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The Process Distillate Discharge (PDD) stream is normally discharged to 
the A-45 crib during the PUREX solvent extraction operation. The recent dis
covery that the PUREX process may have received listed wastes has initiated an 
environmental review of past practices. The present condition of the plant 
requires that a stabilization run be performed before this environmental review 
will be completed. To allow operating before this review is completed, a 
transfer route will be installed to send the PDD to Tank Farms for interim 
storage. This report establishes the operating requirements for the PDD to 
Tank Farms temporary transfer system during the stabilization run. 

This report does not address impacts from storage of the PDD at Tank Farms , 
or constitute approval for shipment. The acceptance of PDD transfers and review 
of Tank Farm operational impacts will be addressed by Defense Waste Management . 

.....,_ 
5--- I.I GENERAL PROCESS DESCRIPTION 

The PDD stream is the process condensate from the E-K4 concentrator located 
in K-Cell of the PUREX canyon. The condensate from the E-K4 -2 condenser enters 
the K4 Sample Pot. Previously, the K4 Sample Pot continuously overflowed through 
a route which discharged to the 216-A-45 crib. A small stream of potassium 
hydroxide was added to the Sample Pot to raise the pH prior to discharge. 

This system will be temporarily modified to route the PDD stream to a 
15,000 gallon tank, TK-G7, and then to Tank Farms for storage (Figure 1). The 
condensate will still be collected in the K4 Sample Pot, but the Sample Pot 
will now be continuously pumped out of the PUREX canyon through a new route in 
the PUREX Sample Gallery. This route runs overhead down the Sample Gallery and 
back into the canyon, where the solution is discharged into TK-G7. The solution 
is transferred from TK-G7 to Tank Farms using the existing ammonia scrubber 
feed (ASF) route. 

A weight factor control system in the K4 Sample Pot will adjust the PDD 
flow to maintain a constant level in the Sample Pot. This prevents the transfer 
pump from running dry. 

Sodium hydroxide/sodium nitrite will be added to the K4 Sample Pot to 
ensure the POD meets Tank Farm specifications for receipt into mild-steel 
underground storage tanks (Table 1 and Reference 1). A pH probe on the transfer 
line will monitor the composition of the PDD. The mixture of sodium hydroxide 
and sodium nitrite will be made up in aqueous make-up tank TK-105 and transferred 
to TK-153 where it will be metered into the K4 Sample Pot through an existing 
control valve. Sodium hydroxide/sodium nitrite will also be added to TK-GSA 
for batch addition to TK-G7 should the need arise. Tank G7 will be sampled 
routinely to confirm that Tank Farm specifications- are met. These samples will 
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Table 1. Tank Farm Specifications 

Component Speci fi cation 

OH- .OlM ~[OH-] ~5.0M 
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N02 .OllM ~[N02-]~5.5M 

*For [N03]~l.OM. Typical [N03] for the POD is 
approximately .005M 

C"J be the primary method of ensuring that the Tank Farm specifications are met; 
a:; the pH probe will serve as a process control device. 

N 1.2 REQUIRED EQUIPMENT 

are: 
The major pieces of equipment which will be used for the transfer system 

1. A new K4 Sample Pot. A "spare" J8 Sample Pot will be modified for 
this purpose. The overflow line will be blanked to prevent discharges 
to the A-45 crib. 

2. A jumper-mounted pump to transfer the POD to TK-G7. 

3. Tank G7 and a pump for final transfer to Tank Farms. This equipment 
exists and requires no modifications. 

4. A pH probe and the associated instrumentation to tie into the K-Cell 
distributive control system. 

5. A system for adding sodium hydroxide/sodium nitrite to the K4 Sample 
Pot. This equipment exists. The only modifications required will be 
the fabrication of a new jumper to tie into the new K4 Sample Pot. 

6. Weight factor control system for the K4 Sample Pot. This system will 
adjust the POD flow to maintain a constant level in the Sample Pot, 
ensuring that the pump will not run dry. 

7. Two hundred forty feet of 2 in. Schedule 40S stainless steel piping. 
This new piping run will be installed in the Sample Gallery to transfe r 
neutralized POD from the K4 Sample Pot to TK-G7. 

8. Aqueous make-up tanks for sodium hydroxide/sodium nitrite make-up and 
additions. Existing tanks (TK-105, TK-153, and TK-G5A) will be used 
for this purpose. No modifications are necessary. Tank 153 will 
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provide continuous sodium hydroxide/sodium nitrite adjustment while 
TK-G5A will operate on a demand basis. 

2.0 PROCESS CONTROL 

2.1 pH CONTROL SYSTEM 

To ensure that the applicable Operational Safety Requirements (OSRs), 
Limiting Condition of Operations (LCOs), and Limiting Control Settings (LCSs) 
are met, the following pH control system will be implemented for the PDD to 
Tank Farms transfer (Figure 2). 

A four element system will be used to control/monitor the pH of the PDD 
being discharged to Tank Farms. These elements are: (1) sodium hydroxide 
addition to the K4 Sample Pot, (2) an in-line pH probe on the K4 to TK-G7 
transfer line, (3) sampling of TK-G7, and (4) sodium hydroxide/sodium nitrite 
addition to TK-G7. The existing K4 Sample Pot sodium hydroxide addition equip
ment will be used as the primary pH adjustment system. The position of the flow 
control valve will be manually controlled by operating personnel based on 
readings from the in-line pH probe. Sodium hydroxide/sodium nitrite will also 
be added directly to TK-G7 from TK-G5A as a back-up pH adjustment in response 
to pH samples and alarms. 

The in-line pH probe will serve a dual purpose: (1) as the primary pH 
control device, and (2) a low pH indicator. · This device will be equipped with 
a low alarm, a low-low alarm, and a safety alarm. The alarms will be set at a 
pH of 12.0, 11.0 and 10.0, respectively. The reponse/recovery actions for all 
three alarm conditions are listed in Figure 3. 

Tank G7 will be sampled once every four hours. Once adequate pH control 
is demonstrated, sampling frequencies may decrease to once every eight hours. 
Tank G7 samples will be used to ensure that the pH probe is reading properl y, 
and as a record of the actual pH being discharged to Tank Farms. Additional 
sampling of TK-G7 will be performed in the event that a low-low or safety alarms 
are activated. 

The flowrate of neutralized process condensate from the K4 Sample Pot will 
typically be 25-30 gpm. Peak flow conditions as high as 45 gpm could be seen 
during condensate recycle start-up. 

The process response time for a sodium hydroxide addition system failure 
indicates the pH in TK-G7 will drop to a pH of 10 after 13 hours , (assumes 6, 000 
gallons of solution in TK-G7 and PDD flow of 30 gpm). Additionally, under the 
same conditions, a pH of 10.0 would be seen at the pH probe in ten minutes. 
Calculations are attached in Appendix A. 

To ensure that sufficient response times are maintained a minimum tank 
volume of at least 3,000 gallons will be specified in operating procedures. 
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The POD to Tank Farms transfer can be maintained during a pH probe failure 
for a maximum of 16 hours, provided the following conditions are immediately 
implemented. 

1. Tank G7 is sampled once every two hours. 

2. Surveillance on TK-153 drop-out rate is increased. 

Failure to restore operation of the pH probe will require the shut down of the 
POD to Tank Farms transfer system. 

2.2 STREAM CHARACTERIZATION SAMPLING AND CALIBRATION CONTROLS 

Two conditions exist which will require a minimum of one of the control '° features in the POD to Tank Farms pH control system to be deactivated. These 
:::r- situations are: u-::t 

-= . 

1. Characterization sampling of the POD. The PUREX Plant has committed 
to the Washington State Department of Ecology to provi~e post-1987 
POD characterization samples. 

2. Calibration of pH probe. Required to ensure accurate monitoring of K4 
Sample Pot pH. 

The required frequencies for each of these events will be weekly. 

To ensure that an acidic solution is not discharged during calibration or 
characterization sampling the steps outlined in Figure 4 will be followed. The 
fault tree analysis in Appendix B determined that the probability of an acidic 
solution being discharged during calibration and characterization sampling to 
be 6.1 x 10-6 and 5 x 10-4 occurrences during the stabilization run (assumed 
duration of six weeks), respectively. 

2.3 PROCESS DISTILLATE DISCHARGE COMPOSITION 

The only changes in the POD composition during the stabilization run will 
be the required chemical additives for storage at Tank Farms. These chemicals, 
sodium nitrite and sodium hydroxide, will be added to meet the requirements of 
Reference 1 (Table 1). The intent of Reference 1 is to prevent excessive 
corrosion of the mild-steel storage tanks and transfer lines. The expected 
concentrations of the non-radioactive constituents in the POD before and after 
neutralization are included in Tables 2 and 3 (Reference 10). The radionuclide 
concentrations in the POD will remain unchanged (Table 4 and Reference 2). 

The discharge of potentially listed compounds to the PUREX process have 
ceased. If any of the potentially listed compounds remain in PUREX process 
streams, they will not be discharged to the environment. The POD generated 
during the stabilization run will be stored at Tank Farms until a determination 
of the actual environmental classification of the POD is completed. 
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CHARACTERIZATION SAMPLING OR CALIBRATION 
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0 PREPARE 10 SAf-FLE 
O STOP TRANSFER AND NOTIFY TANK FAR-15 
0 fJoo SODILM HYDROXIDE 10 1K-G7 
O STOP SODILM HYDROXIDE 10 K4 
0 WATCH PH. PH SHOULD DROP 10 5. 0 IN APPROXIMATELY 10 MINUTES 
O TAKE SAf-FLE 
0 REsTART SODILM HYDROXIDE TO K4 
o SAf.t,L.E GI 
0 OBTAIN TANK FARM APPROVAL TO RESTART TRANSFER 
0 R£5TART TRANSFER 

CALIBRATION 

O PREPARE 10 CALIBRATE 
0 fJoo SODILM HYDROXIDE TO 1K-G7 
0 PERFORM PROBE CALIBRATION 
0 REnJRN PROBE 10 SERVICE 
o SAf.t,L.E TK-G7 

FIGURE 4. CHARACTERIZATION SAMPLING AND CALIBRATION CONTROLS 
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Table 2. Process Distillate Discharge Stream Non-Radioactive 
Constituents Before Chemical Adjustment 

Analyte Average Minimum Maximum 

Alpha Activity (LDL, pCi/l) 3.1E+02 6.3E+OO 1.3E+03 
Beta Activity (pCi/l) 1.3E+04 3.lE+Ol 6.8E+04 
Acetone (VOA) 4.5E+02 1. 1E+02 9.5E+02 
Ammonium 1. 1E+02 9.4E+Ol 1.3E+02 
Barium 1.3E+Ol 6.0E+OO 2.2E+Ol 
Butraldehyde 1. 5E+Ol 1.2E+Ol 1.8E+Ol 
Butyl alcohol 2.8E+02 1.4E+Ol 5.0E+Ol 
Butyl nitrate 8.0E+Ol 2.6E+Ol 2.4E+02 
Cadmium 9.0E+OO 
Ca lei um 6.4E+03 7.6E+Ol 2. 1E+04 
Chloride 4.1E+03 1.1E+03 7.8E+03 

CQ Chromium 1.4E+Ol 
...J, Conductivity-Field (uS) 6.0E+02 1. 2E+02 1. 5E+03 t..l') 

' 

Copper 1.3E+Ol -• Cyanide 5.9E+Ol 2.0E+Ol 1. 4E+02 er--. - Decane 2.3E+02 ~ bodecane 2.0E+04 8.5E+Ol 7.4E+04 {'<--., 
-.:,,, Fluoride (IC) 2.4E+03 7.5E+02 4.0E+03 -.,,.., -~:.-.... Iron 2.2E+02 2.1E+02 2.3E+02 

Isophorone 1.3E+Ol 
Magnesium 1.3E+03 1. 9E+Ol 4.6E+03 
Manganese 1.2E+Ol 
Mercury 2.lE+OO 1. 5E+Ol 9.0E+OO 
N-Methoxymethanamine 1. 2E+02 
Methylene chloride 3.6E+Ol 1.3E+Ol 6.0E+Ol 
Methyl ethyl ketone 4.4E+Ol 1. 4E+Ol 9.0E+Ol 
Methyl nitrate 2.4E+02 
Methyl vinyl ketone 2.2E+Ol 
Ni eke l 1.0E+Ol 
Nitrate 3.0E+05 2.0E+03 1. 7E+06 
Nitromethane 8.0E+OO 
Pentadecane 1. 9E+03 3.0E+02 3 .1E+03 
pH Field 6.6E+OO 2.lE+OO 1.1 E+Ol 
Potassium 1.0E+03 5.0E+02 1. 5E+03 
Sodium 9.4E+02 1.2E+02 2.2E+03 
Sulfate 3.9E+03 6.3E+02 1. 2E+04 
Temperature-Field (celsius) 4.0E+Ol 2.0E+Ol 4.8E+Ol 
Tetradecane 5.5E+04 4.4E+02 2.0E+05 
Tetrahydrofuran 1. 9E+Ol 1. 4E+Ol 2.4E+Ol 
TOC 6.0E+04 1. 9E+04 1. 5E+05 
TOX 2.7E+02 
TOX (LDL) 1. OE+02 4.8E+Ol 2.1E+02 
Tributyl phosphate 1. OE+05 9.5E+03 1.8E+05 
Tridecane 6 ::2E+04 4.3E+02 2.3E+05 
Undecane 7.4E+02 5.2E+02 9.5E+02 
Unknown 5.2E+03 5.5E+02 9.7E+03 
Uranium 2.2E+Ol 9.9E+Ol 5.9E+Ol 
Zinc 1.SE+Ol 7.0E+OO 3.2E+Ol 
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Table 3. Process Distillate Discharge Stream Non-Radioactive 
Constituents After Chemical Adjustment 

Anal x'.te Average Minimum Maximum 
Alpha Activity (LDL, pCi/L) 3 .1E+02 6.3E+OO 1.3E+03 
Beta Activity (pCi/L) 1.3E+04 3. lE+Ol 6.8E+04 
Acetone (VOA) 4.5E+02 1.1E+02 9.5E+02 
Ammonium 1.1E+02 9.4E+Ol 1. 3E+02 
Barium 1.3E+Ol 6.0E+OO 2.2E+Ol 
Butraldehyde 1. 5E+Ol 1.2E+Ol 1. 8E+Ol 
Butyl alcohol 2.8E+02 1. 4E+Ol 5.0E+Ol 
Butyl nitrate 8.0E+Ol 2.6E+Ol 2.4E+02 
Cadmium 9.0E+OO 
Calcium 6.4E+03 7.6E+Ol 2.1E+04 
Chloride 4 .1E+03 1.1E+03 7.8E+03 
Chromium 1.4E+Ol 

a...., Conductivity-Field (uS) 6.0E+02 1.2E+02 1. 5E+03 
~ Copper 1.3E+Ol U"'l 

Cyanide 5.9E+Ol 2.0E+Ol 1. 4E+02 lj 

Decane 2.3E+02 a--. - Dodecane 2.0E+04 8.5E+Ol 7.4E+04 ~ 
1'.""'l Fluoride (IC) 2.4E+03 7.5E+02 4.0E+03 
~ Iron 2.2E+02 2.1E+02 2.3E+02 ::rs~ 
t.::!i-.. Isophorone 1.3E+Ol 

Magnesium 1.3E+03 1. 9E+Ol 4.6E+03 
Manganese 1. 2E+Ol 
Mercury 2.lE+OO 1. SE+Ol 9.0E+OO 
N-Methoxymethanamine 1. 2E+02 
Methylene chloride 3.6E+Ol 1.3E+Ol 6.0E+Ol 
Methyl ethyl ketone 4.4E+Ol 1. 4E+Ol 9.0E+Ol 
Methyl nitrate 2.4E+02 
Methyl vinyl ketone 2.2E+Ol 
Nickel 1.0E+Ol 
Nitrate 3.0E+OS 2.0E+03 1. 7E+06 
Nitrite 6.9E+05 5.0E+OS 8.0E+05 
Nitromethane 8.0E+OO 
Pentadecane 1. 9E+03 3.0E+02 3.1E+03 
pH Field 12.3 11.5 12.5 
Potassium 1.0E+03 5.0E+02 1. 5E+03 
Sodium 1.1E+06 4.0E+OS 1.8E+06 
Sulfate 3.9E+03 6.3E+02 1. 2E+04 
Temperature-Field (celsius) 4.0E+Ol 2.0E+Ol 4.8E+Ol 
Tetradecane 5.5E+04 4.4E+02 2.0E+05 
Tetrahydrofuran 1. 9E+Ol 1. 4E+Ol 2.4E+Ol 
TOC 6.0E+04 1. 9E+04 1.5E+05 
TOX 2.7E+02 
TOX (LDL) 1. OE+02 4.8E+Ol 2.1E+02 
Tributyl phosphate 1. OE+05 9.5E+03 1.8E+05 
Tridecane 6.2E+04 4.3E+02 2.3E+05 
Undecane 7.4E+02 5.2E+02 9.5E+02 
Unknown 5.2E+03 5.5E+02 9.7E+03 
Uranium 2.2E+Ol 9.9E+Ol 5.9E+Ol 
Zinc 1. 5E+Ol 7.0E+OO 3.2E+Ol 

14 



Table 4. 

Isotoge 
c:::;. 
U'? Total Alpha Ln - ,t Total Beta a-, 

3H -t-,.,J 
~ 90sr ...... ; 
~ 

~ 103Ru 
106Ru 
1291 
137cs 
147pm 

U Gross 
238pu 
239,240pu 
24lpu 
241Am 

ECN 134976L 
Page 17 of 53 

PUREX Process Distillate Discharge 
Radionuclide Content 

Average Monthly Maximum 
Concentration Concentration 

{uCiLml} {uCiLml} 

5.88 X 10-7 1.38 X 10- 6 

5.71 X 10-7 1. 52 X 10-6 

3.38 X 10- 2 1.29 X 10-l 
<9.86 X 10-8 <l. 76 X 10-7 

<3.38 X 10-8 <4.00 X 10-8 

<4.85 X 10-7 <I.OS X 10-6 

<l. 21 X 10-7 3.36 X 10- 7 

<4.9 X 10-8 <5.31 X 10-8 

3.06 X 10- 7 1.20 X 10-6 

8.98 X 10-9 2.26 X 10-8 

9.39 X 10-8 2.18 X 10-7 

6.67 X 10- 7 1. 36 X 10-6 

1.12 X 10-5 2.39 X 10- 5 

<2.70 X 10- 7 <1.82 X 10- 7 
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This section will address the three identified accident scenarios, their 
consequences, and probabilities resulting from the transfer of PDD to Tank Farms. 

3.1 ACIDIC PROCESS DISTILLATE DISCHARGE 

Failure of the pH adjustment system would result in acidic solution (pH= 4) 
being transferred to Tank Farms. The transfer of this solution would cause 
abnormally high corrosion rates in the mild-steel transfer lines and double
shell storage tanks at Tank Farms. Failure of the primary transfer line would 
result in the activation of the leak detector(s) at Tank Farms. Activation of 
the leak detector(s) will automatically shut down the POD transfer by inter
rupting power to the TK-G7 pump (Reference 4). This type of accident would 
cause equipment damage only. No environmental releases would occur as a result 
from this scenario, due to the presence of encasements around the primary 
transfer line. A schematic of the entire transfer system is included in 
Figure 1. 

Transferring acidic solution to Tank Farms would occur only if all three 
of the following events occurred: 

1. Sodium hydroxide solution to the K4 Sample Pot fails. 

2. Operators fail to respond to pH probe alarms. Failure to respond to 
the alarm condition will not discharge on acidic solution for approxi
mately 13 hours. 

3. Operating personnel fail to respond to sample analysis results from 
TK-G7. 

The probability of all three of these events occurring simultaneously is very 
unlikely. 

To ensure continuous and accurate pH monitor readings, a probe check will 
be performed once every four to eight hours, along with weekly probe calibra
tions. If the pH probe cannot be calibrated or the probe's reading and TK-G7 
sample deviate significantly, the transfer will be terminated until the situation 
can be corrected. 

Shutting down the TK-G7 to Tank Farms transfer will have no operational 
impacts for approximately five hours (based on 30 gpm flow and 6,000 gallons in 
TK-G7). Any delays beyond this will cause the neutralized PDD to overflow to 
canyon sumps and will require eventual shutdown of solvent extraction. 

A fault tree analysis of the PDD to Tank Farms transfer system (Appendix B) 
determined that the probability of an acidic PDD being transferred to Tank 
Farms during the stabilization run to be 5 x 10-4 occurrences (assumed duration 
of six weeks). 
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A more probable accident would be a leak in the Sample Gallery header. If 
a major leak does occur, the transfer will be terminated. All spilled solution s 
will be cleaned up in accordance with approprlate procedures. The probability 
of a leak has been determined to be 1.0 x 10- occurrences during the stabiliza
tion run {assumed duration of six weeks, see Appendix B). 

Drip pans will be located under all valves and fittings to contain any 
minor leaks. Any major leaks will drain to the canyon via the Sample Gallery 
drains. 

Leaks in process piping located in the canyon cells are fully contained 
and require no special controls. Normal procedures for dealing with this type 
of event will be used. 

3.3 SEISMIC EVENT 

The only accident scenario which would result in an environmental release 
of PDD is a seismic event. Such an event could result in the failure of the 
encased underground transfer lines between PUREX and Tank Farms. Recovery from 
this accident would require the clean-up of the environmental spill per the 
appropriate pro~edures. The probability of a seismic event has been estimated 
to be 2.3 x 10- occurrences during the stabilization run {assumed duration of 
six weeks) {Appendix B). 

4.0 SAFETY ISSUES 

4.1 RADIATION 

An analysis performed by Nuclear Safety and Radiological Analysis determined 
that the dose impact from ahe PDD transfer line in th~ Sample Gallery would be 
insignificant at 3.1 x 10- R/hr, at contact {Appendix C). The maximum monthly 
concentrations of the radionuclides listed in Table 4 were used to perform the 
dose assessment. 

Impacts on-site and off-site are inconsequential from the installation of 
the transfer line in the Sample Gallery. No credible accident scenarios exist 
which could cause the radiation levels in the PDD to increase to levels where 
radiation effects would pose a problem. 

4.2 CRITICALITY 

Using the maximum monthly co9centrations for plutonium and uranium in the 
PDD a concentration of 4.62 x 10- g/1 would be seen in TK-G7 {Table 5). At 
this concentration a total of approximately 3. 1 grams of plutonium and uranium-
235 will be discharged to the underground storage tank during the stabilization 
run {well below the minimum critical mass of approximately 400 grams pluton i um ). 
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Additionally, the concentration of the fissionable isotopes in the POD would 
have to be increased by a factor of 28,000 to approach TK-G7 and double-shell 
storage tanks the criticality limit of 0.013 g/1 (Reference 9). There is no 
foreseeable occurrence which could significantly increase the plutonium con
centration in the POD stream. With this information in mind it can easily be 
concluded that the probability of a criticality during the transfer of POD to 
Tank Farms is "incredible". 

Table 5. Maximum Monthly Fissionable Material Content of 
Process Distillate Discharge 

Monthly Maximum* Specific 
Isotope Concentration Activity Grams/Liter 

( uC i /ml) (Ci/q) 

238pu 2.18 X 10- 7 17 .12 1.27 X 10-ll 

239240pu 1.36 X 10- 6 6.2 X 10- 2** 2.18 X 10-8 

24lpu 2.39 X 10-5 1.03 X 102 2.32 X 10-ll 

235u 9.4 X 10-lO*** 2.16 X 10- 6 4.4 X lQ=.J.._ 

Total 4.62 X 10-7 

*Monthly maximum concentrat i~Sg from C-018 Engineering Study (Reference 2) 
**Activity assumed to be all Pu for conservatism 

***Percentage Curie content of Gross U assumed to be 4.2% based on Table 4-3 
of Reference 6. 

In accordance with Process Control Manual requirements, TK-G7 will be 
sampled once every 24 hours to confirm that the plutonium concentration is less 
than 0.013 g/1. 

4.3 INDUSTRIAL SAFETY 

4.3.1 Fire Hazards 

No additional fire hazards are created by the use of the POD to Tank Farms 
transfer system. 
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4.3.2 Chemical Hazards 
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Several chemical hazards exist with the use of the transfer system. The 
following addresses these hazards. 

Sodium hydroxide and sodium nitrite will be added to the POD. The standard 
precautions associated with the handling of these chemicals apply. Both of these 
chemicals are routinely used at the PUREX facility. Operating personnel have 
received training on the proper handling techniques for these chemicals. 

In the event that the transfer line develops a leak in the Sample Gallery, 
personnel could be exposed to basic or acidic solutions. Catastrophic failure 
of the transfer system is highly unlikely and will not be addressed further. A 
more likely event would be the development of a small leak in the transfer 
piping in the Sample Gallery. The impact from such an event would be minimal. 
Clean-up would be performed in accordance with standard procedures. 

If the pH adjustment system fails, acidic solutions could be pumped to 
Tank Farms. If this were to occur, higher than normal corrosion rates would be 
seen in the mild-steel transfer lines. The controls on the transfer system, 
both administrative and engineered barriers, are such that 4he probability of 
acidic solutions being transferred to Tank Farms is 5 x 10- occurrences during 
the stabilization run. The undetected failure of the pH adjustment system 
would require three simultaneous failures. These failures are: (1) the pH 
probe (2) the sodium hydroxide addition system, and (3) pH sampling of TK-G7 . 

To assure that incompatible chemicals are not added to the aqueous ·make-up 
tanks all incompatible chemicals (i.e., nitric acid) will be disconnected for 
the stabilization run. 

4.4 CONSTRUCTION HAZARDS 

Installation of this transfer system will place equipment in both the 
canyon cells and the Sample Gallery . The normal construction hazards associated 
with work in these areas exist. No additional or unusual hazards are foreseen 
at this time. 

4.5 ENVIRONMENTAL RELEASES 

Only one foreseeable accident scenario exists which could result in an 
environmental release. This accident would result from the catastrophic failure 
of the mild-steel transfer line. The only foreseeable even~ which would cause 
such a failure is a seismic event (probability of 2.3 x 10- occurrences during 
the six week stabilization run). Such an event would result in a dangerous 
waste being discharged directly to the environment/soil column. Prior to the 
stabilization run, POD was typically discharged directly to the soil column. 
The POD meets the environmental release limits for the discharge of radioactive 
solutions. However , the chemical adjustments required to meet the storage 
requirements will cause the POD to be classified as a dangerous waste. 

19 



ECN 134976L 
Page ·22 of 53 

In the event that PDD is accidently discharged within the PUREX facility 
no environmental release would result. All leaks would be transferred to canyon 
tankage, thus preventing any discharge. Any airborne releases within PUREX 
will pass through a minimum of one stage of HEPA filtration prior to being 
discharged to the environment. 

5.0 SYSTEM CLASSIFICATION 

This section will address the hazards classification, impact level, and 
safety classification of the PDD to Tank Farms continuous transfer system. 

5.1 IMPACT LEVEL 

Based on the accident evaluation and Reference 5, the impact level of this 
system has been deemed Level 2. This level has been assigned as a result of 
the seismic event accident scenario. Failure of any of the control systems 
will not be sufficient to cause an environmental release. Therefore, all the 
equipment used for the transfer system, with the exception of the Tank Farm 
transfer lines, . will be designated Impact Level 3 or 4 (Table 6). 

Table 6. Impact Level/Safety Class Designation of Process Equipment 

Equipment Type 

Sample Gallery Piping 
Canyon Piping 
Transfer Pumps 
pH Instrumentation 
KOH Addition System 
Tank Farm Transfer Lines 
Tank G7 Sampling 

5.2 SAFETY CLASSIFICATION 

Impact Level 

3 
3 
3 
3 
3 
2 
3 

Safety Class 

3 
4 
4 
3 
3 
2 
3 

The safety classification of the PDD to Tank Farms system and its componen ts 
have been determined in accordance with Reference 5. The overall safety classi 
fication of the transfer system is Level 2. The safety classification of the 
individual pieces of equipment used for the POD are listed in Table 6. 

5.3 HAZARDS CLASSIFICATION 

As documented in the Final Safety Analysis Report (Reference 6) , the hazards 
classification of the PUREX facility is "moderate". The hazard classification 
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of the PDD to Tank Farms continuous transfer system has been determined to be 
"low" per the requirements of Reference 7. 

6.0 PROCESS CONTROL MANUAL REQUIREMENTS 

Several safety and process control limits are outlined in the Process 
Control Manual (Reference 8) for PDD discharges and TK-67. All of the Opera
tional Safety Requirements identified in the PUREX Final Safety Analysis Report 
(Reference 6) are implemented through the Process Control Manual. This section 
addresses the controls and limits of the Process Control Manual. 

6.1 TANK 67 PLUTONIUM CONCENTRATION LIMITING CONDITION OF OPERATION 
(Reference 8, Addendum I, Section 2.6.6.b) 

6.1.1 Requirement 

To preclude gross quantities of plutonium from entering the Ammonia Scrubber 
Feed (ASF) stream and being transferred to Tank Farms from TK-G7, the following 
shall be performed during operation: 

o Before starting a dissolution step in a given dissolver, confirm that 
the downdraft tower diversion valve is in the "dissolver" position by 
operating the tower spray and observing a weight factor increase in th e 
dissolver. Also, turn-off the appropriate ammonia scrubber catch 
tank jet controller before starting a dissolution step 

o Sample TK-G7 each batch or once in each 24 hour period during con
tinuous transfer and verify the plutonium content is less than 
0.013 g/1 (Reference 8, Addendum I, Section 15 . 2.7). 

6.1.2 Discussion 

This requirement is used to ensure that abnormally high plutonium concentra 
t i ons, from the ASF stream, are not seen in TK-67. The plutonium concentrations 
of the PDD are very low (typically <2.19 x 10-8 g/1, see Table 7), and should 
not exceed the specified limit of 0.013 g/1. The ASF and PDD streams will not 
be mixed during the stabilization run. The requirements of this LCO will not 
be modified in any way. Tank G7 will be sampled for plutonium on a daily basis 
when PDD or ASF is being discharged to ensure that this requirement is met. 
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Table 7. Plutonium Concentration of Process Distillate Discharge 

Monthly Maximum 
Concentration Activity 

Isotope ( uC i /ml) (Ci/q) 

238pu 2.18 X 10-l 17.12 

239,240pu 1.36 X 10-6 6.2 X 10-2* 

24lpu 2.39 X 10-6 1.03 X 102 

Total 

*Assumed all Pu-239 for conservatism. 
Maximum monthly concentrations are from Reference 2 

Concentration 
(q/1) 

1.27 X 10-ll 

2.19 X 10-8 

2.32 x 10-ll 

2.19 X 10-S 

~ 6.2 TANK 67 TEMPERATURE LIMITING CONDITION OF OPERATION 
(Reference 8, Addendum I, Section 2.6.6.a) 

6.2.1 Requirement 

The solution temperature of ASF in TK-G7 shall be maintained less than 35°c 
during continuous transfer to underground storage. Increase cooling water flow 
as required or stop the transfer. 

6.2.2 Discussion 

As stated in the requirement, the solution temperature LCO applies to ASF 
transfers and not POD. Stabilization run operating plans do not involve the 
operation of both solvent extraction and head-end at the same time. This 
operating scheme will prevent any mixing of POD and ASF solutions, thereby 
eliminating the chance that sufficient quantities of ammonia are added to TK-G7. 
The POD does not contain ammonia at sufficient concentrations (average concentra 
tion of 110 ppb) to create an explosion hazard, therefore, the limit is not 
applicable for this system. 
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6.3 AMMONIA SCRUBBER FEED NEUTRALIZATION IN TANK 67 LIMITING CONTROL SffiING 
Reference 8, Addendum I, Section 2.6.5) 

6.3.1 Requirements 

During the reaction of ASF with sodium hydroxide in TK-G7, live steam 
shall be bled into the tank vapor space at a rate not less than 115 lb/hour. 
If the steam bleed fails, perform an orderly shut down of the continuous transfer 
to underground storage. Increase the TK-G7 solution temperature to above 45°c 
at a rate of 4°C/15 minutes. 

6.3.2 Discussion 

As stated in the requirement, the steam bleed applies to ASF transfers and 
not to PDD. The requirement is intended to keep the water vapor content elevated 
to ensure that explosive mixtures of ammonia gas do not collect in the tank 
head space. The PDD does not contain ammonia at sufficient concentrations to 
form explosive mixtures, therefore, the limit does not apply to PDD transfers 
through TK-G7. 

6.4 CHEMICAL ADJUSTMENT LIMITING CONTROL SETTING 
(Reference 8, Addendum I , Section 8.6.1) 

6.4.1 Requirement 

Solutions (excluding water flushes) discharged directly to mild-steel 
storage tanks or through mild-steel lines shall be adjusted for pH and chemical 
composition to meet tank limits as specified in Reference 1 (Reference 8, 
Addendum I, Section 15.8.1). 

6.4.2 Discussion 

This requirement applies to PDD transfers to Tank Farms. A pH control 
system will be installed with the new routing to ensure that Tank Farm require
ments (Reference 1 and Table 1) are met. A more detailed discussion of this 
control system is in Section 2.0 of this document. 

6.5 MAXIMUM TRANSFER TEMPERATURE LIMITING CONTROL SETTING 
(Reference 8, Addendum I , Section 8.6.2) 

6.5.1 Requirement 

Underground transfer lines 4001, 4002, 4003, 4004, 4023, or 4028 shall not 
be subjected to an average temperature exceeding 60°c (140°F). 
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Excessive heating of the 4000 series underground transfer lines by contact 
with the low pressure, superheated steam remaining from the 90 lb/in2 stream 
supplied to operate the transfer jets subjects the lines to undue stress and 
could result in line failure. (One instance of line failure was attributed to 
this phenomenon). The transfer line from TK-G7 to the AP Tank Farm is a 4000 
series line (specifically 4004), therefore, this requirement applies. The 
temperature of the PDD exiting the K4 Sample Pot is controlled less than SOC, 
well below the 60°C limit. Additionally, transfers from TK-G7 are pumped instead 
of jetted; preventing temperature elevation from jet operation. 

6.6 DISCHARGES TO CRIB PH LIMITING CONDITION OF OPERATION 
(Reference 8, Addendum I, Section 13.6.6) 

6.6.1 Requirement 

The pH of the PDD stream when routed to the 216-A-45 crib shall be main
tained between 2.5 and 12.0 as measured by the record pH probe (NR-W40-15-2) 
located beyond final neutralization treatment. 

An upstream pH probe (295-AB NR-W40-13-1) shall be used to control the 
addition of sodium hydroxide to the K4 Sample Pot to maintain the pH within the 
above control limits at the point of discharge. If the pH at the 296-AB probe 
drops below 2.5 or exceeds 12.0, appropriate corrective action will be taken 
using Procedure P0-180-070. 

6.6.2 Discussion 

The above requirement is to ensure that the environmental release limits 
for pH are not violated. Since the PDD will not be discharged to the crib 
during the stabilization run this requirement does not apply. The pH of the 
PDD will be controlled at the limits specified for waste transfers to Tank 
Farms (Table 1). 

6.7 PROCESS DISTILLATE DISCHARGE PH PROBE OPERABILITY LIMITING CONDITION OF 
OPERATION (Reference 8, Addendum I, Section 13.6.9) 

6.7.1 Requirement 

The pH monitors for the process condensate and chemical sewer streams 
shall be operating at all times during flow to the 216-A-45 crib and 216-8-2 
pond, respectively, with the exception that malfunctions which ocG-ur during 
operation shall be corrected within 72 hours. In the event that both PDD pH 
probes fail, at least one of them must be repaired within 24 hours. If pH 
monitors cannot be repaired within the specified time frames, the PUREX Plant 
Manager, with the concurrence of Environmental Protection and PUREX Nuclear 
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Safety, shall determine and document what alternate action will be taken. The 
pH monitors for the process condensate stream shall be operational prior to 
start-up of JS and K4 concentrators or flow being sent to the PDD header, without 
exception. 

6.7.2 Discussion 

This requirement ensures that continuous pH monitoring of PDD discharges 
to the crib are in place. Since PDD will not be discharged to the crib for the 
stabilization run, this limit does not apply. The pH of the PDD will be con
trolled at the levels required by Tank Farms. To ensure proper pH control, a 
pH probe will be installed on the K4 to G7 transfer route, and pH samples will 
be taken from TK-G7. 

6.8 ADMINISTRATIVE CONTROL SYSTEMS 
(Reference 8, Addendum 1, Section 14) 

This chapter of the Process Control Manual sets the administrative require
ments for all systems within the PUREX facility. The PDD to Tank Farms transfer 
system will adhere to this requirement in every way. 

6.9 NEW PROCESS DISTILLATE DISCHARGE pH LIMITING CONTROL SETTING 

To ensure that adequate pH control is maintained, for the continuous 
transfer of POD to Tank Farms during the stabilization run, the following LCS 
will be added to Addendum I, Section 8.6.1 of the Process Control Manual (Refer
ence 8). This requirement reflects the responses outlined in Section 2.0 of 
this document. 

For the transfer of the POD stream to underground storage, the pH shall be 
routinely greater than 12.0, as measured by sample analysis of TK-G7. If the 
sample analysis has a pH less than 12.0, add caustic to TK-G7 and resample. If 
TK-G7 sample analysis is ever less than 11.0, the transfer to underground storage 
shall be immediately stopped. The transfer shall not be restarted until the pH 
in TK-G7 is confirmed to be greater than 12.0. 

7.0 CONCLUSIONS 

Based on the above discussions, the proposed system to continuously dis
charge PDD to Tank Farms poses no significant risks to the public, personnel or 
the environment. 

To ensure that the continuous and safe operation of the PDD to Tank Farms 
transfer system, the requirements outlined in this safety evaluation must be 
incorporated into the applicable operating documents. A summary of the require 
ments identified in this document is provided in Appendix D. 
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PAGE---/ _________ _ 

JOB NO. _________ _ 

F OR PDD to 1ank f aC"m5 fr:rmsfrr 5:.-fQb E valur..+iO'n 

LOCATION------------

SUBJECT PrqC.()';:,.S RQ"e9DS e 1£ r11e2 CalculqfJons 

DATE 9/28/89 
B v D, !JJ. S~m.a-4P- 0u.µ:i 
CHECKED BY 3iw e;:;;,~ 

Problem~ De~rrn i ne -the rq-k_ of. pH change.. in 
process up se+s . V 
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FOR POD 1b 7ank f a,m5 So{e+v Eugluahor. 
I 

LOCATION _____________ _ 

susJECT Pnx,ess f?<:?54?an:=.e 1?me Cglcll lr,,+ioYl.5 

JOB NO. _________ _ 

DATE V J,~/ 8Q -\ ... 
e v D. vJ. 8ero>n:rn" /C.l,;wl-f-
cHECKED ev '2rl2'! & .,_,77 • d,,n.::: 

f o QCcotavrt fo-r 0}, ac&.-c. So/r.J...,a r- 1 cQ ir_a. och<?d] ~ a ba:s,· e, 
.s O lu+i"on QI I hydroceri i on Con ctn-frafio,,::i w;JY he (f:)11s,·-::,~~oJ ~ a~ 
Nerrj0.-fi11e )J'd;w:,·de- Gron Co11 ce,-,-fro-f.,oh.S. -r/2:.s i.s las(;!& on f he k//04J,'r'8 
f'ea c/. io n -' a SSCJ m inf; i OOio .,.. eucl,CJfl : / 

Af.-4.,. ~-r-.f'o<"m i i'I o ·Me 
V 

' 0 fJtJro a ,. ;ore. I , , e~ '. , .. r ' :°::"1'! 
V 

-t= JL. 

54-7400- 276 (1 0- 87 ) 

F 

f = +im e 
V ~ vc>/ u n, e o + ,.;0 n ,'-{ 
r;:: n'e~ (O-fe 

[01-IJ;) ;:: inihQr hydro-tide. (I:)n(-f?11..fmr;'o--,..., I I'! -i'on ( 
[Cit] :: nydroy. iOe. C01"1Cf'n+ro 1:0I'"\ , ~ -lime -f-. 

[HJF"' = hyd~ en CCJ'1cen--lY-o1ion i 11 Me&. 
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F =- 30B,1un 

(pH::)')., 0) 
(pJ.I = /D,o 1 

( f}I . 'I ) 

£ n., ( . o I r --~ -~':i.! , _ 
,.. .. ; - l , r,c , / 

-, ,-, 
; . ' .rr"' 1 . 1 - I? .. I hr: 

-r-=- 3000 ~ (, OI + ,cco I ) _ 3 92 - (,. C ' ~c rn :n - D · - /l r_ , - --30 . oco/ ~ .ooo / 

; he pJ-1 in -+l e /('I Sc,,mpl~ .. ;C.O t w;;; d rop fo G uo,0 ·?. 

( sclel--1 Abrm :Ci!, pom-f ) in : 
I :'1 .- \ / ...,,, .. ..) 

:oHJ O = . ol f}} 

: µ+J.~ = , 000 I /r) 

:_,,. ,,i:; ,·n -- "·: 
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SUBJECT ProcPSS -4½8':'?se -fime Calc.ulttfions CHECKED ev=k :;;;: 

1Je pH in +k l(l( sample po+ w;Ji dt't)p -fa S:o ( re8,..,v-.. & lev~ I 
fo-< C ror,c.+.p,-;.ea'f•on So-,,"p/;r'J) trJ ,' 

54-7400-276 (10-87) 

!n;J,-al Co-ndi+ions · 

t= 

[OflJ 
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-=. , 0 J J!l ( f )/: J'J.O) 
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[11tJ r ~ . ooo l .J!J. 

r :Jogpm 
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For the purposes of this analysis, three scenarios were considered: (1) a 
transfer of untreated Process Distillate Discharge (POD) to Tank Farms, (2) a 
leak of POD within PUREX from causes other than a seismic event, and (3) a 
seismic event. Because of the necessity to examine the control scheme to avoid 
a transfer of untreated POD to Tank Farms, the probabilistic analysis employed 
a fault tree model. The other two scenarios were simply estimated based on 
derived failure rates and the anticipated likelihood of their occurrence during 
the six-week stabilization campaign. All probabilistic calculations are single 
point estimates, with no uncertainty analyses performed. 

The transfer of acidic POD is based on several assumptions: 

1. 

2. 

3. 

4. 

5. 

The length of the stabilization campaign will be six weeks. 

Characterization samples, which will require shutting down the caustic 
addition stream, will be performed weekly. 

pH record sampling will be performed every four hours. With at least 
every other record sample, a qualitative test to assure that the pH 
probe is not grossly out of calibration will be performed. Sample 
results will be compared with the pH readings. 

The pH probe will be calibrated at least weekly. 

During characterization sampling, the discharge of POD will be inter 
rupted. Discharge of POD will not be resumed until after caustic 
addition is restarted. 

6. Tank 153 level will be checked every shift, with caustic additive 
(sodium hydroxide and sodium nitrite) added at a level above the low
level alarm point. 

7. All operations will be performed using written procedures by trained, 
certified operators. 

8. The pH alarms will be verified operable during the characterization 
sampling. 

9. The caustic spike added to TK-G7 during characterization sampling 
will be of sufficient quantity to treat the entire amount of POD that 
would be discharged during the time the sample is being taken. This 
means that failure to stop discharging from TK-G7 before beginning the 
characterization sampling procedure would not result in an untreated 
discharge unless the caustic spike was not performed. 

10. The probability of plugged additive transfer lines during the six
week campaign is negligible. 

Based on these assumptions and the process description in the body of this 
document, the Fault Tree shown as Figure A-1 was developed. The equations used 
to calculate the probabilities of intermediate events and the failure rates 
used to calculate the probabi l ities of basic events are included as Table A-1. 

B-2 
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Component failure rate data was derived from report DPST-CFRP-80-113, "Component . 
Failure-Rate Data with Potential Applicability of the Hot Experimental Facility", 
while human error rates were taken from NUREG/CR-1278, "Handbook of Human 
Reliability Analysis with Emphasis on Nuclear Power Plant Applications". The 
calculated probability of occurrence of the top event, Acidic Discharge to Tank 
Farms, was 5 x 10- . This event would be characterized as highly unlikely, 
given the controls included in the model. 

The probability of a leak during the six-week time frame can be roughly 
derived by assuming an overall failure rate for the transfer piping of about 
10- /hour. Individual component and piping failure rates are about an order of 
magnitude lower than this figure, so it was assumed to be conservative. Multi
plying this by the number of hours in six wee~s, the probability of a leak 
during the stabilization run is about 1 x 10- , or "unlikely." The fact that 
the bulk of the transfer piping is new and will satisfactorily pass a system 
leak test makes this estimate even more conservative. 

Because no seismic criteria was used in the design of the piping, the 
probability of the Hanford Design Basis Earthquake was used to determine the 
probability of a seismic event (piping assumed to fail). The probability of 
the Desigg Basis Earthquake is 2 x 10-5/year; the probability in six weeks is 
2.3 x 10- . The failure of the piping and equipment due to an earthquake is 
thus considered unlikely. 

REFERENCES 

1. A. H. Dexter, December 1980, Component Failure-Rate Data with Potential 
Applicability to the Hot Experimental Facility, DPST-CFRP-80-113, E. I. 
du Pont de Nemours & Co., Savannah River Laboratory, Aiken, South Carolina 

2. A. D. Swain and H. E. Guttmann, August 1983, Handbook of Human Reliability 
Analysis with Emphasis on Nuclear Power Plant Applications, NUREG/CR-1278, 
SANDB0-0200, Sandia National Laboratories, Albuquerque, New Mexico 

3. HPS-SDC-4.1, Rev. 1, Standard Architectural-Civil Design Criteria Design 
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Event 
Address Event Description Calculated Probability Ccmrents 

Top kidic Discharge to Tank Fanns P(A) + P(B) + P(C) 
2.2x10-4 + 6.lx10-6 + 2.1x10-4; 5x10-4 

A t-bl-neutralized contents of TK-G7 discharged 6 · [P(A l! + P(A 2)] = Special scrq:>lirY::J perfonred six tines 
as a result of characterization s~lirY::J 6 (3.Bxlo-); 2.2x10-4 

A 1 Failure to restore flo.-1 fran TK-153 after P(A 11) · P(A 12) · P(A 13) = 
s~lirY::J (1.0x10-2)(.95)(.003); 2.ax10-s 

A2 Discharge of non-neutralized TK-G7 durirY::J P(A 21) · P(A 22) = 
OJ 

characterization scrq:>lirY::J (.003) · (.003) = 9x10-6 
I 

Ul 

A 11 tt>nnal s~lirY::J does not detect lo.-1 Jji in a Pc= (.009) + (.19); .2 
tinely wanner P (A 111) + P(A jl2) = 

( .009) + 1. 7xl0- = l.07xl0-2 

A 12 Jji alann light not noticed for six hours P(A 12) = .95 

A 13 ~rator does not restore flo.-1 fran TK-153 P(A 13) = .003 Table 'lO-7, Reference 2, 
prior to starting G7 purp Basic hunan error rate 

Table 'l0-7, Reference 2, " A 21 ~rator does not add sodiun hydroxide spike P(A 21) = .003 tlJ 
(.Q fT'1 

Basic hunan error rate Cl) ("") 
:z 

w 
ID....,. 

w 
0 ~ 

A 22 ~rator does not shut off G7 purp P(A 22) = .003 Table 'l0-7, Reference 2, -t, ID 
'-I 

Basic hunan error rate t.n Ol 
wr 
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Event 
Pddress Event Description Calculated Probability Canrents 

A 111 S<Krpli~ errors Pc= .009 
P(A Ill)= P(A 1111) + P(A 1112) + P(A 1113) 
(.003) + (.003) + (.003) = (.009) 

A 112 Failure to maintain level in G7 tank Pc= 0.19 + (6x10-3) = 0.19 
P(A 112j = P(A 1121) +

3
P(A 1122) = 

l.7xlo- + = l.7xl0-

A 1111 ~ s<Krple not taken p = .003 Table 'l0-7, Reference 2, 
Basic hi.man error rate 

A 1112 ~ s<Krple not correctly analyzed p = .003 Table 'l0-7, Reference 2, 
Basic hi.man error rate 

A 1113 Irrproper response to Siirple results p = .003 Table 'l0-7, Reference 2, 
Basic hunan error rate 

A 1121 Level sensor failure (dip tube) P ;;; .l t = (2. lxI0-4)(~) = l.68xI0-3 <'- fran Reference I , p. 'lO 
Pc= [l-exp{-(2.lxl0- )(24)(42)}] = .19 Assure t = 8 hours; 

t = 6(24)(7) for c 

A 1122 Irrproper response to lo.-J-level Pc= (3.0x10-3) · (2.0x10-3) = 6.0x10-6 '"O 

( <2,00l ga 11 ons) P = P(A 11221) x P (A 11222) = Pl 
I.O l'T'I 

(3.0xlo- )(l.6xl0-5 = E <1> n 
:z 

~ 
01-1 

w 
0~ 

A 11221 ~rator does not respond to lo.-J-level P = P(A 112211) + P(A 112212) = 3.0xlo-3 -ti U) ....., 
alann u, en 

wr-



Event 
.Address Event Description Calculated Probability Cammts 

A 11222 Purp protection interlock does not stop P ;;; ~ t = (2.~10-6)(8) = l.6x10-5 .-t frcm Reference 1, p. 23 
G7 purp Pc= (2 .0xlo- )(42)(24) = 2.0xlo-3 Assure t = 8 hours 

A 112211 ~rator error p = .003 Table 20-7, Reference 2, 
Basic huran error rate 

A 112212 Failure of alann circuit P ;;; At = (l.~10-5)(8) = 9.6x10-5 ;.. frcm Reference 1, p. 16 
Pc= (1.2x10- )(42)(24) = 1.2x10-2 Assure t = 8 hours 

If 

B lt>n-neutralized contents of 1K-G7 6 [P(Bl) · P(B2)] Assure calibratill:J six tiRES 
discharged durill:J ~ probe calibration 6 [(3.4x10-4)(.003)] = 6.1x10-6 

OJ 
I 

-...J 

B 1 LO/J ~ at probe See calculation of C; assure "exposure 
tirre" = 4 hours; P = 3.4x10-4 

B 2 ~rator fails to add caustic to G7 p = .003 Table 20-7, Reference 2, 
Basic humn error rate 

C lt>n-neutral ized contents of 1K-G7 · P(C) = P~C 1) · P(C 2) • P(C 34 = ~ 
discharged during nonnal operations (6.4x10- )(.2)(.021) = 2.7x10-

lb= (2.1x10-5) + (2.2x10-4) + (9.4x10-s) 
-0 

C 1 LO/J ~ at probe gJ 
(.Q IT1 

= 3.4x10-4 a, n 
:z 

P(C 1) = p(C 11) + P(C ~2) +P(C 13l ~ .......... 
w = 4.3x10-4 + 3.7x10- + 2.4x10- 0~ 

= 6.lx10-2 -ti \0 
"'-I 

u, en 
wr 
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Event 
h:ldress Event Description Calculated Probability Camelts 

C 2 iii SclfPling does not detect lo.-1 iii in See calculation of P(A 11) Exposure tine asslllm to be letlJ!h 
a tinely manner P(C 2) = .02 of C<ITpaign 

C 3 InadeqJate response to lo.-1 iii P(C 3) = P(C 31) + P(C 32) = 
= 7.5x10-4 + .021 = .021 

Cll Bad make-up in TK-105 not detectoo by ~ = (.009) .- (.003) = 2.7x10-5 
sc1Tple C 11) = P(C 111) · P(C 112) 

= (.036) • (.012) = 4.3 X 10-4 

, ~ G 12 InadeqJate supply of ad:Htive in TK-153 ~ = 2.3xlo-5 + 2.0x10-4 = 2.2x10-4 
I C 12) = ~(C 121) + P(~ 122) c, 

= (l.lxlo-) + (3 .6x10-) = 3.7xio-2 

CB lna~ate supply to K4 5anl>le Pot Pt,= a.0x10-7 + o + axio-7 + 9.2x10-5 
= 9.4xl0-5 

P(C 13) = P(C 131) + P(C 132) + P~C 133) + 
P(C 134) = 2.0xlo-4 + 0 + 2.3x10- + 
8.4xl01-4 = 2.4 x 10-2 

C 31 Irrproper operator response ~(C 31) = P(C 311~ · P(C ~!2) · P(C 313) 
- (.003)(.5)(.5) - 7.5xl0 

"'CJ 
i:u 

u::i l"T'1 

C 32 Alann Failure P(C 32) = P(C 321) + P(C 322) = £ CD n 
:z 

(.020) + (.001) = .021 .J:,,, 
N....., 

w 
0 .J:,,, 
-t, U) 

-....i 

C lll Sc1Tpling errors For Bl danaoo, ( .009) probability with four u, en 
wr 

dancms = 4 (PA lll) = 4 (.009) = .036 
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Event 
.Address Event Description Calculated Probability Caments 

C 112 Make-up error 86, one danard and pt, = • 003 Table 2.0-7, Reference 2 
P(C 112) = 4(.003) = .012 Assuie four danards 

C 121 Failure to transfer additive frcm TK-105 ~ = (.CXl6) · 3.9x10-3 = 2.3xlo-5 
to TK-153 C 121) = P(C 1211) • P(C 1212) = 

(.CXl6)(.19) = 1.1x10-3 

C 122 Inade<JJate supply route to TK-153 ~ = 2.0x10-4 
C 122) = P(C 1221) + P(C 1222) + 

P(C 122~) + P(C 1224) + P(C 1225) = 
3.6xl0-

c,_, 

~ =~t = (2.0x10-7)(4) = a.0x10-7 I C 131 Line break betv.een TK-153 and K4 >- fran Reference 1, p. 27, 
C 131) = t = (2.0xl0-7) X 2.4 X 42 t = (24)(42) 

= 2.0x10-4 

C 132 Plugged l i ne Assured zero -- new line 

C 133 Catastrophic failure of TK-153 ~ = J-t = (2.0x10-7(4) -= a.0x10-7 ~ frcm Reference 1, p. 38, 
C 1334 = t = (2.0x10-3)(lcx:3) = t = lcx:3 

2.0x10-

C 134 ro.J stuck shut ~ =At = (2.3x10-5)(4) = 9.2x10-5 ~ frcm Reference 1, p. 36, -0 
gJ 

C 134~ = t = (2.3xlo-5)(lcx:3) = t = lcx:3 
tO IT1 
CD ("') 

:z 2.3xl0- ~ 
w-w 
0~ 
-+, ~ 

C 311 No response to l<M Jji alann p = .003 Table 2.0-7, Reference 2, 
....... 

U,(J) 

Basic hunan error rate 
wr 
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Event 
Jldjress Event Description Calculated Probability Canrents 

C 312 It> response to l<M-l<M p--1 alann p = .003 Table 20-7, Reference 2, 
Basic hi.man error rate 

C 313 It> response to safety alann P = 0.5 Table 20-7, Reference 2 
Basic hunan error rate 

C 321 p--1 probe does not flllCtion properly P(C 321) = P(C 3211) + P(C 3212) 
= .018 + .0026 = .020 

C 322 Failure of alann circuit P(C 322) = __J; = 1.2x10-S ((7.x24)/2) = ( 

1.0x10-3 
2 

l> I 
( 

_ _, 
::::i 

C 1211 Fa i 1 ure to note arx:t correct 1 <M 1 eve 1 ~= 006 Table 20-10, Reference 2 
during surveillance C 1211) = .006 

C 1212 It> response to lK-153 l<M-level alann ~; .003 + 8.7x10-4 = 3.9x10-3 
C 1212) = P(C 12121) + P(C 12122) = 

.003 + .19 ; .19 

C 1221 Manual valve stuck shut ~ = (1.5 x 10-5)4 = 6.oxio-5 · >, fran Reference 1, p. 37 
C 122j) =·~t = (l.Sx10- )(1008) = ""C 

~ l.5x10- c.c ,.., 
n, n 

z 
~ ~-

C 1222 Purp fa i1 ure ~ = 3.4x10-5(4) = l.4x10-4 ~ fran Reference 1, p. 21 w 
0~ 

C 122~) = ~ t = (3.4xl0-5) (1008) = -t, \0 
--...i 

01 °' 3.4xl0- w, 
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Event 
Pddress Event ~scription Calculated Probability Cama1ts 

C 1223 Transfer pipe failure beu-.een TK-105 ~ = t = (2.0x10-7)(4) = a.0x10-7 = /4 fran Reference 1, p. 21 · 
am TK-153 C 122i) =it = (2.0x10-7)(lcn3) = 

2.ox10-

C 1224 Catastrophic failure of TK-105 ~ = (2.4x10-7)(4) = 9.6x}o-7 1-. fran Reference 1, p. 38 
C 1221) =tl t = (2.4xl0- )(lcn3) = 

2.4xl0-

C 1225 Plugged transfer line AsslJTEd zero 

· C 3211 Irrproperly calibrated~ probe P(C 3211) = 6(.003) = .018 Table 20-7, Reference 2, 
OJ Assure six denaoos I 

C 3212 ~ elarent failure P = b = (6.4x10-4)@) = 2.6x10-3 t fran Reference 1, p. 10 
2 2 Fl.81Ctional test at sarple 

C 12121 t-k> operator response to TK-153 lo.-J-level p = .003 Table 20-7, Reference 2, 
alann Bask hunan error rate 

C 12122 Alann failure P = 4.Bx10-5 .+ a.2x10-4 = a.1x10-4 
p~C 12122) = P(C 121221) + P(C 121222) = 
.19 

-0 
DJ 

I.O ,.,., 
ro n 

C 121221 Electrical circuitry failure PtJ = (1.2x10-5)(4) = 4.8x10-5 . " fran Reference 1, p. 10 :z 
~ 

P = kt = (1.2xl0-5)(lcn3) = 1.2xl0-3 t = 1cm 01 ...... 
w 

0~ 
-+, I.O 

....... 
01 en 

C 121222 Level sensor failure (dip tube) PtJ = 4(2.1x10-4) = a.2x10_4 ~ fran Reference 1, p. 20 wr-

P = [1-exp(-~ t)] 
P = [l -exp(-(2.lxlo-4)(lcn3)}] = .19 
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From: 
Phone: 
Date: 
Subject: 

To: 

Nuclear Safety & Radiological Analysis 
6-2921/Nl-31 
September 5, 1989 
DOSE RATE ESTIMATES OF OVERHEAD PIPE 

cc: P. D. Rittmann Nl-31 
D. 0. Stepnewski Nl-31 
DCD File/LB 

The computer code ISOSHLO was run to assess the dose from an overhead pipe 
containing process distillate disc~arge. The results indicate only 
negligible dose rates. 

The pipe was modeled in ISOSHLD as a 300-foot long cylindrical source, 2.067 
inches in diameter, surrounded by a stainless steel shield 0.154 inch thick. 
The dose detector was then placed at varying distances from the pipe at the 
midpoint. The radionuclide inventory used is given in Table 1. 

Table 1 Radionuclide Inventory 

Nuclide 

Strontium-90 
Ruthenium-103 
Ruthenium-106 
lodine-129 
Cesium-137 
Promethium-147 
Uranium-238 
Plutonium-238 
Plutonium-239,240 
Plutonium-241 
Americium-241 

The resulting dose rates are as follows: 

Activity (uCi/ml) 

l.8E-07 
4.0E-08 
l. lE-06 
3.4E-07 
5.3E-08 
l.2E-06 
2.3E-08 
2.2E-07 
l.4E-06 
2.4E-05 
l.8E-07 

Dose Rates 

Distance (in) Dose (R/hr) 

8. lE-08 
l.9E-08 
6.2E-09 
3.0E-09 

0 
12 
39 
79 

C-2 
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These dose estimates indicate that no measurable dose would be received 
from residence near the pipe. The radioisotope concentrations used in 
this analysis are the maximum monthly concentrations expected. Nominal 
concentrations would be lower. 

If there are any questions, please call. 

David C. Deere 
Engineer 

Concurrence: {]!)~ ~ 
D. D. Stepnewski, Manager 
Nuclear Safety & Radiological Analysis 

C-3 



ISOSHLD Input Deck 

0 2 DOSE RATE ESTIMATES FROM OVERHEAD PIPE 
0 INCHES AWAY FROM STAINLESS STEEL PIPE 

&INPUT NEXT=l,IGEOM=ll,X=8.0,SLTH=l830.0, 
T(l)=2.63,T(2)=0.39,NSHLD=2,JBUF=l,Y=915.0, 
NTHETA= 10, NPSI= 20, DELR= 6, 
OPTION=l,ISPEC=3,ICONC=l, 
WEIGHT(82) = 1.SE-07, WEIGHT(84) = 1.SE-07, 
WEIGHT(l55)= 4.0E-08, WEIGHT(l70)= 1.lE-06, 
WEIGHT(l72)= 1.lE-06, WEIGHT(290)= 3.4E-07, 
WEIGHT(335)= 5.3E-08, WEIGHT(336)= 5.0E-08, 
WEIGHT(386)= 1.2E-06, WEIGHT(526)= 2.3E-08, 

ECN 134976L 
Page 49 of 53 

WEIGHT(492)= 2.2E-07, WEIGHT(493)= 1.4E-06, WEIGHT(494)= 1.4E-06, 
WEIGHT(495)= 2.4E-05, WEIGHT(496)= l.8E-07 & 

WATER 1 1. 3 
IRON 9 6.5819 
TITAN 8 0.7137 

lNICKEL 10 0.6344 
12 INCHES AWAY FROM STAINLESS STEEL WALL 

&INPUT NEXT=4, X=33. & . 
39 INCHES AWAY FROM STAINLESS STEEL WALL 

&INPUT NEXT=4, X=l03. & 
79 INCHES AWAY FROM STAINLESS STEEL WALL 

&INPUT NEXT=4, X=204. & 
THE END ! ! 

&INPUT NEXT=6 & END . 

C-4 
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Document Reviewed (Complete reference) Internal Memo to D. W. Bergmann, 

"Dose Rate Estimates of Overhead Pipe", September 5, 1989 

Author(s) D. C. Deere 

Yes No NLA 
~ [ ] [ ] 

[ ] [ ] 
&(I [ ] [ ] 
[><] [ ] [ ] 
[,(J [ ] [ ] 

[ ] [ ] [~ 

w [] [ ] 

l><T [] [ ] 
D(] [ ] [ ] 

[XI [ l [ ] 

rx1 [ 1 [ ] 

[A] [ ] [ ] 
[X:] [ ] [ ] 

[~ [ ] [ ] 

Yes No NLA 
[ ] [ ] [ ] 
[ ] [ ] [ ] 
[][] [] 

[ ] [ ] [ ] 
[ ] [ ] [ ] 

CHECKLIST FOR CALCULATION REVIEW 

General Considerations 
Problem completely defined. 
Necessary assumptions explicitly stated and supported. 
Computer codes and data files documented. 
Data used in calculations explicitly stated in document. 
Data checked for consistency with original source 
information 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. 
Code runstreams correct and consistent with ana lysis 
documentation. 
Code output consistent with input and with results 
reported in analysis documentation. 
Acceptability limits on analytical results applicable and 
supported. Limits checked against sources. 
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. 

jJa_J ~ c;-s-- g9 
' Technical Reviewer Approval Date 

Environmental Calculations 
GENII (current version) used for radiological calculation s . 
Appropriate receptor locations evaluated. 
Appropriate models (finite plume vs . semi-infinite cloud , 
building wake, etc . ) used. 
Appropriate pathways evaluated for each receptor. 
Analysis consistent with HDOC Recommendations. 

HDOC Reviewer Approval Date 

Note: 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. 

C-5 
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Requirement 

1. [OW] and [No2-1 
Concentration 
Requirements 
(Section 6.9) 

2. pH Probe Alarm 
Responses 

3. TK-G7 pH Sampling 
Responses 

4. TK-G7 Sampling 
Requirements 

5. TK-G7 Minimum 
Volume 

SUMMARY OF OPERATING REQUIREMENTS 

Limit 

See Table 1 
(Section 1. 1) 

See Figure 3 
(Section 2.1) 

See Figure 3 
(Section 2.1) 

Minimum Once 
Every 8 Hours 
(Section 2.1) 

3,000 Gallons 
(Section 2.1) 

6. pH Probe Calibration Once Per Week 
(Section 2.2) Frequency 

7. Preparation for pH 
Probe Calibration 

8. Characterization 
Sampling 

9. pH Probe Failure 

See Figure 4 
(Section 2.2) 

See Figure 4 
(Section 2.2) 

Maximum Operation 
During a Failure 
16 Hours (Section 
2.2) 

G7 Sampling Once 
Every 2 Hours 

Increased TK-153 
Surveillance 

0- 1 
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Applicable PUREX 
Operating Document 

o Procedures 
o Process Control 

Manual 

o Procedures 

o Procedures 

o Procedures 

o Procedures 

o Procedures 

o Procedures 

o Procedures 

o Procedures 
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DISTRIBUTION SHEET 

,._ From Page 1 of 3 I 
OISTRIBUTION PUREX SYSTEMS & TECHNOLOGY Dari~ 10/5/81 ! 

?ro1ect r,tl e1Work Order Eor No. I 
SAFETY EVALUATION -- PROC ESS DISTI LLATE DISC HARGE TO TANK F.1\RMS I ECN N,, 134776L I 

Name MSIN ii 
With EDT/ECN & EuT/ECN 

I Attach. Comment Only 
I, 

! 
DG Saide Rl-51 I 

X - : I 
I 

DK Bailey S6-08 V I 
I\ I 

RJ Baumhardt R2- 40 I V 
I I\ 

I 

I ~ Bergmann S6-0l )( ' 

f-:S- Boo t he R3-20 I X ' 
I 

~ Borders S6-0l X 

bf JlJ Bov.ir::an S5-80 X I I 

~ 3oyter R2-52 X I I i 

CL BrO\•m I T5-50 I X ! 
I 

or Brown R3-20 X I I 
l 

Buckley S5-80 I X I i 
' 

FT Ca lapri sti H4-52 I X I 
P Des saules I A4-25 I \I I : I I\ 

LP Ciediker Tl-30 ! X I I 
GT Duke lo\'✓ Rl-81 I X I i 
JT Durn i 7 T5- 15 j X I I 
JH El 1-1s I S5-66 I V 

I\ I I 

lvJB Enahusen S5-80 I X I I I 

RA Eschenbaum S5-66 I X I I t 

JL Foster Rl -51 I X I : 

I 
I ' RD F o>< S5-80 I V 

I\ ! 

SD Godfrey S5 -80 X I I I 
I I I 

~RH Guvman H4- 50 X I 
I I I 

DG Har lo~'/ R2 -01 ! X I I 

' 
I '"" Har ty I S5-80 I X I ! 

, ,._.," Hedenqren S6-01 I X I i I I 
' I 

I ME Hevland R3- 12 I \I I I I I\ 

I 
I 

I I I I 

JP Hincklev R3-02 X I 
I 

~ -6000- : : S ( 1 .: 3 7'\ 



DISTRIBUTION SHEET 

i o From Page 2 ot 3 I 
! 

__ jTRIBUTION PUREX SYSTEMS & TECHNOLOGY Da u~ 10/5/89 I 
?ro11Kt i, tle1Work Order EDT No . I 
SAF ETY EVALU AT ION -- PROCESS DI STI LLATE DISCHARGE TO TANK FARMS I ECN Nil l34''f76L I 

Name MSIN I 
With EOT/ECN & EuT/ECN 

I Attach . Comment Only 
I I 

DB Howe Tl -30 I X . ' I 

NvJ Kirsch R2- 12 I .X I 
I 

PF Kison S5- 66 I X I 

cw.fr Kn ight B4-54 
I 

X I I 

!i3: Kosiancic R2-67 X 
I 

,. 
. Kul ick S6-05 X -

~ Landon H4-50 X 

~ 
LeBa.ron S5-80 X 

EE Leitz I R3-02 I X 
I 

l✓E fVla the i son I S5-80 V I : 
I\ I 

fvl idaett -S5-66 I X 

j / -; [··,iOSS R2 -08 I X I ,,v 

SM 1•:ielson I A4-25 I X I I 

DI( 02streich R3 -02 I X I I ' 

GC OvJens L6-5 I X i 
MA Pavne S5-66 I V I I I\ 

PR Prevo I Nl - 73 I V I I\ 

PD Rittman Nl -31 I V I I\ 

ED Robbins S6-70 I X I 
DH Shuford S5-02 I X I 
JM Siemer 

I 
I R3-02 I X 

GC Stickland S6-05 X I I 
I I ' 

LN Sutton R2 -58 X I I I 

Rl✓ Szempr uch S6-05 ! X I 
~ o., ThomQSOn I S6-0l I V I I I\ 

I Van der Cook S6-07 I X I ' i 

I VL ~✓aoner S6-05 I I I 
I 

V I 
I\ I 

RL l·Ja l ser S5-80 I X I I ; 
-

A-60QQ.:~S ( 1: 3 ,"' 
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