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system {flow rate meters and logic system) must ensure instruments 
fail safely to assure shutdown of the blower. 

• A minimum of two GAC canisters in place (two in series) to adsorb 
any CC1 4 if breakthrough of the first GAC canister occurs. 

The following are the mitigating requirements based upon administrative 
controls: 

• The sampling frequency ·(by operations personnel) at the 216-Z- lA 
and Z-18 well fields will be required once a day during the day 
shift to assure concentrations of CCli at the point of discharge 
do not exceed 25 p/m.,. The sampling trequency is based upon a 
maximum concentration of 2,500 p/m CC1 4 The sampling frequencies 
at the Z-9 well field will be required based on measured 
concentrations at the CT-1 sample port. The assumed maximum flow 
rate in the analysis is 480 cfm. The maximum time required for 
breakthrough of CC1 4 through the GAC is also considered in the 
analysis. There shall be a minimum of three GAC canisters in 
place {in the production units) at all times when operating in 
manual mode. 

• Verification of the hose configuration for the GACs and p1p1ng is 
required by the responsible operating organization before startup. 

• Monitoring of flow rate meters will be required by operations 
personnel as prescribed in the work procedures if interlocks are 
not operable to detect a flow rate variance of greater than 10% 
(exceeding 10% variance for more than one minute will require 
shutdown of the VES). If flow rate meters and interlocks are not 
operable, constant monitoring {with instruments for detection of 
CC1 4 vapors) is required around the portion of the VES under 
pos1tive air pressure. Detection of CC1 4 vapors that achieve 
~ 2 p/m will require shutdown of the VES. 

• 

• 

Constant monitoring {with instruments for detection of CCl 
vapors) is required around the portion of the characterization 
unit under positive air pressure during operation. Detection of 
CC1 4 vapors that achieve~ 2 p/m will require shutdown of the VES. 

Personnel training shall be verified for personnel responsible for 
operating, sampling~ and shutting down the VES before initial 
startup. 

Two OSLs and sixteen prudent actions are provided in Section 4.0 . 

The following recommended prudent actions are provided to minimize the 
probability of occurrence or the consequences of a release of CCli to the 
receptor groups of concern: the occupational workers, the uninvolved 
personnel, the public, and the environment . 

• Monitor ambient air and workers' breathing zone for detection of 
CC1 4 vapors in areas where workers will be required to perform 
their work activities. Concentrations detected that exceed the 
TWA limits should require personnel {l) to be removed from the 
work area; or {2) to wear the appropriate protective gear as 

3 
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required by the Job Safety Analysis (JSA) or Hazardous Work 
Operations Permit (HWOP) . 

• Although radioactive particulates are not expected to be removed 
during the remediation activities, in-line monitoring should be 
provided. In the event continuous air monitor (CAM) alarms 
indicate possible radioactive contamination, the process shall be 
shut down. Concurrence for restart will be required from the 
Health Physics supervisor . The characterization unit should be 
surveyed for any radioactive contamination before movement to 
another site . A record sampler should be used during operation of 
the characterization unit for confirmation of no airborne 
radioactivity. 

• Radon (222Rn) gas monitoring equipment should be used to indicate 
the total quantities of 222Rn and daughters adsorbed by the GACs 
during the VES operation. The quantities of 222Rn measured will 
determine if the GAC canisters can be released from radiological 
controls . The 222Rn gas concentrations of the stack effluent 
should be monitored . 

• A routine survey program should be implemented to monitor the GAC 
canisters for potential gamma exposures that may result from 222Rn 
buildup in the canisters. If exposure rate exceeds 2mR/h outside 
the canisters, the area should be posted in accordance with the 
requirements in WHC-CM-4-10, Radiation Protection Manual . 

• The sites identified for remediation or site characterization work 
should be cleared of vegetation and combustibles not necessary to 
the activity. 

• The electric generator should be located a minimum of 8 m (25 ft) 
from the propane storage tank as prescribed by fire codes . 

• Replacement of existing in-line heaters should be with heater 
units that have a maximum air stream temperature capacity that 
does not exceed 400° F (205° C). 

• Whenever saturated GAC canisters are removed from the process, 
covers will be placed over the inlet and outlet ports of the 
canister and verified to be secure . 

• The VES components required for providing confinement of CC1 4 
monitor ing should be identified as safety class 3 components in a 
safety equipment list. 

• The fire department shall be notified of the potential hazards 
involv i ng CC1 4 in a fire and production of phosgene . 

• Employees (drivers} responsible for handling the saturated 
canisters must have completed hazardous material training. 

• Maintain a 15 m (SO ft) exclusion zone around the VES operations 
to prevent inadvertent access by uninvolved individuals at the 
work site. 

4 
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• The site workers should not come into close proximity to the 
heaters during periods of operation. The maximum air stream 
temperatures of 400° F (205° C) is required to be maintained . The 
temperatures within 2.54 cm (1 in . ) of the heater cal rod may 
exceed the 400° F (205° C) resulting in some production of 
phosgene. The site workers should be made aware of potential 
hazards associated with the operation of the heaters during VES ·j 
operations . Heater will be ~hut down when the blower is not 
running or the individual hose line is not in use . 

• An emergency response kit should be available at the work site for 
containment of any spills. Notification to the hazardous material 
response team (dial 811) should be made in the event of a spill . 

• During the GMSS test no more than one drum containing up to a 
maximum of 115 L (30 gal) of liquid CC1 4 should be located at the 
work site. The loaded drum shall be removed from the work site 
before continuing the GMSS test. · 

• Emergency notification responsibilities and response actions 
should be addressed in the emergency plans for the work sites 
where CC1 4 remedial activities are planned and in the emergency 
plans for the adjacent affected facilities or activities . 

2.0 WORK DESCRIPTION 

2. 1 LOCATION AND DESCRIPTION OF DISPOSAL SITES 

This section provides descriptions of disposal sites that were the 
principle contributors of the inventory of contamination to the soil and 
groundwater {DOE-Rl 1991). Figures 1 and 2 provide a basic site orientation. 
Figure 3 provides the location of the three PFP waste discharge sites . 

I"') Past waste disposal practices included the discharge of actinide-bearing 
liquid waste, generated from plutonium purifying processes, directly to the 
ground via structures called cribs. The PFP disposed of liquid CC1 4-bearing 
organic solvents and associated high salt, acidic aqueous wastes pr1marily to 
three waste sites from 1955 to 1973 {when solvent discharge to soil was 
stopped): the 216-Z-9 Trench, the 216-Z-lA Tile Field, and the 216-Z-18 Crib . 

2.1.1 216-Z-9 Trench 

The 216-Z-9 Trench operated from 1955 to 1962 to receive all PFP 
Recuplex facility solvent and aqueous wastes discharged to the soil . The 
216-Z-9 Trench is an enclosed earthen trench, located about 215 m {705 ft) 
east of the PFP. The trench excavation base is 18 m {60 ft) by 9 m {30 ft) 
and 6 m {20 ft) deep. The surface is a 36 .5 m (120 ft) by 27 m (90 ft) by 
0. 23 m (0 . 75 ft) thick concrete trench cover at ground level. Six 7 m {23 ft) 
tall concrete columns support the cover. Waste was transferred by gravity 
through one of two 4-cm {1.5-in.) stainless steel pipes that entered the 
trench about 5 m {16 ft) above its bottom. 

5 
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Figure 1. Map of the Hanford Site . 
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Table 6. Assessment of Hazards and Controls~ (sheet 1 of 2) 

C ent Failure and Cons ences 

Failure of piping (hole in a flex hose), fittings, 
saturation of both the GAC canisters causing CCl4 to breakthrough, or failure of a control system 
could cause a continuous release resulting in 
consequences to the uninvolved individual. 
Concentrations of ccl4 at 100 m (330 ft) would be a 
maxinun of 17 p/m. 

33 

Niti ation Features 

Install a calibrated voe detector downstream of the 
final GAC canister for detection of ccl4 if the ves 
is operating in automated mode. The alarm set 
point of the detector shall be set for 
concentrations of 25 p/my of ccl4 and shall also be 
interlocked to shut down the blower if the 25 p/my 
concentrations are exceeded. 

A mininun of two GAC canisters shall be in place 
(two in series with the second canister having> 
adsorptive capacity than the first la'lit) to adsorb 
any tel4 ff breakthrough of the first GAC canister 
occurs when operating the VES in automated mode. 

A Sall1)ling frequency (for detection of 
concentrations of CCl4) is required once a day 
during the day shift at the 216·Z·1A and Z-18 well 
fields and at the frequencies determined for the 
Z-9 well field (based upon concentrations of tel4) 
with three GAC canisters in place when operating 
the VES in manual mode. 

Train personnel who operate the VES production or 
characterization unit to monitor and shut down the 
blower in the event the 25 p/my is exceeded. 

Calibrate flow rate meters, located upstream of the 
blower and downstream of the final GAC, to indicate 
a flow rate variance of not more than 10X above the 
cori>ined accuracy between the meters. Interlock 
flow rate meters to shut down the blower ff a 
greater than 10X variance above the cori>ined 
accuracy of the two .flow rate meters is detected . 
Reliability of system must ensure instrunents fail 
safely to assure shutdown of the blower. 

Monitoring of flow rate meters will be required by 
operations personnel as prescribed in the work 
procedures if interlocks are not operable to detect 
a flow rate variance of greater than 10X (exceeding 
10X variance for more than one minute will require 
shutdown of the VES). If flow rate meters and 
interlocks are not operable, constant monitoring 
(with instruments for detection of CCl4 vapors) is 
required around the portion of the VES under 
positive air pressure . Detection of tel4 vapors 
that achieve~ 2 p/m will require shutdown of the 
VES . 

- ___J 
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Table 6. Assessment of Hazards and Controls . (sheet 2 of 2) 

C nent Failures and Cons nces. 

Spill of carbon involving three GAC canisters (as a 
result of a rupture caused by dropping a canister) 
that results in consequences to the uninvolved 
individual. Maxinun concentrations of CCl4 at 
100 m (330 ft) would be 28 p/m. An emergency 
response kit should be available for containnent of 
a spill. Irrmediate notification to hazardous 
material response team using the 811 emergency 
notification system should be made in the event of 
a spill . 

In·line heaters that have a maxinun ai r stream 
teq>erature capacity of 275• F (135° C) at 50 acfm. 
The heaters will be used to remove moisture in the 
process flow stream. Hydrolysis of CCl4 can occur 
(resulting in the production of some phosgene gas) 
caused by heating the process flow stream to 
teq>eratures that exceed 400° F (205° C). 

A fuel fire that occurs in close proximity to the 
· saturated GAC canisters providing sufficient 

teq>eratures to cause regeneration of the carbon. 
The heat from the fuel fire would strip and release 
the toxic pollutants in the smoke plune within a 
30-minute period. 

Mit i ation Features 

An emergency response kit should be available for 
conta inment of a spill . lrrmediate notification to 
the hazardous material response team using the 811 
emergency notification system should be made in the 
event of a spill . 

Replacement of failed heater units should be with 
un i ts that do not exceed a maxinun air stream 
teq>erature capacity of 400° F (205° C) . 

Locate the fuel sources a min inun of 15 m (50 ft) 
away from the GAC canisters whether the canisters 
are in storage or are being used in the process . 
Locate the generator a minilTUII of 8 m (25 ft) away 
from the GAC canisters. Mainta in the fuel sources 
and generators at the specified distances to allow 
adequate clearance for flames that could result 
from a failure of the propane tank or fuel hose to 
the generator . This would provide a conservative 
dis~ance at whi~h flames could affect the Ccl4 
canisters . 

4.0 OPERATIONAL SAFETY LIMITS AND PRUDENT ACTIONS 

The analysis disclosed that the VES remediation operations would be 
classified as a low hazard operation. The safety functions that will be 
provided for the remediation activities of the CC1 4 VES process are identified 
in OSLs. The following are the OSLs for the 200 West Area CC1 4 ERA. 

4.1 OPERATIONAL SAFETY LIMITS 

OPERATIONAL SAFETY LIMIT 1 - FUEL SOURCES 

1. 1 TITLE : 

1.2 APPLICABILITY: 

1. 3 OBJECTIVE: 

Inventory Control of Fuel Sources 

This OSL applies to the location of the 3,785 L 
(1,000 gal) propane storage tank, fuel trucks that may 
be used for refueling the fuel tank, and the electric 
generator at the site. (This limit does not apply to 
the fork truck or similar equipment having small 
quantities of fuel). 

The objective of this OSL is to assure that a common 
mode fire affecting the propane tank, fuel truck, or 
generator would not provide sufficient temperatures 
that could affect the GAC canisters resulting in 

34 
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identified in Section 2.4.1.2.(c), "Noncompliance with 
the requirements." 

Failure to implement a surveillance requirement shall 
be documented as an off-normal occurrence. 

2.4 .2 MANUAL MODE OF OPERATION 

2. 4.2.1 Monitoring for Granular Activated Carbon Breakthrough 

a. Requirement: The required sampling frequencies for assuring the 
concentrations of CCl do not exceed 25 p/mv at the 

. point of discharge (siack sample port downstream of 
the final GAC canister) from the VES is as follows: 

The sampling frequency by operations personnel for the 
production units at the 216-Z-IA and Z-18 well fields 
will be required once a day during the day shift at 
the sample port between the primary and secondary GAC 
canister. The interval between samples shall not 
exceed 32 hours. 

The minimum sampling frequencies for the production 
units at the Z-9 well field required (at the stack 
sample port) are based on the concentrations of CC1 4 as measured at the CT-I sample port as identified . 
below . The sampling frequency at the CT- I sample port 
is required once every 1.5 hours (for at least the 
first six hours) until the concentrations of CC1 4 from 
each Z-9 well has been established. 

Concentrations of 
carbon tetrachloride at 
CT- Isam le art /m) 

S 25,000 
S 20,000 
S 15,000 
S 10,000 
< 5,000 

Sample frequencies at 
stack sample port 
hours) 

1.5 
2.0 
2.5 
4.0 
8.0 

The responsible operating organization shall provide a 
second individual to verify (at the work site) the 
samples are taken at the frequency required. 

There shall be three 2,000 lb GAC canisters in place 
(production units) at all times during operations with 
the secondary GAC canister having greater adsorptive 
capacity than the primary unit, and the tertiary unit 
having full adsorptive capacity whenever installed in 
the system. 
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Personnel who operate the YES production and 
characterization units shall be trained to monitor, 
sample and shut down the blower in the event the 
concentrations of CC1 4 detected at the stack sample 
port exceed 25 p/1ny. 

Verification of the hose installation to the GACs and 
piping on the 1500 cfm unit is required by the 
responsible operating organization before any startup 
and following GAC changeout . 

b. Surveil l ance : The sampling data shall be reviewed weekly to verify 
sampling frequency requirements are complied with and 
verifi~ation of sampling is conducted . Results of the 
weekly surveillance shall be documented in the field 
log . 

c. Recovery : 

The responsible operating organization shall verify 
the system configuration [three 2,000 lb GAC canisters 
in place (production units) with the secondary unit 
having greater adsorptive capacity than the primary 
unit, and the tertiary unit having full adsorptive 
capacity when installed in the system] before startup 
of the YES . 

Personnel training shall be verified for those 
individuals responsible for operating, sampling, and 
shutting down the YES production and characterization 
units before initial startup . 

Verification of the hose installation to the GACs and 
piping on the 1500 cfm unit is required before any 
startup and following GAC changeout. 

Noncompliance with the requirements 

Once a determination is made that the operating 
organization is not in compliance with the 
requirements of this CSL, operations shall immediately 
cease. The approval of Health and Safety Assurance 
will be required for restart of the operation in 
manual mode . 

Failure to conduct sampling operations at the 
frequency identified and verification of sampling will 
necessitate immediate shutdown of the YES. 

Failure to have three 2,000 lb GAC canisters in place 
(production units) with the secondary unit having 
greater adsorptive capacity than the primary unit, and 
the tertiary unit having full adsorptive capacity when 
installed in the system will necessitate immediate 
shutdown of the YES. Restart will not be allowed 
until three canisters are verified to be in place. 
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Failure to operate the VES production and 
characterization units with trained personnel shall 
require shutdown of sampling operations until trained 
personnel are provided . 

Failure to verify the configuration of the hoses for 
the GACs and piping system will require verification 
that the configuration is correct prior to restart of 
operations . 

The OSL violation shall be documented as an unusual 
occurrence report. 

Noncompliance with the surveillance 

The surveillance shall be performed irrmediately . 

If the surveillance determines noncompliance with the 
requirement, then initiate recovery actions as 
identified in Section 2.4.2.1.(c) , "Noncompliance 
with the requirements." 

Failure to implement a surveillance requirement shall 
be documented as an off-normal occurrence . 

2.4.2. 2 Mon i toring for Ambient Air leakage :of System Under Positive Air 
Pressure 

a. Requirements : Monitoring of flow rate meters will be required by 
operations personnel as prescribed in the work 
procedures if interlocks are not operable to detect a 
flow rate variance of greater than 10% (exceeding 10% 
variance for more than one minute will require 
shutdown of the VES). If flow rate meters and 
interlocks are not operable, constant monitoring (wi th 
instruments for detect i on of CC1 4 vapors) is required 
around the portion of the VES under positive air 
pressure. Detection of CC1 4 vapors that achieve 
~ 2 p/m will require shutdown of the VES . 

Personnel who operate the VES production and 
characterization unit shall be trained to monitor, 
sample, and shut down the blower in the event that 
CC1 4 vapors are detected around the portion of the VES 
under pos i tive air pressure that achieve~ 2 p/m . 

b. Surveillance : The data, documenting any flow variances, shall be 
reviewed weekly to verify compl iance with these 
requirements. Results of the weekly surveillance 
shall be documented in the field log . 

Personnel training shall be verified for those 
individuals responsible for operating , sampling, and 
shutting down the VES production and characterizat ion 
units before initial startup . 
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Noncompliance with the requirements 

Once a determination is made that the operating 
organization is not in compliance with the 
requirements of this OSL, operations shall immediately 
cease. The approval of Health and Safety Assurance 
will be required for restart of the operation. 

Failure of operations personnel to monitor the readout 
for detecting variances in the flow rate meters (if 
interlocks are not functioning) or not monitoring the 
port i on of the VES under positive air pressure (if 
flow rate meters and interlocks are not operable) for 
detection of CC1 4 vapors that achieve~ 2 p/m will 
require shutdown of the VES . 

Failure to operate the VES production and 
characterization units with trained personnel shall 
require shutdown of sampling operations until trained 
personnel are provided. 

The OSL violation shall be documented as an unusual 
occurrence report . 

Noncompliance with the surveillance 

The surveillance shall be performed immediately. 

If the surveillance determines noncompliance with the 
requirement, then initiate recovery actions as 
identified in Section 2.4.2.2.(c), "Noncompliance with 
the requirements." 

Failure to implement a surveillance requirement shall 
be documented as an off-normal occurrence . 

An auditable log shall be maintained at the site 
documenting the results of the surveillances . This 
log shall be reviewed weekly by the operating 
organization . 

Sampling intervals and the number of GAC canisters 
required for manual mode operation are based on the 
time periods to achieve breakthrough of the primary, 
secondary, and tertiary GAC canisters, and a maximum 
system flow rate capacity of 480 cfm. 

A maximum concentration of 2,500 p/m CC1 4 is assumed 
in the calculations for the 216-Z-IA and Z-18 well 
fields. Therefore, a minimum sampling frequency of 
once a day during the day shift is required (samples 
required a minimum of every 32 hours) . A total of 
34.4 hours adsorptive capacity is available for 
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removal of CC1 4 before breakthrough at the tertiary 
GAC canister could occur {Attachment I). 

The sampling frequencies for the production units at 
the Z-9 well fields are based on a maximum 
concentration of 25,000 p/m. Other sampling 
frequencies have been calculated based on lower 
concentrations . Reduced sampling frequencies are 
allowed after verification of the CCl~ concentrations 
{at the CT-1 sample port) from the wells in the Z-9 
well fields. The sampling frequencies are 
conservative (i .e., a minimum sampling frequency 
requ i red every 1. 5 hours for 25 ,000 p/m 
concentrations. A total of 3.3 hours adsorptive 
capacity are available for removal of CC1 4 before 
breakthrough at the tertiary GAC canister could 
occur) . 

Limiting the concentrations of CC1 4 to below the OSHA 
8-hour TWA limit to the nearest un1nvolved worker 
assures exposures to occupational carcinogens are 
maintained at levels that will reduce or eliminate 
adverse health effects to personnel . 

Function 1 - Minimize occupational workers ' exposures of VOCs to as l ow as 
reasonably achievable . 

Prudent Action 1 - Monitor ambient air and workers' breathing zone for CC1 4 
vapors in areas where workers will be required to perform their work 
activities. Concentrations detected that exceed the TWA limits should require 
personnel (1) to be removed from the work area; or (2) to wear the appropriate 
protective gear as required by the JSA or HWOP . 

Function 2 - Monitor VES for potential radionuclide particulate contamination . 

Prudent Action 2 - Monitor for radioactive contamination even though 
radioactive particulates are not expected to be removed during remediation 
activities. In the event CAM alarms indicate possible radioactive 
contamination, shut down the process. Concurrence for restart will be 
required from the Health Physics supervisor. The characterization unit should 
be surveyed for any radioactive contamination before movement to another site. 
A record sampler should be used during operation of the characterization unit 
for confirmation of no airborne radioactivity. 

Function 3 - Monitor fo r 222Rn. 

Prudent Action 3 - Use 222Rn monitoring equipment to ind icate the total 
quant it i.es of 222Rn and daughter~ adsorbed by the GACs during the VES 
operation. The quantities of 22 Rn measured will determine if the GAC 
canisters can be released from radiological controls . The 222Rn 
concentrations of the stack effluent should be monitored . 

Function 4 - Survey program. 
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Prudent Action 4 - Implement a routine survey program to monitor the GAC 
canisters for potential ganvna exposures that may result from 222Rn buildup in 
the canisters . If the exposure rate exceeds 2mR/h on contact with the outside 
of the canisters, the area will be posted per the requirements identified in 
WHC-CM- 4-10 . 

Function 5 - Assure remediation and characterization sites are free of 
vegetation and combustibles. 

Prudent Action 5 - Clear the sites identified for remediation or site 
characterization of vegetation and combustibles not necessary to the project. 

Function 6 - location of generator . 

Prudent Action 6 - locate the electric generator a minimum of 8 m (25 ft) from 
the propane storage tank as prescribed by the fire code . 

Function 7 - Control the size (temperature capacity) of the in-line heaters 
used in the VES des ign. 

Prudent Action 7 - Replace failed in- line heaters with heater units that have 
a maximum air stream temperature capacity that does not exceed 400° F 
(205° C) . 

Function 8 - Capping of the canister ports . 

Prudent Action 8 - Whenever saturated GAC canisters are removed from the 
process, place covers over the inlet and outlet ports of the canister and 
verify to be secure . 

Function 9 - Establish safety equipment list. 

Prudent Action 9 - Identify the components of the VES required for providing 
confinement of CC1 4 and monitoring as safety class 3 components in a safety 
equipment list. 

0°' Function 10 - Appr.i se fire department of hazards. 

Prudent Action 10 - Notify the fire department of the potential hazards 
involving CC1 4 in a fire and production of phosgene . 

Function 11 - Training. 

Prudent Action 11 - The employees (drivers) responsible for handling the 
saturated GAC canisters must have completed hazardous material training . 

Function 12 - Exclusion zone. 

Prudent Action 12 - Maintain a 15 m (50 ft) exclusion zone around the VES 
operations to prevent inadvertent access by uninvolved individuals to the 
work site. 

Function 13 - Personnel exposure to heaters during operations. 
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Prudent Action 13 - The site workers should not come into close proximity to 
the heaters during periods of operation. The maximum air stream temperatures 
of 400° F {205° C) is required to be maintained. The temperatures within 
2.54 cm (1 in.) of the heater cal rod may exceed the 400° F (205° C) resulting 
in some production of phosgene. The site workers should be made aware of 
potential hazards associated with the operation of the heaters during VES 
operations. Heater will be shut down when the blower is not running or the 
individual hose line is not in use. 

Function 14 - Minimize consequences of spilled carbon with CC1 4 • 

Prudent Action 14 - Have an emergency response kit available on site for 
containment of spills. If a spill occurs, notify 811 requesting response by 
hazardous material response team. 

Function 15 - Inventory control of liquid CC1 4 at the GMSS test site. 

Prudent Action 15 - During the GMSS test no more than one drum containing up 
to a maximum of 115 L (30 g) of liquid CCl should be located at the work 
site. Remove loaded drum from the work sile before continuing GMSS test . 
Function 16 - Notification and emergency response actions. 

Prudent Action 16 - Address the emergency notification responsibilities and 
response actions in the emergency plan for the CC1 4 work site and in the 
emergency plans for the adjacent affected facilities. 
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Iv)\ Westlnif,ouse 
\!::::) Hanford Company 

Internal 
Memo 

From: Safety Hazards Analysis MJ\M-29250- 91 - 003 Phone: 6-8009 Nl -37 
Date: December 13 . 1991 
Subject: CONSEQUENCE ANALYSES FOR CJ\RRON TET J\CC IOENT SC ENARIOS 

To: R. R. Lehrsch~ll 

cc: N. R. Kerr 
E. E. Leitz 
L. 0 . Muhlestein 
MJ\M File/LB . 

81-35 

81-35 
Nl-37 
~H-28 w/o 

-Attached is my report on the consequence anillyses for carbon tetrrlchloride (CCld that you requested . ThreP. genertll sc:enilrios are addres serl in terms of their potential consequences to the onsite individual , the offsite ind ividual, and the neare~t public access. 

The three scenarios included in this report are : 1) Exces si ve Re t rieval , 2) GAC spil l, and 3) Phosgene Production. The estimated potent ial concentrations are summarized in the table helow for each of the scenarios . 

Downwind Concentrations 

Scenario On s ite Nearest Public Offs i te 
( 100 m) Access ( 12 . 5 km) 

(4 .5 km) 

1 1. 7E 1-1 ---:::;- 7.0E- 2 < S. OE- 2 
' < S. OE- 2 2 1. IE~l ' 4. SE- 2 

3 6.BE-3 2.SE-5 l .3E-5 

The computer models used for the· ilnalyses were WHAZJ\N (Technica. 1988) and ARCHIE (FEMA, 1988) . WHJ\ZJ\N was used to estimate the source term for evaporation, while J\RCHIE was used to modP.1 the plume dispersion for some scenarios . 

M.A . Medsker 
Engineer 

s iw 
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G- 1 



I 
\ 

I 
I 

WHC-S0-EN-SA0-004, Rev. 1-A 

CARBON TETRACHLORIDE SCENARIOS 

ASSUMPTIONS COMMON TO All SCENARIOS: . . 
• The GAC system under consideration consists of 6 GAC adsorption units; 3 parallel lines of two GAC units in series . 
• Each GAC unit contains 2000 lbs of activated carbon and can adsorb 1200 lbs of CC1 4 (saturation at approximately 77 F and 1 atmosphere) . 

• 

• 

• 

During normal operations, the process air flow stream of 1500 cfm will be split equally along each of the three parallel legs of the GAC system, thus each leg sees 500 cfm. 
The temperature and pressure, unless otherwise specified, are 77 F and 1 atmosphere respectively . 
All scenarios analyzed l~st longer than 20 minutes so that credit may be taken for plume meander. Plume meander, for a wind speed of 1 m/s and stability class F, reduces the estimated concentrations · by a factor of 4.0 at 100 meters, 2.0 at 4. 5 kilometers, and 1.2 at 12 . 5 kilometers (USNRC, 1982) . 

SCENARIO 1~ Excessive Retrieval (and Venting) 
Scenario 1 illustrates the consequences associated with the recovery and release to the environment of eel, during operations with the GAC units. This scenario could encompass any event which results in a continual release of the eel, as it is recovered (a control system failure, component failure, etc . ) . The following assumptions were made: 
• All eel~ re~overed during the period of the scenario is vented to the envirOflrient. 

• The GAe system maintains a total recovery air flow. of 1500 cfm that is merged from three wells operating at 500 cfm each (under tie assumption th~t 500 cfm ·is the maximum flow rate per well). 

• The three wells have the following respective flows and concentrations: 6000 ppm at 500 cfm; 1000 ppm at 500 cfm; and 1000 ppm at 500 cfm . These values are based on the assumption that 1000 ppm is an average concentration while 6000 ppm is a maximum concentration that could be recovered . 
• The inventory of eel~ in the GAe beds themselves does not contribute to the releas~ . 
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The results of the consequence analysis performed for scenario I are 
shown in table 1, below. 

SOURCE TERM 

The source term was developed from the assumptions stated above . 
Initially, the concentration was converted from a vol11me basis to a mass 
basis for e-ach stream by the eq11.:1tion 

MG/M3 • (PPMV) • (M)/(24.5) 

Where: - MG/M3 is the concentration in mg/m3 

- PPMV is the concentration in ppm by volume (6000 or 1000) 
- His the gram molecular weight of eel, (153.81) 
- 24 .5 is the molar volume in 1 iters of an ideal gas at 
approximately 77 F and I atmosphere 

Multiplying the concentration in mg/ml by the flow rate in ml/min 
_ yields the source term in mg/min. Thus, 

· Source Term• (PPM) * (M)/(24 . S) • (FLOW) 

Where : - FLOW is the volumetric flowrate in m3/min (500 cfm yields 14 
m3/min) 

Stream One (6000 ppm} 

Source Term• (6000 ppm)• (153.81)/(24 . 5) * (14) 
Source Term• 5.3E+5 mg/min• 1.2 lb/min 

Stream Two (1000 ppm) 

Source Term• (1000 ppm)* (153 .81)/(24 . S) * (14} 
Source Term• 8.8E+4 mg/min• 0.19 lb/min 

Stream Three (1000 ppm} 

Source Term• (1000 ppm)* (153 .81)/(24.S} * (14) 
Source Term• 8.8E+4 mg/min• 0.19 lb/min 

Total Source Term• 1. 2 lb/min+ 0.19 lb/min+ 0. 19 lb/min 
Total Source Term• 1. 6 lb/min (0.012 kg/s) 

This source term was input into the /\RCHTE computer code (FEM/\ , 
1988) to estimate downwind airborne concentrations . These concentrat i ons 
are given in table 1 for the onsite individual at 100 m, the nearest 
public access at 4.5 km, and the off~ite individual at 12 . 5 km . The 
assumptions used in the consequence ~stimates incl~de 95% meteorology (a 
wind speed of 1 m/s and Pasq11ill st.ability class F) and a ground level 
release. 
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TABLE 1: ESTIMATED CONSEOUENCES OF SCENARIO 1 

RECEPTOR LOCATION CONSEQUENCES, ppm· 

Onsite. 100 m 1.7E+l 
Nearest Public Access, 4.5 km 7.0E-2 
Offsite, 12 .5 km < 5.0E-2 ·-

,..-· 

0 

---< 
' 
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SCENARIO 2: GAC Spill 

Scenario 2 illustrates the consequences associated with the possible 
spill of carbon from two GAe units . Since this scenario requires that the 
GAC units be ruptured, the recovery of eel, must stop due to disrupted air 
flow . The follow ing assumptions were made for this scenario : 

• 

• 

• 

• 

Two fully saturated GAC units .:1re ruptured and expose all of 
their contents to the environment . 

The retentivity of CC1 4 on granul.:1r activated carbon is 45% by 
weight (Cheremisinoff, 1978, pg 383). 

The volume of 2000 lhf of activated carbon is 65 ft 3 b.:1sed on 
a density of 31 lb/ft (eheremisinoff, 1978, pg. 380) 

Since the process of de~orption is similar to the process of 
vaporization, the eel, at risk (55 wtr.) is modeled as a liquid 
pool. The b11nd are;i of the pool is equal ·to the surface area 
of the ground covered by the carbon spill . 

• 1he activated carbon does not imped~ the vaporizat ion of eel , 
in the "pool" . Note that this assumption is very con servat ive 
and i s used to estimate a release rate which is bound ing . If 
the consequences shown in this scenar io impact the operations 
of the GJ\C units, a further analysis could be performed to 
include a more reasonable release rate . 

• The acc ident does not involvP. a heat source for the 
regeneration of the GAC units nor the formation of phosgene 
gas • 

. The results of the consequP.nce ,1na lys is performed for scenario 2 are 
shown in t_a~ 2, below. 

< .'-. 

' SOURCE TERM \ 

Tie source term for scenario 2 was developed by estimating t he bund 
area associated with each GAC unit and calculating the vaporization rate 
of the inventory at risk in th.:1t area. The tota.1 inventory at risk is 
estimated as two times the inventory at risk for a si ngle GAC un it. The 
total bund area associatey with two GAe units was based on the surface 
area covered by the 65 ft of spilled carbon (assuming the spill was 
hemispherical) . 

Where: 

Total inventory at r isk• (2)(55%)(1200) • 660 l bs• 600 kg 

Total bund area• (2)(pi)(r) 2 

-pi-3.14 
- r • radius of the carbon hem is phere 
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r can be estimated from the volume of carbon in a unit by 
r • [(l.5)(V)/(pi)J 0

•
33 

Where : - V • volume of carbon in a GAC unit (65 ft 3
) 

r • [(l.5)(65)/(3 . 14)] 0
•
33 

• 3. 1 ft 

Total bund area• (2)(3 . 14)(3 . 1) 2 • · GO ft 2 
• 5.6 m2

· 

Based on the assumptions made, inventory at risk, and bund area, WHAZAN (Technica, 1988} calcuhted a v;1porization rate for CCl, of 6. 7E-3 kg/s. 

The source term for scenario 2 was input into the ARCHIE comptiter code (FEMA, 1988) to facilitate the estimation of downwind airborne concentrations. These concentrations are given in table 2 (including plume meander) for the onsite individual at 100 m, the nearest public access at 4.5 km, and the offsite individual at 12 .S km. Since the model does not calculate concentrations below 0.05 ppm, any results less thah this are shown as < 0.05 ppm . The assumptions used in the consequence __ estimates include 95% meteorology (a wind speed of 1 m/s and Pasquill stability class f} and a ground level release. 

-- <­
·...___ 

' \ 

TABLE 2: ESTIMATED CONSEQUENCES OF SCENARIO 2 

RECEPTOR LOCATION CONSEQUENCES, ppm 

. · On s i t e , 10 0 m l.IE+l 
Nearest Public Access, 4. 5 km 4. SE-2 
Offsite, 12 .5 km < 5.0E-2 
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SCENARIO 3: Phosgene Production In Process Flow Stream 

Scenario 3 illustrates the worst-case production of phosgene gas in 
the process flow stream of the GAC system. This analysis shows that even 
if extremely high temperatures are assumed the consequences of phosgene 
production from eel, as it is retrieved are negligible. The following 
assumptions were used in this scenario. 

• 

• 

• 

• 

The conversion rate of CCll to phosgene is one which assumes 
temperatures of 1100-1400 F. This conversion rate of 2.7E-4 
lbs phosgene produced pP.r lb CC1 4 exposed to the stated 
temperatures. is derived from experimental data (Yant, et al , 
1936). 

The GAC units are not involved in the scenario based on two 
related assumptions: 1. the energy from upstream heating units 
is insufficient to heat the units to a temperature necessary 
for phosgene production; ·2. no fuel source outside the GAC 
system contributes to heating the GAC units . 

The phosgene producerl is vented to the environment without 
being adsorbed in the GAC unit. 

The phosgene prorfuced rlo~s not react or undergo hydrolysis as 
the temperature decreases . 

The results of the consequence an;1lys is performed for scenario 3 are 
shown in table 3, below. 

SOURCE TERM 

The source term for scenario 3 was developed from the maximum flow 
of CC1 4 previously identified in scenario 1 (1.6 lb/min) . The phosgene 
source term was calculated by ··-< 

·, 
Source Term• (1.6 lbCC1 4/min} • (2.7E-4 lbCOC1 2/lb~C1 4 ) 
Source Term • 4.3E-4 lb/min • 3.3 mg/s of CO~l 2 · · 

/ 
Since the ARCHIE (FEMA, 1988) and WHAZAN {Technica, 1988) computer 

models do not allow source term inputs as small as 3.3 mg/s, a X/Q was 
calculated by hand for each downwind distance and applied to the source 
term (USNRC, 1988). The meteorological conditions assumed in this 
analysis were I m/s wind speed and P~squill stability class F. The X/Q ' s 
were calculated by the following equation (USNRC, 1982) . 

X/Q • [(U)(pi)(sigma y)(sigma z)]" 1 

Where: - U • wind speed in m/s at a height of ten meters (1 m/s) 
- pi• 3.14, dimensionless 
- sigma y • lateral plume spread in meters 
- sigma z • vertical plume spread in meters 

At 100 meters: sigma y • 4 m 
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sigma z • 2.5 m 

X/Q • [(l m/s)(3 . 14)°(4 m)(2 . 5 m)r 1 
• 3. 2E-2 s/m3 

Concentration at 100 m • (3.2E-2 s/m3)(3 .3 mg/s) • I . IE- I mg/m3 

At 4.5 km: 

• 2.7E-2 ppm -

sigma y • 150 m . 
sigma z • 34 m 

X/Q • [(1 m/s)(3.l4)(150 m)(34 m)] "1 
• 6.2E- 5 s/m3 

Concentration at 4.5 km• (6 . 2E-5 s/m1)(3.3 mg/s) • 2.0E-4 mg/m3 
. 

• 4. 9E :LJ..ID!! 
At 12 .5 km: sigma y • 330 m 

sigma z • 50 m 

X/Q • [(1 m/s)(J.14)(330 m)(50 m)]. 1 
• l . 9E-5 s/m3 

Concentration at 12.5 km• (l.9E-5 s/m3)(3.3 mg/s) • 6.JE- 5 mg/m3 

• 1. 6E-5 ppm 

The above concentrations are summarized in table l (including plume ' meander) for the onsite individual at 100 m, the nearest public access at 4. 5 km, and the offsite individu~l at 12 .5 km . 
. 

TABLE 3: ESTIMATED CONSEQUENCES OF SCENARIO 3 

RECEPTOR LOCATION CONSEQUENCES, ppm 

Onsite. 100 m - 6.BE-3 
Nearest Public Access, 4.5 km --- 2.5E-5 < 

' 0 ff s it e , 12 . 5 km \ 

I. 3E-5 '· 

/ 
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Internal 
Memo 

From: 
Phone: 
Date: 
Subject : 

To: 

Safety Hazards Analys is MAM- 29240- 92- 0ll 
6-8009 Nl-37 
September 29, 1992 
CONSEQUENCE ANALYSIS FOR CARBON TETRACHLORIDE REMEDIATION 

R. R. Lehrschall Nl - 75 

cc: R. G. Britton Nl - 19 
J . s. Davis Nl-19 
N. R. Kerr Nl-75 
E. E. Leitz Nl-37 E:(L 
J . C. Van Keuren Nl-19 
MAM File/LB 

Attached is the information reg~rding the analysis that you 
requested. It shows the potential worst-case concentrations 
of carbon tetrachloride as a result of a handling accident 
in which 3 Granular Activated Carbon (GAC) units are 
ruptured . The bases and assumptions made for the analysis 
are stated in the attac~ment along with the results . 

If you have any questions regarding these results please 
feel free to call . 

Mark A. Medsker 
Engineer 

siw 

Attachment 

J 

--< ." 
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SCENARIO REEVALUATIOO 

- · ,··. i The analysis below di ffers from the analysis in "Scenario 2" of 
WHC-SD-EN- SAD-004 rev 0, Appendix G {WHC 1992) only by increasing the number 
of GAC units ruptured from 2 to 3. Otherwise, the scenario assumptions are 
identical except as modified below . 

o It is assumed that when GAC units are handled, for removal 
from the system, storage, etc . , that one unit at a time is 
moved . 

o It i s assumed that the GAC units themselves are DOT approved 
shipping conta i ners which are des igned to withstand a minimum 
three foot drop without rupturing . 

o It is assumed that one un1t, while being handled, is 
maneuvered into a physical position which is beyond the 
testing criteri a for DOT approval (e .g. above three feet in 
height). It is then assumed that the unit is dropped and 
ruptured. Since the units will be handled near each other, 
it is assumed that the dropped unit can cause the rupture of 
two others resulting in the release of the carbon from a 
total of three units . No more than three units, regardless 
of the total number present, can be credibly ruptured in a 
handling accident in which one unit is moved at a time . 

SOURCE TERM 

The bases for the source term estimate i n this anal ys i s are t aken 
from the calculat i ons in Scenario 2 {WHC 1992, Appendix G) . The i nventory 
at risk associated with each GAC unit ruptured is 660 lb (300 kg) of CC1 4 • 

The area associated with the carbon spill from each GAC unit ruptured in 
Scenario 2 is 30 . 2 ft 2 {2 . 81 m2). For three units this is an i~ventory at 
risk of 1,980 lb (900 kg) of CC1 4 and a release area of 90 . 6 ft (8 . 42 m2) . 

The source term is calculated from the assumptions stated above 
and the WHAZAN computer code (Technica 1988). The mass (900 kg), ambient 
temperature (305 K), and pool area (8 . 42 m2) were input into the WHAZAN code 
to facilitate estimation of the vaporization rate of CC1 4 • The WHAZAN code 
estimated a vaporization rate of 2.0 lb/min of CCl,. . --- --< 
DISPERSION ' 

This source term was then used as input into the dispersion -model 
of the ARCHIE ~omputer code (FEMA 1988) to facilitate the estimation '~f 
downwind· airborne concentrations. These concentrations are given in Tables 
2 and 3 for the onsite individual at 100 m, the nearest public access at 4.5 
km , and the offsite individual at 12.5 km. The assumptions used in the 
di spersion estimates are intended to approximate 95% meteorology (a wind 
speed of 1 m/s and Pasquill stabi lity class F), and a ground level r elease . 

The concentrations in Table 1 include the effects of plume 
meander. The phenomenon of plume meander is the lateral movement of the 
plume over t ime as the wind direction changes. Thus, as the plume 
centerline "wanders" laterally with time, the receptor location is exposed 
to a lesser concentration (on the average). However , before plume meander 
may be used on calculated results in a non-rad iol og i cal (i . e . toxicological) 
analysis, certain criteria must be met. ~-The atmospher ic conditions during 
the release must be neutral or st~hl~ fP~squ i ll D, E, F, or G) ; the wind 
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speed must be less than 6 m/s; the release or exposure time (whichever is less) must be at least one hour in length; the averaging time of the 
criteria must be at least one hour; and the peak concentrations must be 
calculated to ensure that acute effects from exposure to the chemical under 
analysis do not exceed "prudent guidelines". The first three criteria may 
be found in Regulatory Guid~ 1. 145 (NRC 1982), the fourth criterion follows 
from the third, and the fifth criterion is discussed in more detail below. 
It should be pointed out that strong arguments must be made in the scenario 
model to show that all of these criteria are satisfied before cr~dit may be 
taken for plume meander. In this analysis, the effect of plume meander 
resulted in a reduction of the estimated concentration at 100 m by a factor 
of 4, at 4. 5 km by a factor of 1..7, and at 12.2 km by a factor of 1.2 (NRC 
1982). 

Table I: Estimated Consequences With Plume Meander Effects (Averaged Over 
Time 

RECEPTOR LOCATION 

Onsite, 100 m 

Nearest Public Access, 4.5 km 

Offsite, 12.5 km 

CONSEQUENCES 
(ppm 

2.2 E+Ol 

1. 1 E-01 

< 5.0 E-02 

The concentrations in Table 2 represent peak downwind 
concentrations at the specified distances. The peak concentrations are 
calculated to ensure that immediate, acute effects from exposure to 
hazardous chemicals are not overlooked in an analysis which utilizes a plume 
meander model. Peak concentrations are to be used for comparison to 
relevant criteria when the scenario model fails to show that plume meander 
is applicable. 

T bl 2 Et· t d P k C a e . s 1ma e ea on sequences 1 OU ume ean er . W" th t Pl M d 

---- RECEPTOR LOCATION CONSEQUENCES < ' (ppm) 

Onsite, 100 m 8.8 E+Ol 
J 
Nearest Puhl i c Access, 4. 5 km 1.8 E-01 
Offsite, 12 . 5 km < 5.0 E- 02 
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WHC- SD- EN- SAD- 004 , Rev . 1-A . Internal 
Memo 

From: 
Phone : 
Date : 
Subject : 

To : 

Safety Hazards Analysis MAM- 29240- 92- 012 
6- 8009 Nl -37 
September 30, 1992 
GAS MEMBRANE SEPARATION SYSTEM ACCIDENT ANALYSIS 

R. R. Lehrschall Nl - 75 

cc : R. G. Britton Nl - 19 
J. S. Davis Nl - 19 
N. R. Kerr Nl-75 
E. E. Leitz Nl-37 t~L 
J . C. Van Keuren Nl-19 
MAM File/Letterbook 

Attached is the consequence analysis that you requested . It 
shows the worst-case concentrations resulting from an 
accident involving the Gas Membrane Separation System 
(GMSS) . The attachment to this memo details the analysis 
and assumptions which led to the analysis results. 

I f you have any quest i ons perta ining to this analys i s do not 
hesitate to call . 

Mark Medsker 
Engineer 

s iw 

attachment 

(l\ttechment 8:\012.•t•I 

/ 
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GAS MEMBRANE SEPARATION SYSTEM ACCIDENT ANALYSIS 

The following analysis examines the Gas Membrane Separation System 
(GMSS) for potential worst-case consequences under accident conditions. In 
addition to analyzing new hazards, it includes source term input from Appendix 
G, WHC-SD-EN-SAD-004 rev 0, Safety Assessment for the 200 West Area Expedited 
Response Action for Remediation of Carbon Tetrachloride {WHC 1992). · 

The GMSS is a system by which CC1 4 is removed from an air flow stream by 
means of a halogenated hydrocarbon-selective membrane. The GHSS is designed 
to remove the CC1 4 from the stream prior to entering the granular activated 
carbon (GAC) units of the vapor extraction system (VES). This reduces the 
rate at which CC1 4 is adsorbed onto the GAC units and thus the rate at which 
the GAC units must be shipped offsite for regeneration. 

The only new hazards presented by the GMSS is that the CC1 4 is collected 
in liquid form in a drum. The GMSS itself presents no new hazards as it does 
not introduce any new hazardous substances or energy sources that have not 
already been analyzed. Appendix G of WUC-SD-EN-S/\0-004 rev O (WHC 1992) 
contains the applicable scenarios to determine the potential worst-case 
consequences of an accident involving the GMSS. 

A review of Appendix G (WHC 1992) shows that three scenarios were 
considered: (1) Excessive Retrieval, (2) GAC Spill, and {3) Phosgene 
Production. Since no additional CC1 4 will be retrieved and no new energy 
sources are present to produce phosgene, only Scenario 2 is impacted by 
addition of the GMSS . The liquid CC1 4 inventory associated with t~e GMSS 
produces a source term via the follow1ng assumptions: 

0 

0 

0 

The accident initiator which ruptures the 2 GAC units also 
ruptures the 55-gal drum containing the liquid CC1 4 associated 
with the GMSS. . 

The quantity of liquid in the drum is 30-gal, 73% of which is 
water and 27% of which is CC1 4 (see Requesting Memos, attached) . 
Thus, the volume of CC1 4 spilled is (0 . 27)*(30-gal) • 8.1-gal . 
Using a specific gravity of 1.594 (CRC 1984) this is 108 lb of 
CC1 4 (49 kg). 

The liquid CC1 4 spills from the 55-gal drum and forms a pool on a 
porous surface (the ground) which has a spread factor of 0.1 53 
m2/kg (AFESC 1983). 

o The pool area is cal~ulated by multiplying the mass of the CC1 4 in 
the spill, 49 kg, by the spread factor, 0.153 m2/kg. Thus, the 
pool area is (49 kg)*(0.153 m2/kg) • 7.5 m2 • 

SOURCE TERM 

The source term for this analysis is calculated from the assumptions 
stated above and the WHAZAN computer code (Technica 1988). The mass (49 kg), 
ambient temperature (305 K), and pool area (7.5 m2) were input into the WHAZAN 
code to facilitate estimation of the vaporization rate of CC1 4 from the liquid 
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pool. The WHAZAN code estimated a vaporization rate of 1.39 E- 02 kg/s (1 .8 
lb/min) of CC1 4 from the pool. 

This source term was added to the source term of Scenario 2 to determine 
the total source term for this analysis. The source term from Scenario 2 is 
0.88 lb/min (6.7 E-03 kg/s) (WHC 1992, Appendix G). Therefore, the total 
source term for this analysis is (1.8 lb/min)+(0.88 lb/min)• 2.7 lb/min. 

DISPERSION 

This source term was then used as input into the dispersion model of the 
ARCHIE computer code (FEMA 1988) to .facilitate the estimation of downwind 
airborne concentrations. These concentrations are given in Tables 2 and 3 for 
the onsite individual at 100 m, the nearest public access at 4.5 km, and the 
offsite individual at 12.5 km. The assumptions used in the dispersion 
estimates are intended to approximate 95% meteorology (a wind speed of 1 m/s 
and Pasquill stability class F), and a ground level release. 

The concentrations in Table l include the effects of plume meander. -The 
phenomenon of plume meander is the lateral movement of the plume over time as 
the wind direction changes. Thus, as the plume centerline "wanders" laterally 
with time, the receptor location is exposed to a lesser concentration (on the 
average). However, before plume meander may be used on calculated results in 
a non-radiological (i.e. toxicological) analysis, certain criteria must be 
met. The atmospheric conditions during the release ~ust be neutral or stable 
(Pasquill 0, E, F, or G) ; the wind speed must be less than 6 m/s; the release 
or exposure time (whichever is less) must be at least one hour in length; the 
averaging time of the criteria must be at least one hour; and the peak 
concentrations must be calculated to ensure that acute effects from exposure 
to the chemical under analysis do not exceed "prudent guidelines". The first 
three criteria may be found in Regulatory Guide 1. 145 (NRC 1982), the fourth 
criterion follows from the third, and the fifth criterion is discussed in more 
detail below. It should be pointed out that.strong arguments must be made in 
the scenario model to show that all of these criteria are satisfied before 
credit may be taken for plume meander. In this analysis, the effect of plume 
meander resulted in a reduction of the estimated concentration at 100 m by a 
factor of 4, at 4.5 km by a factor of 1.7, and at 12 . 2 km by a factor of 1.2 
(NRC1982). 

Table 1: Estimated Consequences With Plume Meander Effects (Averaged Over 
Time) 

RECEPTOR LOCATION CONSEQUENCES 
(ppm) 

Onsite, 100 m 2.8 E+Ol 

Nearest Public Access, 4. 5 km 1. 4 E-01 

Offsite, 12.5 km 5.0 E-02 

The concentrations in Table 2 represent peak downwind concentrations at 
the specified distances. The peak concentrations are calculated to ensure 
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that immediate, acute effects fr om exposure to hazardous chemicals are not 
overlooked in an analysis which utilizes a plume meander model. Peak 
concentrations are to be used for comparison to relevant criteria when the 
scenario model fails to show that plume meander is applicable . 

Ta bl 2 Et ' t d P k C e : s 1ma e ea onsequences w· th t Pl 1 OU ume M d ean er 

RECEPTOR LOCATION CONSEQUENCES 
(ppm} 

Onsite, 100 m 1. 1 E+02 

Nearest Public Access, 4. 5 km 2.3 E- 01 

Offsite, 12.S km 6.0 E-02 
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Radiological and Nonradiological Release Calculations 

Document reviewed (include title or description of calculation, document 
number, author, and date, as applicable): 

Memo, M.A . Medsker to R.R . Lehrschall, "Gas Membrane Separation System 
Accident Analysis," Letter~ MAM-29240-92-011, September 29, 1992 . 

Submitted by: Mark Medsker Date Submitted: 9/21/92 

Scope of Review: Environmental transport/consequences of the release 
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A detailed technical review and approval of the 
environmental transport and dose calculation portion of 
the analysis has been performed and documented . 
Detailed technical review(s) and approval(s) of scenario 
and release determinations have been performed and 
documented . 
HEDOP-approved code(s) were used. 
Receptor locations were selected according to BEDOP 
recommendations. 
All applicable environmental ' pathways and code options 
were included and are appropriate for the calculations . 
Hanford site data were used. 
Model adjustments external to the computer program were 
justified and performed correctly. 
The analysis is consistent with HEDOP recommendations. 
Supporting notes, calculations, comments, comment 
resolutions, or other information is attached. (Use the 
"Page l of X" page numbering format and sign and date 
each added page.) 

10...!..._Approval is granted on behalf of the Hanford 
'( Environmental Dose Overview Panel. 
" \ 

* All ''NO" responses ~'ust be explained and use of nonstandard methods 
justified. / 

Janet S. Davis 9 29 92 
HEDOP-Approved R Signature) 

COMMENTS {add additional signed and dated pages if necessary): 

2. The scenario was provided by the customer; no evidence of review and 
approval was provided. The source term development was rev iewed and 
approved by the technical reviewer. 
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3. IIEDOP has not approved any codes for nonradiological evaluations. 
was used to determine the carbon tetrachloride release rate and 
concentrations downwind . 

Jf;~j/; 
ARCHIE 

4. There are currently no HEDOP recommendations regarding receptor locations. 

6. ARCHIE requires a Pasquill stability class and a windspeed to perform 
dispersion calculations . Therefore no "site -specific" data could be used . 
However, the use of Pasquill stability class F and a 1 m/s windspeed are 
consistent with the 95% sector X/Qs obtained with Hanford meteorology data . 

7. Plume meander corrections were applied in accordance with NRC Regulatory 
Guide 1. 145. Applicability of plume meander to nonradiological releases is· 
scenario- and criteria-dependent, and is generally not appropriate. Since 
no comparisons to criteria were made (and applicability of plume meander 
could not be determined), results with and without plume meander were 
provided. 

) 
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Document Reviewed: Gas Membrane Separation System Accident Analysis 

Submitted by: M.A. Medsker Date Submitted : 9/25/92 
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Entire Document 

Problem completely defined. 
Accident sGenarios developed in a clear and logical manner. 
Necessary assumptions explicitly stated and supported. 
Computer codes and data files documented . 
Data used in calculations explicitly stated in document. 
Data checked for consistency with original source information 
as applicable. 
Mathematical derivations thecked including dimensional · 
consistency of results. 
Models appropriat~ and used within range of validity or use 
outside range of established validity justified. 
Hand calculations checked for errors . Spreadsheet results 
should be treated exactly the same ~s hand calculations . 
Software input correct and consistent with document reviewed. 
Software output consistent with input and with results 
reported in document reviewed. 
Limits/criteria/guidelines applied to analysis results are 
appropriate and referenced. Limits/crit~ria/guidel i ne s 
checked against references . 
Safe ty margins consistent with good engineering pract ices. 
Conclusions cons i stent with analyt ical results and appl icabl e 
limits . 

DG] [ ] [ ] Results and conclusions address all points required in the 
problem statement. 

[><.] [] ** Review calculations, comments, and/or notes are attached . 

tx:] [ ] Document approved (i.e., the reviewer affirms the technical 
•~curacy of the d~ent). ' 

R.G. Br,ftac,, ~. 6-: G1u& 2 7,l,_f /2 2-. 
Reviewer (Printed Name and Signature) ---< " Date 
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* All "NO" responses must be explained below or on ary additional page . 

** Any calculations, comments, or notes which the reviewer feels should be 
part of the review record should be signed, dated and attached to this · 
checklist. Such material should be labeled and recorded in such a manner 
as to be intelligible to a technically qualified third party. 

COMMENTS (add additional signed and dated pages if necessary): 
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HAZARDS ASSESSMENT OF THE CARBON TETRACHLORIDE SAMPLING 
ACTIVITIES USING THE NEW 60 CFM VACUUM SAMPLING UNIT 

D. K. Oestreich, Engineer, Radiological and 
Toxicological Analysis Group 
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1.0 INTRODUCTION 

This document provides an assessment of potential hazards relating to 
the use of a characterization sampling unit (shown in Figure 1) for 
characterization of soil gases that are drawn from various extraction wells 
located in the 216-Z Crib areas south and east of the Plutonium Finishing 
Plant exclusion area. The extraction well locations are placed in a manner 
one would expect analysis of gases extracted would provide a basis for 
selection of the optimum location for the placement of full size extraction 
un i ts for soil remediation. Th is document does not cover the boring of the 
extraction wells because the wells that are to be sampled are already in 
existence. 

2.0 CHARACTERIZATION SAMPLING UNIT DESCRIPTION 

The sampling unit consists of an inlet piping manifold instrumented for 
flow, vacuum, and temperature and equipped with a sampling port through which 
gas samples may be drawn for analytical characterization. One end of the 
piping manifold connects to the wellhead and the other end connects to a knock 
out drum that connects to the low pressure side of a blower. The high 
pressure side of the blower connects to a high efficiency particulate air 
(HEPA) filter and then to a 2,000 lb granular activated carbon (GAC) filter . 
The exit side of the carbon filter has a second sampling port, and gases 
exhausted from the carbon filter are passed to the atmosphere via a 5 m 
(15 ft) hig~ stack. It should be noted that the exit side of the knock out 
drum is equipped with a vacuum breaker, while the exi t side of the blower is 
equipped with a pop-off valve that i s set to maintain pressure in the system 
at< 5 lb/in2• The capacity of the blower is 60 cfm which is equivalent to 
28.3 liters/second. 

3.0 CHARACTERIZATION UNIT OPERATION 

Operation of the sampling unit can expected to essentially be free from 
any hazards relative to possible releases of hazardous materials . The system 
will be initially connected to well heads while the blower is not operating, 
and the connection secured prior to the blower being operated. Because the 
sampling manifold with its instrumentation and the knock out drum will be on 
the low pressure side of the blower, any leaks caused by weak joints, bad 
gaskets, or valve packing will be leaks into the system rather than the 
reverse. Thus, it is physically impossible for a release to take place on the 
low. pressure side of the blower. The high pressure side of the blower is 
equipped with a pressure relief pop off valve set at 5 lb/in2• Because the / 
blower is only capable of 60 ft3/min, the blower outlet could be dead headed , 
and the pressure would never begin to approach the 5 lb/in2 required to blow 
the pop off valve. Thus , an environmental release via pop off valve actuation 
is a virtual impossibility. 

A release to the environment from the sampling unit can only take place 
if a breach in the system takes place between the high pressure side of the 
blower and the inlet of the GAC unit . There are very few ways in which th i s 
could take place. The piping between the blower and the HEPA, and the HEPA 
and the GAC unit is flexible reinforced rubber hose. Consequently, piping or 
joint breaks resulting from earthquakes or other physical stresses would not 
be expected. 
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Electrical generators, if used to supply power, will be located at a 
distance greater than 15 m (50 ft) from the sampling unit; thus the potential 
for fire causing a toxic release is very low. It is more likely electrical 
power will be supplied from the power grid. In either case, the probability 
of having a fire that could damage the sampling unit is very low. 

Consideration has also been given to a scenario in which water condensed 
out from the extraction gas stream freezes up· in cold weather and causes low 
points in the piping between the carbon vessel and the HEPA filter to burst. 
It is extremely unlikely that enough water would collect in the piping to 
cause a freeze-expansion induced fa i1 ure because the piping is preceded by the 
knock out drum and HEPA filter. Condensation water normally collects in the 
knock out drum. Furthermore, because the piping between major pieces of 
equipment is 5 cm (2 in) diameter, reinforced rubber hose that has some 
capability to stretch, it is considered unlikely that the expansion created by 
water freezing would breach the hose. 

It is also considered to be very unlikely that sufficient water could 
o collect in the HEPA filter or the GAC unit to permit breaching of these units 

to result from the freezing of water. 

a 

) 

In conclusion, no mechanisms have been identified that would provide 
pressure boundary failure that could result in a toxic release. The only 

_other ~ay that a toxic release could take .place would be for the GAC unit to 
become saturated with CC1 4 • If the unit was operated after the GAC was 
completely loaded, the gas exiting from the stack would be at the same carbon 
tetrachloride (CC1 4) concentration as the gas extracted from the ground . This 
will not happen because the 2,000 lb GAC unit is capable of adsorbing 
approximately four times the actual amount of CC1 4 that will be sent to the 
GAC during the planned sampling activity. This statement is based on assuming 
30% capacity for the 2,000 lb GAC unit. The maximum sampling duration 
expected per well isl hour, a total of 50 wells . 

If a concentration of 3,000 p/m by volume is assumed in the extraction 
gas which is under 25 cm (10 in) of mercury vacuum [thus pressure is 51 cm 
(19.9 in) mercury vacuum], and temperature is 0°C, then the source term will 

~e..-~he product of total gas molar flow rate and CC1 4 concentration. The gas 
m61ar volume at this pressure and temperature is 33.6 liters/mole, so the 
tota1 gas molar flow rate is as follows: 

28.3 liters/second/33.6 liters/mole• 0.842 moles/second 

Because the extraction gas is 3,000 p/m by volume or 0.003 decimal 
fraction, then molar flow rate of CC1 4 is as follows: 

(0.842)(0.003) • 2.53 X 10·3 moles CC1 4/second and mass flow rate is as 
follows: 

(2.53 X 10'3)(154) • 0.389 grams/s • 0.0515 lb/minute. 

This mass flow rate was input as a source term to the software to 
calculate downwind concentration to be expected at 100 m (330 ft) distance 
under worst case meteorological conditions. Results indicated that 
concentration at 100 m (330 ft) distance would be 4.7 p/m of CC1 4 • This 
concentration is above the 2 p/m Threshold Limit Value (TLV), but is below the 
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50 p/m Emergency Response Planning Guidelines-2 which is the risk acceptance 
criteria appropriate to 100 m (330 ft) distance. The calculations indicated 
that concentrations would drop below the 2 p/m TLV at a distance of 164 m 
(540 ft) from the stack. 

<:::-
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DON'T SAY IT --- Write It! 

TO: Ron Lehrscha 11 Nl-75 

DATE: January 13, 1993 

FROM: O. K. Oestreich, Nl-19 

Telephone: 6-2208 

SUBJECT: Use of Large Granular Activated Carbon Column on the 
Characterization Sampling Unit 

Per your request I have considered the implications of a design change on 
the carbon tetrachloride (CC1 4 ) sampling unit that calls for increasing the 
size of the granular activated carbon (GAC) adsorber from 200 pounds (55 gal) 
to 2,000 lbs. · 

It has been suggested that, because of the larger size of the GAC 
adsorber now planned for use, handling the larger unit would increase the 
likelihood of dropping the unit and possibly creating a rupture spilling GAC 
upon the ground and releasing CC1 4• The rate at which CC1 4 would be desorbed 
to the air depends upon the following factors: 

(1) The extent the GAC is saturated with CC1 4 • 

(2) The temperature of the carbon and air. 

(3) The air pressure the spilled GAC is subjected to compared to 
the air pressure under which the GAC was loaded. 

(4) The air flow rate the spilled GAC is exposed compared to the 
flow rate during the adsorption cycle. 

The maximum duration of use of the sampling unit on any one well head is 
60 minutes, while a more likely duration is 10 minutes. Because a maximum of 
50 wells will be ·sampled, the maximum duration of the GAC unit use would be 
3 , 000 minutes. The 2,000 lb GAC can..i..ster is predicted to have a useful 
lifetime of 23,301 minutes before break through, assuming a 30% working 
capacity for the GAC. · 

It can be concluded that t~e GAC will be far less than saturated under 
the reduced pressure (0.66 atmospheres) prevalent during the adsorption cycle . 
Because the spilled GAC is exposed to air pressure of 1 atmosphere, the CC1 4 is less likely to desorb than if the pressure were still 0.66 atmospheres. 
Furthermore, the air flow the spilled GAC is subject to would be far smaller 
than the. air flow present during adsorption. It would logically follow that 
any loss of CC1 4 from spilled GAC to the air would be extremely slow, and 
resulting CC1 4 concentrations to the environment would be too low to detect. 
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