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provide continuous sodium hydroxide/sodium nitrite adjustment while 
TK-GSA will operate on a demand basis . 

2.0 PROCESS CONTROL 

2.1 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 POD 
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 trans ­
fer line, (3) sampling of TK-G7, and (4) sodium hydroxide/sodium nitrite addition 
to TK-G7 . The existing K4 Sample Pot sodium hydroxide addition equipment will 
be used as the primary control system . The position of the flow control valve 
wi l l be manually cont rolled by operating personnel based on readings from t he 
i n-l ine pH probe. Sodium hydroxide/sodium ni t rite wil l also be added directly 
to TK-G7 from TK-GSA as a back-up pH adjustment in response to samples and 
alarms. 

The in -line pH probe will serve a dual purpose : (1) as the primary hydroxide 
concentration ([OH]) control device, and (2) a low [OH] indicator . This device 
will be equipped with a low alarm, a low-low alarm, and a safety alarm. The 
alarms will be set at an [OH] of 0.0lM, 0.001M, and 0.0001M, respectively. The 
reponse/recovery actions for all three alarm conditions are listed in Figure 3. 

Tank G7 will be sampled once every four hour.s. Once adequate [OH] 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 properly, 
and as a record of the actual [OH] 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 fai l ure 
indicates the [OH] in TK-G7 will drop to O.OOOIM after 13 hours, (assumes 6,000 
gallons of solution in TK-G7 and PDD flow of 30 gpm). Additionally, under the 
same conditions, an [OH] of 0.0001M 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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Low ALARM/SET POINT, [OH]= 0.01M 
0 ADJUST SODII.M HYDROXIDE/SODII.M NITRITE FUM K4 SAf.FLE PoT 
O IF [II{] IS LESS 'THAN 0.01M FOR ONE IOJR, FOLUM UM- UM ALARM RESPONSES 

Low-Low ALARM/SET POINT, [OH]= 0,001M 
0 J!m SODII.M HYDROXIDE/SODII.M NITRITE 10 1X-G7 (CALCULATED VOL.lK) 
0 ADJUST SODII.M HYDROXIDE/SODII.M NITRITE FUM 10 K4 SAf.FLE PoT 
0 SAf.FLE 1X-G7 
O IF [II{] IS LESS 'THAN 0. OOJM FOR ONE IOJR, FOLUM SAFETY ALARM RESPONSES 

c..n SAFETY ALARM/SET POINT, [OH] = 0.0001M 
c:J', 
LT) 

0 
0 
0 
0 
0 
0 

~ TRANSFER 10 TANC FARMS 
tbTIFY TANC FARMS 
Ano SOOII.M HYDROXIDEISODII.M NITRITE 10 1X-G7 (CALCULATED VOL.lK) 
ADJUST SODII.M HYDROXIDE/SODII.M NITRITE FUM 10 K4 SAf.FLE PoT 
SAf.FLE 1X-G7 
WAIT FOR SAftFLE RESULTS. IF [II{] >O.O]M AN) OOzl > .Oll.M OBTAIN APPROVAL 
FR04 TANC FARMS 10 RESTART TRANSFER 

TANK 67 SAMPLE ANALYSIS RESPONSES 

PROCESS CONTROL LIMIT, [OH]= <O.OlM 
0 ftDo SODII.M HYDROXIDE/SODII.M NITRITE 10 1X-G7 (CALCULATED VOUH) 
0 RESAftFLE 1X-G7. IF [II{] IS LESS 'THAN .0.0)M, INITIATE CONTROL FEATlJRE UMIT 

RESPONSES 

CONTROL FEATURE LIMIT, [OH] = <0.00lM 

0 ~ TRANSFER 10 TANC FARMS 
O tbTIFY TANK FARMS 
0 fJDo SODII.M HYDROXIDE/SODII.M NITRITE 10 11(-67 (CALCULATED VOUH) 
0 ADJUST SOOII.M HYDROXIDE/SODII.M NITRITE FUM 10 K4 SAf.FLE PoT 
0 SAM>LE 1X-G7. 
O WAIT FOR SAf.l)LE RESULTS. IF [II{] >0. OJM AND OOz] >. 01].M, OBTAIN APPROVAL 

FR04 TANC FARMS 10 RESTART TRANSFER 

FIGURE 3. PROCESS DISTILLATE DISCHARGE 
TO TANK FARMS 
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The POD to Tank Farms transfer can be maintained during a pH probe failure 
for a maximum of 24 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 within 24 hours will require con ­
currence from the Plant Manager, and PUREX Nuclear Safety to allow continued 
transfer of POD to Tank Farms. 

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 control system to be deactivated . These 
situations are: 

1. Characterization sampling of the POD . The PUREX Plant has committed 
to the Washington State Department of Ecology to provide 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 acid i c 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 beigg discharged d~ring calibration and characterization sampling to 
be 6.1 x 10- and 1.7 x 10- 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 cor­
rosion of the mild -steel storage tanks and transfer lines. The expected con­
centrations 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 stabi lization run will be stored at Tank Farms until a determination 
of the actual environmental classification of the POD is completed. 

11 
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This section will address the three identified accident scenarios, their 
consequences, and probabilities resulting from the transfer of POD 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 trans­
fer 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-67. 

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 actions outlined in Section 2.1 will be 
foll owed. 

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 POD to overflow to 
canyon sumps and will require eventual shutdown of solvent extraction. 

A fault tree analysis of the POD to Tank Farms transfer system (Appendix B) 
determined that the probability of an acidic POD 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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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 tha~ 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 [OH] control is maintained, for the continuous 
transfer of PDD 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 PDD stream to underground storage, the [OH] shall 
be routinely greater than O.OlM, as measured by sample analysis of TK-G7. If the 
sample analysis has a [OH] less than O.OlM, add caustic to TK-G7 and resample . 
If TK-G7 sample analysis is ever less than 0.001M, the transfer to underground 
storage shall be immediately stopped. The transfer shall not be restarted 
until the [OH] in TK-G7 is confirmed to be greater than O.OlM. 

7.0 CONCLUSIONS 

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

To ensure that the continuous and safe operation of the POD 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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Component failure rate data was derived from report DPST-CFRP-80-113, "Com­
ponent 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 probabillty of occurrence of the top event, Acidic Discharge to 

!Tank Farms, was 2 x 10 - . This event would be characterized as highly 
unlikely, given the controls included in the model . 

I 

In the event that the pH probe is not used for control ~urposes (i.e. probe 
failure) the over all probability of the top event will increase to 2.9 x10 -3 
(calculated by removing the C-3 branch of the fault tree). Therefore, operation 
of the transfer system for limited periods of time, without the pH probe will 
not significantly affect the overall risk of the top event. 

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 
magnitijde 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 se i smic 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 probabil ity in six weeks is 
2.3 x 10- . The failure of the piping and equipment due to an eart hquake is 
thus considered unlikely. 

1. 

2 . 

3. 
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Event 
M:Jress Event Description Calculated Probability COOlll:!nts 

Top Acidic Discharge to Tank Fanns P(A) + ~(B) + P(C) 
l.7x10- + 6.lxlo-6 + 2.7xlo-4 - 2x10-3 

I A Non-neutralized contents of lK-G7 discharged 45 · [P(A 1~ + P(A 2)] = Special sarpling perfonred 45 tiwes 
as a result of characterization sarrpling 45 (3.8x10-) - l.7x10-3 

A 1 Failure to restore fl<M fran lK-153 after P(A 11) · P(A 12) · P(A 13) = 
sarrpl ing (l.Ox10-2)(.95)(.003) - 2.ax10-5 

A 2 Discharge of non-neutralized lK-G7 during P(A 21) · P(A 22) = 
characterization sarrpling (.003) · (.003) = 9x10-6 

A 11 Nonnal sarrpling does not detect l<M ~ in a Pc= (.009) + (.19) - .2 
tiwely manner P (A 111) + P(A 112) = 

(.009) + l.7x10- = l.07x10-2 

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

Al3 Q:>erator does not restore fl<M fran lK-153 P(A 13) = .003 Table 20-7, Reference 2, 
prior to starting G7 purp Basic hunan error rate 7:J[Tl 

Pl n 
tO z 
ro 

--' 

A 21 Q:>erator does not add sodiun hydroxide spike P(A 21) = .003 Table 20-7, Reference 2, I..O w 
Ul 

Basic hunan error rate 0 I..O 
--+i -...J 

0) 
I..O r 

A 22 ~)erator does not shut off G7 purp P(A 22) = .003 Table 20-7, Reference 2, 
Basic hunan error rate 
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