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EXECUTIVE SUMMARY 

K-Basin uses ion exchange modules and ion exchange (IX) columns for 
removing radionuclides from the basin water. When the columns and modules are 
loaded, they are removed from service, drained and stored. After a few IX 
columns accumulate in storage, they are moved to a burial box. One of the 
burial box contains 33 columns and the other, six. The radionuclides act on 
the liquid left within and adhering to the beads to produce hydrogen. This 
report describes the generation rate, accumulation rate and significance of 
that accumulation. This summary also highlights those major areas of concern 
to the external (to Westinghouse Hanford Company [WHC]) reviewers. Appendix H 
presents the comments made by the external reviewers and, on a separate sheet, 
the responses to those comments. The concerns regarding the details of the 
analytical approach, are addressed in Appendix H and in the appropriate 
section but not here as the discussion requires that much detail be presented. 

The hydrogen production rate is based on the value of G(H ?). This 
parameter is a measure of the number of molecules of hydrogen liberated per 
100 ev absorbed. The value of G(H2) is taken from resin tests. The maximum 
value found for all tests regardless of resin type (anion, cation, or mixed) 
was 0.7. Based on the comments of the external reviewers, the maximum value 
of the mixed bed resins was used instead. This value is 0.5 molecules/100 ev. 
Further testing at Savannah River, when completed, will likely show that a 
value of about 0.25 is more realistic. The value of G(H2) coupled with the radionuclide loading sets the generation rate. 

The radionuclide loading of the resin was found using the laboratory 
values for Sr-90 and the transuranics but used a computer generated value for 
Cs-137. There were laboratory values for Cs-137 but they were found to be 
inconsistent with the measured dose rate form the columns. In fact, a plot of 
dose rate versus cesium loading showed large scatter. As a result, a computer 
analysis was performed to relate dose rate and curie loading. The analysis is 
believed to be a better fit to the data (although it was not developed as a 
fit) and as well as provide for more consistent values of Cs-137 loading. 
Therefore, the computer analysis is used rather than lab data. Using these 
loadings, the largest hydrogen generation rate was found to be 0.003 £/hr for 
the IX columns. 

The accumulation of hydrogen was determined by considering the 
generation rate and the transport rate out of the column and modules. The 
transport rate is based on the diffusion rate and the atmospheric "breathing 
rate". The breathing rate is based on the average magnitude and frequency of 
atmospheric pressure changes. The diffusion rate is based on the length and 
area of the flow path, and the concentration gradient across the flow path. 

Gross water content of the column is important in determining the 
diffusion coefficient for the path. The diffusion coefficient for a water 
saturated path is much less than that for air. The flow path out of the IX 
columns contains a small porous charcoal filter. Although the column is 
drained, liquid will continue to drain from the resin over a long period of 
time (about 3 years). Therefore, if the filter is oriented in such a way 
(i.e. column horizontal, filter underneath) that the filter can become water 
saturated, the diffusion of hydrogen greatly decreases and the transport due 
to breathing ceases (pressure drop is too low to overcome liquid head). 

ES-1 
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Hydrogen accumulates quickly under these conditions and is only transported 
out when the internal pressure becomes large enough. 

As a result of the above, if the filter on the IX columns remains free 
of water, the hydrogen concentration remains quite low. If it becomes water 
saturated, the, resulting hydrogen concentration greatly increases. 
Table ES-1 provides the results. 

Table ES-1 
Hydrogen Concentration 

Orientation Peak H, 
Column upright 2% 
Column horizontal, filter pointing upward 2% 
Column horizontal, filter pointing downward 6% 
but not water saturated 
Column horizontal, filter water saturated 15% at 1 yr, 23% at 2 years, 

greater there after 
Modules, 5 vents plugged, 6% considering breathing 
1 vent with a filter (worst case module) 19% without consideration of 

breathing 

In cases where the hydrogen concentration exceeds 4%, ignition can 
result in a hydrogen burn. The only potential ignition source initially found 
was metal on metal scraping. There have been broken screens in the IX columns 
the screen and resin had broke. A broken brace could cause a spark if it 
slides against the side of the IX column. This could occur as a result of 
impact such as what might occur when the column is inadvertently dropped. The 
external reviewers believed that there is no static buildup within the column 
but static could ignite hydrogen outside of the column, at the face of the 
filter. Hydrogen could conceivably burn back through the filter. This event 
cannot occur under conditions found in this analysis as the concentration of 
hydrogen is only large when the filter is water saturated. Under saturated 
conditions, a hydrogen burn would be extinguished. 

The dose consequences of a burn were obtained by showing that in the 
worst case, a hydrogen detonation could not be shown to be "not physically 
possible". The cross sectional area of the open volume containing as much as 
30% hydrogen is large enough to allow transition. Tests show that a 
transition to detonation occurs 2 ft down a pipe containing 28% hydrogen but 
may have occurred sooner (the first gauge was at 2 ft). Water on the beads 
could cool the burn front. Other arguments show that transition to a 
detonation is possible though not likely. Since detonation could not be 
precluded, it was assumed to occur. 

The release fraction based on bursting containers was used to determine 
the dose consequences. Tests have shown that the integrated dose seen by the 
resin results in a loss of 20% of the exchange capacity. This is taken to 

ES-2 
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mean that 20% of the radionuclides held in the resin are released. These 
radionuclides are assumed to be retained in the liquid that drains from the 
resin and released during rupture. Table ES-2 presents the doses. 

Table ES-2 
Dose Consequences 

Column Orientation Peak H, 
Onsite 
noo no 

Dose, EDE, 
rem Onsite 
(4000 m) Offsite 

Upright 
horizontal, filter 
pointing up 

2% 
2% 

0.0 
0.0 

0.0 
0.0 

0.0 
0.0 

Horizontal, filter 
pointing to the side 

5.9 neg. neg. neg. 

Horizontal, filter 
pointing down 

>30% 0.3 6 x 10"* io' 4 

IX module II (worst case) 19% 0.45 rem 9 x 10'4 io- 4 

Cartridge filter (assumed 
to be loaded as IX module 
I D 

>19% 0.45 rem 9 x 10"4 io- 4 

Hypothetical Worst Case 
Column 

>30% 1.1 2 x 10"3 5 x 10 - 4 

The probability of the accident, "Impact of the column or module with 
subsequent ignition of hydrogen", was determined to be within the "Unlikely" 
category (annual probability of 10 to 10 ) based on the following: 

• no evidence of broken screens since a design modification was 
performed 

• difficulty in failing the support bracket 
• impact is unlikely due to administrative controls during movement. 
A detailed probabilistic analysis showed an annual probability of 4 E-03 

based on the movement of 39 columns in one year. 

ES-3 
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HYDROGEN PRODUCTION IN THE K-BASIN ION EXCHANGE COLUMNS, ION EXCHANGE NODULES 

AND CARTRIDGE FILTERS, AND THE SIGNIFICANCE OF THAT PRODUCTION 

1.0 INTRODUCTION 

K-Basin contains ion exchange nodules and ion exchange (IX) columns for 
use in removing the radionuclides from the basin water. The columns are used 
only if the concentration is large enough that the modules cannot handle the 
load. When the columns are loaded, they are removed from service drained for 
24 hours, and stored in a lead cave. When a few columns are in storage, a 
railcar containing a burial box is brought to an area near the basins. The 
cover is lifted from the box and the columns are lowered in. One of the 
burial boxes presently contains 33 columns; another contains six. The cover 
is placed back onto the box and the railcar is moved back to the chlorine car 
protection building (Building 183-K) until the next time it is needed. 

The radionuclides in the resin result in hydrogen production within the 
resin bed through radiolysis of the liquid and the resin beads. Hydrogen 
diffuses out of the bed and throughout the open spaces in the column. This 
report shows the generation rate, the accumulation rate, and the significance 
of that accumulation. The calculation will follow this path: 

1. The resin and bed characteristics will be described. 
2. The column will be described. 
3. The hydrogen generation rate will be determined. 
4. The flow paths and flow phenomena out of the column will be shown 

and the accumulation will be determined. 
5. The significance will be determined by assuming an ignition source 

at the location of a flammable concentration of hydrogen. 
The calculations will first be performed for the IX columns and then for 

the ion exchange modules (IXM) and cartridge filters. The IX columns 
considered are those in the burial box (KE 194 to KE 226) and a hypothetical 
"worst case column". 

The ignition sources considered are: impact of the column against the 
side of the burial box or another column, drop of a module or column, and 
static discharge near the opening of the NucFil Filter. Sampling and other 
recovery actions or hazards must be addressed separately. 

1-1 
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2.0 RESIN AND RESIN BED CHARACTERISTICS 

The resin used in the ion exchangers is a mixed bed consisting of: 
Sulfonated styrene divinyl benzene 
Amnion i at ed styrene di vinyl benzene 

The brand name is Duolite ARN-9381. Manufactures data is not available, 
so "generic" handbook data will be used for characterization. 

The internal porosity of the beads is 50% (pg. 16-9, Perry 1971). 
Liquid typically fills these pores causing the beads to swell. The beads will 
also swell about 15% (pg. 16-10, Perry 1971). Bead diameter is 16 to 50 mesh 
or 1.19 mm to 0.297 mm. Bed porosity 1s 40% (pg. 214, Brown 1950) for loose 
packed beds. There is 60 weight percent of liquid left after draining, and 
the density of the bead itself is 1.15 g/cm . 

An important consideration in the calculation to follow is the bed 
porosity. A part of that calculation involves determining how the bed can 
retain 60% water by weight when the bead has a porosity of 50% and is more 
dense than water. To determine the distribution of the water, assume that the 
bead diameter is 0.6 mm. 

The overall bead volume is 0.113 mm3. But 50% is open, or 0.056 mm 3. 
Assume that bead swelling is due to absorption. The bead weight is: 

WB = (.113-0.056 mm3) (0.1 cm/mm)3 (1.15 g/cm3) 

wB = 6.4.E-5 g 

The overall volume is that which swells. The swelled volume is 1.15 
times 0.113 mm or 0.13 mm . The weight of water is: 

W w = (0.13 - 0.056)(0.1 cm/mm)3(l g/cm3) - 7.4 E-05 g 
Water is 54% of the bead weight per the above. However, after draining 

water comprises 60% of the bead weight. Therefore, there must be a film of 
water on the outside of the bead. 

To be 60% of the bead weight, the weight of water must be 9.6 E-05 g. 
The film is then 2.2 E-05 g. The radius of the swelled bead is 0.63 mm. The 
thickness of the film is then 0.017 mm and the final radius is 0.664 mm. 

Five cubic feet of beads are added to the column to form the resin bed. 
The volume of each bead swells 15% so the volume also swells 15%. The 
porosity of the swelled bed is still 40% so the beads occupy 3.45 ft 3 (60% of 
5.75 ft )'. The bed volume with swelled beads is 5.75 ft . Previous 
calculations showed that the swelled bead has a diameter of 0.63 mm and the 
added water gives a 0.034 mm to the bead diameter. The bead volume then 
changes by: 

( Q . 6 6 4 ) 3 ^ 1 ? 

(0.63) 3 

2-1 
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So the resin volume goes to 3.45 ft 3 times 1.17 or 4.04 ft 3. The bed 

volume stays the same at 5.75 ft , so the porosity is 30%. 

2.1 SUMMARY 
• Beads swell 15%. 
• Swollen beads contain 50% water internally and a thin film on the 

outside. 
• Bed porosity was initially 40% and is 30% after swelling. 

2-2 
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3.0 IX COLUMN AND FILTER 

3.1 IX COLUMN 
Plant drawings show that the ion exchange (IX) column 1s 18 inch Sch. 10 

pipe with 0.25 inch walls and 17.5 inch inner-diameter. The column is 59 
inches long with the bed occupying the middle 41 inches when swelled. (See 
Figure 1, sheets 1 and 2.) 

The column is designed for 75 psig and tested at 125 psig. The burst 
strength of 18 inch Sch 10 pipe is about 20 times greater based on ultimate 
strength and hoop stress. Even considering stress intensification around 
welds and holes (stress intensification factors of 2 to 4), the burst strength 
is still 5 times that of design. This implies that the design pressure is 
based on loads on the internals (like the screen) not the burst strength. 

The column contains a 1/2 inch bronze gate valve at the bottom. Under 
normal operation liquid enters the column at the top through a 2 inch opening, 
and flows through a capped 15 inch long, 2 inch diameter pipe containing 80 
1/2 inch holes in 10 hole rows oriented every 45° (8 rows total) on to the 
bed. Liquid leaves the column through a 3 inch opening below the screen. 

The column volume is determined as follows. Below the bed there is a 
5.7 inch long cylindrical portion followed by a spherical section 3.3 inches 
long at the peak and having a radius of curvature of 15.75 inches. The 
swelled bed extends from the screen up 4 inches and ends 1.7 inches from the 
diffuser pipe. Above the bed is a 4.1 inch long cylindrical section followed 
by a spherical Section 3.3 inches long at its peak and having a radius of 
curvature of 15.75 inches. 

The open volume above the bed is: 
V=— (17 . 5 ) 2 (4 .1) =986inches3 

4 
= 0.57 f t 3 

The volume of the spherical section is given by: 
V^ = n(A)2(r -h/3) 

or 
vsph = *(3.3) 2(15.75 - 3.3/3) = 501.2 inches3 

= 0.29 f t 3 

The total volume above the bed is then: 
VAhMm-" 1487 inches 3 « 0.86 ft3 

The open volume below the bed is found in the same way and is 1871 
inches3 or 1.08 ft 3. 

3-1 
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The open volume within the bed is: 

V0 = (5.75 ft 3) (0.3) = 1.73 f t 3 

The total internal column volume is 7.7 ft 3 with 3.7 ft 3 open. 

3.2 FILTER 
When removed from service a plug is placed in the 3 inch opening, the 

gate valve is open and the column drains. After 24 hours of draining has 
elapsed the drain valve is closed and a NUCFiL filter is installed in the 
inlet pipe opening. The filter consists of a 1 inch outer diameter, 0.73 
inner diameter, 0.78 inch long threaded steel body. The filter media occupies 
the interior of the body. There is a 1/8 inch opening in the front and back 
of the filter (the end that is inside the column). 

The filter is threaded into a 3/4 inch pipe connector the other end of 
which is welded to a 2 inch plug. (See Figure 2) 

Vendor data shows that the filter contains a cap that has a 1/8 inch 
hole in it. The filter media is a piece of porous graphite and the media 
itself has a specific gravity of 0.15 to 0.3. Carbon has a specific gravity 
of 2.26 so about 90% of the volume is open. The filters are designed to pass 
1 liter/minute at 1 psi. They have been tested and found to pass 2 to 5.5 
liters/minute at 1 psi. 

The NUCFil filter is also a HEPA filter. It is designed to remove 
99-97% of all particles with diameters greater than 0.3 microns. The filter 
is 90% porous by volume, and can withstand radiation and acid environment. 
The filters are designed to pass hydrogen and other gases while retaining the 
particles. The filters have also been tested and found to be able to pass 
flow for pressures from 0.2 to 10 psig as: 

flowrate • 6.0 std liters per min/psig 
Appendix B shows that liquid can flow through the system at a rate of 
2.65 E-05 ft3/sec - psi or 9.5 E-07 ft3/sec - inch of liquid above the 
opening. 

3.3 STORAGE 
The columns are stored a few banded together, and lying on their side. 

As the columns are placed sideways, the resin which is constrained by a 
screen on the bottom but not on the top, will flow into the top of the column. 
The open volume is determined in Appendix A. On their side the resin fills 
14.1 inches of the 17.5 inner diameter meaning that the open volume is made up 
of the bottom head (as the screen prevents resin from flowing into this space 
and an area that is 13.6 inches wide, and 3.4 inches tall at it's maximum and 
zero inches at the minimum and is defined by the outer surface of the column 
(note that about 3/4 of the inner surface area of the column above the screen 
is coated with resin). 
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4.0 HYDROGEN GENERATION 

4.1 THE FIRST STEP 
The first step is to determine the radionuclides contained in the 

column. Appendix I presents the calculation of the radionuclide inventory. 
Table 1 (attached behind the references) shows the results of that 

calculation. 
The values for cesium may be in error due to the potential that the 

columns experienced "break-through". This is shown by reviewing Table 1. One 
can see that there are columns with high Cs-137 loads but low dose rates (e.g. 
columns 203-211) and high dose rates with low concentrations (e.g. compare 
column 222 and 219 with 214). Because the dose rate at the side of the column 
comes from Cs-137 alone, the quantity of Cs-137 will be obtained from the dose 
rate, where the quantity of the other radionuclides will be obtained from 
Table 1. See also the figure behind Table 1. 

Appendix C shows a calculation relating curie quantity to dose rate. 
For purposes of analysis, the dose rate in Table 1 is assumed to be taken on 
the side of the column midway between top and bottom and at contact. The data 
also shows much scatter. One of the reasons for the large scatter in the data 
is that this assumption of the location of the detector is likely not correct. 

The calculation performed was a simple calculation involving the 
determination of the dose rate at the side of a cylindrical self absorbing 
media containing a uniformly distributed source. The dose rate was assumed to 
come from a uniformly distributed source of Cs-137 in a medium assumed to be 
equivalent to water with a density of 0.8 g/cm3. There is assumed to be a 
0.635 cm thick iron shield around the medium. The dose is determined assuming 
a contact dose. The medium is a cylinder 22 cm in radius and 114 cm long 
(these are the dimensions of the column resin bed). 

The calculation required the use of a buildup factor, which is ill 
defined for systems that are shielded as well as self-shielded (or self-
absorbing). The choice for buildup factor was based on the suggestion of the 
Microshield guide that state that the shield material should determine the 
buildup not the self-shielding material. 

Based on a reasonable match with the data, the fact that the Cs-137 load 
from pool data is so inconsistent with the rad readings and the large amount 
of scatter in the data, the calculated value of "90 R/hr corresponds to 56 Ci 
of Cs-137" will be used in the analysis. Note that Table 1 shows that the 
worst case column in terms of hydrogen generation is the one that has the most 
inconsistent data between dose rate and Cs-137 load based on water samples. 
Yet if it is used, the generation rate is only 50% larger. Use of Cs-137 
loads rather than the calculated values in the other columns will have a 
lesser effect. 
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4.2 HYDROGEN GENERATION RATE 

Appendix C shows that at 90 R/hr, the curie content is 56 Ci of Cs-137 
and that the curie content is directly related to the dose rate, i.e. 9 R/hr 
corresponds to 5.6 Ci. 

The G(H2) values come from a few sources. NUREG/CR 4062 (Siskind 1985) 
shows G(H2) values of 0.1 to 0.6 for fully swollen sulfonic acid resins. In 
the manual NUREG/CR-3383 it shows that from 6E+06 to 1 E+10 rads the G (H,) is 
insensitive to dose and is 0.13 for polystyrene/sulfonic acid resins and 0.3 
to 0.6 for polystyrene/quaternary ammonium resin. G (H2) values between 0.13 
and 0.6 were obtained for various chemical forms of these resins (Na*, CI", 
H +, OH*, Fe, etc.). In NUREG/CR-3383 it also shows that the value of G (H2) 
for dried resin is 1/10 of that above. 

Henrie (1985) showed G (H2) values for a variety of different waste. At 
60% water retention the value for most resins was 0.7. From Henrie's data for 
G (H2) vs specific gravity (using the value of 0.8 for specific gravity) 
yields a value for G (H2) of 0.25. 

The value for G(H2) for mixed bed resin is in between that for cation 
resin and that for anion resin. NUREG/CR-3383 (Swyler 1983) showed a G(H2) 
value for H0H resin (the kind in K-Basin) of 0.5. The value for NaCl resin 
was 0.3. Preliminary data from Savannah River for a resin very similar to 
that used at K-Basin is 0.27. This data will be published soon but cannot be 
used now. Since the values of G(H2) vary from 0.13 to 0.7 based on resin type 
and retained water, and since the value for mixed resin in between these end 
points, a value of 0.5 (based on high value for mixed bed resins) will be used 
in the analysis. 

Henrie's data as well as other data does not differentiate between 
radiolysis due to gamma irradiation and beta irradiation. However, Henrie 
(1985) shows G (H?) values for alpha irradiation for nitrate solutions as well 
as gamma irradiation. The difference is a factor of 3.5 with alpha being 
larger. Other data for water (Wyatt 1991) shows a similar factor. 

Therefore, a G (H2) value of 0.5 will be used for beta and gamma and a 
value of 1.8 will be used for alpha. 

The gammas from Cs-137 will not all be absorbed within the column they 
are generated. As shown in NUREG/CR-4062 there is an absorption of 35% of 
gamma's in 55 gallon drums. The columns are about the diameter of these drums 
so the value of 35% is good for a column as well. However, for conservatism, 
it will be assumed that all of the Cs-137 gammas generated in the column will 
remain in the column. 

The maximum column from a H 2 generation point of view has little Cs-137 
in it. So this conservatism is not very important. The total generation rate 
(all columns) will be approximately correct as gammas escaping from one column 
will be absorbed in another. 
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The rate of Hydrogen generation is found by: 

2'H2 _ r;U 7 y 1 n i o dis \ / c , MevJlO6 ev){ G,mol\t l \ / 2 4 . 8 J\/3600 sec 

where 

Solving yields: 

Ci is the number of curies, 
E is the energy of the radiation Mev, 
A is Avogadro's number, 6.023 x 102 3 

molecules/mole 
mol is molecules 

i ^ = 5.5E-5(Ci) (E) (G) 
hi 

The values for "E" are determined below. The values are from the 
Radiological Health Handbook (HEW 1970). 

Table 4-1. Gamma and Beta Energies 
gamma beta (max) beta (avq) total 1 

Cs-137 0.662 (85%) 0.514 0.195 0.76 
Sr-90 - 0.546 0.2 0.2 3 

Y-90 - 2.27 0.93 0.933 

TRU - 5.5 Mev2 

total • (gamma energy)(%) + beta (avg) 
total = bounding energy for all alpha emitters that may be in the waste 
Since Sr-90 and Y-90 are in equilibrium (Y-90 is the daughter), the 
"totals" are added together 

Using "6" equals to 0.5 yields: 

- 4 - 2 - 2.8S-5 (CiE+CiEs+3.5CiEt) hi e s t 

where: 

Ec - 0.78 Mev 
Es - 1.13 Mev 
E* « 5.5 Mev 

Table 1 (found behind the references) presents the generation rates. 
Columns 203-205 have the largest hydrogen generation rate; 0.003 £/hr. 
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4.3 HEAT LOAD IN COLUMN 

Since both heat load and hydrogen generation are a function of the 
energy of the radiation, the highest heat column is that with the largest H 2 generation rate. 

Column 204 contains: 
94.1 Ci of Sr-90/Y-90 at 1.1 Mev/dis. 
0.6 Ci of Cs-137 at 0.74 Mev/dis. 
0.35 Ci Tru at 5.5 Mev/dis. 

Total energy is: 
3.9E + 12 Mev/sec or, 
0.15 cal/sec or, 
2 Btu/hr 

4.4 OTHER EFFECTS 

4.4.1 Other Gases 
In NUREG 3383 it shows that other gases are produced as well as 

hydrogen. The "other" gases maybe important as they may be flammable or may 
act as a diluent. 

IRN-77 is a sulfonic acid cation resin, IRN-78 is a quaternary ammonium 
anion resin and IRN-150 is a mixed bed resin containing both. IRN-150 is 
similar to the resin used at K-Basin. Table 4-2 shows the fraction of the 
"other gases" found. 
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Table 4-2. OTHER GASES 

Resin R/hr Total 
Fraction of Total Gas 

Resin R/hr Total Swollen Resin Dried 
IRN-77 (H*) 4 x 104 2 x 10 7 0.026 H? 

0.034 CO 
0.137 C0? 

1.6 x 106 8 x 108 0.487 H, 0.103 
0.007 CO 
0.198 CO, 0.194 

IRN-77 (Na+) 4 x 104 4 x 107 0.006 H, 
0.007 CO 
0.017 C0? 

1.6 x 106 1.6 x 109 0.658 H7 0.133 
0.134 CO, 0.05 

IRN-77 (Fe*) 2.7 X 108 0.196 H? 

0.073 CO 
0.153 CO, 

IRN-77 (NH+) 2.9 x 108 0.31 H? 

0.009 CO 
0.135 CO, 

IRN-78 (CD 109 0.714 H? 

0.127 CO, 
IRN-78 (OH*) 8 x 107 0.24 H, 

0.012 CO 
0 CO, 

0.071 N(CHT), 

IRN-150 (HO H) 2.6 x 108 0 C02 

(see note 1) 
"0 CO 

NOTE 1: value verified in Bauman (1966) 
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The center!ine dose rate for the K-Basin columns not yet buried, was 

shown to be about 500 R/hr. Storage for 5 years results in an integrated dose 
of 2 X 10 7 rad. 

Since the off-gas values are a function of resin and since the 
characteristics of the resin used in the column is not known to this extent, 
there is insufficient data to justify taking credit for C0 2 as a diluent. 

Note that in some cases, the partial pressure of flammable gases is 
about the same as H 2 at the low integrated doses. The heat of reaction for CO 
going to C0 2 is 67.6 K cal/mole and for H 2 is 37 Kcal/mole. Not all resins 
liberate CO however. It is therefore believed that the conservatism in the 
hydrogen calculation encompass the CO possibly generated. It 1s noted the CO, 
if present will diffuse out more slowly than hydrogen. However, at the level 
of the integrated radiation doses, little CO is produced in mixed beds. As 
result, the difference in ability of diffuse should be offset by the 
difference in total quantity present. The quantity of oxygen generated is 
usually a question that is asked for conditions such as these. NURE6/CR-3383 
showed that for all of the resins tested, oxygen decreased over irradiation 
time. The rate of decreased was faster for larger dose rates. 

4.4.2 Water 
In NUREG/CR-3383 it shows that the total integrated dose is too low to 

result in much water being liberated. At 3 X 10 8 rads, the water loss is 
between about 0.5 ml/g of resin. Extrapolating the data shows that at 2 X 10 
rad, the loss is about 0.025 ml/g, or about 3 liters for the 5 ft of resin, 
or about 5% of the total water in the column. 

Water will also come off the beads over time due to the effects of 
gravity and gas generation within the bead pushing the water out. Data show 
(de Marsily 1986) that for sand having a uniform grain diameter of 0.475 mm 
(about the same as the average resin bead), the water content versus time is 
as shown in Figure 3. From Figure 3 it is seen that 24 hrs of drainage 
results in the loss of about 60% of the water. In the case of the ion 
exchange resins, it is about the same if the liquid held in the pores is not 
counted. This is because the bed porosity initially is 40%. After 24 hrs of 
draining, the bed porosity is 30%. So if 40% is normalized to 100%, then 30% 
is 75% or 75% is lost. After about one year, about 80% of the water has 
drained out. With this data, only the water left, the a film On the beads, 
will continue to drain off the beads and pool at the bottom surface of the IX 
column. Section 2.0 shows that the film is 2.5 E-05 g of water for each 
6.4 E-05 g of bead. Appendix D shows that there are 49,652 g of beads, so 
there is 19,400 g of water. Per Appendix D, this occupies a volume that has a 
height of 4 inches at the center of all of it comes out. 

4-6 



WHC-SD-SNF-SARR-003 REV 0 
Using the data in Figure 3 and the assumption that at 24 hrs, there 1s 

19400 g of water on the beads, the following table 1s developed. 
Table 4-3. Water Present in Resin Bed 

t 
% water 
present 

(Fiq 1) left normalized 
grams of 

water Dooled heiaht 
24 hr 35 100 0 0 in 
1 yr 22 63 / 7200 1.5 in 

2.5 yr 20 57 8300 2 in 
11 yr 17 48 10000 2.5 in 

Figure 2 shows that the filter extends 2.25 inches into the column. 
Under these assumptions it becomes submerged in about 5 years. 

It could instead be assumed that water is pushed out of the beads due to 
the pressure created by the hydrogen bubble residing in the pores of the bead. 
Appendix D shows the level increase assuming that all of the water (both 
inside and on the surface of the bead) is forced out over 5 years. In this 
case, the height of 2.25 inches is reached in 0.9 years. This is the 
assumption that will be used. 

Appendix B shows that match flow can watch the drain rate showed above. 
So it will be further assumed that the filter remains just submerged whenever 
the level reaches the filter inlet up to a level of 4 inches. If the inlet is 
higher than above the bottom of the column, the filter will not become 
saturated. 

4.4.3 Corrosion 
In NUREG/CR-3812 it shows data for weight loss in mg/cm2 as a function 

of a variety of integrated doses. No data is presented below 10 rad. At 10 
rads the corrosion rates vary as a function of the resin type and form. The 
data at 10 8 rads ranged from 1 mg/cm2 for anion, OH" form resin and mixed bed, 
NaCl form resin to 70 mg/cm for cation, H* form resin. 

The density of steel is 8000 mg/cm3 so a loss of 70 mg over one cm2 is a 
loss of about 0.01 cm. The wall thickness is 0.25 inches or 0.6 cm. So even 
at this rate, there is still ample wall remaining. 

The pH also became lower (from 5 to 2) over zero to 10 8 rads for the 
mixed bed resin. 

4.4.4 Loss Of Exchange Capability 
Bauman (1966) studied mixed bed resins. One of the studies involved 

loss of exchange capacity. This can also be used to determine the ability of 
the resin to hold on to the radionuclides. At 5 E+07 rads (the first data 
point in Bauman's figures 3 and 4) the capacity is 80%. This data is similar 
to that shown in NUREG/CR-3383. 
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The conclusion of the above is that the liquid in the column will only 

contain 20% (conservatively chosen as the total dose is about 10 rads) of the 
column load. 
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S.O HYDROGEN ACCUMULATION RATE 

5.1 PRELIMINARIES 
Accumulation depends on the ability of the gases to leave the column as 

well as on the generation rate. In the case of the column lying on its side, 
the only mechanisms by which hydrogen can leave is diffusion and "forced" 
(pressure differential) flow. Each will be discussed. 

5.1.1 Diffusion 
Hydrogen generation was discussed in Section 2. Hydrogen accumulation 

depends on generation rate and removal rate. Hydrogen is removed by diffusion 
out the filters and flow out of the filters due to changes in atmospheric 
pressure or pressure differential between the inside of the column and the 
outside. 

The case being studied is a binary mixture of hydrogen in air. Inside 
the column the concentration of hydrogen is larger than outside. The 
concentration of air is greater outside than inside the column, therefore, 
there will be some air diffusing into the column while hydrogen is diffusing 
out. It is conservatively assumed that the inflow of air can be neglected 
since the concentration gradient is small. Therefore, the problem can be 
considered as a "one component" problem. 

Diffusion will be modelled using Fick's law: 

dz 

where 
N - Molar flux, moles/ft2/hr 
c « Molar concentration mole/ft 
D - Diffusitivity ft2/hr 
X * Mole fraction 
z = Flow path length, ft 

To simplify the problem, assume that the concentration of hydrogen 
throughout the column is the same. Therefore, the concentration at the start 
of the flow path is the same as that throughout the volume and.the 
concentration at the end of the path is small compared to the concentration 
inside. 

The equation to be used in these studies is: 

where " j " and "N" are the same and all other terms are as defined above. 
The value used for "D" is 0.41 cm2/sec which is based on experiment 

(Perry, 1950, Table II, pg 539, reference to the International Critical 
Tables). Values based on theory (Perry, 1971) are 1.5 to 2 times larger. The 
smaller value is used as it is based on experiment. 
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As shown In Figure 2, the outlet path Is made up of a variety of volumes 

and material. To determine the mass flow rate, a heat transfer analogy will 
be used. 

Assuming slab geometry can be used to model diffusion flow, the rate of 
change of moles 1s: 

It D A dx 

where "m" in moles * 
For the analogous problem in heat transfer: 

q = LA -$-dx 

The solution of the heat transfer problem is: 
g = LT/R 

where R » R^Rj.-.R,, 
R, = X,,/DA, in the diffusion case 
X, = length, cm 
D, = Diffusion coefficient over the length "z", cm /sec 
A, » area of x l t cm2 

Figure 2 shows the flow path. The flow path consists of: 
1. The inlet plate to the filter 

X, = 0.1 in =0.25 cm 
A, • 0.079 cm based on 1/8 inch diameter 

2. Filter 
X, - 0 . . . 
A, « 2.83 cnr 
X, = 0.75 inches « 1.9 cm 

3. The outlet plate 
X. - 0.25 cm 
A, - 0.079 cm2 

4. The open chamber in the connecting pipe 
X, = 1.91 cm 
A, = 0.079 cm2 

5. The hole in the plug 
X. = 0.48 cm based 3/16 inch long 
A - 0.079 cm2 

In all cases D - 0.41 cm2/sec 
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So 
Path 
1 
2 
3 
4 
5 

Total 

MM 
7.7 
1.64 
7.7 
1.64 

14.82 
33.5 

dm _ 
dt " 

Ac _ Ac 
Rx 33 .5 = 3 . 3 £ - 2 ( A c ) 

where dm/dt - moles/sec 
If we had just used the constrictions as a 1/8 inch hole, 0.387 inches 

long, "X/AD" would have been 30.4 and "1/R" would be 3.3 E-02 or 10% larger. 
In order to check the model developed, the diffusion data from 

experiments were compared to the theory developed above. The Waste Isolation 
Pilot Project (WIPP) performed experiments with the filter to determine the 
diffusion parameters for their geometry. The WIPP determined a value for "D" 
of 6.0 E-08 moles/sec -mole % or 2.9 E-07 moles/sec using an initial hydrogen 
concentration in their test apparatus of 4.8% H 2. To check the equation 
derived above under these conditions, a column open volume of 3.7 ft is used. 
The number of moles in the column is 4.1 moles. Of that, 4.8% is H 2 or 0.2 moles. The value for "C" is: 

_ 0.2moles _ op-e moles 
3.7ft3 (30.5cm/ft)3 ~ cm2 

In the case above, "dm/dt" is: 
•^r = 3.3E-2 (Ac) dt 

= (3.3E-2) (2E-6) = 6.6ESmoleS 

sec 

The test at WIPP got a value four times larger. Pressure did vary in 
their experiment which may account for the difference. Since pressure will be 
included separately in this analysis, the above model, rather than the test 
data, will be used for cases when the filter is filled with air. 

For the case of the filter filled with water, D * 5.0 E-05 cm2/sec not 
0.41 cm2/sec or a difference of 8200 less. Using this as the model yields 
with 4.8% H 2: -

-^ = 7.1E.-6 C = 1.46^-11 dt 

The WIPP experiment found "D" to be: 
D - 0.037 x 10"8 moles/sec - mole % 
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For this case "dm/dt" would be 1.8 E-09 moles/sec or a difference of 121 

greater. This will be discussed more later. 

5.1.2 Atmospheric Breathing 
Atmospheric breathing comes from Crippen (1993). Crippen studied 

barometric pressure changes over a period of four years. What he discovered 
was that the average pressure was 29.23 in Hg, and the total of the increases 
was 197.45 inches Hg over the four years which nearly matched the total of 
197.76 in Hg decreases. The average inflow and outflow over the four year 
period can be based on the following rate of change of barometric pressure: 

197 .45 inches Hg _ - .--, 0 inches Hg 
( 8 7 6 0 h l ) 2 l.i^-^ ^ 

where 1/2 is to consider that for purposes of this model, Crippen's data shows 
197.45 inches Hg use over 2 years and 197.45 inches Hg fall over 2 years. 

Appendix C shows that the capacity of the filter to pass flow is much 
larger than needed for flow equalization. That is as atmospheric pressure 
changes, the column pressure changes with it. 

Using the ideal gas law: 

1.13E-2 inches M[——J^——\ = I irr\29.23 xn Hg) V 

• 3.8S-4 hi-1 

5.1.3 Flow 
Flow as a result of pressures gradients across the resin bed is 

difficult to determine. The filter, however, has an 1/8 inch opening in its 
top and bottom and is packed with filter media. The media resembles, but is 
more tightly packed than styrofoam. The bed contains 30% open volume and is 
"fluid". It will therefore be assumed that the component that is limiting 
with regards to pressure induced flow case is the filter. 

Appendix B provides information regarding water and air flow through the 
filter. More sophisticated tests are being performed to verify these values. 
Preliminary results show reasonable agreement. 

5.1.4 Column Laying On Its Side - Diffusion Out Of The Bed 
The purpose of this section is to determine if diffusion through the 

resin bed is slow enough that hydrogen builds in the resin. For ease in 
calculation, it will be assumed that the column is upright as apposed to lying 
on its side. 
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The case of hydrogen being stored in the bed and diffusing to the open 

volumes above and below the bed is similar to the case of a slab with a heat 
source in it. The diffusion equation, ignoring the obvious cylindrical 
geometry because the concern is for flow to the top and bottom of the 
cylinder, is: dc _ D <£c a H 

dt dx2 v 

where, 
C • concentration moles/cm3 

D = diffusion coefficient, cm2/sec H • rate of hydrogen generation, moles/sec V » volume, cm 
Assume that C « 0 at the top and bottom of the cylinder. The analogous heat transfer case is: 

d2T _ _1 dT m _ A 
dx2 ~ k dt ~ k 

(Carslaw and Jeager 1959, pg 130). Taking the concentration equation and manipulate it until it resembles the heat transfer equation, yields: 
dc _ D d2c _ H 
dt dx2 " V 

1 dc + d2C _ _ H 
D dt dx2 ~ ~ DV 

Now, 
k - D 

A/k - H/DV 

1 Jeager has these rest 

kt/£ 2 

0 
0.1 
0.25 
0.4 
0.7 

• 1.0 
inf 
0 

0.12 

?T 
x/t kt/r (A/kit* 
0 0 0 

0.2 
0.4 
0.6 
0.8 
0.9 
1.0 

0.5 0 0 
0.2 
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2 _ 2 I _ 
x/£ kt /g 2 fA/klg' 

0.3 0.4 
0.6 0.6 
1.0 0.7 
inf 0.8 

0.8 0.1 0.1 
0.3 0.2 
0.6 0.3 
inf 0.35 

1.0 all 0.0 

Of importance is the concentration in the middle of the bed and the flux 
out of the bed. The calculation is based on the values of "Dt/£ " (or kt/g ) 
equal to 1.0 to simulate steady state conditions 

In the middle of the bed, the curve yields: 
2T 

(A/K)l2 = 1.0 

This corresponds to: 
2e 

(H/DV) V 
- 1 

moles 
\DV) 2 

H = o.oo30 -±- (^r¥i\(^ \ • 3 - 4 * - 8 

hi \ 2 4 . 8 l / \ 3 6 0 0 s e c / s e c 
D = 0 . 41 an2/sec 
V= 6.26 ft3 (30 .5 cm/ft)3 « 1.8E+5 cm3 

1 = 57 cm 

Solving for C yields, 7.5 E-10 moles/cm3. If "£" was doubled to account 
for longer path due to flow around the beads, "c" would be 3.0 E-09 moles/cm . 

The flux out: 
« dc j = D ~ 

dx 
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from the curve, 
at X/£ - 0.8, C « 0.35 (6.7 E-09)=2.6 E-09 moles/cm3 

where "0.35" is the curve value for 2C/(H/DV)12. 
Therefore, there is little "hold up" within the bed so that hydrogen can 

be considered as being uniformly distributed throughout the column. 

5.2 APPLICATION OF EQUATIONS 
Given that there is no large gradient within the resin (as long as it is 

not saturated with water), the determination of flow rate of the column 
through the filters is: 

dm _ w. V' D' -1B-MiB-—m-^m 

Where 
M i n is the rate that moles of H 2 enter the column, moles/hr 
V' is the rate of change of volume due to temperature and 

( pressure 
D « diffusion coefficient as obtained earlier using 

"AD/X" 
* 3.0 E-02 cm3/sec 

m = moles of hydrogen in the column 
V = open volume of column, cm 

5.2.2 Upright Column 
Some of the columns are stored upright in caves within K-basin. Since 

the temperature is controlled, volume changes due to temperature changes will 
be assumed to be minimal. 

Apply the equation on the waste column. The H 2 generation rate is 0.0030 1/hr. The open volume is 3.7 ft3. 
Using the equation above: 

MiB = 0 . 0 0 3 0 ^ ( - 5 ^ i S V « | ^ ) = 1.35S-4 moles/hr 

-£• = 2.BE-A/hx 

*±E = MlM .(3600^) - 1.0E-2 m ̂ ^ 
V 3.7/t3(30.5)3 \ -HK/ hi 
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Solving yields: 

i|5 = i.3BB-**^£2. - (3.8E-4 + i.OB-3) m S2^E. 
dt • hi hi 

The equation above does not consider the volumetric flow rate of gas 
into the column due to radiolysis. The term is: 

Gin 
PV 

where M i n - moles H2/hr into the column Mw - molecular weight of hydrogen « 2 
p - density of hydrogen - 0.09 g/£ 
V «= column volume 

Using the data presented above: 
a = (I-353-4 moles/hi) (2) = 2 9 E . B i i r - i 

i n (0.09) (3.7j?t3) (2B.3t/ft3) 

This term is small compared to the other terms and will be ignored. Therefore, the solution is: 
m = ?"oof"^ ( 1 ~ exp(-1.38E-3t)) 

1.38JE?—3 
At a steady state: 
m » 0.1 moles - 0.20 g = 2.2 liters « 2% H2 based on 3.7 ft3 volume 
At other than steady state: 

m= I'lll't <l-exp(-1.38i?-3t)) 1.38B-3 

Solving yields the following: 
Time, hr 

«% 
103 

(lyr) 104 

m. moles mz 
0 0 
0.012 0.3% 
0.073 1.6% 
0.10 2% 
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The equation solved above assumes that the concentration of hydrogen 

outside the column is zero. Section 5.2.2 will show that while the outside 
concentration is not zero, it is close enough to zero that it can be 
considered such. 

5.2.2 Burial Box Accumulation 
The same calculation for the burial box as for the columns will be 

performed. However, 
-flow rate of H 2 into the box is 0.0544 liters/hr accounting for all columns and taking no credit for hold up in the column, 
-breathing rate is 3.6 E-04 hr"1 

-diffusion is, 
1.59 ft2 On) (0.0025) _ , - . „ K „ moles 

_:—i_j _ '- = i . 14£7-5 la r 
(1050 f t 3 ) hr 0 .33 ft hr 

Area of opening based on the minimum gap between the coverblocks being 
based on roughness is: 

0.003 in x 120 in or 0.36 in 2 or, 
0.0025 ft 2 

Volume of box is: 1440 ft 3 

Volume of columns in the box is 390 ft 3 . 
Open volume of the box is 1440-390 or 1050 ft . 
If gap is 1/16 inch - 0.0625 in then, the diffusion term is 20 times 

greater or 2.4 E-04. 
4 * = 0.0544 ^ /^OgsrUinoJe^ . 6 £ _ 4 ffl 

dt hr\ 1 A 2g } 

dnt r, nn^c moles c „ . _ moles 
—r~- 0 . 0 0 2 5 r ~ 6E-4m r 
eft hr hr 

m = 4 . 2 ( l - e x p ( - 6tf -4t) ) 
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Solving yields the following: 

time, hr moles. H2 VJS 
0 0 0 
10 3 1.9 0.1 
10 4 4.2 0.3 (steady 

state) 
5.2.3 Column Laying On Its Side 

The calculations performed above assumed that the column was stored 
upright. 

The case of the column lying on its side can be modelled as three 
separate cases. 

• Filter pointing up - filter is free of liquid and a portion of the 
diffuser pipe is free of liquid. 

• Filter pointing straight down - filter and diffuser can become 
water saturated. 

• Filter pointing to the side - filter will be free of water but 
diffuser will be full or partially full of water. 

5.2.3.1 Filter Point Up 
This case is the same as the "upright" case as the filter and 

diffuser are open. The peak hydrogen concentration for the worst case 
column is 2.4% H 2 which occurs at "t" equals one year. 
5.2.3.2 Filter Pointing Down 

In this case, hydrogen is building up while the liquid level is 
also increasing. Per Section 4.4.2, it takes 0.9 years for the liquid 
level to reach the filter. At that time water will cover the filter and 
a different flow regime is entered. 
Up to 0.9 years 

Under this condition, the following is assumed: 
• No effect due to breathing is assumed 
• Diffusion is through air in the bed and in the filter. The 

opening to the filter is covered with resin, however. 
• The filter is free of resin. 
Using the above and Section 5.1.1, a new diffusion coefficient can 

be obtained. In the method in Section 5.1.1, the value of "A," will be 
changed to be 0.25(0.079 cm) .or 0.02 cm . The change is made to 
account for partial plugging of the filter due to the presence of the 
beads. The length is also increased by 50% to account for the longer 
flow path through the beads. So the first term in Section 5.1.1 is now: 
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xi _ .0.25(1.5) « 4 5 7 

AJ) (0.02) (0.41) 

rather that 7.7. This makes the value of "R" equal to 71.5 as compared 
to 33.5 and changes the diffusion portion to: 

^ " 7 l ^ - l - 4 * - a ( A e » 

Where "t" is in hours. 
The equation is: 

— - 0 0030 J /0.09flr\/iHoJe\ _ 1.4g-2fl?(3600) 
dt " hx\ e A 2g ) " 3 . 4 f t 3 ( 3 0 . 5 ) 3 

= 1 . 3 5 g - 4 m ° ^ e g - S.2E-AM hi 

Solving yields: 

"' T^T ( 1 -e"5-2*""' 

At 0.9 years (or 7884 hrs), "m" equals 0.255 moles or 5.9% H 2 by volume. This is also a steady state condition for this case where liquid does 
not cover the filter. 
The rate of change of moles of hydrogen due to diffusion is given above 
as: 

ig-l.42?-2Ac at 

where c - moles/ft 
m « moles 
1.4 E-02 contains a volume term 
t - hours 

Another check of the model is in order. There is procurement data which 
specifies the minimum diffusion flow. This value is given in units of 
"moles/sec - mole fraction". Now to show how the values given by the 
model compare to the procurement data. 

i g - l . 4 S - 2 A c dt 
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Recall that the value for "X/AD" Is based on a partially plugged filter 
as a result of the presence of the resin. For comparison with the 
procurement specifications, however, on unplugged filter must be 
modelled. The value for "X/AD" for the unplugged filter is 6.0 E-02 
not 1.4 E-02. Substituting yields: 

i fS = SEzZim) 6 . 2 2 £ - 7 m 
dt 3 .4 f t 3 (30 .5 cm/ ft) 

Assume 10 mole percent. There are therefore 0.34 ft 3 of hydrogen or 
0.43 moles. So, 0.43 moles equals 0.1. 

moles m ( 0 . 4 3 ) 6 . 2 2 _ 2 .SE-Bmoles 
sec-mole% 10 sec-mo1e% 

The minimum value, based procurement specifications is 1.9 E-08 
moles/sec-mole%. The WIPP data was 6.0 E-08 mole/sec-mole%. So the 
model reasonably predicts the flow. 
Time greater than 0.9 years 

At time greater than 0.9 years, the liquid level can rise to the 
point the filter is submerged. 

Under these conditions, liquid will be forced through the filter. 
Since liquid flow is smaller than gas flow and the presence of liquid 
terminates pressure differential driven breathing flow and greatly 
reduces diffusion flow, the pressure in the column may also build up. 
As a result, there may or may not be gas flow through the filter, 
depending on the rate of change of level. That is, if the liquid rises 
slowly, the pressure build up may be such that the liquid can be forced 
through the filter as well as gas keeping the filter from becoming 
submerged. Larger rate of change of level may preclude gas flow, 
depending on the capacity of the filter to pass liquid as compared to 
the pressure build up. In any event, this situation somewhat resembles 
the case on the WIPP report where the filter was wetted and then air 
flow was started. Surface tension and capillary pressures worked 
together so that the filter had to be pressurized to 1 psi to blow 
through the filter. 

Appendix B showed that 1 psig was not needed to start liquid flow. 
Appendix B showed that there was a time delay as water seeped through to 
the filter. After the time delay, the water flow rate followed Darcy's 
Law (as it should). 

However, for conservatism it will be assumed that the water 
provides an impediment to flow such that the column pressurized to 1 psi 
after t = 0.9 years. 
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At t - 0.9 years there is 0.104 moles of H, and 3.77 moles of air 
(3.87 moles of air in 3.4 ft open volume initially). At 1 psig or 
6.8 E-02 atm (gauge) there are an additional 

6.8 E-02(3.87) - 0.26 moles 

All of this is hydrogen. The total quantity of hydrogen in the 
column is 0.36 moles out of a total of 3.87 plus 0.26 or 4.13 moles or 
8.7% H 2 by volume. 

At this point hydrogen is generated and hydrogen and air mixture 
is forced out. Hydrogen also diffuses out. 

Diffusion of hydrogen will be performed using the data from WIPP 
as the situation here is similar to that. In the WIPP situation, water 
was drawn through the filter and then allowed to seep in. In this case 
small amounts will be blown through. 

Appendix E shows that under these conditions the column is 
gradually purged with the air concentration slowly decreasing. At 0.3 
years, there are 0.55 moles of hydrogen (15%) and at 0.6 years there are 
0.8 moles of hydrogen (21%). The concentration continues to increase. 
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6.0 CONSEQUENCES 

To determine the worst case consequences, it 1s assumed that the column 
is on its side and that the filter is pointed in a direction that the water 
covers the filter. Per the calculations in Appendix E which show 26% H 2 at 3.9 years, it is assumed that there is 30% hydrogen by volume or 2.6 g of 
hydrogen in the column spread equally between the open volume and the resin 
bed. 

The spark is assumed to occur (see Section 7 for ignition sources) as a 
result of sudden column movement and ignites the hydrogen in the open space. 

6.1 RELEASE FRACTIONS 
At the stoichiometric ratio, the ratio of final to initial pressure is 

eight (Light Water Reactor Hydrogen Manual). This means that the final 
pressure in the column is 117.6 psia. The value of "8" comes from the 
following type of calculation. 

-£- = (TF-Tj) 
m Cv

 F x 

where Q « the energy released from the burn of hydrogen 
M « mass of air in the volume. The mass of reaction products is 

usually negligible. 
C v - constant volume specific heat of air. 
T - temperature of the volume. 

The ideal gas law is then used to obtain pressure from "T F". Adiabatic, constant volume conditions are assumed. 
At 30% hydrogen however, a detonation is possible. The detonation cell 

width is about 0.6 inches. Hydrogen is ignited in the vicinity of the screen 
support and the wall. 

In the case where hydrogen is ignited while the column is horizonal, 
(due to the drop of a column within the burial box), the burning front could 
travel down the somewhat rectangular portion of the volume between the resin 
bed and the column wall. The ratio of length to width is such that the 
burning front could transition to a detonation front (i.e. the dimensions of 
the channel exceed 3 times the detonation cell width). On the other hand, the 
rectangular portion may not be long enough for a transition to the detonation 
to occur. It may also be the case that the flame front is kept cool by the 
presence of water on the beads of the resin bed (the bottom portion of the 
channel) or the water vapor above the resin bed. If the hydrogen in 
rectangular channel does transition to a detonation, the reflection wave 
carrying the turbulent, hot gaseous ignition products, back into the lower 
portion of the column could cause the gas there to detonate (called jet 
ignition). Since a detonation cannot be ruled out under these conditions, and 
since a detonation can be assumed to fail the column, a detonation is 
postulated to occur. 
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In the case where the column was horizontal, then uprighted and then 

ignition occurs (due to the drop of the column or impact with the sides of the 
burial box), the only volume to ignite is that in the lower plenum. Tests 
with 28% hydrogen in 16 inch diameter shock tubes (the same diameter as the 
column) show that at 2 milliseconds and 2 ft down the shock tube, a detonation 
wave has formed. (Carlson 1973) There was no instrumentation prior to that 
to see if it formed earlier (the distance from the ignition source to the 
bottom of the column is about 0.5 ft). Therefore, the combustion front may 
not have time to transition to a detonation front. On the other hand, tests 
have shown that for a tube diameter of 0.4 m (16 inches), ignition of 4 g of 
tetryl (energy equal to 4.3 MJ/kg) will cause auto ignition of the gas (Moen 
1993). Moen stated that a lower bound on the volume of gas needed to 
transition to detonation can be obtained by equating the chemical energy of 
the burn to the energy of tetryl required for that same volume. Four grams of 
tetryl contains 17200 J or 4100 calories. The bottom section of the column is 
1.08 ft . Hydrogen occupies 30% of that so its energy (at 28.6 k cal/g) is 
23,300 calories or a factor of almost 6 larger. In this case, the chemical 
energy is almost 6 times larger, therefore, a detonation is also possible. 
Again, because a detonation cannot be ruled out, the detonation will be 
assumed. 

While the burn pressure is 117 psi for 30% H, mixture, the peak 
reflected pressures due to the reflection of the shock can reach 28 
atmospheres or 400 psi. The shock pressures will only be felt for an 
extremely short period , and only right at the surface that the wave is 
impinging on. The pressure of the reacted gas behind the shock front is 117 
psi.. 

Since the gas detonates, assume that the rate of change of pressure and 
the peak pressure and the shock are such that a seam on a weld opens. 
Therefore, while the wall will experience 400 psi, the material to be carried 
out only experiences 120 psi. 

To find the release fraction, recall that the result of the hydrogen 
burn is a column that is pressurized up to 8 atm or about 120 psi. The 
release path will either be through the filter or conceivable, through a split 
in the column itself. 

Assume that the resin and water behave like liquid. The release 
fraction can then be based on the "rapid depressurization of a volume 
containing liquid" found on pg 3-16, Section 3.2.3 of Mishima, 1994. A 
release fraction of 2.0 E-03, is what he considers to be bounding. His data 
is based on a 100 cm source while the source in this case is much larger. 
His value is also based on 500 psig. For 250 psig 5.0 E-04 is bounding and 
for 50 psig 4.0 E-05 is bounding. At 120 psig, the value would be 1.5 E-04 by 
interpolation. The value of 1.5 E-04 is conservative. A review of 
experimental data shows that the respirable release fraction is larger for 
smaller volumes. Therefore, use of the value found for the source with the 
smallest volume (in this case 100 cm) results in the largest release. 

The release may resemble a spray rather than a container undergoing 
rapid depressurization. His values for spray release are 1.0 E-04 based on 
200 psi. Therefore, a value of 2.0 E-04 will be used as it bounds the spray 
release value and the value at 120 psig. 
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The detonation wave travels above the bed or in the open volume below 

the bed and not in the bed. Therefore, the detonation wave does hot fracture 
the beads. The beads are coated by a film of water and the bed contains 30 -
40% void volume (depending on how much of the water film is left). Both the 
film of water and the void volume will act to cushion the bed against the 
effects of the pressure pulse. As a result bead fracture will be minimal. 
The respirable material therefore only comes from the liquid. 

Assume that the entire resin bed is released and that the force of the 
release acts on the free liquid. Section 4.4.4 shows that at the integrated 
doses seen by the resin (about 5.0 E+07 rads), the ability to absorb chemicals 
(the exchange capacity) is 80% of what it was with no irradiation. This fact 
is interpreted to mean that 20% of the radionuclides already absorbed on the 
beads will be released back into the liquid within or on the bead. It is 
assumed that the water that drains, off the resin will carry the liberated 
radionuclides, that is, they are not reabsorbed elsewhere within the bed. 
Therefore, the liquid dispersed upon rupture contains 20% of the bed 
inventory. 

The release is therefore: 
(0.2)(2.0 E-04) - 4.0 E-05 of the contents of the column 
If the column opens slightly (a crack) instead of catastrophic failure 

as analyzed, the fraction-made-respirable could be larger than that used for 
failure as a crack is a better aersolization device than is vessel rupture. 
If the hydrogen burn occurs with the column on its side the material released 
out of the crack is either air or air with beads partially blocking the crack 
or liquid with beads partially blocking the path depending on where the crack 
is with regards to the liquid. If the burn occurs as the column is lifted or 
sometime after the lift similar releases could occur as well as a liquid 
release. Mishima's release fraction for spray of 1.0 E-04 is based on a 1/16 
inch hole. If the crack were 1 inch long and 1/16 inch width, the release 
fraction would be about 1.0 E-03. Table 6-1 presents the various scenarios, 
and shows that the release fraction of 2.0 E-04 provide an adequate level of 
conservatism. 

In case of 5.4% H, the peak pressure is very much less and the column is 
left undamaged. The release is therefore negligible. 

The other case is to assume that the column stays intact and that there 
is flow only out the filter. 

The second method uses a method from 101-SY analysis where an H, burn 
occurs above the surface. The method assumes that the surface resembles a dry 
bed. The flow over the surface due to the depressurization, picks up material 
off the surface. The 101-SY case is useful as it also attempts to model a 
hydrogen burn over waste. 

From Rev 8 of the Mixer Pump SA: 
q b - C u2« (u. - u.t) 
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Table 6-1. Release Out of a IX Column Crack 

Orientation 
Column on its 

side 

Crack Location 
above bed 

above water line 

below water line 

Column upright 

Column upright 

any of the above 
3 

above the bed 

below the bed 

Material Released 
IX column air and gases are released. 
Radionuclides are in liquid at bottom 
of column and will not be released. 
Same as above. Flow will be hindered 
due to beads blocking pathway. 
Very unlikely a crack will form here 
due to the cushioning effects of the 
resin bed. The deflagration is in the 
volume above or to the side of the 
bed. 
The results will be the same as the 
above if ignition occurs before the 
liquid has had a chance to percolate 
to the bottom of the column. 
If ignition occurs after the liquid 
has drained, hydrogen is now either 
between the bed and the liquid or 
within the bed or above the bed. 
Only air gets out as the liquid is 
beneath the bed. 
The volume left after draining might 
not be large enough to cause a 
detonation and cracking. If the 
volume is large enough there is little 
liquid and little liquid blow down. 

The top of the resin bed consists of small resin beads (about the size 
of sand) with liquid in the pores and has a film around the beads. While this 
is not a dry bed, it is conservative to model it as such (for comparison 
purposes). 

where 
u« is the speed of the gas, cm/sec 
u.t is the threshold speed, cm/sec = 23.75 per the mixer pump SA. 
c - 3 x ]0" 1 0 

q * g/cm -sec from bed into air 
let u • the peak velocity during the depressurization. 

Assume a 1/8 inch opening an o.rifice. 
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From CRANE 1957 for orifices: 

Q - 6.87 Y die JKPp 

Q - ft 5/sec 

Y « expansion factor based on AP/P, 
AP/P, « (118-14.7)/118 - 0.88 

so Y = 0.9 
d 0 * orifice opening, in - 0.125 inches 
C - 0.6 

AP = (118-14.7) - 103.3 psi 
P, - upstream density at 118 psi, 4950 R 

Using the Ideal Gas law: 

PV - NRT 

PV - xiRT 

PV = JL RT 
mw 

m m P(Mvr) = (118 psia) (29 lb/lb mole) 
V ' R T 10.731 Pf*a~ft* (4950 R) 

lb mole R 

= 0.064 l b 

ft* 

Solving for Q yields: 

Q = 0.16 ft 3/sec 

The average velocity over the bed is the volumetric flowrate divided by 
the area of the flow, which in this case, is the cross sectional area of the 
open area above the bed. Appendix A shows that the open area is 0.22 ft . 

The velocity is 0.73 ft/sec or 22.6 cm/sec. Under these conditions 
there is no release. 
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However, very near the openings in the diffuser the velocity would be 

larger. The diffuser has 80 holes, 0.5 inches in diameter, for a flow area 
of: 

80 (-j\(0.5)2 = 15.7 sq. inches 

The holes are oriented every 45° around the diffuser. With the column 
on its side there are 2 holes in each row that are not full of resin. The 
area of the holes is: 

16 /^)(0.5)2 = 3.2 sq. inches ~ 2.2E-2 ft2 

The velocity i s : 
0.16 ftVsec m l m 2 f t / 9 B G 

2.2E-2 ft2 

- 110 cm/sec 

q = 3B-10 (110) 2(110 - 23.75) - 3.1E-4 gfsec-cm2 

The affected area for this flowrate is taken to be equal to that area 
formed by a radius equal to the width of the bed divided by 2, or 0.57 f t . 
That is the air velocity within 0.57 ft of the diffuser is 7.2 ft/sec and 
outside of this radius i t is 0.73 ft/sec. The bed area is »(0.57 ft) - 1.02 
f t 2 = 950 cm2: 

qB - gr/sec 
3 .1S-4 2 (950 cm2) = 0 . 3 fir/sec 

sec-cm 2 

To find the total release, the time of blowdown must be determined 

The v 
release of: 

The volume of the open area is 0.8 f t 3 . To get to 14.7 psi requires the 

118 - 14.7 _ 87% O Jf t / j e a±z within the column. 
118 

The release rate i s : 
0.16 ft3 

Q = 
sec 
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w = ° - 1 6 ft* 0-0^4 lb u Q 0 1 0 lb 
sec ft3 ' sec 

= 3.5E-4 l b ~ m o l e 

sec 

In the open space there are, 

(1.5 ft3) 10.074 -^ -1 /29 = 3.BE-3 lb-moles (0.074 -£} 

So the blowdown will take, 
I' l^'3, = 9 seconds 3 .5.E-4 

The total release i s , 
0.3sr/sec (9 sec) = 2.7g 

or 

1.9 E-05 of the total resin in the column. 
If the bed is considered to be similar to liquid that is partially 

absorbed in soil, then the release fraction can be taken from Mishima (1994). 
The release rate is 9.0 E-05/hr. The total released is: 

(9.0 E-05/hr)(1/3600)(9 sec) - 2.2 E-07 
The summary of the releases are as follows: 
The fraction of the bed released is: 

resin blowdown 4.0 E-05 
dry surface pickup 1.9 E-05 
wet surface pickup 2.2 E-07 

If the column splits, then the velocity will be larger. The affected 
area may also be larger but the time of blowdown will be smaller. This may 
result in a larger value for the release fraction. However, the release 
fraction should never be larger than that based on the release of a 
pressurized container oyer short release times. In the case of the 
pressurized container, the pressurized gasses are found throughout the mass 
where in the blowdown case, they are only above the mass. In addition the 
velocity decreases as blowdown continues. Since the release is roughly a 
function of velocity squared (at the beginning of the blowdown it varies as 
velocity cubed) the decrease in velocity will greatly decrease the release 
over that calculated. 

Note, also, that in the surface pickup cases, almost half of the weight 
is the resin bead itself. No credit is taken for the fact that the beads are 
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not respirable. If the liquid on the outside of the bead is assumed to come 
off and the liquid inside remains, then the release fraction is reduced even 
further. 

As the result of the above, the value of 4.0 E-05 will be used in the 
dose consequences. 

6.2 DOSE CONSEQUENCES 

The dose consequences due to inhalation from the columns in the burial 
box (IXC 194-226) are now found. See Section 12.0 for the doses from the 
"worst case column." 

Dose - (Ci)(X/Q)(BR)(DCF) 

where Ci « curies released 
X/Q « atmospheric dispersion, sec/nr 
DCF * rem per Ci inhaled 
BR « breathing rate 

- 3.3 E-04 m 3/s. 

For the dose consequences, it is assumed that 4.0 E-05 of column 
quantity is released. 

Worse case columns-
IX columns 203-205 contain: 

94.1 Ci Sr-90 
0.6 Ci Cs-137 
0.35 Ci TRU 

IX column 225 contains: 
13 Ci Sr-90 
32 Ci CS-137 
0.66 Ci TRU 

The X/Q comes from Porten (1994). For a point source with no plume 
meander or building wake (appropriate for vessel burst conditions in the 
open), the following is obtained. 

X/0 

onsite, Fire station 
onsite (100 m) 7.3 E-02 sec/m3 

(4000 m) 1.47 E-04 sec/m3 

offsite (from basin) 3.6 E-05 sec/m3 

The dose conversion factors (DCF) for inhalation and solubility class 
come from the EPA (1988) and are given below. The dose conversion 
factor for all of the transuranics (TRU) is taken to be 1.2 E-04 Sv/Bq 
as that is the value given in EPA (1988) for all except Pu-241. 
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DCF, Sv/Bq 

Isotooe Class IDE Oraan 
Sr-90 D 6.5 E-08 7.3 E-07 bone surface 
Y-90 W 2.1 E-09 8.9 E-09 lung 

Cs-137 D 8.6 E-09 9.0 E-09 "other" 
TRU W 1.2 E-04 2.1 E-03 bone surface 

To convert from Sv/Bq to rem/Ci multiply by 3.7 x 10 1 2. For a one Ci 
release, the following is obtained. 

(X/Q)(DCF)(BR), Rem/Ci 

RadioNucl ide 

1 

EDE 

Dnsite 
(100 m) 
Rem/Ci 

Oraan 

1 

EDE 
Dffsite 
Rem/Ci 

Oraan 
Sr-90 5.8 65 2.9 E-03 3.2 E-02 
Y-90 0.2 0.8 1.0 E-04 4.0 E-04 

Cs-137 0.8 0.8 1.0 E-04 4.0 E-04 

TRU 10,1 596 187, ,180 5.3 92.3 
To determine the inhalation dose, the following equation is solved. 

Dose, = (Ci), (4.0 E-05) [(X/Q)(DCF)(BR)], 
where "i" denotes the quantity for each radionuclide. 
The inhalation dose equals the sum of the "Dose,". The organ doses are 

there for the bone surface as the dose to the lung and "other" is 
insignificant. 

Dose, rem 
0nsite, 100 m Onsite, 4000 m Offsite 

Column EDE Oraan EDE Oraan EDf Oraan 
203-205 0.2 2.9 4.0xl0*4 0.006 10"* 1.4xl0"3 

225 0.3 4.9 6.0x10'* 0.01 10"* 2.4xl0"3 

For these cases, the dose from TRU is 90-99% of the total. 
The dose due to external exposure (or submersion) is typically a factor 

of 100-1000 less than the inhalation'doses. 
For the case of 5.4% H ?, the flow rates out of the column are smaller as is the release fractions. The column does not fail so the onsite and offsite 

doses are negligible. 
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6.3 CHAIN REACTION EXPLOSIONS 

It has been postulated that the explosion in one column may affect other 
columns, causing them to explode. To assess the number of columns that might 
participate in a chain reaction explosion, the following is provided: 

1. The hydrogen accumulation calculation shows that if the filter is 
wetted, the accumulation is small. So only these columns with 
wetted filters can participate. With a water level of 6 inches 
(about half of the available liquid) filter locations over about 
1/3 of the surface results in wettingi So if the filter locations 
are random within the box, there is a 1 in 3 chance. 

2. The only spark source is failure of a screen support. Very few, 
if any are failed. The impact of the column might cause the 
failure of an adjoining column's screen support, but recall that 
the columns are lying sideways, and that the supports are 
perpendicular to the axis. Impacts would cause the column to 
become out of round and the supports to buckle. This is not 
nearly as efficient at creating failure as if, say, the impact 
could act directly on the interface between the weld and the 
surface (a shearing action). It is therefore postulated that 
ignition has no more than a 1 in 10 chance. 

Coupling item 1 and 2 shows a 1 in 30 chance for a chain reaction 
explosion. So while one column could explode, the likelihood of two or more 
is quite low. Note also that the consequences presented in Section 6.2 are 
for the worst case column. Doses from other columns will range from "similar, 
but lower" to "much less". The consequences of a chain reaction explosion are 
therefore no more than double those in Section 6.2. 
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7.0 IGNITION SOURCES 

Typical ignition sources were considered. There are no sources of 
electricity in the columns. The resin beads do not exceed the autoignition 
temperature. This leaves two sources, mechanical spark and static charge 
(static charge is discussed at the end of Section 7). 

7.1 MECHANICAL SPARK 
The only potential source of spark due to mechanical source is a broken 

screen brace which is ASTM-A34 carbon steel scraping the inside of the column 
walls. This source is only a concern if the column is abruptly and forcibly 
moved, or if the column is dropped. This ignition source is not a likely 
source as: 

• While in the past there was evidence of a broken screen (with 
potential for a broken brace), the new stainless steel screen 
appears to have fixed the problem. 

• Mechanical spark initiation from steel is not easy to achieve. 
The bracket must strike just right and with enough force for 
enough distance to remove a small piece and heat it to about 800 -
1000°C in order to ignite hydrogen. 

• The impact must be great enough to break the weld of a 3/8 inch by 
1 1/4 inch flat bar to the sides of the column. 

In addition to the above arguments, an event tree analysis was performed 
to determine the probability. Figure 3 shows the tree. The description is as 
follows. 
Node 1 
Description: Number of IX columns moved from chlorine vault in a year. 
Designator: IX COLUMNS 
Discussion: The number of ion exchange columns to be removed from the 
chlorine vault in the 100 K area is 39. Since the plan is to remove all of 
the columns as quickly as possible, this is assumed to occur in one year or 
less. Therefore, 39 is the yearly frequency of column movement. 
Node 2 
Description: Explosive mixture of H2 is present in ion exchange column. 
Designator: EXPLOSIVE H2 
Discussion: The ion columns stored in the 100 K area chlorine vault are 
placed horizontally in burial boxes. This mode of storage has the tendency of 
impeding the diffusion of radiolytically produced H2 out of the column should 
the column vent be oriented in a down facing position. This is a result of 
the residual water in the column saturating a downward facing vent, blocking 
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the gas diffusion pathway. These vents are constructed with a charcoal insert 
which acts as a porous filter. Water saturation plugs the filter porosity. 

Section 4.4.2 shows that the column will fill to about 4 inches due to 
water draining from the column. Since orientation of the gas vent in a 
sufficiently downward direction will cause filter plugging, and since the 
assumption is made that orientation of the vents was random, there is a 16% 
chance of the vent being plugged. Columns that have open vents will not have 
significant quantities of H2; columns with plugged vents will. This node 
accounts for the 16% chance of hydrogen gas being present in a column that is 
being moved in concentrations enough above the LFL that ignition by hot 
particles is possible. 
Node 3 
Description: Screen support is detached from wall of column cylinder. 
Designator: BROKEN SUPPORT 
Discussion: The ion exchange column is constructed to operate in the vertical 
orientation. The normal water flow path is from the top of the column through 
a diffuser assembly, through the ion exchange medium bed, and out the bottom 
of the column. The ion exchange medium is kept in place with a screen in the 
bottom portion of the vessel. The screen is supported by a number of cross 
braces welded to the sides of the vessel. The material used in the supports 
is carbon steel. 

It is postulated that the only source of sparks that could ignite a 
flammable gas contained in the column would be from the screen supports 
striking the side of the vessel or other supports. The conditions necessary 
to cause a spark would be different based on whether the screen supports are 
intact or if a support has become detached from the wall of the vessel. This 
node accounts for the accident sequence path difference that occurs from these 
two situations. The value of 5.0 E-02 is derived from a postulated occurrence 
of a broken support in one in twenty columns. This is based on information 
that a screen failure occurred in an operating column from a failed screen 
support structure. This could be applied as a failure once in thirty nine or 
more columns, as the indications of a broken screen was not in the 39 columns, 
but for conservatism this was increased to a failure once in twenty columns. 

Node 4 
Description: Ion exchange column strikes solid object with sufficient force 
to cause spark. 
Designator: IMPACT 
Discussion: As indicated in the discussion in node 3, different conditions 
are required to create a spark with the supports intact versus having a 
preexisting support failure. If the. support is intact, a significant impact 
would have to occur to cause failure. This impact is postulated to occur when 
the column is dropped from a large height. The value given to the probability 
of a drop from a large height is developed from IEEE-500 crane failure data. 
IEEE-500 gives a failure rate of 1.0 E-04/hr for crane failures from all 
modes. A conservative assumption of each ion exchange column being subjected 
to conditions that could result in a large height drop for a period of one 
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hour results in a probability of 1.0 E-04 for the large height drop. This is 
applied to the event tree branch representing an intact screen support 
structure. 

If the screen support has a preexisting condition of a failed support, 
then an impact of smaller magnitude than the "large height drop" would be 
sufficient to cause a spark. Several types of impact events are possible 
during the removal of the columns from the chlorine vault. One type of impact 
could occur as a result of the crane lifting hook slipping off the lifting 
bail of the ion exchange vessel before the column is brought to the vertical 
position. It is postulated that this event might occur once during the 
removal of the columns. This would be a one in thirty nine probability. 
However, the actual acceleration that the failed support would experience 
would be small, since the base of the column has not left the ground. The 
force of the impact is not considered sufficient to cause a spark. 

Another type of failure that could cause an impact would occur if the 
crane operator failed to move the crane properly to account for the change in 
angles as the vessel is lifted. As a result of this the vessel would swing as 
the bottom lost contact with the ground. The probability of this event 
occurring is estimated at one in ten. However, the force of impact is not 
considered sufficient to cause a spark because the lift would be controlled to 
a slow rate and the behavior of the vessel would be to drag along the ground 
rather than swing suddenly. Another impact event that is not considered of 
sufficient magnitude to cause a spark is the sudden shifting of the stack of 
vessels as a lift occurs. 

There is one postulated event that could have sufficient impact 
magnitude to cause a spark if there is a preexisting detached screen support. 
This would occur if the crane operator swung the load before it had cleared 
the burial box, resulting in an impact. The same type of impact could also 
occur if the crane operator inadvertently swung the load into a wall in the 
chlorine vault. The probability of this occurring is assigned a value of 1.0 
E-02. This value is based on standard human factors considerations. The 
crane operator is trained. The hazards will have been adequately communicated 
and there will be stringent controls placed on the activity. 
Conclusions 

The yearly frequency of an explosion caused by a large distance drop is 
5.93 E-04. The yearly frequency of explosion caused by an impact to an ion 
exchange column with a preexisting failed screen support is 3.12 E-03. The 
sum of these frequencies is 3.71 E-03 per year. This places the event in the 
"unlikely" category. 

7.2 STATIC CHARGE 
Static charge build up within the column is not a concern but ignition 

of hydrogen outside the filter due to static discharge could occur. If the 
flame can travel back through the filter, the hydrogen on the inside could be 
ignited. This case is not credible for the condition of a submerged or wetted 
filter. The design of the Nucfil filter makes flame travel very difficult 
even under dry conditions. The filter media is porous carbon media that also 
is rated as a HEPA filter. As a result, ignition due to static discharge 
cannot occur in the case in which the hydrogen concentration is well above the 
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LFL as the filter must be saturated in order to achieve the high 
concentration. In the cases where the filter is dry, the hydrogen 
concentration is near the LFL. In these cases propagation through the filter 
will be very difficult if not impossible due to the low concentration. 
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8.0 CASES 

8.1 ONSITE AND OFFSITE DOSES 
The worst case cases of concern for the IX columns in the burial box are 

as follows: 
Orientation Doses. EDE. rem 

Column Filter 
Water 
Level 

Peak 
H 2 

Onsite 
(100 m) 

Onsite 
(4000 m) Offsite 

upright any N/A 2% 0.0 0.0 0.0 
on its side pointing to 

the side or 
upward 

N/A 2% 0.0 0.0 0.0 

on its side pointing 
downward 

does not 
cover the 
filter 

5.9% neg. neg. neg. 

on its side pointing 
downward 

covers 
the 

filter 

>30% 0.3 6.0x10"* io- 4 

2 WORKER DOSES 8.2 
Doses closer in than 100 meters can be estimated with the data below 

(Van Vleet 1992). 
Location Multiplier 
100 m 1.0 
50 m 2.4 
20 m 9.3 
10 m 25 
5 m 54 
2 m 92 

The multipliers are based on point source, ground level, continuous releases, 
and assume that the receptor remain in place for the entire time of plume 
passage. 

8-1 



WHC-SD-SNF-SARR-003 REV 0 

This page intentionally left blank. 



WHC-SD-SNF-SARR-003 REV 0 
9.0 ION EXCHANGE NODULES 

9.1 THE COLUMNS 
The exchange modules (IXM) are shown in figures in the back of this 

report. The column volume is found as follows. The column is made of 16 
inch, sch 30 pipe, 28 inches long. There is a section of pipe about 5 inches 
long with a pipe cap on the end of it. The total length of this section is 7 
inches (along the axis of the column) and about 4 inches (along the side). A 
similar arrangement exists at the top of the column. The total column height 
is 42 inches. The inner diameter is 15.25 inches. For purposes of 
determining volume, the pipe caps are assumed to be cylindrical with a flat 
bottom and 1.5 inch long. The total column length under these conditions is: 

28 + (4 + 1.5)+(4 + 1.5) « 39 inches 
The column volume is then: 

f = -£(15.25) 2(39)/r728 = 4.1ft 3 

Three and one-half cubic feet of resin is added. The porosity based on 
Section 2.0 is 30%. The volume within the bed is therefore 1.05 ft . The 
total open volume in a column is: 

This value will be rounded down to 1.5 ft 3 to account for the space 
taken up by internals and to be conservative. 

9.2 HYDROGEN GENERATION RATE 
From Section 4.2 the hydrogen generation rate is: 

t H -^-2- « 2.8E-5(CiEc + CiES + 3.5CiEt) 

where CiEc = (Ci, Cs-137)(0.76 Mev) 
CiEs = (Ci, Sr-90)(1.13 Mev) 
CiEt - (Ci, TRU)(5.5 Mev) 

Two modules are considered. The first (IXM 11) contains: 
265 Ci Cs-137 
104 Ci Sr-90 
1.01 Ci TRU 

The second (IXM KE94-03) contains: 
117 Ci Cs-137 
53.3 Ci Sr-90 
1.41 Ci TRU 
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The hydrogen generation rates are then: 

IXM 11 8.8 E-03 £, H2/hr IXM KE94-03 4.6 E-03 E, H2/hr 

9.3 HYDROGEN ACCUMULATION 
Hydrogen accumulation will be shown to be limited by flow out the vent 

tubes. This will be shown in a step-wise fashion. 

9.3.1 Column To Column Flows 
The six columns are tied together on top with a 16 or 24 inch long, 3 

inch sch 40 pipe. The bases of the columns are tied with a 90 inch long 1-1/2 
inch Sch 40 pipe and 2 regulating valves in the loop. Assume flow only due to 
diffusion. The question then is, does the pipe connecting the top heads 
affect flow due to diffusion? The thought is that the lines connecting the 
columns may inhibit flow out of the column. Use the same method as in Section 
5.1.1. Assume the flow path is the top heads and the pipe. The values for 
"x/AD" are: 

top head: 

pipe: 

'x/AD" 

A - 188.6 in2 = 1217 cm2 

X = 501 in3/188.6 in2 - 2.65 in - 6.7 cm 

A = 7.06 inz (based on 3 in ID) «= 45.6 cmz 

X - 24 in = 61 cm 

with pipe 1.35 E-02 + 3.26 + 1.35 D-2 = 3.29 
w/out pipe 1.35 E-02 + 1.35 E-02 = 2.7 E-02 

•$ (with pipe) = 0.304 AC at 

-^ (w/out pipe) = 37 AC at 

So the pipe does tend to inhibit flow out of the column. 
The next step is to compare this to the flow out of the column via the 

vent. The six columns are tied together with the three inch distribution 
pipes. One of the six columns is vented however. The vent is 20 inches long, 
1/2 inch Sch 40 pipe and has a NUCFiL filter on the end of it. 
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The value of "x/AD" under these conditions is: 

20in(2.54cm/in) 
(n/4) (0.62in-2.54cm/ii2) 2* (0.41) 63.6 

The vent also contains a NUCFiL filter. 

The value for "x/AD" for this is as follows: 

plate 
x - 0.25 cm , 
A - 0.079 cm2 

D - 0.41 

filter 
x = 1.0 cm 
A = 2.83 cm2 

D = 0.41 

outlet 
x = 0.25 
A = 0.079 cm 
D - 0.41 

The value of "x/AD" is 81.5. The mass flow rate due to diffusion 

-$» = (1.22^-2) (C) dt 

recall that: 
a (AC) = -.22 

Therefore: 
dm _ _ am 
-dt~mi»- — 

where Min is the generation rate: 

V is the volume of the column 
M is the moles of H2 in the column 
a is the value of (x/AD)"1 

9-3 



WHC-SD-SNF-SARR-003 REV 0 
The solution is: 

« - *^a <i- e- iu">*) (a/v) 

When "a" is large, equilibrium will be reached quickly and the value will be smal1. 
The easiest way to see this is to solve simultaneously. 
Assume that the generation rate is equally divided among the six columns or 1.833 E-08 moles/sec. 

dm, 0 . 3 0 4 (JTJ.- JJU) 
1 - 1 .8335-8 - * i * dt 2.1ft3 (30.5cm/ft 3 ) 

= 1.8335-8 + 5.1£T-6Af1+ 5 .lE-Sl^ 

drru _ 1 .225-2 (in,) * = 1 .8335-8 + 5.1£ ,-6m 1 - 5 . 1 5 - 6 ^ - ^ -
dt l ' 2 . 1 ( 3 0 . 5 ) 3 

= 1.8335-8 + 5 .15 -6% - 5 .15-6% - 2 . 055-7% 

= 1 .8335-8 + 5 .15 -6% - 5 .35-6% 

The solution shows that M, and M, are essentially identical. Therefore, the cross connection does matter but its small compared to the vent line. Therefore, the multiple columns can be modelled as are large column. 
Assume that the two columns were one. Then: 

& . 2 ( 1 . 8 8 W ) - l-22g-3(M) 
dt 2(2.1) (30.5) 3 

= 3.675-8 - 1.025-7in 

At steady state, "m" equals 0.51 moles in 4.2 ft3 or 0.26 moles in 2.1 ft3. So for six columns we have the following: 
-^ - 6(1.835-8) - l-22g-2(a) . i,1E-l - 4.85-8M dt 6(1.5) (30.5) 3 

4. 85-8 
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Solving yields: 
t. sec M %H 2 0 0 0 
3xl07(lyr) 1.74 15% 
6xl07(2yr) 2.2 19% 
Under these conditions, 4% H 2 is reached at 56 days. 
The above concentrations do not consider atmospheric breathing. Section 

5.1.2 shows that the average change in barometric pressure is 1.13 x 10*2 

inches Hg/hr or 3.8 E-04/hr. The building fans are constant speed fans so the 
inside of the building experiences the same changes in atmospheric pressure as 
does the outside. As a result, the "breathing" term needs to enter the 
equation. 

<*" = 1 . 1E-7 - 4 . 8E-8m - 3 * 8E~*m h r ' 1 

dt ' ' (3600 sec/hr) 
= 1.1E-7 - A.8E-8m - 1 .055-7 m 
= 1 .15-7 - 1.55-7 in 

Solving yields: 

J J 7 = J^MzLd - e-i.BOE-i^ 
1.505-7 

t. sec m %H 2 

0 0 0 
10 7 (4 mo) 0.56 4.9% 

3 x 10 7 (1 yr) 0.71 6.2% (steady state) 
Under these conditions, 4% H, is reached at 81 days. If similar 

equations are solved for IXM KE94-03, the steady state H 2 concentrations are: 
10% - no breathing 
3.2% - with breathing 

For the case with no breathing, 4% is reached at 122 days. 
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In summary: 

Generation 
IXM Rate £/hr 

Steady State H 2 

Concentrations 
11 8.8 E-03 19% no breathing 

6.2% breathing 
KE 94-03 4.6 E-03 10% no breathing 

3.2% breathing 

Time to Reach 4% 
56 days no breathing 
81 days breathing 

122 days no breathing 

9.3.2 Modifications - One Column Flow 
If there were a filter on each column, then: 

1.22E-2m 4 x - 1.83F-8 -
2 . 1 ( 3 0 . 5 ) 3 1. 05E-7m = 1 . 83E-8 - 2 . 05E-7m - 1 . 05E-7 

At the steady state "m" equals 0.06 moles or 2.3%. Steady state is 
reached at 1.46 E+07 sec or about half of a year. 

If we went to the filters with 3/8 inch openings, then"x/AD" would be 
plate 

x - 0.1 in - 0.25 cm 
A = 0.11 in2(0.375 in dia) - 0.712 cm2 

D = 0.41 
filter 
x/AD - 0.856 + 1.63 + 0.856 = 3.34 
The total value of x/AD - 3.34 + 63.6 = 67 

therefore, the rate of charge of mass due to diffusion is: 
4? = 1.5E-2AC dt 

as compared to 1.22 E-02 Ac and the peak would be 2.7% without 
consideration of breathing. 

If we open the upper inlet line which is also 20 inches long but is 3 
inches in diameter and put a filter in this, the value for "x/AD" for the line 
would be 2.7 not 63.6. The total value would be 20.6 not 81.5. Therefore, 
the rate of charge of mass due to diffusion is: 

dm 
dt (4.85£-2)AC 
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-SRI =6(1.83^-7) = «.85g-2(jn) . i.^-y - 1.355-7 
dt 6(2.1) (30.5) 3 

at steady state M - 0.81 moles or 5%. 

9.4 IGNITION SOURCES 
The potential ignition sources are again mechanical spark and static charge. As discussed in section 7.1 mechanical spark is a potential initiator although unlikely. Section 7.2 shows that static discharge above the NucFil Filter could be a concern. 
The downward propagation limit is 8% H 2. The steady state concentrations for IXM II is 6.2% if breathing is considered and 19% if no breathing is assumed. IXM KE 94-03 has a steady state concentration of 10% if no breathing is assumed. As a result ignition due to static discharge could ignite the hydrogen in the IXM if the following can occur. 
• The discharge occurs right at or very close to the 1/8 inch opening on the NucFil filter. 
• Removal of hydrogen by breathing is not as effective as calculated (ie, the concentration of hydrogen exiting the filter exceeds 9%). Note that for IXM KE 94-03, breathing would have to be about 1/3 as effected as calculated. 
• The flame front would have to get through the filter and into the vent pipe. 
• The flame front would have to travel through 20 inches of 1/2 inch pipe and make a 90 degree turn to reach the column. 

9.5 DOSES FROM THE IXM 
For the case of six columns vented by one filter, the peak hydrogen quantity is 2.2 moles and the concentrations 19%. The detonation cell size at 20% is 30 mm or 3 cm. The bottom open portion of the column is 7 inches (18 cm) high and 15.5 inches (39 cm) in diameter. The top is of similar size. Both are large enough to support the postulated detonation. (See also Section 6.1). The postulated detonation will be modelled using all of the hydrogen in the column. 
To determine the doses, assume that hydrogen could be modelled as TNT. This assumption is made as simple damage vs quantity relationships are available for TNT. In the bottom of each column there is: 

2 - 2 m o l e s (o .85f t 3 ) ° O.llmoles 
(6) (2 .1 f t 3 ) 
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The energy is: 

E - (0.17 moles)(2 g/mole)(28.9 kcal/g) - 10.0 kcal 
M T H T - 10.0 kcal/1.08 kcal/g.TNT - 9.3 g TNT 

If we place "TNT" in the middle of the bottom of the column, the walls 
are 8 inches away and the bottom is three inches away. The walls are 20 
inches thick. The floor is also 20 inches thick. Using an Army Manual for 
blast effects (NRDC 1946) on reinforced concrete walls the following is found: 

t / y x / 3 = (20/12) - 6 . 0 
(9.3/454) 1 / 3 

R/w^ = < 8 / 1 2 ) „ -2.4 (9. 3/454)1/3 

The reference shows no damage. In fact under these conditions, 75 lbs 
of TNT is needed to break the wall if the TNT was placed, unenclosed, eight 
inches from a wall (the model used). While this model is not good for 75 lbs 
of TNT, it is not too unreasonable for 9.3 g. 

The above analysis assumed that the detonation of hydrogen can be 
equated to that of TNT. This, however, is not the case. Kogarko (1966) 
presented the results of experiments where pressure and impulse as a function 
of distance was measured for stoichiometric mixtures of flammable gases. What 
he found was the following: 

A P = ° - 0 5 2 

Ry 
I = 0.095 E2/3/R 

where AP * atmospheres 
R 0 = R/E 1 / 3 

E • energy of the reaction, kcal 
R « distance from the center to the point of interest, m 
I « impulse, kg-sec/m 

Using the same geometry and concentrations as above, the following is 
obtained. 

E - 12.7 kcal 
R « 8 inches - 0.2 meters 

Therefore: 
I - 0.095(12.7)2^/0.2 

* 2.6 kg-sec/m 
* 3.7 E-03 psi-sec 
= 3.7 psi-msec 
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R0 - 0 . 2 / ( 1 2 . 7 ) 2 / 3 = 0.086 

A P = — ° - ^ 5 2 _ - 3 . 4 - i ^ L 
(0.086 J 1 - 7 cm 2 

• 3 . 3 atm 

Using data from the TNT curves for spherical explosions with: 
Z - R/w 1 / 3 « (0.66 ft)/(11.8 g/454) 1 / 3 

P s o » 200 psi or 13.6 atm 
i s = 4.9 psi-msec 
The pressure and impulse are less than that from TNT so that even less 

damage will occur. 
Given the above, it is conceivable that the explosion could blow the 

grouting out of the vent plugs and the inlet and outlet openings. The 
pressure of a 20% H ? burn is 6.5 atm or 100 psi. Using the value of 2.0 E-04 
as was done in Section 6.1, and the value of 20% of the inventory in the water 
as the storage time is about 1.3 as long as the columns but the curie loading 
is three times larger, the release is 4.0 E-05 of the load in the column, or: 

0.01 Ci Cs-137 
0.0042 Ci Sr-90 
4.0 E-05 Ci TRU 

The doses are found using the same methods as before: 
Dose = (Ci)(x/Q)[Rem/(X/Q)-Ci] 

radionuclides Rem.onsite 
Cs-137 0.007 
Sr-90/Y-90 0.025 
TRU 0.43 

0.45 rem 
The onsite dose (100 m) EDE is 0.45 rem or about twice what is was for 

the IX columns. The onsite (4000 m) EDE dose is 10 rem. The offsite EDE 
dose is 2.0 xlO rem. 

9-9 



WHC-SD-SNF-SARR-003 REV 0 

This page intentionally left blank. 

9-10 



WHC-SD-SNF-SARR-003 REV 0 
10.0 CARTRIDGE FILTERS DOSE CONSEQUENCES 

The cartridge filters are lowered into a section of a culvert. The 
culvert is made of 0.14 inch thick corrugated steel pipe and is 48 inches in 
diameter and 49 inches tall. The filter is 30 inches in diameter (scaling 
from drawing H-l-34709) and is 33 inches tall. The floor is poured in the 
container, the filter is lowered into a container and the container is filled 
with concrete. The walls, floor, and ceiling are made of concrete and are 
about nine inches thick. The floor and top are reinforced but are not 
enclosed. 

The same method as that used in the IXM calculation (Section 9) is used 
here. The volume of the filter is taken to be: 

; / l£\ 2 /21\ -
: \ 1 2 | \ 1 2 | " 

It is assumed that since the culvert is not vented, the hydrogen 
concentration is 30%. At 30% H 2, the hydrogen volume is 4 ft or 114.5 liters. The equivalent TNT is: 

,. B B-.<ii«. S,.^i4^S^si)( r ?3£ I) 
= 273gr . 0.6123 

The ignition source is assumed to be metal on metal contact as a result 
of dropping the culvert. 

The wall is nine inches thick and the stand off is 15 inches. 
Therefore, using NRDC 1946 for the effects of placing an explosive "r" ft away 
from a reinforced concrete wall, "t" ft thick. 

tl*\'l - 0.9 
r/w 1 / 3 = 1.5 
The concrete easily survives. The floor does not appear to be tied to 

the walls. So it is conceivable that the floor could separate from the walls 
resulting in a release. The release fraction would seem to be similar to that 
for the IXM as the mechanism for release is similar, ie. an energetic but 
quick discharge as a result of depressurization. If this were the case and if 
the radionuclides were held in liquid as they were assumed to be in the IXM, 
the doses would also be same if the loading were the same. Work still needs 
to be performed to verify this. 
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11.0 AREAS OF CONSERVATISM 

The effect of water vapor in the open volume. 
The quantity and rate at which water leaves the resin as compared 
to flow through the resin (will the level gradually rise or not). 
Air and water flow through the resin as it starts to become 
submerged. 
Can hydrogen detonate in the "filter pointing down case"? Will 
the column fail in a detonation? 
What is the likelihood of screen support failure? 
Can impact from on column cause the screen support in the adjacent 
columns. 
Release from the cartridge filters. 

11-1 



WHC-SD-SNF-SARR-003 REV 0 

This page intentionally left blank. 

11-2 



WHC-SD-SNF-SARR-003 REV 0 
12.0 WORST CASE COLUMN 

The analysis in Section 6 was based on the 39 columns in the burial box. 
Columns will be used throughout the operation of the basin. The worst case 
column, over the period of operation, will be assumed to be loaded with the 
largest quantity of each radionuclide found in Table 1. That is: 

Cs-137 87.3 Ci 
Sr-90 94.1 Ci 
TRU 2.49 Ci 

Using the method in Section 4.2, the hydrogen generation rate 1s 0.0058 
£/hr as compared with 0.003 £/hr for the worst case column in the burial box. 
Using this generation rate, the peak hydrogen concentration is 4% for the 
upright column (Section 5.2.1) and for the horizontal column with the filter 
pointing up (Section 5.2.3.1), 9.7% for the horizontal column, filter pointing 
sideways and 30% for the filter pointed down. 

Using the same release fraction and dose consequences data as in 6.2, it 
is found that the onsite dose is 1.1 rem and that 98% of the dose if from the 
TRU. 

Onsite Onsite 
(100 m) (4000 m ) Offsite 
rem rem rem 

EDE Organ EDE Organ EDE Organ 
Worst Case Column i.i is.8 0.002 0.04 5.0 E-04 9.0 E-03 
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Table 1. IX COLUMN DESIGNATOR, INVENTORY, AND HYDROGEN PRODUCTION 

(Page 1 of 2) 

Inventory Using Hydrogen Production 

Dose 
C»-137 

Inventory bated 
Concentration in The Basin (liters/sec) 

Dose 
C»-137 

Inventory bated Cs-137 Sr-90 TRU From From 
Rate on the dose Inventory Inventory Inventory Dose Mass 

IXC ID Rad rate, Curies Curies Curies Curies Rate Balance 
194 20 12.4 42.8 31.6 0.24 0.0013 0.0019 
195 6 3.72 25.6 18.6 0.15 0.0007 0.0011 
196 20 12.4 31.0 26.4 0.20 0.0011 0.0015 
197 7 4.34 16.3 21.7 0.15 0.0008 0.0010 
198 5 3.1 16.3 21.7 0.15 0.0008 0.0010 
199 4 2.48 25.2 33.1 0.23 0.0011 0.0016 
200 15 9.3 23.5 50.1 0.34 0.0018 0.0021 
201 15 9.3 17.7 40.1 0.28 0.0015 0.0017 
202 30 18.6 29.0 58.5 0.40 0.0023 0.0025 
203 1 0.62 78.1 94.1 0.13 0.0028 0.0044 
204 1 0.62 78.1 94.1 0.13 0.0028 0.0044 
205 1 0.62 78.1 94.1 0.13 0.0028 0.0044 
206 1 0.62 55.7 39.4 0.07 0.0012 0.0023 
207 1 0.62 55.7 39.4 0.07 0.0012 0.0023 
208 1 0.62 55.6 39.4 0.07 0.0012 0.0023 
209 1.4 0.868 87.3 35.3 0.08 0.0011 0.0028 
210 1 0.62 87.3 35.3 0.08 0.0011 0.0028 
211 1.5 0.93 87.3 35.3 0.08 0.0011 0.0028 
212 45 27.9 60.0 25.9 0.06 0.0013 0.0020 
213 65 40.3 40.8 16.5 0.04 0.0013 0.0013 
214 85 52.7 60.0 25.9 0.06 0.0018 0.0020 
215 90 55.8 39.4 14.4 0.21 0.0016 0.0013 
216 60 37.2 18.0 4.9 0.07 0.0009 0.0005 
217 75 46.5 39.4 14.4 0.21 0.0014 0.0013 
218 70 43.4 18.2 6.9 0.09 0.0011 0.0006 
219 80 49.6 18.2 6.9 0.09 0.0012 0.0006 
220 40 24.8 18.2 6.9 0.09 0.0007 0.0006 
221 40 24.8 24.2 8.1 0.10 0.0008 0.0008 
222 78 48.36 21.2 7.1 0.09 0.0012 0.0007 
223 34 21.08 13.7 7.1 0.09 0.0007 0.0005 
224 44 27.28 13.0 5.0 0.73 0.0011 0.0008 
225 52 32.24 13.0 5.0 0.73 0.0011 0.0008 
226 31 19.22 13.0 5.0 0.73 0.0009 0.0008 
227 14.7 0.1 0.03 0.0003 
228 12.6 0.1 0.03 0.0003 
229 14.7 0.1 0.03 0.0003 
230 33.6 14.9 1.44 0.0019 
231 33.6 14.9 1.44 0.0019 
232 33.6 14.9 1.44 0.0019 
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Table 1. CURVE OF DOSE RATE VS Ci LOADING ON IX COLUMNS 

(Page 2 of 2) 
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Figure 1. ION EXCHANGE COLUMN 
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Figure 1 . ION EXCHANGE COLUMN 
(sheet 2 of 2) 
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Figure 2. NUCFIL FILTER INSIDE THE DIFFUSER PIPE 
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ION EXCHANGE MODULE DRAWINGS 
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Ion Exchange Nodule 
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Ion Exchange Nodule 
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Ion Exchange Module 

(sheet 3 of 5) 
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Ion Exchange Module 

(sheet 4 of 5) 
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Ion Exchange Nodule 
(sheet 5 of 5) 
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CARTRIDGE FILTER DRAWINGS 
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Cartridge Filter Container 
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Cartridge Filter Container 

(sheet 2 of 2) 
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APPENDIX A - Column Open Volume and Open Height While on Its Side 
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APPENDIX A 

Column Open Volume and Open Height Mhile On Its Side 

The volume of the swelled bed is 5.75 ft3. Volume above bed is 0.86 
ft . Assume top of column is flat. The area of a circular segment is: 

^? A = ±- (0 - sin 6) 

The column effective length is: 

L*V/A= (5-75+0.86) = 3 . 9 6 f t 

jr , 17 . 5 v 2 

4 12 

OpenVolume = 3.96 {•£-) (0 - s i n 0) 

r - _ ^ _ - 0 .73 ft 

= 0 . 8 6 f t 3 

Solving for G yields 1.8 radians = 104e 

The bed is 1.06 ft or 
12.7 inches across 
The distance from the bed 
to the top of the column 
is 0.28 ft or 3.4 inches. 
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APPENDIX B - Results of the "Backyard Test" of the NucFil Filter - Water Flow 
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APPENDIX B 

Results of the -Backyard Test" of the NUCFil Filter - Hater Flow 

A NUCFil filter was obtained and threaded into a 10 ft. long plastic 
pipe with a diameter similiar to that of the filter. The pipe was filled with 
water to various levels and flow out was measured using a measuring cup and 
stop watch. 

Results from the first set of tests: 

Test No. Water 
Added 

Height 
In PiDe 

Initial 
Pressure Flow Rate 

1 40 oz. 10 ft. 4.3 psi 1.14 E-04 ft3/s 
2 4 oz. 1 ft. 0.4 psi 1.33 E-05 ft3/s 
3 1 oz. 2.5 in. 0.09 psi 4.7 E-06 ft3/s 
3a (Filter bl own dry and allowed to air dry for 24 hrs) 

1 oz. 2.5 in. 4.8 E-06 ft3/sec 
(Flow did not start 

for 20 s) 
4 (Filter blown dry and allowed to dry) 

0.5 oz. 1.75 in. 0.05 psi 1.7 E-06 ft3/s 
(Flow did not start 

for 30 s) 
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From Darcy's Law 

Q « KA (h, - h2)/A« 
or 

- •£ (AP + pgh) 
0 = [ B T,] A 

h t 

Where h f * f i l t e r thickness - 0.75 in/12 « 0.0625 f t 

P = 0 

q = flow rate - 1.14 E-04 f t 3 / sec at a head of 10 f t . 

k * speci f ic permeabil i ty, ( length) 2 

// = v iscosi ty = 0.21 E-04 l b f - s e c / f t 2 

A = area = w/4(0.125/12) 2 = 8.5 E-05 f t 2 

pgh = (10 f t ) (32 .2 f t /sec 2 ) (62.4 l b / f t 3 ) = 2.0 E+04 l b f / f t 2 

Solving for "k" y ie lds 

K = 8.8 E- l l f t 2 

= 8 . 2 E-08 cm2 

= 8.3 darcies 

The permabil i ty of other materials i s : 

loose sand 20 - 200 darcies 

so i l 0.3 - 14 darcies 

concrete 0.1 - 23 darcies 
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APPENDIX C 

Microshield Analysis 

Problem: 
Develop a relationship between the measured dose rate at the surface of 
the ion exchange column and the radionuclide curie content of the resin. 

Assumptions: 
• The height of the resin in the exchanger is 114.3 cm (45 inches). 
• Only the gamma radiation from 1 3 7Cs is contributing to the 

measured dose rate. 
• The Cs is uniformly distributed throughout the resin. 
• The dose rate calculated for the midplane of column is assumed to 

be representative of measured dose rate. 
• The buildup in the gamma flux is associated with the steel wall. 

Method: 
The ion exchange column was modelled, using the computer program 
Microshield, as a cylindrical source viewed from the side as shown in 
the figure. The curie content of the source region was increased until 
a surface reading of 90 rem/hr was achieved. 

Results: 
A source loading of 55.8 Ci of 1 3 7Cs gives a near surface reading of 
90 rem/hour (see page 2 of the attached output). 
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WHC-SD-SNF-SARR-003 REV 0 - Microshield 3.12 
(Westinghouse Hanford Company - /197) Page : 1 File Ref: File : EXCH_FE.MSH Date: Run date: June 14, 1994 By: Run time: 1:20 p.m. Checked: 

7ZZT. 

CASE: K Basin Ion Exch, 0.25 wall, 45 high, wall buildup factor 
GEOMETRY 7: Cylindrical source from side - cylindrical shields 

Distance to detector X 
Source length L Dose point height from base .'. Y Source cylinder radius Tl Thickness of second shield T2 Microshield inserted air gap air 

Source Volume: 177370. cubic centimeters 
MATERIAL DENSITIES (g/cc): 

Material Source Shield 2 Air gap 
.001220 .001220 

22.885 cm. 114.3 •i 

57.150 » 
22.225 n 0.635 ti 

0.025 w 

Air Aluminum Carbon Concrete Hydrogen Iron Lead Lithium Nickel Tin Titanium Tungsten Urania Uranium Water Zirconium 

7.860 

.80 
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Page 2 File: EXCH_FE:*MSH 

CASE: K Basin Ion Exch, 0.25 wall, 45 high, wall buildup factor 

BUILDUP FACTOR: based on TAYLOR method. 
Using the characteristics of the materials in shield 2. 

INTEGRATION PARAMETERS: 
Number of lateral angle segments (Ntheta) 15 
Number of azimuthal angle segments (Npsi) 15 
Number of radial segments (Nradius) 15 

SOURCE NUCLIDES: 
Nuclide Curies Nuclide Curies Nuclide Curies 
Ba-137m 5.2781e+01 CO-60 0.0000e+00 Cs-137 5.5793e+01 
N-16 0.0000e+00 

RESULTS: 

Group Energy Activity Dose point flux Dose rate 
# (MeV) (photons/sec) MeV/(sq cm)/sec (mr/hr) 
1 .6641 1.757e+12 4.340e+07 9.000e+04 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

TOTALS: TOTALS: 1.757e+12 4.340e+07 9.000e+04 
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APPENDIX D 

Liquid Level In Column After Draining 

5 ft3 of resin is added to the column. The bulk density of dry resin is 
0.35 g/cnr. 
The resin weight is: 

cm 5 ft3 {30.5 -^ ' ) (0.35 - a - r ) / - 49,652 g ft cm-

The water film is 2.2 E-05 g per 6.4 E-05 g of resin or 17,068 g. 
The average porosity after the film of water has drained off is 40%. 

The average porosity of the column is: 
(50.7 inch) (0.4) +8 inch(l.O) _ 0 4 8 

58.7 

Where 50.7 is the length of the bed with the column on its side, 8 is 
the length of the open volume beneath the resin. 

Recall that for a circular section: 
V = L(-^-) (6 - sin 6) 

In this case H = 58.7 in. - 149 cm 
r - 17.512 in. = 22.2 cm 

The volume occupied by all of the water in the film is: 
l 

g 0.48 17068 r ( 1 ) =35,558 on* 

cmJ 

Solving for 9 yields 1.91 rad or 111" 

55.5 55.5 

22.2 - 22.2(cos 55.5) 
9.8 cm = 3.8 inches 

55.5 
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If all of the water came out 
„ _ 7 4 , 4 7 8 , 1 v 

x _ g _ 0 .48 
cm3 

0 - s i n 6 = 4 . 2 2 
6 = 3.7 zad = 215° 

= 155,162 cm 

107° 

22.5 + [22.5 cos 73] 
28.8 cm = 11.3 inches 
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APPENDIX E 

Gradual Purging of Air From The Column 

Column on i ts side. Filter saturated. No breathing. 

4£h diffusion = 3.7x10-" 1 7 > o J e s

7 a 

a t sec - mole% 

per WIPP test 

H2 generation rate « 0.003 £/hr 
=3.7 E-08 moles/sec 

Assume that the pressure remains at atmopsheric pressure. 
At 0 sec, 

Open Volume = 3.7 ft3 at t = 0 there are 0.26 moles of H 2 

At 1 atm, 30 c, there is 4.2 moles total, so initially there is 3. 
moles of air. 

At 10 7 sec, 

H2 added - 3.7 x 10'8 moles/sec (107) = 0.37 moles 

Total H2 = 0.26 + 0.37 = 0.63 moles 

Average moles = 0.31 

% H2 = 0.31/4.2 = 0.075 (100) = 7.5% 

^-'.diffusion - 3.7 x 10- 1 0 (7.5) = 2 . 8 x l O " 9 m o l e s 

dt sec 

= 0.028 moles out over 10 7 sec 
Total moles in system * 0.63 + 3.94 - 0.03 

H 2 air 
- 4.54 

To get to atmospheric pressure, 0.34 moles or 7.5% must be purged. 
H 2 after purge * 0.60 (1 - 0.075) * 0.55 moles 
Air after purge = 3.94 (1 - 0.075) =3.64 moles 

% H 2 = 15% 
' E-3 
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At 2 x 107 sec 

H2 « 0.55 moles 

air « 3.64 moles 

H2 in •= 3.7 x 10"8 moles/sec (107 sec) - 0.37 moles 

Total H2 = 0.92 moles 

Average H2 = 0.74 moles 

^L\diffusion = 3.7 x 10-" m o l e s

1 a ( ^ 4 r ) (100) 
d t sec - mole* 4.2 

= 6.5 x 10"9 moles/sec 

» 0.065 moles over 107 sec 

Moles H2 = 0.92 - 0.065 = 0.85 moles 

Moles air = 3.64 moles 

Total 4.49 moles 

Must purge 0.29 moles or 0.065 

H2 = 0.85 (1 - 0.065) = 0.79 

air = 3.64 (1 - 0.065) = 3.40 

H 2 = 23% 

Later times 

The hydrogen concentration, based on this model, will continue to 
increase until there is no air left in the column. 
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APPENDIX F - Pore Diameters 
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APPENDIX F 

Pore Diameters 

1 mm 
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APPENDIX G - Water Level As A Function of Height and Filter Orientation 
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APPENDIX G 

Mater Level As A Function of Height and Filter Orientation 

4 inches 
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~Batteile 
Pacific Northwest Division 
P.O. Box 999 
Richland, Washington U.S.A. 99352 
Telephone (509) 

375-2645 
August 11, 1994 

Mr. Robert Marusich 
Westinghouse Hanford Company 
Richland, WA 99352 

Subject : Request for response to DC hydrogen calculation reviews 

Dear Bob: 

Enclosed please find the review comments received from four DC Safety Review Board members. 
These members include Richard Denning(Battelle), Martin Plys(Fauske & Associates), Ned 
Bibler(WSRC), and Lee Burger(PNL). Richard Green(INEL) joined the board after the document 
was sent out. However, he made comments on the summary of your calculations appended in the 
DC recovery planning document so his review comments are also enclosed. 

Please send your response to these review comments back to me so that the resulting files can be 
documented and issued collectively. The official WHC technical report you are preparing need 
to reflect your response to these review comments. 

Sincerely, 

Inn Choi, Manager 
Ion-Exchange Recovery Project 

IGQkah 

File/LB 

cc: John Truax (WHC) 
John Fulton (WHC) 
Jim Daily (DOE/RL) 
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OBaneoe 
. . . Putting Technology To Work 

505 King Avenue 
Columbus, Ohio 43201-2693 
Telephone (614) 424-6424 
Telex 24-5454 

June 3 1 9 9 4 Facsimile (614)424-5263 

Dr. Inn Choi 
Battelle 
Pacific Northwest Laboratories 
Battelle Boulevard 
Richland, Washington 99357 

Dear Dr. Choi: 

I would like to make the following comments regarding the analysis of the ion exchange safety issues. 
I believe the analyses that have been performed to date provide a reasonable perspeaive on the 
magnitude of the safety problem, but could be improved in some areas as follows: 

1) The assumption that the radionuclides are dissolved in the water associated with the 
resins is grossly conservative. An effort is required to determine how the radionuclides 
partition between the resins and die water. The resin particles themselves are too large 
to represent a respirable source term. 

2) I recommend that you look at two Sandia reports NUREG/CR-5525 and 
NUREG/CR-4961 for energy requirements and critical cell size for detonations. At 
stoichiometric concentrations and without diluents, the cell size is quite small 
(approximately one to two cm). Under the most conservative assumptions, you can 
probably not preclude transition to detonation in the channel above the bed in the 
horizontal position. However, from energy sources and transmission criteria you may 
be able to preclude a spherical detonation in the open end region by transmission or 
initiation. As you move away from a stoichiometric mixture or-add diluents, the cell 
size increases rapidly and you can dismiss detonations more easily for your geometry. 

3) The benchmarking of cesium inventory with measured surface dose could be improved 
by using more accurate analysis techniques that do not rely on buildup factors. Two 
possible codes are DOT (two-dimensional discrete ordinates) or MCNP (Monte Carlo 
analysis.) 

4) The applicability of the equation used to determine the suspension of resins during 
blowdown of the tank should be reviewed. Furthermore, as applied, the high velocity at 
the diffuser holes has been assumed across the entire surface area of the bed. This 
velocity would only exist within a few diameters of the hole. 

5) The external ignition sources examined, hot particle and static discharge, are not 
credible. Almough steel is not a great conductor of electricity the tank acts somewhat 
like a Faraday cage, isolating what happens on die inside from what happens outside. 
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Dr. Inn Choi 
Battelle 
Pacific Northwest Laboratories June 3, 1994 

Based on the analyses presented at the meeting, I believe that the concentration of hydrogen is likely 
to be below the detonation limit (approximately 12%) but possibly capable of supporting a rapid burn. 
In the event a sufficiently energetic ignition source were available (which appears quite unlikely), the 
vessel would pressurize rapidly but would not fail and the system would blow down through the filter. 
Some resin material could be suspended and released in the neighborhood of the tank. Facility 
workers could, as a result, be exposed to an external radiation source prior to evacuation and during 
clean-up. The airborne release of radioactive material capable of being respired would be extremely 
small and would represent a negligible hazard to off-site members of the public or to workers at other 
Hanford facilities (e.g., co-located workers by the definition of draft DOE-STD^3005). 

The analogous accident in die SAR for Handling and Storage of Irradiated N Reactor Fuel in 105-KE 
and KW Fuel Storage Facilities is the cask drop accident in which personnel are exposed to 
unshielded fuel with a dose less than 5 rem. Since the distribution of resin material would result in 
an even lower external dose to facility workers (and negligible off-site dose), you could conclude that 
this accident is within the safety envelope defined in the SAR. 

Although there is a basis for concluding that this is not a USQ, it is clear that a review of the entire 
life cycle of the irradiated resins is required to assure that hydrogen production is considered and 
integrated appropriately. 

Sincerely, 
/ 

Richard S. Denning 
Sr. Research Leader 

RSD/rbs 
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RESPONSES TO RICHARD DENNING'S COMMENTS 
R. M. MARUSICH 

1. Section 4.4.4 now shows that the column will lose 20% of its retention 
capability which meant that 20% of the total radionuclides in the column 
go the liquid present and are not reabsorbed the other resin. The 
analysis now shows only the liquid being made respirable. 

2. Detonations are postulated to occur within the IX Column (Section 6.1) 
the IX Module (Section 9.4)) and the filter cartridge (Section 10). In 
each case it is argued that the cell width is about 2 - 4 cm and the 
volume is larger that, therefore, a detonation is postulated to occur. 
The Light Water Reactor Hydrogen Manual is referenced. This has similar 
data to NUREG/CR-4961. No data could be found showing the difficulty of 
a detonation within the large cylindrical shaped bottom section as 
compared to the rectangular shaped (with small height to width 
dimensions) section above the resin. As a result, a detonation was also 
postulated in the cylindrical region. The discussion of detonation now 
covers one page and involves experimental evidence as well. The 
conclusion is that "since a detonation is possible under these 
conditions and cannot be argued away, it is assumed to occur." 

3. Section 4.1 argues that because of the large scatter in the data and the 
fact that the relationship "90R/hr corresponds to 56Ci Cs-137" matches 
the data reasonably well, the relationship is viewed to be appropriate 
for use. 

4. The "second method" described in Section 6.1, which describes the 
release based on suspension, now contains words stating that its use is 
suitable only for comparison conditions. The area over which the flow 
occurs was scaled back to be a circular area with radius half the bed 
width to more accurately account for the phenomena mentioned. Use of a 
smaller area does not affect the end result (i.e. the "second method" 
was not used.) 

5. Section 7.0 point out that the only ignition source is the broken brace 
scraping the inside of the column. This is argued to be unlikely due to 
the difficulty of breaking the brace and creating a spark. Richard 
Green of INEL points out that static could ignite hydrogen coming out of 
the filter and the burner could travel back into the column. 
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Savannah River Company 
\Rf\ Westinghouse P.O.BOX616 
V V J * ! L ft!. „ Aiken. SC 29802 

June IS, 1994 
Dr. Inn Choi 
Pacific Northwest Laboratories •* 
Battelle Boulevard 
P. 0. Box 999 
Richland, WA 99352 
Dear Dr. Choi: 
I am responding to your request to review the document, 
"Hydrogen Production in the K-Basin Ion exchange Columns and 
the Significance of that Production," by R. M. Marusich. 
Since my expertise in radiation chemistry, I will comment 
only on the sections dealing with H2 generation. 
I had trouble interpreting the section (pages 4, 5, and 6) 
where the amount of Cs-137 in the columns was estimated. It 
appears that the Bob did not believe the inventory amounts 
for Cs-137 and thus had them calculated based on the measured 
dose rates. It seems to me that using this calculation 
negates the assumption that all the gamma energy is absorbed. 
Based on the calculation at the top of page 6, it appears the 
80% of the 459 is absorbed and 20% escapes to be measured as 
90R/hr. Even though Bob states that this 90R/hr is absorbed 
by another column and produces H2, his calculations don't 
consider this radiation. His rates are based on the Curies of 
Cs-137 calculated by measuring the amount of gamma energy 
escaping. Since the Cs-137 for each column was calculated 
this way, all the energy lost from the columns is not 
considered to be absorbed by another column and make H2. 
This would make the results of his calculations predict a 
lower amount of H2 being produced. However it would only be 
-20% low since it does appear that 80% is absorbed by the 
resin. A further comment on this subject, in the note by 
John Van Keuren in the appendix, John states that a reading 
of 90R/hr indicates that 32 Ci of Cs-137 are on the column 
and not 56 as given in Table 3. Which is indeed correct- the 
32, 56, or the 39.4 from the inventory in Table 1? To cover 
all your bases, I suggest that Bob calculate the H2 
production rates using the inventory results and compare it 
with the results based on dose rates. I suspect they may be 
similar. If indeed it is more reasonable to use the Cs-137 
numbers based on the dose rates, I think further 
justification for this should be given in the document and 
definitely some statement be made as to why 56 was used and 
no 32. 
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The section on H2 generation starting at the bottom of page 6 
is correct. I.concur that the G values used for the 
calculation are much higher than the actual G values; and 
thus, the calculation is conservative. More accurate G 
values would probably be about half of the values of 0.7 and 
2.5 molecules/100 eV. I also concur with the statement on 
p. 8 that there is insufficient data to take credit of other 
gas produced to be inert diluents. 
In closing let me say that I thought that the meeting on June 
2nd was very productive and that you people are progressing 
well in solving your problem. There is no question that H2 
is being produced in these columns and the sooner you get 
some actual measurements, the better. 
Sorry to get this letter to you so late, but-I have been 
swamped with other items. However, please send me a copy of 
Bob's final report or if you would like me to review another 
draft I will do so. 
Sincerely yours 

r ire. Tied E. Bibler 
/Savannah River Technology Center 
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RESPONSE TO NED BIBLER'S COMMENTS 
R. M. MARUSICH 

Use of "90R/hr corresponds to 56Ci" is considered appropriate when one 
sees the very larger scatter in the data and the fact that the stated 
relationship matches this data better then "90R/hr and 32 Ci". A new 
figure shows this. 
Section 4.2 now uses the results for mixed bed resins rather than a 
bound based on all resins. The new value for G(H2) is 0.5 not 0.7. When your new data is available, we will use it as well as that already 
used. 
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Comments on hvdroaen in IX columns 

Lee Burger 
4 June 1994 

Bob Marusich 

Rad Yields I still think your G(H2) values are conservative. Based on 50% 
water G = 0.4, and 50% ethyl benzene (to represent the resin) G = 0.2, a G 
value of 0.3 would be expected if ho other effects were involved. Other 
aromatic compounds have G values for hydrogen ranging down to 0.04 for 
benzene. The G value with alpha is about 1.4 to 1.6 for water. Using the 
same ratio would give G » 1.2 for alphas for the water resin mixture. 
Conservative numbers might be 50 to 60% higher. In view of other 
uncertainties perhaps your numbers are just as good. 

You don't specifically consider the O2 yields. The yield may be effectively 
zero since the hydroxide form of the anion resin is a good scavenger for 
not only the oxygen precursors OH and H202» but also for O2. However, it 
maybe should be briefly discussed as someone is certain to wonder about 
it. With zeolites for example- no organic present- oxygen does form. And 
if the yield is zero or close to zero it may have special significance as 
noted below. 

I'm sure that.there must be data on this. I have not looked. Perhaps Ned 
has measured the oxygen or has some specific information. If not it would 
seem reasonable to do the radiation tests to find out if, and especially 
when the oxygen shows up. If it were to require 1E09 rad, for example, to 
produce sensible amounts of oxygen (eventually, of course, the O2 must 
appear in some form), then there is probably little concern in the column 
itself, if the original oxygen has been absorbed by the resin. If no oxygen 
is produced then dilution of the 20% oxygen originally present would occur 
at the rate 1-exp-Ft/V, where F is the hydrogen production rate, V the 
free volume, and t the time in days. Using 350 rad/h and G • 0.6 about 25 
mUday of hydrogen is produced by the 146 kg of resin-water. For an air 
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space (fee volume, V) of 45 L the air is displaced at the rate 1 - exp(-
25t/45000). At 100 days the remaining air is 95% and at 1000 days 57% 
(6.9% O2). To reach the 5% level, where hydrogen no longer bums, would 
require 6.8 years. 

With this model the hydrogen concentration would slowly rise to the 
maximum explosive composition then gradually approach and pass the 
upper combustion boundary. 

If it turns out that O2 is not produced or even if it is produced as a small 
fraction of the H 2 yield, then purging the columns with an inert gas as 
they are removed from service would be a good safety measure, possibly a 
sufficient one. 

Plugging of vents I asked Jack Ryan for his opinion. At 1E07 rad his quick 
guess is that the resin will still be in hard beads. At 1E08 rad there may 
be some softening and stickiness but not yet at the jelly stage. I'm 
gradually coming to the opinion that it is not a problem at the low 
radiation level and the modest rates of H 2 production predicted. 

Hydrogen in the plastic bag I looked up my hydrogen diffusion-permeation 
data for organic polymers. The numbers for PE are lower than for some 
materials such as polystyrene and buna rubber, but still high. At a 
permeability of 5E-08 cm3/cm-s-atm, I calculate that at a partial 
pressure of 0.1 atm inside the 20 mil (0.05cm) thick bag, 

Flow = (3600)(Pin - P0ut)(1 E04cm2)(5E-08)/0.05 

At AP m 0.1 atm, F = 3.6 cm3/hr 

for 1 square meter of surface. Unless I goofed in the calculation this says 
that the hydrogen goes right thru the bag. 
Drying the resin One can reduce the water by pumping, or more efficiently 
by continuous dry inert gas flow (air may cause the resin to become hot 
and may be undesirable in any case since this would be adding oxygen), but 
removal beyond what is normally in the beads themselves can be a long 
and difficult process. A brief purge with nitrogen would remove some 
water and ail the hydrogen and oxygen, making the column safe for several 
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years (if indeed it is unsafe at all!). As noted above, a nitrogen purge 
before the columns go to storage would seem logical. 
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RESPONSE TO COMMENTS BY LEE BURGER 
R. M. MARUSICH 

Section 4.2 now uses a value for G(H2) of 0.5 not 0.7 based on data for mixed resins. 
Words were added just above Section 4.4.2 that show that oxygen is 
decreased due to irradiation. This is based on data from NUREG/CR-3383. 
Results of hydrogen flow through the plastic bag were removed from this 
version. The original results were quite similar to your results. 
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ve &. Associates, Inc. 

DATE: August 8,1994 

TO: Inn Choi, PNL 

Robert Marusich, WHC 

FROM: Martin Hys 

SUBJECT: Review of "Hydrogen Production in the K-Basin Ion Exchange Columns" 
I have reviewed most sections of the draft document My general comment is that the 

calculations need to be refined, but the overall conclusion of column integrity of a column 
following a hypothetical bum is robust The report should revised to correct equations and clarify 
cases for hydrogen buildup; further scrutiny of fission product release is warranted since this is a 
difficult topic. I have detailed comments for the first half of this report which carry over to the 
second half; continued comments would in effect constitute the revision. I've also marked up 
Bob's copy with some editorial comments not repeated here. 

pp 2,3. Bed void volume fraction. 
The derivation may be rewritten to more clearly state the assumptions and remove the 

particle size from consideration. For example: 

1. Assumptions. (1) Bead swelling occurs entirely due to added water volume, and water 
fills all internal bead void, (2) Bead swelling does not affect the bed volume fraction 
occupied by (wet) beads, ie., swollen beads do not deform, the bed simply expands, and 
(3) Water may be retained by surface tension in the void space external to the beads, i.e., 
the pore volume is partly water-filled, partly air-filled. 

2. Assumed values. (1) Wet beads swell to 15% extra volume, (2) beads have 50% internal 
void volume, (3) Wet (or dry) beads occupy 60% void volume, Le., the bed pore volume 
is 40% of the bed volume, (4) The dry bead density is 1.15 g/cc and that of water is 1.0 
g/cc, and (5) A drained bed contains 60 wt% water (but beads are wet and moisture may be 
retained in the bed pores). 

3. The volume fraction of water in held in wet beads is given by the quotient (water 
volume)/(swollen bead volume). If V is the volume of all beads (or one bead), the water 
volume is 0.5*V in dry bead pore space plus 0.15*V for the swollen volume, while the 
total wet bead volume is now 1.15*V. The water volume fraction is therefore 0.65/1.15 = 
0.565 in a wet bead. 

4. The volume fraction of water in the bed pore space is now derivable by relating the 
overall water weight fraction to its volume fraction. Letting F = volume fraction of water in 
the bed pore space, and recognizing that 0.565 = water volume fraction in a bead and 0.6 = 
volume fraction occupied by beads and 1.15 = bead density, 1.0 = water density (which 
will be dropped from the expressions that follow), the relation between weight and volume 
fraction is: 

F + 0.6*0.565 

F + 0.6*( 0.565 + (1 - 0.565)*1.15) 
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WHC-SD-SNF-SARR-003 REV 0 „ M 5. The final pore open volume fraction is thus 0.4 - 0.111 = 0.29. 

This differs from the 25% answer on p.3 because the water weight in the bead on p.2 was 
calculated using 50%, not 100%, of the additional 15% swollen volume. 

pp. 8,9. Gas sources from radiolysis. 
From the table on pp. 8,9, it is clear that there is never enough C02 to matter for inerting -

the C02/H2 ratio needs to be about 30. However, CO is often important as a fuel and should 
therefore be considered. If hydrogen diffusion turns out to be the dominant means of egress from 
an IXC, then one cannot simply add CO + H2 to create a surrogate H2 source from radiolysis, 
because logically later in the report the CO will diffuse out much more slowly than H2. 

The report would be more clear if molar generation rates for each gas were presented here 
on a per IXC basis for use in the later equations - more than one rate may be given corresponding 
to different cases. 

p. 10. Water in beads. 
Why should water be lost from internal bead pores? Perhaps it does drain but surface 

tension may well keep it in - simply look this up for the beads in question. Radiolytic gas 
generation should not drive it out This may help later on by eliminating the cases where water 
covers the filter hole. 

p. 14,15. Breathing rates. 
Use the raw data values, not massaged as in App. C, since these will go directly into model 

equations later in the report Also do not divide the total pressure gain by a factor of two - this is 
really the total one-way flow as desired. Thus breathing is 0.46%/day by pressure or 1.92e-4 
fraction per hour. Temperature breathing should be consistent with the gas temperature changes 
actually taking place inside the IXC - which may be closer to zero; in any event the number used on 
p. 15 need not be divided by two since again it's one-way. 

pp. 16,17,18. Diffusion equation. 
In essence the exact steady state solution is used on p. 18 and for clarity it should simply be 

stated: 

Cmax - Cplenum = (H/V) L**2/ 2*D 

where Cmax = max concentration (at the closed end of the IXC), Cplenum = concentration in the 
plenum, H/V is the volumetric hydrogen generation rate in terms of the open volume inside the 
bed, L is the bed length, and D the diffusion coefficient L should NOT be increased unless H/V is 
decreased accordingly because mis violates the mass conservation law j = HL/V = the hydrogen 
flux (moles/area/time) into the IXC plenum. 

p. 19. Hydrogen buildup in the IXC. 
A term is missing in the mass balance equation on p. 19, as can be seen by the fact that in 

the absence of breathing and diffusion, hydrogen will build up indefinitely, i.e., the source itself 
must be vented using the donor (average plenum) concentration. The unsteady equation for the 
hydrogen mass is: 

l d m ' • • 
- - = - c Q + s G - D'm/V 
Mdt 

M = molecular weight of H2 
m = mass of H2 in K C plenum 
t = time 
c = concentration (molar) of H2 in the plenum 
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s = concentration (molar) of H2 in the source gases 
G = total radiolytic gas source rate 
D* = diffusion loss coefficient as derived in the report 
V ss IXC plenum volume 

The vent flow is found by noting mat the time average # of gas moles is constant: 

Q = G + q n 

q = breathing fractional rate due to temperature, pressure as derived from raw data in the 
report and stated in the review above 
n = number of moles in the IXC volume = PV/RT 
P = 10**5 Pa, R=8.314, T=300K (P or T should be DCC plenum average values) 

Note also mat c = m / (M n) so combining these we have 

dm 
- = -qm + sGM-(G/n)m -(D'/V)m 
dt 

Thus in the absence of diffusion and breathing we recapture a desired steady state 

m = s n M or c = s 

Recasting the equation above conveniently exposes the time constant and steady solution: 

dm 
— + L m = L m' 
dt 

L = time constant = q + G/n + D'/V 
m'= m(infinite) = steady-state mass = s G M / L 

pp. 18,19. Diffusion law in hydrogen mass balance. 
The diffusion law used on p. 18 in the hydrogen mass balance assumes zero external 

concentration and therefore the diffusion term dominates breathing and the source. This is 
questionable and depends on the breathing rate of the burial box. Thus, a set of combined 
equations must be written for the IXC's, coffin box, and chlorine building. The chlorine building 
is large and may be neglected - Le., concentration = zero outside the burial box. 

pp. 20,21. Conflict between IXC and burial box concentrations. 
The burial box concentration is allowed to exceed the IXC concentration in the steady state 

which cannot be true. This is because the IXC values were found neglecting the burial box 
concentrations as stated above; remedy with coupled equations described above. 

pp. 21, 22. Columns on side. 
Revisit these calculations using the revised formulas described above. 

pp. 24,25 Water drainage. 
The effort on water drainage may not be necessary if the 60 wt % number corresponds to a 

long drainage time itself. The Leverett function discussion is unclearly written as is the source of 
the capillary pressure value. 

pp. 26-30. Release fractions 
This needs further review; assumptions appear conservative. 

pp. 34-41. Further Models. 
These should be revised per comments above. 
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RESPONSE TO COMMENTS BY MARTIN PLYS 
R. M. MARUSICH 

The bed void volume calculation as described in section 2.1 has been 
changed. The new calculation appears to closely follow that presented 
by the reviewer. The reviewer's value is 29% and the end of Section 2.0 
shows 30%. 
Words were added at the end of section 4.4 to further discuss the effect 
of carbon monoxide. The words state CO has a larger diffusion 
coefficient, however, little is produced in mixed beds. Therefore, the 
detrimental effects are outweighed by the small quantity. 
Words were added to Section 4.4.2 concerning the draining of liquid from 
the bed to better clarify the points being made. A discussion on 
drainage of sand beds was added as well as a better explanation. 
Two cases were presented; one based on drainage from beds of sand and 
the other is based on an assumed greater flow rate based on liquid being 
forced out of the beds due to a pressure differential caused by the 
generated gas. Each case shows the filter becoming submerged or at 
least wetted. 
The section on atmospheric breathing was changed and now matches the 
comments. 
Most of the discussion on pg 17 and 18 was removed for clarity. 
Therefore, the offending equations are removed. 
The equation posed by the reviewer, contain an additional term not found 
in Section 5.2. The term is 

where M * moles in column at t 
V = column volume 
G * Volumetric flow rate of gas into columns due to 

radiolysis 
Using the data in Section 5.2.1 

G - 0.003 |/hr 
V » 3.7 ft 3 (28.3 £/ft3) - 104.7 £ 
G/V - 2.9 x 10"5 hr*1 

This term is small compared to diffusion (10*3 hr*1) and breathing (3.6 x 
10"4 hr*1. A similar conclusion can be drawn in Section 9.3.1. However, 
for completeness, it is noted in Section 5.2.1 that the term exists but 
is negligible. 
The fact that the concentration of hydrogen outside the column is not 
zero is discussed at the end of Section 5.2.1. The statement is that 
"while the concentration is not zero it is small as compared to the 
concentration in the columns." 
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The discrepancy between the burial box concentrations and coelum 
concentrations was resolved by changing the burial box hydrogen equation 
to account for the change in breathing rate, as you noted earlier. 
The "column on its side" calculation are considered acceptable as is 
based on the above resolutions. 
The section of leverett Function was removed as is was difficult to 
describe its use. Its use was to verify the experimental data used. 
Data on draining sand beds was also added. ' 
The section on release fractions was reviewed by the WHC Peer Reviewer 
as well as by Richard Denning of Battelle, Columbus. 
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REVISW COMMENTS FOR THE ION EXCHANGB MITIGATION 
AND STABILIZATION PLAN, JULY 15, 1994 

R.C. GREEN 
July 28, 1994 
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REVIEW COMMENTS FOR TEE ION EXCHANGE MITIGATION AND STABILIZATION 
PLAN, July 15, 1994 

1. Page 1.3, Figure 1.1, Box: Identify Protection Standards and 
Criteria: The word "Standards* is misspelled. There also needs 
to be a box that addresses the implementation of hazard 
protection measures, with emphasis upon personnel protection. 
2. Page 4.1, Section 4.1, 2nd Paragraph, SAMPLING APPARATUS, 
3rd sentence: The internal atmosphere of the IXC will be 
separated by the NUCFIL filter from the outside atmosphere but 
not necessarily Isolated. Gases can still pass through the 
filter and if the filter can pass a~ flame it does not prevent the 
introduction of an ignition source during sampling activities. I 
have reason to believe that the NUCFIL filter does inhibit flame 
transport but the small number of tests that I conducted does not 
prove that it will always do so. One of my recommendations will 
be that we conduct a number of tests of these filters so that we 
will know the limits of these potential flame barriers. 
3. General Comment: Throughout the plan we address the 
production of hydrogen from radiolysis of water but we neglect 
possible oxygen or peroxide production. I strongly recommend 
that we address this issue and state why this isn't considered to 
be important. On page 5.3, first paragraph. No.3, Multicomponent 
diffusion, it states: "Oxygen diffusion will need to be included. 
The absorption of oxygen in resin needs to be considered." If 
this is so then we must address oxygen resulting from the 
radioysis of water. 
4. Page 5.3, Section 5.6, 1st sentence: I'm not convinced from 
any safety evaluation that I've reviewed to date that an impact 
is the only potential spark source generator. If hydrogen gas is 
migrating through the NUCFIL filter out into the atmosphere then 
electrostatic discharge (ESD) is an Ignition hazard that needs to 
be addressed. Plastic sheeting and tape used to control 
radiological contamination can be severe generators of ESD. The 
NUCFIL filters must be tested to determine if they are a barrier 
to flame transport into the IXC. If they are not then there is 
another spark source that must be addressed. 
5. Page 6.1, Section 6.1, 1st Paragraph: The first major issue 
is a gas phase explosion that can adversely affect personnel and 
spread radioactive contamination, that could contribute to 
internal personnel exposure. The buildup of hydrogen is a 
precursor to an explosion that is necessary* but not sufficient; 
oxidizers and ignition agents are also required. Hydrogen gas 
accumulating within the IXC,s can be properly managed so that it 
is not an issue. Failure to manage the flammable gas properly 
could lead to an explosion which is the real safety issue. 
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6. Page 6.1, Section 6.1/ General Comment: Recommend that a 
paragraph be added to Section 6.1 that states that the standards 
and criteria that have been established and evaluated along with 
the protective measures that have been identified will be 
implemented into a proof tested system that will protect the 
worker, the public, and the environment. This paragraph would 
establish closure of the safety cycle. Section 6.1 covers Review 
of standards ..., Evaluation of Standards...., Identification of 
Protective...., and Development of ... Plans, but there is not 
one statement that we will implement all these standards, 
criteria, procedures, plans, and equipment into a proof tested 
system that is known to work, that has been proven to fulfill the 
mission requirements. The bottom line is the system must work. 
7. Page 7.1, Section 7.0 Sampling, General Comment: Much of 
this section is derived from the paper submitted by Neptune and 
Company, and therein lies a problem. Neptune's paper consists of 
a great deal of verbiage that needs to be evaluated by the 
committee for inclusion in this plan. The Decision-Making Rules, 
on page 7.2, is an example. Review the 1st sentence of the 3rd 
paragraph. 
8. Page A.l, A.l INTRODUCTION, 2nd sentence: Add the work "is" 
after the word "concentration". 
9. Page A.l, A.2.1 Column Description, 1st sentence: Isn't the 
wall thickness of an IXC 0.25 inches instead of 0.2 as written? 
The following paragraph states that "The burst strength of 18 
inch Sen 10 pipe. ". With a 17.5 inch ID the wall thickness 
must be 0.250 inch. On Page A.6, Section A.6.1, a module column 
is also assumed to be 0.25 inch even though the column diameter 
is 16 inch OD. 
10. Page A.2, A.2.1 Column Description, 2nd Paragraph, 3rd 
sentence: I'm not convinced that "These figures imply the design 
pressure is based on loads on the internals (like the screen), 
not the burst strength". Recommend calling the manufacturer. 
Safety margins and the strength of the welds connecting the 
hemispherical endcaps onto the column cylinders could be the 
issue. Any information we could get from the manufacturer 
concerning resistance function of an IXC would be valuable. 
11. Page A.5, A.5.1, Last paragraph: Recommend adding some 
detail and the references of the study that. concluded that the 
only potential ignition source is a broken screen. 
12. Page A. 6, Section A.6.1: Recommend that the columns within 
the IXMs be named ion exchange module columns (IMC) to 
differentiate them from the IXCs. The diameters are different 
than an IXC. Their lengths should be stated in this section 
also, as they are probably different. 
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13. Page A.6, Section A.6.2, last sentence: The magnitude 
"8.8E-3 l,B2/hr* is, I believe, an error. Isn't the 1 supposed 
to be liters? 
14. Page A.7, section A.6.3: The peak hydrogen quantity of 3.2 
moles should be derived from the generation rate described in 
Section A.6.2 and a time value. The basis for the dimensions 
should also be given. It appears that only the bottom portion of 
a single column was considered in the calculations wherein there 
are really two open volumes per column and six columns connected 
together within the module. See Figure 3.1, page 3.2. It 
appears that the assumption was made that only the bottom portion 
of one column contributed energy to an explosion. The basis for 
that assumption should be stated. I can state categorically that 
hydrogen flames can transport through very small orifices and 
that other flammable gases in adjacent columns are threatened 
with ignition. 

The first equation that is used to compute the 0.22 mole 
value is questionable because I can't confirm the volume values, 
the length of the columns are not given. One needs to show where 
the input values to this equation came from. 

The use of TNT thermodynamic equivalency for modeling a 
hydrogen explosion is fraught with problems as they are totally 
different explosion systems. TNT is a condensed phase explosive 
that produces pressures on the order of 185 kilobars while an 
optimum hydrogen fuel-air (FAE) explosion, at atmospheric 
pressure, produces pressures on the order of 15-18 bars and 
reflected shocks of 40-45 bars. FAE's produce comparatively low 
amplitude shocks of long time durations while condensed phase 
explosions produce high amplitude shocks of comparatively short 
durations. In my opinion it is much better to show that for the 
pressures produced by a FAS and an assumed long duration loading 
time the concrete module will not fracture and that it is 
inertially bound by its mass. Then, as an aside, show that the 
thermodynamic equivalent of TNT would not rupture a wall equal in 
thickness to the wall of a module. The difference is you are not 
assuming and stating that a hydrogen explosion could be modeled 
as a TNT explosion, and you are not producing "shock value" in 
the mind of the public by equating hydrogen with TNT. 

TNT equivalency to the thermodynamic yield of a FAE does 
have some limited application, especially in accident 
investigation, because at some distance in the far field the 
shock pressure from a FAE can be found to be equivalent to the 
shock pressure of a TNT explosion but the impulses are not 
equivalent. It is my recommendation that TNT equivalency not be 
used in the assessment of the IXC's or the IXM's. 

The last sentence of the last paragraph of this section 
reads as follows: "The pressure of a 20% TNT burn is 6.5 atm. or 
100 psi". What does this mean? What is the basis for this 
statement? Where are the calculations? Is the 20% the 
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concentration of hydrogen in air? Is the 6.5 atm. the 
overpressure resulting from hydrogen-air combustion? 
Was the 6.5 a tin. pressure determined from a model of TNT 
combustion? 

How was the radioactive isotope release values determined? 
There is no basis given for aerosolization of this source term. 
Shock induced resuspension and transport, of particulate matter is 
extremely complicated, especially within a structure such as an 
IXC. The process that produces these numerical values needs to 
be fully described. 

15. Page A. 7, Section A.7: The same criticism applies to this 
section as addressed in comment number 14 above. 
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RESOLUTION OF COMMENTS MADE BY RICHARD GREEN 

R. M. MARUSICH 
The lack of oxygen seen in the experimental work is documented at the 
end of Section 4.4 of the calculation. 
Ignition of gas inside the column due to flash-back through the filter 
is now addressed in Section 7 and Section 9.4 of the calculation. 
The burst pressure is still believed to be in excess of the design 
pressure of 125 psi. Stress intensification factors are usually on the 
order of 2-4 which would bring the burst strength down from 1800 psi to 
about 400 psi which still exceeds 125 psi by a factor of three. 
Therefore, the design pressure is believed to be based on failure of the 
internals. By the way, we manufactured these ourselves. 
The section was changed to show that few ignition sources are possible 
under this configuration. The only ones possible are a broken brace and 
static charge outside igniting hydrogen outside the column (your 
addition - see comment 4). The extent of the "study" performed is now 
described in the text. 
More detail concerning column geometry and dimensions have been added to 
this section. The suggested designation change was not used. 
8.8 E-3, l2/hr is really liters/hr. It was changed to reflect this. 
You reviewed the Summary Calculations. The actual calculation contain 
the basis for all of the data used in the analysis and the results. 
Use of a detonation model is better explained in the latest version. 
The detonation discussion now covers one page and contains the results 
of various experiments. The conclusion is that detorations cannot be 
ruled out. A detonation model is also used so that damage is more 
easily assessed. The differences between detonation and a burn (or gas 
explosion) are also described by showing the pressure and impulses from 
a TNT explosion and or equivalent gas phase detonation (data from 
experiments). 
While the words indicated that only the hydrogen collected in the bottom 
portion was used, the calculation actually used all of the hydrogen 
present in the columns. The statement concerning 20% TNT is really 20% 
H 2. 
The release values came from Section 6 and where based on the respirable 
fraction found by experiment due to the rapid depressurization of a 
container containing solids. The point is that the "explosion" causes 
the columns to pressurize. The grouted inlet plug is forced off and the 
column depressurizes .carrying along liquid as an aerosol. 
The same logic, methods, and assumptions were used in this section as in 
the other sections. 
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Comments on 
Hydrogen Production in the K-Basin Ion Exchange Columns and The 

Significance of that Production 
/ C 1 ? l ^ ^ 

William L. Kubic, Jxy ^ « ** 
June 5.6,1994 (J&J 

Section S.fl - Oneral 
The section on hydrogen acnunulation does not make clear what is the most 
conservative case. Is the important parameter accumulation in the column 
or rate of hydrogen loss from the column? Identifying the conservative case 
is important for determining whether the assumptions are conservative. 

Page 9 Section 5.1 
For a binary system, Hcfc's law As 

N A - x A (NA + NB) » < DAB^XA . 

where NA * Molar flux of A, 
NB * Molar flux of B, 
XA * Mole fraction of A, 
c » Total concentration, and 
DAB * Diffusion coefficient for A and B. 

For multicomponent diffusion in an ideal gas, the Stefan-Maxwell equations 
are used (Bird, Stewart, and Lightfoot, page 570). This problem involves 
diffusion of hydrogen, carbon monoxide, and carbon dioxide through air, so a 
simple binary mixture approximation may not be applicable. 

Pege IQ Section 5.? paragraph 1 
Why should hydrogen diffuse and mix rapidly in the open volume? 
Molecular diffusion of hydrogen in air should be the same in the open 
volume as in the filter. The implication of this observation is that some 
mechanism other than diffusion, such as buoyancy forces, is responsible for 
mixing. What are these other mechanisms, and are these other mechanisms 
are more important than molecular diffusion? 

Page 11 Section 5.1 Paragraph 2 
Why is only the volume of the head space considered? After the column is 
drained, there also should be air in the column bed. 
Page 11 Section 5.1 Paragraph 4 
Some of the variables in the equation are not defined or defined in a 
confusing manner. What is the definition of m? Is Min the rate of hydrogen 
generation in the ion-exchange resin? What is the definition of M? 
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t? Page 11 Section 5.1 Paragraph 4 
The model of hydrogen in the column is not complete. First, there is an 
unstated assumption in the model of quasisteady-state mass transfer in the 
filter. Mass transfer in the filters is governed by the Stefan-Maxwell 
equations. Next there is a set of component material balances for the gas 
inside the column. 

<*MxA 

3fj * G A - N A , 

where M = Total moles in the column, and 
GA * The rate of generation of A in the column. 

Finally, a momentum balance is required to determine the flow in ad out of 
the column as a result of barometric breathing. If the flow resistance of the 
filter is negligible, the momentum balance is replaced by the ideal gas 
equation. • 

Page 11 Section 5.1 Paragraph 4 
The model as given in this section neglects the fact that the air in the column 
is displaced as hydrogen accumulates. 

<£ Fag? 71 Section 5,1 Paragraph 4 
What is the source of the diffusion coefficient? At what temperature and 
pressure is the diffusion coefficient evaluated. The value given in this 
analysis appears, to be low. The diffusion coefficient for hydrogen in are at 
294°K and 1 atm is reported to be 0.77 cm 2/s. Using the theoretical expression 
for a Lennard-Jones gas, the diffusion coefficient of hydrogen in air is 
estimated to be 0.65 cm 2/s. 

\ Page 12 Section S.2 
The results summarised in this section under estimate the hydrogen 
concentration in the waste column. The assumptions used to estimate the 
rate of hydrogen mass transfer from the column maximises the loss of 
hydrogen, which results in under estimating the hydrogen accumulation. 
Hence, the results are not conservative if hydrogen accumulation in the 
column is the critical parameter. 

Page 13 Section frfl Paragraph 1 
What is the basis for the estimate of diffusion out of the box? What is the 
geometry of the leak path? What is the area and length of the leak path? 

Page 14 Section 5.4-1 paragraph 2 
The diffusion equation given in this section only applies to diffusion in a 
homogeneous, stationary media. Based on the description of the resin and 
the column given in Sections 2.0 and 3.0, mass transfer out of the bed consists 
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of pore diffusion from the inside of the resin particle to the surface of the 
particle, diffusion through the liquid film on the surface of the particle, and 
diffusion through the air in the bed. Modelling the bed as a homogeneous, 
stationary media is only a reasonable approximation if diffusion through the 
air is the controlling resistance. 

Page 15 Section 5.4.1 Paragraph 1 
If the ion-exchange resin is approximated as a homogeneous phase, an 
effective diffusion coefficient that accounte for the porosity of the bed must be 
used in the analysis. The diffusion coefficient given in this paragraph 
neglects the effect of bed porosity. 

Page 18 Section 5,4-2 Paragraph 4 
Why will hydrogen diffusion rapidly through the bed but not through the 
filter? Both cases involve diffusion of hydrogen through air, so the mass 
transfer resistance should be comparable. 

Pag? IS Section 5.4.2 Paragraph g 
The factor of 3.0 by which length is increased appears to be a tortuosity factor. 
It is hard to believe that the tortuosity factor for a bed of spheres could be 
greater than 1.5. 

Page 1? Section 5,4,2 Paragraph 1 
The method used to determine volume % assumes that the moles of air is 
constant. If the volume and pressure of the container are constant, the moles 
of gas in the container is constant; and the moles of air must decrease as 
hydrogen accumulates. Assuming that the moles of air are constant implies 
that the container should pressurise as hydrogen accumulates. 
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RESOLUTION OF BILL KUBIC'S COMMENTS 
R. M. MARUSICH 

The structure of Section 5.1 is to set forth the gas flow in models and 
then use these in a problem. It is assumed that the reader realizes 
that "low" flow is conservative as that results in greatest H^ 
accumulation. 
It is also noted that you reviewed a document that is not the most 
recent revision. Much in the way of ah explanation has been added. 
The case being studied is indeed a binary mixture of hydrogen in air. 
Inside the column the concentration of hydrogen is larger than outside. 
The concentration of air is greater outside than inside the column, 
therefore there will be some air diffusing into the column while 
hydrogen is diffusing out. It is conservatively assumed that the inflow 
of air can be neglected since the concentration gradient is small. 
Therefore the problem can be considered as a "one component" problem. 
Data on mixed bed resin show that, at these relatively low dose rates, 
not much in the way of other gases is produced. 
The assumption was reworded to more accurately reflect what I actually 
meant; that is to simplify the problem, assume that the concentration of 
hydrogen is the same throughout the column. No other phenomenon of 
hydrogen mixing was considered. 
Changes were made in the analyses to account for the open volume in the 
resin bed as well. 
A better job was done of defining terms. Part of my problem is finding 
the location of your comment within my document. Paragraph 4 of pg 11 
does not contain "M" or "min". 
I appear to have inadequately described this calculation. These 
calculations are "back of the envelope", simplistic calculations used to 
bound the quantity of hydrogen in the column. Atmospheric breathing is 
assumed to occur because the calculations in Appendix C show that the 
losses are low. Air displacement is considered in Appendix E but not in 
the body of the text. The model assumes that hydrogen is generated, 
thoroughly mixed and diffuses out. At low concentrations of hydrogen, 
the amount of air forced out is small. At larger concentrations, it is 
important and handled in the appendices. 
The diffusion coefficient of 0.41 cm2/s comes from the Handbook of 
Chemical Engineering and is evaluated at 25C and 1 atm and is based on 
experimental data. The Handbook references "International Critical 
Tables" as the source of this data. The value using data from the 
Kinehc of gas is 0.7 to 0.8 depending on the method. For conservatism 
the lower value is used. 
I do not believe that the equations over estimate the diffusion. First, 
if your diffusion coefficient, is correct the values I am calculating 
are larger that those obtained with your coefficient. Second, if 
diffusion through the column is considered (i.e. the concentration in 
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the open volume varies) then less hydrogen exits the column but there is 
less hydrogen present. Note that in most cases removal of hydrogen by 
diffusion dominates the steady state solution (i.e. the term DM/V). 
WIPP filled a large pipe with 5% hydrogen to check diffusion out of the 
filter. The same situation was modelled using the equations in this 
report. The results differ by a factor of 3 and the model is low with 
respect to the data. The model is, therefore, considered to be 
conservative. 

10. The latest version (you reviewed a document that is 2 versions older) 
shows that the leak path is the gap between the cover blocks which is 10 
ft long and either 0.003 in or 1/16 in thick depending on the assumption 
mode. 

11&12. See response to comment 9. 
13,14. Section 5.4.2 no longer uses the factor of 3 for tortuosity and other 

wording changes were also made. 
15. Appendix D no shows the calculation of air displacement. 
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Comments on 
Hydrogen Production in the K-Basin Ion Exchange Columns and The 

Significance of that Production 

Martin CRoss 
June 16,1994 

The comments below pertain to the Consequences Section, (Sec. 6) beginning 
on page 24. I located some typographical errors and marked them in red on 
my draft. 

Page 25. paragraph 1. 

The ratio of final to initial pressure is verified by STANJAN, and is 
determined to be 8.098 bar final pressure for a stoichiometric bum of 
hydrogen and air. The final temperature is 2761K. 

The seam on the weld opening: Does mis effect the exhaust area for the blow 
down? I have been using 1/8" as an orifice size but this may be additional 
venting area if there is a breech at a weld. 

£ag£L2& 

Because the flow is choked, the result shows that the flow rate is lower than 
that predicted by Crane's formula. The actual value was checked in two 
ways, first by a thermodynamic venting code, then by a perfect gas model. 

The perfect gas model predicts the exhaust rate to be .090 ftf/sec 
Calculations are attached. 

It is evident, from experiment, that the pressure drop in the tank will be very 
rapid compared to the time scale we are interested in. In fact, the tank should 
vent entirely in less than 6 seconds. Pressure and flow rate vs time graphs are 
attached. The .090 ft3/sec initial flow rate is verified. 

P?gg27-28 

The rate of material moving off of the surface decreases with the velocity 
according to the function described on p. 25. The initial velocity of the flow 
over the bed is 122 cm/sec. The resultant material escape rate is initially 1.91 
g/sec, but decreases rapidly. The total escaped material is then determined 
by integrating this function over time, and the result is 1.98 g material leaving 
the surface. 
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RESOLUTION OF COMMENTS BY MARTIN ROSS 
R. M. MARUSICH 

I am glad we are in agreement. 
Blowdown based on an 1/8 in hole. If a seam splits, the time well be 
less but the velocity will be greater. This will increase the quantity 
picked up off the surface. The affected area will be less as the 
blowdown will be more rapid. It is conceivable that after the 
calculation is made, the release fraction due to this mechanism could 
become larger. I do not believe, though, that it should realistically 
be any larger that the release of a vented container over short release 
times. This is because in that case the pressurized gases are found 
throughout the container (i.e. within the mass as well as beneath and 
above) were in the blowdown case the gas is only above. This discussion 
was added. 
Lower flow and smaller times will result in small values for suspension. 
I agree. I will add words to that effect. 
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This page intentionally left blank. 
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APPENDIX I - Ion Exchange Column Inventory Determination 
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105-KE and 105-KW Fuel Storage Basin 

Spent Ion Column Radionuclide" Inventory Calculations 

1.0 INTRODUCTION 
The 105-KE and 105-KW Fuel Storage Basins utilize ion exchange 
columns to maintain "water quality and to control radionuclide 
concentrations. Typically three ion columns are operated in 
parallel with 150 gpm of water (50 gpm per ion column) diverted 
from the primary recirculation loop. ' Because radionuclide 
concentrations in KE Basin are relatively high, the ion columns in 
KE basin have a short service life (two to five weeks) and contain 
significant quantities of Cs-137, Sr-90, Pu-239 and other 
radionuclides. The ion columns in KW Basin have a typical service 
life of six to nine months. However, because KW Basin has much 
lower radionuclide concentrations, the radionuclide inventory cf KW 
ion columns is far less that of KE ion columns, even though they 
operate over a much longer time period. 
2.0 CURRENT LOCATION OF SPENT ION COLUMNS 
Since 1989, a total of 39 spent ion columns have been generated at 
KE Basin and are awaiting final disposition. Of these, 27 KE ion 
columns are located in a burial box in the 183-KW Chlorine Vault, 
six KE ion columns are in a separate burial box in the 183-KW 
Chlorine Vault, six KE ion columns are stored in the cave in KE 
Basin and three ion columns are still installed in the operating 
cells in KE Basin. 
During this same period, 21 spent ion columns have been generated 
at the KW Basin. Of these, six KW ion columns are located in the 
burial box in the 183-KW Chlorine Vault (along with the 27 KE ion 
columns); six KW ion columns are stored in a shipping cask in KW 
Basin; six KW ion columns are stored in the cave in KW Basin,* and 
three columns are still in service (located in the operating cells) 
in KW Basin. 
3.0 CALCULATION OF KE ION COLUMN RADIONUCLIDE INVENTORY 
The radionuclide inventory of an ion column would normally be 
determined by mass balance using the radiochemical analyses of the 
ion column's inlet and outlet samples taken during the ion column's 
operation. The ion column's common inlet (sample point 9) and 
cutlets (sample points 1, 2 and 3) are monitored with a composite 
sampling system and samples are collected on a monthly basis for ~ 
radiochemical analysis. In the case of KE Basin, where the 
service life of an ion column is two to five weeks, the composite 
sample data is extremely limited. .Another problem with the 
composite samples is overlapped operation. That is the same sample 
will contain eluent from the previous ion column (taken off-line 
because it was exhausted) and the ion column that replaced it. For 
these reasons it is necessary to employ an alternative method to 
calculate the radionuclide inventory of the ion columns. 
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The center of basin sample (sample point 10) is taken at the same 
depth in the basin as the primary recirculation system's suction 
lines. Thus, the center of basin sample is representative of the 
ion column inlet. Grab samples were taken weekly at sample point 
10 for gamma analysis (Cs-137) and monthly for a complete analysis 
including Sr-90, and Pu-239/240. Given the inlet concentration of 
a radionuclide, the removal efficiency for the radionuclide and the 
volume of water passed through the ion column, the radionuclide 
inventory can be calculated as follows: 

Inventory (Ci) = Inlet— x efficiency^) x volume(L) x 10-6 -£-

Volume(L) = days in service x 24-^- x 6 0 — x 50-̂ i x 3.785— 
aay hz hr • gal 

3.1 KE BASIN ION COLUMNS 
Inlet Concentration 
For each of the KE ion columns, the inlet concentration was 
calculated for Cs-137, Sr-90 and Pu-239/240 from the average 
of the center of basin concentrations during the period the 
ion column was in service. Due to the short operating periods 
and the fact that samples were taken monthly, there were some 
cases where there was no sample data available for Sr-90 or 
Pu-239/240 during the period of time an ion column was in 
service. In these cases, the Sr-90 and Pu-239 sample data 
from before and after the ion column's operating period were 
averaged to arrive at an inlet concentration. 
Removal Efficiency 
The ion exchange systems in KE Basin exhibit a characteristic 
removal efficiency for the radionuclides in the basin water. 
This is due to the selectivity of the ion exchange resin and 
the chemical properties of the radionuclides themselves. 
Historically, the removal efficiency for Cs-137 has been used 
to monitor ion column performance. This is because Cs-137 is 
the first radioactive ion to elute from the column after it 
reaches exhaustion. The ion exchange components in KE Basin 
(both ion columns and . ion exchange modules) remove 
approximately 99.5% of the cesium during most of their service 
life. Then the efficiency drops off rapidly as the ion column 
approaches exhaustion. To be conservative, the initial Cs-137 
removal rate of 99.5% is used for each of the KE ion columns. 
If the ion colurm is ccsrated past exhaustion ceŝ u*" ••'c 
eluted from the column and the outlet concentration can be 
much higher than the inlet concentration. Using the composite 
sample data for the KE ion columns it is possible to identify 
which ion columns were operated past exhaustion. However, the 
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data is not sufficient to accurately calculate the Cs-137 
inventory for those ion .columns. 
Between December 1992 and February 1993, composite samples 
from the ion columns in KE Basin were collected weekly and 
analyzed for Cs-137, Sr-90 and Pu-239. This data was used to 
calculate the average strontium and plutonium removal 
efficiency over the service life of the that set of ion 
columns. The value of 96.2% was determined for Sr-90 and 
90.5% was determined for Pu-239/240.,* 
Volume 
The volume of water passed through the ion column was 
calculated using the equation above. The date and time that 
each column was placed in service and then taken off line was 
transcribed directly from the Operations Locr Sheets. The 
number of days in service was derived from these dates. The 
nominal flow rate of 50 gpm were used for the ion columns. 

Pu-241 and Am-241 Inventory 
There is no data available for Pu-241 or Am-241 concentrations 
in the basin during the period that these ion columns were in 
operation. Because these radionuclides may be present in 
sufficient quantity to contribute to the hydrogen generation, 
an estimate of the ion column inventory was made based on 
their ratio to Pu-239/240. The results of mass spec, analyses 
performed on basin samples taken in March 1993 were used to 
arrive at a Pu-241 to Pu-239/240 ratio of 13.2. Then the Pu-
239/240 inventory previously calculated for each ion column 
was multiplied by this ratio to provide the Pu-241 inventory. 
The Am-24l to Pu-239/240 ratio is based on center of basin 
analysis performed on samples taken during January and 
February 1994. The mean of the ratio of Am-241 to Pu-239/240 
for these samples is .45. The Pu-239/240 inventory of each 
ion column was multiplied by this factor to arrive at the Am-
241 inventory. 

3.2 KW BASIN ION COLUMNS 
Inlet Concentration 
The KW Basin ion columns operate over a long enough period 
that there are a large number of data points for each of the 
radionuclides of interest. Rather than average this data, the 
radionuclide inventory is determined by integrating the amount 
of a radionuclide removed over the .service life of the column. 
The same formula are used, but the service life is divided 
into disrreet intervals associated with each data point, ar.d 
the results summed to arrive at a total inventory. This 
approach requires a separate data table for each KW ion column 
and each radionuclide. 
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Removal Efficiency 
The radionuclide -concentrations in KW Basin are much lower 
than the concentrations in KE Basin. As a result, the 
activity reported for Cs-137, Sr-90 and Pu-239/240 in the ion 
column outlet samples is typically a MDA (minimum detectable 
activity) value and not the actual concentration. Thus a 
removal efficiency for these radionuclides can't be determined 
from the sample results. For this reason, a removal 
efficiency of 100% is assumed. 
Volume 
The same formula is used for calculating the volume of water 
treated by the ion column. 
Fu-241 and Am-241 Ir.vsr.tcr-/ 
The data required to calculate the ratio of Pu-241 and Am-241 
to Pu-239/240 is simply not available. Because the spent fuel 
in KW Basin is typically higher enrichment and lower Pu-240 
content that the fuel in KE Basin, the mass spec, data for 
Plutonium from KE Basin is not applicable. The Pu-239/240 and 
Am-241 concentrations for KW Basin are typically reported as 
MDA values, so the ratio of the two is not meaningful. 

4.0 QUANTITY OF ION EXCHANGE RESIN IN AN ION COLUMN 
The value typically used for the quantity of ion exchange resins in 
ion columns has been 5 Cu. Ft. The ion column vessels and mixed 
bed ion exchange resin are purchased separately. The vessels are 
charged with the resin by K Area maintenance personnel. The 
following instructions were taken verbatim from a J-l work request 
(1N-91-00524). 

ENGINEERING INSTRUCTIONS FOR FILLING ION EXCHANGE COLUMNS WITH 
RESIN 
1. Recommended safety equipment to be worn during this process 

are: 
A. Rubber Gauntlet Gloves 
B. Safety Glasses 
C. Full Face Shield 

2. Obtain required number of empty ion exchange columns. 
3. Obtain an equal nuinber of drums ' of resin. (One drum per 

4. Remove top and bottcm plugs from the ion column to be filled. 
5. Using pump, hose, and empty drums located in 190 K-East 
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facility, fill the drum with resin. 

6. Add water to resin to make a slurry solution. 
7. Pump solution into top opening of column and allow water to 

drain out the bottom opening of the column. 
8. Continue this process until all the contents of one resin drum 

has been pumped into one column.' 
9. Hook a water hose to the bottom opening of the column and back 

flush at approximately two (2) gallons per minute until the 
exit water is clear. 

NOTE: If resin starts to flow out of the top opening, reduce 
the amount of water being used to back flush. 

10. Repeat steps 4 to 9 until all columns have been filled. 
The ion exchange resin drums currently stored in ' 190-KE contain 
each contain 5 Cu. Ft. of Puroli.te NRW-37 resin. As indicated by 
the procedure above the maximum.quantity of resin in a column will 
be 5 Cu. Ft. In practice there may be somewhat less if resin is 
backflushed from the column during the charging process. 
5.0 Ion Exchange Resin Water Content 
The moisture content and density of the ion exchange resin used in 
KE Basin was determined experimentally (O'Rourke, 1994). The value 
reported for two samples of the resin were 60% and 63%. 
6.0 KE Basin History . 
The KE basin was originally filled and operated with filtered 
water. For the first several years of operation, the only ion 
exchange systems were three ion exchange columns which were charged 
with Zeolon 900 resin. This was a sodium form resin that was 
highly selective for cesium. During the fuel segregation program 
in 1984, IXMs (ion exchange modules) charged with Zeolon resin were 
used augment the ion exchange capacity of the cleanup systems in 
basins. The IXMs contained six separate ion columns imbedded in a 
concrete container/shield with a total of 21 cubic feet of ion 
exchange resin. 
KE Basin was demineralized in 1986. This was accomplished by 
replacing the Zeolon resin in basin's ion-columns with a Duolite 
mixed bed ion exchange resin. K Basin operations still had a 
number of the Zeolon IXMs available so these were operated 
alternately with mixed-bed IXMs and concurrently with the mixed-bed 
ion columns over the next few years. As mentioned previously, the 
Zezlcn resin was specific for Cesium, and had little effect on the 
other radionuclide concentrations. The mixed-bed resin removed 
essentially all ions, being more selective for divalent.ions (such 
as calcium and strontium). As a result, there was an extreme 
variation in basin radionuclide concentrations depending on which 
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type of IXM happened to be in service. The resulting 
concentrations of radionuclides (and non-radioactive ions) are 
responsible for the variation in service life and contact dose 
rates for the ion columns. 
The picture is even more complicated by the operation of the 
"Miracle IXM". IXM No. 8 was a Zeolon type that according to the 
operations log sheets was operated first from 8/4/87 to 10/19/89 
and then returned to service for a second run from 5/11/90 to 
9/9/91. It was called the "Miracle IXM" because it operated for 
such a long period. However, during most of its second run the IXM 
exhibited a cesium removal efficiency of only 46%. KE Basin 
radionuclide concentrations increased dramatically during this 
period. 
Ion columns nos. 194 to 202 operated during the early part of IXM 
No. 8's service life. Basin radionuclide concentrations during 
this period were within the normal range. The dose rates of these 
ion columns appear to be proportional to the number of days the ion 
columns were in service. The efficiency data for these ion columns 
is not available, but there is no indication that they were 
operated past exhaustion (eluted radionuclides back into the 
basin) . When a system is operated past exhaustion it is usually 
evidenced by a sharp increase in basin radionuclide concentrations. 
Ion columns nos. 203 to 211 operated during the later part of IXM 
No. 8's service life. As mentioned before, basin radionuclide 
concentrations increased dramatically during this period. All of 
these ion columns were operated past exhaustion and eluted a major 
portion of their Cs-137 inventory back into the basin before they 
were taken off-line. This explains their relatively low dose 
rates. Ion exchange components in KE basin have frequently shown 
break through for cesium and on a few occasions, plutcnium. 
However, there is no data that indicates that strontium has broken 
through in any ion exchange component in KE basin. Thus the Cs-137 
inventory of these IXMs will be far less than the value calculated 
and the Sr-90 inventory should be correct. 

During the time ion columns nos. 212 to 223 were in service, there 
were no IXMs in operation. None of these ion columns were operated 
past exhaustion. The relatively high dose rates associated with 
these ion columns is due to fact that they cleaned up the mess that 
IXM No. 8 was responsible for. 
Ion columns nos. 224 to 229 were operated concurrently with IXM no. 
11 which contained mixed-bed resin. These ion columns still had 
>99% cesium removal efficiency when they were removed from service. 
Basin radionuclide concentrations during this period were at normal 
levels. 
Ion columns nos. 23 0 to 232 have a fairly complicated history. 
They were operated for seven days during March 1992 and taker, off
line. There were returned to service in December 1992 and operated 
for an additional 52 days. Water treatment system cperatic.-.s and 
the resulting radionuclide concentrations during the intervening 
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period were somewhat chaotic. IXMs No. 12 and 13 were operated to 
exhaustion, and this was followed by a six week period during which 
there were no systems in service, IXMs No. 14 and IS were placed 
in service for a few weeks and then shut down for the duration of 
the sludge pumping campaign. Both IXMs were returned to service 
along with the ion columns in mid December 1992. During the 
following weeks the radionuclide data for the ion columns is 
somewhat unusual. Ion columns no. 231 and 232 appeared to elute a 
large quantity of Cs-137 and Pu-239 back into the basin for several 
weeks, then returned to normal removal efficiencies for both 
radionuclides. Ion column no. 230 operated at normal removal 
efficiency throughout.this period. The removal efficiency for Sr-
90 was consistent for all three ion columns during this period. 
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ION_COLUMN 48R x 15C 24-MAY-94 14:41 Page 1 
Ion Exchange Column Radionuclide Content Calculations 

o : IXC 1 Date /Time 2 Date/Time 3 Days 4 Current 
ID On-Line Off-Line On-Line Location 

l KE 194 23-FEB-89 15:00:00 18-MAY-89 15:00:00 84.00 183-KW VAULT 
2 KE 195 24-FEB-89 14:00:00 27-APR-89 10:00:00 61.83 183-KW VAULT 
3 KE 196 24-FEB-89 14:00:00 05-MAY-89 15:00:00 70.04 183-KW VAULT 
4 KE 197 13-JUL-90 14:15:00 26-JUL-90 13:00:00 12.95 183-KW VAULT 
5 KE 198 13-JUL-90 14:15:00 26-JUL-90 13:00:00 12.95 183-KW VAULT 
6 KE 199 13-JUL-90 14:15:00 02-AUG-90 09:00:00 19.78 183-KW VAULT 
7 KE 200 07-AUG-90 11:00:00 06-SEP-90 09:00:00 29.92 183-KW VAULT 
8 KE 201 07-AUG-90 11:00:00 31-AUG-90 09:00:00 23.92 183^KW VAULT 
9 KE 202 07-AUG-90 11:00:00 ll-SEP-90 08:30:00 34.90 183-KW VAULT 

10 KE 203 24-JUL-91 14:00:00 13-AUG-91 09:30:00 19.81 183-KW VAULT 
11 KE 204 24-JUL-91 14:00:00 13-AUG-91 09:30:00 19.81 183-KW VAULT 
12 KE 205 24-JUL-91 14:00:00 13-AUG-91 09:30:00 19.81 183-KW VAULT 
13 KE 206 15-AUG-91 11:00:00 27-AUG-91 09:30:00 11.94 183-KW VAULT 
14 KE 207 15-AUG-91 11:00:00 27-AUG-91 09:30:00 11.94 183-KW VAULT 
15 KE 208 15-AUG-91 11:00:00 27-AUG-91 09:30:00 11.94 183-KW VAULT 
16 KE 209 28-AUG-91 10:30:00 16-SEP-91 10:30:00 19.00 183-KW VAULT 
17 KE 210 28-AUG-91 10:30:00 16-SEP-91 10:30:00 19.00 183-KW VAULT 
18 KE 211 28-AUG-91 10:30:00 16-SEP-91 10:30:00 19.00 183-KW VAULT 
19 KE 212 17-SEP-91 11:30:00 01-OCT-91 09:30:00 13.92 183-KW VAULT 
20 KE 213 17-SEP-91 11:30:00 26-SEP-91 09:00:00 8.90 183-KW VAULT 
21 KE 214 17-SEP-91 11:30:00 01-OCT-91 09:30:00 13.92 183-KW VAULT 
22 KE 215 ll-OCT-91 10:00:00 Ol-NOV-91 10:00:00 21.00 183-KW VAULT 
23 KE 216 ll-OCT-91 10:00:00 18-OCT-91 14:00:00 7.17 183-KW VAULT 
24 KE 217 ll-OCT-91 10:00:00 Ol-NOV-91 10:00:00 21.00 183-KW VAULT 
25 KE 218 14-NOV-91 10:00:00 25-NOV-91 10:15:00 11.01 183-KW VAULT 
26 KE 219 14-NOV-91 10:00:00 25-NOV-91 10:15:00 11.01 183-KW VAULT 
27 KE 220 14-NOV-91 10:00:00 25-NOV-91 10:15:00 11.01 183-KW VAULT 
28 KW 47 12-APR-88 08:30:00 02-FEB-89 09:00:00 296.02 183-KW VAULT 
29 KW 48 27-MAY-88 10:30:00 29-DEC-88 08:00:00 215.90 183-KW VAULT 
30 KW 49 05-APR-88 11:00:00 01-NOV-88 10:00:00 209.96 183-KW VAULT 
31 KW 50 13-NOV-88 14:00:00 14-APR-89 10:00:00 151.83 183-KW VAULT 
32 KW 51 13-JAN-89 10:00:00 16-MAY-89 10:00:00 123.00 183-KW VAULT 
33 KW 52 03-MAY-89 10:00:00 08-FEB-90 10:00:00 281.00 183-KW VAULT 
34 KE 221 26-NOV-91 10:00:00 20-DEC-91 10:00:00 24.00 SHORT CAR 
35 KE 222 26-NOV-91 10:00:00 17-DEC-91 10:00:00 21.00 SHORT CAR 
36 KE 223 29-NOV-91 10:00:00 20-DEC-91 10:00:00 21.00 SHORT CAR 
37 KE 224 17-JAN-92 10:30:00 03-FEB-92 13:30:00 17.13 SHORT CAR 
38 KE 225 17-JAN-92 10:30:00 03-FEB-92 13:30:00 17.13 SHORT CAR 
39 KE 226 17-JAN-92 10:30:00 03-FEB-92 13:30:00 17.13 SHORT CAR 
40 KE 227 04-FEB-92 11:00:00 02-MAR-92 10:00:00 26.96 KE CAVE 
41 KE 228 04-FEB-92 11:00:00 27-FEB-92 10:00:00 22.96 KE CAVE 
42 KE 229 04-FEB-92 11:00:00 02-MAR-92 10:00:00 26.96 KE CAVE 
43 KE 230 06-MAR-92 11:00:00 13-MAR-92 11:00:00 7.00 
44 KE 231 06-MAR-92 11:00:00 13-MAR-92 11:00:00 7.00 
45 KE 232 06-MAR-92 11:00:00 13-MAR-92 11:00:00 7.00 
46 KE 230 14-DEC-92 17:00:00 04-FEB-93 13:30:00 51.85 KE CELL 1 
47 KE 231 14-DEC-92 17:00:00 04-FEB-93 13:30:00 51.85 KE CELL 2 
48 KE 232 14-DEC-92 17:00:00 04-FEB-93 13:30:00 51.85 KE CELL 3 
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ION_COLUMN 48R x 15C 24-MAY-94 14:41 Page 2 
Ion Exchange Column Radionuclide Content Calculations 

0 IXC 5 Date 6 Dose 7 Cs-137 8 Sr-90 9 Pu-239/240 
ID Placed Rate Inlet Cone. Inlet Cone. Inlet Cone. 

In Box R/Hr uCi/L uCi/L uCi/L 

1 KE 194 23-JUL-91 20.0 1.88 1.43 7.37e-03 
2 KE 195 24-JUL-91 6.0 1.53 1.14 6.05e-03 
3 KE 196 24-JUL-91 20.0 1.63 1.43 7.37e-03 
4 KE 197 24-JUL-91 7.0 4.65 6.35 2.91e-02 
5 KE 198 24-JUL-91 5.0 4.65 6.35 2.91e-02 
6 KE 199 24-JUL-91 4.0 4.70 6.35 2.91e-02 
7 KE 200 03-JAN-91 15.0 2.90 6.35 2.91e-02 
8 KE 201 23-JUL-91 15.0 2.72 6.35 2,91e-02 
9 KE 202 24-JUL-91 30.0 3.07 6.35 2.91e-02 

10 KE 203 05-SEP-91 1.0 14.53 18.00 1.71e-02 
11 KE 204 05-SEP-91 1.0 14.53 18.00 1.7le-02 
12 KE 205 05-SEP-91 1.0 14.53 18.00 1.7le-02 
13 KE 206 13-NOV-91 1.0 17.20 12.52 1.41e-02 
14 KE 207 13-NOV-91 1.0 17.20 12.52 1.4le-02 
IS KE 208 13-NOV-91 1.0 17.20 12.52 1.41e-02 
16 KE 209 13-NOV-91 1.4 16.95 7.05 1.12e-02 
17 KE 210 13-NOV-91 1.0 16.95 7.05 1.12e-02 
18 KE 211 13-NOV-91 1.5 16.95 7.05 1.12e-02 
19 KE 212 09-OCT-91 45.0 15.90 7.05 1.12e-02 
20 KE 213 09-OCT-91 65.0 16.90 7.05 1.12e-02 
21 KE 214 09-OCT-91 85.0 15.90 7.05 1.12e-02 
22 KE 215 15-JAN-92 90.0 6.92 2.60 2.50e-02 
23 KE 216 15-JAN-92 60.0 9.25 2.60 2.50e-02 
24 KE 217 15-JAN-92 75.0 6.92 2.60 2.50e-02 
25 KE 218 15-JAN-92 70.0 6.16 2.40 2.07e-02 
26 KE 219 15-JAN-92 80.0 6.16 2.40 2.07e-02 
27 KE 220 15-JAN-92 40.0 6.16 2.40 2.07e-02 
28 KW 47 27-JUL-90 
29 KW 48 27-JUL-90 
30 KW 49 27-JUL-90 
31 KW 50 27-JUL-90 
32 KW 51 27-JUL-90 
33 KW 52 27-JUL-90 
34 KE 221 ll-FEB-92 40.0 3.72 1.28. 1.05e-02 
35 KE 222 11-FEB-92 78.0 3.72 1.28 1.05e-02 
36 KE 223 ll-FEB-92 34.0 2.40 1.28 1.05e-02 
37 KE 224 12-FEB-92 44.0 2.80 1.10 1.08e-01 
38 KE 225 12-FEB-92 - 52.0 2.80 1.10 1.08e-01 
39 KE 226 12-FEB-92 31.0 2.80 1.10 1.08e-01 
40 KE 227 n/a ' 2.02 0.02 2.98e-03 
41 KE 228 n/a 2.02 0.02 2.98e-03 
42 KE 229 n/a 2.02 0.02 2.98e-03 
43 KE 230 n/a / 1.93 0.02 2.98e-03 
44 KE 231 n/a 1.93 0.02 2.98e-03 
45 KE 232 n/a 1.93 0.02 2.98e-03 
46 KE 230 n/a 2.13 1.09 6.99e-02 
47 KE 231 n/a 2.13 1.09 6.99e-02 
48 KE 232 n/a 2.13 1.09 6.99e-02 
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ION_COLUMN 48R x 15C 24-MAY-94 14:41 Page 3 
Ion Exchange Column Radionuclide Content Calculations 

0 IXC 10 Cs-137 11 Cs-137 12 Sr-90 13 Pu-239/240 
ID Inventory Inventory Inventory Inventory 

Curies - from Curies - from Curies Curies 
Mass Balance Dose Rate 

1 KE 194 4.30e+01 1.24e+01 3.16e+01 1.53e-01 
2 KE 195 2.57e+01 3.70e+00 1.86e+01 9.23e-02 
3 KE 196 3.12e+01 1.24e+01 2.64e+01 1.27e-Ql 
4 KE 197 1.64e+01 4.40e+00 2.17e+01 9.29e-02 
5 KE 198 1.64e+01 3.00e+00 2.17e+01 9.29e-02 
6 KE 199 2.53e+01 2.50e+00 3.31e+01 1.42e-01 
7 KE 200 2.36e+01 9.30e+00 5.01e+01 2.15e-01 
8 KE 201 1.78e+01 9.30e+00 4.01e+01 1.72e-01 
9 KE 202 2.92e+01 1.87e+01 5.85e+01 2.50e-01 

10 KE 203 7.85e+01 6.00e-01 9.41e+01 8.36e-02 
11 KE 204 7.85e+01 6.00e-01 9.41e+01 8.36e-02 
12 KE 205 7.85e+01 6.00e-01 9.41e+01 8.36e-02 
13 KE 206 5.60e+01 6.00e-01 3.94e+01 4.17e-02 
14 KE 207 5.60e+01 6.00e-01 3.94e+01 4.17e-02 
15 KE 208 5.59e+01 6.00e-01 3.94e+01 4.16e-02 
16 KE 209 8.78e+01 9.00e-01 3.53e+0l 5.25e-02 
17 KE 210 8.78e+01 6.00e-01 3.53e+01 5.25e-02 
18 KE 211 8.78e+01 9.00e-01 3.53e+01 5.25e-02 
19 KE 212 6.03e+01 2.80e+01 2.59e+01 3.84e-02 
20 KE 213 4.10e+01 4.00e+01 1.65e+01 2.46e-02 
21 KE 214 6.03e+01 5.30e+01 2.59e+01 3.84e-02 
22 KE 215 3.96e+01 5.60e+01 1.44e+01 1.29e-01 
23 KE 216 1.81e+01 3.70e+01 4.92e+00 4.42e-02 
24 KE 217 3.96e+01 4.70e+01 1.44e+01 1.29e-01 
25 KE 218 1.83e+01 4.30e+01 6.91e+00 5.56e-02 
26 KE 219 1.83e+01 5.00e+01 6.91e+00 5.56e-02 
27 KE 220 1.83e+01 2.50e+01 6.91e+00 5.56e-02 
28 KW 47 2.92e+00- 1.78e-01 4.40e-04 
29 KW 48 2.29e+00 1.42e-0l 2.36e-04 
30 KW 49 2.12e+00 1.33e-01 3.30e-04 
31 KW 50 1.56e+00 7.66e-02 2.48e-04 
32 KW 51 1.34e+00 6.29e-02 2.20e-04 
33 KW 52 6.38e+00 1.53e-01 3.91e-04 
34 KE 221 2.43e+01 2.50e+01 8.10e+00 6.22e-02 
35 KE 222 2.13e+01 4.80e+01 7.09e+00 5.44e-02 
36 KE 223 1.38e+01 2.10e+01 7.09e+00 5.44e-02 
37 KE 224 1.31e+01 2.70e+01 4.97e+00 4.56e-01 
38 KE 225 1.31e+01 3.20e+01 4.97e+00 4.56e-01 
39 KE 226 1.31e+01 1.90e+01 4.97e+00 4.56e-01 
40 KE 227 1.48e+01 1.28e-0l 1.98e-02 
41 KE 228 1.26e+01 1.09e-0l 1.69e-02 
42 KE 229 1.48e+01 1.30e-0l 2.00e-02 
43 KE 230 . 
44 KE 231 
45 KE 232 
46 KE 230 3.37e+01 1.49e+01 9.00e-01 
47 KE 231 3.37e+01 1.49e+01 9.00e-01 
48 KE 232 3.37e+01 1.49e+01 9.00e-01 
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ION_COLDMN 48R X 15C 

Ion Exchange Column R a d i o n u c l i d e Content C a l c u l a t i o n s 

0 IXC 14 Pu-241 15 Am-241 
ID I n v e n t o r y Inven to ry 

C u r i e s C u r i e s 

1 KE 194 2.00e+00 6.87e-02 
2 KE 195 1.21e+00 4.15e-02 
3 KE 196 1.67e+00 5.73e-02 
4 KE 197 1.22e+00 4.18e-02 
5 KE 198 1.22e+00 4.18e-02 
6 KE 199 1.86e+00 6.39e-02 
7 KE 200 2.82e+00 9.66e-02 
8 KE 201 2.25e+00 7.72e-02 
9 KE 202 3.29e+00 1.13e-01 
10 KE 203 l.lOe'+OO 3.76e-02 
11 KE 204 1.10e+00 3.76e-02 
12 KE 205 1.10e+00 3.76e-02 
13 KE 206 5.47e-01 1.87e-02 
14 KE 207 5.47e-01 1.87e-02 
15 KE 208 5.46e-01 1.87e-02 
16 KE 209 6.89e-01 2.36e-02 
17 KE 210 6.89e-01 2.36e-02 
18 KE 211 6.89e-01 2.36e-02 
19 KE 212 5.04e-01 1.73e-02 
20 KE 213 3.22e-01 l.lle-02 
21 KE 214 5.04e-01 1.73e-02 
22 KE 215 ' 1.70e+00 5.83e-02 
23 KE 216 5.80e-01 1.99e-02 
24 KE 217 1.70e+00 5.83e-02 
25 KE 218 7.29e-01 2.50e-02 
26 KE 219 7.29e-01 2.50e-02 
27 KE 220 7.29e-01 2.50e-02 
28 KW 47 
29 KW 48 
30 KW 49 
31 KW 50 
32 KW 51 
33 KW 52 
34 KE 221 8.15e-01 2.80e-02 
35 KE 222 7.13e-01 2.45e-02 
36 KE 223 7.13e-01 2.45e-02 
37 KE 224 5.98e+00 2.05e-01 
38 KE 225 5.98e+00 2.05e-01 
39 KE 226 5.98e+00 2.05e-01 
40 KE 227 2.60e-01 8.92e-03 
41 KE 228 2.21e-01 7.59e-03 
42 KE 229 2.60e-01 9.00e-03 
43 KE 230 ,• 
44 KE 231 
45 KE 232 
46 KE 230 l.l8e+0l 4.05e-01 
47 KE 231 1.18e+01 4.05e-01 
48 KE 232 1.18e+01 4.05e-01 
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105-KE Fuel Storage Basin 
Impact of Ion Column and IXM Operations 
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Impact of Ion Column and IXM Operations 
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100K BASIN TRENDING DATA - ANALYSIS RESULTS PROVIDED BY THE 183-KE HP LAB 

105-KE Fuel Storage Basin 
Ion Exchange Module Status 

100 

0 5 10 15 20 25 3 0 3 5 4 0 4 5 5 0 5 5 6 0 
Days In-Service 

105-KWFuel Storage Basin 
Ion Exchange Module and Ion Column Status 

10 15 20 25 30 35 40 45 50 55 60 
Days In-Service 

E£EDL Engineering and Environmental Demonstration Laboratory 
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as applicable. Mathematical derivations checked including dimensional consistency of results. Models appropriate and used within range of validity or use outside range of established validity justified. Hand calculations checked for errors. Spreadsheet results should be treated exactly the same as hand calculations. Software input correct and consistent with document reviewed. Software output consistent with input and with results 
reported in document reviewed. Limits/criteria/guidelines applied to analysis results are appropriate and referenced. Limits/criteria/guidelines checked against references. Safety margins consistent with good engineering practices. Conclusions consistent with analytical results and applicable limits. Results and conclusions address all points required in the 
problem statement. Review calculations, comments, and/or notes are attached. 
Document approved (i.e., the reviewer affirms the technical accuracy of the document). Traceability 

(font! ce<*>€ 
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Date 

* All "NO" responses must be explained below or on an additional page. 
** Any calculations, comments, or notes generated as part of this review 
should be signed, dated and attached to this checklist. Such material should 
be labeled and recorded in such a manner as to be intelligible to a 
technically qualified third party. 
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