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1.0 INTRODUCTION 

A very small potential exists in the Savannah River Site (SRS) separations operations for an 
uncontrolled reaction between tri-n-butyl phosphate (TBP) and nitric acid that could result in 
unacceptable damage to separations facilities and a significant release of radioactive materials. 

The recent 'Ired oil" (TBP and nitric acid) accident in Tomsk, Russia, resulted in considerable 
damage and radioactive release. Explosions have dso occurred at SRS during the early years of 
operations. While the SRS separations facilities :t ae operated without incident for many years, 
it is prudent to revisit the SRS defense-indepth approach to preventing such an accident and to 
upgrade preventive procedures and hardware as appropriate. 

2.0 SUMMARY 

A detailed risk assessment was conducted for the F-Canyon facility. The analyses indicated that 
a runaway "red oil" reaction was extremely unlikely. However, the consequences of such an 
accident are severe enough that steps should be taken to make the frequency of the accident less 
than the credibility limit of 1 x 10-6/yr. The steps include administrative changes, operational 
changes, and the addition of equipment. The added equipment includes level instrumentation, 
level alarms, and interlocks. 

3.0 BACKGROUND 

The basic chemistry of this reaction was studied extensively at SRS following the two early 
incidents. Recent experimental investigations were made at SRS and at Fauske Associates under 
SRS contract. 

These investigations indicated the set of reactions known as a "red oil" reaction is exothermic 
with the reaction rate being a very strong increasing hnction of temperature. They also indicated 
the overall reaction rate and energy released is significantly enhanced in a closed system because 
of more energetic intermediate reactions and higher boiling points that result from the increase in 
constituent partial pressures. 

Based on this information, the basic approach to preventing an uncontrolled reaction is to: 

Minimize the temperature of the TBP-nitric acid mixture, by ensuring the cooling 
mechanisms are capable of removing the heat being generated. The reaction will only 
runaway if the temperature exceeds some critical value (dependent upon the vessel), above 
which the rate of heat generation exceeds the rate of heat loss. 

Maximize the vessel vent areas to minimize constituent partial pressures in the vessel that 
could feedback tokcrease energy release rates and limit evaporative cooling. If the mixture 
is open to the atmosphere, evaporation of water, diluent, and nitric acid are efficient heat loss 
mechanisms which will limit the temperature of the mixture to the atmospheric pressure 
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boiling point. Also, adequate venting allows the escape of reactants and intermediates from 
the reaction mixture, and limits the extent of the reaction. In contrast, a closed or 
inadequately vented system allows the pressure to increase as gaseous reaction products 
accumulate, which raises the boiling point, suppresses the heat loss due to evaporation, and 
retains partially reacted intermediates which can continue to react and generate heat. 

Limit the availability of highly concentrated nitric acid since the reaction rate and energy 
release increases with highly concentrated acid. 

Limit the mass of TBP present, when any of the above three items can not be satisfied. The 
total amount of heat generated and total amount of gases generated will be proportional to the 
amount of TBP that is reacted. With limited amounts of TBP, uncontrolled reactions can be 
accommodated with minimal consequences. 

4.0 FREQUENCY METHODOLOGY 

The fault tree analysis was performed in three steps. The first step was to look at the 
F-Canyon as an entirety and determine if "red oil" reactions are a potential danger, and if so, 
which equipment requires fbrther analysis. The second step examined all vessels in F-Canyon 
which were not normally heated above about 80' C. The last step was to examine the F-Canyon 
evaporators. The evaporators are heated to a temperature high enough such that runaway "red 
oil" conditions are present if Tl3P is present in sufficient quantity. Human error analysis was 
used in all three of the steps and proved to be of great importance in the evaporator studies. 

4.1 DETERMINATION OF NEED FOR ANALYSIS 

An examination was made of the entire F-Canyon to determine where there was a potential 
concern for runaway "red oil" reactions. First, a "red oil" reaction requires that nitric acid be in 
contact with TBP. The vessels were then grouped into four general categories (Feed Tank, Sump 
Receipt Tank, Mixer Settler, and Evaporator) and a detailed analysis performed on a "worst case" 
vessel from each category. 

This approach worked well for the first two categories, but the sources of TBP for each of the 
sump receipt tanks and evaporators were sufficiently different that it was necessary to construct a 
detailed fault tree for each sump receipt tank and each evaporator. 

4.2 ANALYSIS OF UNHEATED VESSELS 

The unheated vessels (Sump Receipt Tanks, Feed Tanks, and Mixer Settlers) were all combined 
. in ofie study (Ref. 1, Appendix A). These vessels were combined due to their similarity in 

receiving TBP and mechanisms for overheating. All of these vessels are known to normally 
contain some TBP, and none are normally heated. 
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The detailed fault trees were first constructed to model the current state of operation using the 
assistance of knowledgeable facility operations personnel. If the calculated frequency of 
occurrence was more than 1 x lO-6/yrY potential changes to the system were incorporated until . 

the frequency dropped below this level. Once the 1 x 10-6Iyr goal had been reached, an 
elimination process was pursued to determine the minimum number of new components and 
controls necessary to keep the frequency below the goal. The controls and equipment remaining 
in the fault tree were designated as Safety Class Items to assure the desired protection. 

bh.3 ANALYSIS OF EVAPORATORS 

Originally, due to the lack of experimental data, it was as med in early evaporator fault trees 
that a "red oil" reaction could occur whenever TBP was e x p e d  to temperatures exceeding 
120" C or at temperatures above 80" C under certain conditions. Since evaporation of the 
solution is a very good mechanism for removing any excess heat from an uncontrolled reaction at 
temperatures below 120" C, the original fault trees modeled runaway reactions occurring during 
a) cool down, b) heating prior to boiling, and c) during excessive heating. 

Experimental results (Ref. 2) now demonstrate that this reaction would not occur if an adequate 
aqueous layer is present and the temperature is less than 120" C. Since the vessels at SRS are 
open systems, a second set of fault trees was developed to determine the frequency of a "red oil" 
reaction due to overheating or due to evaporation of the aqueous layer. The presence of aqueous 
in the evaporator tanks allow credit to be taken for temperature interlocks. The temperature of 
the solution is limited by the boiling point of the aqueous solution, and the specific gravity of the 
solution increases as the aqueous is evaporated (Ref. 3). 

After the ear! . incidents at SRS, defense-in-depth based on limiting the temperature and the 
amount of TI 
incident, restnctions on the use of highly concentrated nitric acid (a third measure) were 
implemented. 

were successfully used to prevent any further incidents. After the Tomsk 

The second set of fault trees went through a similar process as that described above for the 
unheated tanks (Ref. 4, Appendix B). Once again new Safety Class controls were identified 
(Ref. 5, Appendix C). 

4.4 HUMAN ERROR ANALYSIS 

A human factors engineering review (Rev. 6, Appendix D) was performed for the accident 
scenario fault trees for runaway "red oil" reactions in the Savannah River Site (SRS) F-Canyon 
evaporators. 

A total of fivt 
The modeling Lor each evaporator was taken back to the point of initial release of organic 
material into the aqueous stream. Each step between the source and the evaporator was 

Canyon evaporators were modeled for potential ''red oil" reaction concerns. 
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examined for methods of release of organic, methods for detection of organic in the aqueous 
stream, and reasons why the human error or equipment failure would go undetected. 

Since the controls that serve to prevent an uncontrolled "red oil" reaction were operator 
intensive, a review of the human factors assumptions, error models and probabilities, and 
operator dependency was performed to ensure appropriate consideration of the contribution of 
operator actions. First, a qualitative task analysis was performed to support the human error 
modeling and quantification selections made by the fault tree analysts, for each of five F-Canyon 
evaporators. 

To assure that all human errors were identified, each operating procedure involved was examined 
to assure clarity, accuracy, and required check-offs. With the help of operating personnel, the 
operator involved with each transfer or activity was identified. Carefbl consideration was given 
to the length of time involved in each action, time span between actions, number of operators 
involved in the action, and possible dependence between the actions. These dependencies could 
b e  the result of operators being closely associated, lack of communication between operators, or 
the same operator performing a series of actions. The heavy human involvement in this system 
made the careful identification of these interactions crucial to understanding the risk'associated 
with the actions. 

Consistency in human error modeling and frequency quantification was another area of concern. 
To aid in this process, the generic human error database (Ref. 7) was used to quanti@ all human 
errors. The fault tree structure for similar actions was compared and discrepancies were 
identified and resolved. Conservative values of human error probability were used throughout 
the modeling process to assure that the frequency of "red oil" reactions would not be 
,underestimated. 

5.0 RESULTS 

The frequency of runaway "red oil" reactions, established by the detailed fault tree 
quantification, was in the incredible range of occurrence (Le., < lE-O6/year). To provide 
assurance of the reaction scenario's incredibility, a sensitivity study was performed. Each 
important function that could lead to a runaway reaction was evaluated to determine the sub- 
functions (either operator or equipment action) to which the fault tree frequency was most 
sensitive. An iterative process was employed to establish a minimum set of controls which 
would also be cost effective. Additional controls suggested by facility personnel were modeled 
in the fault tree and new top event frequencies were calculated. This iterative process continued 
until both the frequency and the set of controls were acceptable to analyst and facility personnel. 

A minimum set of procedural controls and safety equipment which assure the incredibility of a 
runaway "red oil" reaction is: 

. 

Agitators and cooling systems (where available) must be running during any transfer into a 
tank. 
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Fluctuations in the specific gravity will be used as an indicator of the operation of the 
agitator. 

Verification of specific gravity of feed on the batch evaporators will be performed. 

Small volume evaporators will be operated as caustic evaporators.. 

Waste from solvent recovery operations will be sent to a caustic evaporator. 

i l l  sump receipt tanks require a dedicated head tank. 

here must be a 72 hour time spacing between the feeding of sump receipt tanks to the 
continuous evaporator. 

High and Low Level Alarms on solvent hold tank will be operable. 

High level interlock on solvent hold tank will be operable. 

Stabilization of Solvent extraction process will be performed before starting evaporators. 

The frequent! 

6.0 CONCLUSION 

. of red oil explosion in each F-Canyon evaporator i determined to be incredible 
by fault tree analysis. Runaway "red oil" reactions are unlikely to occur in the evaporators 
because very large amounts of TBP are needed to cause significant uncontrolled reactions in a 
well-vented system. Experimental analysis and consequence studies demonstrate that only 
reactions involving large quantities of TBP could result in unacceptable releases to the 
environment and public. "Red oil" reactions involving large quantities of TBP are prevented by 
maintaining administrative controls of solvent inventory, ensuring that the evaporator's 
temperature remains below 120" C, and ensuring that adequate aqueous layer is maintained in the 
evaporator to provide heat removal. 
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OPEN ITEMS 

Facilitv Co mrnitrnents 

The following is a list of commitments made by the facility (Ref. 18) that must be implemented in order for 
runaway red oil reactions to be incredible. These commitments must be implemented in order for the status of 
this calculation to be changed to "confirmed." 

&uipment- Related 

1 Low solvent hold tank (906, 14.7) level interlock and high level alarm will be installed or modified to 
ensure that solvent losses do not exceed 10,000 lbs of 30% TBP. 

Onerat ional B& 

2 Solvent wash waste will not be fed to the batch or continuous evaporators (the batch evaporator will be 
fed only the continuous evaporator bottoms). Solvent wash waste will be processed via caustic 
evaporation. 

Procedurd 

The procedural open items listed below are referred to by number in the tabulation of human error events 
presented in Appendix C. Appendix C specifies which procedural open items require modification of existing 
procedures, and which require new procedures to be written. 

3 

4 

5 

6 

7 

8 

9 

10 

11 

0pera.tor shall verify (via flow measurement) that steam is shut off (closing the steam block valve man- 
ually if needed) whenever temperature or level interlocks demand the steam valve to close. 

The solvent hold tanks (14.7, 906) inventory will be administratively controlled to prevent losses in 
excess of 10,000 lbs of organic. 

During start-up, evaporators will not be operated until levels in solvent hold tanks have stabilized 
(steady state). 

Any actuation of the solvent hold tank's (906, 14.7) low level interlock, or discovery of large solvent 
losses, will require the evaporators to be shut down until accountability of the solvent inventory is 
performed. 

Solvent hold tank operator (906,14.7) will ensure that the solvent feed pump (to banks) is shut off if the 
low level interlock is demanded. 

Operations will commit to emptying out the 8.7 and 8.3 feed tanks once every six months, such that 
three consecutive tank cleanings would have to be missed to build up 3,000 lbs of TBP (Ref. 19). 

OMITTED 

Administrative controls will be implemented to limit transfers from 17.5 to 8.7 (and from 7.3 to 8.3) to 
once per 72 hours to 'ensure that two full sump receipt tanks are not fed to the continuous evaporator 
feed tank in an evaporator cycle (Ref. lo). 

Operators must verify that sp g in the batch evaporator is greater than 1.1 (matches that of the feed tank 
at the beginning of the batch) to ensure that an aqueous layer is present. 
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ASSUMPTIONS 

Technical Bases 

The following list contains details of system operation and characteristics used in the development of the fault 
tree. These items have formal documentation. 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

Tanks, c '1 ventilation, and the F-Canyon structure can withstand runaway red oil reactions involving 
less thar 

Experir :ntal results indicate that a 1 ft aqueous layer will prevent red oil reaction for up to 9 feet of 
organic (Ref. 11). 

000 lbs of TBP with minimal consequences (Ref. 1). 

There exist level and temperature interlocks for the continuous evaporators (Ref. 10). 

There exist temperature interlocks for the batch evaporator (Ref. 10). 

Each batch evaporator will process no more than 100 batchedyr (Ref. 10). 

Because small amounts of the TBP in the evaporator will degrade within 72 hours, T33P can not 
accumulate in the evaporators unless a process upset has occurred (Ref. 10). 

The probability of having 10,000 Ibs of solvent in the sump receipt tanks (7.3 & 17.5) is 2.OE-3 (Ref. 
3). 

Process upsets occur at a frequency of 1/10 years (Ref. 10). 

Operator actions are considered independt nt when they involve different tanks since the operatic 
usually involve different operators and are riot performed simultaneously. A review of human error I 
pendencies and common causes was performed (Ref. 9), and the facility has agreed to operational a 
procedural changes that eliminate most of the dependencies between operators found during the initial 
human factors review (i.e. acidic evaporation of solvent wash waste streams will not be performed). A 
tabulation of the human error events for the continuous and batch evaporators is presented in Appendix 
C. This table specifies which'operator actions are contingent upon open items. The tables are 
somewhat different than those listed in Reference 9 because of the previously mentioned facility 
commitments and because of logic changes to the trees subsequent to the initial review. 

Temperature of concentrate in the de-entrainment column will increase and trigger the temperature in- 
terlock if there is a failure to supply feed to the evaporator. The temperature will increase due to an in- 
crease in the boiling point and sp g of the concentrate (Ref. 2). 

There is sufficient time for the operator to shut off the steam block valve if a high solution temperature 
is detected (Ref. 10) 

Cold streams are assumed to be sent he eva; .ator feed tanks 25% of the time (Ref. IO). 

Experience-Related and General 

The following assumptions are used in the fault tree and are assumed to be true, but do not have a formally 
documented technical basis: 

A-4 
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25 

26 

27 

28 

29 

30 

31 

~ 
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Uncontrolled reactions do not generate sufficient heat to raise the evaporator contents over 120" C and 
to cause a red oil reaction. Most uncontrolled reactions lead to eructation of evaporator contents, and 
cause high delta-p's 'that lead to the steam being shut off. Since it is assumed that uncontrolled 
reactions can not lead to red oil reactions, these scenarios are not modeled. 

Direct transfer errors to the evaporator feed tanks are not considered because direct solvent paths are as- 
sumed blocked off. 

Continuous evaporator will not run more than a total of 4 daydmonth. 

OMITTED 

All TBP is assumed to "survive" the continuous evaporator and will be fed to the batch evaporator. 

No credit is given to the batch evaporator temperature interlock whenever a very large amount of 
solvent (2 30,000 lbs) is fed because there may not be sufficient aqueous to prevent a runaway reaction 
even if the steam is shut-down. 

Process upsets can be detected and corrected in 12 hours. 

Calibrations for instrumentation are performed every 6 months. 

Continuous EvaDorator 9.3E (when different from 8SE) 

32 Can receive excess TBP from 1A bank with credit for low level detection in 14.7 to catch a large loss of 
solvent (2 10,000 lbs). For losses involving 2 30,000 lbs, credit was given for detection via the low 
level alarm, since the full capacity of the tank is slightly less than 30,000 lbs and at least one full tank 
would have to be sent (Ref. 12). 

33 Can receive excess TBP from 7.3 sump receipt tank. Transfers were assumed to be sent from 7.3 5% of 
the time, per cognizant engineer's estimate. 

INTRODUCTION 

A very small potential exists in the SRS separations operations for an uncontrolled reaction between tri-n-butyl 
phosphate (TBP) and nitric acid that could result in unacceptable damage to separations facilities and a signifi- 
cant release of radioactive materials. 

The recent red oil (TBP and nitric acid) accident in Tomsk, Russia, resulted in considerable damage and 
radioactive release. Explosions have also occurred at SRS during the early years of operations. While the SRS 
separations facilities have operated without incident for many years, it is prudent to revisit the SRS defense in 
depth approach to preventing such an accident and to upgrade preventive procedures and hardware if 
appropriate. 

A previous analysis (Ref. 16) was performed showing that the frequency of a runaway red oil reaction in the F- 
Canyon feed tanks, mixer-settlers and sump receipt tanks was incredible. This analysis presents the frequency 
of runaway red oil reactions in the'F-Canyon evaporators. 

Originally, due to the lack of experimental data , it was assumed in early evaporator fault trees that a red oil 
reaction could occur whenever TBP was exposed to temperatures exceeding 120" C or at temperatures above 
80" C under certain conditions. Since evaporation of the solution is a very good mechanism for removing any 
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excess heat from an uncontrolled reaction at temperatures below 120” C, the original fault trees modeled 
runaway reactions occurring during a) cool down b) heating prior to boiling and c) during excessive heating. 

Experimental results demonstrate that this reaction would not occur if an aqueous layer (Ref. 1) is present 
unless the temperature exceeds 120” C. Since the vessels at SRS are open systems a second set of fault trees 
were developed to determine the frequency of a red oil reaction due to overheating or due to evaporation of the 
aqueous layer. The presence of aqueous in the evaporator tanks allow credit to be taken for.temperature 
interlocks. The temperature of the solution is limited by the boiling point of the aqueous solution, and the sp g 
of the solution increases as . iqueous is evaporated (Ref. 2). 

INPUT 

Basic data used to quantify the fault trees came from the following sources: WSRC-TR-93-262, “Savannah 
River Site Generic Data Base Development”, WSRC-TR-83-581, “Savannah River Site Human Error Data 
Base Development for Nonreactor Nuclear Facilities”, Low Activity Waste (LAW) Study Guide (221-F 
Canyon), High Activity Waste (HAW) Study Guide (221-F Canyon), and estimates by F-Canyon and SRTC 
engineerdscientists (references 2,3,4,5). Complete sources for the basic events in the fault trees are listed in 
their corresponding “Basic Event and Type Code” reports, which are included,in this Calc-Note. The basic 
event file also includes assumptions involving restoration and mission times used to calculate unavailabilities 
and unreliabilities of equipment. 

ANALYTICAL METHODS AND COMPUTATIONS 

Fault tree analysis was used to generate a logic model that generates “minimal” combinations (cutsets) of 
events that yield a runaway red oil reaction involving in excess of 3,000 lbs of TBP. The fault trees‘ logic 
structure was developed based on extensive discussions of a) canyon operations with F-Canyon engineers (D. 
Chostner, R. Eubanks (Ref- lo), S. Marek, and T. G. Campbell), and b) experimental results by SRTC (Ref. 
1,ll). 

In order for a runaway red oil reaction of sufficient magnitude to compromise the F-Canyon containment to 
occur, it must involve at least 3,000 pounds of TBP. In addition, the organic must be heated to 120” C or above 
in the absence of an aqueous layer of at least one foot. 

The fault trees model failures of the three main controls that prevent runaway red oil reaction: solvent 
inventory control, temperature control, and ensuring the presence of aqueous in the evaporator. 

The analysis is conservative because the fault tree calculates the frequency of runaway reaction for 3,000 lbs 
(in the first two cases below), and for 10,000 Ibs (in the last case). Reactions involving more than 3,000 
pounds will happen with less frequency than those involving exactly 3,000 lbs because a large process upset is 
less likely than a small one, so the calculated frequency will conservatively bound the “actual” frequency. 

The analysis does not take credit for items not committed to by the facility in the F-Canyon Basis for Interim 
Operation (BIO) (Ref. 18). If a non-safety class item performs a mitigative or preventative action, then.no 
credit was taken for it in the analysis. However if the failure of an item (for example a pressure switch) could 
instigate a failure scenario, then its failure was accounted for in the fault trees. 

Continuous Evaporators 

Excess TBP (I 3,000 lbs) is fed to the continuous evaporator and failure to regulate steam pressure 
to maintain a safe temperature. Credit is given to automatic shut down of steam by temperature 
interlocks. If the interlocks do not work, but the loss of control is detected by the temperature 
sensors or alarms, then credit is given to an operator for closing a steam block valve. 
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Excess TBP (2 3,000 Ibs) is fed to the continuous evaporator and failure to maintain an aqueous 
layer, and failure to shut down steam. Credit is given to automatic shut down of steam by level and 
temperature interlocks if the heating tubes begin to uncover. If the interlocks do not work, but 
failure is detected by the temperature or level sensors or alarms, then credit is given to an operator 
for closing a steam block valve. It is postulated that as long as the steam is shut off before all the 
aqueous is evaporated a runaway reaction is prevented. It should be noted that operators could be 
misled by the correct instrumentation signals (high level) to increase the steam flow and therefore 
remove the aqueous present. 

Excess TBP (2 10,000 Ibs) is fed to the continuous evaporator and normal operation. 10,000 lbs of 
TBP represents enough organic so that any aqueous present will be displaced, so that no credit can 
be taken for cooling by an aqueous layer. Credit is given to automatic shut down of steam by the 
temperature interlock. It should be noted that, due to the large amount of TBP and small amount of 
aqueous in this scenario, a rapid response is necessary. 

Batch Evaporators 

Excess TBP (2 3,000 lbs) is fed to the batch evaporator and failure to regulate steam pressure to 
maintain a safe temperature. Credit is given to automatic shut down of steam by the temperature 
interlocks. If the interlocks do not work, but th'e loss of control is detected (by the temperature 
sensors or alarms), then credit is given to an operator for closing a s t e m  block valve. 

Excess TBP (2 3,000 Ibs) is fed to the batch evaporator and failure to maintain an aqueous layer by 
overcooking the feed. Credit is given to automatic shut down of steam by the temperature interlock 
(due to an increase in boiling point). 

Excess TBP (2 10,000) is fed to the batch evaporator from the continuous evaporator bottoms tank 
during normal operation. Credit is given to verification that the sp g in the batch .evaporator 
matches that of the evaporator feed tank at the beginning of the batch. 

; 
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Solvent Extraction Bank 1A 
Organic high level alarm in tank 
14.7 

Organic low level alarm in tank 
Sump Receipt Tank 7.3 

Tank 12.6, 1C Bank (cold 14.7 
streams operations) 

*B-Line (via tank 9.7), this even was judged incredible because: a) no further processing of B-Line 

REV. 0 
Calculation No. -CLC-F-00140 
Sheet No. 8 of 130 

n.,teul is 

Rev. B 1 
The following table shows the sources of TBP for each evaporator and mechanisms for detecting its presence. 

Source of TBP Evaporator Detection 

Evaporator 

Solvent Extraction Bank 2A 

Solvent Extraction Bank 2 16 
(cold streams operations) 

Sump Receipt Tank 17.5 16 

qrganic high level alarm in tank 

.ganic low level alarm in tank 

Source of TBP I Detection 

* 

The fault trees underwent extensive revisions and the open items represent the list of requirements needed to 
prevent an unacceptable runaway red oil reaction frequency. The list below shows some of the additional 
controls that were considered: 

High and low sp g alarms for the evaporators 

Monitor : of feed flow rate into continuous evaporators 

Improvc .ampling & additional sampling requirements 

Improved decanting procedures 

High organic level alarms on decanters 
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7.7E 

Reference 17 presents a scoping calculation detailing the frequency of uncontrolled red oil reactions in F- 
Canyon if these additional features/controls are implemented. These controls cause a reduction in frequency of 
approximately two orders of magnitude less than those presented in the Results section. 

Batch (8.5E Bottoms Only) 4E-7 

RESULTS 

The frequency of evaporator explosion due to red oil reaction is listed in the following table for-each of the 
evaporators analyzed. The final sets of fault trees and resulting cutsets are included in Appendices D, E and E 

Evaporator I Operation I Frequency (/yr) 
I I I 

I I 
9.3E I Continuous Mode I 2E-7 I 

I 

Batch (8.5E Bottoms Only) I 4E-7 
I 

CONCLUSION 

The frequency of red oil explosion in each F-Canyon evaporator is determined to be incredible by fault tree 
analysis. These results are contingent upon the facility implementation of the identified open items. Runaway 
red oil reactions are unlikely to occur in the evaporators because very large amounts of TBP are needed to 
cause significant uncontrolled reactions in a well-vented system. Experimental analysis and consequence 
studies demonstrate that only reactions involving more than 3,000 lbs of TBP could result in unacceptable 
releases to the environment and public. These red oil reactions are prevented by maintaining administrative 
controls of solvent inventory, ensuring that the evaporator's temperature remains below 120" C, and ensuring 
that one foot of aqueous is maintained in the evaporator to provide adequate heat removal. 
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Inter-Office Memorandum from T. G. Campbell, 
“Boiling Points of Various Evaporator Solutions”, 
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“Probability for Accumulation of TBP in Canyon 
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1994. 
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Inter-Office Memorandum from S. H.Marek (with 
attachments), “8.5 Evaporator Information”, 
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INTER-OFFICE MEM0W”M 
Savannah River Site 

26-Aug-1994 02:53pm EST 

To : 

From : 

Dept : 
Tel : 

( 

See Below 

Thomas G. Campbell 

NMPD Safety Documentation 
CAMPBELL-’E-05094 AT A1 AT SASRS2 ) 

2-3319 

Boiling Points of Various Evaporator Solutions 

I have found some good information on vapor-liquid equilibrium and boiling 
points in DPSOP 250, “200 Areas Process Guidebook“. Using this 
information, I have made some calculations to prove our assumption that the 
temperature interlock will be reached before all of the aqueous in an 
evaporator could be boiled away. In these calculations I assumed the 
temperature interlock was set at 118 C, although I‘m sure we could set the 
interlock lower without adversely impacting operations. 

Under normal operating conditions, a continuous evaporator runs with a 
boiling sp g of 1.25, and makes overheads with about 6% nitric acid. For 
this condition, the vapor-liquid equilibrium chart in DPSOP 250 gives 
a sodium nitrate concentration of 25% (about 3.7M) and 20% nitric acid 
(about 4.OM1, with a boiling point of 112 C, which is consistent with our  
experience. 
a final sodium nitrate concentration of 33% and nitric acid concentration 
of 23%. The sp g would be about 1.33 (boiling), The volume reduction to 
reach this point is only about 30%. 

Concentrating this solution to a boiling point of 118 C gives 

If you assume that the evaporator bottoms have no solids (very unusual), 
only nitric acid, then to make 6% nitric acid overheads would require the 
bottoms to be about 32% nitric acid, with a boiling point of about 106 C. 
To reach a boiling point of 118 C, th.2 evaporator bottoms must be 
concentrated to about 56% nitric acic: My calculations indicate a volume 
reduction in this case of about 75%, ..:lich is probably somewhat larger than 
actual because of the conservative assumptions I made about the amount of 
nitric acid lost to the overheads. 

In-my opinion, expected operating conditions are closer to the first 
example, with the second example being more of a worse case. 
the examples, however, the temperature interlock of 118 C would be reached 
and the evaporator shut down well before all of the aqueous is gone. As I 
mentioned earlier, the interlock probably can be lowered to at least 115 C, 
thus providing even more margin. 

Although the above calculations were primarily done with the continous 
waste evaporators (9.3E and 8 . 5 E )  in mind, the same conclusions can be 
expected with the batch evaporators, especially when they are being used 
for acid stripping concentrated bottoms. As for 17.7E, you can concentrate 
uranyl nitrate to a boiling point of 118 C also, but the U concentration 
(wt%) would have to be increased from about 30% (1.5 sp g) to about 75% (sp 
g of over 2.2). 
continue to operate under these conditions. The temperature interlock on 
17.7E could be lowered substantially, however, probably to about 110 C. 

In both of 

I find it hard to believe that the evaporator would 
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INTEROFFICE MEMOMNDUM 
Sauannah Riuer Site 

83-Jun-1994 84:38pm EDT 

To: See Below 
From: Thomas G. Campbell 

I CAMPBELL-TG-05894 AT A1 AT SASRS2 I 

probabilltu f o r  Rccumulation of TBP in Canuon SumDs 
Process soluent is expected t o  be receiued in canyon sump receipt tanks 
from time t o  time due t o  ouerflows and leaks from canyon tanks and piping. 
Procedures require tha t  accumulated soluent be remoued from receipt tanks 
before amounts (about 3000 pounds of TBP) are reached tha t  could be a 
concern from a "red oil" reaction standpoint. The only way an amount can 
be receiued that is large enough t o  be of concern is from a single 
sump transfer. Experience indicates that t he  frequency.of receiuing such a 
large mass of organic material unexpectedly into a canyon uessel is uer 
low. Mysel-f, Ronnye Eubanks, and Oaue Chostner conseruatiuel estima e 
expected in the  sump receipt tanks less than once euery flue years. This 
ualue is considered conseruatiue because loss of such a large uolume would 
be detected during operations. Actions other  than t ransfer  t o  sump 
receipt would be expected in these situations. Also, in our collectiue 
experience in t h e  canyons (more than 40 years) w e  can recall of no occasion 
when such a large uolume of organic material was  receiued into a sump 
receipt tank  from a leak, spill, o r  t ransfer  error. Please incorporate 
th i s  ualue (once in 5 years  fo r  receipt of large uolumes of :eluent in sump 
receipt) into t h e  sump receipt tank fault  trees for  "red oil . 

i! 
t h a t  a receipt of soluent, cpntaining more than'3000 pounds of P BP, can-be 

ois trau tlon: 

To: Lance W. Christiansen 
( CHRISTIANSEN-LW-10489 @ A 1  @SLSRP 1 ) 

CC: O N E L I O  M. EBRA-LIMA ( EBRALIMA-OM-T5452 @A 1 @SLSRP 1 
CC: Ra Lux ( LUX-CR-T7244 @ A 1  @SLSRP 1 ) 
CC: Wibam E. Harris ( HARRIS-WE-05596 AT A 1  AT SASRS2 ) 
CC: Dauid F. Chostner 
CC: Ronn e A. L. Eubanks 

( CHOSTNER-DF-03090 AT A1 AT SASRS2 ) 

( EUBANk!S-RR-06258 AT A 1 AT SOSRS2 1 
CC: Sandra H. Marek ( MAREK-SH-07923 AT A 1  FIT SRSRS2 I 
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30-Aug-1994 02:25m EST 

TO: ONELIO M. EBRA-LIMA 
( EBRALIMA-OI+T5452 AT A 1  AT SLSRPl ) 

CC: Thomas G. Campbell 

From: Tracy 5. Rudisill 

Dept: CPT/CHEMICAL & HYDROGEN TECH 
Tel : 52539  

( RUDISILGTS-T6876 AT AI. AT SLZ. ?1 

WSRC- RP-95-910 

I Rev. B I 

( CE:!PBELL-TG-05094 0A14SASR52 ) 

EEr Mixina Studies 

Neguib estimates the experimental work will be complete by the end of September. He anticipates data 
analysis and documentation will require approximately 2 months. Therefore, we should have correlation(s) 
for the canyon tanks by the end of November. 

A-16 



WSRC-RP-95-910 
- - . - -  

Calculation No. S-CLC-F-00140 
Sheet No. 17 of 130 

I Rev. B I 

INTER-OFFICE MEMORANDUM 
Savannah River Site 

To: See Below 

From: Neguib M. Hassan 
Bptr CFT/CHEMICAL & HYDROGEN TECH 
Tel : x5-5765 

( HASSAN-NM-L2267 AT A1 AT SASR52) 

RE: Good News About Mixino T e s t s  

This may be a worse case, but in the next few runs we will reduce the liquid level in small increments and 
establish a mixing pattern. We know thus far that just below the second impeller (approximately 12 inches 
of liquid in our tank or about 5.3 feet scaled canyon tank-8' x 11') no organic is detectable in the 
current sampling procedure. 

To : Thomas G. Campbell 
( CAMPBELLrJrG-05094 AT A1 AT SASR52 ) 

cc: W N  F. PADDLEFORD 

cc: Tracy 5. Rudisill 
( RUDISILGZTS--T6876 AT A1 AT SLSRPl ) 
cc: Lee Hyder 
cc: James R. Schornhorst 

cc: William E. Harris 
cc: Ray Lux 

( PADDLEFOR&DF-H0010 AT A1 AT SLSRPl ) 

( SCHORNHORST-JR-Y4538 AT A1 AT SLSRPl ) 

cc: ONELIO M. EBRA-LIMA 
( EBRALIMA-OM-T5452 AT A1 AT SLSRPl ) 
a: Thomas G. Campbell 
cc: David F. Chostner 
cc: Charlene B. Cochran 
cc: CLINT R. WOLFE 
cc: Jim Knight 
a!: Frank R. Graham 
cc: Neguib M. Hassan 
cc: Major C. Thompson 

( HYDER-ML-T3258 AT Al AT SLSRPl ) 

( HARRIS-WE-05596 OAlQSASRS2 ) 
( LUX-cR-T7244 AT Al AT SLSRPl ) 

( CAMPBELL-TG-05094 OAlOSASRS2 ) 
( CHOS'INER-DF-03090 @Al@SASRS2 ) 
( COCHRAN-CB-06921 @Al@SASRS2 ) 
( WOLFE-CR-H0021 AT Al AT SLSRPl ) 
( KNIGHT-JR-T3559 AT Al AT SLSRPl ) 
( GRAHAM-FR-T6413 AT Al AT SLSRPl ) 
( HASSAN-NM-L2267 QAlOSASRSZ ) 
( THCMPSON-MC-T3324 OAlOSASRS2 1 
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INTER-OFPICE MEMORANDU- 
Savannah River Site 

22-Ju1-1994 0 8  :23- EST 

To:See Below 

From: Tracy 5. Rudisill 

Dept: CPT/CHEMICAL & HYDROGEN TECH 
Tel : 52539 

( RUDISILL-TS-T6876 AT A1 AT SLSRPl 

BE: Gocd-EwLUout Mixina Testa 

When the tank is full, two agitator blades are used to mix the tank. This doubles the mixing power and is 
apparently enough to form a dispersion which reaches the dip tube at the bottom of the tank. In Neguib's 
previous work, the liquid level was just below the bottom of the top agitator. 

There will also be a very low liquid level where the mixing quality would permit the detection of large 
amounts of organic. At this point, a single agitator would provide enough power to disperse the organic 
phase. Intermediate levels seem to be the problem. 

Distribution: 

TO: Charlene B. Cochran 

To : Thomas G. Campbell 

cc: DON F. PADDLEFORD 

cc: Lee Hyder 
cc: James R. Schornhorst 

cc: William E. Harris 
cc: Ray Lux 

( CKHRAN-CB-06921 AT A1 AT SASRS2 ) 

( PADDLEFORD-DF-440310 AT A1 AT SLSRPl ) 

( SCHOR"ORST-JR-Y4538 AT A1 AT SLSRPl ) 

cc: ONELIO M. EBRA-LIMA 
( EBRALIMA-OM-T5452 AT A1 AT SLSRPl ) 
cc: David F. Chostner 
cc: CLINT R. WOLFE 
cc: Jim Knight 
cc: Frank R. Graham 
cc: Neguib M. Hassan 
cc: Major C. Thompson 

( CAMPBELL-TG-05094 4AlOSASR52 ) 

( HYDER-ML-T3258 AT Al AT SLSRPl ) 

( HARRIS-WE-05596 @Al@SASRS2 ) 
( LUX-CR-T7244 AT A1 AT SLSRPl ) 

( CHOS1NER-DF-03090 @AlQSASR52 ) 

( KNIGHT-JR-T3559 AT A1 AT SLSRPl ) 
( GRAHAM-FR-T6413 AT A1 AT SLSRPl ) 
( HASSAN-NM-L2267 OAlQSASR52 ) 
( THOMPSON-MC-T3324 @Al@SASRS2 ) 

( WOLFE-CRfI0021 AT Al AT SLSRPl ) 
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Savannah River Site 

224111-1994 11: 0 2 a  EST 

To: See Below 

Ram: Thomas G. Campbell 

Dept: M4PD Safety Documentation 
Tel : 2-3319 

( CAMPBELW-05094 AT A1 AT SASR52 

I've got to make one more comment on this subject. 

If covering the top set of agitator blades is what is important for sampling organic, then a tank certainly 
does not have to be mfullm. In canyon tanks, both sets of agitator blades are covered by the time the tank 
is about half full. In 8x11 and 10x11 tanks, there is four feet between the bottom of the lower set of 
blades and the bottom of the upper set of blades. The bottom set of blades is within about six inches of 
the bottom of the tank. Therefore both sets of blades should be covered before the tank contains five feet 
of solution. In bicell tanks, which are 15 feet high, there is six feet from bottom to bottom of the 
agitator blades. Again, the upper set of blades are covered by the time the tank is about half full. 

From what Neguib said in his message, I'm not sure your test equipment is scaled correctly. He said the 
upper impeller is uncovered at 5'3* of liquid level. In an actual canyon 8x11 tank, the upper set of 
agitator blades would be covered by at least 3 inches of solution at that level. 

Distribution: 

To : Tracy 5 .  Rudisill 
( RUDISILL-TS-T6876 AT A1 AT SLSRPl ) 

cc: Charlene B. Cochran 

a!: DON F. PADDLEFORD 

cc: Lee €&der 
cc: James R. Schornhorst 

a!: William E Harris 
cc: Ray Lux 

a!: David F Chostner , 
cc: CLINT R. WOLFE 
cc: Jim Knight 
a!: Frank R. Graham 
E: Neguib M Hassan 
cc: Major C Thomp-on 

( COC"-CB-06921 AT AI. AT SASRS2 ) 

( PADDLEFORD-DF-Ha10 AT A1 AT SLSRPl ) 

( SCHOR"ORST-JR-Y4538 AT A1 AT SLSRPl ) 

cc: ONELIO M EBRA-LIMA 
( EBRALIMA-OM-T5452 AT Al AT SLSRPl ) 

( HYDER-MLrT3258 AT Al AT SLSRPl ) 

( HARRIS-WE-05596 QAI.@SASRS2 ) 
( LUX-cR-T7244 AT AI. AT SLSRPl ) 

( CHOS1NER-DF-03090 @Al@SASRS2 ) 
( WOLFE-CR-H0021 AT Al AT SLSRPl 
( KNIGHT-JR-T3559 AT A l  AT SLSRPl ) 
( GRAHAM-FR-T6413 AT Al AT SLSRPl ) 
( HASSAN-NM-L2267 QAlQSASRS2 ) 
( THOMPSON-MC-T3324 @Al@SASR52 ) 
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I N T m - O F p I c E  MEMORANDUM 
Savannah River Site 

22-Ju1-1994 ll:40= EST 

To: See Below 

From: D3N F. PADDLEFORD 
( PADDLEFORD-DFfI0010 AT A1 AT SLSRPl Dept: WESTINGHOUSE STAFF 
Tal :45420 

I guess I meant---filled above upper stirrer blades--- instead of full. Apparently this would only be half 
full according to T. Campbell's response. You may well be right that full could represent a bad situation 
too?? I don't know whether the scale tests covered this 'full' depth or not. 

Don 

Distribution: 

TO: Charlene B. Cochran 
( CCCHRAN-CB-06921 AT A1 AT SASRS2 ) 

cc: W N  F. PADDLEFORD 
( PADDLEFORD-DF-HCOlO AT A1 AT SLSRPl ) 
cc: Tracy S. Rudisill 
( RUDISILGTS-T6876 AT A1 AT SLSRPl ) 
cc: Lee Hyder ( HYDER-ML-T3258 AT A1 AT SLSRPl ) 

( SCHORNHORST-JkY4538 AT A1 AT SLSRPl ) 
cc: William E. Harris ( HARRIS-WE-05596 @Al@SASRS2 ) 
cc: Ray Lux ( LUX-CR-T7244 AT A1 AT SLSRPl ) 
cc: ONELIO M. EBRA-LIMA 
( EBRALIMA-OM-T5452 AT A1 AT SLSRPl ) 
cc: Thomas G. Campbell ( CAMPBELL-E-05094 @Al@SASRS2 ) 
cc: David F. Chostner ( CHOSTNER-DF-03090 OA10SASRS2 ) 
cc: Charlene B. Cochran ( COCHRAN-CB-06921 @Al@SASRS2 ) 
cc: CLINT R. WOLFE ( WOLFE-CR-H0021 AT A1 AT SLSRPl ) 
cc: Jim Knight ( -NIGHT-JR-T3559 AT A1 AT SLSRPl ) 
cc: Frank R. Graham ( GRAHAM-FR-T6413 AT A1 AT SLSRPl ) 
cc: Neguib M. Hassan ( HASSAN-NM-L2267 @Al@SASR52 ) 
cc: Major C. Thompson ( THWPSON-MC-T3324 @Al@SASRS2 ) 

cc: James R. Schornhorst 
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"FER-OFFICE MEKORANDUM 
Savannah River Site 

22-Ju1-1994 12:30m EST 

Tor See Below 

From: Neguib M. Hassan 
Dept: CPT/CHEMICAL & HYDROGEN TECH 
Tel : x5-5765 

( WSAN-NM-L2267 AT Al AT SASR52 

RE: taQ.Lmm About Mixino Testa 

The second impeller in our small tank is currently located 14 inches from the bottom of the tank and it can 
be moved up/down. In the prelimenary test runs, we collected data at 6, 8 and 12 inches with one set of 
impeller and found that no organic is detectable at the 12 inch level even when the initial concentration 
of organic was 8% volume. In th'e current runs, we raised the liquid level above the second impeller to see 
the effect. As I mentioned we can locate the second impeller at any point in the shaft and repeat an 
experiment. Thanks for the information 

Distribution: 

To : Thomas G. Campbell 
( CAMPBELG-n;05094 AT A1 AT SASR52 ) 

cc: Tracy S. Rudisill 
( RUDISILLds-rJ16876 AT A1 AT SLSRPl 1 
cc: Charlene B. Cochran 

a!: DON F. PADDLEFORD 
( PADDLEFORE-DF-HOOlO AT A1 AT SLSRPl ) 
cc: Lee Hyder 
cc: James R. Schornhorst 

cc: William E. Harris 
cc: Ray Lux 

cc: David F Chostner 
cc: CLINT R. WOLFE 
a: Jim Knight 
cc: Frank R. Graham 
cc: Neguib M. Hassan 
cc: Major C. Thompson 

( COCHRAN-CB-06921 AT A1 AT SASRS2 ) 

( SCHORNHORST-JR-Y4538 AT A1 AT SLSRPl ) 

cc: ONEL10 M. EBRA-LIMA 
( EBRALIMA-W5452 AT A1 AT SLSRPl ) 

( HYDER-ML-T3258 AT Al AT SLSRPl ) 

( HARRIS-WE-05596 @Al@SASRS2 ) 
( LUX-CR-T7244 AT A1 AT SLSRPl 1 

( CHOSTNER-DF-03090 @Al@SASR52 ) 

( KNIGHT-JR-T3559 AT A1 AT SLSRPl ) 
( GRAHAM-FR-T6413 AT Al AT SLSRPl ) 
( HASSAN-NM-L2267 @Al@SASRS2 ) 
( THOMPSON-MC-T3324 @Al@SASR52 ) 

( WOLFE-CR-HO021 AT Al AT SLSRPl ) 
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INTER-OFFICE MEMORANDUM 
Savannah River Site 

30-Aug-1994 0 3 : 3 5 ~  EST 

To: See Below 

From: Thomas G. Campbell 
( CAMPBELGTG05094 AT A1 AT SASR52 ) 
Dept: NMPD Safety Documentation 
T e l  : 2-3319 

See Attached 

It looks like it will be a long time before we have anything conclusive on O/A sampling reliability from 
SRTC. As Dave has suggested, an in-canyon test is still probably our best bet to get useful information 
anytime soon. 

Distribution: 

To: Andrew P. Mock 
TO: Charlene 8. Cochran 
( CCCHRAN-CB-06921 AT A1 AT SASRS2 ) 
TO: Renee H. Spires 
To: David F. Chostner 

TO: Ray Lux 
TO: Eric V. Browne 
TO: J. Stuart Evans 

( CHOSTNER-DF-03090 AT A1 AT SASR52 ) 

( MKK-AP-LO498 AT A1 AT SASR52 ) 

( SPIRES-RH-06630 AT AI. AT SASRS2 ) 

-( LUX-CR-77244 QAlQSLsRPl ) 
( BROWNE-EV-Y8089 QAlQSLSRPl ) 
( EVANS-JS-07266 AT A1 AT SASRS2 ) 
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Savannah River Site 

04-A~g-l99408:26am WP 

To : Eric V. Browne 

CC: Charlene B. Cochran 

CC: Ronnye A. L. Eubanks 
( EUBANKS-RA-06258 AT A1 AT SASRS2 ) 
CC: David F. Chostner 

( COCHRAN-CB-06921AT A1 AT SASRS2 ) 

( CHOSTNER-DF-03090 AT A1 AT SASRS2 1 

From: Sandra H. Marek 
mpt: NMPD/SEP TECH. 
T e l  : 9524199 

WSRC-RP-95-910 
REV. 0 

( BROWNE-EV-Y8089 eAlQSLSRP1 ) 

( MAREX-SH-07923 AT Al AT SASRS2 ) 

8 5 ~awr.3itor Information 

Attached is the information you reque-ted for 8.5E. Bryan, one of our STE's, reviewed some blueprints to 
perform the calculations and verified/corrected the numbers I gave you off the top of my head on Tuesday. 
1'11 call you later today to discuss these numbers and some of your other assumptions. 



INTER-OEFICE MEMORANE?lM 
Savannah River Site 

03-Aug-1994 05 : 2 8 m  EDT 

To: Sandra H. Marek 

WSRC-RP-95-910 

( MAREK-SH-07923 AT A1 AT SASRS2 ) 

From: Bryan K. Altringer 

Dept: SEP TECH 
Tel : 952-2153 

( ALtTRINGEF+BK-Y5558 AT A1 AT SASRS2 

OK.. . 
By now you should have found the four prints I left you. Hope they are helpful. Sorry about the poor 
quality of the one showing the trays. 

1. The overflow wier is at 96.7", or 15,360 lb water 

2. Typical steam rates for 8.5E are 13,500 lb/hr to 16,500 lb/hr 
(or 15,000+/-1500 lb/hr). It's unusual to see it run outside this 
range. I normally assume 15,000 lb/hr as the normal rate. 

3. Time to lose 1 ft level .... this is a fun one. 
Assumptions: 15,000 lb/hr steam 90% efficiency (0.9 lb evap per lb steam) initial liquid level at wier 
height, 96.7' sp gr at 1.0 (this made it easier for m e )  

Calculations: Feed rate = (15,000 lb/hr)(0.9) = 13,500 lb/hr 
Final liquid level = 96.7" - 12" = 84.7' 
Final pounds = -11,634 lb (per calib chart) 

Pounds depletion = 15,360 lb - 11,634 lb 
= 3726 lb 

Time = (3726 lb)/(13,500 lb/hr) = 0.26 hr 
= 16.56 minutes (How 'bout those sig figs!) 

NOTE: You know as well as I do how the lb/in varies so much in a continuous evaporator. Ultimately, this 
calculation is only one of many possibilities for the evaporator ... 

4. The typical length of a run: 

Assumptions : F u l l  8.7 at 146,797 lb water 
Heel of 36,000 lb water 
'&pica1 run rate = 13,500 lb/hr feed 

Time = (146,797 lb - 36,000 lb)/(13,500 lb/hr) 

If you count startup and shutdown heating and cooling times (while the evaporator above 80 deqrees C), 
ROMVe mav have been able to stretch it to 16 hours. I do not believe we could have gotten 16 hours on 
feed. 

8.2 hr 

5. 
lead- me to believe that we could go down as far as 1.5 ft below wier level before uncovering tubes. 
Unfortunately, this number sounds funny to me. Check it out. 

How far down 'till we uncover the tube bundle? A quickie roundabout calculation based on the prints 

6. Distance between the bottom of the de-entrainment column and the 
bottoms of the reboiler looks to be about 4.5 feet based on the prints. You can check it out yourself. 

I didn't have time to look into any of the instrumentation stuff. I saw the alarm light you saw for the 
'low hat flow,' but that's all I saw. 
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INTER-OFFICE MEMORANDUM 
Savannah River Site 

08-Mar-1995 10:31am EST 

To: Thomas G. Campbell 

To: Ray Lux 

CC: Dave H Ecklund 

CC: David F. Chostner 

( CAMPBELL-E-05094 AT A1 AT SASRS2 

( ECKLUND-DH-L1695 AT A1 AT SASRS2 ) 

( CHOSINER-DF-03090 AT A1 AT SASRS2 ) 

From: Ronnye A .  L. Eubanks 
Dept: SEP TECH/NMPD 
Tel : 2-4074 

( LUX-CR-”7244 @Al@SLSRPl ) 

( EUBANKS-RA-06258 AT A1 AT SASRS2 fi 

Solvent additions (U) 

Years ago I summarized the amount of solvent added to each cycle. 
I used was from Maurice Meadows records from 1970-1985. This is what I came 
up with: 

Average solvent (n-Paraffin plus TBP) added to: 

The data 

1st Cycle - 30,500 pounds/year 
2nd Fu - 13,200 pounds/year 
2nd U - 18,700 pounds/year 

Average pounds of solvent/MmT processed through 1st cycle: 

1st Cycle - 28 pounds/MTU 
2nd Fu - 13 pounds/m 
2nd U - 17 pounds/M’IU 

On average the n-paraffin and TBP addition was at 30 vol% TBP. I assumed 
the TBP lost to solubility in the aqueous was about equal to the evaporation 
rate of the n-paraffin. Solvent lost to entrainment (or oops) would have 
been at approximately 30 vol% TBP. 

Tom, I hope this is what you told me Ray needed. If not, I will try again. 

Ronnye 
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APPENDIX B - DIAGRAMS 

0 Process Flow Diagram (Page 28) 

Continuous Evaporator Diagram (Page 29) 

Batch Evaporator Diagram (Page 30) 

0 
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APPENDIX C - TABULATION OF HUMAN ERROR EVENTS 

The following Appendix contains a tabulation of the human error events for the evaporators considered (8.5E, 
9.3E and 7.6E-7.7E). It gives the event names and descriptions of the human error events, as well as 
information on the probability of human error (Ref. 7). It also contains information on applicable procedures, 
and actions/equipment involved in the event where necessary. 

e 8.5E Evaporator (Page 32) 

e 9.3E Evaporator (Page 35) 

0 7.6E & 7.7E Evaporators (Page 38) 
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APPENDIX D - 8.5E EVAPORATOR FAULT TREE AND DATA 

The following abbreviations appear on the fault tree print out and in the basic event file for the fault tree: 

FR=Failure Rate 

a:= assumption 

COG= cognizant engineer estimatehnformation 

TRUNC= Truncation limit of cutset evaluator 

The Beta Factor method used to estimate common cause alarm failure is explained in Reference 15. 

NOTE: Events in this tree with a probability of “1E-32” are incredible. They do not contribute to the top event 
frequency and were included only to show that they had been considered. The number “1E-32” was used 
because it is the smallest number CAFTA is capable of handling. 

Fault Tree (Page 41) 

Gate/Event Cross Reference (Page 57) 

Cutset Report (Page 58) 

Basic Event Data (Page 68) 

Type Code Data (Page 70) 
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APPENDIX E - 9.3E EVAPORATOR FAULT TREE AND DATA 

The following abbreviations appear on  the fault tree print out and in the basic event file for the fault tree: 

FR=Failure Rate 

a:= assumption 

COG= cognizant engineer estimatehformation 

TRUNC= Truncation limit of cutset evaluator 

The Beta Factor method used to estimate common cause alarm failure is explained in Reference 15. 

NOTE: Events in this tree with a probability of “1E-32” are incredible. They do not contribute to the top event 
frequency and were included only to show that they had been considered. The number “1E-32” was used 
because it is the smallest number CAFTA is capable of handling. 

Fault Tree (Page 72) 

Gatemvent Cross Reference (Page 91) 

Cutset Report (Page 92) 

Basic Event Data (Page 99) 

Type Code Data (Page 101) 
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WSRC-RP-95-910 

APPENDIX F - 7.6E & 7.7 EVAPORATOR FAULT TREE AND DATA 

The following abbreviations appear on the fault tree print out and in the basic event file for the fault tree: 

FR=Failure Rate 

a:= assumption 

COG= cognizant engineer estimate/information 

TRUNC= Truncation limit of cutset evaluator 

The Beta Factor method used to estimate common cause alarm failure is explained in Reference 15. 

NOTE: Events in this tree with a probability of “1E-32” are incredible. They do not contribute to the top event 
frequency and were included only to show that they had been considered. The number “1E-32” was used 
because it is the smallest number CAFI’A is capable of handling. 

Fault Tree (Page 103) 

Gatemvent Cross Reference (Page 115) 

Cutset Report (Page 116) 

Basic Event Data (Page 126) 

Type Code Data (Page 128) 
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1.0 O P E N m M S  

The potential for criticality and a fire in the cell as potential initiators for runaway reactions needs to be 
studied. The evaporators and tanks in re-run are not included as a part oft' report Present plans do not ?al l  
for the operation of the re-run tanks and the evaporators will be operated a ustic Lporators to avoid 
runaway TBP/nitric reactions. Since the evaporators will be operated using lustic Jut ions,  the bottom 
will also necessarily be caustic and therefore have no TBP/Nitric concerns. 

Full QA certification of CAFI'A pends resolution of NCR 94-1 1-005. 

2.0 INTRODUCTION 

A very small potential exists in the SRS separations operations for an uncontrolled reaction between tri-n- 
butyl phosphate (TBP) and nitric acid that could result in unacceptable damage to separations facilities and a 
significant release of radioactive materials. 

The recent TBP and nitric acid accident in Tomsk, Russia, resulted in considerable damage and radioactive 
release. Explosions have also occuried at SRS during the 'early years of operations. While the SRS 
separations facilities have operated without incident for many years since the last accident, it is prudent to 
revisit the SRS defense in depth approach to preventing such an accident and to upgrade preventive 
procedures and hardware if appropriate. 

This study examines the current SRS licensing position with respect to this potential incident. It gives the 
administrative, procedural, and hardware controls that should result in the frequency of a potential incident 
being acceptable (less than once in a hundred thousand years) considering the limited planned operational 
period of these facilities. The frequencies calculated here include a number of changes that were identified as 
a part of this red oil analysis effort. 

As previously stated this is the current position. Experimental and analytical evaluations have not been 
completed; therefore, the possibility exists of new information and revisions to these fault trees. 

3.0 INPUT 

Basic data used to quantify the fault tree came from four primary sources: WSRC-TR-93-581, "Savannah 
River Site Generic Data Base Development"( Ref. l), WSRC-TR-93-581, "Savannah River Site Human Error 
Data Base Development for Nonreactor Nuclear Facilities", (Ref. 2 ), DPSTSY-200-1F, Systems Analysis, F- 
Canyon Operations (Ref. 3), and DPSTSA-200-10, Sup-4, Safety Analysis, F-Canyon Operations (Ref. 4.). 
In a few cases the Separation Facilities Fault Tree Data Bank (Ref. 5 ) or judgment by knowledge personnel 
was used. Complete sources for the basic events in the fault tree are listed in the "Type Code" Report, which 
is part of this Calc-Note. 

3.1 General Assumptions 

It is assumed that a red oil explosion will not occur with less than 3,000 pounds of TBP. 

There is a 10 percent chance that if TBP is present in the feed tanks due to operational errors, it 
will exceed 3,000 pounds (Ref. 6 ). 
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There is 1 chance in 500 that if TBP is present in the sump receipt tanks that it will exceed 3,000 
pounds (Ref. 7 , Appendix 1). 

The operator is able to determine by some positive means that the agitator is functioning (e.g. 
specific gravity meter or ammeter read out). 

No HAN will be used in the process to eliminate the possibXty of uncontrolled reactions between 
HAN and nitric acid. 

Combining nitric acidmd water can not create enough heat to raise a tank at ambient canyon 
temperature to the red oil reaction temperature ranie.. 

Cooling water and agitation will be provided during all transfers. 

Since no data could be located for agitator bladdshaft failure, they were assumed. to occur at a rate 
of 10% of the agitator failure rate. 

Based on some preliminary heat transfer calculations, it is assumed that sufficient cooling can be 
supplied to a tank by the combination of the agitator and either the canyon exhaust or the cooling 
water system. 

All transfers and additions will cease during a power failure. 

Temperature is monitored on a routine basis for all tanks. 

Steam jet transfers are carefully monitored from the control room (Warm canyon transfers are also 
monitored in the gang valve corridor). 

All analyses were performed for full operation of the canyon only ( start-up, shutdown, & 
maintenance modes were not addressed). 

. 

3.2 Additional Sump Receipt Tank Assumptions 

Both sump receipt tanks have dedicated head tanks ( 17.5 presently does not have one). 

The uncontrolled reactions for re-run represent a conservative estimate for the sump receipt tanks. 
Of these reactions, 10% were due to valving errors. The remaining frequency can be assumed to 
be split equally between HAN/FS reactions and transfers from sumps. 

Approximately 100 batches per year are received in each sump receipt tank. 

Tank 7.3 has no cooling coils. 

Tank 7.3 has no procedural requirement to monitor temperature during additions or during rounds 
checks. 

It is assumed that an ammonium nitrate reaction in the 7.2 process vessel vent filter will generate 
enough heat to cause a runaway TBP reaction in 7.3 if the canyon exhaust is inoperative. 

There is a procedural requirement to vacuum test the filter once a month, and flush the filter on a 
periodic and as needed basis. 
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3.3 Additional Mixer Settler Assumptions 

For a runaway TBP reaction to occur in the 2nd Pu Mixer Settler, the following three events would 
have to occur : 

1. 2nd Pu M r Settler is overheated. 
2. Undetectc 
3. Failure to , .wide sufficient mixing. 

d u r e  of the Canyon Exhaust System. 

It .is assumed that in order to overheat the 2nd Pu Mixer Settler, two of the three inlet streams (2AF, 
2AS, and 2AX) to the 2nd Pu Mixer Settler are required to be overheated. The 2AF stream is 
always designated as one of the two that is required to be overheated. This is due to the larger 
volumetric flow of this stream in comparison to the 2AS and the 2AX streams. 

It is assumed that undetected failure of the Canyon Exhaust System constitutes the loss of normal 
and emergency power or failure of the Canyon Exhaust System. 

It is assumed that failure to provide mixing for the 2nd Pu Mixer Settler constitutes either two 
adjacent impellers failing in the Mixer Settler, the impeller drive (Variable Frequency Drive) not 
in normal position, or undetected failure of the Variable Frequency Drive. 

It is conservatively assumed that the 2AF stream can be overheated in the heat exchanger by 

It is assumed that flow control valves are calibrated once every eight months. 

sufficient volumetric flow of steam and water provided by the mix valve for the 2AF stream. 

It is assumed that it takes approximately one hour to fiil the tank that feeds the 2AF stream for the 
2nd Pu Mixer Settler. 

It is assumed that a strong acid addition will not overheat the 2nd Pu Mixer Settler. This 
assumption is based on chemical analysis results provided by SRTC. 

It is assumed that an uncontrolled reaction in the 2nd Pu Mixer Settler is incredible. Chemicals are 
added to the mixer settlers only through the head tanks and all additions are to a constantly 
moving solution, making a large uncontrolled reaction which significantly raises the temperature 
of a mixer settler an incredible event. 

4.0 ANALYSIS METHOD AND CALCULATIONS 

The logic for modeling a red oil explosion in F-Canyon was developed with the assistance of knowledgeable 
separations personnel (Ronnye Eubanks and Dave Chostner). To simplify the task, the F-Canyon tanks were 

bottoms tanks. Only the first three categories are addressed as a part of this study. 

Due to several distinct differences between the sump receipt tanks, a fault tree had to be drawn for each tank. 
However, for the feed tanks and the mixer settlers, tank 12.5 and the 2nd Pu mixer settler, respectively, were 
identified as having the greatest potential consequences and a high frequency. Once constructed, the fault 
trees were evaluated using the fault tree evaluation code CAFTA, Version 2 . 2 ~  (Ref. 8 ). The appendices 
contain copies of the fault trees, the associated cutsets, and copies of the data base used in the evaluation. 

. divided into 6 categories: feed tanks, sump receipt tanks, the mixer settlers, evaporators, and evaporator 
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For the feed tanks, three different categories of tanks could be identified. Tanks which provided no red oil 
concerns, tanks for which the frequency would be less than that for 12.5, and tanks requiring further 
investigation. The tanks which fit into each of these categories are listed in the tables below. The reason for 
not having a red oil concern is listed in the first table. The reasons for having a frequency less than tank 12.5 
is fewer heat sources and chemicals available for addition. Items were placed in the last table if there was 
uncertainty as to the availability of heat sources and/or chemicals compared to Tank 12.5. This last group of 
tanks will be evaluated as a part of a later study and will not be used for processing until then. 
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L 

18.6E Basic, No Acid 
18.7 Basic, No Acid 
18.8 Evaporator Overheads, No TBP 

Feed Tanks Which Present No Red Oil Concern 

Tank No. 
7.8 
8.7 
9.5 
9.6 
9.8 

10.1 
11.8 

I 17.1 I No Organic Present 1 

Tank No. 
12.8 
13.5 
13.7 
13.8 
14.5- 1 
14.5-2 
14.8 

v 

17.5 
17.7C 

I Evaporator Overheads, No TBP 
I EVaDOratOr Overheads- No TRP , - . - - - - ~ . . - . . . . - - . - - . . - - _ _  

I 18.5 I No Heat Source 1 
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Tank No. 
16.3 
16.4 
17.2 

Feed Tanks Which Require 
Further Evaluation 

One fault tree was drawn for the Mixer Settlers in F-Canyon to explore the possibilities of a Runaway TBP 
Reaction. The 2nd Pu Mixer Settler was selected for analysis in comparison to the other Mixer Settlers, due 

e to the radiological consequences the 2nd h Mixer Settler posed and the possibility that the streams could be 
overheated. 

Two separate frequencies were calculated for each of the tanks. One was the frequency with which a 
runaway reaction would occur. The second was the frequency with which an explosion would occur. The 
difference between these two trees was the amount of TBP in these tanks. The frequency for obtaining more 
than 3,000 pounds , the amount necessary for an explosion, was provided by Tom Campbell of regulatory 
programs (Ref. 6 and Ref. 7 , contained in Appendix 1) for all except the mixer-settlers. The mixer-settlers 
were assumed to always contain more than 3,000 pounds of TBP and therefore if a reaction occurred, it would 
be an explosion. 

5.0 RESULTS AND CONCLUSIONS 

The frequency for runaway and explosive TBP reactions in various tanks in F-Canyon are given in the table 
below. All of these tanks represent an acceptable frequency considering the proposed two years of operation. 
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INTER-OFFICE MEMOMNDUM 

83-Jun-1994 8Q:38pm EDT 

To: See Below 

Sauannah Riuer Site 

From: Thomas G. Campbell 
De t: NPSR 
Tef: 2-3319 

( CAMPBELL-TG-05094 AT A 1  AT SASRS2 1 

ProbatLWtll for flcqamylafjon of TBP in Canuon s u m p s  
Process soluent is expected t o  be receiued in canyon sump receipt tanks 
from time to time due t o  ouerflows and leaks from canyon tanks and piping. 
Procedures require that accumulated soluent be remoued from receipt tanks  
before amounts (about 3000 pounds of TBP) are reached tha t  could be a 
concern from a "red oil" reaction standpoint. The only way an  amount can 
be receiued that is large enough t o  be of concern is from a single 
sump transfer. Experience indicates that the  frequency of receiuing such a 
large mass of organic material unexpectedly into a canyon uessel is ue 
low. Myself, Ronnye Eubanks and Daue Chostner conseruatiuel e s t i m 2 e  
t h a t  a receipt of soluent, confaining more than 3800 pounds of k P ,  can be 
expected in the  sump receipt tanks less than once euery fiue years. This 
ualue is considered conseruatiue because loss of such a large uolume would 
be detected during operations. Actions other  than t ransfer  to sump 
receipt would be expected in these situations. Also, in our collectiue 
experience in the canyons (more than 40 years] w e  can recall of no occasion 
when such a large uolume of organic material was  receiued into a sump 
receipt tank from a leak, spill, o r  t ransfer  error. Please incorporate 
this ualue (once in 5 years  for  receipt of large uolumes of lsoluent in sump 
receipt) into t h e  sump receipt tank fault trees fo r  "red oil . 

Dlstrbution: 
To: Lance W. Christiansen 

( CHR ISTIRNSEN-LULL0489 Qfl 1 @SLSRP 1 I 
CC: ONELIO M. EBRA-LIMA 
CC: Ra Lux ( LUX-CR-T7244  @A 1 QSLSRP 1 I 
CC: W i h m  E. Harris . ( HARRIS-WE-05596 AT A 1  AT SASRS2 I 

( EBRflLlMA-OM-T5452 @A 1 QSLSRP 1 I 

CC: Dauid F. Chostner 
( CHOSTNER-OF-03098 AT A 1  AT SASRS2 I 
( EUBANk!S-RA-06258 AT A 1  AT Sf lSRS2 I 

CC: Ronn e A. L. Eubanks 
CC: Sandra H. Marek ( MAREK-SH-07923 AT A 1  AT SASRS2 ) 
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Appendix 2 
Basic Event Data for Feed Tanks (Tank 12.5) 
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OPEN ITEMS 

Since this is a scoping study, items which would be considered open in a committed or confirmed calc-note 
note are listed as assumptions for this study. For this reason, there are no open items. 

GENERAL ASSUMPTIONS AND TECHNICAL BASES 

1. 

2. 

3. 

4. 

5. 

6.  

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

Very high sp g readings require the operator to shut down the evaporator (high sp g implies that the 
aqueous layer that prevents runaway red oil reactions is lost). 

Operator shall verify (via flow measurement) that steam is shut off (closing the steam block valve man- 
ually if needed) whenever temperature, steam pressure, or level interlocks demand the steam valve to 
close. 

Low solvent hold tank (904,906, 14.7) level interlock and high level alarm will be installed or modified 
to ensure that solvent losses do not exceed 10,000 Ibs of 30% TBP. 

The solvent hold tanks (14.7,904,906) inventory will be administratively controlled to prevent losses 
of 30,000 Ibs or more. 

Evaporators will not be operated until IeveIs in solvent hold tanks have stabilized (steady state). 

Any actuation of the solvent hold tank's (904, 906, 14.7) low level interlock, or discovery of large 
solvent losses, will require the evaporators to be shut down until accountability of the solvent inventory 
is performed. 

Solvent hold tank operator (904,906, 14.7) will ensure that the solvent feed pump (to banks) is shut off 
if the low level interlock is demanded. 

Evaporators will not be operated if the evaporator feed tank agitators are not working. 

Operator will ensure that agitation is working prior to any transfer into the evaporator feed tanks. 

Administrative controls will be implemented to limit transfers from 17.5 to 8.7 (and from 7.3 to 8.3) to 
once per 72 hours to ensure that two full sump receipt tanks are not fed to the continuous evaporator 
feed tank in an evaporator cycle (ref. 10). 

Solvent wash waste will not be fed to the batch or continuous evaporators. 

Verify that sp g in the batch evaporator is greater than 1.1 (matches that of the feed tank at the begin- 
ning of the batch) to ensure that an aqueous layer is present. 

Operator shall trend changes in sp g in the continuous evaporators during roundsheet readings to ensure 
that feed is not organic (sp g drop). 

A 1 ft aqueous layer will prevent red oil reaction for up to 9 feet of organic (Ref. 11). 

Operations will wait for acceptable sample results before continuing processing for those tanks which 
require sampling (17.5,7.3,7.8). 
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l3ev.A 1 
Sump receipt tanks (17.5,7.3) are sampled for O/A prior to any transfers to the evaporators (ref. 10). 

Operator will stop all transfers to 8.7 if a process upset is detected in 10.8 or 11.7 by the high organic 
level alarm. If a process upset is detected, the operator will shut down the cycle or ensure that tank 
contents in 8.7 are not evaporated (ref. 10). 

Lab must notify F-Canyon if a tank sample has been found to be insufficient (for example the sample is 
too small) to perform adequate O/A analysis upon it (ref. lo). 

Every batch must be tested for O/A in tank 7.8. 

Tanks, cell ventilation, and the F-Canyon structure can withstand runaway red oil reactions involving 
less than 3,000 lbs of TBP with minimal consequences (ref. 1). 

Uncontrolled reactions do not generate sufficient heat to raise the evaporator contents over t=120 C and 
to cause a red oil reaction. Most uncontrolled reactions lead to eructation of evaporator contents, and 
cause high delta-p’s that lead to the steam being shut off. Since it is assumed that uncontrolled 
reactions cannot lead to red oil reactions, these scenarios are not modeled. 

Continuous evaporator will not run more than a total of 4 daydmonth. 

There exist level, temperature and pressure interlocks, and low feed flow alarms for the continuous 
evaporators (ref. 10). 

There exist temperature and pressure interlocks for the batch evaporator (ref. lo). 

Credit is taken for samples from the 8 x 1  1 tanks since 10,000 lbs or greater (of 30% TBP) represents at 
least 30% of the tank volume. No credit is given to detection of solvent in bi-cell evaporator feed tanks. 

Calibrations for instrumentation are performed every 6 months. 

Feed adjustments are performed often enough to ensure that errors leading to failure to supply feed are 
discovered quickly (prior to evaporation of aqueous). 

Because small amounts of the TBP will degrade within 72 hours, TBP can not accumulate in the evapo- 
rators unless a process upset has occurred (ref. lo). 

Organic does not accumulate in the evaporator feed tanks as long as the agitator is working. 

All TBP is assumed to “survive” the continuous evaporator when fed to the batch evaporator. 

No credit is given to the batch evaporator temperature interlock whenever a very large amount of 
solvent (2 30,000 lbs) is fed because there may not be sufficient aqueous to prevent a runaway reaction 
even if the steam is shut down. 

Direct transfer errors to the evaporator feed tanks are not considered because direct solvent paths are as- 
sumed blocked off. 

Operator actions are considered independent when they involve different tanks since the operations 
usually involve different operators and are not performed simultaneously. 
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34. 

35. 

36. 

37. 

38. 

39. 

40. 

41. 

42. 

43. 

44. 

45. 

46. 

47. 

48. 

49. 

Losses of 10,OOO lbs of solvent (3,000 lbs of TBP) can be discovered and corrected prior to feeding an 
evaporator. 

Temperature of concentrate in the de-entrainment column will increase and trigger the temperature in- 
terlock if there is a failure to supply feed to the evaporator. The temperature will increase due to an in- 
crease in the boiling point and sp g of the concentrate (ref. 2). 

There is sufficient time for the operator to shut off the steam block valve if a high solution temperature 
or steam pressure is detected (ref. 10). 

The probability of having 10,OOO lbs of solvent in the sump receipt tanks (7.3 & 17.5) is 2.OE-3 (ref. 3). 

Process upsets occur at a frequency of 1/10 yrs and can be detected and corrected in 12 hours (ref. 10). 

Agitating prior to sampling is considered an administrative control to ensure that a representative sam- 
ple is taken (ref. 10). 

Excess TBP can be received from 1A bank with credit for low level detection in 14.7 to catch a large 
loss of solvent (2 10,OOO lbs). For losses involving 2 30,000 lbs, credit was given for detection via the 
low level alarm, since the full capacity of the tank is slightly less than 30,000 lbs and at least one full 
tank would have to be sent (ref. 12). 

Can receive excess TBP from 1D bank with credit for low level detection in 904 to catch a large loss of 
solvent (2 10,OOO lbs). No credit was given for the low level alarm for losses involving 2 30,000 lbs, 
since the capacity of the tank is large enough that sufficient material could be lost before tripping the 
alarms. 

Can receive excess TBP from 7.3 sump receipt tank. Transfers were assumed to be sent from 7.3 5% of 
the time, per cognizant engineer's estimate. 

Excess TBP can come from 12.6 during cold streams operations. Cold streams are assumed to be sent to 
the 9.3E feed tank (via tank 11.4) 25% of the time (ref. 10). 

No TBP will be received from tank 805 or from 11.3 evaporator overheads. 

Each batch evaporator processes 100 batchedyr. (ref. 10). 

In cases where decanting is required, credit has been given to the operators recognizing that they trans- 
fer too much organic from feed tank 7.8 to 7.6E during decanting (ref. 10). 

In cases where decanting is required, credit has been given to the operators recognizing that they trans- 
fer too much organic from sump receipt tank 17.5 to 8.7 during decanting (ref. 10). 

Credit has been given to operators "looking" for a break in sp g indication during all decanting opera- 
tions (ref. 10). 

Tanks will be settled by the operator before decanting takes place to prevent the transfer of organic (ref. 
10). 
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INTRODUCTION 

A very small potential exists in the SRS separations operations for an uncontrolled reaction between tri-n-butyl 
phosphate (TBP) and nitric acid that could result in unacceptable damage to separations facilities and a signifi- 
cant release of radioactive materials. 

The recent TBP and nitric acid accident in Tomsk, Russia, resulted in considerable damage and radioactive re- 
lease. Explosions have also occurred at SRS during the early years of operations. While the SRS separations 
facilities have operated without incident for many years since the last accident, it is prudent to revisit the SRS 
defense in depth approach to preventing such an accident and to upgrade preventive procedures and hardware if 
appropriate. 

Originally, due to the lack of knowledge and experimental data, it was assumed in the evaporator’s fault trees 
that a red oil reaction could occur whenever TBP was exposed to temperatures exceeding 120 degrees (C) or at 
temperatures above 80 degrees but below the evaporation point for the solution. Since evaporation of the solu- 
tion is a very good mechanism for removing any excess heat from an uncontrolled reaction at temperatures 
below 120 degrees, the original fault trees modeled runaway reactions occurring during a) cooldown b) 
heating prior to boiling and c) during excessive heating. 

Preliminary experimental results demonstrate that this type of reaction would not occur if an aqueous layer (ref. 
1) is present unless the temperature exceeds 120 degrees (C). Since the vessels at SRS are open systems a sec- 
ond set of fault trees were developed to determine the frequency of a red oil reaction due to overheating or due 
to evaporation of the aqueous layer and several proposed instrumentation and administrative control changes. 
The presence of aqueous in the evaporator tanks allow credit to be taken for temperature interlocks. The 
temperature of the solution is limited by the boiling point of the aqueous solution, and the sp g of the solution 
increases as the aqueous is evaporated (ref. 2). 

INPUT 

Basic data used to quantify the fault trees came from the following sources: WSRC-TR-93-262, “Savannah 
River Site Generic Data Base Development”, WSRC-TR-83-581, “Savannah River Site Human Error Data 
Base Development for Nonreactor Nuclear Facilities”, Low Activity Waste (LAW) Study Guide (221-F 
Canyon), High Activity Waste (HAW) Study Guide (221-F Canyon), and estimates by F-Canyon and SRTC 
engineerdscientists (references 2,3,4,5). Complete sources for the basic events in the fault trees are listed in 
their corresponding “Basic Event and Type Code” reports, which are included in this Calc-Note. The basic 
event file also includes assumptions involving restoration and mission times used to calculate unavailabilities 
and unreliabilities of equipment. 

ANALYTICAL METHODS AND COMPUTATIONS 

Fault tree analysis was used to generate a logic model that generates “minimal” combinations (cutsets) of 
events that yield a runaway red oil reaction involving in excess of 3,000 lbs of TBP. The fault trees’ logic 
structure was developed based on extensive discussions of a) canyon operations with F-Canyon engineers (D. 
Chostner, R. Eubanks (ref. lo), S. Marek, and T. G. Campbell), and b) experimental results by SRTC (ref. 
1,ll). 

In order for a runaway red oil reaction of sufficient magnitude to compromise the F-Canyon containment to 
occur, it must involve at least 3,000 pounds of TBP. In addition, the organic must be heated to 120 C or above 
in the absence of an aqueous layer of at least one foot. 
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The fault trees model failures of the three main controls that prevent runaway red oil reaction: solvent 
inventory control, temperature control, and ensuring the presence of aqueous in the evaporator. 

The analysis is conservative because the fault tree calculates the frequency of runaway reaction for 3,000 lbs 
(in the first two cases below), and for 10,000 Ibs (in the last case). Reactions involving more than 3,000 
pounds will happen with less frequency than those involving exactly 3,000 Ibs because it is less likely to have a 
large process upset than a small one, so the calculated frequency will conservatively bound the "actual" 
frequency. 

Continuous Evaporators 

Excess TBP (>3,000 lbs) is fed to the continuous evaporator and failure to regulate steam pressure 
to maintain a safe temperature. Credit is given to automatic shut down of steam by the pressure and 
temperature interlocks. If the interlocks do not work, but the loss of control is detected by the tem- 
perature, steam, and sp g sensors or alarms, then credit is given to an operator for closing a steam 
block valve. 

Excess TBP (3,000 lbs) is fed to the continuous evaporator and failure to maintain an aqueous layer, 
and failure to shut down steam. Credit is given to automatic shut down of steam by level and 
temperature interlocks if the heating tubes begin to uncover. If the interlocks do not work, but 
failure is detected by the temperature, level, flow, and sp g sensors or alarms, then credit is given to 
an operator for closing a steam block valve. It is postulated that as long as the steam is shut off 
before all the aqueous is evaporated a runaway reaction is prevented. It should be noted that 
operators could be misled by the correct instrumentation signals (high level, low sp g)  to increase 
the steam flow and therefore remove the aqueous present. 

Excess TBP (10,OOO lbs) is fed to the continuous evaporator and normal operation. Credit is given 
to automatic shut down of steam by the temperature interlock. It should be noted that, due to the 
large amount of TBP and small amount of aqueous in this scenario, a rapid response is necessary. 

Batch Evaporators 

Excess TBP (3,000 Ibs) is fed to the batch evaporator and failure to regulate steam pressure to main- 
tain a safe temperature. Credit is given to automatic shut down of steam by the pressure and tem- 
perature interlocks. If the interlocks do not work, but the loss of control is detected (by the tempera- 
ture, steam, and sp g sensors or alarms), then credit is given to an operator for closing a steam block 
valve. 

Excess TBP (3,000 lbs) is fed to the batch evaporator and failure to maintain an aqueous layer by 
overcooking the feed. Credit is given to sp g instrumentation and to automatic shut down of steam 
by the temperature interlock (due to an increase in boiling point). 

Excess TBP (7,000) is fed to the batch evaporator from the continuous evaporator bottoms tank 
during normal operation. Credit is given to verification that the sp g in the batch evaporator 
matches that of the evaporator feed tank at the beginning of the batch. 
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The following table shows the sources of TBP for each evaporator and mechanisms for detecting its presence. 

EvaDorator 

Continuous 
8.5E 

9.3E 

Source of TBP 

Solvent Extraction Bank 2A 

Solvent Extraction Bank 2B 
(cold streams operations) 

Sump Receipt Tank 17.5 

B-Line (via tank 9.7), this event 
was judged incredible because: 

a) no further processing of B- 
Line material planned 

b) would have to transfer 
organic up to B-Line unnoticed 
then back down to canyon again 

Solvent Extraction Bank 1D 

Solvent Extraction Bank 1A 

Sump Receipt Tank 7.3 

Tank 12.6 (cold streams 
operations) 

Detection 

Organic high level alarm in tank 
906 

Organic low level alarm in tank 
906 

Organic level alarm in decanter 
11.7 

Organic level alarm in decanter 
10.8 

Sampling 17.5 

Trending sp  g in  8.5E 
(roundsheet) 

Organic high level alarm in tank 
904 

Organic low level alarm in tank 
904 

Organic high level alarm in tank 
14.7 

Organic low level alarm in tank 
14.7 

Sampling 7.3 

Trending s p  g in  9.3E 
(roundsheet) 
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Evaporator 

9.3E 

Source of TBP 

Continuous Mode I2E-9 
I I 

8.5 Bottoms Tank (see above 
8.5E) 

1 

Batch 
7.6E Batch (8.5E Bottoms Only) 

8.5 Bottoms Tank (see above 
8.5E) 

3E-10 

I Rev.A I 

Batch 
7.6E Batch (8.5E Bottoms Only) 

~~ 

Detection 

3E-10 

Sampling in tank 7.8 

Verification of matching sp g 
between 7.6E and 7.8 prior to 
evaporation 
Sampling tank7.8 

Verification of matching sp g 
between 7.7E and 7.8 prior to 
evaporation 

The development of the fault trees underwent extensive revisions and the assumptions list the requirements 
needed to prevent unacceptable runaway red oil reactions. The list below shows some of the additional 
controls that were considered, but that were not feasible. 

Providing cooling water or drown tanks to the evaporators 

Improved sampling 

High and low sp g interlocks for the evaporator 

Trending sp g in the evaporator (no interlocks or alarms) 

RESULTS 

The frequency of evaporator explosion due to red oil reaction is listed in the following table for each of the 
evaporators analyzed. The final sets of fault trees and resulting cutsets are included in Appendices C, D and E. 

Evaporator I Operation I Frequency (/yr.> 
I I 

t Continuous 
8.5E 

1 1 

7.7E I Batch (8.5E Bottoms Only) I3E-10 
I I 1 
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CONCLUSION 

The frequency of red oil explosion in F-Canyon is determined to be incredible by fault tree analysis. These 
results are contingent upon the facility implementation of all assumptions Runaway red oil reactions are 
unlikely to occur in the evaporators because very large amounts of TBP are needed to cause significant 
uncontrolled reactions in a well vented system. Experimental analysis and consequence studies demonstrate 
that only reactions involving more than 3,000 lbs of TBP could result in unacceptable releases to the 
environment and public. These red oil reactions are prevented by maintaining administrative controls of 
solvent inventory, ensuring that the evaporator's temperature remains below 120 C, and ensuring that one foot 
of aqueous is maintained 'in the evaporator to provide adequate heat removal. 
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APPENDIX A - MEMORANDA 

MEMO 
Inter-Office Memorandum from T. G. Campbell, 
“Boiling Points of Various Evaporator Solutions”, 
Westinghouse Savannah River Co. August 26,1994. 

Inter-Office Memorandum from T. G. Campbell, 
“Probability for Accumulation of TBP in Canyon 
Sumps”, Westinghouse Savannah River Co. June 3, 
1994. 

Inter-Office Memorandum from Tracy Rudisill (with 
attachments), “RE: Mixing Studies” , Westinghouse 
Savannah River Co. August 30,1994. 

Inter-Office Memorandum from S. H.Marek (with 
attachments), “8.5 Evaporator Information”, 
Westinghouse Savannah River Co. August 4,1994. 
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INTER-OFFICE MEMORANDUM 
Savannah River Site 

26-Aug-1994 02:53pm EST 

To: See Below 

From: Thomas G. Campbell 

Dept: NMPD Safety Documentation 
Tel : 2-3319 

( CAMPBELL-"G-05094 AT A1 AT SASRS2 ) 

Boiling Points of Various Evaporator Solutions 

I have found some good information on vapor-liquid equilibrium and boiling 
points in DPSOP 250, '200 Areas Process Guidebook'. Using this 
information, I have made some calculations to prove our assumption that the 
temperature interlock will be reached before all of the aqueous in an 
evaporator could be boiled away. In these calculations I assumed the 
temperature interlock was set at 118 C, although I'm sure we could set the 
interlock lower without adversely impacting operations. 

Under normal operating conditions, a continuous evaporator runs with a 
boiling sp g of 1.25, and makes overheads with about 6% nitric acid. For 
this condition, the vapor-liquid equilibrium chart in DPSOP 250 gives 
a sodium nitrate concentration of 25% (about 3.7M) and 20% nitric acid 
(about 4.OM), with a boiling point of 112 C, which is consistent with our 
experience. 
a final sodium nitrate concentration of 33% and nitric acid concentration 
of 23%. The sp g would be about 1.33 (boiling). The volume reduction to 
reach this point is only about 30%. 

If you assume that the evaporator bottoms have no solids (very unusual), 
only nitric acid, then to make 6% nitric acid overheads would require the 
bottoms to be about 32% nitric acid, with a boiling point of about 106 C. 
To reach a boiling point of 118 C, the evaporator bottoms must be 
concentrated to about 56% nitric acid. My calculations indicate a volume 
reduction in this case of about 75%, which is probably somewhat larger than 
actual because of the conservative assumptions I made about the amount of 
nitric acid lost to the overheads. 

Concentrating this solution to a boiling point of 118 C gives 

In my opinion, expected operating conditions are closer to the first 
example, with the second example being more of a worse case. 
the examples, however, the temperature interlock of 118 C would be reached 
and the evaporator shut down well before all of the aqueous is gone. As I 
mentioned earlier, the interlock probably can be lowered to at least 115 C, 
thus providing even more margin. 

Although the above calculations were primarily done with the continous 
waste evaporators (9.3E and 8.5E) in mind, the same conclusions can be 
expected with the batch evaporators, especially when they are being used 
for acid stripping concentrated bottoms. As for 17.7E, you can concentrate 
uranyl nitrate to a boiling point of 118 C also, but the U concentration 
(wt%) would have to be increased from about 30% (1.5 sp g) to about 75% (sp 
g of over 2.2). 
continue to operate under these conditions. 
17.7E could be lowered substantially, however, probably to about 110 C. 

In both of 

I find it hard to believe that the evaporator would 
The temperature interlock on 
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INTER-OFFICE MEMOMNDUM 
Sauannah Riuer Site 

e3-~un-1994 84:3epm EDT 

To: See Below 

From: Thomas G. Campbell 

De t: NPSR 
Tar: 2-3319 

( CAMPBELL-TG-05094 AT A 1 AT SRSRS2 ) 

ProW?.UlU for Acarmuiatloo of TBP In Canuon Sumw 
Process soluent is  expected t o  be receiued in canyon sump receipt tanks 
f rom t ime t o  t ime due t o  ouerflows and leaks f rom canyon tanks and piping. 
Procedures require that  accumulated soluent be remoued from receipt tanks 
before amounts (about 3000 pounds o f  TBP) are reached that  could be a 
concern f rom a "red oil" reaction standpoint. The only way an amount can 
be receiued that  is large enough t o  be o f  concern i s  f rom a single 
sump transfer. Experience indicates that  the frequency of receiuing such a 
large mass o f  organic material unexpectedly into a canyon uessel is  ue 
low. Myself, Ronnye Eubanks and Daue Chostner conseruatiuel estima e 

expected in the sump receipt tanks less than once euery five years. This 
ualue i s  considered conseruatiue because loss o f  such a large uolume would 
be detected during operations. Actions other than transfer t o  sump 
receipt would be expected in these situations. Also, in our collectiue 
experience In the canyons (more than 40 years) we  can recall o f  no occasion 
when such a large uolume of organic material was receiued into a sump 
receipt tank f rom a leak, spill, o r  transfer error. Please incorporate 
this ualue (once in 5 years f o r  receipt o f  large uolumes of soluent in sump 
receipt) into the sump receipt tank fault  trees fo r  "red oil". 

7l 
that  a receipt of soluent, confaining more than 3000 pounds of #I P, can be 

Dlstrbutlon: 

To: Lance W. Christiansen 
( CHRISTIANSEN-LUI-L0489 QAlQSLSRPl ) 

CC: ONELIO M. EBRA-LIMA ( EBRALIMA-OM-T5452 @ A 1  QSLSRPl ) 
C C  Ra Lux ( LUH-CR-T7244 @ A 1  QSLSRP 1 ) 
CC: Wiham E. Harris ( HARRIS-WE-OS596 AT A 1  AT SASRS2 I 
CC: Dauid F. Chostner 

C C  Ronn e A. L. Eubanks 
( CHOSTNER-DF-03098 AT A 1 AT SRSRS2 ) 
( EUBANZS-RA-06258 AT A 1  AT SASRS2 1 

CC: Sandra H. Marek ( MAREK-SH-07923 AT A t  AT SASRS2 ) 



m F E R - O F P I c E  MEMORANDUM 
Savannah River Site 

30-Aug-1994 0 2 : 2 5 ~  EST 

To: ONEL10 M. EBRA-LIMA 
( EBRALIMA-OI+T5452 AT A1 AT SLSRPl ) 

CC: Thomas G .  Campbell 

From: Tracy 5. Rudisill 

Dspt: CPT/CHEMIcAL & HYDROGEN TECH 
Tel : 52539 

( RUDISILL-TS-T6876 AT A1 AT SLSRPl 
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( CAMPBELL-TG-05094 @Al@SASR52 ) 

- RZ: Mixing Studiee 

Neguib estimates the experimental work will be complete by the end of September. He anticipates data 
analysis and documentation will require approximately 2 months. Therefore, we should have correlation(s) 
for the canyon tanks by the end of November. 
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Savannah River Site 

22-Ju1-1994 08:15am EST 

To: See Below 

man: Neguib M. Hassan 
B p t :  CPT/CHEMIcFL & HYDROGEN TECH 
Tel : x5-5765 
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( HASSAN-NM-L2267 AT A1 AT SASR52) 

BEr ~-ELIw-~t- 

This may be a worse case, but in the next few runs we will reduce the liquid level in small increments and 
establish a mixing pattern. We know thus far that just below the second impeller (approximately 12 inches 
of liquid in our tank or about 5.3 feet scaled canyon tank-8' x 11') no organic is detectable in the 
current sampling procedure. 

Dietributionr 

TO : Thomas G. Campbell 
( CAMPBELL4G-05094 AT A1 AT SASR52 ) 

cc: DON F. PADDLEFORD 
( PADDLEFORD-DF-HOOlO AT 
cc: Tracy 5. Rudisill 
( RUDISILGJTW6876 AT A1 AT SLSRPl ) 
cc: Lee Hyder 
cc: James R. Schornhorst 

cc: William E. Harris 
a: Ray Lux 

AT SLSRPl ) 

( SCHORNHORST-JR-Y4538 AT A1 AT SLSRPl ) 

a!: ONELIO M. EBRA-LIMA 
( EBRALIMA-OM-T5452 AT A1 AT SLSRPl ) 
cc: Thomas G. Campbell 
cc: David F. Chostner 
a!: Charlene 9. Cochran 
cc: CLINT R. WOLFE 
cc: Jim Knight 
cc: Frank R. Graham 
cc: Neguib M. Hassan 
cc: Major C. Thompson 
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( HYDER-ML-T3258 AT A l  AT SLSRPl 

( HARRIS-WE-05596 @AlQSASRS2 ) 
( LUX-CR-T7244 AT A l  AT SLSRPl ) 

CAMPBELL-TG-05094 @Al@SASRS2 ) 
CHOS'INER-DF-03090 @Al@SASRS2 ) 
CCCHFAN-CB-06921 @Al@SASRS2 ) 
WOLFE-CR-H0021 AT Al AT SLSRPl ) 
KNIGHT-JR-T3559 AT A1 AT SLSRPl ) 
GW-FR-T6413 AT A l  AT SLSRPl ) 
HASSAN-NM-L2267 @Al@SASRS2 ) 
THCMPSON-MC-T3324 @Al@SASRS2 ) 
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E'rca: Tracy 5. Rudisill 

Dept: CpT/CHEMICAL & HYDROGEN TECH 
Tel : 52539 

( RUDISILL-TS-T6876 AT A1 AT SLSRPl 

When the tank is full, two agitator blades are used to mix the tank. This doubles the mixing power and is 
apparently enough to form a dispersion which reaches the dip tube at the bottom of the tank. In Neguib's 
previous work, the liquid level was just below the bottom of the top agitator. 

There will also be a very low liquid level where the mixing quality would permit the detection of large 
amounts of organic. At this point, a single agitator would provide enough power to disperse the organic 
phase. Intermediate levels seem to be the problem. 

Diatributian: 

To: Charlene B. Cochran 

TO: Thomas G. Campbell 
( COCHRAN-CE-06921 AT A1 AT SASRS2 ) 

cc: EON F. PADDLEFORD 

cc: Lee &der 
cc: James R. Schornhorst 

cc: William E. Harris 
cc: Ray Lux 

( PADDLEFORD-DF-HCOlO AT A1 AT SLSRPl ) 

( SCHORNHORST-JR-Y4538 AT A1 AT SLSRPl ) 

cc: ONELIO M. EBRA-LIMA 
( EBRALIMA4M-T5452 AT A1 AT SLSRPl ) 
cc: David F. Chostner 
cc: CLINT R. WOLFE 
ct: Jim Knight 
cc: Frank R. Graham 
cc: Neguib M. Hassan 
cc: Major C. Thompson 

c-19 

( CAMPBELL-l'G-05094 0A10SASR52 ) 

( HYDER-ML-T3258 AT Al AT SLSRPl ) 

( HARRIS-WE-05596 4A10SASRS2 ) 
( LUX-cR-T7244 AT A1 AT SLSRPl ) 

( CHOSTNER-DF-03090 0AlQSASR52 ) 
( WOLFE-CR-HO021 AT Al AT SLSRPl ) 
( KNIGHT-JR-T3559 AT A1 AT SLSRPl ) 
( GRAHAM-FR-T6413 AT A 1  AT SLSRPl ) 
( HAsSAN-NM-L2267 @AlQSASR52 ) 
( THOMPSON-MC-T3324 0AleSASRS2 ) 
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T o r  See B e l o w  

Franr Thomas G. Campbell 
( CAMPBELGl'G-05094 AT A1 AT SASR52 
Deptr MPD safety Documentation 
T e l  : 2-3319 

I've got to make one more comment on this subject. 

If covering the top set of agitator blades is what is important for sampling organic, then a tank certainly 
does not have to be "fullm. In canyon tanks, both sets of agitator blades are covered by the time the tank 
is about half full. In 8x11 and loxll tanks, there is four feet between the bottom of the lower set of 
blades and the bottom of the upper set of blades. The bottom set of blades is within about six inches of 
the bottom of the tank. Therefore both sets of blades should be covered before the tank contai'ns five feet 
of solution. In bicell tanks, which are 15 feet high, there is six feet from bottom to bottom of the 
agitator blades. Again, the upper set of blades are covered by the time the tank is about half full. 

From what Neguib said in his message, I'm not sure your test equipment is scaled correctly. He said the 
upper impeller is uncovered at 5'3' of liquid level. In an actual canyon 8x11 tank, the upper set of 
agitator blades would be covered by at least 3 inches of solution at that level. 

Distribution: 

To: Tracy 5. Rudisill 
( RUDISILL-TS-T6876 AT A1 AT SLSRPl ) 

cc: Charlene B. Cochran 

cc: DON F. PADDLEFORD 

cc: Lee &der 
cc: James R. Schornhorst 

cc: William E Harris 
cc: Ray Lux 

cc: David F Chostner 
cc: CLINT R. WOLFE 
cc: Jim Knight 
a: Frank R. Graham 
cc: Neguib M Hassan 
a!: Major C Thomp-on 

( COCHRAN-CB-06921 AT AI. AT SASRS2 ) 

( PADDLEFORD-DF-H0010 AT A1 AT SLSRPl ) 

( SCHORNHORST-JR-Y4538 AT A1 AT SLSRPl ) 

cc: ONELIO M EBRA-LIMA 
( EBRALIMA-OM-T5452 AT a AT SLSRPl ) 

( HYDER-ML-T3258 AT Al AT SLSRPl ) 

( HARRIS-WE-05596 QAlQSASRS2 ) 
( LUX-CR-T7244 AT Al AT SLSRPl ) 

( CHOS1NER-DF-03090 @Al@SASRS2 ) 
( WOLFE-CR-H0021 AT Al AT SLSRPl 
( KNIGHT-JX-T3559 AT Al AT SLSRPl ) 
( GRAHAM-FR-T6413 AT AI. AT SLSRPl ) 
( HASSAN-NM-L2267 QAl@SASRS2 ) 
( THCMPSON-MC-T3324 @Al@SASR52 ) 

) 
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To: See Below 

F'ran: D3N F. PADDLEFORD 
( PADDLEFORDDF-Ha10 AT A1 AT SLSRPl Dept: WESTINGHOUSE STAFF 
"el :45420 

I guess I meant---filled above upper stirrer blades--- instead of full. Apparently this would only be half 
full according to T. Campbell's response. You may well be right that full could represent a bad situation 
too?? I don't know whether the scale tests covered this 'full' depth or not. 

Don 

Distribution: 

To : Charlene B. Cochran 
( COCHRAN-CB-06921 AT A1 AT SASRS2 ) 

cc: DON F. PADDLEFORD 
( PADDLEFORD-DFff0010 AT A1 AT SLSRPl ) 
cc: Tracy S. Rudisill 
( RUDISILGTS-T6876 AT A1 AT SLSRPl ) 
cc: Lee Hyder ( HYDER-ML-T3258 AT A1 AT SLSRPl ) 

( SCHORMIORST-JR-Y4538 AT A1 AT SLSRPl ) 
cc: William E. Harris ( HARRIS-WE-05596 @Al@SASRS2 ) 
cc: Ray Lux ( LUX-CR-T7244 AT Al AT SLSRPl ) 
cc: ONELIO M. EBRA-LIMA 
( EBRALIMA-OM-T5452 AT A1 AT SLSRPl ) 
cc: Thomas G. Campbell ( CAMPBELL-TG-05094 @Al@SASRS2 ) 
cc: David F. Chostner ( CHOSTNER-DF-03090 @Al@SASRS2 ) 
cc: Charlene B. Cochran ( COCHRAN-CB-06921 @Al@SASRSZ ) 
cc: CLINT R. WLFE ( WOLFE-CR-H0021 AT A1 AT SLSRPl ) 
02: Jim Knight ( -NIGHT-JR-T3559 AT A1 AT SLSRPl ) 
cc: Frank R. Graham ( GRAHAM-FR-T6413 AT A1 AT SLSRPl ) 
cc: Neguib M. Hassan ( HASSAN-NM-L2267 @Al@SASR52 ) 
cc: Major C. Thompson ( THCMPSON-MC-T3324 @Al@SASRS2 ) 

cc: James R. Schornhorst 

c-2 1 



WSRC-RP-95-910 
Rev. 0 

INTER-OFFICE MEMaRANlxIM 
Savannah River Site 

22-Ju1-1994 12:3- EST 

Tor See Below 

man: Neguib M. Hassan 
Dept: CPT/CHEMICAL & HYDROGEN TECH 
Tel : x5-5765 

( HASSAN-NM-L2267 AT A l  AT SASR52 

The second impeller in our small tank is currently located 14 inches from the bottom of the tank and it can 
be moved up/down. In the prelimenq test runs, we collected data at 6, 8 and 12 inches with one set of 
impeller and found that no organic is detectable at the 12 inch level even when the initial concentration 
of organic was 8% volume. In the current runs, we raised the liquid level above the second impeller to see 
the effect. As I mentioned we can locate the second impeller at any point in the shaft and repeat an 
experiment. Thanks for the information 

Distribution: 

To : Thomas G. Campbell 
( CAMPBELLdG-05094 AT A1 AT SASR52 ) 

cc: Tracy S. Rudisill 
( RUDISILLLlM6876 AT A l  AT SLSRPl ) 
cc: Charlene B. Cochran 

cc: DON F. PADDLEFORD 
( PADDLEFORD-DF-HOOlO AT Al AT SLSRPl ) 
cc: Lee Hyder 
a!: James R. Schornhorst 

cc: William E. Harris 
cc: Ray Lux 

( COCHRAN-CB-06921 AT Al AT SASRS2 ) 

( SCHORNHORST-JR-Y4538 AT A1 AT SLSRPl ) 

cc: ONELIO M. EBRA-LIMA 
( EBRALIMA-W5452 AT A1 AT SLSRPl ) 
cc: David F Chostner 
cc: CLINT R. WOLFE 
cc: Jim Knight 
cc: Frank R. Graham 
cc: Neguib M. Hassan 
cc: Major C. Thompson 

( HYDER-MLrT3258 AT Al AT SLSRPl ) 

( HARRIS-WE-05596 @Al@SASRS2 ) 
( LUX-CR-T7244 AT A l  AT SLSRPl ) 

( CHOS'INER-DF-03090 @Al@SASR52 ) 

( KNIGHT-JR-T3559 AT Al AT SLSRPl ) 
( G--FR-T6413 AT A l  AT SLSRPl ) 
( HASSAN-NM-L2267 @Al@SASRS2 ) 
( THWSON-MC-T3324 @Al@SASR52 ) 

( WOLFOCRfI0021 AT A l  AT SLSRPl ) 
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30-AUg-1994 03:35pm EST 

To: See Below 

From: Thomas G. Campbell 
( CAMPBELGTG-05094 AT A1 AT SASR52 ) 
Dept: NMPD Safety Documentation 
T e l  : 2-3319 

L!e.sAttached 

It looks like it will be a long time before we .-ave anything conclusive on 

Diatributian: 

iabi ity from 
SRTC. As Dave has suggested, an in-canyon test is stili probably our best bet to get useful information 
anytime soon. 

To: Andrew P. Mock 
To: Charlene B. Cochran 
( CocHRAN-cB-06921 AT A1 AT SASRS2 ) 
TO: Renee H. Spires 
To : David F. Chostner 

TO : Ray Lux 
To: Eric V. Browne 
TO: J. Stuart Evans 

( CHOSTNER-DF-03090 AT A1 AT SASR52 ) 

!A sampling re 

( MCCK-AP-LO498 AT A1 AT SASR52 ) 

( SPIRES-RH-06630 AT A1 AT SASRS2 ) 

( LUX-CR-T7244 QAlQSLSRPl ) 
( BROWNE-EV-Y8089 QAlQsLSRPl ) 
( EVANS-JS-07266 AT A1 AT SASRS2 ) 

C-23 
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To: Eric V. Browne 

CC: Charlene B. Cochran 
( COCHRAN-CB-06921 AT A l  AT SASRS2 ) 
cc: Ronnye A. L. Eubanks 
( EuBANKS-RA-06258 AT A1 AT SASRS2 ) 
CC: David F. Chostner 
( CHOS"E!R-DF-03090 AT A1 AT SASRS2 ) 

Frmr Sandra H. Marek 
&Qt: NMPD/SEP TECH. 
Tel : 9524199 

( BROWNE-EV-Y8089 eAlQSLSRP1 ) 

( MAREK-SH-07923 AT Al AT SASRS2 ) 

0 5 E w . I n f o n a a t i o n  

Attached is the information you reque-ted for 8.5E. Bryan ,  one of our STE's, reviewed some blueprints to 
perform the calculations and verified/corrected the numbers I gave you off the top of my head on Tuesday. 
1'11 call you later today to discuss these numbers and some of your other assumptions. 
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To: Sandra H. Marek ( MAREK-SH-07923 AT A1 AT SASRS2 ) 

Wan: Bryan K. Altringer 

kpt: SEP TECH 
Tel : 952-2153 

( ALTFUNGER-BK-Y5558 AT Al AT SASFS2 

OK.. . 
By now you should have found the four prints I left you. Hope they are helpful. Sorry about the poor 
quality of the one showing the trays. 

1. The overflow wier is at 96.7', or 15,360 lb water 

2 .  m i c a 1  steam rates for 8.5E are 13,500 lb/hr to 16,500 lb/hr 
(or 15,000+/-1500 lb/hr). It's unusual to see it run outside this 
range. I normally assume 15,000 lb/hr as the normal rate. 

3. Time to lose 1 ft level .... this is a fun one. 
Assumptions: 15,000 lb/hr steam 90% efficiency (0.9 lb evap per lb steam) initial liquid level at wier 
height, 96.7' sp gr at 1.0 (this made it easier for me) 

Calculations: Feed rate = (15,000 lb/hr) (0.9) = 13,500 lb/hr 
Final liquid level = 96.7" - 12' = 84.7' 
Final pounds = -11,634 lb (per calib chart) 

Pounds depletion = 15,360 lb - 11,634 lb 
= 3726 lb 

Time = (3726 lb)/(13,500 lb/hr) = 0.26 hr 
= 16.56 minutes (How 'bout those sig figs!) 

NCYTE: You know as well as I do how the lb/in varies so much in a continuous evaporator. Ultimately, this 
calculation is only one of many possibilities for the evaporator ... 
4. The typical length of a run: 

Assumptions: Full 8.7 at 146,797 lb water 
Heel of 36,000 lb water 
mica1 run rate = 13,500 lb/hr feed 

Time = (146,797 lb - 36,000 lb)/(13,500 lb/hr) 
8.2 hr 

If you count startup and shutdown heating and cooling times (while the evaporator above 80 deqrees C), 
Ronnve mav have been able to stretch it to 16 hours. I do not believe we could have gotten 16 hours on 
feed. 

5. 
lead- me to believe that we could go down as far as 1.5 ft below wier level before uncovering tubes. 
Unfortunately, this number sounds funny to me. Check it out. 

6. Distance between the bottom of the de-entrainment column and the 
bottoms of the reboiler looks to be about 4.5 feet based on the prints. 

How far down 'till we uncover the tube bundle? A quickie roundabout calculation based on the prints 

You can check it out yourself. 

I didn't have time to look into any of the instrumentation stuff. I saw the alarm light you saw for the 
'low hat flow,' but that's all I saw. 

C-25 
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APPENDIX B - DIAGRAMS 

0 Process Flow Diagram (Page 25) 

Continuous Evaporator Diagram (Page 26) 

Batch Evaporator Diagram (Page 27) 

0 

0 
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APPENDIX C - 8.5E EVAPORATOR FAULT TREE AND DATA 

The following abbreviations appear on the fault tree print out and in the basic event file for the fault tree: 

FR=Failure Rate 

a:= assumption 

COG= cognizant engineer estimatdinformation 

TRUNC= Truncation limit of cutset evaluator 

The Beta Factor method used to estimate common cause alarm failure is explained in Reference 15. 

NOTE: Events in this tree with a probability of “1E-32” are incredible. They do not contribute to the top event 
frequency and were included only to show that they had been considered. The number “1E-32” was used 
because it is the smallest number CAFTA is capable of handling. 

Fault Tree (Page 29) 

Gatavent  Cross Reference (Page 57) 

Cutset Report (Page 59) 

Basic Event Data (Page 69) 

Type Code Data (Page 73) 

C-3 1 
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APPENDIX D - 9.3E EVAPORATOR FAULT TREE AND DATA 

The following abbreviations appear on the fault tree print out and in the basic event file for the fault tree: 

FR=Failure Rate 

a:= assump tion 

COG= cognizant engineer estimatehformation 

TRUNC= Truncation limit of cutset evaluator 

The Beta Factor method used to estimate common cause alarm failure is explained in Reference 15. 

NOTE: Events in this tree with a probability of “1E-32” are incredible. They do not contribute to the top event 
frequency and were included only to show that they had been considered. The number “1E-32” was used 
because it is the smallest number CAFTA is capable of handling. 

Fault Tree (Page 76) 

Gate/Event Cross Reference (Page 105) 

Cutset Report (Page 107) 

Basic Event Data (Page 117) 

Type Code Data (Page 121) 
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APPENDIX E - 7.6E & 7.7 EVAPORATOR FAULT TREE AND DATA 

The following abbreviations appear on the fault tree print out and in the basic event file for the fault tree: 

FR=Failure Rate 

a:= assumption 

COG= cognizant engineer estimatdinformation 

TRUNC= Truncation limit of cutset evaluator 

The Beta Factor method used to.estimate common cause alarm failure is explained in Reference 15. 

NOTE: Events in this tree with a probability of “1E-32” are incredible. They do not contribute to the top event 
frequency and were included only to show that they had been considered. The number “1E-32” was used 
because it is ihe smallest number CAFTA is capable of handling. 

Fault Tree (Page 124) 

Gate/Event Cross Reference (Page 157) 

Cutset Report (Page 159) 

Basic Event Data (Page 171) 

Type Code Data (Page 175) 
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APPENDIX D "MAN ERROR ANALYSIS FOR "RED OIL" 



EPD-SIM-94098 

DATE: October 5,1994 

TO: C . R L u x  . 
E.V. Browne 
L.W. Christiansen 

FROM: RE. Vail 

RE: Human Factors Review of the "Red Oil" Explosion Fault Trees for the 
F Canyon Evaporators 

cc: D.A. Sharp 
J.H. Starling 
D. J. Baker 
H.C. Benhardt 

htroductl *on 

A Human Factors review of the F Canyon Evaporators (7.6E, 8SE, 9.3E, and 17.7E) fault 
trees for "red oil" (Tomsk-like) explosions was performed overthe past two weeks. The 
review included: (1) documentation of the supparting information required to justify the 
evaluation of the assigned human error codes, per WSRC-TR-93-581(presented in 
Attachments 1 through 4); (2) suggested events to be recoded (as noted in "ERROR 
CODE column of Attachments 1 through 4); (3) a review of dependencies between 
multiple human error events in a single minimal cut set (Attachment 5); (4) identification 
of human error events that require procedure modification before full credit can be given 
to the event (as noted in the "HEP" column of Attachments 1 through 4); and (5)  
identification of human error events that need further logic development by the analysts, 
in conjunction with the facility technical representatives. 

Review Methodolorn 

A qualitative task analysis to support the human error modeling and quantification 
selections made by the fault tree analysts did not exist. Because of this lack of 
documentation, the available information was compiled before an evaluation of each 
human error was possible. The types information included actions involved, who 
performed thikption, equipment, feedback and indication, and the event probability and 
error facto&i@ human error events in the batch evaporator (7.6E) tree (BATCH-CAF) 
were reviemFor the additional four trees (8.5E, 9.3E-C, 9.3E-B and 17.7E), I had 
each tree's &&st mark the branches that were not directly "pruned" from the BATCH 
tree and only these tree-specific branched human error events were reviewed. The 
CONT93C.CAF tree was not reviewed in-depth because its logic duplicated the 
CONT93.CAF tree, minus the sampling branches. 

Any reference to a reviewed procedure should not be misconstrued as an in-depth 
procedure (or programmatic) review. The only steps reviewed were those that directly 
pertained to the modeled operator actions. Glaring inadequacies were noted. 

D-1 
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mmay of find~ngs Based o n Items (1) throuph (5) in Introductios 
. .  

(1) Human error documentation (that meets the intent of both DOE STD-93-3009 and 
NUREG/CR=1278) was provided in this memo by the Human Reliability Analyst for four 
of the five red oil explosion fault trees (the fifth tree was an exact duplicate of the 
CONT93.CAF tree) for 88 different human error events. 

(2) Twenty-four of the above 88 human errors should be re-coded. The changes and the 
effect on the probability value are as follows (the suggested changes are denoted under 
the "ERROR CODE" column in Attachments 1 through 4): 

one event (OPRLV9MACNA#) is a major rework and logic change; 
11 human errors changed from lower to higher values w/o changing type code; 
four changed type code and decreased failure probability value; 
six changed type code and increased failure probability value; 
two changed type code with no change in probability value. 

Note: Values in WSRCXR-93-581 are mean values (on a log scale). 

(3) Dependence - The assumption of independence (zero dependence) between operator 
actions had been assumed by the fault tree analysts for most human error events in the 
trees. A more conservative general guideline is to first assume some level of dependence 
between human activities during the logic model development and early quantifkations, 
.unless a diligent search reveals no significant interaction between activities. This 
includes both inter- and intra- operator actions. 

The assessment of dependence was performed h accordance with NCTREGKR-1278 
guidelines. The nominal conditional human error probabilities reported in Table 20-21 
(items 2a through 5a) were used to quantify low (LD, p=0.05), moderate (MD, p=0.15), 
high (HD, pd.5) and complete (CD, p=1.0) dependence levels. The following general 
guidelines of dependence level determination from Chapter 10 of "REGKR-1278 
were applied: 

- CD is unusual between two people working on a job. 
- CD between two actions performed by the same person is mor& common. 
- CD when two (or more) switchedcomponents are treated as a pair (manipulated at the 

- HD usually for two operators in a CR for tasks in which they are supposed to interact. - HD for two - HD if two (or more) parameters indications are read on the same iecorder/ display, and 

- MD if twooperators assigned to the same panel and split 50-50 between them the CR 

. 

same time per a procedure). 

at a panel if the operator doesn't have to change his position. 

are treated as a functional unit. 

disp&.&anningl monitoring duties, - If a decisia#i & h o t  be made between two levels of dependence, then the higher level is chosen. 

Several of th&F Canyon control room operator duty positions may be performed by a 
single operator; The operators have been cross-trained on several positions and in some 
cases may perform hvo.duties during one shift. (These two duty stations are within close 
proximity of each other). There is also the possibility that an operator may report for the 
following shift "day" and perform a Werent duty position than the previous day. 
Several of the duty combinations are as follows (based on conversations with R Eubanks, 
Shift Technical Engineer, F Canyon): 

"',; . 
~ -- 

Solvent Recovery operator & Low Activity Waste operator 
Lab Waste operator & 2nd U Cycle (17.7E) operator 
Lab Waste operator and LAW operator 
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(2nd Pu cycle position precludes it from being in combination with others) 

It is suggested that the failure probabilities for one of each of these pairs (or triplets) of 
human error events should retain its "original" value. The other events should be 
adjusted to account for dependencies when these two (or more) events appear in the same 
minimal cut set. The recommended failure probability of "p=?" for the second (third, 
fourth, ...) human error event in the minimal cut set, is given after the events. (The order 
of the events &e., the one(s) receiving the conditional probability) should be determined 
by the time sequence of the events. To facilitate making the changes, an extension to the 
coding scheme might be developed. Where "L", "M" or "H are used in the third position 
of the OPR type code, the characters "C" (for CD), "M" ("much" for HD), "S" ("some" 
for MD), and "V" (Very little" for D ) - a n d  then the associated values of 1.0,0.5, 0.15 
and 0.05, respectively. 

The suggested dependence levels are listed by tree in Appendix 5. 

(4) Procedure addition or changes required (for "old" existing operator errors): 

a. OPRPUMPAVRNA#, SOP 221-F-40825, Att 7.1 should have "lower limits" for 
Items #9 and #lo, 8.5E spg and 8.5 True Level (p=0.5) 

b. OPRRA147ACNA#, "operator fails to respond to low level in Tank 14.7" - no ARP 
exists (there may be operator aids on panel boards for when pump prime is lost on 14.7) 
(p=l.O now, would go to p=O.001) (in 9.3E & 17,7E trees) 

c. OPRRA904ACNA#, "Operator fails to respond to low level alarm in Tank 904", 
SOP 211-F-1221, Steps 5.5.1 & 5.6.1 NOTES are mispositioned and contain typos for 
setpoint information (p=l.O until fixed, then pd.01) 

d. OPRQ73--ACLA#, "Operator fails to settle tank contents prior to transferring out", 
SOP 221-F-40790, implies agitator "OFF". Need to add step to "ENSURE agitator is off". 

e. OPRTK147ACNA#, "Operator fills tank 14.7 (level procedurally controlled) There 
are numerous procedues that addresses the chronic (or hown accidental diversion) loss 
of solvent, daily solvent inventory control, and compensating for low solvent inventories. 
But these do not address the control of an acute, gross solvent loss. Perhaps an Abnormal 
Operating Procedure (AOP) is needed to handle this scenario. (p=l.O now, then pd.005 
with AOP) 

f. O P R G & & L A # ,  "Operator fails to settle tank contents prior to transferring out" (to 
8.7) No pr&&iire cmently exists (p1.0 now, to pd.005 when procedure added). (7.6E 

?t,%;:? Batch tree&-+.;., " 2. . 

g. OPRGS175ACNA#, "Procedural violation results in sample not being taken", no 
procedure exists for this infrequent route from sump handling (might be similar to 
procedure SOP 221-F-40780) (p=l.O now, to ~ 4 . 0 0 5  when procedure added).(7.6E) 

h. OPRG175VDEHA#, "Operator fails to correct excessive TBP sent to 8.7", Rerun 
operator does not have procedure for decanting from 17.5 to 8.7; @=LO now, to p=0.005 
when procedure added).(7.6E) 
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i. OPRG175TACLA#, "Operator transfers too much TBP to 8.7", procedure not written; 
special procedure should direct Rerun operator to look for the "sharp break" in spg. 

j. OPRG-9.7CVNA#, "Operator fails to visually check sample for solvent", event type 
code changed to -vM- because it's a visual inspection task that is NOT procedure-driven. 
p d . 5  now, could be changed to p a . 0 1  if proceduralized, used every time and sample 
aisle operators expectations-trained on looking for TBP in sample. 

k. OPR8.7AGACNA#, 'Qperator fails to agitate tank 8.7 prior to sampling" SOP 221-F- 
40825 does not state to have/ or turn the agitator ON prior to sampling. (p=1.0 now, 
p=0.005 then) (in 7.6E) (treated as "new" sensitivity event in 8.5E tree) 

1. OPRTKIBDENA#, "Operator fails to diagnose cause of change in spg, level 
interface"; was not able to verify if a procedure existed that gave guidance on the 
diagnostic criteria for the Solvent Recovery operator for Tank 12.8. (p=1.0 until 
"proven" then pa.01) 

m. OPRGS137ACNA#, "Procedural violation results in no sample being taken for 13.7, 
although procedures exist for sampling 13.7, they do not cover this scenario for 7.6E tree. 

(5) Logic changes - A change in the logic (or clarification) is suggested for the following 
operator action. OPRLV906ACNA#, "Operator fills tank 906 (level procedurally 
controlled)". The action implies inventory control at regular intervals and 
communication of inventory amounts among the F Canyon and Outside Facilities 
operators. A fist response to this event may be that the 2nd Pu Cycle operator shuts 
down his cycle. The Low Activity Waste operator might shut down the evaporator. The 
Solvent Recovery operator may perform troubleshooting if solvent recovery cycle is 
involved at that time. Consider adding the following events (or some combination), as 
appropriate: - 2nd Pu operator fails to shutdown cycle (CS? or AC?) 
- LAW operator fails to shutdown evaporator (CS? or AC?) 
- SR operator fails to diagnose loss of solvent inventory (DE?) 

.-. i 

mrnen 

1. In ge&t&bxes are strongly influenced by the contributions of operator, E&I 
technician, hckhboratory error. Administrative controls, both those currently in place 
and ones pn$&ised, are needed to properly credit these human actions. In instances where 
the facility commits to providing the new administrative controls (e.g., alarm response 
procedures, decanting SOPS, etc.), then full credit should be assigned, as noted in the 
''HEP" column of Attachments 1 through 4. Additionally, if no commitment is 
forthcoming, then no credit @=LO) should be assigned for that particular operator action. 

2. Overall, modeling of operator error was fairly accurate. The majority of proposed 
changes are to operator error events that reflected a lack of knowledge of the procedural/ 
administrative controls in place for the facility. The fault tree analysts should acquire the 
procedural documentation earlier in the development phase. (The changes became 
evident with a review of the procedure index for F Canyon and the procedures). Most of 
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these were changes from the "administrative controls" (AC) type code to the "compelling 
signal" (CS) type code, or the reverse. Several changes reflected changes to and from the 
"diagnosis error" (DE). 

3. It is suggested that the fault tree analysts document their selection rationale (and the 
underlying task analysis) for operator errors earlier in the tree development cycle. 
Because the error sensitivity and assumptions rely on this task analysis documentation, it 
is counterproductive to wait until the review phase to construct it. 

EPD-SIM-940098 

4. Calibrations involving "evaporator temperature sensor" (e.g., OPRGCETEMCNA# in 
the 8.5E tree) for Molytek equipment may be better modeled as a programming error 
("incorrect reading or recording of data", -IR-, ~ 4 . 0 1 ) .  Our technical (STE) contact says 
that Molytek is an uncalibratable PI. 

5. The following two gates (page 29) of the Batch Evaporator tree, do not contain 
descriptions of the branch: GE-12.8-XFER-G and GE-12.8-xFER1-G 

The followi n y are prese nted to c larifv s w s t e d  c h a n m  

6.- Sample aisle operator has high expectancy for "no TBP present" condition, and would 
not be looking for the presence of TBP/solvent in the sample. This would increase the 
probability of his failing to detect it, therefor the higher failure value should be used. 

7. Shift Technical Engineer (STE) does not expect TBP to be present in the continuous 
evaporator. (First the operator would have to clue-in the STE to the low density 
readings.) When there is a low spg (density) reading, the STE would first expect and 
investigate instrument malfunction (increasing the amount of time until the TBP is 
diagnoseddetected). (e.g., OPRCESPGDEHA#, p 3 . 1  in the 8.5E tree) 

8. Alarms exist for low levels on Tanks 14.7,906, and 904. The "administrative control 
failure'' events (OPRRA147ACNA#, OPRA904ACNA3 and OPRA906ACNA#) should be 
changed to "failure to respond to a compelling signal" (-CSN-). (The failure probability 
increases from pd.005 to ~4.01). 

Procedu ral Recommendab 'onS 

1. Although not affecting the "taking of spg readings" (e.g., OPRCESPGACNA#), the 
SOP 221-E@825, Att 7.1 Data Sheet should have the m;nirnum limits value for "sp gr" 
in the tabI&$tZ~#lO)%nd for 8.5 True Level (Item #9) 

2. SOP 211-Fz1221 "Operation of Segregated Solvent Systems Round Sheets o", has 
incorrectly positioned and misleading NOTES for Alarm Setpoints of Low and Low-Low 
. The NOTE for Tanks 904 and 906 Low-level alarms should be moved from above the 
"Low Low-Level " alarm substep (5.6.1) to above the "Low-level" substep (5.5.1). The 
NOTE for "Low Low-level" alarm is currently missing the needed descriptor "Low" (Le., 
only has one TOW"). It should be moved up to just above substep 5.6.1. (Also, in 
Appendix 7.9, change "Level 96" to read "Level 96''). 

>-IC- 
,A** - 
<&n- z? & 

3. Alarm Response Procedure, SOP 221-F-AFW-WX-10-1 (Rev. 0) "OSR 7.6E HI POT 
TEMP" has incorrect documents listed in the "References" section of the ARP. Both 
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references hwrrectly refer to the 8.5E Continuous Evaporator, instead of the batch 
evaporator. Additionally, the second reference refers to the starting up, when the 
Corrective Actions 3.3 directs a "shutdown". This type of error may not be limited to this 
one ARP and should be verified for similar ARPs. 

mendahom 

1. The PRoVOX low D/P alarm for PI-8259 (17.7E , point #24) erroneously displays the 
word "HIGH" in red on the "17.7 Evaporator" display to indicate an alarmed LOW 
condition.. This alarm is used in the "CONT177.CAF" tree operator event 
"OPRRBLOCCSNA#, Operator fails to respond to 17.7E temp., level, or dp alarms (close 
block valve)". Until the required (PRoVOX) alarm setpoints and descriptions are 
verified validated for the 17.7 Evaporator (and other vessels where the PRoVOX may be 
relied on instead of panel information), no credit @=LO) should be given for these 
operator alarm response events. 

2. Alarm Response Procedures (ARPs) do not exist currently for a l l  OSR-related 
annunciator/alarms in the Canyon Control Room. Specifically, an ARP is not in the Control 
Room ARl? manual for Panel WV-1A alarm "OSR 14.8 Cooling WaterHIGH Temp". 

I 
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Dependence Between Operator Events by Trees 

BATCH (7.6E) tree 

The primary operations duties in the BATCH tree are performed by the LAW operator 
and the Solvent Recovery operator. On occasion, these two duties may be performed by 
a single operator. All events below 

OPR event coudings Level p=? Ooerator 
OPRTK128DENA#, OPRG138-ACNA#, 
OPR12.8-ACHA# &OPRG 137TACHA# HD 0.5 Solvent Rec. 
(may transfer too much to 13.8 & on to 13.7 - inattention) 

OPR12.8-ACHA# and OPRTK128DENA# HD 0.5 Solvent Rec. 
(may transfer too much b/c inattentive & misses diagnosis too) 

OPRS12.8ACLA# and OPRG138-ACHA# CD 1.0 Solvent Rec. 
(not settle fmt tank, may increase prob. of not settle second) 

CONTAQ3X.CAF (8.33) tree 

The primary operations duties in the 8.5E tree are performed by the LAW operator and 
the 2nd Pu cycle operator. Because of the attention demands on the 2nd Pu cycle 
operator when the cycle is up and running, the two positions are not usually shared by a 
single operator. 

OPR event coud ina  Level D=? Operator 

ORGl1.7CSLA# & OPRLV906ACNA# MD 0.15 2nd Pu 

OPR8.7AGACNA# & OPRPUMPAVRNA# HD 0.5 LAW 

OPRG8.7-ACNA# & OPRPUMPAVRNA# HD 0.5 LAW 

OPR175AGACNA# & OPRPUMPAVRNA# MD 0.15 HAW(Rerun)/LAW 
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ATTACHMENT 5, (Cont.) 

Dependence Between Operator Events by Trees 

CONT9.3.CAF tree 

The primary operations duties in the 9.3E tree@) are performed by the HAW and Solvent 
Recovery operators. Additional human error events involve lab technicians, sample aisle, 
and Outside Facilities operators. 

OPRTK147ACNA# & OPRQESPGACNA# 
(HAW expects SR to do inventory control correctly) 

OPRTK147ACNA# & OPRQESPGIRNA# 
(HAW expects no excess solvent, so overshoots "break") 

OPRTK904ACNA# & OPRQESPGACNA# 

OPRQ8.3-IRNA# & OPRQBLOCCSNA# 
(if incorrectly rea& spg, won't expect alarms) 

OPRQLOSEILNA# & OPRQOPCOACNA# 

OPRTK904ACNA# & OPRQESPGIRNA# 
(HAW expects no excess solvent, so overshoots "break") 

revel D =? ODerator 
HD 0.5 HAWISR 

HD 0.5 s m w  

MD 0.15 OFMAW 

HD 0.5 HAW 

MD 0.15 SR/Lab 

HD 0.5 OF/HAW 

CONT17.7.CAF tree 

The primary operations duties in the 17.7E tree are performed by the 2nd U Cycle and 
Solvent Recovery(SR) operators. An additional human error event involves the Shift 
Technical Engineer (STE). 

OPR event coup IingS Level D=? _ODerator 

OPRRESPGDENA# & OPRTK147ACNA# HD 0.5 S W S R  

OPRTK147ACNA# & OPRRESPGACNA# HD 0.5 SW2nd U 
(2nd U operator expects SR to control inventory correctly) 

OPRTK147ACNA# & OPRRESPGIRNA# HD 0.5 SW2nd U 
(HAW expects no excess solvent, so overshoots "break") 

OPRCLN--ACNA# & OPRBLOCCSNA# MD 0.15 2nd U 
(thinks 18.5 is clean & doesn't expect TBP & 

OPRTK147ACNA# & OPRRA147ACNA# MD 0.15 SR 

investigates instrumentation failure) 
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