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1.0 PURPOSE 

The purpose of this calculation note is to analyze the hazards related to chemical reactions that 
occur in waste tanks due to the addition of an incompatible material. Conditions were identified 
that resulted in toxic vapor generation and tank pressurization. The bounding incompatible 
material additions for offsite radiological consequences are discussed in Chapter 3.0. 

2.0 INTRODUCTION 

When considering various hazards within the tank farms, it was postulated that the mixing of 
incompatible material in a tank could result in a chemical reaction that generates toxic gases and 
vapors or generates sufficient pressure to expel headspace gases and aerosols. A number of 
hazardous conditions were examined that could result in gas or vapor production in a waste tank, 
Incompatible materials that could potentially be transferred to tank farm facilities were studied to 
determine a bounding case. The scenarios that were considered are as follows: 

Scenario 1. Addition of an incompatible material due to a waste transfer from an 
internal or external source: 
Case A. Misrouting or transfer of incompatible tank waste 
Case B. Incompatible waste addition from external source. 

Inadvertent addition of an incompatible chemical due to a vendor or 
paperwork error when making a chemical addition to a tank: 
Case A. Addition of excessive base to tank waste 
Case B. Addition of acid to a waste tank. 

Scenario 2. 

Scenario 1, Case A. Because the wastes are similar from tank to tank, reactions due to a transfer 
from one tank to another will not result in significant generation of vapors or gases according to 
Reynolds (2001), “Potential for Tank Farm Systems to Give off Toxic Chemicals or Pressurize 
Due to Chemical Incompatibilities,” which is reproduced in Appendix A. Therefore, Scenario 1, 
Case A, was discarded as a potential bounding case. 

Scenario 1, Case B. The majority of waste that is generated external to the tank farms would 
come from the Plutonium Finishing Plant, T Plant, and the 222-S Laboratory. Each of these 
facilities utilizes practices to ensure that the final facility waste solution is not transferred to a 
tank containing incompatible waste. Even if no credit is taken for these controls, the transfer 
lines are not compatible with strong acids (the most common incompatible material). Therefore, 
Scenario 1, Case B, was discarded as an unreasonable bounding case. 

Scenario 2, Case A. The addition of excess base to tank waste also was examined for the 
potential to react and produce ammonia. Substantial amounts of ammonia are dissolved or 
trapped in some tank wastes. Ammonia is produced by the decomposition of nitrogen-containing 

1 
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compounds that were added to process solutions that eventually ended up as waste. Amine 
chelating agents such as ethylenediaminetetraacetic acid are among the chief sources. There is 
some potential for the ammonia in these wastes to be released into the vapor space of tanks and 
vented to the atmosphere. 

The solubility of ammonia increases with decreasing pH due to an increasing fraction of the 
dissolved ammonia existing as the ammonium ion. As the pH is raised, the ammonium ion is 
converted to the neutral, molecular ammonia solute (aqueous "3). The neutral aqueous 
ammonia desorbs to become gaseous or vapor phase ammonia. The main reactions are as 
follows: 

NHC +OH- + "3(aqueous) +HzO 
"3(aqueous) =+ "3(vapm) 

The potential exists for strong bases to be accidentally added to waste tanks in amounts that may 
reduce the solubility of ammonia. A series of calculations was performed to predict the 
solubility of ammonia in a simulated waste and the effect of adding various amounts of 100% 
sodium hydroxide to the worst-case tank waste. It was found that a large amount of sodium 
hydroxide (slightly over 4 g moles/L of waste) must be added to reach the ammonia saturation 
point before any ammonia is released by the reaction. An estimate of the bounding ammonia 
release was calculated in WHC-SD-WM-CN-074, Chemical Reaction in a DCRTLeading to a 
Toxic Release. It was shown that the consequences of an ammonia release are well within 
conservative guidelines. Therefore Scenario 2, Case A, was not examined further. 

Scenario 2, Case B. Because direct chemical additions can be made to the waste tanks, an 
accident was postulated in which bulk delivery of an unexpected chemical is made to a waste 
tank (e.g., instead of the caustic addition expected, the delivery truck contains an acid). Because 
the delivery was assumed to be from a large tanker truck, only common chemicals (acids, bases, 
and salts) that are routinely shipped in bulk quantities were considered. Common industrial 
acids were evaluated for their potential to react with tank waste resulting in gas or vapor 
generation. The reaction of strong acids with carbonate waste was found to produce large 
quantities of carbon dioxide. The reaction of acids with nitrite waste was also considered. It was 
postulated that the addition of acid could result in the release of nitrogen or an oxide of nitrogen. 
At basic conditions the production of one mole of nitrogen per two moles of H+ ions is possible, 
while at acidic conditions the production of one mole of nitrogen oxide per mole of H+ ions is 
possible. Thus, the reaction of acid with carbonate would be competing with the reaction of acid 
and nitrite as well as the neutralization reaction of acid with hydroxide. Experiments on the 
dissolution of waste with excess acid have been performed (Herting 2003, Final Report for Tank 
241-C-IO6 Siudge Dissolution, Phase 10. Waste from both single-shell tank (SST) 241 -C-106 
and double-shell tank (DST) 241-AY-102 was contacted with acid. DST 241-AY-102 waste 
contains similar quantities of nitrite and carbonate while SST 241-C-106 waste contains nearly 
40 times more carbonate than nitrite. Samples of the gases generated by the experiments were 
collected and analyzed. It was found that carbon dioxide was nearly the only gas produced with 
traces of hydrogen also being detected at concentrations three to four orders of magnitude less 
than the carbon dioxide (oxides of nitrogen were not detected). Since the production of carbon 
dioxide was shown to be the dominant factor, the production of carbon dioxide was selected as 
the representative accident. The addition of concentrated sulfuric acid to the tank waste is 
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examined for offsite radiological consequences from the aerosol released with the venting gases 
in Chapter 3.0. 

3.0 OFFSITE RADIOLOGICAL CONSEQUENCES 

The accident scenario, without controls, assumes that a cargo tanker filled with 5,000 gal of 
concentrated sulfUrc acid (18.7 M) is emptied into a DST or SST instead of the chemical 
expected (e.g., caustic or nitrite). The rate of addition is assumed to be 175 gal/min. The 
receiving tank is assumed to contain sufficient carbonate waste to completely react with the 
incoming acid. The carbon dioxide formed is released into the tank headspace carrying with it a 
fraction of tank waste. It is assumed that the high-efficiency particulate air (HEPA) filters fail, 
contributing to the consequences. Condensation of the aerosol on the walls of the tank was 
assumed to be insignificant. The contributors to the radiological consequences are the HEPA 
filter release and the aerosolized waste. 

3.1 CONTRIBUTION OF AEROSOLIZED 
WASTE 

Sulfuric acid is a common industrial chemical. It is also typically transported at nearly 100% 
concentration (18.7 M) to reduce costs and lower its corrosion potential. The reaction of sulfuric 
acid with sodium carbonate is shown below: 

H2S04 + Na2CO3 + CO2,,,,, + NaZS04 + H20. 

It can be seen that each mole of sulfuric acid would result in the generation of one mole of 
carbon dioxide. 

Calculating the total release of carbon dioxide: 

(5,000 gal) (3.785 Ugal) (18.7 g moledL) (44 g/g mole) = 1.56 x lo7 grams carbon dioxide 

(5,000 gal) (3.785 L/gal) (18.7 g moles/L) (24.5 L/g mole) = 8.67 x IO6 L carbon dioxide 

= 1.56 x lo4 kg carbon dioxide 

where: 

5,000 gal 
3.785 Ugal 

18.7 g moles/l = molarity of concentrated 98% sulfuric acid (Weast 1981) 
44 g/g mole = molecular weight of carbon dioxide (Weast 1981). 
24.5 Ldg mole = the volume of carbon dioxide gas at 25 OC (298 IC) 

= (22.4 L/g mole at 273 IC) (298 W273 K). 

= assumed volume of sulfuric acid addition 
= conversion factor (CRC Handbook of Chemisv and Physics 

[W east 1 98 1 1) 

3 
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The volume of aerosol camed off by the waste can be estimated using an entrainment 
coefficient E: 

E = Volume aerosolNolume gas through the surface 

At tow superficial gas velocities discrete bubbles rise through the pool uniformly and steadily. 
This flow pattern is classified as the bubbly flow regime. When superficial gas velocity exceeds 
the threshold value fig,,) the flow regime transitions from bubbly flow to churn turbulent flow 
which is characterized by nonuniform bubbles rising in a more random manner. The transitional 
superficial velocity can be found in chapter 2 of FAI/Ol-07, Aerosol Generation During Select 
Normal and Off-Normal Waste Treatment Plant Processes (reproduced as Appendix B): 

m / s  j , ,  = 0.3 [(~rg)/(pf)]”~ = 4.8 x 

where: 

u is the liquid surface tension, 0.072 kg/s2 for water against air at 25 OC (Weast 1981) 
g is the gravitational constant, 9.81 m/s2  
pf is the assumed liquid density, 1.1 x 1 O3 kg/m3. 

The superficial velocity &) for carbon dioxide generation can be calculated: 

j, = [(9.1 kg/s) / (1.8 kg/m3)] [(9.2 m) / (3.79 x lo3 m3)] = 1.2 x lo-* mis 

where: 

9.1 kg/s 

9.2 m 
3.79 x lo3 m3 = waste volume [1,000,000 gal assumed volume] 
1.8 kg/m3 

= the carbon dioxide generation rate 
= (1.56 x lo4 kg COZ) / [ ((5,000 gal) / (175 gal/min)} (60 slmin)] 
= depth of waste in tank [a full tank is assumed] 

= density of gas at 25 “C L(44.01 kgkg mole) / (24.5 m3kg mole). 

Since the superficial velocity is less than the threshold velocity, the applicable flow regime is 
bubbly flow. 

The source term used for the aerosol in this analysis is 10% DST sludge and 90% DST 
supernatant (which bounds the source terms in SSTs). Gas generation will occur in the vicinity 
of the incoming acid stream. The agitation caused by the gas generation will not cause the solid 
waste to be thoroughly mixed with the liquid. In addition, the solids will settle out as they pass 
through the liquid phase toward the surface. The inclusion of 10% solids in the aerosol is a 
conservative assumption. The radiological unit-liter dose (ULD) for the waste is from 
RPP-5924, Radiological Source Terms for Tank Farms Safety Analysis. 

The waste aerosolized is calculated as follows: 

(8.67 x lo6 L) (2.3 x IO-’) = 2.0 L 

4 
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where: 

2.3 x 10.’ = bounding entrainment coefficient for CaCO3 suspension in water 
@AVO 1 -07). 

Given 

ULD for DST liquids = 1.5 x lo3 Sv/L (RPP-5924) 
ULD for DST solids = 2.9 x lo5 Sv/L (RPP-5924) 
ULD for aerosol = [(1.5 x lo3 Sv/L) (0.9)] + [2.9 x lo5 Sv/L) (O.l)] 

= 3.04 io4 s a .  
Offsite aerosol dose = (aerosol released) (offsite xiQ) (offsite ULD) (breathing rate) 

Offsite D,,,I = (2.0 L)(2.22 x s/m3)(3.04 x lo4 Sv/L)(3.33 x lo4 m3/s) 
= 4.5 sv 

where: 

2.22 x 10-5s/m3 = offsite x/Q (RPP-13482, Atmospheric Dispersion Coefficients and 
Radiological/Toxicological Exposure Methodology for Use in Tank 
Farms) 

3.33 x lo4 m3/s = breathing rate (RPP-5924). 

3.2 CONTRIBUTION OF THE HIGH- 
EFFICIENCY PARTICULATE ATR FILTER 

Since a significant quantity of carbon dioxide is released, it is assumed that the tank pressurizes 
suficientIy to fail the HEPA filters. 

Given 

DST HEPA filter release = 5.4 x L at 5% solids (WP-13437, Technical Basis 
Document for Ventilation System Filtration Failures 
Leading to an Unfiltered Release). 

Given 

ULD for DST solids = 2.9 x 1 O5 S v L  (RPP-5924) 
ULD for DST liquids = 1.5 x lo3 Sv/L (RPP-5924) 
ULD fiom HEPA 

filter release = i(1.5 x lo3 Sv/L) (0.9511 -1- [2.9 x lo5 Sv/L) (0.05)] 
= 1.59 x lo4 Sv/L 

Offsite HEPA dose = (material released from HEPA) (offsite x/Q) (ULD) (breathing rate) 

4 3  Offsite D~~~~ = (5.4 x ~)(2.22 x s/m3)(t.59 x lo4 sv/~)(3.33 x IO m /SI 

= 6.3 1 0 - ~ s ~  

5 
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where: 

2.22 x 10-5s/m3 = offsite x/Q (RPP-13482). 
3.33 x m3/s = breathing rate (RPP-5924). 

3.3 TANK PRESSURIZATION 

It can be seen that the production of carbon dioxide reaches a significant volume. It was 
postulated that the rate of gas production would be sufficient to challenge the 55 to 60 lb/in* 
gauge failure pressure for DSTs or the 1 1 to 12 lb/in2 gauge failure pressure for SSTs 
(WHC-SD-TWR-RPT-003, DELPHI Expert Panel Evaluation of Hanford High Level Waste 
Tank Failure Modes and Release Quantities). 

The rate of production can be found by: 

(175 gal/min) (3.785 Wgal) (lmid60 s) (18.7 g moles/L) (24.5 Wgmole) = 5.06 x IO3 Us 
= 5.06 m3/s 

where: 

175 gal/min = assumed rate of sulfuric acid addition 
3.785 Wgal =conversion factor (Weast 1981) 
18.7 g moledl  = molarity of concentrated 98% sulfuric acid (Weast 1981) 
44 g/g mole = molecular weight of carbon dioxide (Weast 1981) 
24.5 L/g mole = the volume of carbon dioxide gas at 1 atm (14.7 lb/in2 absolute) and 

= (22.4 U g  mole at 273 K) (298 W273 K). 
25 "C (298 K) 

Tank pressurization as a function of gas flowrate was calculated in HNF-4240, Organic Solvent 
Topical Report. When all the vents were considered it was found that it would take a flowrate of 
nearly 14 m3/s to pressurize a tank to 14 lb/in2 gauge (28.7 lb/in2 absolute). The number and 
geometry of vent paths vary from tank to tank; however, the tank presented in HNF-4240, used 
for the vent path calculation (241-C-103), is representative of all SSTs. For all SSTs, tank farm 
Engineering has judged the gas production rate is still bounded by the ventilation capacity at 
1 1 lb/in2 gauge (conservatively estimated SST tank pressure [WHC-SD-TWR-RPT-003]). In 
order to compare volumetric flowrates of gaseous materials, they need to be adjusted to the same 
reference pressure. Converting the 14 m3/s flowrate at 28.7 lb/in2 absolute pressure to a pressure 
of 14.7 lb/in2 absolute (1 atm) results in a flowrate of 27 m3/s. Thus, it can be seen that the 
production rate of carbon dioxide is less than a fifth of what is required to pressurize the tank to 
14 Ib/in2 gauge. The flowrate of carbon dioxide is estimated to pressurize the tank to 2.6 lb/in2 
gauge. Therefore, any additional release due to tank failure is not considered credible. 

6 
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Moderate consequence High consequence 
guideline guideline Calculated dose 

(rem) (rem) (rem) 

3.4 OVERALL OFFSITE RAmoLoeicm 
CONSEQUENCE 

Total offsite radiological consequences = aerosol contribution + HEPA filter contribution 

Offsite D ~ ~ t ~ l  = (4.5 x lo4 Sv) + (6.3 x Sv) = 4.5 x lo4 Sv 
= 4.5 x rem. 

4.0 RESULTS 

Table 4-1 compares the accident consequences with the radiological consequence guidelines 
(Klein and Schepens, 2003, “Replacement of Previous Guidance Provided by RL and OW’). 
Reviewing the consequences shows that the accident is considerably below the moderate 
consequence guideline of 1 rem; therefore, no safety-class equipment is required. 

Table 4-1. Summarv of Conseauences Without Controls for hcomoatible Materials. 
I Offsite radiological consequences 

Mixing of 
incompatible 

materials 
4.5 x 10-2 1.0 x lom 2.5 x 10‘’ 

5.0 CONCLUSIONS 

The offsite radiological consequences for the mixing of incompatible materials accident do not 
challenge the guidelines. Therefore, no safety-class structures, systems, and components have 
been identified to prevent or mitigate the risk associated with this accident. 

The conclusion that the bounding mixing of incompatible materials accident does not challenge 
the evaluation guideline is robust against the uncertainties in the analysis. The sensitivity of the 
calculated consequence to assumptions and input parameters is evaluated in Table 5-1. It is 
concluded that no technical safety requirements are required to protect the assumptions and 
parameters used in the analysis. 

7 
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NIA 

NIA 

Table 5-1. Sensitivity of the CaIculated Consequence to 
Analvsis Assumations and h u t  Parameters. f2 sheets’, a 

Assumption/input parameter 

Acid i z 8 . 7  M sulfuric acid 

An addition rate of 175 gal of 
acid per minute is assumed. 

The source term used for the 
aerosol in the analysis is 10% 
DST solids and 90% DST 
liquids. 

The volume of the acid addition 
was assumed to be 5,000 gal. 
Based on the density of sulfuric 
acid, this exceeds the allowable 
gross vehicle weight for tanker 
trucks. (While tanker trucks 
contain a nominal capacity of as 
much as 7,000 gal, they are 
limited by total weight of the 
filled tanker. Generally, the 
maximum weight that can be 
transported is 45,000 Ib which 
is the equivalent weight of 
3.000 ea1 of sulfuric acid.) 
The carbonate concentration is 
assumed to be sufficient to fully 
react with the sulfuric acid. 

The bounding ULDs for liquids 
and sludge from RPP-5924 are 
used. 

Sensitivity 

No anticipated effect on consequence bin. 
Concentrated sulfuric acid is 18.7 M. This is a 
bounding assumation. 

No anticipated effect on consequence bin. Field 
experience with actual chemical additions show 
that addition rates are typically 75-100 gal/min. 
Even if higher flowrates were postulated, the 
analysis is insensitive to the increase. (The 
flowrate would have to be increased by over two 
orders of magnitude and transition into the churn 
turbulent flow regime before the moderate 
conseauence guideline would be challeneed.) 
No anticipated effect on consequence bin. This is 
a modeling assumption that cannot be verified hut 
is considered to be conservative because agitation 
will occm m the vicinity of the incoming acid 
stream. The agitation will not cause the solid 
waste to be thoroughly mixed with the liquid. In 
addition, the solids will settle out as they pass 
through the liquid phase toward the surface. 

No anticipated effect on consequence bin. If 
current transportation regulations were changed 
to make larger shipments credible, the gas 
generated would increase. The volume would 
have to be increased to over 100,000 gal to 
challenge the moderate consequence guideline. 

No effect on consequence bin. Excess cabonate 
will not increase the carbonate concentrations that 
are insuficient to completely react with the 
sulfuric acid would lower the consequences. 
No anticipated effect on consequence bin. The 
offsite radiological consequence is directly 
proportional to the ULD. The ULDs would have 
to be increased by a factor of approximately 20 
for the consequences to approach the moderate 
consequence guideline. This increase is not 
considered credible for authorized activities. 

Protect Protection 
r ia  TSR basis 

No 1 ”* 

No 1 

8 
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Table 5-1. Sensitivity of the Calculated Consequence to 
Analysis Assumptions and Input Parameters. (2 sheets) 

1 Assumption/input parameter 

A breathing rate of 
3.33 x IO4 m’ls from RPP-5924 
is used. 

An atmospheric dispersion 
coefficient of2.22 x 10‘’ s/m3 
was used (RPP-13482). 

The pressurization resulting 
from the accident fails the 
HEPA filters. 

The inventory on the HEPA 
filters is equivalent to that 
which would produce a contact 
dose rate of 200 m r e d .  Th~s 
is a modeling assumption based 
on current tank farm uractices. 

No credit is taken for 
condensation or plate-out of 
aerosol on the walls of the tank. 

Tank is assumed to contain 
1,000,000 gallons of waste. 

The bounding entrainment 
coefficient for a CaCO3 
suspension in water was 
selected from FA110 1-07. 
Notes: 

Sensitivity 

No anticipated effect on consequence bin. The 
breathing rate is only applicable to radiological 
releases. The radiological consequences are well 
below guidelines and the breathing rate would 
have to be increased by a factor of 20 to 
challenge the consequences, which is not 
considered credible. 
No anticipated effect on consequence bin. The 
atmospheric dispersion coefficient represents the 
9Sth percent overall value. No credit is taken for 
either plume meander or deposition. 

No anticipated effect on consequence bin. If the 
HEPA filters do not fail, even with no credit for 
waste retention, the consequences would be 
decreased since there would be no contribution 
from the failed filters. 
No anticipated effect on consequence bin. The 
contribution from the HEPA filters is 
insignificant to the overall consequences. The 
contribution of the HEPA filters would have to 
increase by o v e ~  seven orders of magnitude for 
offsite guidelines to be exceeded. 

No anticipated effect on consequence bin. Any 
plate-out would cause the consequences to 
decrease. 

No anticipated effect on consequence bin. The 
analysis is insensitive to the volume of waste and 
no credit is taken for dilution in the headmace. 
No anticipated effect on consequence bin. The 
entrainment coefficient would have to be 
increased by more than an order of magnitude to 
challenge the moderate consequence guideline. 

Protect 
via TSR 

No 

No 

No 

No 

No 

No 

No 

Protection 
basis 

N/A 

N/A 

NIA 

NIA 

N/A 

N/A 

N/A 

FAWOI-O7,2001, Aerosol Generation During Select Normal and Off-Normal Waste Treatment Plant 

RPP-5924,2003, Radiological Source Terms for Tank Farms Safety Analysis, Rev. 3,  CH2M HILL Hanford 

WP-13482,2003, Atmospheric Dispersion Coefficients and RadiologicaUToxicoiogicaogical Exposure 

Processes, Rev. 0, Fauske & Associates, Inc., Burr Ridge, Illinois. 

Group, Inc., Richland, Washington. 

Methodology for Use in TankFanns, Rev. 2, CH2M HILL Hanford Group, Inc., Richland, Washington. 
ARF = airborne release fraction. 
DST = double-shell tank, 
N/A = not applicable. 
TSR = technical safety requirement. 
ULD = unit-liter dose. 
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INTEROFFICE MEMO 
C H 2 M H I L L  

Henfwd Gmop, Im. 

From: Process Control 
Phone: 373-311s 
Date: October 9.2001 

7G300-0 1 -MAKO27 

Subject. POTENnAL FOR TANK FARM SYSTEMS,TO GIVE OFF TOXIC 
CHEMICALS OR PRESSURIZE DUE TO CHEMICAL INCOMFATIBLITIES 

To: K R. Sandgren R1-49 

Copies: M. A. Knight 
DAR Fi1dL.B 

R2-11 

References: 1. RpP-491, "Methodology for Predicting Flammable Gas Mixtures in Double- 
Contained Receiver Tanks," Revision 0-B, dated November 2000 

2. PNN-11702, "Chemical Pathways for the Formation of Ammonia in 
Hanford Wastes." Revision 1, dated December 1997. 

Internal Memo, D. A. Reynolds, to G. L. Dunford, "Potential for Reactions 
Due to Chemical Incompatibility, 74A30-96-025, dated June 25, 1996. 

4. Internal Memo, S. I. Beard to L. W. Roddy, "Operation of Mechanical and 
Electrical Equipnmt in Tank 102-C during Zimex Campaign." dated 
July 6, 1967. 

3 

Reference 3 addresses the fact that waste stored at the tank farms, and in particular the double- 
shell tanks, is a mixture ofwastes amassed over the past 50 years. It was surmised that firrther 
blending of the waste with other blended waste would not cause chemical reactions as a result of 
chemical incompatibility. Reference 3 also addressed the possibility of an acid-base'reaction 
should acid be inadvertently added to the waste. It was determined that the neutraiization ofthe 
waste would not generate enough heat to bring the temperature beyond the current tank 
temperature limits. 

The purpose of this memo is to respond to a request from Nuclear Safety organization to broaden 
the discussion in Reference 3 with the focus on toxic chemical releases, the possibility of tank 
pressurization, and address the smaller tanks used for processing and transfers (JXRTs, eic.). 
This assessment will look at these aspects and provide broad base answers for identified focus 
areas. Certain special cases will be discussed. 

Toxic Gases 

For all practical purposes, toxic gases usually means ammonia ("3) in the tank farms. It is 
recognized that other organic gases are occasionally released, but to a lesser extent to that of 
ammonia. 

Ammonia has been studied extensively for the ff arnrnable gas program. Frquently the 
information is for flammability purposes but usually simple conversions can be performed to 
translate the information into toxic data. It has been shown in Reference 1 that ammonia cannot 
be discounted for small tanks with low ventilation rates and small headspaces. 
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Ammonia has been used at Hanford as a process chemical and safe handling of ammonia has 
always been a concern. B Plant used ammonia carbonate as an eluent for an ion exchange with 
subsequent recovery by evaporation and adsorption. PUREX used ammonium 
fluoride /ammonium nitrate (AFAN) as a declading chemical during the Zirflex Processing. 
The waste from PUREX eventually went in to the tank farm. Both in 1967 and in 1987, the . 
Zirflex waste caused high levels of ammonia in the tank farms. In 1967, tank 241-C-102 
recorded a maximum concentration of 2% (20,000 ppm) (Reference 4). In 1987, the stack from 
the AW farm recorded up to 2000 ppm. The tank farms again received large amounts of 
ammonia when PUREX sent the ammonia scrub solution to 241-AP farm instead ofto the cribs. 

In 1987, a Zirflex waste evaporator campaign was shut down when the evaporator stack releases 
exceeded 100 Ibdday ammonia. Ammonia was a concern when the ammonia scrub solution 
from AP farm was being evaporated as well. 

Currently tanks 241-AW-103 and 241-AW-105 contain high ammonia concentrations from past 
processing campaigns. It has been determined that all other waste also has ammonia but it is 
derived from slow chemical reactions that are probably coupled with radiation. Reference 2 
gives some plausible mechanisms for these reactions. The ammonia is produced slowly and has 
the potential of being released to the tank headspace as it is made. As long as the pH of the 
waste is greater than 8, the ammonia will exist as dissolved ammonia - not as ammonium ion. 
This limits the quantities that can be stored in the waste but does promote rclease of the ammonia 
to the tank headspace. Because all the waste in the tank farms is greater than pH 8, there is no 
chemical driver to release ammonia when wastes are co-mingled. Ammonia will be released 
based on a Henry’s Law solubility relationship. However, ammonia will be released when the 
waste is disturbed. Waste transfers where the waste falls through the headspace of a tank or 
when an airlift circulator is operated are examples ofwaste disturbing activities that may cause 
the ammonia in the waste to be released. What drives the ammonia release is when waste is 
pumped from deep in a tank, under about 2 atmospheres of pressure, is released into the dome of 
a tank that is at 1 atmosphere in pressure. The pressure difference will be a driving force under 
the Henry’s Law solubility relationship. Reference 1 takes this into account. 

Double-shell tanks are actively ventilated which sweeps the release ammonia fiom the tanks. 
This controls the concentration of ammonia to acceptable levels. Ammonia has been monitored 
on certain of the double-shell tanks for the flammable gas program. Except for the occasions 
when tank 241-SY-101 had a gas release event, the ammonia levels in double-shell tanks have 
been acceptable. 

On at least one occasion, mechanically disturbing the waste caused an organic vapor problem. 
This occurred during the sluicing of tank 241-C-106. It was determined that the organics trapped 
or dissolved in the waste were released when the waste was disturbed. This clearly shows that 
mechanical disturbing the waste, not a chemical incompatibility, caused such releases. 

Mechanical disturbances to the waste, such as transfers, lancing, etc., only disturb small portions 
of the waste at a time. These small portions do not contahenough total inventories of toxic 
materials to be a hazard outside of the tank farm. There have been complaints inside of tank 
farms over strong “odors.” No instances have been reported of problems outside of the tank 
farms. The initial running ofthe mixer pump in tank 241-SY-101 had the largest potential for 

A-2 



Page 24 of 45 of DA02545800 

RPP-9689 REV 4 

- K.-R Sandgren 
Page 3 
October 9,2001 

7G3OO-01 -MAK-027 

releasing large amounts of toxic gasses. This activity was carefilly monitored and did not 
release toxics beyond guidelines for the 100-meter person. 

There have been no releases of ammonia that can be attributed to chemical reactions due to  
blending waste. AII ofthe instances of ammonia release can be shown to be the result of 
mechanical disturbance and Henry’s Law equilibriums. This is because the waste is all basic and 
the ammonia is not in an ionic form such as ammonium. The ammonia is merely dissolved in 
the waste and needs no chemical reaction to cause a release, The same applies to volatile 
organics. 

Pressure 

The only recognized mechanism for a chemical reaction to cause pressurization would be to  mix 
an acid with the waste. This would cause carbon dioxide to be released from the waste. As long 
as the pH stays greater than 7, the carbon dioxide will be in ionic forms such as carbonate and 
bicarbonate and will not be released to the tank headspace. There is no known mechanism for 
the waste in the tank farm system to release significant quantities of gas, Born chemical 
reactions, during mixing and transfers. The addition of acid would be considered an off-normal 
situation. 

Tanks can be pressurized by temperature changes. Typically, hot slurry from the evaporator is 
dumped through the headspace of a colder tank. The hot slurry rapidly heats the dome space air 
that increases in volume. The volume increase is rapid enough to overcome the ventilation rate 
and the tank pressurizes. The pressure decays rapidly as the ventilation catches up but 
occasionally the transfer will automatically terminate from a high-pressure alarm. 

This pressurization is of no consequence for toxic gas. The sluny from the evaporator has been 
through a rather high vacuum (60 Torr) with heat and steam flow. This will strip off the 
ammonia and other toxic gases in the evaporator and which are treated at the evaporator. The 
hot stream into a tank dome will be devoid o f  toxic gases. 

No instances of radioactivity release have ever been measured from these small short-term 
pressurizations. For nearly two decades, tank 241-SY-101 would pressurize from a different 
mechanism approximately once a year. The tank 241-SY-101 pressurization events would 
typically last up to 20 minutes. Each time this happened, the farm was surveyed for 
radioactivity. No contamination was ever found that could be attributed to the pressurization 
event. Apparently, these short-term low pressurizations do not promote radioactive discharges 

Small Tanks 

The tank farm operations have 177 tanks that store waste. In addition, there are a number of 
small tanks that may contain waste but their main hnction is usualty to  transfer the wase  to 
other storage tanks. These small tanks include the double-contained receiver tanks (DCRT’s), 
the catch tanks and the IMCTST’s. Many of these tanks do not have a current mission but others 
will be used in the foreseeable future. 

A-3 



Page 25 of 45 of DA02545800 

RPP-9689 REV 4 

K: R Sandgren 
Page 4 
October 9,2001 

70300-0 1 -MAK-027 

Blending and commingling waste as described in Reference 3 will apply to these small tanks as 
welI as the storage tanks. Chemical incompatibilities are not going to occur in these tanks from 
commingling waste in them The acid-base reaction discussed in Reference 3 also applies to 
these small tanks. Commingling is not expected to cause any pressurization or radioactive 
releases. 

The DCRT 244-TX is to receive waste from the laboratories and the Plutonium Finishing Plant. 
The Compatibility Program Plan governs receipt ofthese wastes and is designed to protect 
against incompatibles 

The main concern with these small tanks is the ammonia release The smail tanks have a static 
headspace that ammonia could buildup to toxic levels. Reference 1 has identified this to be a 
potential problem. The dilution factor for waste being jet pumped into the DCRT’s is frequently 
set to control the ammonia. High ammonia concentrations have been found in catch tank 
headspaces. The high ammonia concentrations are not caused by incompatible material but 
rather the Henry’s law release of ammonia. The high ammonia concentrations are reached 
because ofthe lack of positive ventilation. This phenomenon is also found in single-shell tanks 
that have static ventilation. 

One special case is the 244- vaults. These vaults were used to acidify the waste before feeding to 
3 Plant. Each vault contains several small tanks that hold waste that has not been characterized. 
Current plans are to consolidate all waste into a single tank in the vault before transferring to the 
tank farms, The consolidation of the waste to a single tank is, perhaps, the only situation that has 
the potential for blending an acid waste with a basic waste. The blending will not be any worse 
than the scenario discussed in Reference 3. It could only happen if one of the tanks were left 
with waste in an acid state. This special case of the 244- vaults will be anafyzed during the 
project safety analysis. 

If you have any question on the material present here, feel free to call D. A. Reynolds, 375-31 15. 

D. A. Reynohs 
Process Control 

mjg 
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CHECKLIST FOR TECHNICAL PEER REVIEW 

Document Reviewed: ECN 72385 1 RO (WP-9689, Offsite Radiological Consequence Calculation 
for the Bounding Mixing of Incompatible Materials Accident, Revision 4) 

Scope of Review (e.g., document section or portion of calculation): Changes from Revision 3 to 
Revision 4. 

B O O  
m o o  

l x l n o  
m o o  

1. Previous reviews are complete and cover the analysis, up to the scope of this 
review, with no gaps. *iwrmtrulon; 

2. Problem is completely defined. *wimtion: 

3. Accident scenarios are developed in a clear and logical manner. 
*Ecpran&'m: 

4. Analytical and technical approaches and results are reasonabte and appropriate. 
(ORP QAPP criterion 2.8) +~.@mi~e 

5 .  Necessary assumptions are reasonable, explicitly stated, and supported. (ORP 
QAPP criterion 2.2) * w a t i a h :  

6. Computer codes and data files are documented. 

7. Data used in calculations are explicitly stated. 
*Trpl&T"&O": 

8. Bases for calculations including assumptions and data, are consistent with the 
supported safety basis document (e.& the Tank Farms Documented Safety 
Analysis). "Ex+wmt: 

9. Data were checked for consistency with original source information as appIicable. 
(ORP QAPP criterion 2.9) *--uom: 

10. For both qualitative and quantitative data, uncertainties are recognized and 
discussed, as appropriate. (ORP QAPP criterion 2 17) 

1 1. Mathematical derivations were checked including dimensional consistency of 
results. (ORP QAPP criterion 2.16) 
*Expimllih: 

12. Models are appropriate and were used within their established range of validity or 
adequate justification was provided for use outside their established range of 

*&hn&ion: No colttpulcI cb&s u r c  wed 

*Kxpion&: 

validity. *€xphmIioK Nom&&wmwei 

13. Spreadsheet resvlts and all hand calculations were verified. 
*ExP~M'M:  

14. Calculations are sufficiently detailed such that a technicalfy qualified person can 
understand the analysis without requiring outside information. (OW QAPP 
cri%erion 2.5) *EqLMl im:  

15. Software input is correct and consistent with the document reviewed. 

16. Software output is consistent with the input and with the results reported in the 

17. Software verification and validation are addressed adequately. (ORP QAPP 

18. Limits/criteria/guidelines applied to the analysis results are appropriate and 

"EqMrndon: No l o p -  w s  rrrr( 

document reviewed. *&i-tiom: ri~,olr*rt w ~lerl 

criterion 2.6) *~.qd-iian: NO SO^,. 

referenced. Limitsicriterialguidetines were checked against references. (ORP 
QAPP criterion 2.9) - ~ # ~ M I I O S  

*.E+.LmPrrM: 

*Erpl.nnlmn. 

19. Safety margins are consistent with good engineering practices. 

20. Conclusions are consistent with analytical results and applicable limits. 
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Yes NO’ NA’ 
0 0 

r] 0 

0 

0 0 

21. Results and conclusions address all points in the purpose. (ORP QAPP criterion 

22. All references cited in the text, figures, and tables are contained in the reference 

23. Reference citations (e.& title and number) are consistent between the text callout 

24. Only released (i.e., not draft) references are cited. (URP QAPP criterion 2. f) 

2.3) *E@-nm: 

list. * f i p i ~ ~ m :  

and the reference list. 
‘mpxplmtaron: 

*Expl.ndiC% 
0 0 25. Referenced documents arc retrievable or otherwise available. 

‘Erplanofio”. 

criterion 2.1) *+h&m: 

* € r p l w ~ i O ” :  

cited. *~+mstiion: 

*fiJd,7fd9”: 

0 0 26. The most recent version of each reference is cited, as appropriate. (ORP QAPP 

II] 0 27. There are no duplicate citations in the reference Ilst. 

0 0 

H 0 0 29. All acronyms are spelled out the first time they are used. 

[XI 0 30. The Table of Contents is correct. *.€vfmli~x 
0 31. All figure, table, and section callouts are correct. 

28. Referenced documents are spelled out (title and number) the first time they are 

€ 4 0 0  
U 0 8  

m n u  

*~ll”~xplb”: 

-.€tpi‘Vl,Uk?”: 

+fi64o,lohbn: 

32. Unit conversions are correct and consistent. 

33. The number of significant digits is appropriate and consistent. 

34. Chemical reactions are correct and balanced. 

35. All tables are formatted consistently and are free of blank cells. 

36. The document is complete (pages, attachments, and appendices) and in the proper 

37. The document is free oftypographical errors. Onfy rhe section(sj beingreviewed 

38. The tables are internally consistent. ‘ ~ r p h m b n :  

39. The documenl was prepared in accordance with WNF-2353, Section 4.3, 
Attachment B, “Calculation Note Format and Preparation Instructions.” 

40. Impacted documents are appropriately identified in Blocks 7 and 24 of the 
Engineering Change Notice (form A-6003-563.1). 

+Eqlmolbn: N o c b d d m M b m  were urd 

*.€tplonofion: No changes to Inbiblo w e n  ma. 

order. *~~pxpl .~mm 

was checked for iypgraphical errors. *EVIOMYO~: 

*Exp/mmfk?m; T h b v ~ . = h ~ ~ ~ c ~ n ~ ~ ~ ~ ~ ~ ” l ~ ~ ~  m f ~ r h ~ ~ 1 o o d c u h t i ~ i . n  nwc 

*€xplmdb”: 

H 0 41. If more than one Technical Peer Reviewer was designated for this document, an 
overall review of the entire document was performed after resolution of all 
Technical Peer Review comments and confirmed thai the document is self. 
consistent and complete:~qhm~io.rrd.: 

M 0 0 Concurrence 

RD Smith J/S/d 
Reviewer (PrintebJa6e and Signature)’ Date’ 

* If No or NA is chosen, an explanation must be provided on this form. 
Addirional explanarion: 
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2. Problem is completely defined. 
3. Accident scenarios are developed in a clear and logical manner, 
4. Analytical and technical approaches and results are reasonable and 

appropriate. (ORP QAPP criterion 2.8) 
5 .  Necessary assumptions are reasonable, explicitly stated, and suppolted. 

(ORP QAPP criterion 2.2) 
6 .  Computer codes and data files are documented. 
7. Data used in calculations are explicitly stated. 
8. Bases for calculations, including assumptions and data, are consistent with 

the supported safety basis document (e&, the Tank Farms Final Safety 
Analysis Report). 

9. Data were checked for consistency with original source information as 
applicable. (ORP QAPP criferion 2.9) 

IO. For both qualitative and quantitative data, uncertainties are recognized and 
discussed, as appropriate. (ORP QAPP criterion 2.I7) 

1 I .  Mathematical derivations were checked including dimensional consistency of 
results. (ORP QAPP criterion 2.16) 

12. Models are appropriate and were used within their established range of 
validity or adequate justification was provided for use outside their 
established range of validitv. - 

[ ] [ ] [XI 13. Spreadsheet results and all hand calculations were verified. 
[ ] [ ] [XI 14. Calculations are sufficiently detailed such that a technically qualified person 

can understand the analyas without requiring outside infomation. (ORP 
QAPP criterion 2.5) 

[ ] [ ] 1x1 
[ ] [ ] 1x1 

[ ] [ ] [XI 17. Software verification and validation are addressed adequately. (OW QAPP 

[ ] [ ] [x] 18. Limits/criteria/guidelines applied to thc analysis results are appropriate and 

IS. Sofhvarc input is correct and consistent with the document reviewed. 
16. Software output is consistent with the input and with the results reported in 

the document reviewed. 

criterion 2.6) 

referenced. Limits’cnteriuguidelines were checked against references. 
(OR P QA PP criterion 2.9) 

[ ] [ ] [XI 19. Safety margins arc consistent with good engineering practices. 
[ ] [ ] [XI 20. Conclusions are consistent with analytical results and applicable limit 
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25. Referenced documents are retrievable or otherwise available. 
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27. There are no duplicate citations in the reference list. 
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41. If more than one Technical Peer Reviewer was designated for this document, 
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Technical Peer Review comments and confirmed that the document is self- 
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