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ABSTRACT 

The Hanford Purex Plant fulfilled a 1970 commitment to the Atomic 

Energy Commission to produce 360 kilograms of high purity 2 3 3U as uranyl 

nitrate solution. Overall plant performance during both 1970 and 1966 

confirmed the suitability of Purex for processing thorium on a campaign 

basis. The 1970 processing campaign, Including flushing operations, 1s. 

discussed 1n this report with particular emphasis on problem areas. 

Background Information on the process and.equipment used 1s also pre

sented. The, organizations and their designations described are those 

existing 1n 1970. . 

\ 
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INTRODUCTION 

The Purex Plant chemical separations facility at Hanford is operated by 
the Atlantic Richfield Hanford Company for the Atomic Energy Commission 
as part of the chemical processing complex associated with the Hanford 
Reactors. Its primary function 1s the aqueous reprocessing of Irradiated 
uranium fuel elements for the separation and purification of uranium, 
Plutonium and neptunium. 

However, since plant startup (January 1956), a number of programs have 
been undertaken to achieve added plant versatility. The programs have 
been developed with three goals in mind: to achieve increased plant 
capacity; to develop the capability to safely reprocess fuel of higher 
2 3 SU enrichments, and to establish flowsheets and techniques for the 
reprocessing of a variety of different materials. One achievement 
resulting from increased plant flexibility has been the successful 
reprocessing of Irradiated thoria (ThOa) target elements on a. campaign 
basis for thorium and 2 3 3U separation and purification. i 

The first Purex production scale thoria campaign was conducted in 1966. 
Approximately 165 tons of thorium and 220 kilograms of 2 3 3U were recov
ered. The thorium and 233U product quality met all targeted specifica
tions except for the fission product content of the thorium product. The 
1966 campaign was the culmination of an extensive developmental program. 
Flowsheet development work was conducted both with the Chemical Process
ing Department programs and through programs contracted to Battelle 
Northwest Laboratories. A process test Involving thorough plant flushing 
and plant operability testing was conducted in Purex in January 1965, to 
provide operating and process control experience. On the basis of infor
mation obtained from the development work and the process test,, a series 
of engineering studies dealing with criticality prevention safety, 
flowsheet and equipment capabilities and requirements were prepared.fl*5» 
hs, «t7, hd") After four weeks of extensive plant modifications and 
flushing, thoria target elements were charged to the dissolver in May 
1966. The campaign was completed in July 1966, and turnaround to 
uranium-plutonium production was completed in August 1966. 

The second thoria campaign, conducted in 1970, was targeted to produce a 
minimum of 360 kilograms of Z 3 3U for use in the Light Water Breeder 
Reactor (LWBR) program (Division of Naval Reactors), Extensive plant 
flushing was again required as the allowed 2 3 8U content of 0.5 weight 
percent was equivalent to only 6.6 pounds of 2 3 8U for the entire cam
paign. The success of this second campaign was, to a large extent, 
attributable to the experience gained in tha preceding thorium processing 

•t operations. The process flowsheet and operations were quite similar to 
those employed for the 1966 campaign. A major contribution to the suc
cess of the campaign was made by ARHCO technical, operating and admini
strative personnel. Also, each of the Hanford contractors ensured the 

• safe and timely conclusion of the 1970 Thoria Campaign by efficiently 
and effectively performing their individual functions in close cdordina-
tlbn. 

v 
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SUMMARY 

The primary goal of the 1970 Thoria Campaign was the recovery of 360 
kilograms (kgs) of high purity 233U (as uranyl n i t ra te hexahydrate solu
t ion) to f u l f i l l a commitment to the Atomic Energy Commission. Only 
minor modifications of the dissolution and solvent extraction flowsheet 
used during the successful 1966 thoria processing campaign were required. 
The campaign was successfully conducted and resulted 1n the recovery of 
about 600 kgs of 233U from approximately 470 tons of Irradiated thoria 
target elements. The overall recoveries based on reactor Input -data 
were 95.2 percent for uranium and 94.9 percent for thorium. Approxi
mately 490 kgs of 233U exceeded a l l product specif ication requirements 
except for Z32l) content, which was determined by reactor operation. 
Thus, the production goal was exceeded Dy about 35 percent. Approxi
mately 40 percent of the thorium product met a l l specif ications. 

Preparations for the 197C Thoria Campaign were begun immediately pre
ceding the shutdown of uraniun-plutonium processing on June 8. Plutonium 
and neptunium levels were reduced by reworking uranium product and 
reducing solvent extraction waste losses to minimum values. Following 
the shutdown, most of the uranium, plutonlum, and neptunium was removed 
from the processing equipment with low volume d i lu te n i t r i c acid flushes 
which were concentrated and stored for future processing. Additional 
decontamination flushes were begun on June 30, and continued unt i l the 
uranium and plutonlum removal rates reached satisfactory levels on August 
10. A tota l of 360,000 gallons of waste were transferred to non-boiling 
underground tank storage during these operations. 

Extensive equipment modifications, Including approximately 275 remote 
piping jumper changes, were required to changeover to thoria processing. 
Major equipment changes made for the campaign included the Insta l la t ion 
of two new concentrators (feed concentratlon-denitration and f i r s t cycle 
uranium product), a new downdraft condenser tower on the TK-A3 dissolver, 
and a new uranium product receiver-sampling tank. Extensive cal ibrat ion 
and operabi l i ty test ing of a l l systems was conducted between July 23 and 
August 10. 

The i n i t i a l charge of non-spedf1cat1on (high 238U) thoria to the TK-A3 
dissolver was made on August 5 and startup of the solvent extraction 
cycles was f i r s t attempted on August 20. The I n i t i a l charge of spec i f i 
cation-grade material was made on September 26 and solvent extraction 
processing of th is material was started successfully on October 13. 
Solvent extraction processing was completed on December 16. Post-thor1um 
flushing was. started Immediately fol lowing the shutdown and continued 
un t i l January 16, 1971. 

The campaign, including turnarounds and processing, required about two 
months more''than had been or ig ina l ly scheduled. The actual processing 
time was extended to four and one-third months versus the three months 
or ig ina l ly scheduled. About one month was lost due to equipment problems 
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and the remaining time was required pr imari ly for unscheduled flushes of 
the solvent extraction equipment. The primary equipment d i f f i c u l t i e s 
were: poor dlssolver vacuum; decomposition or pul.ser gasket mater ial ; 
and hydraulic flow problems. Small leaks 1n a l l three dlssolver col ls 
were also discovered following the campaign. The unscheduled flushes 
were required to remove sol ids, primari ly thorium d1butyl phosphate, 
causing unstable column operation. 

Overall plant performance again confirmed the su i t ab i l i t y of-Purex for 
processing thorium on a campaign basis. Major Improvements over the 1966 
campaign were the superior dissolution characterist ics of wafers; the 
superior performance o f the E-Fll Concentrator for feed concentration-
deni t ra t ion; and the reduction of solvent degradation by decreased r e s i 
dence time in high acid environs. 

The aluminum cans containing the thoria powder or wafers were dissolved 
by the conventional sodium nitrate-sodium hydroxide process and the 
waste solution was centrifuged to recover thoria f ines . These fines were 
dissolved in a- n i t r i c acid-aluminum nitrate-potassium f luoride solut ion. 
A similar solution was used in the dissolvers to dissolve the major por
t ion of the thor ia. The solutions were then combined *or concentration • 
and d i s t i l l a t i o n to produce an add-def ic ien t thorium ni t ra te solution as 
feed for the f i r s t solvent extraction cycle. The maximum attainable 
thoria dissolution rate was about twenty percent lower than that achieved 
in 1966 due primari ly to damaged a i r - H f t e r tur°s which resulted 1n 
ine f f i c ien t c i rcu la t ion. The performance of the new feed concentration-
denitrat ion (E-Fll) concentrator was far superior to that of the pot-type 
dissolver used for th is purpose in 1966. However, ruthenium vo la t i l i zed 
during this operation resulted in low-level contamination of the ground 
near the plant stack. 

The solvent extraction flowsheet was based on'the Thorex I I r 5 ' * ' 5 7 ' 5 9 ' 
6X, 68, 7 i i developed at the Oak Ridge National Laboratory and develop
ment work conducted at other s i t e s . r g 0 ' 6 2 ' 7 ( n The f i r s t solvent 
extraction cycle was used for co-decontamination and par t i t ion ing of the 
thorium and the 2 3 3 U. Further decontamination of the products was 
attained in one additional thorium and two additional uranium solvent 
extraction cycles. A solvent consisting of 30 volume percent t r l bu ty l 
phosphate di luted with normal paraff in hydrocarbons (n-Ci0 to n-C l t t) and 
pulse column contactors were used 1n a l l cycles. The Third Uranium Cycle 
aqueous product stream (3BU) was also passed through a f ixed bed of 
cation resin for thorium absorption prior to f ina l concentration. 

The performance of the solvent extraction flowsheet was sat isfactory. An 
overall thorium-uranium separation factor of 8.0 x 106 was obtained for 
the 233U product. The overall separation factor for the thorium product 
was 1.8 x 102, which ref lected par t i t ion ing d i f f i c u l t i e s experienced 
during transient conditions in-the 1BX Column. Overall f iss ion product 
arithmetic decontamination factors fol low the same pattern. The protac
t inium, zirconium-niobium and ruthenium decontamination factors (d f ' s ) 

i 
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were 3.5.x 106, 3.3 x 107, and 6.1 x 105, respectively, for the uranium 
product. The respective factors for the thorium product were 233Pa. 
1.8 x 102; 95ZrNb, 5.3 x TO3; and 106Ru, 1.1 x 102. As 1n 1966, solvent 
extraction losses were generally low except for the 2 3 dU loss to the 
organic waste stream (1CW) from the first cycle uranium stripping column, 
and the Second Thorium Cycle 106Ru and 233Pa decontamination performance 
was poor. 

Several problems were encountered in the Waste Concentration-Acid 
Recovery and Solvent Treatment Systems. The a d d loss to the vacuum 
fractlonator overhead condensate was abnormally high until the operating 
procedures were revised; the acid waste disposal rate was marginal; sol
vent losses via the organic wash waste were high throughout the campaign; 
and aqueous waste volumes were 35 to 50 percent greater than predicted. 
The major sources of the excess aqueous waste volume were the organic 
wash wastes (due to excessive washing or "spinning" of the solvent during 
down periods) and laboratory and miscellaneous wastes which were not 
included in the predicted value. 

BACKGROUND AND PREPARATIONS 

PROCESS TECHNOLOGY 

Flowsheet 

The flowsheet was essentially the same as that used for the 1966 Thorla 
Campaign.r32' h8^ The solvent extraction flowsheet was basically a modi
fied Thorex II process. However, both the Head End and Solvent Extraction 
flowsheets were the end results of extensive pre-1966 campaign development 
work conducted both in the Chemical Processing Department and at Battelle-
Paclflc Northwest Laboratories (BNW), Savannah River, and the Oak Ridge , 
National Laboratory (ORNL)/ 3 9. h2> ^3> 50» 5lS 57» 59» 60» 6 1» 68» 7°> 

The Head End process, as shown 1n Figures 2 and 3, consisted of three 
batch operations. First the thoria target elements were dejacketed 
(Figure 2). The aluminum cladding was chemically removed with sodium 
nitrate-sodium hydroxide, and the resulting liquid decl adding waste was 
treated for product recovery. Second, the thorla powder (or wafer) was 
dissolved in concentrated nitric acid and eomplexed fluoride (Figure 3). 
Third, the resulting thorium nitrate solution was concentrated and 
denitrated until acid-deficient in a specially modified concentrator 
(E-Fll-1). After assurance that the specifications for thorium concen
tration and acid deficiency were met, the feed solution was transferred 
to the first solvent extraction cycle feed tank-. 

The solvent extraction flowsheet 1s shown 1n Figures 4 and 5. A four
cycle process was required. Initially the thorium and uranium were co-
extracted into the organic phase 1n the HA Column to obtain primary 
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separation from other radioisotopes. The thorium and uranium were then 
partitioned 1n the 1BX Column by selectively strlpolng out the thorium. 
The uranium exited the 1BX Column with the solvent and was, 1n turn, 
stripped out 1n the 1C Column and concentrated to Second Uranium Cycle 
feed requirements. The thorium exited the 1BX Column 1n the aqueous, was 
scrubbed with fresh solvent to remove uranium In the IBS Column, and 
concentrated to Second Thorium Cycle feed conditions. 

The Second Thorium Cycle 1s shown in Figure 4. It consisted of an extrac
tion operation and a back-extraction (strapping) operation, followed by 
concentration of the thorium nitrate to product specifications. 

The Second and Third Uranium Cycles shown 1n Figure 5 consisted of two 
extraction back-extraction sequences. The uranyl nitrate^solution was 
then routed to If Cell for further thorium decontamination by passage 
through a cation exchange bed, and concentration to uranium product 
specifications. 

In addition to the above cycles, two solvent treatment systems (Figure 6) 
were used to clean up the solvent prior to recycle. The-No. 1 Solvent 
Treatment System serviced the Co-Decontam1nat1on and Partition, Second 
Uranium, and Third Uranium Cycles, The No. 2 Solvent Treatment System 
serviced the Second Thorium Cycle. 

The aqueous waste streams from solvent extraction processing were col
lected, concentrated, and add denltrated. The recovered nitric add was 
concentrated for re-use 1n head end dissolution (Figure 7). 

The notable features of this flowsheet sequence were as follows: 

1. One solvent was used 1n the four cycles -.30 volume percent trlbutyl-
phosphate (TBP) 1n a normal paraffin hydrocarbon (NPH) diluent. 

2. Although the feed was acid-deficient, the HA Column was operated 
acidic. 

3. The 1BSU solvent stream was recycled to the HA Column, rather than to 
the 1BXF. 

4. Phosphoric acid was added to the'HA Column via the HAS, as .well as 
to the 2D Column via the 2DIS (when required), to enhance protacti
nium decontamination. 

5. Ferrous sulfamate was added to the HA Column via the HAS (as well as 
' to the'2D and 2A Columns via the 2DIS and HAS streams, respectively) 

to enhance plutonlum and chromium decontamination. 

6. Partitioning of the thorium from the uranium 1n the 1BX Column 
resulted from the low relative solubility, of thorium nitrate 1n a TBP 
solvent in an environment of low salting strength and moderate tem
peratures. 
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Nuclear and Chenvical Safety -.Documentation 

In preparation for the thorium campaign, a number of documents were 
Issued relating the conditions necessary for safe processing of thorium 
and 2 3 3U 1n the plant. The safety analysis reporf16"* reviewed the 
entire process and discussed methods of maintaining or regaining control 
of the process. Potential problem areas were pointed out along with the 
Immediate effects and subsequent or downstream effects of abnormal opera
tion. Areas requiring additional instrumentation, alarms, blanks or 
other safeguards were described. The criticality prevention specifica
tions''15'1 and the process specifications and standardsri21 used the 
safety analysis report as a basis for creating limits within which the 
plant would routinely operate. 

The criticality prevention specifications were based on two necessary 
conditions; the first condition was the safety of the Individual vessels 
under the worst foreseeable situation, the second.condition was the 
safety of the downstream vessels under the worst foreseeable situation, 
The vessel limits were based either on the maximum permissible mass in 
the vessel or the maximum permissible concentration. The concentration 
limit was given either 1n terms of volume (grams 2 3 3U per gallon) or 1n 
terms of thorium (grams 2 3 3U per ton of thorium). The vessel limits were 
derived from the following values: 

1. minimum critical mass 590 grams 

2. minimum critical mass for precipitation 330 grams/square foot 

3. minimum critical solution concentration 11 grams/1iter 

4. always safe ratio 5,000 grams 233U/ton of 
thorium 

The process specifications and standards established the limits within 
which the processing operations could be safely conducted while producing 
products attaining specified quality. Specifications and standards for 
feed, essential materials, and chemical hazards were provided. Further, 
the targeted 2 3 3U and thorium product qualities were given. With respect 
to the feed, the primary concern was to Insure by visual inspection and 
shipping records that uranlum-plutonlum fuel elements were not charged 
to the dlssolvers. The essential materials, specifications''33'4 defined 
those chemicals permitted in Purex for use 1n thorium processing. 

The primary chemical hazards during thorium operations were possible 
hydrogen, ammonia, nitrated solvent or vaporized solvent explosions, 
fluoride corrosion, uncontrolled sugar denitration of waste, and inadver
tent routing of acidic wastes to carbon steel underground storage tanks. 
In addition, specifications and control methods were provided to limit 
radlolytlc heat loads on vessels and dissolver shell erosion by air 
sparging. 
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PROCESS CONTROL 

The process control programs for Purex thorium operations called for 
Instituting a number of system controls preliminary to plant operation. 
These controls were either required by nuclear and chemical safety con
siderations or Implicit 1n such requirements. The principle Items 1n the 
program were the process routing controls, the process sample schedule, 
the instrumentation modifications, and the Standard Operating Procedures 
(SOP's). Each of these Items also contained features aimed solely at 
providing best methods for accomplishing the various tasks. 

Process Routing Controls 

Routing controls Instituted for thorium processing consisted of Install
ing nuclear safety blanks or process control blanks, and the locking and 
tagging of valves, jet switches, and power supplies to pumps. 

A nuclear safety blank consisted of the physical removal of a section of 
pipe 1n a route. The primary purpose was to prevent either the addition 
of a precipitating agent to a vessel containing 2 3 3U or the transfer of 
solution containing 2 3 3U to an environment in which precipitation could 
occur. 

The nuclear blanking requirements were included in the Criticality Pre
vention Specifications.'15,1 Prior to each startup during the thorium 
campaign, the routes were audited to assure compliance. 

A process control blanking and lock and tag schedule1,13'1 was also pre
pared and similarly audited prior to each startup. A process control 
blank was a "pancake" blank inserted between two flanges in a route. 
This control removed unnecessary chemical addition and process solution 
routings from service. 

Those routes to be locked out and tagged were included as part of the 
process control blanking schedule. The lock and tag procedure consisted 
of locking out the manual valves on jet steam supplies and the jet 
switches, and tagging the jet switches. The shift supervisor or spe
cialist signed an'd dated the tag. The lock and tag control method 
prevented routine usage of a route only occasionally needed. 

Instrumentation 

Thorium processing in "Purex necessitated major modifications in existing 
instrumentation and installation of new instruments. Instrument modifi
cations consisted primarily of range changes to. accommodate the different 

, process flows and conditions, and of changes in alarm set points. New 
Instruments were installed for new equipment systems and to provide 
additional monitoring capability. 
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, The nuclear and chemical safety analysis reportri6^ listed the criticality 
prevention alarm systems necessary to reduce the processing risk to 
acceptable levels. The alarm systems were to ensure that proper aqueous 
to organic flow ratios were maintained 1n columns downstream of the par
tition column; that gross overconcentratlon of 2 3 3U solutions was pre
vented and that proper nitric add concentrations were maintained. An 
alarm system was required on the 1C Column (T-H3) organic detector to 
warn of solvent escaping to the concentrator. Further, a high volume 
alarm on the 2 3 3U rework tank was required to warn of Impending overflow 
(due to a sump limitation). 

Aside from instrument changes required for criticality prevention control, 
a major instrument calibration effort was required both for the new equip
ment systems and as a result of the different process parameters 1n the 
other equipment systems. The effort was centered on flow measurement-
control devices, and weight factor-specific gravity Instruments.''10'1 

Also, in-line gamma monitors u/ere adjusted to permit monitoring 233Pa and 
2 3 2U (rather than 9 5ZrNb).W 

Standard Operating Procedures 

The thorium campaign required the preparation and Issuance of approxi
mately 215 SOP's. Of this number, about 50 SOP's covered the plant 
flushing before and after the campaign. The complete set of operating 
procedures proved Invaluable during plant operations as a source of 
general information and as operating guides, particularly in sequencing 
startup or shutdown-activities. Appendix E lists the SOP's by number and 
title. 

Sample Schedule 

The thorium processing sample schedulef^ (Appendix F) was established to 
provide data for: 

1. Process and Criticality Safety Control; 

2. Input and Output Accountability; 

3. Product Quality Control; and 

4. Low-Level Liquid and Gaseous Effluent Control. 

The sample schedule specified the individual sampling points required, 
the analyses for each point, and the sampling frequency. It was divided 
into four sections — routine stream samples, routine batch samples, 
aqueous makeup samples, and waste effluent samples. 

The entire sample schedule was programmed into the IBM-1800 Computer 
located in the Purex Laboratory. Sample requests were made by the shift 
dispatcher from the keyboard in his office. One entry on the dispatcher's 

at 
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keyboard would provide the complete 11st of routine samples to be taken 
on the shift, with the date, time, required analyses and a number 
assigned for each sample. In addition, a data card giving the analytical 
method, dilutions, sample size and calculation method would be printed at 
the laboratory. 

Batch. AMU and waste effluent sample requests were handled similarly. 
When the laboratory completed the Individual analyses, the variables were 
entered Into the computer ind the results were calculated and transmitted 
to the dispatcher. 

Some modifications were made to the sample schedule after the document 
was issued. The major change was the deletion of the gamma scan analysis 
for a number of samples. Plutonium, neptunium, tungsten and mercury 
analyses on the L9 product sample were made on every batch, rather than 
on the five-batch composite, to meet customer specifications. The sul
phate analysis on the L9 composite was eliminated. 

A description of the primary analytical methods and the laboratory 
quality control program is included in Appendix Gj1^ 

PLANT PREPARATIONS 

Preparation of the Purex Plant fcr the Thorium Run consisted of six major 
parts: 

1. Pre-Shutdown Activities; 

2. Plant Shutdown; 

3. Product Recovery Flushes; 

4. Equipment Change-Out; 

5. Final Decontamination Flushes; and 

6. Plant Operability Testing. 

Pre-Shutdown Acitivites 

The recoyered acid system, which usually contains some uranium from 
nitric acid recovered at the Uranium Oxide (UO3) Plant, was purged of 
uranium. The purge was accomplished by routing the U03 acid stream 
directly to the dissolvers, rather than "into" the Purex recoyered acid 
system. This necessitated 1mp6sing special procedural controls to make 
sure the U03 acid always met the'dissolver acid specification. The purge 
started in mid-December 1969. As the.recovered acid system inventory 
turned over, the uranium content dropped from a normal of 200-500 pounds 
to less than 20 grams at shutdown In June 1970. 
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Plans were made early to Isolate the alternate plutonlum concentration 
equipment (L Cell Packaged from the system. The L Cell Package and the 
sump were flushed to remove most of the plutonlum which was reworked Into 
the current production. As soon as the plant was shut down, the normal 
2BP connection to the L Cell Package was modified and blanked. This 
allowed the L Cell Package to be removed from the Thorium Flushing Plan. 

Tank F8 (waste rework) was emptied, flushed, and was held empty so that 
it could be used to store the 3WB (backcycle waste) Inventory and the 
plant product flushes. 

Plant Shutdown 

The .plutonlum,and neptunium Inventory 1n pror.ess was reduced to a minimum 
at shutdown. This was accomplished by feeding sufficient cold uranium to 
permit extensive heel cutting in the dlssolvers and head end tankage to 
remove the majority of the uranium, plutonlum, and neptunium. The pro
cessing of "cold" feed also reduced the plutonlum content in the Partition 
and Second Plutonium Cycles, The ion exchange system also was partly 
stripped. Just as cold feed processing was started, a decontamination 
and concentration sequence (Phase II and III) was started in the Neptunium 
Cycle to remove the maximum amount of neptunium from the backcycle systems. 
When the HAF was shut off and the columns stripped, there was little 
uranium, plutonlum or neptunium which ended up 1n the backcycle waste 
system due to operation with negligible losses in second cycle extraction 
columns after fission product activity was lowered by processing cold 
feed. The last full product batches were within specifications. The 
only out-of-specification plutonlum loaded out resulted from dilute "heel" 
cleanouts. As soon as the HAF was shut off, the waste system Inventory 
was denitrated and disposed to Interim boiling waste storage (AR Vault) 
for B Plant processing. 

Product Recovery Flushes 

After the completion of normal waste processing, three low volume (1,000 
gallon) water flushes were made from the HA Column through the high-level 
waste system (TK-F7, E-F6, TK-F26, TK-F15, TK-F16). The last of the 
water flushes was sampled and found to be low in cesium content. This 
was the last waste sent to boiling waste (AR Vault). 

A caustic-tartrate flush and a water flush of the HA Column were sent 
through the high-level waste system to non-boiling waste. These flushes 
prepared the high-level waste system for the concentration and storage 
of product removal flushes. 

v • 1 

The product removal flushes consisted of repeated dilute nitric acid 
flushes of equipment groupings (head end) and individual solvent extrac
tion cycles until the product values were low. The flushes were all 
collected in Tk-FlO or TK-F7, and then boiled down in the 1WW concentra
tor. This system was chosen for boil-down because much of the nitric-

http://pror.es
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add could be boiled off and recovered 1n the add absorber. The product 
flushes were boiled down to a volume which would f i t in one tank, TK-F8. 
After the solution was moved to TK-F8, small water flushes followed to 
purge equipment of heels. The TK-F8 contents had to be boiled down to 
accommodate the .last of the water* flushes. 

Equipment Change-Out 

The Backcycle Waste Concentrator was known to contain silica sol Ids which 
could not be dissolved with flush solutions compatible with stainless 
steel. ̂ n It had been decided 1n advance to replace this concentrator 
with a new sectional 1 zed concentrator. The old concentrator was removed 
after extensive flushing with dilute nitric add verified a minimal ves
sel Inventory of plutonlum. 

The down draft condenser tower on dlssolver A3 was replaced with a tower 
which had been cleaned up and modified. The vapor outlet was previously 
low on the dlssolver and was known to have contaminated the tower which 
could not be decontaminated 1n place. When the tower was replaced, the 
normal A3 vapor outlet was blanked and a vapor outlet was Installed from 
the dlssolver H d to the down draft tower. 

A new product loadout system was Installed during the flushing period. 
The old product sample tank (TK-L9) was removed and a new three-barrel 
vertical sample tank was Installed. 

The movement of approximately 275 remote piping (Appendix C) jumpers was 
required to prepare the plant for Thoria processing. Also, numerous 
changes were required 1n the chemical addition systems.''16,1 

Final Decontamination and Cleanup Flushes 

The final removal of urantum from the head end vessels was accomplished 
with potassium fluoride-aluminum nitrate in concentrated nitric acid. 
The flush approximated the starting chemical conditions of thoria disso
lution. Vigorous sparging and long-time exposure were essential. The — " 
perforated cone sections of the..A3 and B3 dissolvers were flushed with 
water near the end of the flush p'eriod. A special jumper which adapted 
to the holes near the top of the cone was used. No measurable quantity 
of uranium was found, indicating that the cones had been self-flushing 
during earlier boiling flushes or the uranium was in immobile solids. 
The low bleed-in rate during processing would indicate the former condi
tion was true. 

The strong nitric acid-fluoride flushes used in the dissolvers were also 
used to flush out the feed system tanks (Tanks D3, D4, D5, E6 and HI). 
Some of the solution was also sent through the, coating waste treatment 
system (Tanks D2 and E3, and centrifuges G-E2 and G-E4). 
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The solvent extraction cycles were flushed Individually using a sequence 
of flushes consisting of a five percent oxalic add - three percent 
nitric a d d solution, followed by a water flush, then a five percent 
caustic - two percent sodium tartrate solution, followed by a water 
flush. The addle flushes and water flushes were all accumulated and 
processed-before starting the caustic flushes. Samples of the Individual 
flushes Indicated that the 3WB Tank (TK-J1) and the neptunium cycle feed 
tank (TK-J21) required additional flushing. The uranium was attributed 
to siliceous solids known to accumulate in these tanks. A special 
metathesis-type flush was used on these vessels. The flush consisted of 
digesting a sodium hydroxide-sodium carbonate solution in the tank. 
Then, after jetting out the basic solution, a dilute nitric add solution 
was added to dissolve the soluble compounds formed by» bhe metathesis 
solution. The same solution was routed through TK-F12. This flush 
removed 1WW sol Ids which accumulated when TK.-F12 was previously used for 
1WW rework storage. 

The N Cell equipment was flushed solely with nitric acid. The N Cell 
flushing was discontinued after the plutonium level dropped to less than 
0.1 gram in a flush. 

Operability Testing 

After the completion of chemical flushing and equipment/piping changes, 
the process equipment was operabllity tested. This shakedown run con
sisted of recalibrating all flow measurement devices, operating all 
equipment at thorium rates, and conducting a sampling program designed 
to ascertain the remaining 2 3 8U levels. Most of the problems encountered 
were easily solved. However, a few required major engineering efforts to 
correct. 

* 
The A3 dissolver vacuum proved to be marginal due to the improper seating 
of the vent jumper when hot. Weights were used as a temporary means of 
seating the jumper. A new jumper solved the problem. 

Trouble with the 1BXT air lifter was encountered. Initially, the system 
would not work at all. After repairing leaks and correcting a number of 
mistakes in the jumper,itself, marginal 1BXT flowrates could be maintained. 

The E-Fll-concentrator system was Initially incapable of achieving the 
necessary heat transfer rate. The problem was easily solved, however, by 
increasing the tube bundle submergence. 

Throughout the operability test, the 2 3 8U levels 1n the process samples 
were acceptably low. - * 
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PERSONNEL 

Thorium processing 1n the Purex Plant required additional manpower, major 
changes In manpower utilization, and Intensive personnel training pro
grams. Increased process monitoring and additional operations external 
to Purex accounted for the Increase 1n manpower requirements. The 
changes 1n manpower utilization were governed by the number of operations, 
the structure of the process, and the length of the campaign. The Inten
sive training programs were necessary to acquaint personnel with the 
changes 1n nuclear and chemical safety requirements, modifications 1n 
equipment functions and relationships and the new operating and control 
techniques for thorium-233U production. 

Staffing Manpower Requirements and Manpower Utilization 

Three groups were essential to the Purex operation; the Purex Operations, 
Purex Maintenance, and Technical Services' Purex Analytical Laboratory 
Subsections. The Separations Process Engineering Section provided 
technical support and assistance to these subsections. The Purex Opera
tions Subsection consisted of four rotating shifts and a fifth straight-
day shift. The Purex Maintenance Subsection included electricians, 
instrument technicians, pipefitters, millwrights and painters. Indivi
duals from the first three crafts above were assigned to shifts. The 
Purex Analytical Laboratory was also organized to provide services on 
each of the rotating shifts. In addition, the fifth or day shift had 
several chemists responsible for development and review of analytical 
techniques and analysis of special samples. The Separations Process 
Engineering Section was organized into three teams for the process con
trol, process technology, and new processes functions, respectively. In 
addition, other individuals in the group specialized in nuclear safety 
and process control Instrumentation. 

Staffing and manpower utilization adjustments were made in each of the 
above organizations. The 2 3 3U product transloading operations at U Plant 
and partial coverage at the thorium product storage facilities (WR Vault 
at U Plant and the 204 Tank Farm at Redox) required five operators and a 
specialist on day shift. The number of operators assigned to the various 
control rooms was also increased to compensate for increased activity, 
notably in Feed Preparation and Waste Treatment. Further, specific 
operators were assigned to certain critical operations for the duration 
of the campaign. This contrasted to the normal practice o f rotating the 
operators throughout the plant during uranium-plutonlum processing to 
develop a diversity of skills and avoid job monotony. Due to the brevity 
of the thorium campaign and the complexity of,the new process, operator 
specialization seemed to be the best way of rapidly achieving operator 
proficiency. 

The Purex Analytical Laborator/padded two analysts to each shift to 
handle the extra sample load. The chemists assigned to day shift pro
vided supplemental, shift coverage as necessary, as well as troubleshoot
ing specific analytical problems. .The Maintenance Subsection made no 

/ 



20 ARH-2127 

personnel adjustments specifically for thorium operations. The/Separa
tions Process Engineering Section did not require additional personnel 
above the normal requirements; hov/ever, the process control ^overage on 
shif t was augmented with four engineers from the other two teams. This 
additional shif t coverage was discontinued'in mid-November. 

Training 

Training programs were conducted within the Purex Operations and Techni
cal Services' Purex Analytical Laboratory Subsections and the Separations 
Process Engineering (SPE) Section. The Operations training program for 
the thorium campaign supplemented the normal operator training status 
check sheets for recording progress 1n the thorium training program. As 
was the case 1n the training program for uranium-plutonium operations, 
the primary educational technique was the informal supervisor-operator 
contact. In addition, several lectures were prepared covering the cam
paign goals and purposes, the process, process control and troubleshoot
ing, and chemical and nuclear safety. The lectures were prepared and 
delivered by Operations and SPE personnel. However, rather than repeat 
the lectures for each of the five shifts, the series was recorded on 
video-tape. The video-taped, two-hour program was then shown to the 
various shifts at the discretion of the shift supervisors. The program 
was an outstanding success by virtue of the general exposure. Further, 
the tapes permitted repeated operator exposure to the program and were 
re-shown several times on Individual shifts. 

The Purex Analytical Laboratory training program consisted of a series of 
lecture sessions over a one-week period (Appendix H). The lectures dealt 
primarily with the analytical tools and techniques required for analyzing 
thorium process samples. A portion-of the program relating to the 
thorium flowsheet and sampling requirements was prepared and delivered by 
SPE engineers. 

The Separations Process Engineering training program consisted of a 
series of weekly, informal seminars attended by the SPE engineers and 
representatives from the Operations and Laboratory Subsections. Fourteen 
sessions were held. The flowsheet, process operation and control, and 
chemical and-nuclear safety were reviewed. Aside from the educational • 
aspects,' the discussions were Invaluable as a final evaluation and 
critique of the proposed flowsheet and process. 

RUN REPORT 

THORIUM PROCESSING CHRONOLOGY 

The following chronology lists the sequence of significant occurrences 
preceding, during, and following thorit ̂  processing in Purex. Prepara^ . 
tions for the campaign required two months. Post-thorium turnaround 
required about one month, disregarding non-thorium related maintenance 
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work. The campaign Itself consisted of three segments', an Initial 2 3 8U 
purge'with "non-spec1f1cat1on" (high 2 3 8U) feed, a middle "Division of 
Naval Reactor (DNR)" or "specification" run, and a terminal period of 
miscellaneous scrap processing. 

Processing was Interrupted on four occasions by the necessity to shut 
down and flush the solvent extraction system with concentrated nitric 
acid. The campaign lasted about four and one-third months, from first 
charge to final strlpout and shutdown. 

Chronology 

6/5/70 

6/8/70 

6/30/70 

7/1/70 

7/23/70 

8/5/70 

8/6/70 

8/7/70 

8/10/70 

8/12/70 

8/15/70 

8/20/70 

8/22/70 

Commenced solvent extraction shutdown of uranlum-plutonlum 
processing. 

Plant shut down and stripout completed; began product 
flushing of entire plant. 

Chemical flushing of solvent extraction systems started.. 

Product flushing completed; product flushes and backcycle 
waste inventory concentrated and stored in TK-F8. 

Began plant operability testing. 

Charged non-specification thoria powder to A3 Dissolver; 
had trouble maintaining A3 vacuum. 

Charged non-specification t loria powder to B3 Dissolver. 

Charged non-spedf1 cation thoria powder to C3 Dissolver. 

Completed concentrated n i t r ic acid - ANN-KF flushing of 
feed tanks. Completed operability testing of processing 
systems. 

First feed batch prepared in feed concentrator (E-Fll); 
did not meet feed specifications due to poor concentrating 
efficiency. 

Increased feed concentrator batch size to 2,500 gallons; 
no further problems. 

Attempted to start up, solvent extraction. Shut down due 
to*1BU organic siphoning via vessel vent header to a waste 
tank (TK-F18). 

Solvent extraction processing recommenced; 1BXT flow-
limiting capacity factor (CF) 0.85 to 0.90. 

rs.-
f 
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8/24/70 . Shut down due to major flood 1n "IC Column. Commenced sol
vent recovery and flushing of the 1CU Concentrator -
Second Uranium Cycle feed system. 

8/26/70 Loaded out first 2 3 3U product solution. Resin In samples. 

9/1/70 Began concentrated nitric add flushing of Partition Cycle 
and Second Uranium Cycle. 

9/6/70 Found faulty screens 1n uranium product cation exchange 
column (T-N50), commenced building a new column. 

9/6/70 Solvent extraction processing re-started. 

9/7/70 The 2D Column was unstable; gelatinous solids were observed 
in the 2DW. Flushed 2D and 2E Columns without shutting 
down the rest of the plant. Discontinued use of phosphoric 
acid in the 2DIS. 

9/8/70 Started Second Thorium Cycle, no further problems. 

9/15/70 Shortened dissolver cut time to 16 hours with some 
increase in dissolver heels. 

9/22/70 The HAF stream was off for two and one-half hours to 
replace a failed feed pump. 

9/24/70 A flood in the 1C Column was corrected by shutting down 
the HA Column for five hours. A partition failure resulted 
from the prolonged stripping of the 1BX Column. 

9/26/70 Charged first specification grade 233U-thoria powder tar
gets to dissolvers. Began reworking TNT product solution 
high in 2 3 3U. 

9/27/70 Shut down HA Column at depletion of rework TNT solution. 
The 1C and 2A Columns flooded prior to shutdown. 

9/29/70 Found two "E" metal slugs (irradiated 235u_238u fuei e-|e_ 
ments) on cask cars. Returned to reactor area. 

10/1/70 Stripout and shutdown complete. Started concentre-H 
"nitric flushing of solvent extraction equipment^ 
started flushing N Cell and solvent treatment sy& J 

10/7/70 Initiated startup activities. Terminetted startup due to 
a failed-1BX Column pulser motor. 

10/13/70 " Recommenced startup on "specification" feed. Placed 
cation,exchange column (T-N50) on-line. 
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10/14/70 The HAF was off for five hours to repair leak 1n 1BXF jum
per. After 13 hours of operation, HAF shut off again to 
replace failed 1WF pump. 

10/15/70 Turned HAF back on; lost partitioning 1n the 1BX Column 
due to the low thorium level. 

10/16/70 Shut down Second Thorium Cycle to segregate TNT product 
solution high 1n 2 3 3U. During re-startup, dropped solvent 
from 2E Column to TNT Concentrator. 

10/17/70 Began reworking TNT product solution high 1n 2 3 3U via feed 
makeup tank (TK-E6). 

10/19/70 Recovered solvent from thorium product tank (TK-K6) for 
cleanup. 

10/21/70 Shut off HAF due to loss of 1BXT flow. Began a concen
trated nitric flush of the partition cycle. 

10/23/70 Removed and unplugged 1BXT jumper, made two unsuccessful-
attempts" to start up, but could not maintain 1BXT flow'. 

10/26/70 Pulled 1BX Column pulser and found that the V1ton A* 
gasket was falling apart. Replaced with a V1ton B* gasket 
sheathed in Teflon*. Installed a modified 1BXT jumper; 
with strainer and larger D0V trim. 

10/29/70 Started back up, with minor stability problems in 1C and 
2B Columns. 

10/30/70 The 2A Column flooded. 

11/1/70 Increased dissolution time to 18 hours. 

11/3/70 First wafer charge to C3 Dissolver. 

11/6/70 Shut down for a scheduled outage; began concentrated 
nitric a d d flushing of solvent extraction equipment. 

11/11/70 Began solvent extraction startup. 2BU jet plugged. Began 
flushing 2BU line. 

11/12/70 Recommenced startup; airlock 1n 1BU line resulted 1n 1BU 
being routed to waste tank (TK-F18) via the vessel vent 
header. 

•Trademark of E. I. DuPont Nemeurs and Company. 

\ 
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11/13/70. 

11/16/70 

11/19/70 

11/23/70 

12/2/70 

12/3/70 

12/6/70 

12/9/70 

12/12/70 

12/16/70 

1/16/71 • 

3/27/71 

Stability problem with 2B Column, Instrument problems 
resulted in high 2D Column losses for 16 fjpurs. 

Reduced the L/V in the 1BX Column 1n an unsuccessful 
attempt to drive more ruthenium into the 1BU stream. 

First C3 jetout jumper failure. 

Organic-aqueous disengaging problems arose in #2 Solvent 
System. Shut down the Second Toon"urn Cycle for 13 hours 
and flushed R Cell. 

Completed wafer processing in C3 Dissolver. 

Began butting feed with TNT product solution to maintain 
solvent extraction rates. 

Made first charge of "non-specification" thoria to dis
solves. 

Commenced adding phosphoric acid to 2DIS as a result of 
the higher fission product activity. 

Last feed solution taken from dissolvers. 

Completed shutdown of plant. Began post-thorium flushing. 

Post-thorium flushing of solvent extraction, solvent 
treatment, and product handling systems completed. 

First uranium charge to dissolver. 

TARGET HANDLING AND CHARGING SEQUENCE 

In contrast to the 1966 Campaign, two types of targets ware charged to 
the dissolvers. The bulk of the thoria was in a powder form, in elements 
identical in content and configuration to those processed in,1966. In 
addition, approximately 58 tons of "wafers" were processed to evaluate 
wafer dissolution characteristics. Thoria target shipments from reactor 
basins to Purex were handled in the same manner as in 1966 with the 
exception that buckets containing wafer material were specially markedrzn 

and charged to a specific dissolver (TK-C3). The charging sequence was 
established on the basis of 2 3 8U content, 2 3 2U content, length of time 
sinc£ discharge, and nature of the targets (i.e., whether powder or 
wafer material).''2* 5» 25<> 

Target Element Physical/Description 

•The target element characteristics'"30,1 are given in Table III in Appendix 
L. The thorium powder elements were aluminum cans filled with sand-like 

i 
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particles ranging 1n size from 325 mesh to six mesh. The bulk density of 
the vibratory compacted powder was about 7.5 grain's'per cubic centimeter. 
The thorium wafer "lements were aluminum cans filled with three wafers. 
Each wafer was of right cylindrical geometry, approximately 1.5 Inches 1n 
diameter by 2.8 Inches long* with a bulk density of about 7.6 grams per 
cubic centimeter. The wafers were fabricated from thorium powder through 
a process of cold-pressing and sintering. The wafer targets were designed 
to hold their original geometry 1n the dlssolver after the aluminum cans 
had been removed, and hence, dissolve faster. f ^ Subsequent dlssolver 
experience Indicated that this Indeed was the case. 

Target Element Handling and Special Precautions 

Though thorla target elements were delivered to the Purex Plant 1n the 
same general manner as uranium elements, a number of Important differ
ences existed to insure that uranium fuel elements were not Included. 
The thorla elements were loaded Into the shipping buckets vertically 1n 

' two layer's Instead of horizontally as with uranium fuel elements. With 
the elements 1n a vertical position, the ends of each layer were Inspected 
at the reactors, and the ends of the top layer were Inspected prior to 
charging by the Purex crane operator. Since the thorla elements had solid 
ends, any uranium fuel element with a hole in the center of the ends would 
have been readily Identifiable. Photographs of each layer were taken at 
the reactors during bucket loading. The top layer was photographed again 
Immediately prior to shipment to Purex (Photo 1 and 2). 

Several partially loaded buckets were processed during the campaign. 
These buckets had an Incomplete layer of thorla elements which allowed 
the elements to fall from their vertlcle position. Prior to loading Into 
cask cars for shipment, each bucket was Inspected by an observer from 
Purex to determine that the partial layer contained only thorla fuel 
elements. This requirement resulted In occasional delays of up to two 
hours 1n dlssolver charging due to scheduling problems. 

The cask cars used for transporting the buckets to the Purex Plant were 
the same as the cars used for uranium fuel elements. However, the cars 
were designated as containing thorla elements by red "T" placards 
placed on the ends of the car and on the lids of .the three wells. In 
addition, each bucket containing wafer elements was identified with a 
bright green tube placed diagonally across the top of the exposed ends of 
the top layer of wafer elements." The transfer papers for each thorla 
shipment were marked "Thorla". Responsible Purex personnel checked the 

* key number listed against the stock report provided by ARHCO Production . 
Planning, and the reactor basin station number against the Bucket Loading 
Summary to determine that the car contained thorla. 

^ i 
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The Purex crane operator was required to Inspect each bucket before char
ging 1t Into the dlssolvers. The crane operator was also Instructed not 
to retrieve any elements accidentally dropped from the bucket onto the 
canyon deck or Into the dlssolver cell during charging due to the possi
bility of picking up an uranium fuel element. 

The only significant occurrence during thorla target handling was the 
Isolated case of finding two uranium fuel elements 1n one car well. The 
car was returned to the shipper who removed the uranium elements. The 
potential for product contamination 1n this case was low since the uranium 
elements could not have been charged. 

Thorla Charging Schedule 

Because of the wide variation In the 2 3 3U, 2 3 0U and protactinium contents 
of the Irradiated thorla, a computer program was successfully developed 
and used to optimize the charging schedule of the thorla for both the 
"non-spedf1cation" (high 2 3 8U) and "specification" (low 2 3 8U) portions 
of the 1970 Thorla Campaign. A detailed listing of the planned charging 
sequence for both powder and wafer material 1s presented .-^ This sche
dule was followed with only minor deviations and resulted in progressively 
reducing the 2 3 8U content of the Input thorla during processing of. high 
2 3 8U material from 0.7 to 0.3 percent (based on -33U) while maintaining 
the 2 3 3U content below criticality prevention specification limits. 
During processing of "specification" thoria, relatively constant levels 
of 2 3 2U and 2 3 8U contamination were maintained in the feed as shown below: 

SPECIFICATION THORIA FEED 
* 

Overall Charge Composite* Maximum 
Contaminant Average High Low High Low Specification 

**232U (ppm) 7.78 "8.08 7.23 7.93 7.54 8 

2 3 8U 0.13 0.15 O.10 ' 0/14 0.12 0.5 
(% 2 3 3U) 

* 3 Charge Composite (overlapping) 

** Based on predicted values from the reactor. Actual average 1n the 
product was."8.63 ppmp 2 3 3U. 

Thus, the charging schedule permitted the production of a uniform 2 3 3U 
product with respect to 2 3 2U and 2 3 8U content. It also minimized the 
protactinium content of the thorla feed so as to limit the degree of sol
vent degradation experienced during the campaign. 
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Following the "specification" portion of the campaign, an additional 
eight tons of short cooled-hlgh activity thorla powder elements were dis
solved 1n three charges. The most recently discharged material contained 
70 grams of 233Pa 1n 0.8 tons of Th02. This material was processed to 
empty .the reactor storage basins of this type material. 

TARGET DECLADDING AND DISSOLUTION 

Figures II and III 1n the Appendix represent the flowsheets for target 
decladding, dec!adding waste treatment, and thorla (Th02) dissolution. 
To Increase plant capacity, three dissolvers were used versus the two 
used in the 1966 campaign. .However, the targeted rate of 1.0 CF (10 tons 
per day) was not met. Further Improvement 1n the Head End rate was 
achieved by processing approximately 58 tons of thorla (Th02) wafers. 

Operating and Process Control Description - Thoria Powder 

The thorla targets (approximately 3.2 tons Th02 per charge) were dumped 
. into sufficient 1.9 M NaN03 to cover the charge, and the dlssolver con
tents were heated to boiling. Sufficient 19.0 M caustic was added at a 
controlled rate to achieve a caustic-to-aluminurnmole ratio of 2.25, • 
The dlssolver contents were digested at boiling temperature for two hours 
to complete the aluminum-cladding removal. The decladding solution was 
then cooled and jetted to the decladding waste treatment system where the 
solution was centrlfuged to recover any thoria particles entrained from 
the dlssolvers. The resulting thorla cake was washed with 8 M, caustic 
and then with water. The cake was slurried from the centrifuge to a 
digest tank with four batcnes of concentrated nitric add. The resulting 
slurry was butted with fluoride (KF) which was complexed with aluminum 
nitrate. A six-hour digest at 70 °C proved adequate to dissolve the 
thoria. The decladding solution which passed through the centrifuge and 
the cake washes was discarded to a non-boiling waste underground storage 
tank. 

After aluminum de-jacketing, the thoria powder was dissolved with a 
nitric acid-potassium fluoride-aluminum nitrate solution. The potassium 
fluoride was added in two increments; the first at the beginning of the 
dissolution, the second after two hours of digestion. The aluminum 
nitrate used to complex the fluoride was also' added in two increments; 

• the first prior to starting the dissolution, the second at completion of 
the dissolution. After about 16 to 18 hours of digestion at boiling ' ' 
temperatures, the dlssolver contents were cooled and jetted to lag sto
rage, tanks prior to concentration to meet feed requirements. 

Head End Performance and Recovery Efficiencies - Thoria Powder 

The length of ̂ time required to process a powder charge was critical to 
maintaining th'e plant rate. Caustic de-jacketing of aluminum-clad 

,, elements is a standard Purex operation, and the normal three and one-half 
hour digest period proved to be adequate. Powder dissolution, however, " 
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required.anywhere from 16 to 48 hours. During the latter half of the 
campaign, the dissolution time was arbitrarily set at 18 hours. An extra 
dissolution step (1,000-gallon heel cut) then proved to be necessary 
every third or fourth charge to dissolve residual thorla. The shortest 
cycle time (time required for complete processing of one charge 1n a 
'dlssolver) for a powder charge was about 30 hours. Most charges required 
between 30 and 35 hours. The extra heel dissolution step added 12 hours 
to the dissolver cycle. The decladdlng waste treatment cycle, which 
required 12 hours, excluding the digestion step, did not affect the over
all dlssolver cycle. Two centrifuge cakes were generally combined for 
the six-hour digestion period. 

Material balances were calculated for powder charges after establishing 
the arbitrary 18-hour dissolution period. During dissolution, approx
imately 75 to 80 percent of the thorla charged was dissolved. Another 
five to 10 percent was recovered during decladdlng waste solution centrl-
fugatlon. 

Problem Areas > Thorla Powder 
1 * 

1. Low Dissolution Rate 

Based on reported dissolution rates for 1966, a 20 percent decrease 
in rate per dlssolver occurred. As a result the targeted 1.0 CF 
overall rate was not achieved. The failure to attain the dlssolver 
rate achieved in 1966 made the Head End operation rate limiting for 
the plant. During the latter half of the DNR run (1n December), 
recycle of thorium product solution was necessary to maintain the 
solvent extraction rates. 

Recent laboratory tests have shown that the dissolution rate of 
thorla powder from the 1970 Thorla Campaign was equivalent to that of 
thorla powder processed in 1966. Thus, the slower thoria powder 
dissolution rate observed in the 1970 plant campaign compared to 1966 
was probably caused by another factor. Pictures of the air-lift cir
culators In the dlssolvers confirmed our suspicions that the circula
tors 1n the dissolvers were not functioning properly during the 1970 
campaign (Photo 3). Many of the circulator tubes were out of posi
tion and appeared to be inoperable. 

2. TK-A3 Dissolver Vacuum 

Tank A3, which had a new off-gas line Installed from the dissolver 
lid to the cooling tower, experienced vacuum problems during boiling 
periods because the off-gas line from the dlssolver had no expansion 
bellows. The distortion of the off-gas line caused leaks around the 
flanges and reduced vacuum in the dissolver. Weights on the off-gas 
line were used to produce a barely satisfactory vacuum 1n the dlssol
ver. ». Near the end of Thorium Operations, a newly designed off-gas 
line was installed. With this new. off-gas line, TK-A3 vacuum was 
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more than adequate, even when TK-A3 contents were boiling with 
sparging. 

3. Jetting Problems 

Few. problems arose.during decladdlng waste jetting. Jetting the dis
solved thorium was frequently hindered by plugged jets, however. The 
jet dlpleg usually was unplugged either by back-flushing or with a 
hydraulic ram. Occasionally an alternate route had to be found and 
a heel cut was required to free the dlpleg. 

On four occasions, thorium solution jet-out jumpers failed. In all 
four Instances, a hole was found 1n a 90° elbow Immediately down
stream of the jet. The first jumper to fall (TK-C3 jet-out) was 
replacad with a jumper of similar design, which eventually failed as 
well. Within two weeks, failures occurred at all three dlssolvers. 
Tentatively, the failures were attributed to a combination of erosion 
and corrosion. The Impinging thorla particles appeared to erode away 
the passlfled metal. The thorium solution remained corrosive, 
despite the three-or-four-to-one aluminum,nitrate to fluoride mole 
ratio. The jet-out jumper was redesigned with a' longer straight run 
of pipe between the jet discharge and a more gradual el bow curvature. 
The replacement jumpers of the new design performed satisfactorily 
• for" the remainder of the campaigns 

Thorla Wafers 

Approximately 58 tons of thoria wafers were processed through the C3 D1s-
. solver during the "specification" portion of the campaign. The thorla 
wafers were processed through Head End using the same flowsheet and 
operating parameters used for powder except for changes made In the 
sparger operation during the dissolution step as described below. The 
wafers dissolved much more rapidly than the powder. The initial dissolu
tion time of 18 hours was gradually decrea: ed to between 10 and 12 hours 
without any significant heel buildup. With a dissolution time of .eight 
hours an extra heel dissolution was necessary every fifth or sixth charge. 
For a 10 hour dissolution time, the overall cycle for thoria wafer pro
cessing was about 25 hours or equivalent to a 1.15 CF rate. 

Sparger Operation 

The mode of air lifter circulator operation was quite critical to the 
thoria dissolution efficiency. The dense particles had a pronounced 
tendency to pile around the bottom of the dissolver. The sparge rates 
given below were similar to the rates used in 1966. The maximum air 
velocity leaving the sparge ring was.again limited to 50 feet per second. 

.*-. Control of the air flow was maintained by the use of an orifice and by 
,: monitoring the flow and back-pressure indicators for each dissolver. 
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Step 

Coating Removal 

Charging 

Heating and Digestion 

Cooling 

Jetting 

Powder Dissolution 

Heating or Cooling 

Dissolving 

formal - 60 minutes 
'duration 

Redistribution -
15 minutes 

Holding, Sampling or 
SpG Check 

Wafer Dissolution 

Heating or Cooling 

Dissolving 

Holding, Sampling or 
SpG Check 

SPARGER RATES 

Inner Sparger 

OFF 

300 pph* (steam) 

50 scfm (air) 

35 scfm (air) 

200 scfm (air) 

240 scfm (air) 

b0 scfm (air) 

50 scfm (air) 

100 scfm (air) 

50 scfm (air) 

50 scfm (air) 

Outer Sparger 

OFF 

50 scfm** (air) 

100 scfm (air) 

35 scfm (air) 

75 scfm (air) 

75 scfm • (air) 

200 scfin (air) 

50 scfm (air) 

100 scfm (air) 

200 scfm (air) 

50 scfm (air) 

* pounds per hour 

** standard cubic feet per minute 

The sparge rate was lowered during wafer dissolution because the dissolu
tion rate Increase, due to reduced turbulence at the wafer surface, more 
than compensated for the rate decrease resulting from less efficient 
mixing. ' 
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Dissolver Off-Gas Treatment 

During the decladdlng operation, the off-gas stream passed through a 
downdraft condenser, an ammonia scrubber tower, a heater, silver reactor, 
and a high efficiency filter to the 200-foot Purex stack. During the., 
dissolution operation no water was added to the ammonia scrubber tower 
and the off-gas, after leaving the filter, was" also padded through the 
two absorber columns located 1n the Purex Backup Facility. A continuous 
monitor normally used to detect Iodine 1n the dissolver off-gas stream 
was adjusted to permit detection of ruthenium. 

••* 

'The absorber columns, normally used to recover nitric a d d from the off-
gas stream, were operated on reflux water alone during the thorla campaign 
due to the low nitric acid content of the off-gas. Operation in this 
manner resulted in some ruthenium decontamination as evidenced by analyses 
of reflux water samples. Fresh demlnerallzed water additions were made 
when the tank contents were changed out or to replace evaporation losses'. 

FEED CONCENTRATION AND DENITRATION 

The flow sketch and the detailed chemical flowsheet for the Feed Concen
tration and Denitration Operation are presented 1n Figures 1 and 3 in 
the Appendix. The major variance from the original flowsheet''8^ was the 
Increase 1n concentrator operating.level from 2100 to 2500 gallons. This 
change was required to Increase the.heat transfer area utilized and thus 
obtain the desired-concentration rate. 

Operating and Process Control Description 

Feed to the concentrator (E-Fll) was composed of dissolver solution from 
the lag.storage tanks (TK-D1 or TK-D3) and dissolved thoria recovered 
from the decladdlng waste. These solutions were transferred to TK-D4 by 
steam activated jets for blending and were subsequently pumped to the 
concentrator. The initial 2300-2400 gallons was transferred in-one 
batch and the remaining solution was transferred continuously to maintain 
the concentrator operating level at 2500 gallons. 

In the concentrator, the thorium concentration was increased from the 
initial value of 0.5 to 0.7 M to a final value of 3.0 M. Thus, up to 
15,000 gallons of blended solution were required to complete one concen
trated feed batch. The amount of thorium accumulated per batch'was con
trolled by material balance calculations based on sample analyses and 
volume measurements. As secondary controls, theendpolnt temperature-
and specific gravity guideline values were established at 135 °C and 
2.35, respectively. 

At that point the solution still contained most of the input nitric acid. 
A continuous water addition was. then made to the concentrator at boiling 
conditions to remove the nitric acid by steam stripping while maintaining 
a constant volume of solution. In this manner, the solution was made 
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0.20 M,add deficient. The amount of add removed was primarily a func
tion of the amount of water added which could be determined by multiply
ing, the'addition-rate by time or from the dilution water add totalizer. 
As secondary controls, guideline values for the-terminal temperature and 
specific gravity at boiling were established at 115 °C and 2.15, respec
tively. 

The concentrated add deficient feed solution was then transferred while 
still hot (about 75 °C) to the receiver tank with a submerged jet which 
used demineralized water to supply the motive force. The water also 
served to dilute the solution to the desired thorium concentration. The 
transfer had to be conducted at an elevated temperature to prevent 
solidification of the solution which had a freezing point of about 55 °C. 
For this reason, the approximate 120-gallon heel remaining in the concen
trator after each transfer was immediately butted with dilute feed or 
water. 

The receiver tank contents were transferred to the Accountability and 
Feed Adjustment Tank (TK-D5) for sampling and adjusting to the desired 
1.57 M, thorium, -0.105 M, nitric acid concentrations. From there, the 
fe.ed was pumped to the Teed storage tank (TK-E6) and then transferred 
to the solvent extraction feed (HAF) tank (TK-H1) with a steam motivated 
jet. The desired HAF thorium and nitric acid concentrations were 1.5 M. 
and -0.10 M,, respectively. Small volumes of 19 M sodium hydroxide or 
12.2 M nitric a d d were added as required to adjust the add concentra
tion Tn TK-D5 or TK-E6, respectively. 

The concentrator off-gas stream passed through a denrister pad and a con
denser to the vessel vent system. The demlster pad reduced the'radio
nuclide content of the off-gas and aluminum nitrate was added via the 
upper spray nozzle to complex any free fluoride on the pad. The conden
ser condensate was routed to the Acid Recovery System but an alternate 
route to the second cycle waste receiver tank (TK-F10) wa,s provided for 
use if the radionuclide content became unacceptably high, 

Normal Operating Performance and Capacity 

The feed concentration and denitration time cycle was adequate to provide 
feed for sustained solvent extraction operation at a 1.5 CF. Typical 
heat transfer coefficients (U values) ranged from about 170 BTU/hour-
ft2-°F at low thorium concentrations to 115 BTU/hour-ft2-°F during the 
denitration step. The typical TK-D5 thorium and nitric concentrations 
were 1.4 |1 and 0.1 to -0.1 M, respectively. As a result, a butt of ten-
to-twenty gallons of 19 M sodium hydroxide to TK-D5 was usually required 
to adjust the nitric acicT concentration. 
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Problem Areas 

1. Low Concentration Rate 

The Initial concentration or boll-off rate attained was too low to 
support sustained operation at the desired processing rate. Investi
gations revealed that the heat transfer coefficients calculated 
during this period were very low. The problem was apparently caused 
by poor circulation of solution within the concentrator due to 
operation with a Low percentage of the tube bundle covered by solu
tion. The conceritratlon-denltration rate increased to an equivalent 
CF pf 1.5'after the concentrator operating volume was Increased from 
2100 to 250O gallons. Operation of the concentrator at a 2.0 CF 
would have been possible if the blend tank (TK-D4) pump had not been 
limiting. 

2. Ruthenium Volatilization 

Ruthenium levels in the Purex recovered acid at the conclusion of the 
thorium campaign were a factor of 20 to 200 higher than normally 
encountered during uranium-plutonium processing. The only operation 
to which this difference could be attributed is the addition of the 
feed concentrator condensate to the recovered acid. The recovered 
add was still useable and the condensate was, therefore, routed to 
the Acid Recovery System throughout the campaign. 

However, increased levels of beta-gamma ground contamination were 
found around the Purex stack .and along the path 1n the direction of 
the standard stack plume during a quarterly area survey in January 
1971. A study of gamma energy analyses indicated the activity was 
primarily 106Ru released during the thorium campaign. 

The lack of other fission products supported the conclusion that 
ruthenium was released as the volatile RuOi, compound which is formed 
in boiling solutions containing greater than 8 M nitric acid. These 
conditions were attained during thoria dissolution, feed concentra-
tion-denitration, waste concentration, and recovered acid concentra
tion. Evidence", which included finding ruthenium in samples of 
reflux water from the dlssolver off-gas treatment facility and the 
high ruthenium content of the recovered add, Indicated both of the 
first two operations, thoria dissolution and feed concentratlon-
denitration, contributed to the release. However, based on available 
Information, the feed concentratlon-denitration operation was the 
major contributor. . 

CO-DECONTAMINATION AND PARTITION CYCLES / 

The flow.sketch and the detailed chemical flowsheet for the. Co-Decontami
nation and Partition Cycles are presented in Figures 1 and 4*in 
Appendix J.rf> The major change from the 1966 flowsheet was a 45 percent 

« • < • * • • / 

,v» . 
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increase.in the 1CX flow which was made In an attempt to reduce 2 3 3U 
losses to the 1CW stream. 

Operating and Process Control Description 

The prepared aqueous feed (HAF) was pumped to the HA (T-H2) Column where 
the thorium and uranium were co-extracted into the organic phase (HAX), 
leaving most of the other radio-Isotopes 1n the aqueous phase. The 
organic 1BSU recycle stream was also pumped from TK-J2 to the HA Column 
as the HAO.' The organic was scrubbed in the top of the HA Column by the 
aqueous HAS stream. This dilute nitric a d d solution (madje up in TK-209 
and TK-210 1n the AMU area and fed to the column by gravity flow) con
tained small amounts of phosphoric add and ferrous sulfamate to improve 
the plutonlum, chromium, protactinium and zirconium-niobium decontamina
tion. A 13 M HN03 stream (HAX-HNO3) from the recovered nitric acid 
header was adTded near the bottom of the column to control the thorium 
waste loss. The combined aqueous stream exited the bottom of the column 
as the HAW. The combined organic stream, bearing the thorium and 
uranium, exited the top of the column as the HAP. 

Process control of the HA Column consisted of overall plant rate control, 
maximization of fission product and 233Pa decontamination and minimiza
tion of thorium waste losses. The HAF flowrate was adjusted to provide 
the specified thorium throughput rate. The thorium losses were then 
minimized by adjusting the organic to feed ratio with the HAX and the HAW 
acidity with the HAX-HNO3. Fission product decontamination was maximized 
by adjusting the HAS rate and, to some extent, the organic to feed ratio. 

The 1BXF feed to the Partition Cycle was composed of the organic overflow 
from the HA Column (HAP) and the organic waste streams from the Second 
and Third Uranium Cycles (2BW and 3BW). The separation of thorium and 
uranium was accomplished by stripping (back-extracting) the thorium from 
the organic phase with C.2 M HN03 (1BX), which was line blended in the 
pipe and operating (P & 0) gallery. 

The uranium-bearing orqanlc stream (1BU) flowed by gravity to the bottom 
of the 1C Column (T-H3), where the uranium was stripped out of the organic 
with 0.01 M HNO3 (1CX). The 1CX was also line blended. The product-
bearing aqueous stream'(1CU) then exited the bottom of the 1C Column and 
was routed via a steam operated jet to the 1CU concentrator (E-H4), where 
it,was concentrated to Second Uranium Cycle feed requirements. 

The thorium-bearing aqueous stream (1BXT) was routed via an air-Uft to 
the top of IBS Column (T-J7). Here, 1t was scwt-ted with an organic 
stream,(IBS) from the No. 1 Solvent header to re-extract any uranium 
wh1ch*'may have stripped out of the 1BX Column. The organic scrub (1BSU) 
was. routed to TK-J2 and recycled to the HA Column as the HAO stream. 
The aqueous stream (1BT) was routed to the 1BT (E-J8) concentrator and 
boiled down to Final Thorium Cycle feed requirements. 

* 

-* 
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Process control of the Partition Cycle was primarily a matter of main
taining the operating variables at*the specified values. Adjustments 
to the 1BX acid concentration and to the IBX-to-lBXF ratio were.made, 

Sarticularly during startups and shutdowns, to reduce the amount of 33U stripped from the 1BX Column. [See section on Partitloninq Pro
blems (Page 39).] Control of the E-H4 Concentrator posed a problem 
sue to the dilute overflow stream requirement. 

Normal Operating Performance and Capacity 

The HA Column operation presented no unusual problems during the campaign. 
Performance was satisfactory at the rates attempted. The thorium losses 
in the HAW stream were typically 0.01 to 0.1 percent of the HAF input. 
On several occasions (primarily during startups) the HAW thoria loss was 
as high as 0.4 to 0.6 percent of the input. The 2 3 3U losses were typi
cally 0.02 to 0.08 percent of the input. However, during the.period 
from November 25 to November 29, the 2 3 3U losses increased to 0.1 to 0.2 
percent. Difficulty experienced in controlling the HAF flow during this 
period resulted in minor over-saturation of the organic (the thorium 
losses were also up slightly). 

The steady-state performance of the Partition Cycle was satisfactory. 
Thorium loss to the uranium cycles was typically less than 0.01 percent 
of the Input rate and the uranium loss to the thorium cycle was typically 
0.01 to 0.05 percent. Uranium recycle via the 1BSU stream was normally 
10 to 12 percent; however, it reached 60 to 70 percent during partition
ing failures. Uranium losses 1n the 1CW organic waste stream ranged 
from 0.5 to 0.05 percent of the feed input. These losses were incurred 
even though the 1CX flow was increased by approximately 45 percent early 
1n the campaign. 

Fission product decontamination performance ac.ross the Co-Decontamination 
and Partition Cycles 1s summarized In the table below. The data are 
presented as decontamination, factors, ratios of the fission product con
centrations (microcuries per pound thorium or gram 2 3 3U) in the HAF 
versus the 2DF for thorium and the HAF versus 2AF for uranium. 

CO-DECONTAMINATION AND PARTITION CYCLE DECONTAMINATION FACTORS 

Zr-Nb Ru-Rh fl 

Thorium 180 105 85 

Uranium 3,2 x 101* 115 5.0 x 10*» 

Some minor flowsheet adjustments were made during the campaign in an 
effort to. shift the 106Ru split toward the uranium cycles where the 
ruthenium deeontamination was more effective. These changes included a 
reduction in the 1BX Column aqueous-to-organic flow ratio (L/V), and 

s 
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Increases 1n the 1BX HN03 concentration and the IBS organic rate, No 
significant differences were noted. 

The 1BXT flow rate proved to be rather limited with a maximum sustainable 
rate corresponding to a 1.05 capacity factor. However, since the head 
end rate (and also the Second Uranium Cycle rate on several occasions) 
was even more restrictive, the 1BXT flow limitation was not a problem. 

Operating Problem Areas 

1. 1BU Route Hydraulics and Airlocking 

The initial solvent extraction startup resulted 1n the transfer of 
approximately 3,500 gallons of solvent to TK-F18 by way of the 1BU 
sample pot vent line and the vessel vent header. (See Figure 19 in 
Appendix). Review of the hydraulic characteristics of the 1BU route 
revealed that 1f the six-inch header between nozzle JT-16 and HT-21 
were full of air, a 22-foot, four-Inch head could be developed at 
the H3 Column versus an IS-foot, eight-Inch organic head between the 
1BU sample pot vent and the six-Inch header. When the 1BU flow was 
started, the solution backed up into the 1BU sample pot vent and 
began overflowing to the vessel vent header. The problem was further 
compounded by a syphon effect between the 1BU pot and the vessel vent 
header.N The normal flow was established by loosening the jumper at 
nozzle HT-21 and allowing all the air in the header to bleed out 
while overflowing aqueous from the 1BX Column. Also, the jumper at 
nozzle "8" on the 1BU vent line was loosened to prevent the future 
formation of the syphon route. The 1BU stream became airlocked once 
more during the November 12 startup, and was restarted by loosening 
the jumper nozzle HT-21. 

2. 1BU Sampler Hydraulics 

The sampler outlet for the 1BU stream was located about two feet 
below the actual liquid level in the 1BU sample pot. (See Figure 19 
in Appendix.) A special sampling procedure was issued to reduce the 
possibility of leaking 1BU solution into the sampler hood. Problems 
encountered with the valving sequence prior to removal of the sample 
bottle resulted in several minor contamination, incidents. This pro--
blem was eliminated as the operators became more familiar with the 
system. 

3. 1CW'Sampler Operation 

As was expected, the operation of the 1C (T-H3) Column was a major 
problem during the campaign. The problem was compounded when it was 
discovered, shortly after startup, that the H3-1CW sampler was not 
working. (Samples taken during the operability testing evidently 
came from the H3-HAP sampler which is in the same hood.) In order to 
provide 2 3 3U loss and criticality prevention data, the sampling 
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schedule for the No. 1 Solvent Treatment System (G Cell) vessels was 
Increased until the H3-1CW sampler was returned to service on 
August 26. The sampler plugged several more times during the run 
but was repaired within two to three shifts each time. 

4. 1C Column Flooding 

Within 36 hours after the August 22 startup, the 2 3 3U analysis on the 
'No. 1 solvent wash waste (TK-G8) sample indicated that high 1CW 
losses were being sustained. In an attempt to reduce these losses* 
the 1CX flow rate was increased by approximately 45 percent and then 
on day shift, August 24, the 1C Column pulse frequency was Increased 
from approximately,,55 to 70 counts per minute (cpm). At 4:00 PM, the 
1C Column (T-H3) flooded, resulting in the transfer of approximately 
3,500 gallons of solvent through the 1CU concentrator to the 1UC 
Receiver (TK-J1) and the 2AF (TK-J21) tanks. A shutdown of the 
solvent extraction system was initiated at 11:30 nM in order to eval
uate the situation and recover the organic. 

1 The organic was processed through the Second Uranium Cycle to the 
1BXF tank (TK-J3). The organic was then transferred to a spare tank 
(TK-F13) located in the Waste Concentration and Acid Recovery System 
for cleanup and return to the solvent system as described in the 
Section on Batch Solvent Recovery Operations, page 63.. 

The limit on the 2 3 3U grams per ton thorium ratio 1n the 1BXF estab
lished by the Criticality Prevention Specificationsf151 was exceeded 
during this operation as discussed in the section on Nuclear and 
Chemical Safety, Page 73. 

After the organic was removed from the Partition Cycle and Second 
Uranium Cycle, the columns were flushed, first with hot 57 percent 
HNO3 and then with washed organic .to remove thor1um-dibutyl phosphate 
(Th-DBP) solids *(see section on Interim Flushing, Page 39). (Solids 
formation was the major cause of flooding in tne 1966 thorium 
run.) 

« 

Detection of flooding 1n the 1C Column from the static pressure 
readout was not possible, so an interface float was installed 1n the 
bottom of the column. Initially it was used to activate an organic 
alarm on the central alarm panel. After the first flooding problems, 
the interface position was also recorded on a strip chart hear the 
H3 position to provide a more tangible check point. 

The 1C Column was restarted on September 1 and operated well until 
September 24, when it flooded again. The 1BXF-1BP streams (and the 
HA Column streams) were shut off and the organic was displaced from 
the 1C Column with 1CX solution. The IBP flow was restarted, only to 
have the column flood again. The displacement and .startup was 

, repeated three times before the column would operate properly. The 
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column flooded once more on September 27, shortly before the scheduled 
shutdown and turnaround to the "specification" run. No organic was 
lost during either of these floods as corrective action was taken 
before the organic detector float dropped off scale. 

The ic Column performed satisfactorily throughout the remainder 
of the thorium campaign. There were some Indications of minor flood
ing during startup on October 29, but a small pulse frequency adjustment 
stabilized the column. 

5. Reduction of Thorium-DBP Generation 

One of the major reasons for the improvement in the 1C Column opera
tion was the apparent reduction in the rate of thor1um-DBP generation. 
The operating volume in the 1BXF Tank (TK-J3) was dropped by 50 per
cent, resulting 1n a reduction 1n organic residence/exposure time 
from 50 minutes to 25 minutes. The degradation of TBP from exposure 
to gamma radiation and nitric acid, and hence the amount of thorium-
DBP formed, was reduced. The operation of the Second Uranium Cycle 
also showed significant improvement as a result of this change, 

6. 1BXT Jumper Problems 

The 1BXT a1r-Hft jumper from the 1BX to the IBS Column (see Figure 
19) was redesigned to improve the plant capacity over that of the 
1966 campaign. After some Initial problems with the orientation of" 
air lines in the jumper, flow tests were made to establish the maxi
mum throughput rate. The highest sustainable flow was equivalent to 
a 1.0 CF rate. The loading pressure to the 1BXT DOV had to be 
increased to approximately 25 pounds per square inch (psi) versus the 
normal 10 to 12 ps1 in "order to maintain the flow. 

During the time when problems were experienced with the 1BX Column 
(T-J6; pulser gasket, the 1BXT DOV became plugged with gasket mate
rial. A new jumper was build with a screen on the inlet end to keep 
the material out of the valve. It was subsequently discovered that 
the trim of the.valves in both jumpers was smaller than specified 
(1 1/4-inch and 3/4-inch versus 2-1nch specifications). The valve 

*• trims in the screened jumper were corrected and the jumper was rein
stalled. Only slight improvement in the flow-capacity was noted, 

7. J6 Pulser Gasket Problems 

Prior to the Initial thorium startup, the J6 pulser developed a leak 
and was changed out. On October 7, 1970, the motor on the new pulser 
burned out and another pulser was installed. Several unsuccessful 
attempts to seat the pulser to the column flange using varying thick
nesses of teflon gaskets were made. On October 12, the leak at the 
flange was finally sealed using a Viton A gasket. The plant was 
started on October 13, and ran until October 23, when the 1BXT jumper 

4 
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plugged with gasket material. The pulser was removed and the VIton A 
gasket? which was falling apart, was replaced with a VIton B gasket 
sheathed 1n teflon. 

8. Partitioning Problems 

On numerous occasions, the partitioning 1n the 1BX Column degenera
ted and a large percentage of the 2 3 3U followed the thorium. The. 
233u was generally re-extracted 1n the IBS Column and recycled to the 
HA Column via the 1BSU-HA0 stream, However, 1n the more severe cases, 
the 233.U continued on Into the Final Thorium Cycle. A total of 20 to 
25 tons of thorium product had to be reworked to lower the 2 3 3U con
sent as a result of these problems. 

The partitioning problems were caused by two conditions; periodic 
high L/V ratios 1n the column; and loss of salting strength due to 
low thorium concentration 1n the 1BXF. Improved control of the 1BX 
L/V was gained 1n m1d-0ctober by. Installing a visual flowmeter and a 
pre-ampl1f1er on the magnetic flowmeter signal output of the 1BX-H20 
system (demlnerallzed H 20). 

The 2 3 3U tended to strip out of the organic whenever the thorium 
nitrate concentration in the 1BXF dropped. Startups and shutdowns 
unavoidably resulted 1n the thorium concentration being a factor of 
10 to 100 below flowsheet. Recycled 2 3 3U from the Second and Third 
Cycles and any 2 3 3U being refluxed 1n the 1BX and IBS Columns would 
Immediately start stripping out Into the thorium streams (1BXT and 
1BT). This problem was reduced to a satisfactory level by doubling 
the IBX-HNO3 flow when low thorium concentrations were expected. The 
criticality prevention specifications for the 1BXF Tank (3,000 grams/ 
ton) and the Final Thorium Cycle (500 grams 2 3 3U maximum) were vio
lated on several occasions as a result of this problem. The speci
fications were subsequently changed as discussed 1n section on Nuclear 
and Chemical Safety, Page 74. 

9. Interim Flushing 

The Partition Cycle equipment was flushed four times during the cam-
;', palgn to remove thor1um-DBP sol ids. Hot 57 .weight percent HNO3 was 

n used-to dissolve the sol Ids and 500-gallon purges of organic were 
; v, pulsed through the columns (with the HNO3 still in) to "soak up" the 

^ dissolved thor1um-DBP. The organic was then treated 1n TK-F13 to 
?,;.r;remove the contaminants before recycle to the solvent treatment 

isi^system.^ The'aqueous phase was routed to the Waste Concentration-Acid 
&^iiRecoveryvSystem for nitric acid recovery, neutralization and disposal. 
fePMThe^flushlng-cleaned but the columns quite effectively. ' 
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FINAL THORIUM CYCLE 

The flow sketch and the detailed chemical flowsheet for the Final Thorium 
Cycle are presented 1n Figures 1 and 5 1n the Appendix. The major variance 
from the flowsheet was the elimination of the phosphoric add from the 2D 
(T-K2) extraction column Intermediate scrub stream (2DIS). This change, 
made early 1n the run, largely eliminated 2D-2E Column Instabi l i ty pro
blems encountered during the 1966 Thoria Campaign. 

Operating and Process Control Description 

' The concentrated thorium stream from the Partition Cycle (1TC) overflowed 
the 1BT Concentrator (E-J8) to the 2DF feed tank (TK-K1). A stream con
taining ferrous sulfamate was also added to the feed to reduce any resi
dual plutonlum to the nearly Inextractable plus three valence. The 
combined streams were pumped as the feed to the midpoint o? the dual-
purpose, extraction-scrub, 2D Column where the thorium was extracted Into 
the 30 volume percent TBP-NPH solvent (2DX) while the plutonlum and most 
of the remaining fission products exited via the aqueous 2DW waste stream. 
The 2DW stream was routed to TK-F10 1n the Waste Concentration and Recovery 
System for further processing and disposal. 

An Intermediate scrub stream (2DIS) containing concentrated n i t r ic acid 
(12.2 M) and, original ly, 0.66 M, phosphoric acid was added by gravity 
flow from aqueous maxeup tanks to an entry point midway between the feed 
and the top of the column. The primary purpose of the n i t r ic add was to 
provide additional salting strength in the column to prevent excessive 
thorium losses to the 2DW stream. The phosphoric add was Intended to 
Increase the protactinium decontamination attained In the column. How
ever, this constituent was eliminated during most of the run due to the 
low protactinium content of the feed and to precipitation problems dis
cussed in the section on 2D Column Startup Problems - Phosphoric Add 
Removal (Page 42). A water scrub stream (2DS) was added-to the top of the 
column by gravity flow to reduce the n i t r i c add concentration in the 
organic product stream (2DT) and, thus, minimize the volume of the final 
thorium nitrate product solution. 

The 2DT overflowed the top disengaging section of the 2D Column to the. 
bottom of the single-purpose 2E stripping column (T-K3). A dilute n i t r i c 
(0.01 M) 2EX stream (line-blended in the P & 0 Gallery) was added by 
gravity flow to the top of the column to str ip (back-extract) the thorium 
from the organic. The organic waste stream (2EW) was routed to the#No. 2 
Solvent Treatment System. The thorium-bearing aqueous stream (2ET)'was 
routed „to the 2ET (E-K4) Concentrator by j e t transfer (flow controlled by 
2E Column (T-K3) Interface recorder-controller). There, the 2ET was 
steam stripped and concentrated as required. The resulting-bottoms solu
tion overflowed the concentrator to TK-K5 where i t was accumulated in 
batches for subsequent je t transfer to the Thorium Nitrate Product Tank 
(TK-K6). Here, the product was sampled and subsequently pumped to a tank 
t ra i ler for transfer to the storage tank(s); The overhead condensate 
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(2TD)from the 2ET (E-K4) Concentrator was routed to the 216-A10 process 
condensate crib for disposal. 

Process control of the Final Thorium Cycle was maintained by close control 
of the aqueous^to-organic (L/V) ratios 1n the columns and stream acidities. 
For example;, although the continued use of phosphoric add 1n the 2DIS 
would probably have resulted 1n Improved protactinium decontamination, 
most of the decontamination achieved 1n the 2D Column 1s due to close con
trol of the above parameters. Control of these parameters was maintained 
1n the 2D Column by avoiding over-concentration of the 1BT in E-J8 and 
adherence to the flowsheet 2DF, 2DX, 2DIS and 2DS rates. Likewise, con
trol of the 2E strip column operation was primarily a matter of maintain
ing flowsheet L/V, 2EX acidity, and 2DT acidity. The effectiveness of 
these-controls 1n reducing the fission product content of the 2ET thorium 
stream was continuously measured by passing a small portion of the 
stream through a recording gamma monitor. Routine sampling and analysis 
of the 2DW and 2EW once per shift provided adequate Information to main
tain control of thorium losses via these routes. 

Normal Operating Performance" and Capacity 

Under normal conditions, the operation and performance of the Final 
Thorium Cycle was satisfactory throughout the campaign at rates up to 1.0, 
CF. The typical thorium losses 1n the 2DW and 2EW streams we're less than-
0.007 percent of the input during the early or "non-specification" por
tion of the run. However, the typical 2DW thorium loss Increased to a 
range of 0.1 - 1.0 percent during the "specification" portion of the cam
paign. Even higher 2DW losses were experienced on several occasions. 
Typical thorium losses during the 1966 Campaign were 0.2 and less than 
0.05 percent 1n the 2DW and 2EW streams, respectively.r3» ^ 

The higher 2DW losses resulted from a deliberate increase in organic 
saturation which was made in an effort to improve the fission product 
decontamination attained in the 2D Column. This change was required due 
to a reduction 1n cooling time of the feed as the campaign progressed, 
resulting in a corresponding increase 1n fission product content. 

The average (and range of) arithmetic decontamination factors attained 
1n the Final Thorium Cycle during the specification portion of the cam
paign were 150 (18-470), 12 (2.5-21), and five (1-15) for 95Zr, 106Ru, 
and 2 3 3Pa. The protactinium decontamination during the processing of 
shorter cooled material at the end of the campaign increased to the 500 
to 2,700 range. This increased DF was due partly to a factor, of 100 
increase in .the protactinium content of the 2DF and to the addition of 
phosphoric add via the 2DIS stream. These DF's compare favorably with 
the typical .DF's reported for the 1966 campaign of 7-8, 4-5 and 10 for 
zirconium, ruthenium,,(and protactinium, respectively.

r3^ 

• 
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Operating Problem Areas 

1. 2D Column Startup Problems - Phosphoric Acid Removal 

Two attempts to start the 2D-2E Columns failed on September 7 and 8 
because of precipitation of a gelatinous material 1n the 2D Column. 
The precipitate .was qualitatively Identified as a thorium phosphate 
gel which would dissolve 1n 10 M nitric add. The precipitate formed 
as a result of following the original startup procedure which called 
for establishing the column Interface with the concentrated 2DF 
thorium (0.8 M) solution. The subsequent addition of phosphoric add 
via the 2DIS stream resulted in the rapid formation of the thorium 
phosphate gel. 

The Final Thorium Cycle columns were flushed with concentrated nitric 
add following each of these startup attempts. The resulting flush 
solutions were jetted to the Waste Treatment and Add Recovery System 
(TK-F10). Prior to the third startup attempt, the procedure was 
changed to call for the use of pulser water as the aqueous phase in 
establishing the interface and the phosphoric add was removed from 
the 2DIS. stream until Increased protactinium decontamination was 
required. This early removal of phosphoric add largely eliminated 
column instability problems in the Final Thorium Cycle experienced 
during the 1966 Thoria Campaign.r32» 3in In addition, the lower 
solids content of the 2EW organic waste stream contributed to improved 
operation of the No. 2 Solvent Treatment System. 

Phosphoric acid was not added again until several tons of short cooled 
material were processed at the end*of the campaign.. At that time, the 
phosphoric add content of successive 2D.TS"batch makeups was gradually 
increased until a concentration equal to 75 percent (0.50 M) of the 
flowsheet 0.66 M was reached. The use of phosphoric add was largely 
responsible for the Increased protactinium DF attained during this 
portion of the campaign. 

2. Rework of Thorium Contaminated With 2 3 3u 

On two occasions, the.233U content of the thorium product exceeded 
acceptable levels and required rework of the solution through the 
"Co-Decontam1nat1on and Partitioning Cycle. The uranium followed the 
thorium through the Final Thorium Cycle as indicated by 2EW 2 3 3U 
analyses.during these periods. These analyses show no increased loss 
of 2 3 3U to the No. 2 Solvent Treatment Cycle. 

Both occasions were due to partitioning failure brought about by a 
reduction In the thorium content of the 1BXF. The 1BXF thorium con
centration was reduced because, the Co-Decontamination Column (HA) was 
stripped and the Partitioning' Column continued to operate after 
shutting off the HAF stream. The loss oCsalting strength caused the 
uranium to be stripped or back-extracted from the organic and exit 
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with the normally thorium-bearing aqueous stream, This problem was 
subsequently eliminated by modifying the operating procedures to use 
a higher nitric add concentration 1n the 1BX stream during periods 
with low-lBXF thorium 'concentrations at startup and to shut down the 
Partition Cycle at equilibrium whenever the HA Column was shut down. 

Rework of approximately 4.5 tons of'thorlum was required on the first 
occasion,'ind approximately 12 tons of thorium were reworked on the 
second occasion. In both cases, the rework operation proceeded 
satisfactorily and did not cause any unusual problems. 

Organic to Final Thorium Cycle Concentrator (E-K4) 

On two occasions, a significant quantity of plant solvent was routed 
to the Final Thorium Cycle product concentrator and was found as, an 
organic layer 1n the product storage tanks (TK-K5 and TK-K6). Both 
Instances occurred during a startup situation due to instability pro-, 
blems encountered 1n the 2E (T-K3) stripping column. Approximately 
500 gallons of organic were Involved the first time, and about 1,000 
gallons were involved the second time. In each case, the organic was 
jet transferred from the K Cell tanks to a spare utility tank located 
in the Waste Concentration and Acid Recovery cell. There, the 
organic was batch washed and returned to the No. 1 Solvent Treatment 
System for final cleanup and reuse. 

High Thorium Loss to Waste 

On November 13, a very high thorium loss to tiie 2DW stream (35 per
cent) was experienced for a period following startup. Significant, 
leaks in the air lines to the 2D Column (T-K2) extraction section 
differential pressure taps and the 2DF Tank (TK-K1) specific gravity 
dip tubes resulted in indicated values for these 'important operating 
parameters that were much lower than the actual values. Based on 
these data, the 2DX solvent flow was biased much lower than required 
and the high loss occurred because the solvent was saturated. About 
2,000 to 3,000 pounds of thorium were lost to waste before analytical 
data became available and appropriate corrective measures could be 
taken. 

HNOg Balance and Adjustments from Flowsheet 

As Indicated in the table below, the nitric add concentration 1n 
thorium streams was, in some cases, almost a factor of two above the 
flowsheet value throughout the/non-specification portion of the cam
paign. The high nitric acid concentrations were primarily caused by 
maintaining the 1BX stream at a 0.85 capacity factor flow rate as 
compared to a thorium throughput rate equivalent to a 0.7 CF. . Flow
sheet adjustments made during the .specification portion of the cam
paign significantly reduced the acid content of the thorium product 
stream below the flowsheet value. 
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THORIUM STREAM NITRIC ACID CONCENTRATIONS 

Typical . M 

Stream Flowsheet,'M_ Non-Spec1f1 cation Specification 

1BT 0.325 0.40 0.38 

2DF 1.10 1.71 1.47 

2ET 0.25 0.48 0.091 

TNT * 1.46 ' 2.87 0.63 

6. K2 Saturation Control 
As'described 1n section on Normal Operating Performance and Capacity, 
Page 41, the 2D Column organic saturation was Increased during the 
specification portion of the campaign 1n an effort to Increase the 
fission product decontamination. As expected, the Increased organic 
saturation resulted 1n higher 2DW thorium losses. However, the losses 
appeared to be unusually sensitive to slight flowsheet changes and a 
long period of operation was required'to reach steady-state operation. 
The average 2DW thorium loss during this portion of the campaign was 
0.95 percent as compared to less than 0.01 percent during the non-
specification portion of the campaign. The high average loss included 
many Instantaneous losses of greater than two percent. A more typical 
loss for the last three weeks of the campaign was 0.3 percent, 

7. Interim Flushing 

The Second Thorium Cycle equipment was flushed four times during the ,. 
campaign to remove thorfum-DBP solids. The first two flushes were 
associated with the use of phosphoric acid 1n the 2DIS during startup 
as described in the section on 2D Column Startup Problems - phosphoric 
Acid Removal, and the others were made as part of the scheduled flush
ing conducted between prolonged processing periods. In each case, 
the columns were filled with hot (58 to 63 °C) 57 weight percent 
nitric acid to dissolve the sol Ids. After a two-hour digestive 
period,.a 500-gallon organic purge was pulsed through the filled 
columns to remove the dissolved thor1um-DBP solIds. The organic was 
then"routed to the No. 2 Solvent Treatment System for cleanup prior 
to reuse. Jhe aqueous nitric add phase was routed to the Waste Con
centration Acid Recovery System. 

THORIUM NITRATE PRODUCT SHIPMENT AND STORAGE 

Thorium product solution shipment proved to be less of a problem than was 
the case during the 1966 Campaign. Due to much lower fission product 
levels, the truck drivers experienced little exposure to radiation. There 
Was no need to. install the cab protection shield.- During one period of 
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time,.as described below in number 2 under Problem Areas, a timekeeper 
was required to measure driver exposure. 

Thorium Product Solution Shipment 

The thorium nitrate product batch was sampled in TK-K6 and pumped to a 
2,800-gallon tank-trailer standing by at the 203-A trailer loading 
facility. The trailer was hauled to either 221-U,.(WR Vault) or 204-S 
Tank Farm and unloaded. 

With shipments only on day shift and swing shift, no difficulties were 
encountered in maintaining product shipments commensurate with an 0.85 CF. 
At a 1.0 CF, however, careful scheduling of shipments was necessary to 
prevent exceeding the small amount of lag storage volume available (TK-K5 
andJK-K6). For the most part, direct radiation readings ranged between 
10 and 20 millirads per hour on the bottom of the trailer, and,background 
readings in the trailer cab were negligible. 

Problem Areas 

1. The system was barely adequate for a 1.0 CF thorium rate. At process
ing rates greater than 1.0 CF, additional lag storage volume and 
round-the-clock shipping would have been required to maintain plant 
rates. 

2. During one period of operation, high 1If,tCePr levels 1n the thorium 
product resulted in significant exposure levels for the truck drivers. 
The peak reading approached 250 mllHrads per hour, with eight ship
ments reading in excess of 30 mlllirads per hour at thebottom of the 
trailer. During three of these shipments, measurable exposure levels 
were found 1n the cab. However, the cab exposure level was less than 
10 millirads per hour. Hence-, though a timekeeper was required, the 
protective.concrete sh*«ld (required in 1956) was not installed 
between the cab and t .railer. 

SECOND AND THIRD URANIUM CYCLES 

The flow sketch and the chemical flowsheet for the Second and Third 
Uranium Cycles are presented in Figures 1 and 5 1n the Appendix. The 
operation of these cycles was essentially identical to the final flow
sheet used i n ' 1 9 6 6 . ^ • 

Operating and Process Control Description 

The concentrated uranium stream from the Partition Cycle overflowed the 
1CU (E-H4) Concentrator to Tank Jl where it was combined with the over
head condensate (3UD) from the uranium product concentrator. The solu
tion was then pumped through a flow control system to the 2AF Feed Tank 
(TK-J21). From there, it was pumped through a second flow control system 
to the 2AF entry point about twp-th1rds. of the way up the dual-purpose 
(extraction-scrub) 2A Column-(T-J22). 
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The middle column differential pressure tap was utilized to add a concen
trated nitric stream (12.2 M) near the feed entry point. The additional 
a d d was required to prevent excessive uranium losses to the aqueous 
waste stream (2AW). This add could not be added directly to the feed 
tank due to criticality prevention specifications which assumed an organic 
layer of 100 percent TBP 1n the tank. Minimizing the add concentration 
also-minimized the possibility of extracting excessive amounts of 2 3 3U 
into such a TBP layer. 

The 2AS scrub stream added to the top of the column contained.ferrous 
sulfamate to reduce any residual plutonium to the nearly inextractable 
plus' three valence. The uranium was extracted Into the thirty volume per
cent TBP-NPH solvent (2AX) which entered the bottom of the column while 
the plutonium and most of the fission products exited via the aqueous 2AW 
waste stream. The 2AW stream was routed to TK-F10 1n the Waste Concen
tration and Acid Recovery System for further processing and disposal. 

0 

The uranium-bearing organic stream overflowed the top disengaging section 
of the 2A Column to the bottom of the single purpose, stripping or back-
extraction, 2B Column (T-J23). Here, a dilute nitric acid (0.01 M) 
stream (2BX) was used to remove the uranium from the organic. The resul
ting uranium-bearing aqueous stream (2BU) was jet transferred through a 
flow control system and sample pot to the Third Uranium Cycle feed tank. 
The stripped organic 2BW stream was recycled to the Partition (1BX) Column 
feed (1BSF) tank, TK-J3. 

The flowsheet and operation of the Third Uranium Cycle was yery similar 
to that of the Second Uranium Cycle. However, to maximize product purity, 
no ferrous sulfamate was added and distilled water was used 1n the prepar
ation of the 3BX stream. In addition to providing decontamination from 
fission products, thorium, plutonium, and other metallic impurities, the 
Second and Third Uranium Cycle flowsheets resulted in a factor of 15 
increase 1n the uranium concentration. 

Process control of the Second and Third Uranium Cycles was maintained 
primarily by monitoring the 233U4throughput and adhering closely to the 
flowsheet. Alpha monitors-were placed on the 1BU, 2BU and 3AW streams as 
process control aids. Operational control of the 2A and 3A columns was 
somewhat complicated by the lack of extraction and scrub differential 
pressures (dp's) but was generally satisfactory. Instability of the 2B 
Column was encountered on various occasions, but was usually alleviated 
by lowering the pulse frequency. 

Normal Operating Performance and Capacity 
t 

Generally, the operation and performance of the Second and Third Uranium 
Cycles were satisfactory throughout the campaign at rates up to 1.0 CF. 
The typical uranium losses in the 2AW and 3AW streams-were 0.2 percent 
and less than 0.1 percent, respectively. Reported 2BW recycle rates 
averaged 1.0 percent'during the early or "non-specification" portion of 
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the campaign and decreased to 0.5 percent during the "specification" por
tion of the campaign. However, these numbers are believed to be biased 
high because of cross-contamination resulting from the use of the same 
sampling equipment for both the'lBXF and 2BW streams. Based on the flow
sheet, the 2BW and 3BW uranium recycle rates should have been approx
imately equal. 

The average (and range of) arithmetic decontamination factors attained in 
the Second and Third Uranium Cycles during the 1970 Campaign are shown 
and compared with the typical DF's reported for the 1966 Campaignr3V) in 
the table below. The comparison is favorable in all cases. 

SECOND AND THIRD URANIUM CYCLE 
DECONTAMINATION FACTORS 

Second Cycle Third Cycle 
1970 .1966 1970 1966 

95Zr-Nb 400 (5-2800) 20 45 (0.3-186) 20 

106Ru . 1700 (13-5300) 200 11 (1.3-24) 20 

233Pa . 100 (<1-550) 13-75 13(1-158) 2-3 

As was the case in 1966, accurate DF's could not be determined for thorium 
since the thorium concentrations in the uranium streams were nearly always 
reported as less than values. However, using these values would give 
Indicated thorium DF's of 30, 45, and 1,350 for the Second Uranium Cycle, 
Third Uranium Cycle, and both systems, respectively. 

Operating Problem Areas 

1. Organic in" Feed 

On August 24, a flood of the 1C Column (T-H3) resulted 1n the transfer 
of about 3,000 gallons of organic with the aqueous 2 3 3U stream to the 
1CU (E-H4) concentrator and the Second Uranium Cycle feed tanks. The 
process was shut down and the decanted aqueous phase was successfully 
processed through the. Second and Third Uranium Cycles to recover the' 
2 3 3U using a modified flowsheet. 

An unsuccessful attempt was also made to process the organic portion 
through „th"e Second Uranium Cycle. The high 2 3 3U content of the organic 
required an abnormally high aqueous to organic flow ratio in the 
2B Column." An unacceptable high 2 3 3U loss to the 2BW resulted when 
the flow ratio was not Increased to the desired level and the operation 
was discontinued. The organic was then transferred to a spare utility 
tank in the Waste Concentration and Acid Recovery System. There, the 
organic was batch washed and returned to the No. 1 Solvent Treatment 
System for final cleanup and reuse. 

* 

.r 
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Column Stability 

The stability of, both the 2A and 2B Columns decreased gradually, but 
steadily, during a prolonged operating period. Major flooding of the 
2A and 2B Columns occurred on September 27, October 30, and November 13. 
The columns were unstable at other times during operation and gradual 
reductions in the pulse frequency were required. 

For example, the stability of the 2B Column was reduced markedly by the 
end of the first three week operating period. The- column contents 
frequently became emulsified, resulting in two-phase 2BU and 2BW 
streams. Toward the end-of the run, the 2BW sample contained small 
amounts of white thorium-dibutyl phosphate (Th-DBP) solids. This con
firmed the belief that the buildup of these solids on the column car
tridges was responsible for column instability. Reducing the pulse 
frequency was the only effective means of stabilizing the column. By 
the end of the run period, the pulse frequency had been reduced from 
60 to 45 cycles per minute. 

» 

The 2B Column was very stable during the last four-week operating 
period, and a significant reduction in the amount and frequency of 
appearance of the Th-DBP solids in the samples was noted. The only 
change made in the system to reduce solids formation v/as decreasing 
the organic Inventory in the HAO and 1BXF tanks. This reduced the 
organic exposure to nitric a d d degradation by about 30 to 50 percent. 

2BU Jet Plugging 

During startup preparations on November 11, the 2BU jet suddenly 
plugged and would not permit flow from the 2B Column to the 3AF Tank. 
This occurred even though the entire solvent extraction system had 
been flushed with concentrated nitric add during the preceding down 
period and flow through the jet had been Initially established. Exten
sive backflushing of the jet suction, discharge, and steam supply lines 
with a hydraulic ram followed by several concentrated nitric acid 
flushes was required to restore normal flow. These flushing operations 
delayed the plant startup by four shifts. Less serious plugging of 
this jet was also experienced during the early startups, but«,was 
generally prevented by establishing 2BX-2B0 flow prior to turning on 
the jet. During the first startup on August 20, the jet would not turn 
off in the'normal manner and had to be manually valved out. 

• 

3A Column Interface Control. 

Control of the 3A Column (T-Ll) interface became erratic on September ' 
20. The erratic overflow also upset the 3B Column for a short period. 
This problem was corrected by placing the 3ty flow control on manual 
and maintaining a constant static pressure in the 3A Column. Operation 
continued in this manner for approximately ten days until the end of 
the operating period. At that time, the interface float was removed 

& 



49 ARH-2127 

from the column and was found to be f i l l ed with l iquid which had 
caused 1t to sink. The float was replaced with a new one prior to 
the next startup. Minor problems with the signal converter subse
quently experienced on November 15 and December 4 were corrected by 
Instrument adjustments. 

2A Column Pulser Control Problems 

The regular 2A Column (T-J22) pulse generator failed on three occa
sions during the two-week period of attempting to start up in October 
which coincided with the 1BX Column pulser gasket dif f icult ies.. 
These failures resulted 1n minor upsets of both the 2A and 2B Columns 
which may have been more serious had they occurred during normal 
operation. 

# 
On each occasion, the motor could be restarted but the,pulse fre
quency could not be maintained at the desired level, It was, there
fore, necessary to switch to the spare unit. The cause of the pro
blem could not be readily determined. However, following the second 
failure, the control transformer was replaced and several loose con
nections 1n the control circuit were tightened. Additional adjust
ments were made following the third failure and the unit operated 
satisfactorily for the remainder of the campaign. 

Reduction of 3BU Organic Entrainment 

Local analyses of the early 2 3 3U product indicated the phosphorus 
content exceeded the specification limit of 150 parts phosphorus per 
million parts uranium dioxide (ppmp U02) by a factor of two to three. 
In addition, observations of the product loadout tank indicated the 
presence of a thin floating organic layer. Although these high values 
were not confirmed by the customer, whose analyses generally indicated 
a phosphorus content of less than 100 ppmp U02, corrective measures 
were taken 1n an effort to reduce the phosphorus contamination. 

Since the soluble TBP content of the 3BU would have been reduced to 
only a few ppm by steam stripping during concentration, the'source of 
organic was assigned to entrainment of excessive quantities of solvent 
in the aqueous 3BU stream.' Corrective measures taken to reduce this 
problem consisted of decreasing the' 3B Column pulse frequency and 
raising the column Interface. In addition, the 3BU receiver tank 
(TK-N1) liquid level was maintained at a higher value to provide the 
maximum practical time for phase separation prior to concentration. 

Although it could not be determined if these measures were solely 
responsible,, the locally reported phosphorus content of subsequent 
product batches did decrease to below the specification limit in most 
cases. . Only eight of the remaining 36 batches were reported to con
tain phosphorus at greater than 150 ppmp U02. Of these, two batches 
were produced immediately following a startup, four were produced im
mediately following shutdowns, and the other two were reported at only 
153 ppmp U02. 
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7. Interim Flushing 

The Second and Third Uranium Cycle equipment was flushed with hot (58 
to 63 °C) 57 weight percent nitric acid on four occasions during the 
campaign. Two of the flushes were necessitated by process upsets and 
the^other two were made as scheduled between prolonged processing 
periods. An organic purge was pulsed through the filled columns to 
remove dissolved thor1um-DBP and was collected with the organic used 
in the Partition Cycle flushing operations. The nitric add flush 

. solution was processed through the Waste Concentration-Add Recovery 
System. 

URANIUM-233 PRODUCT CONCENTRATION, LOADQUT AND STORAGE 

The 2 3 3U product thorium decontamination and concentration flow sketch 
and the chemical flowsheet are shown 1n Figures 1 and 5 1n the Appendix. 
An N Cell-PR Room flow schematic showing both product concentration and 
product loadout is also provided (Figure 20). The major equipment items 
are described in Appendix B. 

Operation and Process Control Description 

The 3BU stream from the Third Uranium Cycle flowed by gravity to the 
N Cell feed tank, TK-N1. From TK-N1, the 3BU was pumped up through a 
cation exchange column, (T-N50, Figure 21), where any thorium present in 
the feed solution was preferentially absorbed onto the cation resin. The 
thorium-decontaminated column effluent (3CU) overflowed to the product 
concentrator, E-N6, for final concentration. After reaching the proper 
concentration (a volume reduction of a factor of 50), the concentrated 
product overflowed to the product receiver tank, TK-N7. Thirty liter 
product batches were accumulated in TK-N7, then vacuum transferred to the 
product sampling tank (TK-L9, Figure 29) in the PR Room. In TK-L9, the 
solution-was well mixed and then sampled. Samples were taken using an 
air jet to circulate solution past a four-way sample valve inside the 
TK-L9 hood. Upon receipt of sample results, the product solution was 
vacuum transferred in 2.65 liter volumes to 'the loadout head tank, TK-L13. 
From LI3, the uranium nitrate product solution was gravity loaded into 
tared three liter polyethylene bottles. Loaded bottles were capped, 
weighed, and then placed in either storage or shipping containers.^ The 
containers were closed and removed from the PR Room to temporary storage 
areas in the Purex Plant. The loaded containers wert moved, via*'the PR 
truck, to the pipe gallery of the 221-U Building to be stored and to be 
prepared.for shipment offsite. 

Primary differences between this process sequence and that used in 1966 
were the elimination of the Vycor glass column used 1n 1966 for 233Pa 
decontamination, installation of the L9 product sampling tank for the 1970 
Campaign, and the use of a new product loadout system. 
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The final thorium removal step by 1on exchange contacting required no 
activity on the part of operating personnel. However, final thorium 
levels 1n the 2 3 3U product were monitored for bed breakthrough as well as 
for Indications of overall thorium-uranium partitioning efficiency. The 
radiation level of the bed was monitored to determine fission product 
holdup. 

The two primary operations, 3BU concentration and product batch loadout, 
were relatively simple to control. Based on product sample results, the-
2 3 3U product concentration was correlated with the E-N6 bottoms specific 
gravity. Adjustments in the degree of concentration were then made as 
required to meet the targeted 2 3 3U product concentration of 350 ± 25 grams 
per liter. 

Product solution transfer and loadout required close attention to proper 
batch volumes. Approximately 30 liters of solution were required to con
stitute a discrete 19 batch for sampling purposes. (To meet customer 
requirements, a sample of at least every 12 kilograms of product was 
necessary.) The 30-1Iter batch was transferred 1n 2.65 liter batches for 
loadout. The loadout volume was visually checked in the glass loadout 
.tank (TK-L13) prior to gravity transfer to the bottle. 

A log book was kept for maintaining the identity and history of each 
loaded bottle. Titled, UT233 Record Loadout Book, 1t was kept in the 
shift office at Purex and contained the bottle container number; loadout 
weights, dates and times; TK-L9 weight factor and specific gravity (SpG) 
data; and the operators' names. 

Operating Performance and Problem Areas 

1. T-N50 Cation Resin Column 

The ion exchange column was bypassed during the high 2 3 8U portion of 
the campaign. The high uranium holdup on the bed would'have acted 
as a source of 2 3 8U during subsequent specification grade 233l) pro
duction. During specification 2 3 3U production the column provided 
backup thorium separation. There was no difference In the thorium 
levels in the high 2 3 8U product and the specification grade product. 
At the conclusion of processing, approximately 2.8 kilograms of 
uranium were eluted from the bed, concentrated, and loaded out as 
product. This'material met all product specifications except Jihose 
for 2 3 2U and phosphorous. 

The only problem associated with the cation column arose due to in
complete sealing around the top and bottom resin, screens. Resin was 
found, in the first batch of product. After changing to resin with a 
larger bead size.failed to'eliminate the problem, a replacement 
column was fabricated and installed. During the course of the cam
paign, resin beads occasionally were observed in product samples. 
These were found to\be residual beads left in the system from the 
original breakthrough. 
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2. E-N6 - Product Concentration 

The concentrator capacity was not overtaxed at 233U production rates. 
During transitions to rates near 1,0 CF> steam adjustments often 
required approaching maximum steam flow. Control of the N6 solution 
specific gravity was excellent. After an i n i t i a l period of empirically 
determining the proper control point, product concentration was main
tained at flowsheet with only minor d i f f i cu l t ies . 

3. Product Sampling and Loadout 

The new L9 tank proved to provide excellent mixing and the L9 sampler 
was rel iable, trouble-free, and no contamination problems were exper
ienced with i t . .One problem with the sampler was that only two m i l l i 
l i ters of sample could be obtained with each turn of the sampler valve. 
As the required sample size gradually grew to 150 m i l l i l i t e r s , i t 
required many turns of the sampler valve and about five minutes to take 
this sample. 

The volume of product solution charged to a bottle had to be decreased 
to 2.65 l i t e r s , from the 2.9 l i te rs used in 1966, due to smaller size 
bottles. The 2.9 l i te rs f i l l e d the new bottles almost to the top of the 

• ' neck. As described in the section on Shipment under Uranium-233 Storage, 
Transloading and Shipment, some spillage occurred which was attributed 
to jostled bottles. Decreasing the volume of solution per bottle was 
one remedy used. 

In general, product sampling and loadout was trouble-free. On one occa
sion, about 200 m i l l i l i t e r s of solution overflowed a bottle to the 
floor of the loadout hood. The operating error came about through 
faulty communications between the Individual at the LI3 Tank and the 
individual at the loadout hood. The spilled solution and excess solution 
in the loadout bottle were transferred to a rework tank by means of the 
loadout hood vacuum transfer l ine . The loadout hood required extensive 
decontamination work. 

URANIUM-233 STORAGE, TRANSLOADING AND SHIPMENT 

Facil i ty Description 

The northeast end of the Pipe Gallery in the 221-U Building (200 West Area) 
was set aside under a special Radiation Work Procedure (RWP) as a storage, 
transloading, and-offsite shipping area for 233U product.f5» **0* A small 
metal enclosure, approximately 8 feet 9 inches by 16 feet, was erected near 
the'center..of the storage and shipping area for use as a containment fac i l i t y 
within which loaded uranium product bottles could be handled outside their 
containers. The structure was ^ventilated by a standard exhaust blower -
f i l t e r arrangement. 

r 
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The area northeast of the enclosure was used for storing loaded product 
containers received from Purex. The area southwest of the enclosure was 
used for preparing product containers for shipment. 

The trans,!oadln'g facility consisted of two sections; one-section for the 
actual bottle-to-bottle transfer, the other section for decontamination 
workf bottle weighing, and container testing. 

Operations Conducted 

1. Transloading 

The transloadlng equipment consisted of a transfer system with posi
tions for three bottles and an air, jet for establishing a vacuum on 

- the three bottles. The third bottle was Included for deentrainment. 
The vacuum jet exhausted to the canyon of the 221-U Building via a 
filter and wall nozzle. 

Transloadlng operations were conducted on 18 occasions. Ten bottles 
were transloaded to separate out gross quantities of cation resin 
associated with the first product loadouts (as discussed 1n the*sec
tion on T-N50 Cation Resin Column). Five bottles had to be trans-
loaded because of spillage resulting from mlsseated O-Rings. One 
bottle was transloaded to decant a layer of organic. Two bottles had 
to be transloaded after exceeding the thirty-day limit on the storage 
period allowed by the Division of Transportation (DOT) shipping per
mit. All transloading operations were conducted without significant 
trouble. 

2. Preparations for Offsite Shipment 

Preparations for shipment to the customer involved transferring 
bottles in storage containers to shipping containers, transloadlng 
all solution stored over 30 days from old bottles to new ones, and 
checking"each shipping container vent valve and pressure chamber for 
leaks. Bottle transfer from storage containers to shipping containers 
also had to be conducted within the confines of the transloading 
facility. 

Each shipping container was tested prior to shipment to assure the 
. absence of gas leakage from the. chamber. Two potential leak locations 
were the vent valve and the cover flange and gasket. The vent valve 
was checked on- a test stand which was pressurized to five psi for 
five minutes while a manometer was monitored for Indications, of pres-

y, sure drop. If there were no indications of leakage, the cover flange, 
with valve; was replaced on the shipping container pressure chamber 
and tightened to 40-foot pounds torque on each of the eight stud bolts. 
The shipping container was then moved*to the pressure chamber test 
stand, located just outside the.transloading facility. The cover 

^ flange and gasket system was tested by pressurizing the pressure 
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chamber to two ps1 for five minutes while monitoring a manometer for 
pressure drop. 

After passing these tests, the shipping'carrier was deemed ready for 
shipment. The carriers were loaded onto the t ra i ler , protective 
shoring was Installed to hold the containers 1n place, and the trai ler 
was closed. The trai ler doors were sealed with tamper-proof seals. 

3. Shipment 

A total of 639 loaded bottles, plus three bottles containing samples 
were shipped during the 1970 Thorium-233U Campaign. The shipments 
were made to Oak Ridge, Tennessee 1n eleven separate trailer loads; 
five by commercial truck and trailer, five by AEC-owned truck and 
trailer with couriers, and one by AEC-owned trailer and Tr1-State 
truck tractor. The commercial truck and trailer loads were limited 
to 25-kilogram loads (safeguards Hm1t for drivers without a security 
clearance), whereas the AEC-owned trailers with couriers and security 
cleared drivers were limited only by criticality prevention specifi
cations. The largest load shipped during the campaign was 121 con
tainers. 

The only problem with uranium product transfer occurred while the 
first three shipments were in transit. The customer reported that 
several bottles had leaked. For the most part, the uranium'product 
solution was contained within the plastic bag around the bottles; 
however, eight shipping carriers required Internal decontamination. 
Metre Importantly, there was no contamination release outside the 
shipping carriers. 

An investigation found that two types of leaks had occurred. Some of 
the bottles had leaked from under.the cap. The remainder had leaked 
through the cap vents. In tha former case, the leaks were attributed 
to Improper seating of the 0-Ring gasket in the cap. Subsequently, 
inspections of all bottles prior to shipment were made to ensure that 
the gaskets were properly placed. 

To prevent leaking through the cap vent, a number of changes were 
made. The amount of product solution loaded into a bottle was 
decreased from 2.9 liters to 2,65 liters. Rubber spacers were 
Installed between the bottle tops and the shipping container closing 
flange to ensure bottle Immobility within the carrier. Further, all 
subsequent' shipments were made via exclusive-use'vehicles. This 
eliminated In-transit handling of. the shipping carrier. 

Records 

1. A log book was kept in the storage area for maintaining the identity 
and history of each loaded bottle from the time it was received Into 
the storage area until 1t was shipped offsite. The log,.[)*33 Record 
of Storage arid Shipping, contained run and bottle number, container 
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numbers, venting data, transfer and transloadlng data, radiation 
levels on bottles and shipping dates. 

- 2. An Identification'tag, showing run number, bottle number and date was 
attached to the container I1d for each bottle at the time, the bottle 
was loaded Into the container at the Pi/rex loadout station. This tag 
remained with the" bottle, moving to other container 11ds, as the 
bottle was transferred between containers. 

3. Shipper-Receiver reports were made out for each load of uranium pro
duct shipped. The report showed run and bottle numbers, container 
numbers, weights of bottles and materials shipped. 

4. Certified analyses sheets were obtained from the analytical labora
tories for each product batch shipped. Analytical data reports were 
Included with the shipping data sheets and cover letter sent to Oak 
Ridge following each shipment. 

5. A 2 3 3U product loadout recordwas started for each bottle of 2 3 3U at 
the time of loadout 1n Purex Plant. Upon receipt of certified analy
ses sheets, these records were completed and checked against Shipper-
Receiver reports and then delivered to Nuclear Materials Accounting. 
The 2 3 3U product loadout record showed loadout data, run and bottle 
number, container number, sample numbers, weights, uranium values, 
and names of loadout operators. 

WASTE TREATMENT AND ACID RECOVERY 

The waste treatment and acid recovery flow sketch and the chemical flow
sheet are shown 1n Figures 1 and 7 1nthe Appendix. The flowsheet used 
was. similar to that used in the 1966 Campaign.'32* ^ The main differ
ences were: 

1. The rerouting of the overheads during the feed concentration step from 
the waste concentrator feed tank (TK-F7) to the acid absorber bottoms 
(AAA) receiver tank (TK-F3)i and 

2. The utilization of TK-F18 for reverse strike waste neutralization and 
disposal to underground storage, rather than direct strike waste 
neutralization and disposal from TK-F16. 

^Rerouting of the feed concentrator overheads to the AAA receiver tank 
(TX-F3) permitted operation of the concentrator at optimum conditions for 
steam stripping of nitric acid without exceeding boiloff capacity. Des
pite the"direct addition of the condensate into the 25 percent recovered 
acid, only a moderate rise in the recovered acid fission product content 
was noted. As previously stated, this was due to the long target cooling 
time prior to processing. ' ' ' • 
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Operating and Process Control Description*^ 

The aqueous waste streams from the extraction columns were collected and 
fed to the high level waste (1WW) concentrator (E-F6). The HAW stream 
gravity flowed directly to the feed tank (TK-F7). The 2DW, 2AW and 3AW 
streams flowed by gravity to TK-F10, combined with the vent system con- " 
densate and were pumped to TK-F7. A small stream of sugar solution was 
added to TK-F7 to suppress ruthenium volatilization from the concentrator. 
The combined waste was pumped from TK-F7 to the waste concentrator (E-F6). 
The overheads from the concentrator passed through an auxiliary demister 
and an add absorber (T-F5). The bottoms overflowed Into the 1WW receiver 
tank (TK-F26) and was jetted 1n batches to the sugar denltration vessel 
(TK-F15). After sugar denltration, the waste batch was jetted to TK-F16 
and digested at elevated temperatures to destroy the remaining sugar and 
denltratlort byproducts. From TK-F16 the waste was jetted to TK-F18 for 
reverse strike neutralization* with 19 M, sodium hydroxide. (NaOH). The 
neutralized waste was then disposed of to underground storage. -

The 25 weight percent nitric add recovered 1n the F5 absorber tower (AAA) 
overflowed to TK-F3, was combined with the feed concentrator condensate, 
and was pumped to the vacuum fractlonator feed tank (TK-U5). The vacuum 
fractlonator concentrated the dilute nitric to 60 weight percent (13 M) 
for reuse* primarily 1n the dissolvers, as Purex recovered nitric acTd. 

Process control focussed on four key parameters; the concentrated waste 
generation rate, the sugar denitration and waste neutralization-cycle 
time, the nitric acid concentration of the acid absorber bottoms, and the 
recovered a d d quality and percent recovery. 

The waste generation rate was maintained by controlling the E-F6 bottoms 
specific gravity, and monitoring the actual gallons of waste generated per 
ton of thorium fed to the HA Column. The cycle time for waste denitra
tion was controlled by the sugar addition rate, the Initial acidity, and 
the targeted terminal add concentration. The neutralization portion of 
the cycle was primarily a function of lag storage space and availability 
of TK-F18. The caustic added for each waste batch was calculated from an 
empirically derived formula. * . 

The absorber bottoms acidity was monitored with the solution specific 
gravity. The-spedf1c gravity was 1n turn controlled by adjusting the 
reflux water flow rate to the a d d absorber. 

The add concentration operation was evaluated in terms of condensate 
acidity (losses) and bottoms acid concentration. Condensate acidity and 
and recovered acid strength were controlled by adjusting the bottoms 

•Reverse strike caustic neutralization - addition of the acidic solution 
to the 19 M caustic. This method decreases the quantity of solids formed. 
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specific gravity and reflux water flow rate 1n accordance with a nomo
graph which provided optimum values' of these two parameters as functions 
of feed quality and flowrate. 

Normal, Operating Performance'and Capacity 

.The performance of the waste concentrator and associated off-gas system 
was satisfactory. The F6 concentrator contributed little activity to the 
Purex recovered add. Typical ratios of the 95ZrNb and 106Ru content of 
the bottoms to that of the condensate ranged between 10** and 105. 

The nitric add boiloff 1n E-F6 was close to that predicted 1n the flow-
• sheet.''8'* The bottoms add concentration ranged between 3.7 M, and 4.1 M, 

versus a flowsheet value of 4.0 M. The control of the F6 concentrator 
bottoms overflow-rate was poor, Initially..' Approximately 350 gal'lons of 
waste were generated for every ton of thorium processed during the non-
specification portion of the campaign, versus a flowsheet value of 300 
gallons per ton. Most of the excess volume was generated during the first 
two weeks' of operation. During subsequent processing, the overflow 
averaged about 10 percent above flowsheet. The concentrator bolloff 
capacity was more than adequate for a 1.0 CF rate. This was the primary 
benefit derived from routing the condensate from the feed concentrator to 
the recovered acid system instead of to the waste concentrator feed tank 
(TK-F7). . . ' " 

The waste denitration and neutralization processes proved adequate.' Sugar 
efficiency ranged between 14 and 15 moles, of nitric add destroyed per 
mole of sugar consumed. These values were typical for 1WW with a high 
aluminum nitrate content. Batch turnaround times 1n TK-F15 were satis
factory at. a 0.75 CF^rate, but'marginal at a 1.0 CF rate. Some improve

ment in batch turnover was achieved by lowering the reaction temperature 
to accommodate higher sugar addition rates*. However, at too low a tem
perature, this.technique resulted in Increased waste volume because the 
byproduct wafer was not boiled off. During the digestion period, some 
volume reduction was obtained which compensated for part of the increase 
during sugar denitration. 

Caustic consumption during, waste neutralization by reverse strike 1n 
TK~F18-was high during the.non-specification portion of the campaign* 
The^reported*caustic ratios, (pounds of 50 percent caustic required to 
neutralize one gallon of the sampled solution),were Inaccurate. Further, 
the-reported pH values of neutralized1 waste were difficult to correlate 
due-.to the complexity'of the solution. An empirical curve was established 

, which provided caustic ratios based oh known aluminum nitrate concentra
tion in the. waste and the acid'concentration measured In the laboratory. 
Improved control of caustic additions resulted, although caustic consump
tion continued.to be excessive. 

Performance of the T-F5'acid absorber was difficult to assess. The 
. recovery efficiency was indirectly determined to be about 80 + 5 percent. 
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This recovery had been normal for the level of add In the condensate 
samples during thorium operation. The efficiency and bottoms concentra
tion could not be directly evaluated due to the Influx of the feed concen
trator (E-Fll) condensate Into TK-F3. 

The a d d vacuum fractlonator operation was difficult to control at the 
required constant bottoms a d d concentration and production rate with 
minimal overhead loss. The difficulty was due primarily to the non-
uniformity of the feed a d d concentration and the Wide variation 1n feed 
rate. The feed fluctuations were due to the batchwlse denltratlon opera
tions conducted 1n the feed concentrator.ri7» 55» 56^ A nomograph was 
constructed which provided material balances around the fractionator for 
given operating conditions. Upon Incorporation of the nomograph 1n the 
operating procedure and fractlonator process control, the overall add 
recovery rose from between 90 and 95 percent to 99.95 percent/1*1 

Operating Problem Areas 

1. Concentrator Overflow 

The high waste generation rate during the first two weeks of solvent 
extraction processing resulted from a number of unsuccessful attempts 
to achieve continuous overflow out of the concentrator. Similar pro
blems with high aluminum nitrate content 1WW had been encountered /In 
the past, both during processing of Z1rflex-clad fuels and during the 
1966 Thorium Campaign. The overflow appeared to be restricted by 
solids. An increase in operating level improved the continuity of 
flow; but.also interfered with liquid level and specific gravity 
bubbler dip tubes, hence affecting control of bolloff rate and bot
toms concentration. A number of operating techniques were tried 
but proved of limited value. During the initial three weeks, the 
overflow rate gradually improved. However, the operation continued 
to be troublesome throughout the campaign, particularly after starting 
up the concentrator without a 1WW inventory. 

2. Waste Batches High in Thorium 

As discussed 1n the section on Rework of Thorium Contaminated With 
U-233, Page 42, high 2D Column losses resulted in a series of waste 
batches'with relatively high thorium concentrations. During the lat
ter stages of sugar denltratlon, a precipitate consisting of Th(C20if)2 
and Th(S0iJ2 .4H20 was formed. During the reverse strike, caustic 
neutralization precipitated most of the remaining thorium. The solIds 
impeded jet transfer of the waste solution'and also Increased the 

. possibility of plugging the waste transfer H n e out of the facility to 
underground storage tanks. 

3. Waste Disposal Scheduling 

The F18 tank served two waste disposal functions. The first was as a 
sump collection and sampling point prior to disposal to underground 

J • , 
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storage. The second function was as a caustic reverse strike neutraliza
tion tank for 1WW. The transfer route to underground storage had a low 
capacity steam jet to prevent overheating of the burled line. Conse
quently, batch turnover times 1n TK-F18 proved limiting at rates approach
ing 1.0 CF. During such periods a temporary, route had to be Installed 
from TK-F16 directly to underground storage. Even at reduced rates, 
however, the waste disposal system out of TK-F18 was marginal. Excessive 
sump volumes or poor scheduling frequently resulted in filling lag sto- j 

rage space 1n TK-F16 which then required double batching 1n TK-F18. 

NO. 1 AND NO. 2 SOLVENT TREATMENT SYSTEMS 

The flow sketch and the chemical flowsheet for the No. 1 and No. 2 Solvent 
Treatment are presented 1n Figures 1 and 6 1n Appendix B/8*1 The opera-, 
tlon of these systems was essentially Identical to the final flowsheet 
used 1n 1966r32> with the following exceptions; (11 the potassium perman
ganate concentration 1n the Na2C03-KMn0if wash was reduced by one-third; 
(11) the No. 2 Solvent (200) was not centrlfuged; (111) the,add content 
of the 200 was reduced during the 1970 Campaign; and (iv) the operating 
temperatures were reduced. 

Operating and Process Control Description 

The organic, waste stream (1CW) from the uranium stripping (1C) Column of 
the Co-Deccntam1nat1on and Partition Cycle was washed with a Na^COa-KMnO^ 
solution in TK-G1 as described in Appendix A, Carbonate-Permanganate 
Washers (TK-G1 and TK-R1). The aqueous stream was recycled by-a pump at 
a high flow rate [200 gallons per minute (gpm)] for a period of eight to 
12 hours and then changed out on a batch basis. The continuous organic 
stream was transferred to the bottom of the pulsed acid-wash (10) Column 
via a pump with a short dlpleg. • 

In the 10 Column, the organic was contacted with a recirculating dilute 
nitric add stream which was also changed every eight to 12 hours. A 
small amount of concentrated (12.2 M) nitric acid was added continuously 
at the. top of the column to maintain stability. The solvent overflowed 
the column to the TK-G7 turbomixer [described in Appendix A, Turbomixer 
(TKrG7)J where it was contacted with a.continuous sodium carbonate stream. 
The aqueous waste was pumped to the first cycle combined solvent treatment 
(10W) storage, tank (TK-G8) via the decanter (TK-G6) for subsequent batch 
transfer to underground storage. 

' * • w 

The treated solvent was pumped to the 100 pump tank (TK-G5) where nitric 
.acid was added during agitation of. the vessel contents to assure that 
entrained sodium carbonate was not pumped«to the solvent extraction^ 
columns. The acidified solvent was then pumped to the 100 header which . 
supplied the Co-Decontamination and Partition, Second Uranium, and Third 
Uranium Cycles. 
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In the No. 2 Solvent Treatment System, the organic waste stream (2EW) from 
the Second Thorium Cycle received a carbonate-permanganate wash followed 
by a nitric acid wash prior to. returning- to the process as the 2DX stream. 
The equipment, flowsheet, and waste handling procedures for this system 
were as described for these operations 1n the No. 1 System, except a differ
ent type cartridge was used, in the acid wash (20) Column and more add was 
added to the top of. the 'column to provide the desired 200 a d d concentra
tion. 

Process control of the Solvent Treatment Systems depended upon minimizing 
the aqueous carryoVer from the carbonate-permanganate wash tanks to the 
acid wash columns which would result 1n column ̂ instability. Another poten
tial problem was the accumulation of excessive amounts of thorium dibutyT-
phosphate solids with a resulting decline 1n solvent quality. 

Normal Operating Performance and Capacity 

Operation of the Solvent Treatment Systems was generally satisfactory at 
rates up to 1.0 CF. Solvent quality was high throughout the campaign 
except during recycle or "spinning" of the solvent within the system. A 
comparison of the typical 1970 values for solvent plutonlum retention and 
radionuclide content with those of 1966f32^ 1s shown in the.table below. 

NO. 1 AND NO. 2 SOLVENT QUALITY 

No. 1 Solvent No. 2 Solvent 
.1966 1970 1966 •* • 1970 

Pu Retention 

counts/mi.n.-gal. 1.5 x 106 2 x 106 .2.5 x 106 6 x 106 

Ru, uc/gal. - 50 200 40 13* 

Zr, yc/gal. 3 0.5 5 0.3* 

Pa, yc/gal 15 0.2 50 0.3* 

* Only three analyses reported. 

The reduction.in the zirconium and protactinium content of the 1970 "solvent 
was probably due to the longer cooling time of the target elements prior to 
processing. The Increased ruthenium content of the 1970 No. 1 Sol'vent did 

,not significantly affect solvent extraction performance. Fission product ' 
decontamination factors across the Solvent Treatment Systems could not be 
calculated as gamma scan analyses of the 1CW and 2EW streams were not 
reported. ' 

The average overall solvent loss during the 1970 thorium campaign was 585 gal 
Ions per.operati.ng day (gpd).. This value was about a factor of three above 

1 )&?"y*% 
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the normal 150 to 200 gpd loss during uranlum-plutonlutn processing and 
ten percent above the 530 gpd loss experienced during the 1966 Thorium 
Campai gn <f 32<* The solvent loss would have been even higher wlthoutthe 
recovery of 20,000 gallons of solvent during the campaign (described 1n 
the "section on Batch Solvent Recovery Operations, Page 63) which would 
have,normally been discarded to waste. 

Operating Problem Areas 

1. TK-G1 Recirculation Pump 

During the spinning of the No. 1 Solvent Treatment System prior to 
startup, the organic feed to the 10 Column (T-G2) contained an exces
sive amount of aqueous. Inspection from the crane revealed the 
TK-G1 aqueous recirculation pump was spraying liquid from the 
graphite bearing near the top of the pump shaft. Thus, the aqueous 
Was falling on the organic layer and was pumped to the column with 
organic. The problem was corrected by placing the pump in a metal 
tube which was raised off the tank bottom and extended the full 
length of the pump shaft. The leaking solution then hit the side'of 
the tube and returned to the aqueous phase at the bottom of the tank. 

2. Solvent "Spinning" 
— " — • • — — ~ — » — — — — • * — . _,,• 

Following a solvent extraction system shutdown for an extended period 
the organic was recycled within each solvent treatment system to con
tinue removing radionuclides and solvent degradation products 
(dlbutylphosphate, monobutylphosphate). , This "spinning" operation 
was also conducted prior to starting solvent extraction operations. 
The performance of each system was monitored by obtaining plutonlum 
retention analyses of the treated solvent. During these periods the 
Plutonium retention values increased, by factors up to 1,000 which 
Indicated very unsatisfactory solvent quality. The cause of ,the pro
blem was determined to be the reaction of nitr ic add returned 1n 
the solvent from the add wash column with the sodium carbonate in 
TK-G1 (TK-R1). This reaction resulted in a low pH and ineffective 
washing. The problem was corrected during the latter part of the 
campaign by eliminating the concentrated add streams to the acid-

, wash columns during the "spinning" operation. 

' 3 . ^TIC-Rl Circulation Pump , 
r 

v The reported plutonlum retention values for the treated No. 2 Solvent 
exceeded normal values by abactor of 1,000 for several days while 
spinning.the system prior to the scheduled solvent extraction system 
startup'in late August (did not occur until September 7 ) . Early 
analyses indicated the TK-R1 pH was low due to nitric acid recycle 
as described above. However, the problem persisted, even after..the 
concentrated nitric acid flow to the*acid-wash column was stopped and 
the TK-R1 pH returned to-greater than ten. Further investigation 
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revealed the aqueous recirculation rate 1n TK-R1 was only 15 gallons 
per minute as compared to a normal 200 gpm. Installation of a new 
pump corrected the problem prior to the delayed startup. 

Organic Transfer from TK-R1 to TK-R8 

During the 1966 campaign, about 70 percent of the 530 gpd solvent loss 
(370 gpd) exited 1n the combined No. 2 Solvent Treatment System waste 
stream (20W) from TK-R8.f3Z^ In an effort to prevent the. recurrence 
of this problem, a new aqueous selective jet was installed to transfer 
the carbonate-permanganate solution from TK-R1 to TK-R8 during change-
outs. However, excessive amounts of organic continued to be trans
ferred with the aqueous as TR-R8 instruments indicated the presence of 
an organic layer. This layer was periodically returned to the No.. 2 • 
Solvent inventory for retreatment after the aqueous was transferred 
from TK-R8 to underground storage. The problem was reduced by using 
the TK-R1 specific gravity recorder as a guide for controlling the 
transfer to TK-R8. The steam supply to the jet was turned off as soon 
as the instrument indicated the presence of organic. 

Acid-Wash Column Operation 

The interface float 1n both add-wash columns failed to respond during 
the latter portion of the campaign. Both columns were operated by 
controlling the static pressure for the remainder of the campaign. 
The 20 Column (T-R2) became so unstable that concentrated nitric acid 
and oxalic-nitric a d d flushes of the column were made on November 23-. 
The flushing operation required a thirteen-hour equilibrium shutdown 
of the Second Thorium Cycle to complete. These flushes resulted in, 
improved 20 Column operation, but did not free the interface float 
which was apparently held up by solids in the float guide. The float 
was replaced following the campaign. 

'Excessive Solvent Losses 

Action taken to minimize solvent losses during the 1970 thorium cam
paign included install ing a new aqueous selective je t for the TK-R1 to 
TK-R8 transfer, returning solvent from TK-R8 to TK-R1 for retreatment, 
and treating approximately 20,000 gallons of organic that would have 
normally been discarded to waste. However, 1n spite of these measures, 
the average solvent loss'per operating day exceeded the normal value 
of 150 to 200 gpd for uranium-plutonlum processing by nearly a factor 
of three at 585 gpd. 

# 

Measurement of the organic level in the underground organic wash waste 
receiver tank confirmed that this was the major loss point. Part of the 
losses can be attributed to excessive spinning of the solvent treatment 
systems-while attempting to start up the solvent extraction systems; 
Prolonged startup delays due to problems in other areas of the plant 
resulted in spinning* both solvent systems for approximately 40 days each. 
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Batch-Solvent Recovery Operations 

A spare, unbaffled 10-foot diameter by 9-1/4 foot tall tank was used to 
successfully recover batches of badly degraded solvent accumulated during 
process upsets 'and flushing. Agitation was provided by an off-center 
300 RPM, ten-blade, 4-inch by 22-inch diameter, turbine agitator. Phase 
separations were made with a steam jet without provision for efficient 
decanting. A total of about 20,000 gallons were processed. The two 
operations discussed below were significant since the solvent previously 
would not have been considered for recovery. 

The first of these operations followed a flush of the solvent extraction 
equipment with hot 60 weight percent nitric acid solution to convert 
the accumulated thorium-dibutyl phosphate (Th-DBP) solids to a form which 
Is soluble in plant solvent. A 500-gallon solvent batch was contacted 
with the acid in the Partition, Second Uranium, and Third Uranium Cycles 
to remove the Th-DBP. This solvent was combined with another 500 gallons 
of solvent which had passed through the Final Thorium Cycle concentrator. 
The combined solvents received a long series of equal volume washes 
(water, 0.5 M NaOH-0,02 M KMnOi*, 1.0 M HN03, 0.6 M NaOH-0.25 M Na2C03, 
0.25 M Na2C07-0.03 M KMnOt,, 0.55 M ^ O i ^ O i S M. HN03) before the solvent 
quality was sufficiently high to permit transfer of the solvent to the 
No. 1 Solvent Treatment System. Of the chemical washes used, caustic-
permanganate was the most effective and was adopted for routine use in 
this operation. Due to the large number of washes and decanting opera
tions involved, about 400 gallons of solvent were lost to the aqueous 
waste. 

In the second operation, approximately 1,000 gallons of solvent which had 
passed through the Final Thorium Cycle concentrator on a second occasion 
were combined with 1,500 gallons of solvent from emptying the columns 
prior to acid flushing, and 1,000 gallons of solvent misrouted to a waste 
tank during:the subsequent startup. After water washing to remove 
thorium, the quality of this solvent, as measured by the plutonium reten
tion analysis, was a factor of more than 10,000 poorer than that of the 
normal washed solvent. This solvent was washed with three 1,250-gallon 
batches of 0.5 M NaOH-0.02 M KMnOt* solution. Following this treatment, 
the solvent's pTutom'um retention analyses was only about fifteen times 
normal. The solvent was then transferred to the No. 1 Solvent Treatment 
System 1n small volume batches. Less than 100 gallons of solvent were 
lost to the'aqueous waste. *' 

The water wash of this batch, and of others which contained high thorium 
concentrations, was transferred in small increments to the waste receiving 
tank. There, the solution was diluted five to one with water to prevent 

- thorium precipitation during the subsequent neutralization prior to trans
fer to underground storage. 
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PLANT TURNAROUND 

The flushing and equipment changes required for returning the plant to 
uranium-plutonium processing were less extensive than those required prior 
to the thorla campaign. Flushing operations were completed on January 16, 
1971 about 30days following shutdown. Less time would have been required 
but the manpower available was significantly reduced for several days due 
to the holidays. Startup of the plant on uranium-plutonium processing was 
delayed until April due primarily to the .time required for determining the 
condition of the dlssolver coils, and .the eventual replacement of. one of 
the dissol vers.. The Third Plutonium Solvent Extraction Cycle was also 
installed and tested during this period. 

POST THORIUM FLUSH 

Flushing to remove thorium and 2 3 3U from the Purex Plant following the 
campaign was conducted in a manner similar to the uranium-plutonlum remo
val preceding the campaign. The general steps were as follows: 

1. Dissolved the residual thorla (Th02) in tne dissolvers and head end 
equipment. 

2. Stripped the solvent extraction columns to remove as much thorium and 
2 3 3U as practical prior to shutdown. 

3. Flushed the solvent extraction section with hot concentrated nitric 
acid to remove thorium-dibutyl phosphate. 

4. Flushed the uranium concentration and loadout facility to remove 2 3 3U. 

5. Conducted a series of chemical flushes of the solvent extraction 
equipment. 

The flushing operations started on December 16, 1970, and continued to 
January.16, 1971. 

Head End Flush 

Heel dissolutions or "cuts" were conducted after the completion of the 
normal dissolution cycles to remove the majority of the thoria. However, ' 
additional flushing removed approximately 5,000 pounds of thorium and 
9 kilograms of 2 3 3U from the dissolvers and the dissolver solution sto- , 
rage tanks (TK-D1, D3 and D4). Most of this material was recovered from 
solids in the storage tanks. The failure of four dissolver jet jumpers 
during the campaign, due. to erosion indicated solids were being transferred 
with the dissolver solution. 

The dissolver and storage tank,flush solution consisted of 11 M HN03-
0.04 ;M KF-0r20 M ANN which was boiled In the dissolvers for at least two 
36-hour periods. Samples of the solution were obtained following each 
boiling period. This solution was sent to the storage tanks where it was 
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held at 90 ± 5 °C for 16-to-24-hour periods. The lower temperatures were 
required here since the storage tanks were not equipped with' condensers. 
Flushing was terminated when the thorium removal rate was reduced to less 
than O.jj pounds per hour at temperature. The feed concentrator (E-Fl l) 
and concentrated feed storage tanks (Tanks F12, D5, E6, HI) were also 
flushed with n i t r i c - f l uo r i de so l t i t ionbut proved to be re la t ive ly free of 
thoria sol ids. The f lush solutions from the dissolver solution storage 
tanks were routed through the coating waste system (Tanks D2, E l , E3 and 
Centrifuges E2 and E4) to TK-E5 for neutral ization and transfer to an 
underground storage tank. Flush solutions from the feed cqncentrator-
feed storage tank system were also disposed of via TK-E5. No further 
f lushing of th is system was* required. 

Solvent Extraction Flush 

Immediately following shutdown on December 12, 1970, the ent i re solvent 
extrart ion system was flushed with hot 60 weight percent n i t r i c acid to 
remove thorium-dibutylphosphate. The flushes were maintained at 58 to 
63 °C to comply with the maximum'solvent temperature l i m i t of 65 °C. The 
HAF Tank (TK-H1) and HA Column (T-H2) were flushed separately. Any orga
nic present overflowed to the 1BXF Tank (TK-03) with a to ta l of about-300 
gallons of n i t r i c acid solutions to f lush the HAP l i n e . Additional n i t r i c 
acid f lush solution was added to the 1BXF Tank and routed, through the 
remainder of the Part i t ion Cycle, Second Uranium Cycle, and the Third 
Uranium Cycle. The organic displaced, during th is operation was routed to 
the No. 1 Solvent Treatment System (TK-G1). The organic was transferred 
from TK-G1 to a spare tank in the Waste Concentration-Add Recovery System 
(TK-F13) for batch washing pr ior to i t s re-use and the aqueous actd phase 
was neutralized for transfer to an underground storage tank.; 

A th i rd batch of n i t r i c acid f lush solution was added to the 2DF Tank and 
was routed through the Second Thorium Cycle. In th is case, the 2D and 2E 
Columns were f i l l e d with acid solution and then contacted with 500 gallons 
of 2DX solvent. The solvent was then displaced to the No. 2 Solvent 
Treatment System where i t was washed with the standard 0.27 M sodium 
carbonate-O.024 M potassium permanganate solut ion. 

A l l n i t r i c acid f lush solutions were collected in feed tanks (TK-F7, F10) 
for processing through the Waste Concentration-Acid Recovery System. • Most 
of the n i t r i c acid was removed from the solution by adding water while 
boi l ing the solution in the concentrator. The off-gas was processed 
through the Acid Absorber to*remove n i t r i c acid which was then concen
trated in the Vacuum Acid Fractionator for re-use. The bottoms solution 
was then neutralized and .transferred to an underground non-boiling waste 
storage tank. Analyses of th is solution pr ior to neutral izat ion, revealed 
that only*about 200 pounds of thorium and 500 grams of 233U were removed 
in these flushes. The low product content was indicative o f the effec
tiveness of the pre-shutdown s t r i p of the solvent extraction system. 
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The solvent extraction- system was then flushed with a series of solutions 
consisting of (a) five weight percent oxalic acid-three weight percent • 
nitric acid, (b) water, (c) five weight percent, sodium hydroxide-two weight 
percent sodium tartrate, and (d) water. For these flushes, the solvent 
extraction system was divided into eight equipment groupings: 

1. HAF Tank (TK-H1), HA Column (T-H2), 1C Column (T-H3), and 1CU Concentra-
. tor (E-H4); 

2. IBXF Tank (TK-J3), 1BX Column (T-J6), IBS Column (T-J7), and 1BSU Tank 
(TK-J2); 

3. 1ST Concentrator (E-J8), 2DF Tank (TK-K1) and 2D Column (T-K2); 

4. 2E Column (T-K3), 2ET Concentrator (E-K4), 2TC Tank (TK-K5), and TNT 
Product Tank (TK-K6); 

5. Second Uranium Cycle; 

6. Third Uranium Cycle (through the 3B Column); 

7. No. 1 Solvent Treatment System; and 

8. No. 2 Solvent Treatment System. 

The 233U contained on the cation exchange column used for removal of 
thorium from the 3BU stream was eluted with about 180 l i ters (five to 
seven column volumes) of 0.5 M.HN03. The solution was concentrated in 
the*3CU Concentrator (E-N6) and loaded out as product. The resin was 
then washed with about 250 l i fers of 4 M. HNO3 which was routed to the 
Waste Concentration-Acid Recovery System for further processing and dis
posal. This flush- was used to remove the very small quantity of 233U 
from the column and lines. No attempt'was made to eTute thorium from the 
resin which was slurried with 0.5 M HNO3 and transferred from the column by 
jet to the organic wash waste tank (TK-R8) in the No. 2 Solvent Treatment . 
System. In TK-R8 the solution was sampled, neutralized, and resampled 
prior to transfer to an underground waste storage tank. Analysis indicated 
the resin contained less than 10 grams of 233U, The 3CU Concentrator-(E-N6), 
3UC Receiver Tank (TK-N7), the 233U Product Sampling Tank (TK-L9), and the 
233U Product Loadout Tank (TK-L13) were then flushed repeatedly with dilute 
nitric acid solutions until a negligible amount of 233U was removed. These 
flush solutions were also routed to the Waste Concentration-Nitric Acid 
Recovery System. 

Water flushes of the 211-A Thorium Loadout Facility was routed to the TNT 
Product Tank (TK-K6) during flushing of that system. Water flushes of the 
trai-lers used for" transporting thorium nitrate solutions were made into 
the thorium nitrate storage tanks until the trailers contained less than 
50 pounds of thorium.^ The trailers were then sent to the Equipment Decon
tamination Facility for final cleaning with commercial.decontaminating 
solutions; 



67 ARH-2127 

EQUIPMENT CHANGES 

The major equipment changes required for returning the plant to uranlum-
plutonlum processing Involved replacing one dlssolver and routing the 
coll discharge from a second dlssolver through the concentrator Installed 
for the thorla campaign (E-Fll) prior to disposal. These changes were 
necessitated by the discovery of small leaks 1n the colls of all three 
dlsolvers during the flushing operations. Inspection of one coll Indi
cated mechanical failure due to cyclic stressing. The plant Wfts even
tually started using only two dlssolvers with a replacement for the third 
dlssolver on order. 

Other required work related to the thorla campaign Included the removal 
of numerous process blanks or locks and tags from "cold" side piping and 
the return of processing systems to normal' functions. The movement of 
about 140 remote piping jumpers (Appendix D) was required to complete 
this work. 

A third major piece of work completed during this period did not result 
from the thprla campaign. This Item was the Installation of a Third 
Plutonium Solvent Extraction Cycle to functionally replace the 1on 
exchange system previously used for final plutonlum purification. Exten
sive operational testing of this equipment was conducted prior to startup. 

ANALYSES AND CONCLUSIONS • • ' 

PRODUCT QUALITY 

The quality of the 2 3 3U product was generally excellent throughout the 
campaign. However, three problem areas encountered were: the 2 3 8U con
tent of the first 118 kilograms produced; the 2 3 2U content of the speci
fication product; and phosphorous analyses throughout the campaign. 
These problems are discussed below. A comparison of the average analyt
ical values„w1th the specification limits and 1966 results 1s also 
Included 1n Table IV of Appendix L. »- ' • 

The quality of the thorium product was 'inmany respects lower than desired. 
Contributing to the problem was the delay in obtaining meaningful analyses 
which precluded rework that may otherwise have been considered. .A discus
sion of the problem areas and a comparison' of analytical values with the.-, 
targeted goals are presented below and In Table V. -*-
2 3 3U Product* 

• i — — — • - • • • - *-

1. 2 3 8U Content * 

Isotoplc analyses of solvent extraction feed and 2 3 3U product batches 
indicated*the pre-thorfa campaign'flushing effectively, removed 2 3 3U 

•. from plant equipment. The data in the table below show that.the 23§U 
contamination from the dlssolvers and feed tanks had decreased to less 
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than 0.1 percent (based on 2 3 3U) after thorla containing only approx
imately 70 kilograms of 2 3 3U had been dissolved. The 238l) content of 
the product equalled the specification limit of 0.5 percent after 118 
kilograms had been produced. As a result, a blend of approximately 
the last 55 kilograms produced during the "non-spec1f1cat1on" portion 
of the campaign satisfied all Division of Naval Reactor specifications 
1f a low phosphorous value Is assumed. The 2 3 8U content of the 1966 
product 1s Included 1n the table for comparison. 

PERCENT 2 3 eU IN" FEED AND PRODUCT VERSUS THROUGHPUT 

Throughput, 
kqs 2 3 3U 

10 

20 

30 

40 

50 

60 

70 

. 80 

90 

100 

no 

Thorla 
Feed 

, 0.7 

0.65 

'• 

0.60 

0.56 

0.51 

0.45 

0.40 

Dissolved 
Feed 

7.1 

' 1.6 

3.1 

1.8 , 
* 

1.0 

1.0 

0.6 

• 

Product 
1970 

6.7 

2.2 

1.7 

1.4 

1.0 

0.8 

0.8 

0.7 

0.6 

0.57 

0.51 

. 1966* 

5.2 

2.2 

1.4 

1.3 

1.5 

1.5 

1.4 

1.3 

1.2 

1.1 

0.9 

* Reached a minimum of 0.63 percent at 130 kilo
grams and then increased due to an increase 1n 
the 238U. content of the thoria feed. 

Data obtained during the campaign indicated the minimum bleed-in rate 
of 238u -from plant equipment was 2.2 to 2.5 grams per day which 
occurred after processing about 210 tons of .thorium. Most of the 
2 3 8U originated in the dissolvers and feed storage tanks. 



69 . ARH-21?7 

2. 2 3 2U Content 
'• — * 

Based on calculations performed by reactor personnel, the overall 
average 2 3 2U content of the specification product should have been 
7.78 parts per million parts uranium (ppmpU). The actual average was 
8.63 ppmpU versus a specification maximum limit of 8.0 ppmpU. This 
deviation was due to variance 1n reactor operating parameters and 
could not be corrected 1n the Purex Plant. 

3. Phosphorous Analyses 

The locally reported phosphorous content of some of the first product 
batches produced during the "non-spedf1cation" portion of the cam
paign exceeded the specification limit of 150 "pprnpUÔ  by a'factbr'of 
two to three. Corrective measures were taken to reduce the transfer 
of organic from the 3B Column to the product concentrator as described 
in the section on Reduction of 3BU Organic Entrapment. These mea
sured were apparently beneficial as the locally reported phosphorous 
content of subsequent product batches averaged only 116 ppmpU02 1f two 
batches produced Immediately following a startup and four batches 
produced Immediately preceding a shutdown are excluded. The high 
values were not confirmed by the customer. 

4. Analytical Results 

The averaged analytical results of the 2 3 3U product produced during 
both the non-spedf1cat1on and specification (DNR) portions of the 
campaign are listed and compared with the specification limits and 
1966 averages 1n Table IV. With the exception of phosphorous and 
2 3 2U, all requirements were exceeded by the DNR product. 

Thorium Nitrate Product 

^ The thorium nitrate product quality Information 1s presented 1n Table V 
of Appendix L. For comparison purposes, the target specifications and 
1966 campaign product analyses are Included. 

With a few exceptions, the thorium product met the targeted specifications. 
The most significant exception was the l06Ru-Rh content which averaged 
about 180 percentof the specification limit. As reported 1n the* section 
on Normal Operating Performance and Capacity of the Final Thorium Cycle, 
the average ruthenium decontamination factor obtained across the- Second 
Thorium Cycle was only 12'.' The 2 3 3U content averaged below the 20 parts 
per million (ppm) limit but exceeded this by 75-percent in the storage 
tank containing ,the thorium product batches produced Immediately fol 1 own
ing 'the start of the DNR or specification portion of the campaign. Also, 
the total uranium (excluding 2 3 3U) contenf'of the first thorium product 
was 63 ppm versus^the^target limit of 10 ppm. The contamination resulted 
from residual uranium held up;1n. the Second Thorium Cycle equipment which 

. was used for the Second Uranium Cycle during previous uraniumrplutonium 
processing. ', 
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As shown.1n Table V, the reported analyses for the 1970 campaign compare 
reasonably well with the results reported for the 1966 campaign product. 
The higher fission product content of the 1966 product was primarily due 
to processing "hotter" feed. The higher 2 3 3U levels for the 1970 campaign 
product resulted from partitioning problems associated with low salting 
strength 1n the 1BX Column (T-J6) during startup and shutdown periods. 

The listed Total Metallic Impurity (TMI) data are typical values based on 
results.for Individual product batches. A wide variation was noted 1n these 
results'. For example, values exceeding 500 ppmp thorium were reported for 
several elements (calcium* chromium, Iron, magnesium, silicon) 1n some 
batches. Samples of the thorium product solutions 1n the storage tanks were-
not analyzed for TMI. Therefore, 1t was tentatively concluded that the Iron 
content exceeds the 100 ppm specification limit. 

ACCOUNTABILITY AND MATERIAL BALANCES 

As was the case in 1966, fairly close agreement was obtained between the 
measured product output (loadout plus waste losses) and the reactor input 
data for both thorium and 2 3 3U. On this basis, overall material balance uas, 
minus 2.3 percent for thorium and pi us 1.2 percent for 2 3 3U. 

Product Input 
m 

The input of thorium and uranium to the Purex Plant was measured with two 
systems.. The reactor bucket loading summary, listed the tons of t'horia and 
grams of uranium in each bucket and was the official input measurement to the 
Purex Plant. As a secondary measurement the dissolved thorium nitrate solu
tion was batched through.a sample tank (TK-D5) where thorium and 2 3 3U analy
ses were made for accountability. A comparison of reactor measurements and 
the sample tank measurements for each portion of the camDaign, and for'the 
total, indicated ,th'e thorla and uranium input measured in TK-D5 was low in 
each case. Some of this discrepancy could be accounted for by undissolved 
"dissolver"heels, solids carryover to feed solution storage /tanks (TK-D3 and 
TK-D4), and the coating waste loss. However, the instrumentation on Tank D5 
did hot allow an accuracy greater than about ± two percent. Thus, if the 
material in the post-campaign head end*flush and the coating waste were 
Included in the TK-D5 measurements, the differences between the reactor mea
surement and the Purex measurement were within the capability of the feed 
measurement system, i.e., the Purex thorium measurement.was 1.7 percent low 
and the uranium measurement was 0.3 percent high. The comparisons of the 
Input measurements are presented in Tables VI through VIII. 

Product Loadout 

Both the .thorium and uranium products were measured as loaded out.from the 
Purex Plant. The. thorium measurementjwas made 1n Tank K6 and the uranium 
measurement was made'-from the batch analysis of Tank L9 and the net weight 
of product solution in each product shipping container. The tank K6 mea- : 
surement was hot as accurate>,as those made in Tank D5 and, as a result, the 
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product Inventory 1n the thorium nitrate storage tanks did not agree with 
the combined TK-K6 loadout for the two portions, of the 1970 Thorla Cam
paign. The thorium product loadout data Indicated 119.8 tpns and 274.9 
tons, were produced during the non-spedf1 cation, and specification por
tions, respectively, for a total of 394.7 tons. The final Inventory of 
the storage tanks Indicated a revised total loadout of 397.4 tons. 

The uranium loadout measurements were done as accurately as possible to 
form the basis for shipping the product to. Oak Ridge National Laboratory. 
The loadout during the non-spedflcation portion of the campaign was 161.3 
kilograms and during the, specification portion 436.2 kilograms for a total 
of 597.5 kilograms. 

Waste Losses * 

•The waste losses from the Purex Plant were measured at five points: . 

J\< Tank F18, losses consisted of products contained 1n high-level waste 
from all solvent extraction cycles, sump waste, and solvent extrac
tion cycle flushes. 

2. Tank E5, losses-consisted of products contained 1n coating waste and 
head end flushes. 

3. Tank G8, losses consisted of products contained in waste and flushes 
from the number one solvent treatment system. 

4. Tank R8, losses consisted of products contained 1n waste and flushes 
from the number two organic wafsh system. 

5. Tanks U3 and ,U4, losses consisted of products contained 1n laboratory 
waste, flushes, and stack condensate drainage. 

All waste losses from the non-spedfication and specification portions of 
the campaign are listed in Tables VI and VII. The major losses from 
Tank F18 during both .portions of the*campaign were caused by several pro
cess upsets which resulted in the gross loss of product. Tank G8.was 
another high loss point due to major process upsets 1n the uranium 
stripping (1C) Column"in the first solvent extraction cycle. 

Material Balance and Material Unaccounted For (MUF) 

The overall material balance for the non-specification and specification 
portions and the complete "thorla campaign are presented in Tables VI 
through VIII. The discrepancy in the material balance is referred to as 
MUF. The MUF is equal to.thVinput minus, the output and waste losses. 
The-MtJF is calculated on the basis of both the reactov input measurements 

>-, and,the Tank D5 measurement. Although the'official MUF is measured by 
using" the reactor shipping data, the TK-D5 MUF is a useful means of 
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evaluating the plant measurement system. In calculating the TK-D5 MUF, 
the head"end waste losses, which occur before the plant accountability 
point, were added to the TK-D5 Input measurement. 

The uranium MUF for the nonrspedflcatlon and specification portions of 
the ca'mpaign were minus 2.7 percent and plus 2.8 percent, respectively 
(based on reactor Input measurements). Part of the MUF difference was 
caused by the undissolved heels 1n the three dlssolvers and the feed sto
rage tanks at the end of the non-spedf1 cation, portion of the campaign. 
This resulted In low measurements for the non-spedficatlon-.portion of 
the campaign when the material in the post-campaign flushes was included. 
The overall campaign uranium MUF was plus 1.2 percent. The overall cam-. 
• paign thorium MUF was minus 2.3 percent. 

WASTE VOLUMES 

The volume of liquid waste with Its estimated salt content that'was trans
ferred to non-boiling underground storage tanks from each of the five 
disposal points listed in the Waste Losses section .is presented in 

, Table IX. A comparison of the actual waste volumes with those predicted 
in the flowsheet document^ U presented in Table X. 

0 

The data show that the actual waste volume exceeded the predicted total 
by 6414 percent. The major sources of the overage were the organic wash 

. wastes and laboratory and miscellaneous wastes. Sump wastes, coating 
wastes, and post-campaign flushes also exceeded the predicted values by 
significant amounts. The Increased coating waste volume was due partly to 
steam dilution that was not Included 1n the predicted volume. 

' The organic wash wastes accounted for nearly half (31.2 percent) of the 
excess volume. The major cause of the excessive volume was prolonged 
"spinning" (described In the section on Solvent "Spinning") during down 
periods. The batch treatment of organic recovered from process upsets 
also contributed significant waste volumes. 

Laboratory and miscellaneous wastes accounted for about one-quarter (16.5 
percent) of the excess volume. This stream was not included in the pre
dicted waste since it.was previously routed to an underground trench or 
crib. A detailed review of the laboratory drain system plus an estimate 
of routine usage revealed that approximately-60 percent of this volume 
originated as cooling water to a reflux condenser which 1s*a part of 
platinum recovery equipment used only during thor'ia processing. 

ENVIRONMENTAL RELEASES 

The amount of radioactivity released to the environment during the 1970 
Thoria Campaign was, in general, higher in both the l iquid and gaseous 
effluents-than that normally released' during a comparable uranium-plutohium 
.processing period. The increase was due primarily to required'changes in 
the processing operation and to an increase in volati le radionuclides. 
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Gaseous Effluents 

Routine total alpha and total beta analyses of gaseous effluents were 
made during the thorium campaign. Both of these measurements Increased 
above normal levels 1n the main building exhaust stream. Periodic checks 
disclosed that the majority of this abnormal activity had the short half-
H f e characteristic of 212Pb. The mechanism postulated Involves the-
volatilization of 220Rn (a daughter of 228Th) from boiled or sparged pro
cess solutions. The 56-second half-Hfe of the 220Rn allowed only par
tial'decomposition 1n the tank vapor spaces and off-gas lines. This 
permitted some of the 220Rn to decompose downstream of the ventilation 
filters. Thus, the decomposition products were caught on the air samplers. 
Simple calculations based on plant Inventory yielded approximate agreement 
with the measured releases. Calculations also indicated that the radio
nuclide concentrations, at ground level did not exceed the limits for 
Industrial exposure. However, some 103Ru and 106Ru-Rh were also emitted 
(probably from<the add bo1l-off system in the feed preparation cycle) 
and deposited on the ground which resulted in, low-level ground contamina
tion as described in the section on Ruthenium Volatilization. Page 33. 
The total alpha and total beta content of all gaseous effluents emitted 
during 1970 are shown in Table XI. 

Liquid Effluents . ' 

The volume, uranium, plutonlum, and certain radionuclides contained 1n 
Purex Plant liquid effluents discharged to the ground (surface or sub
surface) during 1970 are listed in Table XII, The data shown that the 
reported values of many of these constituents were higher during the 
thoria campaign than"for comparable uranium-plutonium processing periods. 
For example, the reported 2 3 3U content of all streams was consistently 
higher than the normal plutonium content of the same streams. In all 
cases, the actual values'released are probably lower than reported due to 
the relatively high detection limits and large volumes. 

NUCLEAR AND CHEMICAL SAFETY 

There was no occurrence during thorium processing that resulted in an 
approach to criticality. However, a number of violations of the specifi
cations occurred and are discussed below. Two other Incidents had 
serious chemical safety Implications; one in terms of corrosion, the 
other in terms of combustible materials in a.burial box. 

Violations of the criticality specifications occurred in TK-J3 and in the 
Second Thorium Cycle feed. As mentioned previously (Nuclear and Chemical 
Safety "section under Process Technology, Page 12), the specifications were 
related to safe limits in down stream vessels. Originally, TK-J3 had a 
3,000-gram per ton thorium limit and a 0.09-gram per liter limit, imposed 
by the Safety Analysis Report. fls"i During startup and shutdown, 2 3 3U was 
recycled %o TK-J3*without'thorium. Hence, the limit of 3,000.grams per 
ton was exceeded on' two occasions-. Both the Safety Analysis' Report and 
the criticality specifications were reworded to permit; either the gram 
per'ton limit or. the concentration limit to apply. Jf* 
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The violations 1n the Second Thorium Cycle arose 1n a similar fashion and 
were similarly resolved. Durlna transient conditions, partial partitioning 
failure 1n the 1BX Column (T-06) occurred. In several Instances the ,30 
grams 2 3 3U per ton of thorium limit was exceeded in the 2DF. The specifi
cation limit was established based on the Safety Analysis Report assump
tion that the 2 3 3U would be partitioned from the. thorium 1n the 2E Column 
(T-K3). This limit would safeguard the organic treatment vessel (TK-R1) 
for several hours. An analysis of the system disclosed that the limit 
was unnecessary. The uranium was stripped out in the 2E Column with the 
thorium under flowsheet conditions. The specifications were revised to 
increase the. limit to 3,000 grams 2 3 3U per ton of thorium. Safetv was 
assured in TK-R1 by maintaining its own batch limit of 500 grams 2 3 3U. 

During one limit violation in the Second Thorium Cycle (K Cell), however, 
a more seriofis violation of administrative procedure occurred. There was 
a failure to notify; the engineering manager to obtain his concurrence 
with the remedial actions taken. This indicated a somewhat casual atti
tude toward" the specification. In addition to receiving the revised 
specification, personnel were reminded of their responsibilities in the 
above regard. 

* * • 

The addition of combustibles to'a burial box represented a violation of 
criticality prevention and of chemical safety specifications. The canyon • 
burial box normally received failed motors, jumpers and miscellaneous 
items of a similar nature. Several broken cardboard boxes were deposited 
in a box on one occasion. Criticality safety required, physical separation . 
of hydrogenous.material from fissile material with the greater-than-minimum 
critical mass limit permitted for the box. Chemical safety considerations 
required ttfat hydrogenous material, be segregated to prevent contact with 
nitric acid or other oxidants. Investigation of the box and its contents 
revealed that the fissile content was minimal and strong oxidants were 
absent. Burial of the box was permitted under alternate specifications 
permitting unsegregated hydrogenous material with a lower fissile material 
•limit. The persons responsible were reminded of the purpose for the 
limits violated. 

The other significant incident from the standpoint of chemical safety 
resulted in marked corrosion of the feed concentrator (E-F1T-1). During 
an outage, a feed batch was prepared and stored in the feed concentrator 
at elevated temperatures. Over the eight-day period an estimated 2.5 mil 
uniform corrosion occurred. Processing of the feed batch resulted in -
high luuCe levels in the thorium product due to cerium extraction through 
oxidation by corrosion product chromate ion. The high lv*Ce product 
batches resulted in truck driver exposure to radiation.levels of about 
10 millirads per hour as measured by a Hahford-type "cutie pie" (,CP) 
radiation Instrument. 

if 
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CORROSION AND FLUORIDE PATH 

Potassium fluoride was added to the dissolver solution to facilitate thoria 
dissolution. To .'educe corrosion rates, aluminum nitrate was also added as 
a fluoride complexant at a ratio of three moles of aluminum per mole of 
fluoride. Although this complexed most of the fluoride,.some free fluoride 
was still present after the feed concentration-denitration operation as 
Indicated by analyses of the feed, adjustment tank.(TK-D5) sample composites. 

Since a very low fluoride concentration was measured in the recovered add, 
most of the fluoride must have exited in the high-level waste (1WW). Data 
obtained during the 1966 campaign indicated the amount of fluoride remaining 
in the bottom liquid over-flow stream of both the feed concentration-
denitration and high-level waste evaporators exceeded that in the condensate 
by a factor of 100 to 1000.^32^ These results agreed with previously 
reported data/ 6 2' *^ 

During the 1970 campaign, Iron analyses were reported for samples of the 
feed adjustment tank (TK-D5), the acid absorber product (AAA) receiver tank 
(TK-.F3), and the Purex recovered acid tank (TK-U1, U2) contents. These 
results were averaged and converted to pounds of 304L stainless steel. 
.Corrosion rates were then calculated for each of the three dissolver coils, 
the feed concentrator (E-Fll) tube bundle, the acid absorber (T-F5), and 
a d d f.ractlonator (T-U6) rebojler. Assuming arrdqual contribution of 
stainless steel to the feed solution from each of the dissolver coils and 
the concentrator tube bundle, the calculated average uniform corrosion rate 
of these surfaces was approximately 2.5, mils per month. Based upon the AAA 
and recovered add iron analyses, the uniform corrosion rates of the acid 
absorber and the acid, fractionator were 7.1 and 17.5 mils per month, respec
tively. The latter value 1s believed to be considerably higher than the 
actual rate as only "less than" results were obtaiped for the recovered 
acid iron analyses. No data were accumulated with respect to vapor phase 
corrosion. 

During*1966, iron analyses of both the terminal dissolver solutions and the 
feed solutions were available'which permitted individual estimates of dissol
ver coil and feed concentration-denitration coil corrosion rates. These 
rates were reported as five to ten mils per month and ten to 20 mils per 
month, respectively. Also, the reported 1966 corrosion rate of the vacuum 
fractionator tube bundle was only 0.5 to 2.0 mils per month.(32>[ 

Rust colored samples of two consecutive feed batches were obtained during the 
1970 campaign. Based on an iron analysis*, the first batch contained 156 
pounds of Iron which is equivalent,to 220 pounds of stainless steel. Inves
tigation, revealed that this feed batch had been'held in the feed concentrator 
for eight days'at about 80 °C. The second rust colored sample was apparently 
due to residue or "heel"-remaining from the'first batch.* The color was due 
to dichromatesolids. l ' 
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The calculated uniform corrosion rate of the feed concentrator (E-Fll) 
during this eight-day period was 9.5 mils per month. The total surface 
area in contact with the 1700 gallons of solution v/as used 1n this calcu
lation. The calculated corrosion Tate using only the tube bundle surface 
was 16.8 mils per month. These values were not included when calculating 
the average tube bundle corrosion rate (2.5 mils per month) for the cam
paign. 

Testing conducted following the thoria campaign Indicated leaks in the 
coils^of all three dissolvers. The holes were quite small as the leak 
rates at 90 psig were only 18, 7, and 16 gallons per hour for A3', B3 and 
C3 dissolvers. , Although the increased corrosion due to the use of 
fluoride as required, during the thoria and Zirflex campaigns may have con
tributed to these failures; inspection of one coil indicated mechanical 
failure due to thermal cycling stresses. 

FUTURE PROCESSING RECOMMENDATIONS 

^During the course of the campaign, various opportunities for process 
improvement' were noted. Very few of these could be implemented because 
the press of production precluded time to complete the required develop
ment work. In addition, some problems arose which were not completely 
solved. These various aspects are discussed in the following paragraphs 
with the intent that these items be given consideration in the event that 
another thoria processing campaign is undertaken. 

Wafers . •' 

The superior dissolution characteristics of .the wafer targets makes these 
an obvious choice for a future run. Jet .dipleg plugging was observed, 
and it is possible that partially dissolved wafers were drawn into the 
dipleg during solution transfer.. It is suggested that a screen or other 
guard system be developed to reduce the likelihood of dipleg pluggage. 

1C Cartridge 

Even wilbh the 1C Column (T-H3) cartridge essentially free of thorium-DBP 
solids, some- evidence of instability was noted at a 0.85 CF. A new car
tridge design is needed to provide improved capacity. This would allow a 
closer match of dissolution and solvent extraction capabilities. 

Solvent Washing 

The carbonate-permanganate wash solutions were changed on a fixed time 
basis. Changeout based, on solution pH would probably save materials and 
waste volumes'. In addition, particularly during pre-startiip solvent 
spinning, some evidence was noted of significant permanganate leaving the 
10 or 20 Column in the organic. When this permanganate decomposed-to man
ganese dioxide solids, pluggage problems were noted on downstream-filters. 
It also is possible that this contributed to high plutonium retention 
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values. In any event, the need for permanganate or at least as much as 
was used.1s subject to additional study. : i 

Material Balances 

The detailed material balances kept during the early portion of the run 
were of only minimal value, primarily because of the uncertainties in 
flowmeter calibration. It is suggested that the shift manpower would be 
better utilized by providing additional process analysis, and support and 
that a daily plotting of" stream concentrations would provide more, meaning
ful information. Routine materia! "balances on G Cell plus routine reviews 
of the FCell waste system should be maintained, y 

Ruthenium 

Additional studies should be made to improve ruthenium decontamination in 
the solvent extraction battery and to reduce ruthenium volatilization 
from the feed denitration equipment. An alternate would be to route the 
denitration equipment off-gas to the Backup Recovery Facility^. 

Protactinium f 

The need for a protactinium removal step would be increased with shorter 
cooling times and should be reviewed in light of the requirements of the 
specific, campaign. 

Solvent Degradation 

A modest change 1n the organic residence time under high acid conditions 
in the Co-Decontamination and Partition Cycle made a significant change 
in the deposition rate of thorium-DBP sol-ids in the 1C Column. It is 
possible that further benefits such as the capability for processing 
shorter cooled targets could be obtained if the effect of thorium concen
tration »Jtime, and acid concentration upon the degradation rate of TBP 

„ were-known. • , 
> . / 

Also, the degradation of solvent in the 2A and«3A Columns could be 
reduced i f mixing pots were installed in the 2AF and 3AF lines. The pots 

-would^eliminate the heed for adding concentrated acid solutions to organic 
continuous columns. I t 1s f e l t that this practice contributed to the-
formationvof thorium-DBP solids in the 2B and 3B Columns. •' 

Third Plutonium Cycle 

Use of the recently installed Third'Plutonium Cycle Columns (T-L4 and L5) 
• for the Third Uranium Cycle would eliminate the need to use J Cell Package 

columns (T-022 and J23) for the Second Uranium Cycle., This change would 
be desirable as these columns are of marginal capacity for the flow 
required. In this scheme, the T-Ll and T-L2 Columns which were used for 
the Third Uranium Cycle in previous .campaigns would be used for^.the 
Second Uranium Cycle. This change might result in fewer piping changes to 
conduct the.,campaign .and some flowsheet changes to accomodate the equipment. 
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APPENDIX A 

EQUIPMENT DESCRIPTION' 

DISSOLVERS^ 

The three Purex multipurpose dlssolvers are each approximately 24 feet 
tall (13.5 feet- to overflow) by nine feet 1n diameter (Figure 8 ) . Each 
vessel, annular 1n configuration, consists of an Inner concrete moderator, 
a metal receiving annulus, and an outer solution annulus. The Inner 
"moderator is a hollow concrete cylinder encased In a 304-Lvstainless 
steel (SS) cone with a cadmium sheet Uner. The l2-1nch metal annulus 
receives the fuel elements as charged onto the grate. The outer l3-1nch 
solution anhulus contains the colls for heating and cooling dlssolver 
solutlonsi chemical addition lines and jetout routes, and -the Instrumen
tation. Both annul 1 contain lifter-circulator type spargers, utilizing 
either steam or air for solution agitation (Figure 9). . -

Annular dlssolvers are designed to be geometrically safe for uranium 
enriched to 0.94 percent 2 3 5U. Fuel of greater enrichment requires 
administrative controls on amount of material charged to a dlssolver and, 
for co-product processing, installation of an insert decreasing the width 

the dlssolvers required only minor modifications. The decladding waste 
jetout jumper dipleg was shortened to about six inches off the bottom of 
the dlssolver to diminish the amount of entrained thor1a particles jetted 
to the decladding waste handling system. The weight factor dip tube was 
shortened eight Inches to lessen dip tube pluggage by any thorla cake 
buildup in the solution annulus. 

CENTRIFUGE 

The Purex centrifuge used for thoria recovery from the dlssolver decladd
ing waste was manufactured by Bird and modified for remote Installation 
and operation. It was a solid bowl type (48-1nch bowl diameter) with a 
maximum volume of 90 gallons. The centrifuge held about 20 gallons of 
solids (skimmed). Operation was at 1,200 revolutions per minute (rpm). 

. SOLVENT EXTRACTION COLUMNS 

Design parameters for the pulse columns used in Purex are presented in . 
Table I . The columns vary from seven to 34 Inches 1n diameter, with con 
tactlng heights between 18 and 32 feet. The column cartridges are des
cribed in Table I I . The cartridges consistof fixed, spaced, horizontal, 
perforated plates. The various service requirements in Purex dictate a 
variety of plate spacings'(l/2-1nch to four-'inch), pi ate'materials, types 

, ^ 

.* 
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of plates (sieve, nozzle, and louver), and plate materials (stainless 
steel or plastic). The cartridges are generally removable. 

The pulsing 1s Imparted to the solution 1n the column by a graphite ringed 
piston, reciprocated by a conventional crank arrangement. The crank 1s 
turned by a variable speed electrical motor with the speed controlled by 
varying the frequency of the alternating current. A typical column and 
pulser arrangement 1s shown 1n Figure 10. 

CONCENTRATORS 

The concentrators used 1n Purex are steam heated, vertical tube, thermal 
recirculation type'evaporators. The boiler In each concentrator 1s com
posed of a draft tube or downcomer to which are attached two reboller 
sections containing steam chests, and an overflow chamber containing most 
of the Instrumentation as well as the overflow line. Steam 1s supplied to 
the chest side of the tube bundle which contains 687 tubes, (1-1/4 Inch 

* OD x 10 feet 10 Inches) and 1s fabricated of stainless steel (as 1s the 
vessel Itself). The bundle 1s expected to operate at an overall heat 
transfer coefficient (U) of 100 to 300 BTU/hour-foot2-°F. 

A tower 1s located on top of the boiler to remove entrained liquid from 
the off-gas.stream. The tower was an Integral part of the original con
centrator, but the second generation or sectional1zed concentrator Is 
built with a detachable tower. The 1BT and 2ET concentrators were of the 
original type; the 1WW, Feed, and 1UC concentrators were sectional 1zed. 
the towers on the sectional1zed concentrators can be used to remove 
entrained liquid'from, an off-gas stream and/or to remove solvent from an 
aqueous feed by steam stripping. 

The 1BT and 2ET concentrators were identical. Each contained about 4,000 
gallons and were steam heated with 29 psig steam. The towers were 14 feet 
by nine feet 1n diameter and contained seven bubble-cap trays (six operated 
wet) plus an upper packed section. The six "wet" trays were used in 
steam stripping the Incoming feed to remove entrained, solvent. The seventh 

'tray and upper three-feet thick section packed with one-Inch Raschig rings 
were relied on for de-entra1nnient. 

The J WW Concentrator was a typical add serylce sectional 1 zed concentrator 
and 1s shown in Figure 11. It had an operating volume of about 2,600 
gallons, and was heated with 39 psig steam,. De-en trainmen t was provided by ' 
a complex arrangement of baffles 1n the enlarged settling chamber of the . 
dowrvconier, coupled with an attached tower and auxiliary demister. The 
remotable tower was designed.for add.service and contained a six-Inch 
thick tantalum Vfire (five mil) mesh pad with upper, and lower water sprays. . 
Seatedon top of .the tower was an auxiliary demister. containing a six-inch 
thick tantalum wire (six mil) mesh.pad. Fission product (excluding 
ruthenium) concentrations 1n the overheads condensate were on the order of 
105 to 10* lower, than 1n the concentrator bottoms overflow stream. 
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» Concentration and add stripping of the feed solution v/as conducted 1n a-
concentrator similar to the 1WW Concentrator. The major modification con
sisted of Installing;a cooling coil and a submerged, high pressure, water-

. motivated transfer jet instead of a tube bundle 1n the west (left) 
reboller well. The cooling coil was necessary for the high heat load 
encountered during cooling portions of the feed preparation cycle. The 
water motivated transfer jet was necessary for feed dilution. The steam 
supply to, the,remaining tube bundle was at 80 pslg 1n order to achieve the 
necessary thorium concentrations for satisfactory nitric a d d stripping. 
The tower was similar to-the 1WW concentrator tower. However, the wire 
mesh pad was composed of Tophet M* (10 mil wire), which 1n laboratory 
tests proved to be superior, to tantalum for acid-fluoride service in that 
it did not embrittle. Also, it was considerably cheaper. 

The 1CU sectionalized concentrator boiler was modified by dropping the 
reboller wells down to a "flat bottom" configuration.(2" This change was 
made for nuclear safety purposes, (specifically to increase the safe 2 3 3U 
mass allowed for uniform precipitation). The tower differed from the 
1WW Concentrator tower 1n that it was designed for uranium service. That 
is, it contained six bubble-cap trays in addition to the upper tantalum 
wire mesh demister pad. As was the case with the 1BT and 2ET Concentra
tors, the incoming feed was countercurrently steam-stripped for solvent 

. .-. removal'. 

ACID RECOVERY- AND CONCENTRATION 

An acid absorber (T-F5) and vacuum fractlonator (T-U6) plus associated 
pump tanks comprised the nitric acid recovery and recycle system. No. 
major equipment modifications were'required for the thoria campaign., 

The F5, acid-absorber was a modified acid absorber and fractionator... The 
original design called for a 27 foot, seven Inch high vessel, consisting 
of a bottom reboiler, a three foot six inch diameter by ten foot ten inch 
rectifying section in the middle, and a ten foot diameter by nine foot 
three inch high absorber section. In the original design, the reboiler 
proved to.be subject to severe corrosion. The replacement tower, in use 
since plant-startup, did not have a reboiler section. Consequently, for 
this service the middle section 1s superfluous. 

f „ The upper, enlarged section contained seven trays on 12-inch spacing. 
.• . . -" " Each tray had 156 bubble caps (5 1/8'Inch OD). The 16 Inch 10 vapor inlet 

line.was located just below the lowest diameter tray. The off-gas exited 
>-the'.ltop, of .the/tower via a .16 inch ID pipe to a condenser. 

The: U6 vacuum\acid fractionator was- an insulated eight foot ten inch OD by 
32 ;foot.threeJ rich, high tower. The upper 19 foot six inch section contained 

http://to.be
file:///acid
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14 bubble-cap trays. Each tray had 86, 5 1/8 Inch ID bubble caps. Heat 
was supplied to the fractlonator bottoms by an external vertical tube 
reboller. The two foot three Inch ID by eight foot six Inch reboller con
tained 372 one-Inch OD tubes. Saturated steam was supplied to the shell 
side. A two-stage jet system was used to maintain an absolute pressure 
of 100 millimeters mercury at the top of the tower. 

N CELL AND PR ROOM EQUIPMENT 

Equipment statistics for the 2 3 3U product concentration and loadout sys
tems are given in Appendix B. In preparation for *33U product handling, 
the following new equipment was Installed: 

. T-N50, cation exchange column, 

. TK-L9, product receiver tank, and 

. TK-L13, product loadout tank. 

In addition, the product routing was changed to bypass the N Cell contin
uous anion exchange purification unit., Based on operating experience 
during the 1966 Campaign,f32»3^ a decision was made to eliminate the 
Vycor glass bed column, and the old loadout system. The plutonium PR Room 
loadout system was, used. 

URANIUM-233 PRODUCT CONTAINERS 

Three-!Iter, polyethylene bottles (Figure 16) were used for UNH product 
solution loadout and shipment. The bottles were capped with either a 
"slit vent" or "duo valve" cap, sealed with an O-ring (see Figures 12 and 
13). About 75 percent of the bottles shipped had the slit vent cap as the. 
duo-valve cap was considerably more expensive. The use of the duo valve 
cap was instituted when leakage occurred during the early shipments. Use 
of the slit vent cap was resumed, however, when testing revealed other 
causes responsible for the leakage. 

The bottles were pressure tested for leaks by pressurlzation to ten psig 
for five minutes. The bottles were then visually inspected for structural 
flaws. Less than 0.5 percent o.f the bottles failed the testing. The-caps 
were tested to insure venting at five psig. About three.-percent of the 
caps failed to vent properly. 

One hundred thirty-one shipping containers were available for bottle ship
ments. Of the containers, 59 were*the Bettis Atomic Power Laboratory 
(BAPL) type (Figure 14), 57 were Oak Ridge National Laboratory (ORNL) type 
(Figure 15),.and 15 belonged to, ARHCO. The'ARHCO containers were Identi
cal to. the BAPL type. In addition, a number of storage containers (Figure 
16) were available for temporary on-site bottle containment. -; : 
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The shipping containers were 55-gallon drums containing stainless steel 
pressure chambers of 4.81 /inches .internal diameter. The annular space 
the BAPL and ARHCO containers was filled with vermiculite, and that of the 
ORNL containers was filled with foamed glass. The drum acted as a spacer 
for criticality prevention and the filler as a heat barrier. Before using, 
each empty conta1ner"was inspected for mechanical integrity and lack of 
smearable contamination. The storage containers were 30-gallon steel 
drums, painted black and had a 4,87~1nch diameter, stainless steel, cylin
drical inner pressure chamber. The annular space between the chamber and 
drum was filled with concrete. 

SOLVENT TREATMENT CONTACTORS 

' Carbonate-Permanganate Washers (TK-Gl and TK-Rl) 

. The sodium carbonate-potassium permanganate washers (Figure 17) are similar 
to the standard 5,000-gallon, ten foot OD x nine foot three inches high, 
tanks used at Purex. However, each contains a central cylindrical chimney 
four foot seven and three-quarters inches ID, surrounded by an annular 
four foot deep section packed with one-inch stainless steel Raschig rings 
which is supported two feet nine inches above the tank bottom. 

The solvent extraction cycle organic waste stream (1CW or 2EW) enters the . 
tank via a distributor located above the packing. A high capacity pump 
recirculates the aqueous wash stream ,(200 gpm) from the central chimney, 
which has a perforated lower section, through a separate distributor over 
the packing. The two streams are contacted while flowing concurrently 
through the packing into the disengaging section below. After disengaging, 
the organic is pumped from the central chimney to the acid washer (10 or 

.20 Column) which is a standard Purex pulse column. 

Turbomixer (T-G7) ** 

The solvent from the 10 Column v/as continuously mixed with a dilute sodium 
carbonate solution 1n a 15,000 gallon tank. The special pump (turbomixer-
Figure 18) consists of a paddle, rotating within a dlffuser attached :o a 
draft tube. The rotating paddle acts as the impeller of a double . :tion 
pump. 

prganic from above and aqueous from below are drawn into the.turbomixer, 
.'intimately mixed, and discharged through the diffuser. The diffuser 
directs the aqueous-organic mixture.into a radial flow pattern which pre
vents the tank contents from swirling. Orifices located above and below 
the diffuser minimize any change 1n the organic-to-aqueous mix ratio due 
to a change in the^volume of aqueous wash solution.r66^ • 
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APPENDIX B 

233U. PRODUCT CONCENTRATION AND LOADOUT EQUIPMENT 

A. TK-N1 - 3BU Receiver/Concentrator Feed Tank 

8 f e e t long, 2.625 inches wide, 5 f e e t high, 64 gal-Ions 
maximum volume, (20 gal lons operating volume). 

* 
B. E-N6 - Product Concentrator and Cooler 

1. Thermal Syphon Recirculated Evaporator 

/ , Fabricated of 4-3/4" ID tantalum-lirted stainless 
•">_v'̂  v/^steel pipe, 8 feet high. 

»• / • Tube Bundle 

12-3/4" inch tantalum,tubes, 6 feet long 
11.2 square feet heat'transfer surface 
29 psig steam to shell side/ 

Volume: 8.5 gallons 

2. Cooler 

Vertical, up-flow, 2.4 inches ID, 5 feet high, 
cooling water shell side. „ ; 

TK-N7 - Product Receiver Tank 

Two-barrel titanium tank, fabricated of 4-3/4" OD pipe, 
6 feet high. 

Barrels connected, with 2-inch pipe crossovers at top and 
bottom. 

Volume: 10 gallons 

T-N50 - Cation Column •. V 

5 yinch, Sch. 40,. 304L stainless 'steel pipe 
7 feet, 3 inch in height 
6 foot resin bed 
Dowex-50 W T X 8 resin (acid form) v 
50- to 100 mesh „' t ' :. .... 
Volume: 8.5 gallons 

TK-L9 -.Product Sampling Tank 

3 barrel, 304L stainless.steel; fabricated of 5-inch 
'schedule-40,'pipe/- "•'••/ , • ' • . , * • • * 
?3,":feet,p4S-inches'.''•high \\"vi-x*••• " " 
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• APPENDIX B'(continued) 

TK-L13 - Product Loadout Tank 

3 inch diameter - g l a s s 
30 inches high 
Volume: 0.8 g a l l o n s . 
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APPE 

PRE-THORIA CAMPAIGN -

A CELL 
? ^ > 1. Remove A-G13^A3, H-2-60014 (save) 
:!*V -••;• '2. J Install A-G13-A3, H-2-61853 
. .l£ \ " ' • . 3. Remove A-G2-AH, H-2-60002.(save) 
: -!v- : .' ; 4. Remove A-T2-A3, H-2-60003 (save) 

. ' 5. -Install A-T2-A3, H-2-60003 (modified, 
'8" short) 

r,>; > . 6. Install A-G2-AH, H-2-60002 

. * B CELL 

l:\' 1. Remove B-G13-B3, H-2-60014 (save) 
2. Install B-G13-B3, H-2-61853 

i:~ 3. Remove B-G2-AH, H-2-60002 (save) 
4, Remove B-T2-B3, H-2-60003 (save) 

^ ;. 5.. Install B-T2-B3, H-2^600O3 (modified, 
. 8" short) 

6. Install B-G2-AH, H-2-60002 
'. , ; C CELL % 

* 1. Remove C-Gl3, H-2-60014 (save) 
, . ,- 2. Install C-G13-C3, H-2-61853 

.' •. 3. Remove C-G2-AH, H-2-60002 (save) 
4. Remove C-T2-C3, H-2-60003 (save) 

• 5. rInstal-1 C-T2-C3, H-2-60003 (modified, 
". -. * 8" short) •• i ' 
:,--'-• 6. Install C-G2^AH, H-2-60002 

7. Remove C-Gl-AG, H-2-60000 (save) 
,', • '. 8. Remove. C-T1-C3, H-2-60001 (save) 
' 9. Remove C-C3-Y-AK, H-2-59116 (save) 

10. Remove C-T8-C3, H-2-60035 (save) 
• 11. Install C-T1-T8-L3, H-2-61854 • 

12. . Install C-Gl-AG, H-2-6000 
13. Blank nozzle Z on C3 

NDIX C 

CANYON EQUIPMENT CHANGES 

D CELL 

1. Remove D-T7-T8, H-2-57199 (save) 
2. Install D-T7-D4, H-2-64714 
3. Install D-T8-D5, H-2-64741 
4. Install a Group III pump \n TK-D4, 

West Manhole 
5. Install D-G19-P-D4, H-2-53701 
6. Install D-T10-D4, H-2-64739 
7. Install D-G16-T10, H-2-64740 
8. Remove D-T18-D4, H-2-538G5 (save) 
9. Install D-T18-D3, H-2-59189 

10. Install D-T38-D2, H-2-53550 
11. Remove D-T27-D2, H-2-63475 (save) 
12. Remove D-T30-D2, H-2-63474 (save) 
13. Install D-T-27-T30, H-2-64748 
14. Install 2" blank on D-T41 
15. Install 2" blank on D-T24 
E CEIL 

1. Remove E-(TE3-1)F-E5, H-2-60078 (save 
2. Install E-T18-E5, H-2-53550 • 
3. 'Remove E-(E3-1)-E3, H-2-60093 (save) 
4. Install E-T38-E3, H-2-59923 

F CELL 

1. Remove F-G244, H-2-53602 (save) 
2. Install standard drop leg on F-T161 
3; Install sectionalized concentrator, 

1-TB-F6, reboiler section in the Fll 
position 

4. Install-stainless tube bundle No. 65 
H-2-58755 1n the F-ll east position 
(1-1/4" tubes, remote gasket) 
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/ F CELL- (continued) 

5. Install a,cooling coil, H-2-64705, 
in Fll west position (remote gasket) 

6: Install submerged jet, H-2-64706, in 
' the cooling coil flange (remote gasket) 

7. Install F-G100-F11-1, H-2-64728 
. 8. Install F-G99-A-Fll-1, H-2-64731 
9. Install F-(F11-1)-F12, H-2-64727 
10. Install F-G103-F11-1, H-2-64726 
11. Install 2" blank on Fll-1 nozzle GA 
12. Install 2" blank on Fl l-1 nozzle GG 
13. Install F-(F11-1)F12, H-2-53999 
14.', Instal l F-G*5.-F1M, H-2-64735 
15. Instal l F-G97-8, H-2-54001 
16. Instal l 2" instrument blank on FT 1—1 

• nozzle NN 
17.- Install F-F11-1-F12, H-2-53999 
18. Instal l 3" blank on Fll-1 nozzle FF 
19: Instal l 3" blank on Fl l-1 nozzle HH 

•20. Instal l 3".blank on Fl l-1 nozzle A 
21. Install F-G89-F11-1, H-2-64743 
22. Install F-G98-A-F11-1, H-2-53950 
23. Install F-T97-T92-A, H-2-64708 
24. Install F-92B.-F11-1(B), H-2-64729 
25. Install.F-T86-F11-1, H-2-54017 
26. Install F-(F11-1)J-M, H-2-58239 
271 Install F-G110A-F11-1, H-2-58242 
28. Install F-G113-F11-1, H-2-64711 
29. Install F-G114-F11-1, H-2-64711 
30. Install F-G1157F11-1, H-2-64711 
31. ̂ .Install F-G117-F11-1, H-2-64711 
32. Install acid tower T-F1.1-1(2-TT-F6), 

H-2-58104, with "Tophet M" demister pad 
33. .Install F-Gl09-7, H-2-59652 
34. *Install\condenser, 0-E-F11-2, H-2-52551 
35. Remove F-T107-FI0, H-2-53560 (save) 
36. Install 4" Blank on F10 nozzle L 

i 

F CELL (continued) 

37. Install F-T107-(Fll-2)-C, H-2-64709 
38. Install F-Glll-5, H-2-64718 
39. Install F-4(FH-1)K, H-2-64719 
40. Install F-G112-F11-1, H-2-58236 
41. Install F-(F11-1)-JJ-LL, H-2-58098 
42. Install F-G101-RR, H-2-58246 
43. Install F-(F11-1)TT-UU, H-2-58235 
44. Install F-(F11-1)S-WW,-H-2-58240 
45. Install F-3-2, H-2-64717 
46. Install F-1-(F10)-A, H-2-64710 
47. Install F-T93-F11-2, H-2-53688 
48. Install F-T92-F11-2, H-2-53667 
49. Install F-T91-F11-2, H-2-53667 
50. Install F-T90-F11-2, H-2-53667 
51. Install F-G105-F11-2, H-2-53921 
52. Install F-G106-F11-2, H-2-53921 
53. Install F-G107-F11-2, H-2-53921 
54. Install F-G108-F11-2, H-2-54044 
55. Install F-T121-T122, H-2-57199 
56. Install F-T120-T127, H-2-64737 
57. Install F-T138-T141, H-2-64736 
58. Install F-TK16(M)-10, H-2-58671 

G CELL 
1. Determine that G-T110 is blanked 
2. Blank G-Tl 

H CELL 

1. Remove H-G15-H4-2, H-2-54044 (save) 
2. Remove H-G14-H4-2, H-2-53921 (save) 
3. Remove H-G13-H4-2, H-2-53921 (save) 
4. Remove H-G12-H4-2, H-2-53921 (save) 
5. Remove H-T13-H4-2, H-2-53688 (save) 
6. Remove H-T11-H4-2, H-2-53677 (save) 
7. Remove H-T10-H4-2, H-2-53677 (save) 



H CELL (continued) 

. 8. Remove HrT9-H4-2, H-2-53677 (save) 
, 9.v Remove H-G27-T15, H-2-53875 (save) 

10. i Remove H-G26-T15, H-2-53853 (save) 
.TV. Remove H-T14-T15, H-2-53710 (save) 
12. Remove, HrT15-H'4-2, H-2-53561 (save) 
13. Remove H-G20-H4-1, H-2-53686 Jscrap) 
14. Remove condenser H4-2(0-E-Fl)*i 
> H-2-52480 (store on deck) 
15. Remove H-(G8)-H4-FF, H-2-61886 (scrap) 
16. Remove H-G8-D0V, H-2-61859 (scrap) 

• 17. Remove H-G1-H4-1, H-2-57791 (save) 
J 1 8 . Remove H-G4-H4-1, H-2-53950 (scrap) 

19. Remove H-T1-H4-1, H-2-59653 (save) 
20. 'Remove H-T8-D5, H-2-59606 (save) 
21. 'Remove H-T2-H4-1, H-2-54017 (save) 
22." Remove'J-G184-H4-J1, H-2-54011 (save) 
.23. Remove H-G2-H4-1, H-2-54001 (save) 
24. Remove H-H4-1-J1, H-2-56519 (save) 
25. Remove H-H4-1-J1, H-2-53999 (save) 

*26. Remove J-J1-H4-1, H-2-54011 (save) 
27. Remove H-T4-T6, H-2-57199 (save) 
28. Remove H-T7-H4-1?H-2-57209 (save) 
29. Remove H-G3-H4-1, H-2-53698 (save) 
*• 30. Remove H-G5-H4-1, H-2-53698 (save) 

* 31. Remove H-G7-H4-1, H-2-53698 (save) 
* 3 2 . Remove H-G9-H4-1, H-2-53698 (save) 
33. Remove H-G16-(H4)JM, H-2-59658 (save) 
34. Remove H-H4-J-M, H-2-59654 (save) 

. :35. Remove H^G21-H4rl, H-2-53708.(save) 
36.' Remove H-G22-H4-1, H-2-53708 (save) 

* : 37.. Remove H-G23-H4-1, H-2-53708 (save) 
". 38. Remove H-G25-H4-1, H-2-53708 (save) 

39. Remove reboiler-tube bundles to 
" temporary storage on the deck 

40. Remove H4.concentrator (4-E-F11) to 
the G3-G4 storage position 

H CELL (continued) 

41. Move the reboiler tube bundles 
from the deck to normal positions 
in the concentrator. Do not make 
up nuts. 

42. Install sectionalized concentrator 
reboiler section, (5--TB-F6), H-2-66104, 
in the H4 position 

43. Install,tube bundles, (67 + 68 ) , 
H-2-58755, in the reboiler canisters 
(1-1/4" tubes, remote gaskets) 

44. Install H-T2-H4-1, H-2-54017 
45. Install H-G3-H4-1, H-2-53698 
46. Install H-G5-H4-1, H-2-53698 
47. Install H-G7-H4-1, H-2-53698 
48. Install H-G9-H4-1, H-2-53698 
49. Install H-G21-H4-1, H-2-53708 
50. Install H-G22-H4-1, H-2-53708 
51. Install H-G23-H4-1, H-2-53708 
52. Install H-G25-H4-1, H-2-58233 (new 

jumper) . 
53. Install a 2" blank on H4 nozzle GA 
54. Install H-H4-J1 (as revised), H-2-53999 
55. Install H-H4-J1, H-2-56519 
56. Install H-G2-H4-J1, H-2-54001 
57. Install H-J1-H4, H-2-54011 
58. Install a 2" blank on H4 nozzle CC 
59. Install a 2" blank on H4 nozzle EE 
60. Install a 3" blank on H4 nozzle HH 
61. Install H-T1-H4, H-2-59653 
62. Install H-G1-H4, H-2-57791 Assembly 2 

(new jumper) 
63. Install H-G4-H4, H-2-58230 (new jumper) 
64. Install H-H4-J-M, H-2-58239 (new jumper 
65. Install H-G18-H4, H-2-58242 (new jumper 
66. Install H-G16-(M-J), H-2-57724 



( V H CELL (continued). 

^67*. Install concentrator tower T-H4, 
.", 4 (V-TT-H4) H-2-58102, with demister pad 
1,68, Install,H-H4-JJ, H-2-58248 (new jumper) 
. 69.' Install H-G8-H4, H-2-58244.(new jumper) 
70. Install H - H 4 - ( T 1 T G 8 ) , H-2-58245 (new 
„ y, jumper) 
?r Install H-H4-W-KK, H-2-58237 (new 

jumper) 
, 72. Install H-H4-5-Y, H-2-58238 (new jumper) 
-73. Install a 2" blank on H4 nozzle VV 
* 74\ Install H-T7-H4, H-2-58229 (new jumper) 

75. Install a 2" blank on H4 nozzle U 
76. Install H-G17-H4, H-2-58231 (new jumper) 
77. Install H^G20-H4, H-2-58236 (new jumper) 
78. Install condenser 114-2, (0-E-F1), 

H-2-52480 
79. Install H-T15-H4-2, H-2-53561 
;80. Install H^T14-(T15), H-2-53710 
81;. Install H-H4-PP-RR, H-2-58234 (new 

jumper) 
82. Install H-G26-(T15), H-2-53853 
83. Install H-G27-(T15), H-2-53875 
84. Install H-T13-H4-2, H-2-53688 
85. Install H-T4-T5, H-2-57245 
86. Install H-T9-H4-2, 11-2-53667 
87. Install H-T10-H4-2, H-2-53667 
88. Install H-T11-H4-2, H-2-53667 
89. Install a 4" blank on H-T12 
' 90. Install H-G12-H4-2, H-2-53921 
91. Instal1.H-Gl3-H4-2, H-2-53921 
92*- Install' H-G14-H4-2, H-2-53921 
93. Install H-G15-H4-2, H-2-54044 
94. Install a 3" blank on H-T6 
95. -Remove H-T40-H2(U), H-2-62848, (save) 
96: Remove H-G61-H2 (CC), H-2-57729 (save) 

97. Install H-T44-H2(U), H-2-61863 

98. Install H-G63-H2(CC), H-2-58621 
99. Remove H-G34-H3, H-2-57964 (save) 

100.* Remove H3 cartridge, RC-4 and store 
in pool cell. 

101. Complete item 8 of the J Cell changes 
102. Install H-G34-H3, H-2-57964 
103. Install H-G37-H3, H-2-61878 
104. Remove H-T17-H3, H-2-57698 (save) 
105. Install H-T21-H3, H-2-61879 
106. Install H-T20-H3, H-2-61880 
107. Remove H-G30^H3, H-2-63417 (save) 
108. Remove H-T16-H3, H-2-63416 (save) 
109. Install H-(H3)F-9, H-2-61883 
110. Install H-9-(H4)V, H-2-61881 
111. Install H-G28-2, H-2-57207 
112. Install H-G30-3, H-2-57206 

113. Blank H-G61 

J CELL 

1. Remove J-G31-P-J8, H-2-63465 (save) 
2. Remove 0-(G33)-G8-10, H-2-63467 (save) 
3. Remove J-SPLP-J8-E-J7, H-2-63464 (save) 
4. Remove J-G37-J7, H-2-63463 (save) 
5. Install a'2" blank on J8 sample pot, 

nozzle E 
6. Remove J-G34-J7, H-2-57686 (save) 
7.. Remove probe, end of J-G43-J7, H-2-58433 
8. Remove J7 cartridge, RC-10, H-2-58900 

and install in H3 column 
9. Move cartridge RC-1, H-2-57684, from 

pool cell and install in 07 column 
10. Install \l-G34-J7, H-2-57686 

11. Remove J-TI4, J7, H-2-53774 (save) . 
.12. Remove. 0-T15-07, H-2-54022 (save) 

13. Install, a 3" blank on nozzle J-T15 
14. Install J-T14-J7, H-2-64746 (new jumper) 
15. Remove J-G52-(T22), H-2-53904 (save) 

file:///l-G34-J7


J CELL (continued) 

-16. Remove J-G53-(T23)S H-2-53899 (save) 1 17; .Remove J-G55-(T23), H-2-57463 (save) 
18. Remove J-G57-J6, H-2-53903 (save) 
19. Remove J-T23-J6, H-2r57243 (save) " 

- 20. Remove J-T22-J6,'H-2-53902 (save) 
21. InstallV 2" blank on J6 nozzle A 
22. Remove J-T20-J7, H-2-53912 (save) 
23. Remove 2" blank from nozzle J-T21 
24. Install 2" blank on nozzle J-T20 
25. Remove J-T31-PG-J7, H-2-53912 (save) 
26. Install 0-T31-PG-J7, H-2-61876 
27. Install 0-PG-J6-12, H-2-61857 
28. Remove J-T25-J6, H-2-53914 (save) 
29. Remove J-G40-J7,.H-2-53836 (saye) 
30. Install 2" blank on J7 sample pot 
' nozzle D 

31. Install J-T23-J7, H-2-61868 
32. Install J-T23-J7, H-2-61868 
33. Install J-Ti6-J6, H-2-61865 
34. Install J-T21-2, H-2-61856 
35. Install J-T23-7-8, H-2-61884 
36. Install 0-G40-J6, H-2-61852 

.' 37. Install J-J6(F)-J7(G), H-2-64744 (mew 
jumper) 

38. - Install J-G53-(J6-J7)> H-2-64745 (new 
jumper) 

39. Install J-10-11, H-2-64747 (new jumper) 
40. Remove J-G112-T50, H-2-53910 (save) 
41., Remove 4-G114-T50, H-2-57463 (save) 

, 42'. Remove J-T50-J4, H-2-53909 (save) 
43. Install J-T45^T40, H-2-61873 
44.' Install J-G112-T45-T50, H-2-61871 

• 45, .Install J-G114-T45-T50, H-2-61872 
r 46. Remove J-13-14, H-2-62679 (save) 
* 47. Remove J-G89-12, H-2-62631 (save) 

48. Remove J-G91-CC-T46, H-2-62788 (save) 

J CELL (continued) 

49. Remove J-T46rJ4, H-2-62651 (save) 
50. Remove J-T52-PG-J4, H-2-53912 (save) 
51. Remove J-T56-T62, H-2-59425 (save) 
52. Install J-T52-T62, H-2-58601 
53. Install a 3" blank on nozzle J-T56 
54. Install J-T46-AN, H-2-61870 
55. Install a 2" blank on J4 nozzle 14 
56. Remove J-T48-J4, H-2-58938 (save) 
57. Install a 2" blank on J4 nozzle D 
58. InstalTa 2" blank on J4 nozzle B 

K CELL 
~T. Remove hairpin, H-2-57199 between 

(K-G2) and (K-T6) 
2. Remove blank from jet nozzle on 

H-2-63484 
3. Install blank on outlet nozzle on 

H-2-63485 
4. Install hairpin, H-2-57199 between 

jet nozzle on H-2-63484 and nozzle 
going to K-T6 
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APPENDIX D 

POST THORIA CAMPATRN 
CANYON PIPING AND EQUIPMENT CHANGES 

A Cell 

1. Remove AG-13-H-2-61853 and Junk. 
2. Install AG-13-H-2-60014. 
3. Remove AT-2-H-2-600O3 and save - It 1s 8" short - AG-2 - steam to AT2 1s 

a flex. 
4. Install AT2-H-2-600O3 - was on Fl Block. 
5. Install Flex AG2 to Jet AT2. 

B Cell 

1. Remove B-G-13-H-2-61853 and Junk. 
2. Instal l B-G-13-H-2-60014 - I ts 1n the c e l l . 
3. Remove B-G-2-H-2-60002 - save. 
4. Remove B-T2-H-2-60003 - save. 
5. Instal l B-T2-H-2-60003. 
6. Reinstall B-G-2-H-2-60OO2. 

C Cell 

1. Remove C-G13-H-2-61853 - Junk. 
2. Instal l C-G13-H-2-60014. 
3. Remove GG-2-H-2-60002 - Save. . 
4. Remove CT-2-H-2-60003 - Save. 
5. Remove C-Gl-H-2-60000 - Save. 
6. Remove CT-1-CT8-H-2-61854 - Junk.' 
7. Instal l CT-l-H-2-60001. 
8. Instal l CT-2-H-2-60003. 
9. Reinstall CG-l-H-2-60000. 

10. Reinstall CG-2-H-2-6O002. 
11. Instal l C8-H-2-60035. 
12. Instal l AK-Y-H-2-59116 - Piggy-back steam. 
13. Remove corrosion probe from R Nozzle and Blank - Save. 

D Cell 

1. Install Jet DT51-H-2-53683 - I think 1t 1s on FT73. 
2. Install DG72-H-2-53685 - 1n the"cell. 
3. Remove hairpin DT31-DT33 - Save. 
4. Install Jet DT33. 
5. Install drop DT31. 
6. Move lower end of DG51 to DT33 jet. 
7. Remove hairpin DT27-DT30 - save. 
8. Blank DT27. 
9. Remove DG-16-H-2-64740 - Junk. 

10. Remove DTlO-H-2-64739 - Junk. 
11. Remove DT7-H-2-64714 - Junk. 
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D Cell (continued) 

12. Remove DT8. Reinstall anything else that 1s off here to make it look 
like the book. 

13. Install HP-DT7-DT8. 

E Cell 

1. Remove EG!01 - Save. 
2. Remove ET55 - Save. 
3. Install Hair Pin FT54 - ET55. 

F Cell 

1. Remove F-3-2-H-2-64717 - Junk. 
2. Remove Electric Head F4 to K nozzle, to clear FG111 - Junk. 
3. Remove FG-lll-H-2-64718 - Junk. 
4. Remove FT!07 - Fll-C-H-2-64709 - Junk. 
5. Remove FT93 - H-2-53688 - Save. 
6. Blank FT93. 
7. Remove Flex Steam from FT36 and Install on T-22B. 

G Cell 

Leave as i t i s . 

H Cell 

1. Remove HT44-H-2-61863 - Junk. 
2. Install HT40-H-2-62848. 
3. Remove H-G-63 - H-2-58621 - Junk. 
4. Install HG-61-H-2-57729. 
5. Remove HG-37-H-2-61878 - Junk. 
6. Remove HG-28-H-2-57207 - Junk. 
7. Remove HG-30-H-2-572O6 - Junk. 
8. Remove H-T21-H-2-61879 - Junk. 
9. Remove H-T20 - H-2-61880 - Junk. 

10. Remove H-9-H4V - H-2-61881 - Junk. 
11. Remove H-H3-F9 - H-2-61883 - Junk. 
12. Blank V Nozzle-H4 - 2"V. 
13. Remove H-G34-H-2-57964 - Save. 
14. Loosen H3 Cartridge Anchor nuts for move to J7. 
15. Remove hairpin HT4-HTE-H-2-57245 - Save. 
16. Install hairpin HT4 to HT6 - H-2-57199. 
17. Install HT8 - H-2-59604. 
18. Remove HT19 - H-2-53774 and blank T Wall Nozzle. 

J Cell (Jl-2-3-4 and 5) 

1. Remove hairpin JT-52-JT-62 - H-2-58601 - Junk. 
2. Remove lower end of JG114 flex - Save. 
3. Remove JG-112 - H-2-61871 - Junk. 
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J Cell (J1-2-3-4 and 5) (continued) 

4. Remove JT46 - H-2-61870 - Junk. 
5. Remove H-P-0T-45-0T5O - H-2-61873 - Junk. 
6. Remove flex JG-89 to J3 Tank - Save. 
7. Remove JG97 - H-2-66155 - Junk. 
8. Blank AN nozzle on J2 - 2" Vert ical. 
9. Instal l f lex JT60 to A Nozzle - J3. 

10. Instal l H.P. JT56 to JTfi? - H-2-59425. 
11. Instal l JT52 - pulse leakage, H-2-57457, 53912, either one. 
12. Instal l JT50 - H-2-53909. 
13. Instal l JT48 - H-2-58938. 
14. Instal l J-13-14 - J4. 
15. Instal l JT46-H-2-62651. 
16. Instal l JG97 - H-2-60166. 
17. Instal l Neutron Probe, H-2-62788 to CC at JG91. 
18. Instal l JT40 - H-2-60154. 
19. Instal l JG-85 - H-2-60158. 

J Cell (J6-7 and 8) 

1. Remove GG65 - H-2-53927 - Save. 
2. Remove JGS6 - H-2-54285 - Save. 
3. Remove JG68 - H-2-54283 - Save. 
4. Remove JG73-H-2-53896 - Save. 
5. Remove JG75-H-2-53862 - Save. 
6. Remove JT29-H-2-63060 - Junk. 
7. Remove JT30-H-2-54281 - Save. 
8. Remove Pulse Leakage - H-2-61857 - Junk. 
9. Remove J6 pulse generator and regasket pulse leg. 

10. Reinstall 06 pulse generator. 
11. Remove 1BXF Vent Line - H-2-66174 - Junk. 
12. Remove JG53 - H-2-64745 - Junk. 
13. Remove J6-J7-1BXF - H-2-66173 - Junk. 
14. Remove JG40 - H-2-618E2 - Junk. 
15. Remove JT16-H-2-61865 - Junk. 
16. Remove JT21 - H-2-61856 - Junk. 
17. Remove JT23 - H-2-61868 - Junk. 
18. Remove H-P-JT24-JT25 - H-2-61869 - Junk. 
19. Remove 0G-34-H-2-57686 - Save. 
20. Remove Tower End of J343 - Save. 
21. Loosen tower cartridge for removal. 
22. Move cartridge RC-1 from J7 to H-3 Cel l . 
23. Move cartridge RC10 from H3 to J7. 
24. Instal l JT31 - H-2-53912. 
25. Instal l JT30 - H-2-54218. 
26. Install JT29 - New from Shop - H-2-63060. 
27. Instal l JT25 - H-2-53914. 
28. Install JT23 - H-2-57243. 
29. Install JT20 - H-2-53912. 
30. Instal l JT15 - H-2-54022. 
31. Install JG37 - H-2-63463. 
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J Cell (J6-7 and 8) (continued) 

32. Instal l jumper H-2-63464 from JG37 to E Nozzle at JT10. 
33. Instal l JG31 - flex to H-2-63464. 
34. Instal l JG40 - H-2-53836. 
35. Check JG-42-43 and 44. 
36. Install 0G53 - H-2-53899. 
37. Instal l JG55 flex to HT-23. 
38. Install JG-60 - H-2-64537. 
39. Instal l JG61 - H-2-53850. 
40. Instal l JG65 - H-2-53927. 
41. Instal l JG66 - H-2-54285. 
42. Instal l JG68 - H-2-54283. 
43. Instal l JG73 - H-2-53896 - or f l ex . 
44. Instal l JG75 - H-2-53862. 

1. Move hairpin on KT6 set up to the two west nozzles. 
2. Blank the east nozzle. 
3. Instal l a 2" H x 3" V flex on KG!8 to H Nozzle at K6. 
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APPENDIX E 

THORIUM PROCESSING STANDARD OPERATING PROCEDURE (SOP) INDEX 

General Outline 

101 thru 124 Pre-Thorium Run Flushing Operation (Pink Paper) 
125 thru 150 Thorium Run Operation (Green Paper) 
151 thru 174 Post Thorium Run Flushing Operation (Yellow Paper) 

t 

INDEX 

(Procedures 101.00 •*• 124.99 on Pink Paper) 

101.00 General - Pre-Thorium Flushing 
102.00 Special Procedures - Pre-Thorium Flushing 

102.01 U03 Acid Routing in Preparations for Thorium Run 
102.02 Flush Handling 1n F Cell - Pre-Thoriurn Flushing 

103.00 Dlssolver Flushing - Pre-Thorium Flushing 
103.01 Product Flush of Headend - Pre-Thorium 
103.02 HNO3 - KF Flush of Dissolvers - No. 1 
103.03 Bellows and Cone Flush 

104.00 D Cell Flushing - Pre-Thorium Flushing 
104.01 HNO3 - KF Flushes, D Cell 

105.00 E Cell Flushing - Pre-Thorium Flushing 
105.01 Flush Procedures for E Cell Vessels 
105.02 D5-E6-H1 Flush 

106.00 Solvent Extraction Flushing - Pre-Thor1um Flushing 
106.01 HA Column Flush 
106.02 0 Cell Package Flush 
106.03 H4-J4 Ni t r ic Product Flush 
106.04 05, L I , L2 Flush 
106.05 J2, 03, 06, 04, 05 Product Flush 
106.06 J2, 03, J6 Chemical Flush 
106.07 07, 08, and K Cell Product flushes 
106.08 07, 08, Kl Chemical Flush 
106.09 Deep Flush of L Cell Package 
106.10 G Cell 
106.11 01, F12 Metathesis and Flush 
106.12 Chemical Flush K4, KS, K6 
106.13 01, 021 Chemical Flush 
106.14 01, 021 Caustic Tartaric Flush 
106.15 01, 021 KF Flush 

107.00 N Cell Flushes • Pre-Thorium 
108.00 PR Room Flushes - Pre-Thorium 
109.00 Outside Area Flushing - Pre-Thorium Flushing 

109.01 203A Area Piping Flush - Pre-Thorium 
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INDEX 

(Procedures 125.00 •*• 150.00 on Green Paper) 

126.00 Special Procedures - Thorium Operation 
126.01 Jet Unplugging - Thorium Operation 
126.02 J7 Sample - 1BU 
126.03 K6 Calibration 

127.00 Dissolver Operation - Thorium Operation 
127.01 Dissolver Charging - (Powder) Thorium Operation 
127.02 Can Removal - (Powder) Thorium Operation 
127.03 Thoria Dissolving - (Powder) Thorium Operation 
127.04 Dissolver Charging (Wafer) - Thorium Operation 
127.05 Can Removal (Wafer) - Thorium Operation 
127.06 Thoria Dissolving (Wafer) - Thorium Operation 
127.07 Emergency Procedure - Thorium Operation 
127.08 Heel Cut - Thorium Operation 
127.09 Backup Faci l i ty - Thorium Operation 
127.10 A3 Vent Test - Thorium Operation 

128.00 E Cell Operation - Thorium Operation 
128.01 Can Removal Waste Centrifugation 
128.02 E Cell Emergency Procedure 

129.00 Feed Preparation - Thorium Operation 
129.01 Dissolved Thoria Blending - Thorium Operation 
129.02 Acid Bo1l-0ff Operation - Startup and Thorium Deniza

tion - Thorium Operation 
129.03 Fll Shutdown: Holdup in Acid Boil-Off Operation 
129.04 Fll Shutdown Emptyout: Thorium Operation 
129.05 Failure of the Submerged Jet 
129.06 Feed Makeup - TK-D5 

130.00 Aqueous Makeup - Thorium Operation 
130.01 General Description 
130.02 Sodium Carbonate - Potassium Permanganate Makeup 
130.03 Sodium Carbonate Makeup 
130.04 Ferrous Sulfamate - Stock Solution 
130.05 Potassium Fluoride Makeup 
130.06 36% Sodium Nitrate Makeup 
130.07 Sugar Makeup 
130-08 HAS Makeup 
130.09 2AS Makeup 
130.10 2BX Makeup 
130.11 3AS Makeup 
130.12 3BX Makeup 
130-13 2DIS Phosphoric-Nitric Solution 
130.14 Synthetic 2AF Makeup 
130.15 L l l to E6 Transfer Solution 

131.00 Co-Decontamination Cycle - Thorium Operation 
131.01 General Description - Thorium Operation 
131.02 Emergency Shutdown - Thorium Operation 
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131.03 Special Procedure - Synthetic 1BXF to J3 - Thorium 
Operation 

131 ..04 Pre-startup - Thorium Operation 
131.05 Startup from Extended Shutdown - Thorium Operation 
131.06 Startup from Equilibrium Shutdown - Thorium Operation 
131.07 Equilibrium Shutdown - Thorium Operation 
131.08 Extended Shutdown - Thorium Operation 
131.09 Air or Water to HA (H2) Pulsers 

132.00 Partition Cycle - Thorium Operation 
132.01 General Description - Thorium Operation 
132.02 Emergency Shutdown - Thorium Operation 
132.03 Special Procedure - F i l l i ng 1BU Line - Thorium Opera

tion 
132.04 Pre-startup - Thorium Operation 
132.05 Startup from Extended Shutdown - Thorium Operation 
132.06 Startup from Equilibrium Shutdown - Thorium Operation 
132.07 Equilibrium Shutdown - Thorium Operation 
132.08 Extended Shutdown - Thorium Operation 
132.09 Shutdown for Flush - Thorium Operation 
132.10 Air On and Off the J6, J7 and H3 Column Pulsers 
132.11 H4 Concentrator Startup and Shutdown 
132.12 J8 Concentrator Startup and Shutdown 
132.13 Cone. HN03 Flush of Partition Cycle 

133.00 Final Thorium Cycle - Thorium Operation 
133.01 General Description - Thorium Operation 
133.02 Emergency Shutdown - Thorium Operation 
133.03 Pre-startup - Thorium Operation 
133.04 Startup - Thorium Operation 
133.05 * Equilibrium Shutdown - Thorium Operation 
133.06 Stripping Shutdown - Thorium Operation 
133.07 Air or Water on 2D (K2), 2E (K3) Pulsers 
133.08 K4 Concentrator Startup and Shutdown 

134.00 Second Uranium Cycle - Thorium Operation 
134.01 General Description - Thorium Operation' 
134.02 Emergency Shutdown - Thorium Operation 
134.03 Pre-startup - Thorium Operation 
134.04 Startup - Thorium Operation 
134.05 Equilibrium Shutdown - Thorium Operation 
134.06 Stripping Columns - Thorium Operation 
134.07 Displacing Columns - Thorium Operation 
134.08 Air or Water On or Off, 2A/2N(J22), 2B/2P(023) Pulsers 
134.12 Cone HN03 Flush of 0 Cell Package 

135.00 Third Uranium Cycle - Thorium Operation 
135.01 General Description - Thorium Operation 
135.02 Emergency Shutdown.- Thorium Operation 
135.03 Pre-Startup - Thorium Operation 
135.04 Startup - Thorium Operation 
135.05 Equilibrium Shutdown - Thorium Operation ' 
135.06 Stripping Columns - Thorium Operation 
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135.07 Displacing Columns - Thorium Operation 
135.08 Air or Wate, On or Off - 3A/2A(L1), 3B/2B(L2) Pulsers 

136.00 G Cell Solvent System - Thorium Operation 
136.01 General Description - Thorium Operation 
136.02 Emergency Shutdown - Thorium Operation 
136.03 Pre-Startup - Thorium Operation 
136.04 Startup - Thorium Operation 
136.05 Fresh Carbonate Change - Thorium Operation 
136.06 Add Change TK-G2 - Thorfum Operation 
136.07 TK-G7 Solution Change - Thorium Operation 
136.08 Purging Column Interface - Thorium Operation 
136.09 TK-G8 - Disposal - Thorium Operation 
136.10 Shutdown - Thorium Operation 
136.11 Air or Water on G2 Pulser 
136.12 G Cell Flush - Thorium 
136.13 Gl Add Flush 

137.00 R Cell Solvent System - Thorium Operation 
137.01 General Description - Thorium Operation 
137.02 Emergency Shutdown - Thorium Operation 
137.03 Pre-Startup - Thorium Operation 
137.04 Startup - Thorium Operation 
137-05 Fresh Carbonate Change - Thorium Operation 
137.06 Acid Change TK-R2 - Thorium Operation 
137.07 Purging Column Interface - Thorium Ooeration 
137.08- TK-R8 Disposal - Thorium Operation 
137.09 Shutdown - Thorium Operation 
137.10 - R8 Flush 

138.00 Add Recovery and Waste Treatment - Thorium Operation 
138.01 General Description - Thorium Operation 
138.02 Startup-Operating-Shutdown-Waste Concentration and Acid 

Recovery-Thorium Operation (F7, F6, F26, F5) 
138.03 Sugar Denitration - Thorium Opera'tion 
138.04 Digestion and Waste Neutralization - Thorium Operation 

.138.05 Vacuum Fractionator Operation - Thorium Operation 
138.06 Organic Disposal ~ F7 - Thorium Operation 
138.07 Anti-Foam Makeup and Addition 
138.08 Emergency F Cell Shutdown 
138.09 Disposal of Cone. Ni t r ic Flush 
138.10 Fresh Acid Makeup in 1)1 and U2 
138.11 U3 & U4 Waste Disposal 
138.12 Sump Waste Disposal - Thorium Operation 

139.00 U-233 Ion Exchange and Concentration - Thorium Operation 
139.01 General Description - Thorium Operation 
139.02 U-233 Ion Exchange and Concentration - Pre-Startup 
139.03 U-233 Ion Exchange and Concentration - Startup and Nor

mal Operation 
139.04 U-233 Ion Exchange and Concentration - TK-N7 to TK-L9 

Batch Transfer 
139.05 U-233 Ion Exchange and Concentration - Shutdown, Short 

and Long Duration 
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139.06 

139.07 

139.09 

139.10 

139.11 

139.12 
140.00 

140.01 
140. 
140. 
140. 
140. 
140. 
140. 
140. 
140. 
140. 
140. 
140. 
140. 
140. 
140. 
140. 
140. 
140. 
140. 
140. 
140. 

141.00 
141.01 
141, 
141, 
141, 
141, 

142.00 
142.01 
142. 
142. 
142. 

.142. 
143.00 

143.01 
143.02 
143.03 
143.04 

.02 

.03 

.04 

.05 
,06 
.07 
.08 
,09 
.10 
,11 
,12 
.13 
.14 
,15 
16 

.17 

.18 

.19 

.20 

.21 

.02 

.03 

.04 

.05 

.02 

.03 

.04 

.05 

Emergency Shut-

TK-N1 Recycle to 

Cation Column 

Resin Pretreat-

Catlon Column -

Inspection and Testing 

U-233 Ion Exchange and Concentration 
down 

U-233 Ion Exchange and Concentration 
TK-L11 

U-233 Ion Exchange and Concentration 
Elution 

U-233 Ion Exchange and Concentration 
ment 

U-233 Ion Exchange and Concentration 
Resin Changeout 

TK-N1 - Organic Detection and Handling 
Product Handling - Thorium Operation 

General Description in U-233 Product Handling 
Thorium Product Sampling and Loadout 
Thorium Product Return Route (Rework) 
U-233 Samollng and Loadout 
U-233 Rework from TK-L11 to TK-E6 
U-233 On-Site Transport and Storage 
Preparation of U-233 Containers for Shipment Off-Site 
U-233 Transloading 
Weighing - Dynamic Balance 
Weighing - Hadley Balance 
PR Emergency 
U-233 - L3 Shipping Bottle 
U-233 Shipping Container Inspection 
Operability Test of Pressure - Test Stand 
Container and Pressure Testing 
Unloading Thorium Nitrate 

• U-233 Cleanup and Waste Disposal 
Bottle Transfer Between Containers 
Hydrostatic Test of Bettis Pressure Vessels 
Venting Pressure Vessel of Loaded U-233 Containers 
TK-L11 Sampling 

Special Shutdown Procedures 
Head End September, 1970 
Solvent Extraction Shutdown 
Solvent Extraction Shutdown 
Solvent Extraction Shutdown 
Solvent Extraction Shutdown, December 12, 1970 

Special Startup Procedures 
Startup September 1970 
Head End DNR Startup 
Solvent Extraction Startup 
Solvent Extraction Startup 
Solvent Extraction Startup, December 1970 

Special Flushes 
Cone. HN03 Flush of Solvent Extraction 
Cone. HNO3 Flush of Solvent Extraction, November 
F13 Organic Handling 
Cone. HNO3 Flush of Solvent Extraction 

November 6, 1970 
November/December 

October 1970 
November 11, 1970 
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POST THORIUM SOP INDEX 

(Procedures 151.01 ->• 174.00 on Yellow Paper) 

150.00 General - Post Thorium Flushing 
150.01 General Description - Post Thorium Flushing 

151.00 Special Procedures - Post Thorium 
151.01 Waste Mandlinq F Cell 
151.02 Waste Handling E Cell 

152.00 Dissolver Flushes - Post Thorium Flushing 
152.01 Low Volume - HN03 - KF Flush of Dissolvers 
152.02 High Volume Dissolver Flushes 
152.03 Ni t r ic Flush of Headend 

153.00 D Cell Flushes - Post Thorium 
153.01 D Cell Flush 

154.00 E Cell Flushes - Post Thorium 
154.01 E Cell Flush 

155.00 Solvent Extraction Flushes - Post Thorium 
155.01 Strong Nitr ic Flush ~ HI and H2 
155.02 Strong Nitr ic Flush - Solvent Extraction System 
155.03 Chemical Flush H3, H4, J l , HI, H2 
155.04 Chemical Flush J3, J6, J7, H3 
155.05 Chemical Flush J7, J8, K l , K2 
155.06 Chemical Flush K3, K4, K5, K6 
155.07 Chemical Flush J Cell Package 
155.08 Chemical Flush L Cell Package 
155.09 Chemical Flush G Cell 
155.10 Chemical Flush R Cell 
155.11 F13 Organic Wash 

156.00 N Cell Flushes - Post Thorium 
156.01 Cation Column Elution 
156.02 Nl, N50, N6, N7, N9 Product Flush 
156.03 U-233 Hood, N Cell Vent Header Flush 
156.04 Nl , N50, N6, N7, L9 Final Flush 

157.00 Miscellaneous Flushes - Post Thorium 
157.01 203-A Piping Flush 
157.02 TK-206 (KF) Disposal Flush 
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APPENDIX F 

THORIUM PROCESSING SAMPLE SCHEDULE 

PUREX PLANT 
ROUTINE STREAM SAMPLE SCHEDULE 

THORIUM OPERATION 

ARH-2127 

SAMPLE 

F3 

F5 

F10-2WF 

G5-10O 

G7-10D 

H2-HAW 

HAP 

*H3-1CW 

*J1-1UC 

*J2-1BSU 

*J3-lBXF 

*J7-1BU 

*J8-lBT 

*J21- 2AF/ 
J^1 2NF 

2NW 

2BW^ 
J 2 3 2PW 

GRAVEYARD 

HNO3, Gamma Scan, 

HNO3, Total $, 
Ganuna Scan 

AT 

PH 

Thf HNO3, U
a , a 

Gamma Scan 

*AT^ Gamma Scan 
Gamma Scan (once/ 
shift),*AT,*HNOs, 
(twice/shift)(2) 

AT 

*AT, Th 

*AT, Th 

*U a 3 3, Th, HNO a, 
Visual 

*AT, HN0 3 / Comp. *3' 

' *AT, HNO3, ,,v 
(twice/shift) Ki} 

> 

AT 

DAYS 

AT 

Tues„ & Thurs. —>» 

Daily — •- -1 '-> 

PH 

Th, HN03„ U 2 3 3 

*AT 

*AT,*HN03 (0S 
(twice/shift) K4,) 

AT 

*AT, Th 

*AT, Th 

*U 2 3 3, Th, 
Visual 

(3 
*AT, HNO3, Comp,. 

*AT, HNO,, /2) 
(twice/shift)K ' 

AT 

SWING 

AT 

% TBP & Pu Ret 

Gamma Scan 

PH 

Th, HNOt, U 2 3 3 

AT* 
Th (once/shift), 
*AT,*HN03, 
(twice/shift)(2) 

AT 

*AT. Th 

*AT, Th 

*JZi:\ Th, 
Visual 

• 

*AT, HNO3, Gamma 
Scan, Comp.(3) 

*AT, HNO3, n . 
(twice/shift)v ; 

AT 

*These analyses are requir&d for oritiaal mass aontrol and are not to 
be omitted without supervisor's approval. 

Gamma S c a n s : ZrNb, R u ' ° 3 , RuRh* ° 6 , Pa 
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PUREX PLANT 
ROUTINE STREAM SAMPLE SCHEDULE 

THORIUM OPERATION 

SAMPLE | GRAVEYARD 

*"A 2AF 

*r, 3AW/ 
Ijl 2AW 

1,2 2BW 

* 3BU/ 
**3 2BP 

*K1-2DF 

K2-2DW 

K3-2EW 

K4- 2 E T / 

** 2EU 

R7-200 

1BX* 

1CX 

2EX 

E71A 

E Cell 

ICC 

1CS 
Ui 1 

*AT, HN03, 
Comp,, *3) 

*AT, HN03, ,_, 
(twice/shift) *' 

AT 

*AT, HNO3, Th 

*U'-'V HN03, Th, 
Gamma Scan 

HNO3, Th 

AT, Th 

U 2 3 % Th, Visual 
Gamma Scan 

HNO3 

*HNOa 

-

Deposition 

DAYS 

*AT,. HNO3, 
Comp *3) 

*AT, HNO3, ,?v 
(twice/shift) ' 

AT 

*AT, HNOi, Th 

*U23\- HNO5, Th 

HNO3, Th 

AT, Th 

SWING 

*ATf HNO-, 1 Gamma 
Scan, Ccmp„ <3) 

*AT, HNO3, ,,. 
(twice/shift) £) 

AT 

"AT, HNO3, Th, j 
Gamma Scan 

— ' - • — — 

*hZ33, HNO3, Th 

HNOS(7 Th 

AT, Th 

i 
l 

Visual .Visual 

Tues., & Thurs-,—* 
HN03 

*HN03 

HNO3 

HNO3 

/ 

Deposition 

Deposition 

I " 1 

T 1 3 1 

% TBP a Pu Ret 
HNO? 

*HNO* 

Deposition 

i 
! 

1 

*Theae analyses are required for critzsal mass control and are not 
to be omitted without the supervisor Is approval. 

Gamma Scan. ZrNb, Ru103r. RuRh
105, Pa 
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PUREX PLANT 
ROUTINE BATCH SAMPLE SCHEDULE 

THORIUM OPERATION 

Sample Description 

A3,B3, 
C3 

D5 

DS 

D5 

El 

E5 

E5 
£6 

*E6 

E6 

F3 
*F26 or 
F15 

FL6 

MAlt.) 
Fi5 

(Alt.) 
F16 

Batch 
Code 

(6) 

Dissolver 1 
Solution 
Feed Adjustment 2 
(Pre-Bufet) 
Peed (Post-Butt) 1 
Accountability 

Composite 3 

Centrifuge 1 
Product 

Coating 1 
Waste 
Composite 3 
Feed Acidity 1 

Rework Control 

Alternate 
Acc't. Sample 

Composite 
Presugar 1WW 

3 
1 

Post Sugar 1WW 2 

Post Sugar 1WW 3 

Neutralized 
Waste 

Analyses and Computer 
Output 

HNOj, AT, Th, Gamma 
Scan 
HN03, Th 

HNO3, AT, Th. Gamma 
Scan, SpG, U233, Pu 
Composite (5 batch) 
U-Isotopic, Fe, F", Al 

HNO3, AT, Th, Gamma 
Scan 

Vi sual,pH,AT,Th,Gamma 
Scan, Comp, (5 batch) 
Cs 
HNO3 

HNOj, Th, *AT, Pu 

HNO3, AT, Th. Gamma 
Scan, SpG, U233, Pu, 
U-Total, Composite(5) 
(5 batch).. 
Fe, Al, F 
Th, Al, *U233, *Pu, 
U-Total, Gamma Scan, 
Cs, HNO3 

CR 

Th, Al, *U233, *Pu, 
U-Total, Gamma Scan, 
Cs, cR 

pH 

Frequency 

Every 
Batch 
Every 
Batch 
Every 
Batch 

Lab. 
Request 

Every 
Batch 

Every 
Batch 
Lab Request 
On 
Request 
Every 
Batch 
Containing 
Rework 

Alternate 
to D5 
Sample 

Lab- Request 
Every 
Batch 

Every 
Batch 

To be taken 
if Presugar 
Sample not 
good 

Every 
Batch 

*Th*iae samples are required for aritiaal mass control and are not'to 
be omitted without the aupervieor'e approval. 

Gamma Scan ZrNb, R u 1 0 3 , RuRh 1 0 6 , Pa 
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PUREX PLANT 
ROUTINE BATCH SAMPLE SCHEDULE 

THORIUM OPERATION 

ARH-2127 

Samp 

*F18 

F18 

GB 

G8 

J21 

J5A 

K6 

K6 

le Description 

Sump Waste 

Neutralized Waste 

OWW 

Composite 

Composite 

Composite 

Thorium Prod 

Composite 

Batchvo' 
Code 

l 

3 

1 

3 

3 

3 

1 

3 

*L11 

*L9 

L9 

L9 

R8 

U233 Rework 

U 2 3 3 Product 

Bottle Sample 

Composite 

OWW 

2 

3 

R8 
SA,SB, 
SC,SD, 
SE,SFA, 
SFB,SG, 
SJ,SK 

SLA, 
SLD, 
SN 

Composite 
Sumps to F18 

Sumps to E6 

3 
1 

1 

Output 

Pu,*U233, U-Total „ Th, 
Gamma Scan, Cs, CR 

PH 
pH, Th, U2i3, Gamma Scar 
Composite (5 batch) 

Cs 
U-lsotopic, Th 

U-Isotopic, Th 

HN03, Th/ U-Total 
SpG, Gamma Scan 
Comp. (10 batch) 

Pu, Ula3, TMI, SO*""" 
ci-, uxx 

HNO3, *Ui33, *Pu 

*U233, HNO3,Gamma Scan, 
TMI, *AT, Th, SpG, 
Composite (5 Batch), 
UMPIRE(4), u-lsotopic 
U233, SpG 

Fe, Np, Pu, SO, ,F~,Na 
CI", W, Hg, UMPIRE(4) 

pH, AT„ Th, Gamma 
Scan* Comp. (5 batch) 
Cs 
Pu, U233, U-Total, 
HNO3 on Request 

Frequency 

Every 
Batch 

Every Batch 

''Every Batch 

Lab Request 

Lab Request 

Lab Request 

Every Batch 

Lab 
Request 

Every 
Batch 

Every 
Batch 

On 
Requesc 

Lab. 
Request 

Every 
Batch 
Lab Request 
Every 
Batch 

*Pu, *U233, U-Total, 
HNO3 

Every 
Batch 

*These analyses are required for critical mass control and are not to 
be omitted without the supervisor'e approval. 
Gamma Scans, ZrNba Ru102

t RuRh106, Pa 
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PUREX PLANT 
ROUTINE BATCH SAMPLE SCHEDULE 

THORIUM OPERATION 

Batch Analyses and Computer 
Sample Description Code Output 

U1/U2 Recovered 1 HNO3, Gamma Scan, 
Acid Composite (5 batch) 

U1/U2 Composite 3 Fe, ?~, Al 

(1) 3 batah composite. See routine batch Ziat for required analyses, 

(2) Samples twice per shift - two numbers will be generated by the 
computer for Jlt J22 and LI when routine list is prepared, the 
second number will be held for the mid-shift sample, 

(3) 10 batoh composite. See routine batch list for required analyses. 

(4) Lab Quality Control Program Card - no results returned, 

(5) The E6 alternate accountability sample composite is to be com
bined with the D5 composite, 

(6) Enter the sample point and the batch code number on the dispatcher'* 
keyboard to request the analyses listed for each. 

ARH-2127 

Frequency 

Every 
Batch 

Lub -
Request 

Gamma Scan ZrNbt Ru * RuRh \ Pa, 
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PUREX PLANT 
ROUTINE BATCH SAMPLE 

AQUEOUS MAKEUP 
THORIUM OPERATION 

Computer 
Makeup 

Pe (SA) 2 

2DIS-H3P0<» 

NaN03 

Syn 2AF 

Na2C03 oKMnOi* 

XCX 
cd(No3;2 

KF 

HAS 

*2AS 

2BX 

*3AS 

3BX 

Tank 

TK-101 

TK-103/ 
218/219 

TK-104 

TK-105 

TK-107 

TK-151 
TK-151 

TK-206 

TK-209/210 

TK-220/221 

TK-224/225 

TK-211/212 

TK-213/214 

Analyses 

++ 
Fe , pH 

HN03 
H3POi» 

NaN03**, SpG** 

HNO j 

Na2C03**, SpG** 

HM03 
Cd(N03)2* 

KF 

HNOj ., 
H3PO*, Fe 

Fe++, *HN03 

HN03 

*HN03 

HN03 

Coi 

1 

1 
3 

-

1 

-

1 
1 

1 

1 
3 

1 

1 

1 

1 

*These'analyses are required for oritioal mass control and are not 
to be omitted without the supervisor's approval. 

**'Qualitative test run by AMU operator. 



PUREX PLANT 
202-A BUILDING CRIB AND EFFLUENT SAMPLE SCHEDULE 

THORIUM OPERATION 

Sample 
(Computer 
Design=) 

216-A10C 

216-A30C 

216-A36C 

Stream 

Process 
Condensate 

Steam 
Condensate 

Ammonia 
Scrubber 
Waste 

Sample Point 

A5 Proportional 
Sampler 

Japanese 
Proportional 
Sampler Near 
Crib 

Proportional 
Sampler 
Station 
So. of 202-A 

Batch(6) 

Code 

1 

3* 

1 

3* 

1 

3* 

TK-U3 & 
TK-U4 

Lab Waste 
(to 216-
A27 ) 

Sample 
Gallery 

1 

3* 

Analyses and Computer 
Output 

U, pH, U2J3. Th, Total 
3, fu, Comp. 
Dissolved Salts, u, 
U 2 3 3, Th, Pu. Total 3/ 
pH, N03"# Cs*

37, Ru 1 0 6, 
Co10 

U, U 2 3 3, Pu, Th. Total 
8, Comp. 
Dissolved Salts, U, 
U 2 3 3, Pu, Th. TB. 
pH, N03~, Cs

l 3 7, 
Ru*06, Co60 

Total 0, Comp.rU,Pu,pH, 
U 233 , Th, Dissolved 
Salts 
Dissolved Salts, U, 
U*33, PU, Th, Total 
0, pH, N03", Cs

1 3 7, 
Ru1*6, Co60, C e l"\ 
Sb 1 2 5, Pm1*7 

U, U 2 3 3, Pu, Th, Total 
3, pH, Comp0 
Dissolved Salts, U, 
U 2 3 3, Pu, Thf Total 3, 
pH. NO3-, Cs 1 3 7, Ru106, 
Co10, Sb{as 

Frequency• 

One/Week 

2 Mo. Comp. 

One/Week 

2 Moa Comp. 

One/Day 
During 
Operation 

Every Batch 

2 Mo. Corap* 

*0n Lab Request Only. (Performed by BNW) „ 

NOTE: Two samples required for all crib and effluent samples, (One for Lab, Sample and 
one for composite.) 



PUREX PLANT 
202-A BUILDING CRIB AND EFFLUENT SAMPLE SCHEDULE 

THORIUM OPERATION 

Sample 
(Computer 
Designc) 

TK-216-A2 

C-Sew 

Pump Pit 

S-Flu 

Stream 

Misc. 
Wastes 

Chem 
Sewer 

Cooling 
Water 

Stack 
Flush 

Sample Point 

Vacuum Sampler 
Above Tank 

* 

Japanese 
Proportional 
Sampler 
NE - 202-A 

241A-201 
Pump Pit 

TK-216-A2 

Batch(6) 

Code 

1 
3* 

1 

3* 

1 

3* 

1 

Analyses and Computer 
Output 

Total 8, pH, Compa 
Dissolved Salts, U, 
U 2 3 3, Pu, Th, Total 
3, pH, N03~, Cs

1 3 7, 
Ru l™, Co60 

U, U 2 3 3, Pu, Th, 
Dissolved Salts, pH, 
Cd++, Total 3» Comp. 
Dissolved Salts, U, 
U 2 3 3, Pu, Th, Total 
S, pH, N05", Cs

1 3 7, 
Ru1*6, Co10, Cd++ 

Total 6, U, U 2 3 3, Pu, 
Th, pH 
Dissolved Salts, U, 
U 2 3 3, Pu, Th, Total 
8, pH, N03~, Cs

1 3 7, 
Ru1*6, Co60 

Total 6, U, U 2 3 3, Pu, 
Th, pH, Dissolved 
Salts, Comp. (NOTE: 
Comp. Sample to be 
added to TK-216-A2 
Comp.) 

Frequency 

Every Batch 
2 Mo. Comp. 

One/Week 

2 Mo. Comp. 

One/Week 

Every Batch 

*0n Lab Request Only. 

NOTE} Two samples required for all orib and effluent samples; 
and one for composite.) 

(One for Lab. Sample 



PUREX PLANT 
202-A BUILDING CRIB AND EFFLUENT SAMPLE SCHEDULE 

THORIUM OPERATION 

Sample 
(Computer 
Designo) 

U8 

P-Cond. 

203-AS 

Stream 

Fractionator 
Overheads 
(To A9 ) 

Sample Point 

P Tank Coil 
Condensate 

203 Area 
Sumps 

203 Area 

203 Area 

Batch 
Code 

(6) 

1 

3* 

1 

1 

Analyses and Computer 
Output 

U, U 2 3 3, Pu, Th, Total 
B, pH 
Dissolved Salts, U, 
U2'3, Puf Thf Total 
0, pH, N03", Cs

1 3 7, 
Ru1*6, Sr90, I1*1, 
Caf Co

60 

U 

U, Th, Nitric 

Frequency 

One/Week 

2 Mo. Comp. 

One/Week 

Every Batch 

*0n Lab Request Only. 

NOTE: Two samples required for all orib and effluent samples, 
and one for composite.) 

(One for Lab. Sample 
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PUREX PLANT 
STARTUP SAMPLE SCHEDULE 

THORIUM OPERATION 
The following samples and frequencies are recommended for plant startup 
control, in addition to the routine sample schedule. Sampling of each 
point should be started as the product level starts to increase at this 
point and should be continued until the shift supervisor and process 
control engineer are satisfied with the results. (NOTE: These sample 
points are "hatched" in the computet under Code 2). 
1„ To be sampled once per hour: 

a. J8-1BT - Visual 

b„ K4-2ET - Visual 

2. To be sampled every two hours: 

a. H2.-HAW - HN03, Th, U
233 

b. J22-2AW/2NW - HN03, AT , visual 

c. L1-3AW/2AW - HNO3, AT , visual 

d. K2 - 2DW - HNOa, Th , visual 

3, To be sampled every four hours: 

a. IBX/1CX - HNO3 

b. 1CX/HCX - HN03 

Co 2EX - HNO3 

d. H3/1CW -AT, Visual 

eu K3/2EW -Th, Visual 



1 1 5 ARH-2127 

ROUTINE STREAM SAMPLE RESULT PRIORITIES 

Priority I 

The following sample analyses should be handled on a- rush basis„ 
The results are essential for critical mass and product loss 
control. Note, to Samplers: These samples should be taken first 
and delivered to the lab immediately. 

H2-HAW Th 
K2-2DW 0. .Th 
J1-1UC ..AT (twice/shift) 
J22-2AW/2NW....AT (twice/shift) 
L1-3AW/2AW AT (twice/shift) 

P r i o r i t y I I 

H 2 - H A W * . . . . . . . . . . . . . . . HNO3, U-233 
J1 -1UC. .HNO3 

J3-1BXF. .AT, Th 
J 7 - l B U a u . . . . . „ „ . . „ . , . . „ .0 .AT/ Th 
J 8 - 1 B T . AT, Th 
J22-2AW/2NW . .. ..HNO3 
J23-2BW/2PW, . .AT 
L1-3AW/2AW. »HN03 
L2-3BW/2BW. ...... AT 

1BX/1CX„ .HNO3 

Priority III 

All other analyses. 
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APPENDIX G 

PUREX ANALYTICAL LABORATORY QUALITY CONTROL PLAN FOR 1970 THORIA CAMPAIGN 

SECTION A 

THORIA QUALITY CONTROL 

This report w i l l describe and detai l steps taken to provide accurate know
ledge of Input and product solutions during thoria processing. This plan 
w i l l : (1) establish or ident i fy those procedures and controls to be used 
in the analysis o f specif ied samples; (2) establish and define the means to 
determine and maintain the accuracy, precision and r e l i a b i l i t y of the 
specified measurements; and (3) establish and define responsib i l i t ies for 
the various qual i ty control functions. The plan is based on the pol ic ies 
and def in i t ion of responsib i l i t ies as stated 1n At lant ic Richfield Hanford 
Company Operating Instruct ion 4 . 7 . 1 . 1 , dated May 28, 1968. 

INPUT SAMPLE SUMMARY 

After dissolution of the dejacketed slugs has taken place, the solution is 
moved forward batchwise to TK-D5 before entering the solvent extraction sys
tem. Samples of the D5 material are analyzed to determine the amount of 
uranium and thorium put into the plant and to determine the qual i ty of that 
mater ia l . The o f f i c i a l amount of material charged into the plant is deter
mined by Douglas United Nuclear, Inc. calculat ions. 

INPUT ACCOUNTABILITY 

Input accountabil i ty w i l l be determined using the fol lowing analyt ical pro
cedures : 

Thorium by PAL AP Th-001 - ThXR-lA 

X-ray emission spectrography is used for qual i ta t ive and quanti tat ive analy
sis of thorium. High energy primary X-rays are emitted from a target tube 
and str ike the sample causing an electron to be ejected as a quanta of 
energy, which is character ist ic for each element. This primary energy and 
secondary-radiation character ist ic of the elemental composition of the 
sample is measured. 

Uranium-233 by a composite of modified procedures. Uranium-233 w i l l be 
analyzed using the theory and name of PAL AP Pu-001, PuA-6b + AEA. D i f fe 
rences between procedure and practice: 

1. Theory-233U is determined rather than plutonium. 

2. The interference of thorium rather than uranium is taken care of by 
applying a correction for i t s alpha counts. 

3. Collodion w i l l not be used on the ' iscs. 

4. The addition of an alpha energy analysis w i l l be required. 
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Alpha Energy Analysis 

Alpha energy analysis w i l l be based i n part on theory found in PAL AP Np-007 
and PAL AP AE-0O1. Calculations are based i n part on theory of PAL SOP 5.16. 
Calculations for 233U w i l l be in the computer and a t the clerk 's desk. 

Specific Gravity by PAL AP SpGr-003 

A drop of the sample of accurate volume is allowed to f a l l through an 
accurately measured distance in a column of a calibrated immiscible organic 
l iquid medium of sl ight ly lower specific gravity than the drop. 

Sample Validity by PAL SOP 6.2 

A specific gravity determination (as above) is made on each sample received 
and compared with Purex Operations board specific gravity. The range 
between the two is used to determine the val idi ty of the sample. 

Accountability Analysis Frequency 

Thoria and 233U accountability analyses wi l l be performed in duplicate with 
standards in duplicate. Range between duplicate thorium analyses should be 
<_ 2.5 percent. Range between 233U duplicate analyses should be £.5.0 per
cent. Specific gravity analyses w i l l be made single determination and 
compared with Purex Operations Board SpGr. Range between PAL and PO speci
f i c gravity determinations are set forth 1n PAL SOP 6.2. All accountability 
analyses (Tfr, 233U and SpGr) w i l l be refereed (run as the original by a 
second person). Thoria and 233U referee limits are 2.5 and 5.0 percent 
respectively of the original average. Laboratory specific gravity referee 
l imits are .003 specific gravity uni ts. All accountability analyses are 
corrected for standard recovery. 

Input Material Quality 

Input material quality w i l l be determined as follows: 

Ni t r ic Acid by PAL AP H-008, HVC-2A 

The sample is placed in solution of complexing agents, which prevent metal 
ions present from hydrolyzing; this makes i t possible to t i t r a te only the 
free acid. This analysis may be required on each valid 05 sample to deter
mine conformity with process specifications before other analyses are 
performed. 

Alpha Total by PAL AP Pu-OOl PuA-6b 

Total alpha emission is determined radiochemically by transferring an a l i 
quot of the sample direct ly onto a 22 mm stainless steel disc, drying, 
flaming and measuring on a standard Alpha Simpson-Proportional Counter. 

/ \ 
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Gamma Energy Analysis by PAL AP G-001, GE-1A 

Gamma photons are absorbed 1n a Lithium-Drifted Germanium Detector and pro
duces a voltage pulse proportional to the energy of the photon. This vol
tage pulse is analyzed and stored according to i ts energy. Quantitative 
statements are based on the number of counts in a given energy range. 

Plutonium by PAL AP Pu-003, PuA-20A 

Acidity and heat are used to destroy colloidal and polymeric forms of pluto-
nium. The Plutonium valence is adjusted, Plutonium is extracted into TTA, 
mounted on stainless steel discs arid counted on an ASP counter. 

Iron by PAL AP Fe-002, FeS-lb 

Iron is reduced to the ferrous state. Ortho-phenanthroline is then added 
and forms a colored complex, the sample is then read spectrophotometrically. 

Fluoride by PAL AP F-003, PSE-lb 

The sample is placed in a high concentration of phosphate ion to complex the 
metal ions and release the f luoride. The potential of the fluoride specific 
ion electrode versus a reference electrode is used to calculate fluoride 
concentration-

Aluminum by PAL AP A!-002, AlS-lb 

Oxine reacts with aluminum to form a yellow complex which is quantitatively 
extracted into xylene and read spectrographically. 

Uranium Total by PAL AP 14.90-1, U-1X 

Uranium is quantitatively retained on an anion exchange column, separating 
i t from thorium and fission products. The uranium is eluted, mounted on a 
platinum dish fused with a Na-LiF flux and read on a fluorimeter. 

Uranium-Isotopic Analysis 

The elutant from PAL AP 14.90-1 is analyzed for isotopic content by Plutonium 
Finishing Analytical Laboratory. 

* Quality Analyses Frequency 

Each batch of D5 material is analyzed, as above, to determine n i t r i c acid 
concentration, alpha t o t a l , gamma emitting isotopes, plutonium concentration 
and tota l uranium concentration. A f ive batch composite is made i 1 ml 
from each D5 batch during that time. The f ive batch composite i^ zed, 
as above, for i ron, f luoride, aluminum and uranium isotopic concent -ion. 
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SECTION B 

THORIUM PRODUCT 

SUMMARY 

After decontamination and final concentration, the thorium product is moved 
batchwise to TK-K6. The solution is analyzed to 'determine the quantity 
and quality of thorium before the solution 1s removed from the plant. 

THORIUM PRODUCT 

The thorium product will be analyzed to determine the amount and quality of 
the thorium being recovered. Thorium and specific gravity analyses are used 
for accountability measurement. Other analyses noted in this section are 
used to determine product quality. 

ACCOUNTABILITY MEASUREMENT 

Thorium by PAL AP Th-001 , ThXR-lA 

X-ray emission spectrography is used for qualitative and quantitative analy
sis of thorium. High energy primary X-rays are emitted from a target tube 
and strike the sample causing an electron to be ejected as a'quanta of 
energy. This primary energy and secondary radiation characteristic of the 
elemental composition of the sample is measured. 

Specif ic Gravity by PAL AP SpGr-003' 

A drop of sample of accurate volume is allowed to fall through an accurately 
measured distance in a column of a calibrated immiscible organic liquid 
medium of slightly lower specific gravity than the drop. 

Accountability Measurement Frequency 

Thorium accountability analyses (Th by ThXR-lA and SpGr by DZ-la) are done 
in duplicate with standards also in duplicate. The results are corrected 
for standard recovery. All product accountability analyses are refereed. 
The referee program will cover only the product accountability analyses and 
will be performed as the original by a second person. 

Duplicate thorium analyses (ThXR-la) should have a range of <_2.5 percent. 
Referee results should be within 2.5 percent of the original T. Specific 
gravity duplicate analyses should have a range of <_ .003 specific gravity 
units. Referee results should be within 2.5 percent of the original x. 

All accountability analyses are corrected for standard recovery. 

Thorium product quality will be determined as follows: 

Nitric acid by PAL AP H-008, HVC-2A. 
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Uran1um-233 by PAL AP 14.90-1, U-1X (AT mount). 

Uranium Total by PAL AP 14.90-1, U-1X (UF mount). 

Alpha Total by PAL AP Pu-001, PuA-6b. 

Plutonium by PAL AP Pu-003, PuA-20A. 

Gamma Energy Analyses by PAL AP G-001, GE-1A. 

Thorium-234 by PAL AP G-001, GE-1A. 

Summaries of the above methods may be found under input analyses. 

Chloride by PAL AP. 

Sulfate by PAL AP S04-002, S04-1A 

Interfering ions are removed from the sample using appropriate organics. 
Sulfate is completed by adding BaCl2 in excess. The excess is extracted 
with TTA in hexone, stripped into 1 M HN03 and measured using the flame 
spectrophotometer. ~" 

Total Metal Impurities 

Total metal impurity (TMI) analysis is performed by PFAL. Probable results 
w i l l cover aluminum, boron, beryllium, bismuth, calcium, cadmium, cobalt, 
chromium, copper, i ron, potassium, l i th ium, magnesium, manganese, sodium, 
nickel, phosphorus, lead, si1 icon : t i n and zinc. 

This l i s t does not cover a l l analyses that may be done, nor is i t intended 
that a l l elements w i l l be reported. 

Quality Measurement Frequency 

Each batch of K-6 is analyzed to determine n i t r i c acid, 2 3 3 U, total uranium, 
alpha t o t a l , plutonium and gamma emitting isotope concentrations. 

A f ive batch composite is used for chloride, sulfate, total metal impurities 
and 234Th determinations. 

i 
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SECTION C 

233U PRODUCT 

SUMMARY 

After decontamination and final concentration, the 2 3 3U product 1s moved 
batchwlse to TK-19. The solution 1s analyzed to determine the quantity and 
quality of uranium before the solution 1s removed from the plant. 

ACCOUNTABILITY MEASUREMENT 

Uran1um»233 product accountability measurement wi l l be determined as follows: 

Uran1um-233 by PAL AP U-007. UC-2A 

Uranium 1s determined by the exchange of electrons between a mercury pool 
and an electrolyte which contains the sample. The method 1s based on the 
exact measurement of the quantity of electr ici ty passed through the solu
tion during the reaction. 

Specific Gravity by PAL AP SPG-003, DZ-1A 

A drop of the sample of accurate volume 1s allowed to f a l l through an 
accurately measured distance 1n a column of a calibrated Immiscible organic 
liquid medium of a slightly lower specific gravity than the drop. 

Accountability Measurement Frequency 

Uran1um-233 accountability analyses (UC-2A and DZ-1A) are done In duplicate 
with standards also done 1n duplicate. All product accountability analyses 

• are refereed. The referee portion of the program wil l cover only the product 
accountability analyses and wil l be performed as the original by a second 
person. Duplicate uranium analyses should have a range of 1.8 percent, 
referee range should be'2.0 percent of the original average. Duplicate 
specific gravity analyses should have a range of .002 specific gravity units, 
referee range, should be .003 SpGr units. 

All accountability analyses are corrected for standard recovery. 

Uran1um-233 Quality Measurement 

Material quality wil l be determined as follows: 

Alpha Total by PAL AP Pu-001 (modified) PuA-6b. 

Nitric acid by PAL AP H-G08, HVC-2A. 

Gamma Energy Analysis by PAL AP G-001, GE-1A. 

Protactinium by PAL AP 14.90-1 followed by PAL AP G-001, GE-1A. 
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Uran1um-232 by PAL AP's Pu-001 and AE-001 (both modified). 

PuA-6b and AEA-1A. 

Thorium by PAL AP 14.90-1, U-'IX. 

Total metal Impurities* by Plutonium Finishing Analytical Laboratory. 

Isotoplc Analysis by Plutonium Finishing Analytical Laboratory. 

Summaries of the above methods may be found under Input Analyses. 

*Under ThoHa QC. 

Sodium by PAL AP Na-001, NaFS-lA 

The sample is aspirated Into an 02-H2 flame. Spectral lines (characteristic 
of elements present) of the emitted l ight are separated by an optical system. 
Intensity of certain spectral lines 1s measured with a photodetector to 
determine concentrations. 

Iron by PAL AP Fe-003, FES-le 

Al l iron in the sample is reduced to the ferrous state, fthich forms a 
colored complex with ortho-phenanthrollne. Uranium interference 1s corrected 
for by preparing a "blank" containing an amount of uranium equal to the sam
ple. Iron concentration 1s determined spectrophotcmetrlcally by measuring 
absorption at 510 mu. 

Neptunium by PAL AP Np-015. NpA-6c 

Neptunium-237 1s separated from other alpha emitters using thenoyltr l -
f1uoroacetone (TTA) and tr1-iso-octylamine (TIOA), mounted and alpha counted. 

Mercury w i l l be determined using a spectrophotometer method. 

Tungsten w i l l be determined using a spectrophotometer method. 

Fluoride by PAL AP F-003, FSE-1A. 

Chloride and bromide wi l l also be determined. The method of determination 
is not f i n a l . 

Quality Measurement Frequency 

Each batch of L9 solution 1s analyzed to determine total alpha emitter, 2 3 2U, 
n i t r i c add , gamma emitting Isotope, protactinium, thorium, sodium and iron 
concentrations. Total Metal Impurity and Isotopic Analyses are performed by 
Plutonium Finishing Analytical Laboratory on each batch of L9 material. 
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SECTION D 

GENERAL LABORATORY QUALITY CONTROL 

STANDARDS 

Analytical standards, used for this plan are prepared by the Technical Ser
vices Section Standards Laboratory. The standards used for this plan, with 
the exception of the specific gravity standard, are synthetic solutions 
simulating plant solutions. 

The specific gravity standard 1s obtained from TSS Standards Laboratory and 
1s similar to plant material only 1n specific gravity characteristics. It 
does not simulate a plant solution. 

For additional Information, see ARH-1494, "Standards Used In the LSR Pro
gram" . 

EQUIPMENT CONTROLS 

Diluent Dispensing Burets 

Dispensing equipment, which is used to provide known volumes of sample 
diluents, will be calibrated every six months or as necessary due to equip
ment failure. The calibration 1s performed according to Purex Analytical 
Laboratory SOP No. 4.62 as described below. 

Dispensing equipment is calibrated by weighing a liquid dispensed from the 
equipment at a given temperature. The volume dispensed by the equipment 1s 
calculated from the weight and specific gravity of the liquid. 

Coulometer 

At least once each six months, the coulometers in service are calibrated 
oyer the analytical ranges used and calibration factors calculated for the 
isotope concentrations in the material being processed. These factors are 
posted on the instrument and at the calculator's desk. 

Calibration is made by connecting 100.I5 ohm test cell to the rear of the 
coulometer in place of the sample cell lead. The potential across the test 
cell is measured with a millivolt box. If the potential varies beyond one 
percent of previous calibration, equipment repair 1s performed. 

Specific Gravity Equipment 

1. Drop size of sample is measured with a manostat. 

The manostat uses an accurate gear drive to expel liquid in a hydraulic 
system. 

2. Temperature of the system 1s measured to 0.1 °C by a calibrated thermo
meter. 
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3. Standardized fa l l ing drop media obtained from TSS Standards Laboratory 
1s used 1n the specific gravity equipment. 

pH Meter 

Commercial buffers pH 7 and 4 are used to calibrate and determine linearity 
of the pH meter. The pH meter 1s checked once/shift. 

Plpets 

A random sampling of all plpets used by Purex Analytical Laboratory 1s made 
to assure that pipets are within established tolerances. For 50 and TOO 
lambda plpets, the tolerance 1s +.0.3 percent. Calibrated plpets are within 
.005 lambda of their stated value. 

Alpha Counting Instruments 

1. ASP Counters are operated according to PAL SOP 5.04. The procedure 
lists steps required for proper performance of the Instrument, Including 
positioning of sample and counting times. 

2. Instrument control 1s maintained according to PAL 5.03, 5.05 and 5.08. 
AP 5.03 describes the checks'required by each shift (three per day) 
before the Instrument 1s used and further actions to be taken 1f the 
Instrument fails a check. AP 5.05 describes correlation and control 
tests to be made when an instrument 1s placed Into service and at sche
duled Intervals during Its use. AP 5.08 - Shift Standard Tests and x" -
this test 1s designed to indicate any change 1n counting efficiency or 
detect erratic Instrument fluctuations. 

Alpha Energy Analysis Equipment 

Alpha Energy Analysis Equipment 1s operated according to the theory of PAL 
SOP's 5.20, 5.21 and 5.27. These SOP's give a general description of the 
physical Instrument, functional components, operational procedure and 
method of calculating results on a prototype Instrument. 

Spectrophotometric Instruments 

OK-2 - This instrument is operated according to PAL SOP 5.18 and 5.19. 
These procedures cover the physical description, functions, set-up and 
operation of.the Instrument covering both samples and standards. 

DU Flame Spectrophotometer - This Instrument is operated according to PAL 
SOP 5.28. The procedure covers operation of the Instrument and covers stan
dards which are run with each sample. 

X-ray Fluorescence Equipment - XRD-6. SOP 5.34 covers the component func
tions of the instrument and explanations, both theoretical and actual, of 
its uses. 
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Control Plan 

The validity of each sample will be assured by using PAL SOP 6.2. See IV 
A-2. 

Analytical method precision and accuracy will be determined using LSR Pro
gram document ARH-9. The minimum required standard frequency 1s determined 
from ARH-242. The laboratory Standards and Referee Program report 1s Issued 
monthlyi quarterly and (on request) yearly. These reports are described 1n 
ARH-242, section 3.1 and ARH-9. ARH-9 describes methods used to evaluate 
the precision and accuracy of the measurements produced by Purex Analytical 
Laboratory. ARH-242 defines the minimum requirements of the Laboratory 
Measurements Quality Control Program and assigns component responsibilities 
for performing the various parts of the program. Reports Issued by TSS will 
provide the demonstration of the reliability of the Chemical Processing 
Division's analytical measurements. 

Ni ibers generated by the laboratory will be governed by PAL SOP's 8.3 -
Calculating and Reporting Limits and 4.2 - Rounding Numbers. 

Limits for laboratory analyses are established using a yearly LSR report. 
Results falling to meet requirements are checked as stated 1n letter 3-21-69, 
"Out of Limits Standards" to all PAL Supervisory personnel. 

In addition to established limits, noted analyses are governed by the fol
lowing actions. 

See Accountability end Quality Measurement Frequencies under Individual sam
ple point Q.C. Plans covered earlier. Also see Thorla Standard Frequency 
below. 

Action 1n Event of Loss of Control 

Specific Gravity 

1. Check plpeter - This can be done using PA' SOP's 6.1 and/or 4.62. 

2. Check falling drop equipment - check manostat, temperature and falling 
drop media. 

3. Establish that the analytical system 1s 1n control - The system 1s con
sidered 1n control 1f three determinations by one person or single 
determinations by two people are within specified limits. (Established 
through LSR). The percent precision of the average determined from 
12 months data 1s used to establish limits for laboratory performance. 

Sample Validity 

1. Rerun or resample - A resample 1s 1n order after 1t has been determined 
that a valid sample was not received. (See SOP 6.2 for D5). 

2. Check plpeter - According to PAL SOP's 6.1 and 4.62. 
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Individual Analyses 

1. Rerun analysis - Results of a valid sample that fall out of established 
limits demand a rerun. 

2. If analysis remains out of control, corrective action 1n the form of 
method or equipment Investigation or process variations are required. 

3. Establish that system 1s 1n control. 

9 
Modifications to the Plan 

Changes will'be necessary to this plan as new data process requirements or 
method developments occur. These changes will be initiated with the approval 
of the Purex Analytical Laboratory Manager. Addendums to this plan will be 
used td document such changes but need not necessarily precede Implementation 
of the change. 

Responsibilities 

The Purex Analytical Laboratory Manager will have overall responsibility for 
the operation of the analytical portion of this plan. Any delegation of 
specific responsibilities for the application of this plan shall be by writ
ten communication. 

The Purex Analytical Laboratory Manager, or his appointed delegate, will have 
the responsibility for reviewing this plan at a minimum frequency of once 
per quarter. 

The Purex Analytical Laboratory shift supervisors will be responsible for 
the collection and analysis of data to assure proper plan control and will 
take corrective action as specified in the plan. 

The Quality Control Chemist is responsible for monitoring laboratory quality 
control performance by use of the LSR and the inclusion of charts, tests, 
etc., as deemed necessary. He is responsible for actions to correct long 
term out of control conditions and to maintain control conditions. 

The Process and Methods Chemist is responsible for providing the technologies 
required to measure.required material analyses and coordinate technological 
changes with SCL. 
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APPENDIX H 

PUREX ANALYTICAL LABORATORY THORIUM SCHOOL OUTLINE' 

Monday - June 8, 1970 J 

8-9 Introduction 
9-1030 Process Flowsheet - Van der COOK 
Break 
11-12 LSR Program (PAL QC Guide) - Abercrcnb.ie 
Lunch 
12U5-1'H5 Interpretation of Data - Don Shepard 
Break 
lk30-1600 Standard Make-up - Don Rochon 

Tuesday 

8-9 IBM 1800 - Atterberry 
9-1030 Process Flowsheet (Cont'd.) - Van der Cook 
Break 
11-12 LSR and S u p e r v i s o r ' s Rol l -- Abercrombie 
Lunch 
12U5-1U15 F~ Analyses and Coulometric Analyses - Weiss 
Break 

lk30-1600 C r i t i c a l Mass - JD Anderson 

Wednesday 

8-9 U-1X Procedure - Anderson 
9-1030 Process Flowsheet ( C o n t ' d . ) - Van der Cook 
Break 
11-12 D5 Th Feed QC - Abercrombie 
Lunch 
121*5-12*15 CI, Br Analyses - ML Oliver 
Break 
lb 30-1600 Ganuna Scan Analyses - GT Furner 
Thursday 

8-9 T0P0 Procedures - Anderson 
9-1030 Process Flowsheet (Con t ' d . ) - Van der Cook 
Break 
11-12 K6 Th Product QC - Abercrombie 
Lunch 
12U5-1U15 Gamma Scan Lab - GT Furner 
Break 
1U30-1600 'Alpha Energy Analyses - Anderson-
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Fr iday 

3-9 
9-1030 
Break 
11-12 
Lunch 
12»»5-1 ''15 Hg, W, A3 - ML Oliver 
Break 
1*130-1600 XRD-Training - MJ PCupfer 

ThS-lx Procedure - Anderson 
Process Flowsheet ( C o n t ' d . ) - Van der Cook 

L9 U-233 Product QC - Abercrombie 



APPENDIX I 

1H0B.IUM 'DRAWING INDEX (Bef, B.-2~6l850) 

PIPING-

Jumper Assemblies (Hev) 

H-2-6^707 F Cell Arrangement 
H-2-61V708 F-T9T-(E-Fll-l)W & F-T92A- T92B 
H-2-6U709 F-T107-(E-F11-2)C 
H-2-6U710 F-1-(TKF10)A (Alt) 
H-2-6U711 Steam to Tube Bundle 
H-2-6K712 F-G108-(E-F11-1)-J & J-G1E-

(E-J8-l)-J 
H-2-6U713 D-T27-T30 
H-2-6U711* - D-T7-(TK-Dl*)-T 
H-2-6U717 ,F-3-2 
H-2-6U718 F-Glll-5 

H-2-6U719 F - M E - F I I - I ) K 

H-2-6H126 F-G103-(E-F11-1)D 
H-2-6U727 - F-(E-F11-1)F-(TKF12)H 
H-2-6U728 F-G100-(E-Fll-l)C 
H-2-6U729 F-T92B-(E-Fll-l)B 

H-2-6U731 F-G99A-(E-FU-1)K 
H-2-6^735 F'-G95-(E-Fll-l)BB 
H-2-6U736 F-T138-T1U1 
H-2-6U737 F-T120-T127 
H-2-6»*739 D-T10-(TKDl|)-PDU 
E-2-6hjk0 D-Gl6"-2 
H-2-6U7U1 D-T8-(TKD5)R 
H-2-6U71*2 D-T8-T3 (Alt) 
H-2 -6W3 F-G89-(E-F11-1)CC 
^ 2 - 6 ^ 7 ^ J-(TJ6)F-(TJ7)G 

H-2-6U7^5 J-G53-3 
H-2-6U7^6 J-TlI«-(TJ7)J 
H-2-6U7H7 J-10-11 
H-2-6U7U8 E-TU7-T36 
H-2-6U7U9 F-T137-(TKF7)L 

H-2-6ll750 F-G32- (TKF16 ) A 
H-2-6603U Flushing Head Jumper for Dissolver 

Cone 
H-2-66155 J-G97-(TK-J5)-E 

Jumper Assemblies (Existing) 

H-2-53550 E-Tl8-(TKE5)M (Alt) 
H-2-5360fc F-Tl6l-(TKF3)P & F-T79-(TKF12)R 
H-2-53622 E-T50(TK-El)P 
H-2-53667 Cooling Water Out (F-T92,T91,T90) 
H-2-53688 F-T93-(E-F11-2)B 

H-2-53701 D-G19-(TK-DU)-PDl* 
H-2-53921 Cooling Water in (F-G107,G106,G105) 
H-2-53950 F-G98A-(E-F11-1)EE 
H-2-53999 F-(E-FH-l)DD-(TKF12)j 
H-2-5^001 F-G97-8 

H-2-^1»017 
H-2-57199 
H-2-57206 
H-2-57207 
H-2-571»63 

H-2-6U519 
K-2-572k5 
H-2-58235 
H-2-58236 
H-2-58239 

H-2-582l»0 
H-2-582U2 
H-2-582l»6 
H-2-582U9 
H-2-58601 

F-T86-(E-Fll-l)AA 
F-T121-T122 
H-G30-3 
H-G28-2 
D-G19-DU 

H-G59-(TH2)A 
R-Tk-T5 
F-(E-Fli-l)TT-UU 
F-G112-(E-F11-1)X 
F-(E-F11-1)M~J 

F-(E-Fll-l)S-WW 
F~G110A-(E-F11-1)3S 
F-G101-(E-FU-l)RR 
F-(B-F11-1)JJ-LL 
J-T62-T52 
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PIPING (Continued) Page 2 

H-2-58621 

H-2-58671^, 
H-2-59121, • 

H-2-59189 
H-2-59652 

H-2-59928 
H-2-60003 

H-2-60122 
H-2-61852 
H-2-61853 

H-2-6l85l» 
H-2-61856 
H-2-61857 
H-2-61863 
H-2-61865 

H-2-61868 
H-2-61869 
H-2-61870 
II-2-61871 
H-2-61873 

H-2-61876 
H-2-61878 
H-2-61879 
H-2-61880 
H-2-61881 

H-2-61883 
H-2-6l881» 

H-G63-(TH2)CC 
F-(TKFl6)M-10 (Alt) 
A-G6-(A3-1)BR, B-G6(B3-l) BR & C-G6-
(C3-1)BR 
D-Tl8-(TK-D3)-U (Alt) 
F-G109-7 & FG19U-J-M 

E-T38-(TKE3)M (Alt) 
A-T2(TKA3)A, B-T2-(TKB3)A, & 
C-T2-(TKC3)A 
D_T13_(TK-Dl»)R (Alt) 
J-GllO-1 
Wt. Factor, Sp. Gravity & Diff. 
Press (Dissolvers) 

C-T8(TK-C3)AF 
J-T21-2 
J-T31-(PGJ6)A 
H-TM-(TH2)U 
J-Tl6-(TJ6)E 

J-T23-(TJ7)K 
J-T2U-T25 
J ^i*6-(TJ2)AN • 
J-U112-5 
J-T*t5-T50 

J-T31-(PGJ7)A 
H-G37-(TH3)G 
H-T21-(TH3)E 
H-T20-(TH3)K 
H-9-(THU)V 

H-(TH3)F-9 
J-T23-7-8 

Piping General 

H-2-357^3 U-233 Transloading Station - Over 
Center Latch 

H-2-61888 "N" Cell Loadout Hood Arrangement 
H-2-61891 P&O Gallery Piping Modification Plan 
H-2-61892 P&O Gallery Piping Isometric Details 
H-2-61898 "N" Cell Loadout Hood (Sheet 1) 

•H-2-61898 "N" Cell Loadout Hood (Sheet 2) 
H-2-619OO Loadout. Head Tank 
H-2-61902 Cation Exchange Column 
H-2-63U51 U-233 Loadout Vessel - L13 
H-2-6U701 Piping Modification P&O Gallery and 

AMU Plan 

H-2-61»702 P&O Gallery Piping Isometric Details 
H-2-61+70U "N" Cell Loadout Hood Piping Arrange

ment 
H-2-61»705 Sectionalized Concentrator Remote 

Coil 
H-2-61/706 Sectionalized Concentrator Hemote 

Jet & Flange 
H-2-6^723 U-233 Transloading Station-Plans & 

Details 

H-2-61»72U U-233 Transloading Station-Bottle 
Transfer Arrangement & Details 

H-2-61*725 "N" Cell Piping Modifications 

Instrumentation & Engineering; Flov Diagrams 

H-2-61885 U-233 Concentration & Load Out 
H-2-6*1903 First Decontamination and Partition 

Cycle 
H-2-6190U Second Thorium Cycle 



PIPING ( 

H-2-61905 Second Uraniura~233 Cycle 
H-2-6190'6 Third Uranium-233 Cycle 
H-2-61907 Waste Processing.& Acid Recycle 

(Sheet l) 
H-2-61907 Waste Processing & Acid Recycle 

(Sheet 2) 
H-2-61908 Caustic Dejacketing 

H-2-61909 Thoria Dissolution 
H-2-61t700 Sectionalized Concentrator 

(E-Fll-1) & (TK-F12) 

Instrument 

H-2-61916 Graphic Panels Bl, B2, & B3 Piping 
& Wiring Modifications (Sheet l) 

H-2-61916 Graphic Panels BH, B5, B6, B8 and 
B17 Piping & Wiring Modifications 
(Sheet 2) 

H-2-61916 Panel A3, N-Panel Board & Gl Piping 
& Wiring Modifications (Sheet 3) 

H-2-61917 Cells J,H,N, & P^ Room Impulse 
Piping Arrangement & Details 
iJheet 1) 

H-2-61917 Cells B,C,D, & F Impulse Piping Arrange
ment & Details (Sheet 2) 

H-2-61*756 Instrument Rear Panel Wiring Panel B9 & 
Elementary Diagrams 

H-2-6U757 Central Control Room Graphic Panel B9 
Modifications 

H-2-6U758 ' Graphic Panel B9 Piping Modifications 
H-2-61t759 Cells D & F Impulse Piping Arrangement 

& Details 
H-2-6U76O Transmitter Racks 32, 15 & 32A -

Converter Rack B9 Modifications 

) Page 3 

Electrical 

H-2-61t76l E l e c t r i c a l Plan & Diagrams 

OJ 

A , 
[O 
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APPENDIX 0 

FIGURES 

1 . PUREX THORIUM PROCESS FLOW DIAGRAM 

2 . FLOWSHEET - ALUMINUM CAN REMOVAL 

3 . FLOWSHEET - THORIA DISSOLUTION AND FEED ADJUSTMENT 

4 . FLOWSHEET - CO-DECONTAMINATION + PARTITION CYCLE 

SECOND THORIUM CYCLE 

5 . FLOWSHEET - SECOND AND THIRD URANIUM CYCLES 

6 . FLOWSHEET - NO. 1 AND NO. 2 SOLVENT TREATMENT SYSTEMS 

7 . FLOWSHEET - WASTE CONCENTRATION AND ACID RECOVERY 

8 . PUREX ANNULAR DISSOLVER 

9 . DISSOLVER AIR LIFT CIRCULATOR 

1 0 . HANFORD PUREX PULSE COLUMN 

1 1 . SECTIONALIZED CONCENTRATOR ASSEMBLY 

1 2 . "SLIT-VENT" CAP FOR 2 3 3 U PRODUCT BOTTLE 

1 3 . "DUO-VALVE" CAP FOR 2 3 3 U PRODUCT BOTTLE 

1 4 . ARHCO-BAPL 2 3 3 U SHIPPING CONTAINER 

1 5 . ORNL 2 3 3 U SHIPPING CONTAINER 

1 6 . 2 3 3 U PRODUCT BOTTLE AND STORAGE CONTAINER 

1 7 . 10 FEED TANK TK-G1 

1 8 . TURBOMIXER INSTALLATION 

1 9 . PARTITION CYCLE HYDRAULICS" 

2 0 . 2 3 3 U CONCENTRATION, LOADOUT, AND REWORK FLOW DIAGRAM 

2 1 . CATION EXCHANGE COLUMN T-N50 

2 2 . 2 3 3 U PRODUCT SAMPLE TANK TK-L9 
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23. TYPICAL 95Zr-95Nb/Th RATIOS IN PROCESS STREAMS 
(HAF, 2DF, 2ET) 

24. TYPICAL Ru-Rh/Th RATIOS IN PROCESS STREAMS 
(HAF, 2DF, 2ET) 

25. TYPICAL Pa/Th RATIOS IN PROCESS STREAMS 
(HAF, 2DF, 2ET) 

26. TYPICAL Zr-Nb/233U RATIOS IN PROCESS STREAMS 
(HAF, 1BXF, 2AF, 3AF, PRODUCT) 

27. TYPICAL Ru-Rh/233U RATIOS IN PROCESS STREAMS 
(HAF, 1BXF, 2AF, 3AF, PRODUCT) 

28. TYPICAL Pa/233U RATIOS IN PROCESS STREAMS 
(HAF, 1BXF, 2AF, 3AF, PRODUCT) 

29. TYPICAL 2 3 3U FIRST CYCLE SOLVENT EXTRACTION LOSSES 
(HAW, 1BT, 1CW) 

30. TYPICAL 2 3 3U 2ND & 3RD CYCLE SOLVENT EXTRACTION LOSSES 
(2AW, 3AW) 

31. TYPCAL 2 3 3U SOLVENT EXTRACTION RECYCLE 
(1BSU, 2BW, 3BW) 

32. TYPICAL THORIUM FIRST CYCLE SOLVENT EXTRACTION LOSSES 
( (HAW, 1BU) 

33. TYPICAL THORIUM SECOND CYCLE SOLVENT EXTRACTION LOSSES 
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TABLE I 

PULSE COLUMN DESCRIPTION 

Column 

HA Ext (T-H2) ' 

HA Scrub (T-H2) 

1BX (T-J6) 

IBS (T-J7) 

1C (T-H3) 

2A Ext (T-J22) 

2A Scrub (T-J22) 

2B (T-J23) 

3A Ext (T-Ll^ 

3A Scrub (T-Ll) 

3B (T-L2) 

2D Ext (T-K2) 

2D Scrub (T-K2) 

2E (T-K3) 

10 (T-G2) 

20 (T-R2) 

Diameter 
(Inches) 

26 

26 

32 . 

3k 
31* 

7 

7 

7 

7 

7 
•7 

2U 

32 

3U 

31* 

3U 

Cartridge* 
Height 
(Feet) 

*( 13.2 

18.1 

28 

18 

18 

20 

11 

19.3 

20.9 

9.8 . 

23 * 

13.9 

13.2 

18 

26.3 

26.3 

Operating 
Volume Velocity 

(Gal/hr-ft2) 

620 

685 

650 

235 

U90 

1,735 

U95 

660 

560 

155 

180 

895 

H35 

505 

U85 

kko 

Pulse 
Amplitude 

1.86 

1.86 

0.6l 

1.06 

1.06 

1.1 

• 1.1 

0.75 

1.1 

1.1 

1.1 

1.1 

0.6 

1.06 

0.53 

0.53 

Operating 
Pulse 

Frequency 

50 

50 

50 

60 

52 

50 

50 

1*0 

80 

80 

50 

82 

82 

58 

50 

50 

Interface 
Instrument 
> 

Float 

— 

Float 

Float 

Dip Tubes 

Float 

— 

Float 

Float 

— 

Float 

Float 

— ' 

Dip Tubes 

Float 

Float 

Continuous 
Phase 

Organic 

Organic 

Aqueous 

Aqueous 

Aqueous 

Organic 2 

Organic 

Aqueous 

Organic 

Organic 

Aaueous 

Organic 

Organic 

Aqueous 

Organic 

Organic g 

H 
IO 
-» 

* See Table V for Cartridge Descriptions 



p.! Column ' 
• Cartridge 

HA Ext(T-H2) * 
' • " • * " ' 

HA Scrub(T-H2) 
* 

1BX (T-J6) 
V , ' 

IBS (TrJ7) 
. 

1C (T-H3) 
„ . 

2A Ext(T-J22) . 

2A Scrub (T-J22) 

2B.(T-J23) 

3A Ext(T-Ll) 
3A Scrub(T-Ll) . 
3B (T-L2) 
2D Ext(T-K2) 

2D Scrub (T-K2) 

2E (T-K3) 
. 

10 (T-G2) 
20 (T-R2) 

. 

. 

Plate 
Spacing; In. 

2 

U) 
3 
(a)-

2 
• (a) 

(d) 
(c) . 
(b) 

. 2 

3 

Me) 
Me) 

12(e). 
2 
3 
2 
2 
(a) 

Kf) 
1(f) 
(a) 
(b) 

- (b) 
It 
It 

TABLE II •v. 

PULSE COLUMN CARTRIDGE DESCRIPTION 

Plate 
Material .. 

SS 
SS 
SS 
SS 
SS 
SS 
SS 
SS 
SS 

Pluorothene* 
SS 
SS 
SS 
SS 
SS 
SS 

Fluorothene* 
SS 
SS 
SS 
SS 
SS 
SS 

Fluorothene* 
SS 
'SS 

Fluorothene* 
SS 

Fluorothene* 

Plate 
Type 

Nozzle 
Louver 
Nozzle 
•Louver 
Sieve 
Louver 
Nozzle 
Louver 
Nozzle 
Sieve 
Nozzle 
Louver 
Nozzle 
Louver • 
Nozzle 
Nozzle 
Sieve 
Nozzle 
Nozzle 
Sieve 
Nozzle 
Louver 
Sieve 
Sieve 

-_ Louver 
,Nozzle 
Sieve 
Nozzle 
Sieve 

No. of 
Plates 

58 
k 
61 
It 

138 

6 
7U 
2 

71* 
28 
109 
2 
38 
2 
18 
39 
16 
128 
l»0 

13»» 
51 
k 
6U 
6lt 
3 
7U 
238 
80 
80 

Free Area 
Percent 

23 
23 
23 

- 23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
10 
23 
23 
23 
23 
23 
23 
23 
21 
23 
16 
23 
23 
10 
23 

% 

Nozzle 
Orientation 

Down 

Down 

Up 

Up 

Down 

Down 

Up 
Up 

Down 
Down 

Down 

Up 

Down 

. Hole 
Dia, in. 

3/16 

3/16 

3/16 

3/16 

3/16 
'3/16 
3/16 

3/16 

1/8 
3/16 
3/16 
3/16 
3/16 
1/8 
3/16 

O.085 
3/16 

3/16 
3/16 
1/8 
3/16 

— i 

1 
IV) H 
ro 
- J 

* Trademark of E. I. DuPont De Nemours & Co. for poly-trifluoromonochloroethylene. 
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TABLE II Ccontinued) 

Notes: 

(a) Louver plates are generally located adjacent to the feed distributors 
and at approximately four-foot intervals between. 

(b) The IBS Column and the 2E Column cartridges are composed of four 
different configurations as follows (from bottom up): 

1. Alternate SS nozzle and fluorothene plates; spacing; nozzle 
plate, 3-inch space, fluorothene plate, l/2-inch space, nozzle 
plate, etc. - total height = 30 inches. 

2. Alternately, two nozzle plates and one fluorothene plate; spacing; 
nozzle plate, 3-inch space, nozzle plate, 3-inch space, fluoro
thene plate, 1/2-inch apace, nozzle plate, etc. - total height « 
U-6 inches. 

3. Similar to Item 2, but three nozzle plates and one fluorothene 
plate in each group. Total height - 77 inches. 

k. Alternately, six nozzle plates, and one fluorothene plate in each 
group. Two-inch spacing except 1/2-inch between fluorothene 
plate and next higher nozzle plate, - total height - 50 inches. 

(c) The louver plates are spaced to divide the cartridge into three, 
sections of approximately equal length. 

(d) The nozzle plates in the lower half of the cartridge are spaced 
U inches on centers and in the upper half are spaced 2 inches on 
centers. 

(e) The 2B Column cartridge is composed of three different configura
tions as follows (from bottom up): 

1. A group* of 11 SS nozzle plates, 1/8-inch diameter holes, 10 
percent' free area, with 3-inch spacing. Total height - 3 feet, 
h inches. 

'' y ' 
' 2. Two groups of one fluorothene sieve plate and three SS nozzle 

• plates,fl/8-inch diamster holes, 10 percent free area. Spacing; 
flourothene plate, 2-inch, space, nozzle plate, If-inch space, 
nozzle plate, It-inch space, nozzle plate, 2-inch space, 
fluorothene plaie, etc. Total^height = 2b inches. 

3. Groups of one fluorothene sieve plate and three SS nozzle 
" • plates, 3/l6-incb diameter holes, 23 percent free area. Spac

ing is similar to spacing in the center configuration of plates. 
Total height approximately 13 feet, k inches. 

(f) The 2D scrub section cartridge configuration consists of alternate 
pairs of SS sieve and fluorothene sieve plates. i 
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TABLE I I I 

DESCRIPTION OF TIIORIA TARGET ETiEMKHTC 

Element 
•Length 

( I n . ) 

B Reactor 

OlOT Powder Element 8.885 

C Reactor 

CUT Povder Element 8.885 

K Reactor Core 

* K3T Powder Element 8.885 

K9T Wafer Element 8.885 

K Reactor Fringe 

• KHT Powder Element 8.885 

Element Aluminum Thorium 
Diameter per El'em. per Elem. 
(In.) (11).) (lb.) 

I.UU5 0.22 2.90 

1.U72 0.22 3.00 

1.600 0.26 3.60 

1.600 0.26 3.60 

1.U80 0.22 3.0U 
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TABLE IV 

URANIUM-233 PRODUCT qUALITY 

2 3 2 U , ppmpll (maximum) 
233u, wt. % (minimum) 
231MJ, Wt. % (maximum) 
235u, wt. % (maximum 
2 3 8 U , Wt. % (maximum) 

Total Alpha, d/m/gU (maximum) 
Total Gamma, vc/gU (maximum) 
2 2 8 Th, pc/gU (maximum) 

A l , ppmpU02 (maximum) 
B 
Ca 
Cd 
CI + Br 
Co 
Cr 
Cu 
Hg 
Fe 
K 
Mg 
Mn 
MO 
Na 
Ni 
Np 
P 
Pu 
Si 
Th 
Ti 

W 
Zn • 

Specification 
Limit 

8.0 
97.0 

2.5 ' 
0.1 
0.5 

2.6 x 1010 

22 
.84 

300" 
3 

100 
5 

40 
25 

100 
150 
50 

1000 
200 
150 
50 

100 
300 
200 
100 
150 
150 
300 

1000 
75 

100 
20 . 

100 

Non-Spec Run 
(Batches 1-1 

/ to 1-15) 

7.13 
97.848 

1.039 
.0225 

1.090 

2.5 x 1010 

.57 

.84 
3 
1 
7 
1 

19 
1 
2 

10 
34 
12 
8 
5 
1 
1 

22 
2 
1 

290 
1 

16 
57 
3 
1 
5 
9 

ONR Run 
(Batches 2-1 

to 2-44) 

8.63 
98.487 
1.239 

.0207 

.253 

2.20 x 1010 

.35 

.15 
12 
1 
2 
1 

22 
1 
1 
4 

20 
15 
3 
1 
2 
1 
1 
1 
2 

155 
1 
7 

60 
1 
1 
6 
1 

1966 

5.5 
97.8 
1.0 

.02 
1.2 
. . . 

>-.-
— 
5 
1 
5 
1 
. . . 
— 
2 
5 
. . . . 

25 
.* 5 
' 1 

1 
5 

110/20* 
2 
. . . 

100 
. . . 

30 
. . . 
. . . 

10 
— 

* 110 - Emission Spectrograph 

20 - Flame Spectrophotometer 

The high 1966 value for Si as associated with the use of a Vycor glass bed 
for 233Pa decontamination that was not used in 1970. 
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TABLE V 

ANALYSES 
and 

SPECIFICATION 

Specif ic Gravity 
Thorium 
HN03 

Pu 
233y 

Total U . 
(Less 2 3 3 U ) 

GAMMA SCAN 

ZrNb 
1 0 3Ru and 
106RuRH 
233pa 

TMI (ppmTh) 

A ! — -
B 
Be 
Bi 
Ca 
Cd 
Co 
Cr 
Cu 
Fe 

'K 
Li 
Mg -
Mn 
Na / 
Ni 
P-
Pb 
Si 
Sn 
Zn\ 

TOTAL TMI (ppmTh) 
. CI (ppmTh) . 
SOu (ppmTh) 
Batch Numbers -

TNT PRODUCT 
1970 THORIA 

LIMITS TANK 

3.5 ± 0.5 lb/gal 
0.5 ± 0.3 lb/gal 

<10 ppb 
<20 ppm 

<10 ppm 

<50 yc/lb.Th 
<50 yc/lb.Th 

<.30O vc/lb.Th 

1.100 

<50 

< 1,000 
7 50 
r 200 

QUALITY 
CAMPAIGN 

006 O08 

14739 1.750 
3.40 3.44 
1.2 1.4 
1,? <0,16 , 
3.9 7.8 

63 <1 

1.4 8.5 

22 67 
11 24 

V 

, 

<21 <21 

1-1 to 1-15to 
1-14 1-28 

007 

1.736 
3.52 
0.90 
0.71 
3E 

<1 

17 

80 
23 

-

<21 

2-1 to 
2-15 

009 

1.713 
3.50 
0.27 
0.24 
10 

<1 

22 

no 
93 

<21 

2-16to 
2-32 

204-3 

1.713 
3.53 

"0.23"" 
<0.39 
0.34 

<1 

20 

145 
235 

<21 

2-33to 
2-44 
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TABLE V (continued) 

TNT PRODUCT QUALITY 
1970 THORIA CAMPAIGN 

./-. 

<50 yc/ lb.Th 
150 uc/ lb.Th 

<.300 yc/ lb .Th 

ANALYSES 
and 

SPECIFICATION LIMITS 

Specif ic Gravity 
Thorium 3.5 ± 0, 
MN03 0.5 ± 0. 
Pu . <10 ppb 
2 3 3 U T20 ppm 

Total U 
(Less 2 3 3 U) <10 ppm 

GAMMA SCAN 

ZrNb 
103Ru and 
10<5RuRH 
2 3 3 P a 

TMI.(ppmTh) 

A1 
B 
Be 
B1 
Ca 
Cd 
Co 
Cr 
Cu 
Fe <100 
K 
L1 
Mg 
Mn 

, Na 
N1-
P 

. Pb 
S1 „ <50 
Sn ' 
Zn. ' 

TANK 204-2 204-1 

lb /ga l 
lb /ga l 

TOTAL TMI (ppmTh) <1,000 
CI (ppmTh) , .<[ 50 
SOi, (ppmTh) ; <_ 200 

. B a t c h Numbers , ~~ 

1.702 
3.45 
0.28-
0.16 
0.25 

<1 

.£3_ 

90 
230 

J<£L 

Average 

1970* 1966 

2-45to 
•' , 2-61 

*The,TMI data listed are-typical'values. 

1.652 
3.26 
0.31 
0.17 
0.23 

<1 

19 

185 
320 

<21 

2-52to 
2r65_ 

1.721 
3.46. 
0,70 
0.46 
9.3 

<10 

15 

90 

no 

40 
<1 
<1 

5 
<1 
<1 
20 
70 

5 
150 
<1 

Z 
5 

20 
200 
200 
100 

< 1 
40 

2 
<1 

<7PP 
<21 

NA 
3.30 
0f75 . 
NA 

5.0 . 

9.0 

<100 

«50'0--
'1500 , • 

50 
1 

NA
NA 
2 
5 

NA 
50 
2 

60 
5 

NA 
<1 
<2 • 
3 
6 

<100 
<Z 
NA 
NA 

<50 

<340 , 
5 

50 
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TABLE VI 

MATERIAL BALANCE FOR 
HON-SPECIFICATION PORTION 

Waste Loss 

F18 

Sumps 
Flushes 

E5 

G8 

R8 

U3 & Vh 

U in Th Product 

TOTAL 

Th. Tons % R.R.* Ut. Kgs < R.R.» 

.3 

.5 
.1 

.1 

- .3 

.1 

0 

_ „ _ 

l.U 

.2 

.07 

.07 

.2 

.07 

0 

_ _ 

1.0 

1.1* 
1.7 
1.8 

1.0 

2.0 

. 1 
<** 
0 

-&. 

8.9 

.8 
1.0 
1.0 

.6 

1.1 

.06 

-zl 

5.1 

Product Input 

Reactor Receipts 130.k 

TK-D5 . 125.2 

Product 119.8 

Product & 
Waste Loss ' 121.2 
Reactor MUF "~ -9.2 
TK-D5 MUF' • -U.1 

100.0 
96.0 

91.9 

92.9 

7.0. 
3.1 

17^.9 
167-9 

161.3 

170.2 

-U.7 
+1.3 

100.0 
96.0 

92.2 

97.3 

2.7 
.7 

* % R.R. = percent of reactor receipts 
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TABLE VII 

Waste LOBS 

F18 
1WW 
Sumps 
Int. Flushes 
Post Flush. 

E5 
Coating Waste 
Post Flush 

G8 
OWW 
Post Flush 

MATERIAL BALANCE FOR 
SPECIFICATION PORTION 

Th, Tons 

3.7 
2.0 
.1 

.6 

.3 
2.U 

.9 
0 

* R.R.* 

1.3 
.7 
.OU 
.2 

.1 

.8 

.3 
0 

• 

U. KRS 

2.9 
5.5 
.6 
.7 

2.7 
8.7 

3.0 
.h 

% R.R.* 

.6 
1.2 
.1 
.1 

.6 
1.9 

.7 

.09 

R8 
OWW 
Post Flush 

U3 & UU 
Lab Waste 

U in K6 Product 

TOTAL 

.1 .01* 

10.1 3.5 

.3 

-o 

.2 

28.9 

.07 

.Ofc 

6.U 

Product Input 

Reactor Receipts 
TK-D5 

Product 

285.5 
280.6 

21k.9 

100.0 
98.3 

96.3 

1*52.6 
U49.3 

1*36.2 

100.0 
99.3 

96.U 

.Product & 
Waste'Loss 

Reactor MUF 
TK-D5 MUF 

S 

•285.0 

-.5 
• +i;7 

99.8 

.2 

.6 

* % R.ft.. =» percent of reactor receipts 

1*65.1 

+12.5 
+1».U 

103.8 

2.8 
1.0 

, < 
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TABLE VIII 

MATERIAL BALANCE FOR TOTAL CAMPAIGN 

Waste Loss 

Campaign 1 

Campaign 2 

TOTAL 

Product Input #1 
Reactor Receipts 
TK-D5 

Product Input 02 
RR 
TK-D5 

TOTAL 

Reactor 
TK-D5 

Products 
Non-Specifi cation 
Specification 

TOTAL 

Thorium in 
Storage Tanks 

Product & Loss 

MUF 
Reactor, 

' TK-D5 • 
• Storage Tanks •" 

Th, Tons 

1.1* 

10.1 

11.5 

130. k 
125.2 

285-5 
280.6 

U15.9 
1*05.8 

119.8 
27U.9 

39**.7 

397.1* 

1*06.2 
1*08.9 

-9.7 . 
-2.1* 

. -7.0 

% R.R. 

2.8 

100.0 
97.6 

+ .3 

9h.9 

95.6* 

97.7 

2.3 
.6 

1.7-
.07 

8.9 

2 L £ 

% R.R. 

171*. 9 
167.9 

1*52.6 
1*1*9.3 

627.5 
617.2 

161.3 
1*36.2 

597.5 

635.3 

+7.8 
+5.7 

6.0 

100.0. 
98.U 

95.2 

101.2 

1.2 
.9 

'TOTAL' E5 Th = 2.8 • 



v TABLE IX 

LIQUID WASTE VOLUMES AND ESTIMATED SALT MASS TO NON-BOILING 
UNDERGROUND TANK STORAGE" 
3970 THORIA CAMPAIGN 

Source 
Non-Specification Portion 
Gallons Tons of Salt 

Specification Portion 
Gallons Tons of Salt 

Total 
Gallons Tons of Salt 

Pre-Campaign Plushes 360,000 
TK-F18 

J1WW 
Sumps ' 
"Interim Flushes 

" Post. Campaign 
Plushes 

TK-E? 
Coating Vaste 
Post-Campaign 
Flushes 

TK-G8 
OWW 
Post-Campaign 
Flushes 

TK-R8 
•OWW 
Post-Campaign 
Flushes 

TK-U3 & UU 
Lab> Waste plus 
Stack drainage, 
etc. 

85,800 
.91,800 
1*3,900 
• 

1U0.900 

278,1*00 

195,100 

30,100 

150. 
~ 

70 
50 
1*0 

1*0 

20 

5 

1 

.. 

11*1,000 
213,000 
25,000 
1*5,000 

229,000 
65,000 • 

31U.000 
80,000 

193,000 
ll*,0C0 

120 
120 
30 
20 

160 
60 

30 
6 

10 
1 

250,000 

360,000 

226,800 
30l*,800 
68,900 
1*5,000 

369,900 
65,000 

592,1*00 
80,000 

398,100 
lU.OOO 

150 

190 
170 
70 
20 

200 
60 

'50 
6 

15 
l 

280,100 

Total 1,226,000 380 1,569,000 560 2,795,000 91*0 
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TABLE X 

COMPARISON OF ACTUAL WITH PREDICTED 
WASTE VOLUMES 

1970 THORIA CAMPAIGN 

r*r-J - t 

* 1 * 

> 

-

•' 

Source 

. ^Pre^Campaign Flush 
x 

Mid-Campaign Flush 

. Post-Campaign-Flush 

Headend Coating Waste 

Organic Wash Waste 

Neutralized 1WW 

Sumps 

Lab and Misc. Wastes 

Contingency 

Total " 

* Sumps and Mid-Ci 

Flowsheet 
Predicted, 
Gallons 

350,000 

» 

150,000 

. 270,000 

U50,000 

220,000 

* 

**Not Predicted 

260,000 

1,700,000 

unpaign Flush includ 

Actual 
Gallons 

360,000 

69,000 

20U,000 

370,000 

980,000 

227,000 

305,000 

280,000 

2,795,000 

ed in contingency 

% Increase 

2.9 

36.0 

37.0 

117.8 

3.2 

U3.8 

6h.k 

Increase as 
% of Total 
Predicted 

0.6 

3.2 

. 5.9 

31.2 

O.U 

i6.5 

6.7 

** Routed to an underground trench or crib until September, 1970. 

CD 

ro 

5 « 
1 
10 
H 
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. STACK NO. I-
( r i a n t Code) 

: FACILITY 

. FUNCTION 

TABLE XI 

1970 PUREX PLANT GASEOUS 

291-A-l 
(291-A) 

Purex 

Air from 291-A filters. In
cludes canyon ventilation air, 
vessel, and condenser vents, 
treated dissolver off -gas 

131, 
- . v . 

> j v 

- , , , 

, \ 

- ' 

% 
'< 

,̂ 

-

-

Radioactivity 
•;•; (curies; 

January 
% • 

•' M February 

. March 

April 

May 

June 

• July 

• August 

September 

Octbber ^ 

November 

* December 

Total 

Alpha 

2.oxio~ ! f 

7.1xl0~ 5 

UxlO"8 

1.8X10"1* 

3.9xl0 - l» 

3.1X10"1* 

. I.7xl0_ l* 

2.9x10"'' 

U.Wo-r» 

3.26xl0"2 

2.68x10"'' 

9.31xlO"2 

0.157 

Beta 

"0.017 

0.027 

0.100 

0.052 

0.092 

0.0U0 

0.09U 

0.1Q1 

0.088 

0.282 

0.307 

0.1U0. 

1.1*30 

• I 

0.0U1 

0.026 

0.012 

0.015 

0.0l»9 

"0.088 

0.019 

0.030 

0.015 

0.020 

0.021 

0.156 

0.1*92 

EFFLUENTS 

296--A-1 
(E-l) 

Purex 

Filtered air from N 
and Q. Cells and PR 
Room 

Alpha 

5.5xl0" 5 

1.2xl0"5 

U.OxlO"6 

l.lxlO"1* 

2.1xl0"If 

2.6xl0~ 6 

6.2xl0~ 6 

3.UxlO~6 

fc.lfxlO"5 

3.1»xl0"7 

l.UxlO"5 

3 .5x l0~ 6 . 

Beta 

U.6xl0~ s 

l . 7 x l o ~ 5 

2.7X10"1* 

6.9x10"5 

1.6xl0"5 

1.6xl0~6 

5.1txl0 -6 

2 > x l 0 ~ 6 

3.0xl0~ s 

2.2xl0~ 6 

3.1xlO~6 

l.OxlO"5 

296-A-2 
(E-2) 

Purex 

Hood exhaust from 
vest sample gallery 

Alpha 

2xl0"7 

2xl0"7 

1.10"7 

5x10"7 

U.6xl0"6 

2.5xl0~ 6 

1.9xl0~7 

1x10"I 

2x10"7 

l .Uxlo" 7 

lxlO"7 

2x10"8 

Beta 

U.2xlo~6 

2.0xl0~ 6 

U.lxlO"6 

l .UxlO - 6 

U.6xl0~6 

3.9xl0~ 6 

2.5xlO~ s 

1 .5x l0 ' 6 

8xl0~7 

7xl0~7 

3xl0"7 

5.6xl0"6 

U^xlO"1* U.3X10"1* 8.9xl0~6 3.2x10" 



\\i-~..^f-
^GASEOUS^EFFLUpTS (Continued) 

296-A-3 
^(Plait Code)" .* (E-3) 
•Ml- STACK HO, 

^FACILITY * 

^MOTION" 

'•*-Radioactivity 
P'-V*"-, (curies)-

- January ' 

,;, February 
r - '» .• . * / • ; » ^ -. 

March 

;" April 

May, 

v June 

July 

."AUgUat*;. 

-.September 

October 

November 

• December 

Total 

Purex (202-A) 

Hood exhaust air from 
east sample gallery 

Alpha 

3xio"7 

lxl0~7 

2xl0'7 

2x10"7 

lxlO"7 

lxlO"7 

1.5xl0~7 

lxl0"7 

lxlO-7 

1.5xl0"7 

1x10"7 

1.5xlO"7 

Beta 

3.2xl0~6 

2.3xl0"5 

1.6xlO~8 

U.9xl0~6 

U'.9xl0"6 

1.8xl0"6 

9.1x10"7 

1.9xl0-6 

2xl0"7 

UxlO"7 

1x10"7 

l».6xl0~6 

296-A-5* 
(E-5-A) 

Purex 

Filtered air from 202-A 
laboratory hoods and 
glove boxes—West duct 

1.8xi0"6 2.7X10"5 

* Single stack servicing two systems 

Alpha 

2.Uxl0~6 

6xl0~7 

i.2-ao~6 

5xl0~7 

5xl0~7 

5xl0" 7 

5.8x10"7 

5xl0~7 

5xl0" 7 

TxlO"7 

5xl0" 7 

5.8xl0" 7 

9 .1x l0" 6 

Beta 

U.TxlO -5 

2 .3x l0" 6 

8J fx l0" s 

1.9xl0"6 

3.6xl0" 6 

2 .9x l0" 6 

1.5xl0"5 

2.2xl0~ 6 

1.3xl0~5 

1.6xl0"6 

l.^xlO""6 

2.6x10"5 

2.0xl0~t* 

296-A-5* v^'<-
 N 296-A-6 

(E-5-B) \\-Sr" (E-6) 

Purex •".'•v-_ Purex 

Filtered air from 202-A Unfiltered air from 
laboratory hoods and east sample gallery 
glove boxes—East duct and U Cell 

Alpha Beta Alpha Beta 

Stack notin use 1.7xlb~6 2.7xl0~w 

5xl0"7 l*.5xl0"6 l»xl077 . 5.3xl0"5 

2.7x10"? 9.1xl0_!* l.OxlO"6 7.5xl0~lt 

6xl0~7 1.5xl0"6 5xl0~7 l.lxlO""* 2 

5xl(T7 8.3xl0~5 3xl0~7 5-5xlO~5 

5xlO"7 1.5xl0-6 8xl0-7 Jt.SxlO"1* 

6.0xl0~7 1.9xl0"5 U.lxlO"7 3.0xl0~5 

5xl0"7 2.7xl0"6 2xl0"7 1.2X10"1* 

5xl0"7 8xl0~7 l.OxlO"6 2.0xl0~5 

6xl0""7 2.7xl0"6 6.Uxl0~6 6.9x10'5 

5xl0"7 2.9xl0~6 5xl0~7 2.7xl0~5 fe 

6xl0"7 1.6xl0~5 3.5xl0~7 2.5X1Q-1* ^ 

H 
8.1xl0~6 l.OxlO"3 l.UxlO"5 2.2xl0"3 -5 

file:////-Sr


.•SfcyS 

^GASEpOs EFFLUEHTS. r 1970 (Continued). 

|?STAck:NO.v-r..: .J. - 296i-A-7 "•-
^(PiariCcdde)-;^ (E-7) 

^FACILITY -•.. -:\ Purex 

296-A-8 (Rack 73) 
(E-8) 

Purex 

'/Radioactivity 
\,V (curies)^ 

^January , •• 

-February " 

sMarch 

* ,* * * 
f; April . c 

' M a y v - . 

. June. 

July 

August 

. September 

October 

-"̂ November \ 

December 
1. 

Total 

Unfiltered air from 
west sample gallery 
and R Cell 

Alpha -

\ 8.1x10"? 

i*.Uxio-6 

i 

' 3^'2xl0~5 

9.5xlO"G 

5.7x10"5 

' 3.0xl0"5 

3.8xKf6 

6xl0"7 

3.7xl0~6 

2.7x10"5 

2.8xl0~6 

2.1xl0"6 

1.8X10"1* 

Beta . 

5.9xl0~3 

1.9x10-^' 

2,2xl0"2 

1.8xlO~3 

H.9X10"1* 

3.5X10"1* 

3.8X10-1* 

S^xlC^ 

2.6X10"1* 

3.5xlO_If 

3.0X10""1* 

5.8xl0-'» 

3.3xl0"2 

- Unfiltered air from 
west end of P&0 Gal
lery. 
(White Room exhaust) 

Alpha 

2xl0~7 

' lxio-7 

2.1xl0~6 

8xl0~7 

5xl0~7 

5xl0~7 

6.8xio~7 

7xl0~7 

2.2xl0~6 

7xl0~7 

5xlO""7 

7xl0~7 

9-7xl0"6 

Beta 

9.1xl0~5 

9xl0-7 

2.9X10"1* 

1x10"7 

* 2.3xl0~5 

2.6xl6"5 

l*.5xl0"5 

1.8xl0"5 

l.lxio"1* 

l.lxlO"5 

U.7xl0'6 

1.7xlO"5 

6Ml0'u 

296-A-10 
(BT-2) 

Purex 

Filtered air from 
burial tunnel No.2 

296-A-12 (150 ft.) 
(ARWS) 

2UU-AR Vault 

Filtered air from vessel 
vent system 

Alpha 

2x10"7 

Uxio"8 

lxlO"7 

3xl0~7 

2x10"7 

2xl0"7 

• 
2.0xl0"7 

2x10"7 

l.OxlO"6 

2.5X10"7 

2xl0"7 

lxlO"7 

3.0xlO"G 

Beta 

5-OxlO"2 

2.0x10"3 

1.6xl0"3 

6.0X10"1* 

3.7xl0"5 

l.UxlO"5 

1.5xl0"5 

6xl0"7 

3.2xl0"5 

6.3xl0"6 

7.6xl0"6 

6.0xl0"6 

5.1»xl0"2 

Alpha 

8.6xl0"7 

9.5x10"8 

2.1x10'7 

8,7xl0-7 

<7.1»xl0"7 

<l.lxl0"6 

<U.3xlO~7 

<6.5xl0"7 

<1.6xl0~6 

<6.0xl0"7 

<l.lxl0"6 

<3.3xl0"7 

<8.6xl0~6 

Beta 

6.8xl0-3 

3-lxlO-5 

9.6xl0"5 

3.5xl0"u 

6.7X10"1* 

1.3X10"1* 

2.2xl0~6 

2.UxlO"5 

1.2xl0~5 

3.5xl0~7 

3.0X10"1* 

3.9xl0~6 

8.UxlO~3 

1 3 1 , 

3xl0~7 

LlxlO - 1* 

1 .6x l0 - 6 _, 
00 

1.1x10 * 

3 .8xl0" 5 

3-3xlO"6 

<2.0xl0~7 

<l . lx lO~ 7 

<1.3xl0" 7 

2.9xl0~ 7 

<1.9xl0~7 ^ 

2.0x10 
7 IV) 

to 

<2.3xl0 - , f 



iii>.iajf8EblJB EFFLUENTS "-• 1970 (Continued) 

ilr^.STACK N0.*r\;'* ; ' 296-A-13 
^ t ^ f c L a n t ^ C o d e ) - (ARCS) 

FACILITY 2M-AR Vault 

=/ } FUNCTION Filtered air from canyon and 
cell ventilation 

. ,̂. Radioactivity 
-,«. (curies) • . 

', January. 

V.'o February 

March, 

April 

May 

' June, , 

" July" 

August 

September 

* October. 

November 

December 

. Total 

Alpha 

1.5xl(T6 

6\3xl0-7 

7.8xl0~6 

2.5x10"5 

<1.5xl0"5 

<1.6xl0"5 

' <1.8xl0"5 

<1.7xlO"5 

<1.7xl0~5 

<1.8xl0~5 

<1.5xlO"5 

<1.2xl0~5 

<1.6xl0~k 

Beta 

7.fcxlO"B 

9.5xl0~5 

1.7xl0~5 

. 2.UxlO~5 

2.1xl0~5 

1.5xl0~5 

<1.2xl0"5 

<1.6xlO~5 

1.9xl0"5 

1.3xl0"5 

2.5x10"5 

3.8xl0~5 

<2.2xl0~1* 

J I 

l.l»xl0~5 

8.9xl0-6 

<5xlO~6 

3.0xl0~5 

<6.0xl0~6 

<2.2xl0"6 

7.0xl0"6 

<6.0xl0~6 

6.8xl0""6 

<7.0xl0~6 

<6.0xl0"6 

5.0xl0-6 

<1.0xl0-'t 

* Estimate for year 

296-A-lU 
(E-l*) 

Purex 

Filtered air from 
293-A Building 

Alpha Beta 

SampDer activated 
February 1970 

1x10"7 

2xl0~7 

3xl0~7 

3x10"7 

2x10"7 

2.5xl0~7 

2x10"7 

2x10"7 

fcxlO"7 

2xl0"7 

2.5xl0~7 

2.6xl0~6» 

1970 

5xl0~7 

U.7xl0~6 

8xl0"7 

8.1xl0"6 

3x10"7 

5.5x10"7 

1.7xl0-6 

lxlO"7 

2.6xl0~6 

2.7xl0"6 

2.2x10"s 

l|.UxlO"5» 

296-A-17 
(AXFS) 

2U1-A Tank Farm 

Filtered noncondensible 
vapors from waste stor
age tanks in 2^1-A and 
AX'Tank Farms 

Alpha 

7.6xl0~7 

8.6x10"7 

1.8xl0"7 

3.8xl0~5 

<3.5xl0"6 

<3.8xl0-6 

<3.0xl0"6 

<U.lxlO"6 

<6.1xl0"6 

<3.7xl0"8 

<1.8xl0"6 

<3.8xl0"6 

<3.5xl0~5 

Beta 

2-9x10"G 

2.UxlO-6 

6.1X10"5 

3.8xlO"5 

8.7x10"5 

l.OxlO"1* 

P.6xlO~G 

<1.6xl0~6 

<3.6xl0"6 

<2.0xl0"7 

<6.5xl0"6 

2.8x10"5 

<3.3xlO~I* 

00 

M 
fO 
-J 



& ^1 K : ; , i : , ' ; ' ^',,; ' • ' . TABLE XEI 

IH--;V :;, " " . »' LIQUID EFFLUENTS 

1 f^^ ' ' r - • - ' - - ' - " ' • 1970 
its J f V - ' • ' ' • • ' 

^ S l - -Disposal' Site:- ' 2l6-A^10 Crib 
i'Ay.-.;Waste Stream Description: Purex Process Condensates 

i : -

• 1970 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

, 12-Month 
. Total 

* Thorium 

Volume 
(nxlO6 gal) 

.907 

.907 

.351 

1.72 

.738 

.83 

.05 

.251 

2.08 

1.02 

2.57 

1.U3 

12.9 

Campaign 

U 
(lbs) 

.k 

.h 

< .1 

< .9 

.7 

1.0 

.06 

< .27 

1.89 

< .21 

.13 

< .06 

6.12 

> 

Pu 
(gm) 

.9 

.8 

1.5 

9.0 

6.k 

7.6 

.U8 

_-.* 

* 

__* 

a 

* 

26.7 

Beta 
(Ci) 

35.2 

35.2 

2.k 

25.8 

26.6 

U0.8 

2.15 

12.3 

62.6 

7.22 

3.U5 

.29 

25U. 

60Co 
(Ci) 

.06 

.05 

<.001 

<.01 

.01 

<.01 

<.001 

<.oo8 

<.06 

<.00U 

<.002 

<.0002 

<.2l6 

90Sr 

(Ci) 

— 

— 

.05 

.J18 

.5 

.59 

.03 

.lk 

.1.02 

.13 

.02 

— 

2.96 

137Cs 
(Ci) 

M 

M 

<.03 

<.3l» 

.33 

.68 

.OH 

.2 

1.23 

.11* 

.06 

.007 

3.99 

IOCRU 

(Ci) 

.015 

.015 

.31 

3.95 

2.66 

3.66 

.22 

1.11 

6.68 

.73 

.29 

.OU 

19.7 

233u* 

(gm) 

,15.3* 

155. * 

72.6* 

29.1** 

U.5U» 

277. * 

OO 
~>4 

|> 

1" 
IO 
H 
IO 
-J 



'-, LIQUID" EFFLUENTS - 1970"(Continued) 

Disposal Site: 2l6-Ar25 Gable Mountain Pond 
Waste Stream Description: Purex Process Cooling Water 

' 19T0 

January 

February 

March 

April-

May , , 

June 

July 

August 
4 

September 

October 

November 

December 

12-Month 
: Total 

Volume 
(nxlO6 Ral) 

96.6 

96.5 

10U. 

lJ»2. 

196. 

- 20U. 

170-

300. 

•* 317-

383. 

299. 

277. 

2,585. 

U 
(lbs) 

.k 

.3 

5.3 

6.9 

< 19.1 

< 11. 

2.32 

< 26.U 

< 15.U 

< 18.6 

< lk.5 

< 13.lt 

<133.6 

Pu 
(gmK 

.3 

.2 

< It.2 

< 5.6 

< 1.9 

< 1.7 

< 1.83 

« 

* 

* 

* 

« 

<15.7 

Beta 
(Ci) 

1.3 

1.3 

. .22 

< .35 

1.1*3 

1.31 

,28 

.16 

< 6.6 

< 7.97 

< 6.22 

< 5.76 

<32.9 

* Thorium Campaign 

60Co 
(Ci) 

< .79 

< .79 

< .03 

< .05 

< .05 

< .03 

< .03 

< .07 

.08 

.1 

.08 

.07 

<2.17 

• 90 S r 

(Ci) 

— 

— 

< .01 

< .03 

— 

— 

.08 

.03 

< .18 

< .22 

< .17 

< .16 

< .88 

*37Cs 

(Ci) 

< .95 

< .91* 

< .08 

< .05 

1.68 

< .06 

< .03 

< .1 

< .06 

< .07 

< .05 

< .05 

<1*.12 

106Ru 
(Ci) 

< 7.0 

< 6.9 

1.81* 

< .29 

< .89 

< .36 

< .to 

< .63 

< 3.3U 

< 3.79 

< 2.96 

< 2.7U 

<31.15 

233u* 

(gm) 

< 20.i»« 

< 85.8* 

<30U. * 

< 81. * 

< lh.9* 

<366.1* 

> 

CO 

on 

§5 
» 
1 
ro 
M 
ro 

http://13.lt


LIQUID EFFLUENTS - 1970 (Continued) 

Disposal Site: 216-A-27 
Waste Stream Description: Purex Laboratory vaste and 291-A and 293-A Building waste 

1970 

January 

February 

March 

April 

May 

June 

July • 

August 

September 

October 

November 

December 

12-Month 
Total 

Volume 
(nxlO6 gal) 

No 

No 

No 

.025 

.025 

.029 

.021. 

.021+ 

.033 

.036 

.056 

.028 

additions 

additions 

additions 

.277 

U 
(lbs) 

.025 

.025 

< .01 

3. 

1.8 

2.3 

.55 

.59 

.18 

8.U8 

Pu 
(gm) 

< .00005 

< .00005 

.2 

.2 

.1 

.9 

7.12 

__* 

* 

8.52 

Beta 
(Ci) 

< .0025 

< .0025 

2.25 

2.12 

5.56 

29.5 

195. 

165. 

2Ul. 

60Co 
(Ci) 

< .0015 

< .0015 

< .001 

.0003 

< .009 

< .0U 

< .51 

< .25 

< .802 

Streams going to 216-A 
routed -co underground 
in September, 1970. 

6U0. U 

-

<1.62 

90Sr 

(Ci) 

— 

— 

.05 

.00C5 

.1+8 

2.66 

8.69 

3.97 

12.5 

-27 crib 
storage ; 

27.95 

l37Cs 
(Ci) 

< .01 

< .01 

.06 

.001 

M 
2.68 

12. 

10.7 

12.2 

were 
starting 

38.15 

106Ru 

(Ci) 

< .005 

< .005 

.33 

.1»6 

.19 

.38 

3.26 

.09 

3.05 

7.77 

233 0* 

(gm) 

17.2* 

31.1* 

l»8.3 

CO 

* Thorium Campaign - No Pu in process 

to 
ro 



LIQUID EFFLUENTS - 1970 (Continued) 

Disposal Site: 216-A-30 Crib ,^ 
Waste Stream Description: Purex coil and steam condensate 

1970 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

12-Month 
Total 

Volume 
(nxlO6 gal) 

3.1 

3.88 

1.72 

5.25 

k.ld 

3.95 

.598 

1.59 

5.5 

U.6 

7.36 

6.13 

U7.9 

* Thorium Campaign 

CD r„ r ,«* «._ 

u 
(lbs) 

.08 

.1 

< .1 

1.7 

.2 

< .2 

.03 

< .08 

.27 

< .22 

.33 

< .28 

<3.59 

ni£ k £. . 

Pu 

.08 

.1 

< .1 

< .3 

< .2 

< .2 

< .02 

* 

* 

__* 

# 

* 

<1. 

Beta 
(Ci) 

.32 

.k 

' 35.7 

10. 

2.3** 

.6U 

.05 

.09 

.5* 

.H9 

2.55 

30. 

83.1 

G0Co 
(Ci) 

<.02U 

<.03 

<.08 

.005 

<.002 

<.001 

<.0001 

<.0003 

<.0O2 

<.001 

.003 

<.02 

<.l68 

9°Sr 
(Ci) 

— 

— 

2.12 

.89 

.15 

.05 

.ooU 

< .01 

.01* 

.03 

.11 

— 

3.1» 

l 3 7Cs 
(Ci) 

< .032 

< .0U 

2.83 

.56 

.13 

,•05 

.002 

.005 

.03 

.02 

.07 

.39 

l».l6 

. A _»_* _ 

1 0 eRu 
(Ci) 

2.67 

3.3U 

2. 

.57 

.15 

.07 

.00U 

.009 

.06 

.05 

.1 

< .09 

9.11 

23 3u* 

(fim) 

-

< .U * 

<1.37* 

<1.15* 

<1.73* 

2.25* 

<6.9 

vo 
O 

1 
ro 
M 
10 

also routed to the 216-A-30 crib. 



LIQUID EFFLUENTS - 1970 (Continued) 

Disposal Site: 216-A-36-B Crib 
Waste Stream Description: Purex dissolver and E Cell amm 

1970 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

12-Month 
Total 

Volume 
(nxlO6 sal) 

.083 

.082 

.1*93 

.136 

1.11 

.016 

No addition 

.117 

.173 

.083 

.228 

.069 

2.59 

U 
(lbs) 

.1 

.1 

2.3 

.9 

U8.9 

.1 

— 

.11 

3.62 

< .02 

1.69 

1.8U 

5T.7 

Fu 
(gm) 

< .0002 

< .0002 

1.7 

< .35 

1.31 

< .13 

« 

# 

__* 

# 

__* 

__* 

3.U9 

Beta 
(Ci) 

2.5-

2.fc 

99.6 

17.8 

10,8Uo. 

11.* 

— 

9.5fc 

92.9 

U9.2 

80.2 

12U. 

11,330. 

* Thorium Campaign 

scrubber waste 

6°Co 90Sr l37Cs 106Ru 2 3 3U* 
(Ci) (Ci) (Ci) (Ci) (gm) 

.015 — < .001 k.9 

.015 — < .001 k.9 

.26 2.62 < 2.3 3-7 

< .05 .73 < .7 7.82 

U.85 218. 77.2 1,1*13. 

.02 < .19 < ,2k 3.91 

.05 6.25 25.2 10.k < .8 * 

< .09 .69 2U. 79.9 S.97* 

< .007 < .06 < .0U 10.7 .99* 

.1 .26 .68 55. h 3.1»3« 

.839 .08 < .68 73.9 .M* 

6.3 228.9 131. 1,669. 15.6 



LTQUID EFFLUENTS - 1970 (Continued) 

Disposal Site: 216-B-3 Pond 
Waste Stream Description: Purex Chemical Sewer and Acid Fractionator Condensate 

1970 

January 

February 

March 

April 

May 

June 

July 

August 

September • 

October 

November 

December 

12-Month 
Total 

Volume 
(nxlOe gal) 

8. 

8. 

3.15 

13.8 

6.52 

7.12 

.lUl 

1.01 

6.5t 

k.ik 

9.39 

5.71 

73.5 

U 
(lbs) 

.15 

.15 

< .2 

-7 

< .h 

< .k 

< .01 

< .05 

< .32 

< .22 

< .«»3 

<3.57 

Pu 

.05 

.05 

<.02 

<.<5 

<.l 

<.l 

<.01 

» 

• 

— « 

— » 

— » 

<-93 

Beta 
(Ci) 

.25 

.25 

.03 

.07 

.06 

.0U 

.00U 

.15 

.Ul-

.03 

.75 

.71 

2.75 

60Co 
(Ci) 

<.07 

<.06 

<.001 

<.oo6 

<.0O3 

<.001 

<.00002 

<.0002 

<.003 

<.001 

<,002 

.003 

<.15 

90gr 

(Ci) 

— 

<.0003 

<.002 

<.0O3 

— 

<.0001 

<.0006* 

.00U 

.001 

.002 

••— 

<.013 

3̂ 7 C s 

(Ci) 

<.08 

<.08 

<.0O2 

<.008 

<.0O3 

<.003 

<.0001 

<.0005 

<.003 

<.001 

<.002 

<.OO03 

<.183 

106Bu 
(Ci) 

< .58 

< .57 

< .01 

< .07 

< .02 

< .01 

< .ooof 

.08 

.2 

< .01 

.22 

<2.2l» 

233u« 

(pn) 

< .07* 

<1.8H* 

<1.2» 

<2.18* 

<1.38* 

<6.67* t 
ro 
M 
ro 

* Thorium Campaign - no Pu in process 


