Basis for the Sand Filter/HEPA Filter Atmospheric Protection System 

The design basis for the sand filter/HEPA filter APS is the same as that described for the 
Group III filter module/HEPA filter in Section 4.11.1.2. In addition, the design of the deep
bed sand filter is patterned after those developed at Hanford and Savannah River. These filters 
are described. in Reference 3, which gives performance data and.an extensive bibliography. 

Particle removal efficiency for a deep-bed sand filter can approach that for a HEPA filter; 
experience has shown the filters to be about 99% efficient for a 0.7-l.lm particle. (4•5•6) When 
used as a prefilter upstream of a final HEPA filter bank, a nominal design efficiency of 90% is 
credited to the installation. This is a conservative efficiency, perhaps by a factor of 10; 
however, until such a filter has been proven following installation, the lesser efficiency is 
appropriate for estimating emissions. Several factors can alter sand bed efficiency; efficiency 
measurements on an actual, scaled assembly using the same cross section of graded sand and 
gravel are recommended before proceeding with an installation. 

The removal efficiency of the HEPA filters on installation is at least 99.97% for 0.3-l.lm 
particles. A conservative efficiency of 99.9% is assumed for estimating effluent release. The 
nominal capacity or ea(;h HEPA filLer module is 28 m3/m1n (1,000 cfm) of exhaust air. 
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4.11.2.3 Process for the Sand Filter/HEPA Filter Atmospheric Protection System 

The basic process for all alternative FRP atmospheric protection systems is the same, and 
is described in the introductory remarks to Section 4.11. Figure 4.11.2 is a process flow 
diagram for the APS. The type of prefilter used determines the specific route and treatment for 
the off-gas passing through the APS. 

With the sand filter/HEPA filter APS, off-gas from the FRP enters the sand prefilter and is 
distributed through ducts along the bottom of the sand bed. The air moves upward through 
succeedingly finer layers of gravel, then sand. The filtered air is drawn with exhaust fans 
from the space over the sand, and either through a back-up filter system or directly to the 
stack. The design face velocity of the air through the bed is a_round 1.5 m/min (5 fpm); at this 
face velocity the pressure drop is around 17 to 25 mm (7 to 10 in.). 

4.11.2.4 Facility Description for the Sand Filter/HEPA Fiiter Atmospheric 
Protection System 

Figures 4.11.4 and 4.11.5 show the arrangement of the facility that houses the sand 
filter/HEPA filter APS at the reference ~KP. The locat1on of this fdciliLy within the 
FRP site was shown earljer in Figure 4.11.1. The facility is a Category I structure, 
designed to withstand design basis tornadoes, earthquakes, and floods. 

Deep-bed Sand Filter. The sand filter is housed in a massive, reinforced concrete building 
that measures about 48 x 94 x 6 m (156 x 308 x 20.ft) and contains three separate filter bays. 
Collectively, ~he three bays provide a total filter·surface area of 3900 m2 (42,000 ft 2). Ab~ut 
5.8 m (19 ft) of the filter is underground. The roof is supported by concrete columns. An 
inlet tunnel allows air to enter the bottom of the filter bed. Air distribution trenches are 
provided across the bottom of the filter at 6-m (20-ft) intervals. From these distribution 
trenches, air passes through stainless steel support gratings into a single layer of hollow 
tiles having slotted openings on one side. This layer of hollow tiles is inverted over the 
·distribution trenches and serves to distribute the air to the first layer of coarse gravel in 
the filter bed. Provisions are made for draining off any liquids through sumps. Monitor1ng, 
sampling, testing ports, and delivery lines are provided. 

The deep-bed sand prefilter used in this system is composed of several layers of sand sup
ported on the air distribution structure described above. The bottom layer is heavy gravel 
covered ?Y a layer of smaller-diameter gravel. Sand is placed in three layers over the gravel. 
The coarsest .layer of sand 3- to 6-mm in diameter, is placed on the gravel bed to ~ depth of 
15 em; the next finer sand, 1 mm to 3 mm, is layered to a depth of about 30 em; the finest sand, 
0.5 mm to 1 mm, is added to a depth of about 91 em. The overall depth of the unit is about 
2.5 m (8 ft). The finest sand layer is protected with a layer of coarse sand (4-8 mesh) to 
reduce the erosion from the horizontal flow of air. There is about 2.3 m (7-1/2 ft) of air 
space above the top layer of the sand. Detailed specification of each sand layer is available; 
the only sand layer that is critical however, is the finest one. (7) Sand available locally may 
not be fine enough (30-50 mesh). The original sand filters used at Hanford required shipments 
of sand from Eau Claire, Wisconsin. If an untried source of fine sand is selected, the sand 
from that source should be subjected to efficiency tests in a pilot-scale filter assembly. 



.-, 
' ' ·-· 

,-, 
' ' --· 

,.-, 
,_, 

,-, 
' ' ,_, 

0 

0 

0 

• 0 

0 

0 

'4.11.17 

·~ 

0 0 0 

0 0 0 

o' 0 0 

DEEP D SAN ILlER 

0 0 0 

0 0 0 

0 0 0 

100 1 -0"(30.48m) 

(,~ ·:·:·-4--SUPPORT COLW'\NS (TYP) 
_, ·j . 

t---T----------!1-AIR INTAKE DISTRIBUTION 
TRENCH (TYP) 

0 
,-, ,-, 

' ', ' ,. 
'·' 

1/ 
,., ·-- ·:·:· ' '., ,_. ,_, 

- ( ··:· _, ,_, 

- ,-, 
', .-. 

' ) ', ) -- - ,_, 

I v ; ', ', : ~ ', -· --
,.---------tt-~~~~~R~!~~t.!~~6~~FF 

rhf---,...-----,.--;-----;..,----;~--;t- SAND F I L TEfl EXHAUST PLENUM/ 
HEPA FILTER INTAKE PLENUH 

l ( :: I; !l ~:: CJ :! CJ i: CJ ! !' Jj . . - t-DAAPER ACT\IATOR MAINTENANCE 

o., j_ ~-~l~~~~:=.:~~:~-=-=~::~~~-~ 11 'II ._j[ '' . ' -~:- Q:~:_.-~-=-~------~-~-:-~~~--.:_:;i~~:~.~~'n ::::E FILTER EXHAUST PLENUM ' ~ I[ J. .. Q.Q. __ D_J: __ Q __ <;l__I;IL,t Jl il " .. . 

-~ ~1c~·--lk----------~----·~HE=PA=F~IL~TE~R=ST=AT~IO~N-~,----------c~l 
j~ ~ . ~ l,;'l ~ 

;::p ~ J F.o ffi BLOW RS -mt ~ 
i ~ rrpJ '"1"" '*' "'!=" 

-~ 

EXHAUST BLOWER STATION 

308' -0"(93 88m) 1...:. 

~ 

0~ ~~ 6i 8~ ·~o FEET 

" ·~ 
20' 30 METERS 

~ I I 

FIGURE 4.11.4. Sand Filter/HEPA Filter Atmospheric Protection System, Plan and 
Section A-A 

HEPA Filter Banks. The HEPA filters are contained within six concrete-walled rooms within 
the blower station building adjacent to the sand filter. The six rooms are arranged in groups 
of two. Welded to the walls of each room is a filter mounting frame that holds 40 HEPA 
filter modules in a 4 x 10 array. The individual filter modules are 61 em square x 29 em 
deep (2 ft square x 11 1/2 in. deep). Air locks and entrances are provided for filter changes; 
fitting and sample lines are placed for introducing dioctylphthalate (DOP) aerosol to measure 
filter efficiency. 

Monitoring System. Radiation monitoring is provided continuously by beta/gamma detectors 
mounted near the HEPA filters. For the sand filter, monitoring tubes 15 em (6 in.) in diameter 

:tend from the roof to the bottom of the bed for radiation surveys. Pressure differentjal 
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FIGURE 4.11.5. Sand Filter/HEPA Filter Atmospheric Protection System, Section B-B 

instruments and associated alarming devices monitor the pressure drop of the HEPA filters. 
Static lines and probes installed at strategic locations in the sand filter provide the same 
pressure monitoring services for the prefilter. 

Fire ·Pr:Qtection S,ys~.~-1)!· Exhaust air ducts to the filter room are equipped \.iith debris 
screens to intercept airborne burning debris before it-can enter the air plenum. A smoke detec
tor and a combination rate-of-rise and fixed-temperature detector are provided. Suppression is 
accomplished by spraying water as a fine mist on the debris screens. Both detectors must be in 
an alarm condition simultaneously to actuate the water supply. 

Air Moving Equipment. F1ve exhaust bluw~r·~ provide the motive force for plant ventilation. 
Each blower i? designed for exhausting 1410 m3/min {50,000 cfm) of air at 115 em {45 in.) water 
differential pressure. The blower is a centrifugal-type and is driven by a 375 kW electric 
motor. An identical unit 1s installed on standby mode during normal operation. 

Shielding and Remote Handling Equipment. Change'ot the HcPA filter un1ts miiy n:!qUil'e 

placement of temporary shielding panels and use of specially designed tools to release hold-down 
clamps. Remote tools and shielding will not be necessary if the filter units are changed fre
quently enough to prevent excessive build up of radioactive material. These choices must be 
made by operators familiar with the trade-offs between replacement costs and radiation reduction 
to workers. 
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4.11.2.5 Operating and Maintenance Requirements for the Sand Filter/HEPA Filter 
·Atmospheric Protection System 

The facility operates 24 hr/day, 7 days/wk, the year around. Normal activities include 
·monitoring pressure drop across filters, sampling, and normal maintenance and replacement 
activities. All normal process operations and filter removal and installation.are handled 
manually. In ail cases, th~ dose is controlled and limited to less than 1 mrem/hr. HEPA filters 
will be replaced in accordance with pressure requirements and prescribed radiation iimits. A 
parallel airflow design allows more than two-thirds of the HEPA filters to be used while a bank 
of filters is.being replaced. Prior to use, a new filter section will be tested using DOP 
aerosols. Detailed instructions for installation and testing are available. (l) 

Staffing. Estimated staffing requirements for the facility are the same as those given in 
Section 4. 11.1.5 for the Group III filter module/HEPA filter APS. 

Supplies and Utilities. Table 4;11.12 shows supplies used in the sand filter/HEPA· filter 
APS operations. Utility requirements are the same as those given in Section 4.11.1.5 for the 
Group III filter module/HEPA filter APS. 

TABLE 4. 11. 12. Supply Requirements for the Sand Filter/ 
HEPA Filter Atmospheric Protection System 

Supply 

HEPA filters 
Detergent (for 
decontamination 
anu cleanup) 

Annual Requirement 

80 

150 kg 

4.11.2.6 Secondary Radioactive Wastes for the Sand Filter/HEPA Filter·Atmospheric 
Protection System 

Secondary radioactive wastes for the sand filter/HEPA filter APS are the same as those 
given in Section 4.11.1.6. 

4.11.2.7 Facility Emissions for the Sand Fi.lter/HEPA Filter Atmospheric Protection Syst~m 

Facility emissions are the same as those given in Section 4.11.1.7. 

4. 11.2.8 Decommissioning Considerations for the Sand Filter/HEPA Filter Atmospheric 
Protection System 

At the end of it~ operating life, the facility housing the sand .filter/HEPA filter APS will be 
decommissioned. Plans for decommissioning the facility must provide for appropriate decontami
nation and monitoring equipment to assess actinide and fission product buildup during the life 
of the plant. Ease of retirement and removal of the sand and gravel should be an important 
consideration in selecting all materials and equipment necessary for the facility. It is 
expected that the sand will be excavated (remotely if necessary), packaged, and transported to a 
repository. Routine decontamination of the facility, except for the sand filter area, will aid 
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in final decontamination. Any facility structure surfaces that are highly susceptible to hard
to-remove radionuclide contamination will be covered with a removable surface but may be diffi
cult to retain in the sand filter area for the life of the FRP. 

4.11.2.9 Postulated Accidents for the Sand Filter/HEPA Filter Atmospheric Protection 
System 

Accident scenarios for the sand filter/HEPA filter APS are the same as those described in 
Tables 4.11.7 and 4.11.8, Section 4. 11.1.9. 

4. 11.2.10 Facility Costs for the Sand Filter/HEPA Filter Atmospheric Protection System 

Estimates have been made, in mid-1976 dollars, of capital, operating and levelized unit 
costs. A complete description of the cost estimate basis, assumptions and definitions is given 
in Section 3.8. 

Capital Costs. Table 4. 11.13 gives the capital cost estimates for the sand filter/HEPA 
filter APS. This estimate covers all capital costs specifically resulting from the inclusion of 
the final filtration facility as an integral part of the FRP described in Section 3.2. These 
costs also include the ventilation air moving equipment and the effect of incremental additions 
to utilities, such as electricity; heating ventilation, and air conditioning (HVAC); and com
pressed air; as well as the cable, piping and other bulk materials incorporated directly into 
the final filtration facility. However, general FRP costs for services such as laboratories and 
warehousing hav~ not been allocated to the APS. 

TABLE 4. 11. 13. Capital Cost Estimate for the Sand Filter/HEPA·Filter 
Atmospheric Protection System 

Cost Element 

Major equ1pment 
Buildings and structures 
Bulk materials 
Site improvements 

Subtotal of direct site 
construction costs 

Indirect site 
construction costs 

Total field cost 
Architect engineer 

services 
Subtotal 

Owner's cost 
Total facility cost 
Estimate accuracy range 

Man-hours, 1 OOOs 
· Non-Manua 1 Manual 

5 
530 

15 

550 

140 110 
140 660 

Cus L~, 
1000s of Mid-1976 

Material Labor 

379 100 
2,570 6,400 

160 200 

3,100 6,700 

2,500 3,200 

5,600 9,900 

Dollars 
Tota1 

470 
8,970 

360 

9.800 

5,700 
15,500 

2,800 
18,300 
5,700 

24,000 
±30% 
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The total capital cost includes all plant-related costs incurred from the start of engineer
ing to the initiation of commercial operation with the exception of working capital, the costs 
associated with the ventilation system upstream of the final filtration facility, the costs 
associated with the ventilation system downstream from the discharge end of the exhaust blower 
up to and including the stack. 

Operating Costs. Table 4.11.14 tabulates the operating cost components for the reference 
system. Direct labor costs and utilities are the same as for the Group III filter module/HEPA 
filter APS (Section 4.11.1). Maintenance materials costs are estimated at 3% of major equipment 
cost. Overhead and miscellaneous costs are calculated as indicated ·in Section 3.8. Costs of 
HEPA filter replacement are included .under miscellaneous costs. 

Levelized Unit Costs. The total levelized unit cost, including the levelized capital 
and operating components, is shown in Table 4.11. 15. The cost calculation assumes private 
ownership of the facilities and a 15-yr economic life. 

TABLE 4.11.14. Operating Cost Estimate for the Sand 
Filter/HEPA filter Atmospheric 
Protection System 

Cost Element 

Direct labor 
Process materials 
Utilities 

·Maintenance materials 
Overhead 
Miscellaneous 

Total 

Annual Costs, 
$1000s 

40 
0 

320 
15 
45 
80 

500 +SO% 
-25% 

TABLE 4.11.15. Levelized Unit Cost Estimate 
for the Sand Filter/HEPA Filter 
Atmospheric Protection. System 

Cost Element 

Levelized .capital charge 
Levelized operating charge 
Levelized total unit cost 

Unit Cost, 
$!kg HM 

2.95 
.25 

3.20 ±40% 

4.11.2.11 Construction Requirements for the Sand Filter/HEPA Filter Atmospheric 
Protection System 

Many factors relating to site preparation and facility construction may have some impact 

on the environment, the local economy, and the natural resources of the surrounding area. 
The information which follows provides a basis for evaluating the impact of construction 
ncti viti es. 
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Project Schedules and Construction Manpower. The schedule for engineering, procurement 
and construction as well as the estimate of the "field labor construction force, for the sand 
filter/HEPA filter APS is integrated with the estimates and schedules for the FRP. The field 
labor force is tabulated below: 

Man-hours, 
1000s 

Manual field labor 660 
Nonmanual field labor 140 

Total field labor 800 

Distribution of Onsite and Offsite Costs. Onsite costs are those for all construction, 
materials and services provided at the site of the FRP, while offsite costs are those for all 
services provided, equipment fabricated or assembled, and material purchased elsewhere. The 
distribution of total costs in these categories is shown below: 

Onsite 
Off site 

Total 

Costs, 
$1000s 

10,500 
13,500 
24,000 

Site Requirements. No additional site or land requirements beyond those for the FRP are 
identifiable. 

Water. About 1200 m3 (3.2 x 106 gal) of water·are needed during construction. 

Construction Materials. Materials committed to facility construction are: 

Concrete 11 ,nnn m3 (14,800 yd3) 

Steel 1,900 MT (2,000 tons) 

Copper 0.9 MT ( 1 ton) 

Zinc 0.5 MT {0.5 ton) 

Lumber 700 m3 (300 MFBM) 

Graded gravel, 3,800 m 3 (5,000 yd3) 
1/4 to 3-in. 

Graded gravel, 5,600 m 3 (7,400 yd3) 
#50 to #8 

Energi:. Energy resources needed during construction are: 

Propane 95 m3 (25,000 gal) 

Diesel fuel 950 m3 (250,000 gal) 

Gasoline 600 m3 ( 160,000 ga 1) 

Electricity 
Peak demand 450 kW 

Total consumption 450,000 kWh 



4.11.23 

Transportation Requirements. No separate transportation r~quirements for the sand 
filter/HEPA filter APS have been identified beyond those for the FRP. 

4. 11.2.12 Effects of Fuel Cycle Options 

The process for the reference FRP APS based on a deep-bed sand filter and HEPA. filter 
assumes reprocessing of LWR fuel and recycling the retrieved uranium and plutonium. The 
following alternative fuel cycle modes have also been assessed insofar as they relate.·to this 
system. 

No Recycle. Eliminating the fuel reprocessing operation does away with the reprocessing 
plant requirement. Accordingly, no APS is required. 

Uranium Recycle Only, with Plutonium to a Repository. This dlternative is expected to 
generate about the same amount of dissolver and processing off-gas as in the uranium and 
plutonium recycle case. 

Uranium Recycle Only, with Plutonium to High-Level Waste (HLW). This alternative would 
generate about the same quantity of dissolver and processing off-gas as ~n the uranium and 
plutonium recycle case. 

4.11.3 Deep-Bed Fiber Filter/HEPA Atmospheric Protection System 

A third alternative APS would employ a deep-:bed glass fiber filter as the prefiHer. As 
with the other two APSs, the final stage would be a HEPA filter bank. The deep-bed glass fiber 
filter would provide a large-capacity, efficient trap for most of the larger airborne particles. 

An extensive research effort was applied to characterizing and testing deep-bed glass 
fiber filters -in the 1950s. This effort resulted in the ability to make reasonably accurate 
predictions of bed efficiency. (8) The first large-scale application of thfs type of filter in 
an FRP was a bed of glass fibers 30 vm in diameter freely packed to a depth of 2.1 m (84 in.). 
This free-packed prefilter·was followed by a high efficiency fiber glass filter mat 2.5 em 
(1 in.) deep, contained in conventional "V"-type filter assemblies. The combined effi-
ci enc.v of the prefilter and the fi na 1 filter was about 99. 9% for actua 1 service conditions 
with _inlet aerosol particles in the range of 0.2 to 0. 7 vm in diameter. (8) This filter 
exhibited an initial pressure drop of 10 em (4 in.) water qauqe when the face velocity was about 

0.25 m/sec (50 fpm). 

Ueep-bed glass fiber filters have been used primarily as prefilters to remove the larger 
particles, representing the bulk of solids, carried in an off-gas stream. When used for this 
purpose, these filters can be tailored to an efficiency greater than 90% for 0.3-vm-sized 
particles. The most recent deep-bed glass fiber filter installation at the Department of 
Energy (DOE) Idaho Falls Chemical Processing Plant showed a clean filter efficiency of about 
80% for test aerosol pa~ticles (dioctylphthalate) having a median diameter of 0.7 vm. (9) The 
mass decontamination factor for the filter is calculated to be 2000, taking into account larger 
particles that could be present. The Idaho Falls filter uses 5 trays containing glass fibers 
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packed to densities ranging from 11.3 to 48.4 kg/m3 (0.7-3.0 lb/ft3). These trays are stacked 
five in a series and mounted in four below-ground bays. The trays are sealed to steel imbed
ded in the walls and can be removed for terminal storage, if required. 

The life of the deep-bed glass fiber filter will depend upon the circumstances that deter
mine dust loading. If gases that react with each other or form solids can· be eliminated or 
greatly reduced, the deep-bed glass fiber filter would probably last 15-20 years before replace
ment is needed due to excessive pressure drop or deterioration in efficiency. 

Among the advantages of the deep-bed glass fiber filter are its inertness to most chemi
cals_oth~r than hydrofluoric acid and the buffer it provides both from upstream process upsets 
and from overpressures due to tornadoes. In addition, deep-bed glass fiber filters ate 
relatively insensitive to moisture, have a low pressure drop even though the face velocity is 
high, can be made to survive in earthquakes, are low in maintenance costs, and are not 
c:;uc:;cP.pt.ihlP. t.n fire. 

4. 11.3. 1 Alternatives for the Deep-Bed Glass Fiber Filters 

Prepacked, deep-bed glass fiber tray and frame units were selected for the reference deep
bed glass fiber filter/HEPA filter APS. In an alternative design, as mentioned above, the 
glass fibers could be freely packed into a large concrete housing and compressed to the 
required density by large hold-down screens supported by steel plates imbedded in the walls. 
With the free-packed bed, great care must be exercised to maintain a uniform packing over the 
large area of the housing. The prepacked, modular units selected for the reference APS give 
greater assurance of uniform packing and, therefore, efficiency. The free-packed bed cannot be 
dismantled readily for final storage of the filter medium; when the free-packed filter medium 
needs replacing, a totally new unit must be built, including the concrete vault and all appurten
ances. The failure of a deep-bed free-packed filter should be anticipated by about one year to 
allow for construction of new facilities. 

4.11.3.2 Design Basis for the Deep·-Bcd Glass Fiber Filtcr/HEPA Filter 
Atmospher1c Protect1on system 

The design basis is the same as that described for the reference facility, Section 4.11. 1.2. 

4. 11.3.3 Process for the Deep-Bed Glass Fiber Filter/HEPA Filter 
Atmospheric· Protection System 

The process for the deep-bed glass fiber filter/HEPA filter APS is summarized in the 
introductory remarks to Section 4. 11. 

4.11.3.4 Facility Description for the Deep-Bed Glass Fiber Filter/HEPA 
Filter Atmospheric Protection System 

The location of the facility that houses the deep-bed glass fiber filter/HEPA filter APS 
within the reference FRP is the same as for the other two alternative facilities and is shown 
in Figure 4.11.1. Figures 4.11.6 and 4.11.7 show the facility arrangement for .the reference 
APS. The facility is a Category I structure designed to withstand design-basis tornadoes, 
earthquakes, and floods. 
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Deep-bed Glass Fiber Filter. The prefilter vault that houses the deep-bed glass fiber 
filter is approximately 18 x 36 x 5.8 m (60 x 118 x 19 ft) and is separated into four bays. 
An air intake plenum at one end of the vault allows ventilation air to enter; the air is 
directed through flow slots into each bay. The three interior walls that separate the vault 
tnto four bays support the cross beam members, to which are fastened the frames that support 
the glass fiber beds. The floor of the vault is sloped along its length to collection sumps. 
The roof of the vault is removable in sections and is located 0.3 m (1 ft) below grade. 

The deep-bed glass fiber prefilter has an area of 500m2 (5400 ft 2) so that an airflow of 
7080 m3 /min ( 250,000 cfm) wi 11 not exceed a superfi cia 1 gas face ve 1 ocity of 19 m/mi n ( 62 ft/mi n). 
The filter is designed for gas upflow through five layers of separately-supported, packed media 
with the following thicknesses and glass fiber packing densities: 

Layer, 
Bottom to Top 

Bed Thickness, Packing Density, 
. kgtm3 

1 

2 

3 

4 

5 

FILTER BED EXHAYST/ 

!t~b.~.l-~.!f'-1$~ .~l.E.~lP'\. 

em 

38 
38 
46 
46 
46 

11 
11 
24 
24 
48 
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FIGURE 4.ll.G. Deep-Bed Glass Fibe1· Fil ter/HEPA ril ter Atmospheric Protection 
System, General Plan 



4.11.26 

( ONE AT EACH END OF FACILITY 
FOR A TOTAL OF T\10 ) 

UCTION A•A 

q 10. 30 '0 ~0· 510 
.. ;;;;;I ' 0 I ' 

FEET 

HETERS 

FIGURE 4.11.7. Deep-Bed Glass Fiber Filter/HEPA Filter Atmospheric 
Protection System, Section A-A 

The five individual layers are supported by stainless steel screens wired to support pipes. 
The resulting frame is mounted and sealed to the cross beams extending between concrete walls. 
The glass fiber filter vault is equipped with ducts through which ventilation air can be by
passed if the prefilter requires flushing. 

HEPA Filters. The HEPA filter banks comprise walk-in plenums with a1r locks. 
plenum contains 36 individual, replaceable modules (2ft square x 11-1/2 in. deep). 
are mounted to stainless steel frames in each plenum in a ~ x 12 array. 

Each f·ll Ler· 
The modules 

Water Spray System. Since pluyyiny attl'ibutable to unexpected particle loading might 
occur, water spray systems are provided to flush particles from the deep-bed glass fiber 
prefilter if the pressure drop becomes excessive. The spray systems are located between'the 
top two layers, with the spray directed downward; below the bottom layer, with the spray 
directed upwards; and above the top layer, with the spray directed downward. The spray systems 
are made of stainless steel pipes 7.5 em (3 in.) in diameter. The bottom system is equipped 
with spray nozzles, and the two upper systems have holes drilled in the pipes. 

Process Instrumentation. The glass fiber prefilters have pressure l!l0n1tor1ng equipment to 
determine pressure drops across i ndi vi dua 1 1 ayers and across the uver·a 11 f"il ter. The pressute 
drop for each HEPA filter bank is also monitored by pressure differential instruments. · 

The condition of the ventilation air is monitored in· the inlet plenum of the prefilter and 
an outlet duct leaving the HEPA filter area. The parameters measured include temperature, 
humidity, and smoke entrainment. 
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Radiation monitoring for the prefilter is accomplished by steel monitor tubes extending 
from above the roof of the prefilter to the floor of the vault. Area radiation monitors are 
provided for each HEPA filter bank. 

Test Equipment. Connections for introducing dioctylphthalate aerosols into the HEPA 
filter pl~num at its inlet ducting are installed to provide in-place testing of all the HEPA 
filters. Sample probes are also provided at the exhaust end of the plenums. 

Fire Protection System. Exhaust air ducts to the filter room are equipped with debris 
screens to intercept airborne, burning debris before it can enter the air plenum. Detection is 
provided by a smoke detector and a combination rate-of-rise and fixed-temperature detector. 
Suppression is accomplished by spray~ng water as a fine mist on the debris screens. Both 
detectors must be in an alarm condition simultaneously to actuate the water supply. 

Air Moving System. This system is equipped with 6 centrifugal-type exhaust blowers; 
one of the six blowers is provided as a spare. Each rates at 1420 m3/min (50,000 cfm) capacity 
at a pressure differential of 100 em (40 i'n.) water gauge and is driven by a 350 kW motor. 

Shielding and Remote Handling Equipment. See Section 4.11.2.4. 

4.11.3.5 Operating and Maintenance Requirements for the Deep-Bed Glass 
Fiber Filter/HEPA Filter Atmospheric Protection System 

The facility operates 24 hr/day, 7 days/wk, the year around. All normal process 
operations and filter removal and installation are handled manually. In all cases, the dose is 
controlled and limited to less than 1 mrem/hr. Normal activities include monitoring pressure 
drop across filters, sampling, and normal maintenance and replacement activities. HEPA filters 
will be replaced and prefilters will be washed in accordance with pressure drop requirements 
and prescribed radiation limits. A parallel airflow design permits two-thirds of the HEPA 
filters to be used while a bank of filters is being replaced. Prior to use, a new filter 
section will be tested using dioctylphthalate (DOP) aerosols. Detailed instructions for 
installation and testing are available. (l) 

Staffing. Estimated staffing requirements for the reference system are the same as those 
given in Section 4.11.1.5 for the Group III filter module/HEPA filter APS. 

Supplies and Utilities. Supplies used for the deep-bed glass fiber filter/ HEPA filter 
APS are shown in Table 4.11.16. Utility requirements are the same as those given in 
Section 4.11.1.5. 

4.11.3.6 Secondary Radioactive Wastes for the Deep-Bed Glass Fiber Filter/HEPA 
Fi.her Atmospheric Protection System 

Secondary radioactive wastes are the same as those characterized for the Group III filter 
module/HEPA filter APS in Section 4. 11.1.6. 

4.11.3.7 Facility Emissions for the Deep-Bed Glass Fiber Filter/HEPA Filter 
Atmospheric Protection System 

Facility emissions are the same as those given in Section 4. 11. 1.7. 
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TABLE 4.11.16. Supply Requirements for the Deep-Bed Glass 
Fiber Filter/HEPA Filter Atmospheric 
Protection System 

Description 

HEPA filters 
Detergent (for 
decontamination 
and cleaning 

Annual Requirement 

80 

300 kg 

4.11.3.8 Decommissioning Considerations for the Deep-Bed Glass Fiber 
Filter/HEPA Filter Atmospheric Protection System 

The facility that houses the deep-bed glass fiber filter/HEPA filter APS is designed to 
have a useful operational life of 20 years. At the end of its operating life, the reference 
APS facility is expected to be relatively free of contamination, with the exception of the 
removable HEPA filters. Although the deep-bed glass fiber filters are designed to be removed 
only at decommissioning,. water spray systems are provided to flush particles and unexpected 
filter loading materials as required. Hegular replacement of the HEPA filters, as well as 
routine remova 1 of contami nation from the deep-bed filters and from the faci 1 i ty i t.se lf, wi 11 
aid in decommissioning the facility. Ease of retirement is an important consideration in 
selecting materials, monitoring devices and general equipment for the facility. Any facility 
structure surfaces that are highly susceptible to hard-to-remove radionuclide contamination 
will be covered with a removable surface. Such a surface may be difficult to retain in the 
deep-bed glass fiber filter area for the life of the FRP. 

4. 11.3.9 Postulated Accidents for the Deep-Bed Glass Fiber Filter/HEPA 
Filter Atmospheric Protection System 

The accidents postulated in Tables 4. 11.7 and 4. 11.8 apply here. Section 4.11,1,9 applies 
as well to the deep-bed glass fiber. filter/HEPA filter APS. 

4. 11.3.10 Facility Costs for the Deep-Bed Glass Fiber Filter/HEPA 
Filter Atmospheric Protection System 

Estimates have been made, in mid-1976 dollars, of capital, operating, and levelized unit 
costs. A complete description of the cost estimate bases, assumptions and definit~ons is given 
in Section 3.8. 

Capital Costs. The capital cost estimate for the reference system is shown in Table 4.11.17 .. 
This estimate covers all capital costs specifically resulting from the. inclusion of the final 
filtration facility as an integral part of the FRP described in Section 3.2. These costs also 
include the ventilation air moving equipment and the effect of incremental additions to utili-. 
ties such as electricity; heating, ventilation, and air conditioning, (HVAC); and compressed 
air; as well as the cable, piping and other bulk materials incorporated directly into the final 
filtration facility. However, general FRP costs for such services as laboratories and ware
housing are not allocated to the reference APS. 
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--TABLE 4.11.17. Capital Cost Estimate for the Deep-Bed Glass Fiber Filter/ 
HEPA Filter Atmospheric Protection System 

Cost Element 

Major· egui pment 
Buildings -and struatures 
Bulk materials 
Site improvements 

Subtotal of direct site 
construction costs 

Indirect site construction 
costs 

Total field cost 
Architect-engineer services 

Subtotal 
Owner's cost 

Total facility cost 
Estimated accuracY range 

Man-hours, 1000s 
Nonmanual . Manual 

27 
150 

13 

190 

50 40 

50 230 

Costs, 
1000s of Mid-1976 Dollars 
Material Labor Total ---
1,550 350 1,900 
1,220 1,780 3,000 

230 170 400 

3,000 2,300 5,300 

800 1 '1 00 1,900 

3,800 3,400 7,200 
1,300 
8,500 
2,500 

11 ,000 
±25% 

The total capital cost includes all plant-related costs incurred from the start of
engineering to the initiation of commercial operation, with the exception of working capital, 
the costs associated with the ventilation system upstream of the final filtration facility, 
and the costs associated with the ventilation system downstream from the discharge end of the 
exhaust blower up to and including the stack. 

Operating Costs. The operating cost components for the reference system are given in 
Table 4.11.18. Direct labor costs and utilities are the same as for the other APSs. Cost of 

HEPA filter replacement are included in miscellaneous costs. Maintenance materials costs are 
estimated at 3% of major equipment cost. Overhead and miscellaneous costs are calculated- as 
indicated in Section 3.8. 

TABLE 4. 11. 18. Operating Cost Estimate for the 
Deep~Bed Glass Fiber Filter/HEPA 
Filter Atmospheric Protection 
System 

Cost Element 
Direct labor 
Process matPrinls 
Utilities 
Maintenance materials 
Overhead 
Miscellaneous 

Total 

Annual Costs, 
$1000s 

30 

0 
320 
40 
70 
40 

500 +50% 
-25% 
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Levelized Unit Costs. Table 4.11.19 shows the total levelized unit cost, including the 
levelized capital and operating components. The cost calculation assumes private ownership 
of the facilities and a 15-yr economic life. 

TABLE 4. 11. 19. Levelized Unit Cost Estimate 
for the Deep-Bed Glass Fiber 
Filter/HEPA Filter Atmospheric 
Protection System 

Cost Element 

Levelized capital charge 
Levelized operating charge· 
Levelized total unit cost 

Unlt Cost, 
$/kg HM 

1. 90 
.25 

2.15 +40% 

4.11.3. 11 Construction Requirements for the Deep-Bed Glass Fiber Filter/ 
HEPA F11ter Atmospheric Protection System 

Many factors relating to site preparation and reference facility construction-may 
have some impact on the environment, the local economy, and the natural resources of the 
surrounding area. The information which follows provides a basis for evaluating the 
impact of construction activities. 

Project Schedules and Construction Manpower. The schedule for engineering, procurement 
and construction as well as the estimate of the field labor force for construction are 
both integrated ~lith the schedules and estimates for· the FRP. The field labor force for 
the reference APS construction is tabulated below: 

Man-hours, 
1 OOOs 
~------

Manual field labor 230 
Nonmanual field labor 50 

Total field labor 280 

Distribution of Onsite and Offsite Costs. Onsite costs are those for all construction, 
materials and services provided at the site of the FRP, while of.fsite costs are those for all 
services provided, equipment fabricated or assembled, and material purchased elsewhere. The 
distribution of total costs in these categories in shown below. 

Onsite 
Off site 

Total 

Costs, 
$1000s 
3,700 
7,300 

11 ,000 

Site Requirements. No additional site requirements or land commitments beyo.nd those for 
the FRP are identifiable. 
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· Water. About 3800 m3 (1.0 x 106 gal) of water are required during the construction 
period . 

. Construction Materials. 

Concrete 
Steel 
Copper 
Lumber 

Energy. Energy resources 

Propane 
Diesel fuel 
Gasoline 
Electricity 

Peak demand 
Total c9nsumption 

Materials committed 

3,000 m3 

730 MT 
{).5 MT 

120 m3 

to facility construction are: 

(4,000 yd3) 
(800 tons) 

(0.5 tons) 
(50 MFBM) 

required during construction are: 

30 m3 (8,000 gal) 
(80,000 gal) 
(60,000 gal) 

300 m3 

230m3 

250 kW 
160,000 kWh 

Transportation Requirements. No separate transportation requirements for the reference 
fa'cility have been identified beyond _those for the FRP. 

4.11.3.12 Effects of Fuel Cycle Options 

The reference process for the FRP atmospheric protection system based on deep-bed glass 
fiber filters and HEPA filters assumes reprocessing of LWR fuel and recycling the retrieved· 
uranium and plutonium. The following alternative fuel cycJe· modes have also been assessed 
insofar as they relate to this system. 

No Recycle. Eliminating the fuel reprocessing operation does away with the reprocessing 
plant. Accordingly, no APS is required. 

Uranium Recycle Only, with Plutonium to a Repository. This alternative is expected to 
generate about the same amount of dissolver and processing off-gas as in the uranium and 
plutonium recycle case. 

Uranium Recycle Only, with Plutonium to High-Level Waste (HLW). This alternative would 
generate about the same quant1ty of d1sso1ver and processing off-gas as in the uranium and p'lu
tonium recycle case. 

4. 11.4 Other Alternatives for the Fuel Reprocessing Plant Atmospheric Protection System 

Conventional air cleaning systems used widely in industry were considered before selecting 
the reference alternatives. Electrostatic precipitation, bag filters, and wet scrubbing systems 
could be entertained as possible alternatives to the filtration systems selected. Certain per
formance characteristics of these other alternative APSs, however, make ·them appear less suit
able for use in the reference FRP. 
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4. 11.4. 1 Electrostatic Precipitators 

Electrostatic precipitators remove particles efficiently by first imparting a unipolar 
charge to the particles, then passing the particles through a high voltage field. High voltage 
electrode wires are centered between vertical plates which are the collectors. Although 
widely used in industry for reducing emissions, these air .cleaners have features that make their 
use in an FRP unattractive. Under close control, an ~lectrostatic precipitator can-be·99% 
efficient; however, efficiency can drop to zero in a power failure or other electrical equip; 
ment malfunction. Another drawback is the potential for deposited particles to slough off 
the collector plates. For these reasons, electrostatic precipitators are not used in nuclear 
facilities. 

4.11.4.2 Bag Filters 

Fabric filters in the form of long vertical tubes are used in industries where an airborne 
effluent is to be recovered. Efficienc1es of greater than 99% are achieved. Whne this type 
of filter could be applied as a prefilter in an APS, efficiencies would generally not be ade
quate as a final filter. Bag filters, too, wou·ld require greater space and ate more expensive 
to maintain than the prefilters discussed in Sections 4.11.1-4.11.3. 

4. 11.4.3 Wet Collectors 

A variety of wet scrubber systems are used for removing particles and gases from effluent 
streams. Most applications do not insure the removal of submicron-sized particles, although 
venturi scrubbers and other scrubbers imparting great energy to the fluid can provide 99·% 
removal. A principal disadvantage when applied to ~emoving 'radioactive particles is the crea
tion of a liquid waste stream. Thus, the scrubber fluid would have to be converted to a form 
suitable for disposal. Scrubber systems for the entire FKP ventilation a1r would be very 
large, requiring more energy and materials than passive systems. Efficiency is dependent on 
maintai~ing control of scrubber flow; hence, this requirem~nt 1httoduces the potent1a1 of 
variable efficiency. wh1ch could not be tolerated for the reference FRP. 

4.11.5 Physical Protection and Safeguard Requirements for the Fuel Reprocessi~g. 

Plant Atmospheric Protection System 

The physical protection discussion in Section 4.8.4 applies as well to the FRP APS. 
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A-E 
AAPG 

ACVSF 
AEC 
AECL 
AFR 

AGNS 
A LARA 
AMAD 

AP 
API 
APS 
BFRSS 

BIF 
BPPF 
BTU 
BWR 
CANDU 
CDC 

CFR 
CIF 
CRWM 

CUP 
eves 
cw 
CWMS 

CWTF 
DCSF 
OF 
DOE 
DOG 
DOP 
DOT 

DTPA 
ECWS 

ACRONYMS LIST 

architect-engineer 
American Associatipn of Petroleum 
Geologists 
air-cooled vault storage facility 
Atomic Energy Commission 
Atomic Energy of Canada, Limited 
away from reactor (spent fuel 
storage) 
Allied General Nuclear Services 
as low as-reasonably achiev~ble 
aerodynamic median activity dia
meter 
activation product 
Ameri.can Petroleum Institute 
atmospherio p~otection system 
Barnwell Fuel Receiving and 
Storage Station 
bitumen immobilization facility 
Barnwell Plutonium Product Facility 
British thermal unit 
boiling water reactor 
Canadian heavy water reactor 
canister decontamination cell 
(cubicle) 
Code of·Federal Regulations 
cement immobilization facility 
Committee on Radioactive Waste 
Management 
cask unloading pool 
chemical and volume control system 
canistered waste 
Generic Environmental Impact State
ment on Commercial Radioactive 
Waste Management, DOE-1559 
cask weld test facility 
dry caisson storage facility 
decontamination factor 
Department of Energy 
dissolver off-gas 
dioctyphthalate 
Department of Transportation 

diethylenetriamine pentaacetic acid 
essential cooling water system 

EPC 

ER 
ERDA 

ESFS 
ESPS 
FFTF 
FP 
FPF 
FRP 
FRPF 
FRS SF 

FRVSF 
FRW 
FSA 
FSAR 
FSB 
FTF 
FTP 
GElS 

HCF 
HEPA 

HEU 
HLLW 
IILW 

HM 
HMA 
HMF 
HPF 
HTD 
HTGR 
HVAC 

IAEA 
IBC. 
ICPP 
IFSF 
IIPSF 

engineering, procurement, and con
struction 
environmental report 
Energy Research and Development 
Administration 
engineered safety features systems 
essential spray pond system 
Fast Flux Test Facility 
fission product 
fuel packaging facility 
fuel reprocessing plant 
fuel residue packaging facility 
fuel residue subsurface storage 
facility 
fuel residue vault storage facility 
fuel residue waste 
fuel storage area 
Final Safety Analysis Report 
fuel storage basin 
fuel transfer facility 
fuel transfer platform 
Generic Environmental Impact 
Statement 
hulls compaction facility 
high-efficiency particulate air 
(filter) 
highly enriched uranium 
high-level liquid waste 
high-level waste 
heavy metal 
hot maintenance area 
hulls melting facility 
hulls packaging facility 
hulls tl·ansfer device 
high temperature gas-cooled reactor 
heating, ventilation, and air con
ditioning 
International Atomic Energy Agency 
in-bed combustion 
Idaho Chemical Processing Plant 
independent fuel storage facility 
independent interim plutonium oxide 
storage facility 



ILLW 
ILW 
INEL 

IPSF 

ISFS 
ISFSB 

ISFSF 

LAA 
LEU 
LHD 
LLW 

intermediate-level liquid waste 
intermediate-level waste 
Idaho National Engineering 
Laboratory 
interim plutonium oxide storage 
facility 
independent spent fuel storage 
independent spent fuel storage 
basin 
independent spent fuel storage 
faci 1 ity 
limited ac~ess area 
low-enriched uranium 
load-haul-dump 
low-level waste 

LN2 liquid nitrogen 
LSA low specific activity 
LWBR light water breeder reactor 
LWR light water reactor 
M&M men and materials 
MFBM thousand board feet measure 
MFRP General Electric Company's Midwest 

Fuel Reprocessing Plant· 
MOX FFP mixed oxide fuel fabrication plant 
MP mine production 
MSRE 
MTHM 
NAA 
NAG 
NAS 
NASA 

NF$ 

NHLSW 
NLI 

molten salt reactor 
metric ton heavy metal 
normal access area 
Nuc:lenr Asc;urance Corporation 
National Academy of Sciences 
National Aeronautics and Space 
Administration 
Nuclear Fuel Services 
non-high-level solid waste 
National Lead Industries 

NRC Nuclear Regulatory Comm1ssion 
NSSS n1.1clear ~team :;upply ~ystem 
NWTS National Waste Terminal Storage 
ORIGEN a computer program to calculate 

isotopic composition of irradiated 
·nuclear fue"J 

ORNL Oak Ridge National Laboratory 
ONWI Office of Nuclear Waste Isolation 

OWl Office of Waste Isolation 
P-T ~artioning and transmutation 
PCWS plant cooling water system 

PFRF 
PNL 
POG 
PSAR 
Pl~R 

R&D· 
RAA 

RBOF 

RCS 
SCRA 
SCSF 
SF 
SFPF 
SFRSS 

SFSF 
SHLW 
SNM 

SRP 
sse 
SSCF 
TBP 
TO 

TN 
TRU 
TSA 
TWCA 
U-F 
VE 
VOG 
WBS 
WBSF 

packaged fuel receiving facility 
Pacific Northwest Laboratory 
process off-gas 
preliminary safety analysis report 
pressurized water reactor 
research and development 
restricted access area 
receiving basin for offsite fuel, 
Savannah River Plant 
reactor coolant system 
storage cask receiving area 
surface cask storage facility 
spent fuel 
spent fuel packaging facility 
spent fuel receiving and storage 
station 
spent fue·l storage faciiity · 
solidified high-level waste 
special nuclear mnterial, i.e., 
enriched· uranium and pluturdurn 
Savannah River Plant 
seafed storage cask 
sealed storage ca.sk facility 
tributyl phosphate 
theoretical density 
Transnuclear Inc. 
transuranic 
transuranic storage area 
Teledyne Wahchang Albany 
urea-formaldehyde 
ventilation exhaust 
vessel off-gas 
water basin storage 
water basin storage facility 

WBSF-PF water basin storage facility for 
par.kaged fuel 

wee waste calcination cell (cubicle) 
WCF waste calcination facility 
WIPP Waste Isolation Pilot Plant 
WTEB waste tank equipment" building 
WVC waste vitrification cell 
WVF waste vitrification facility 
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MEASUREMENT UNITS AND CONVERSIONS 

This report preferentially uses the metric system of measurements as defined by the 
International System of Units (SI). Common English units are often also included in parentheses. 
Prefixes used with the metric units are defined as follows: 

Prefix Abbreviation Factor 
giga G 109 

mega M 1 o6 

kilo k 103 

centi c 1 o-2 

milli m 10-3 

micro J.l 
10-6 

nano n 10-9 

The following lists identify the symbols used in this report and the factors for converting 
between the SI and English units. 

Symbols for metric units used in this report are: 

S~mbol · Name 

oc(a) degree Celsius 
d(a) day 
g gram 
h {or hr) hour 
ha hectare 
kWh Kilowatt-hour 
J joule 
R, liter 
m meter 
min minute 
M gram-mole/liter 
MT metric ton 
MW-hr 
{or MWh) megawatt-hour 
s (or sec) second 
w watt 

a. Units which are not strictly SI but which 
are widely used. 



Symbols for other units used in this report are: 

Stmbol Name 
atm atmospheric pressure 
BTU British thermal unit 
Ci curie 
OF degree Fahrenheit 
ft feet 
gal gallon 
in. inch 
lb pound 
MFBM thousand board feet measure 
psi pounds/square inch 
R roentgen 
rem roentgen equivalent man 
yd yard 
yr year 

To convert metric to English, multiply by: 

Metric Englfsh Factor 
oc OF (°C x 9/5) + 32 

em inch 0.3937 
ha acre 2.47 
kg lb 2.205 
km mile 0.6214 
R, gal 0.2642 
m ft. 3.281 
m2 ft2 10.76 
m 3 MFBM 0.424 
m3 ft 3 35.31 
m 3 gal 264.2 
m3 yd3 1. 308 
MT ton 0.9070 
w BTU/hr 3.413 
W-s/kg-°C BTU/lb-°F 2. 39 X 10-4 

W/m-°C BTU/hr-ft-°F 0.676 



To convert English to metric, multiply by: 

English Metric Factor 
acre ha 0.405 
BTU W-hr 0.2931 
BTU/lb-°F W-s/kg-°C 4187 
BTU/hr-ft-°F 

_, 
W/m-°C 1.735 

OF oc (°F-32) X 5/9 
ft m 0.3048 
ft2 m2 0.0929 
ft3 m3 0.0283 
gal JL 3.785 
gal m3 3.785 X 10-3 

inches em 2.540 
lb kg 0.4536 
mile km 1.609 
MFBM m3 2.360 
ton· MT 1.103 
yd3 m3 0.7646 




