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Hazardous substances from previous liquid discharges are anticipated in
the vadose zone. Extracting vadose zone soil samples from the vadose zone
provides a source of dispersible hazardous substances that represent potential
hazards to individuals and the environment.

1.3 SUMMARY CONCLUSIONS

The control of hazardous material inventory (maximum inventory allowed
without additional analyses) will be applied as the operational limitation.
To ensure control is maintained, surveys and monitoring (surveillance
requirement) of drilling activities will be conducted and recorded (audit
point). Acid solutions will be restricted from the 200-BP-1 work site as a
precautionary measure to prevent generation of cyanide or other volatile gases
from the potential depositions in the soil.

During the course of the assessment, interactive discussions identified
prudent actions adopted by line management and implemented by Westinghouse
Hanford procedures. These prudent actions are good engineering and safety
practices to ensure that potential exposures at the 200-BP-1 work site will be
managed as low as reasonably achievable (ALARA). The adopted controls, both
required and prudent, are discussed in greater detail in Section 4.0, Safety
Functions and Controls.

2.0 WORK DESCRIPTION

A cable-tool drill will be used to extract soil samples. The drill rig
will be located within known contamination zones and will extract contaminated
soil from past operations. The sample site at 216-B-61 is anticipated to be a
noncontaminated site because there have been no known or recorded discharges
sent to the crib.

2.1 SITE DESCRIPTION

The Hanford Site is located in the south-ce :ral part of Washington
State. The Hanford Site is approximately 170 mi southeast of Seattle and
125 mi southwest of Spokane (Figure 1). The 200-BP-1 operable unit is located
in the approximate center of the Hanford Site, along the northern boundary of
the 200 East Area fence. Cribs 216-B-43 and 216-B-49 are located north of the
241-BY Tank Farm and the 216-B-57 and 216-B-61 cribs located northwest of the
tank farm (Figure 2). A typical plan and section view of cribs 216-B-43
through 216-B-50 are included in Figures 3 and 4. The plan and section for
cribs 216-B-57 and 216-B-61 are shown in Figure 5. The following subsections
summarize the site information found in DOE/RL 88-32.¢®
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2.1.1 Topography

The 200-BP-1 is approximately 650 ft above sea level on a terrace called
the 200 Areas Plateau. The terrace decreases in elevation to the north,
northwest, and east toward the Columbia River. The terrace escarpments are
steep, with elevation changes between 50 and 60 ft.

2.1.2 Geology

The stratigraphy beneath the cribs consists of Miocene basalts overlain
by Pliocene and Pleistocene sediments (the Ringold Formation). Overlying the
Ringold sediments (the vadose zone) are glaciofiuvial sediments called the
Hanford formation. The water table is in the Ringold and Hanford sediments at
approximately 400 ft above sea level.

2.1.3 Meteorology

Prevailing wind directions are from the northwest in all months.
Secondary wind directions are indicated as southwesterly winds. Northwest
winds occur most often in the winter and summer. Southwesterly winds are
associated with spring and summer months. The average summer wind is
approximately 10 mph and the average winter winds are approximately 7 mph.
The high winds are usually associated with the southwesterly winds. The
summer southwesterly high winds are usually those associated with the dust
storms experienced in the region.

2.1.4 Temperature and Humidity

The average relative humidity is 54% with average ranges between 35% and
75%. The average monthly temperatures range from a low of -1.5°C in January
to a high of 24.7°C in July.

2.1.5 Precipitation

The annual average precipitation at the Hanford Meteorological Station
is 6.3 in. Annual rainfall is from 3 to 11 in. with most of the precipitation
occurring in the winter months. The record snowfall is 24 in. and the second
highest snowfall is less than one-half that amount. Average snowfall ranges
from 0.3 in. to 5.3 in.

2.1.6 Demography

Approximately 110 people 1ive within 10 mi of the 200 Areas. No person
resides within a 1-mi radius of the 200-BP-1 operable unit. The city of
Richland is approximately 18 mi south. The working population for all shifts
in the 200 Area is approximately 2,400. The site boundaries are approximately
7 mi northwest at the Columbia River and 6 mi south at Highway 240.
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Contamination is controlled by wiping the cable down as the tools
are withdrawn from the borehole.

Low-Level Drive Barrel Techniques: As the drive barrel clears the
casing, it is wiped and surveyed, and then a heavy gage plastic bag
is slipped under and up over the drive barrel. The drive barrel is
then transferred to the lined waste drum and the contents are
emptied into the bag. The bag is horsetailed shut. Separate
plastic bagging is used for each drive run.

High-Level Drive Barrel Techniques: If more control is required,
heavy gauge plastic sleeving (approximately 6 ft lengths) is slipped
around the outside of the casing. As t @ drive barrel is brought
up, the plastic sleeving is pulled up with it and gathered at the
top. As the barrel clears the top of the casing, the plastic
sleeving is horsetailed at the bottom. The drive barrel is kept
over the casing at all times, thereby allowing loose material to
drop back into the borehole. The drive barrel is pushed over to the
waste drum (shielded as necessary) and owered inside. The cuttings
are then tapped out and collected inside the horsetailed sleeving.
The drive barrel is wiped and surveyed as it is removed from the
waste drum and contaminated cloths are deposited in the drum along
with the cuttings. The drive barrel is returned to the casing for
the next run. The HPT monitors the soil cuttings and then the
plastic sleeving is horsetailed at the top.

Hardtooling/Bailing: Contamination control techniques as described
for the drive barrel method will be invoked. The materials obtaine
from the borehole will consist of a slurry and, therefore, the
potential for airborne contamination is minimal. Tools will be
wiped down and plastic sleeving will be used when necessary.

Split Spoon Sampling: Characterization samples are collected from a
split spoon sampler at selected intervals during drilling
operations. As described earlier, plastic sleeving will be used to
control contamination as the sampler is brought up out of the
borehole. The plastic sleeving will be pulled back slightly from
the top of the sampler to allow the drive head to be broken off from
the drill string at the swivel socket. Sleeving is then pulled up
over the drive head and horsetailed. The sampler is then
transferred to the breakdown table (lead blankets are available if
any shielding is necessary) and the drive head and shoe are removed
from the sampler. Extra plastic sleeving is used if necessary to
confine contamination. At this point, based on a survey by the HPT,
the criteria for opening the split spoon sampler, as cited in the
reference memo, (G.F. Boothe 1990, Attachment 2) are invoked. For
high external radiation rates (>10 mrem/hr at contact), the sampler
will be opened and containerized in a field glovebox to control
contamination. If external radiation rates exceed 1,0C0 mrem/hr at
contact, drilling/sampling will be shut down immediately and
alternative sampling methods used, such as extracting and
containerizing the sample at a hot cell facility.
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WALKER-NEER DATA
The weights of
the drill toots,
i.e., bit, stem,
and jars, are
estimated at
1,250 lbs. when
hard tooling and
750 ibs. when
core barreling
or spiit-spoon
sampling. The
diameter of the
split-spoon
samplers and
drive barrel is
approximately

5 in. The
stroke of the
tools will be 24
to 28 in. and
approximately

50 strokes per
minute.

Figure 8 depicts
a standard cable
toot drill unit
with tools
suspended from
the derrick.

Engineering
drawing of a
Bucyrus-Erie
Model 22-W shows
how the drill
line is reeved
in a typical
cable tool rig.
The spudding
action is
imparted to the
dritl line by
the vertical
motion of the
spudding beam.
The shock
absorber mounted
beneath the
crown block
helps control
the impact of
the bit on the
rock. (Bucyrus-
Erie Company)
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Figure 7. Typical Cable-Tool Drill Rig.

(')‘\\,

Crown -~ V™ Caslng and samld
sheave zmi line sheaves

Shiock - - laul bhua

absorbet

Bl reel shalt

\

Caslng reel

Sand reed shalt

Tool
g\ﬂdé.\\\
\d.(‘:x.v

Oiitling — 2 N,
cabla

Spudding beain
shieave

Swivel s
socksl
ot —~
slam

—

Operaling
levars

Dl LIt

-Englne

-Crank shafl

— Truck-
mounting
brachksl

14




Ldany]

|

— Iy
\'Q;’\
o
‘gr\\,-lhnl

(Y R

%}L\” - Hail
I

§]> N

L

k I

dis

iR

PR (L

)

! fubie

)

!

]

'

|

|

{

1

|

|

|

)

|

i

1

)

i

]

i

i

|

\

]

|

1

|
i ! d
T ' Fr Sirae et
1 - Stue
N

Split Tube
Sampler

WHU-OU-EN-HL-UU&, RLV. U

Drilling jars
(in open
position)

Nww@$§&mwm

=

W

NN

TRV

Standard
il bit

N

|4

00

>

({

h A

l ———Cable

-~ Swivel
socket

e

-—Tool joint

= Drilling jars
(in closed
position)

~—Tool joint

—Wrench

square

= Pl stern

Y ~Tool joint

_—Water

[

course

—Drill bit

Figure 8. Typical Borehole Tools.

15




F\

WHC-SD-EN-HC-004, REV. 0

2.2.2 Sample Preparation

A sample core will be extracted inside a sampling truck or trailer if
any toxic or radiological contamination (in excess of 10 mrem/hr at contact)
is present or suspected to be present. The sample core (barrel) and its
contents will be placed in a glovebox and opened, and its contents removed.
The contents will be processed in a manner determined in a site-specific
sampling plan. A portion of the core sample will be removed and placed into a
specially prepared container for transport to a designated laboratory. The
glovebox has an ancillary confinement system consisting of an air supply from
the inside the vehicle. Air flows through an inlet high-efficiency
particulate air (HEPA) filter and is discharged through an exhaust HEPA filter
then through an activated charcoal cartridge before exhausted through the wall
outside the vehicle. A variable control allows adjustment of the volumetric
flow rate maintaining a negative atmosphere through the glovebox. A
differential pressure gauge will monitor the pressure drop across the exhaust
filters. The glovebox is equipped with an airlock on one end. The glovebox
will have a bag in/bag out feature for the airlock to contain the sampler
during entry and exit of the sampler. The inside dimensions of the glovebox,
excluding the air lock, nominally are 30 in. wide, 18 in. deep, and 24 in.
high. The glovebox is a commercially available item for this type of use.

The excess soil is removed from the sampler and deposited in the appropriate
container with the drill cuttings from that soil depth. No chemical or
radiological additions will be added to the sample material during the sample
preparation. Solid or liquid waste generated as a result of decontamination
of work areas will be added to the drilling waste with the excess barrel
material. Figures 9, 10, 11, and 12 show a typical sample trailer
(preparation unit).

2.2.3 Interim Storage

The containers (55 gal) will meet U.S. Department of Transportation
(DOT) regulations. The drill cuttings would be packaged in a plastic bag or
other appropriate liner. The waste drums will be segregated arrnrding to
suspected radioactive, nonradioactive waste or unknown waste. ..ielded waste
drums will be used if necessary to control radiation exposures. A location at
or near the drill site would be used to store the waste containers while
waiting for laboratory analysis to confirm the designation of the waste
contents. The interim storage areas will be roped off and signs will be
installed to provide the appropriate waste identification. The containers
will be stored on drum pallets.

Containers of mixed waste will be properly labeled and will be placed in
a metal building designed for hazardous and radioactive mixed waste. The
containers will be stored in the building until laboratory and other
engineering work has been completed to determine the required storage or
disposal. The interim storage building has the storage capacity of 27
55-gal containers. The building interior has a chemical resistant coating, a
grated floor covering and a chemical resistant containment sump with the
capacity of approximately 500 gal. The building has a passive air vent. The
drums will be stored compliant with EPA and Ecology policies and regulations
or negotiated agreement.
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Additional information regarding the discharges can be found in
DOE/RL 88-32.‘®> Attachment 1 provides maximum concentrations of the
substances that are used in the assessment and evaluations.

More detailed evaluations of ferrocyanide depositions has subsequently
reduced the postulated quantities of ferrocyanide. A summary follows.

3.1.1 Ferrocyanide Fire/Explosion

The potential concentrations and distributions of the contaminants have
been reviewed to determine if there is a potential for ferrocyanide to ignite
or explode. The evaluation (E. C. Thornton, Attachment 3) has been performed
assessing the drilling/sampling activities in the cribs. It is concluded that
the chemistry and soil properties are such that a fire or explosion hazard is
highly unlikely. Laboratory tests and analyses conducted to date indicate
that purely mechanical insult to nickel cesium ferrocyanide with sodium
nitrate and sodium nitrite should not cause a chemical reaction that could
result in deflagation or detonation. The compounds of ferrocyanide are found
to react with evolution of gas at temperatures above 200°C, and the rate of
reaction increases with temperature. This indicates a potential for
deflagations/detonation if large quantities of the ferrocyanide compound were
to reach temperatures above 200°C. The examination of available data
(subsequent to DOE/RL 88-32) indicates that relatively small amounts of nickel
ferrocyanide solids were diverted to the 216-B-43 and 216-B-49 cribs (13.4 kg
and 42.2 kg, respectively). Furthermore, the ferrocyanide compounds have been
diluted by the soil to a significant extent. This information, when examined
in the context of the range of reactive compositions and general soil
characteristics, indicates that no credible hazard exists for generating an
ignition or explosive reaction as the result of heat generated during
drilling. Laboratory testing shows that the ferrocyanide compounds are
insensitive to spark, impact, and frictional stresses at anticipated ambient
temperatures; however, the results are not conclusive because the magnitude of
laboratory stresses imposed may not be representative of those associated with
drilling activities. Drilling stresses can not initiate an ignition or
explosive reaction, however, because of the dilution effect of the sand and
the inadequate amount of nitrate present in the soils. The detailed
evaluation of ferrocyanide deposition is provided in Attachment 3.

3.1.2 Criticality

Potential criticality events do not present a hazard because of the
insufficient inventory of fissionable materials in the cribs. The criticality
evaluation is found in Attachment 5.
3.2 ACTIVITY HAZARDS

The controlling hazards are those associated with exposures from
potential contact and releases of hazardous substances (chemical and

radiological). The contact handling work procedures and potential spills of
contaminated material may involve events of concern.
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Guidance for obtaining core samples in radiologically contaminated soils can
be found in draft Table 12-1, Section 12 (Contamination Control) of
WHC-CM-4-10‘" and G. F. Booth memo (Attachment 2). Other guidance for
radiological monitoring, surveying, and contamination control can be found in
the lower-tier Westinghouse Hanford Health Physics manuals.

The potential for volatile organics requires gas monitoring of the
borehole to ensure that no volatile hazards exist during drilling operations.

Requirements for monitoring of potential volatile organics will be found
in the site-specific Hazardous Waste 0perat1ons Permit (HWOP) and as guided by
health and safety plan in DOE/RL 88-32.° 2 The air below the capped borehole
is monitored before the start of the work day and periodically during the work
day. Should concentrations of volatile gas be detected the borehole will be
purged. If concentrations are unacceptable after purging, work will either
stop or special work procedures will be effected.

Monitoring, respirators, and administrative controls will be employed to
ensure personnel safety.

Upset or accidental releases from the drilling activities could occur.
The potential consequences are greatest to the site worker. More detailed
discussions are included in Section 3.5.3, Drilling/Sampling Segment; and
Attachment 6, Hazard Screening Evaluation. An accident during routine
operations may involve an instantaneous release of contaminated soil borings
from a drive barrel just before or during the transfer of the material to the
waste drum. An unlikely but potential borehole fire/explosion could also
provide a pathway of contaminated soil to the environment.

Some potential for environmental spread is associated with the drilling
activities. Perched water (small pockets) may be present in the vadose zone
that could lead to the movement of contamination during the drilling process.
The telescoping casing method, the relatively short drilling advancement
Timited by tool capacity, drilling procedures, and administrative controls
1imit the opportunity to spread contaminants. The borehole is also capped to
prevent intrusion during off-work hours or when the weather presents
unfavorable work conditions. EII 5.2, Soil and Sediment Sampling, describes
the sampling techniques. The borehole may enter the aquifer by approximately
1 to 3 ft. This does not represent a significant hazard to the ground water
because the aquifer intrusion is limited depth and duration. The casing is
removed and the borehole is grouted closed once the sampling is completed.
EIT 6.5, Plugging and Abandoning of Character1zat1on Boreholes, and the
requ1rements for abandonment of WAC-173-160%®’, Minimum Standards for
Construction and Maintenance of Water Wells, w11 be followed.

3.2.2 Sample Preparation

The radiological and hazardous substance surveys and monitoring at the
borehole help to Timit the hazard concerns in the sample truck/trailer.
Volatiles and unacceptable rad1oact1v1ty will be controlled with the dr1111ng
procedures The volume of material is limited to the sample barrel, 265 in®
(4.343 cm ) The hazards of skin contamination and direct radiation exposure
are similar to those of the drilling activities. Shielding blankets will be
used when required to minimize radiation exposures when handling the split
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Potential material hazard conditions caused by seismic events are
limited to initiating accident events. A severe earthquake could initiate a
fire breach or overturn one or more drums, breach confinement barriers in the
sample preparation truck/trailer, or possibiy overturn equipment.

Floods are not considered an energy source that would increase the
hazard of the activity. The Columbia River represents the worst-case flood
potential to the Hanford Site. The 200 East Area Plateau, where the cribs are
located, is above the worst-case postulated flood by 250 to 300 ft. No other
river or drainage source represents a flood threat to the site.

No other natural phenomena is expected to represent a hazard associated
with an exposure event.

3.4 OTHER HAZARDS

Other hazards would be present with the drilling and sampling activities
a: )ciated with the soil investigation activity. The site workers would be
e; Jsed to industrial hazards that are associated with drilling activities
(1.e., noise, pinning and crushing, falls and tripping hazards, eye and skin
abrasions, etc.). None of the events are associated with the consequences
where the contaminated soils would increase hazard except as described
previously. Industrial hazards and controls to mitigate potential industrial
consequences are addressed in the HWOP compliant with 29 CFR 1910.120. The
site-specific work plan, site safety plan, and radiation work permit will
address occupational hazards.

3.5 ASSESSMENT SUMMARY

The radiological and toxicological dose consequences determined by the
safety assessment were found to be within the criteria for low hazard
activities in accordance to the criteria and guidance of WHC-CM-4-46‘® and
WHC-SD-GN-ER-301." Attachment 6, Hazard Screening Evaluation. provides a
segment evaluation of the intrinsic hazard of the activity se. :nt.

Attachment 7, Facility Hazard Classification, provides an overall bounding
analysis and hazard classification. Potential radioactive substances, the
site worker, and the site environment were found controlling. However, due to
the uncertainties of the inorganic and organic constituents discharged and/or
complexed, qualitative identification of the compounds is limited.

The supporting analyses presented in Attachment 6 were based on worst-
case conditions for radiological release and transport for each of the assumed
conditions. Inventory, postulated contaminant concentrations and release
fractions commonly contain uncertainties of several orders of magnitude. The
analytical results, therefore, should not be construed to be expected air
concentrations or radiological dose consequences that would occur during the
actual operations. These results represent a worst-case situation under
extremely unfavorable conditions.

However, even with the conservatism used in the analysis, the planned

activities for 200-BP-1, Task 4 are classified as a low hazard. The following
subsections provide a summary of the analysis found in Attachment 2.
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3.5.2 Hazard Screening Values

Hazard assessment guidelines consider unmitigated radiological exposures
to all individuals to determine the relative hazards of activities. The
guidelines also suggest using potential toxicological substance exposures to
provide the relative degree of hazard to on51te and public individuals.
Screening values found in WHC-SD-GN-ER-301° " are used to determine the
relative hazard level of the concentrations derived from the analysis
(Attachment 4). The IDLH and TLV/TWA values for, TBP, 125 ppm and 0.2 ppm,
respectively, cyanide salts, 50 mg/m3 and 5 mg/m3 and Ammonia, 500 ppm and
25 ppm, respectively were considered. In any of the conditions assessed,
potential cyanides were the toxicological substances that provided an
indicator of chemical hazard. The postulated concentrations of TBP are
anticipated to be factorially lower than potential cyanide salts. The
discharge concentration and subsequent drying of the soils discounted ammonia
releases as controlling. The following depicts the IDLH guidance found in
reference 6.

Receptor Groups

Hazard category Onsite range Offsite range
General Use <0.1 IDLH <0.01 IDLH
Low Hazard >0.1 IDLH >0.01 IDLH

<1.0 IDLH <0.1 IDLH

The site worker is not specifically identified in the toxicological
guidance as a determining factor. But, in the analysis and the assessment the
TLV/TWA are also considered.

The hazard screening values for radiological substances are EDE and CEDE
values reported in rem. The radiological screening values are shown below.

Receptor Groups

Hazard category Site "~ ~="-r onsite offsite

General Use <EQ* <0.1 rem <0.01 rem

Low Hazard >EQ* >0.1 rem >0.01 rem
<25 rem <5.0 rem <0.5 rem

*Exempt Quantity

3.5.3 Drilling/Sampling Segment

Minor direct radiation exposures potentially exists in the dril ing
operations. Time, distance and shielding, and site survey and monitoring will
be employed to manage personnel exposures to ALARA guidance.

No or only negligible airborne release of contaminants is anticipated.
Under accident conditions instantar jus r eases of contaminated particulate
could occur if the containment sleeving of the drive barrel and container is
lost or breached. The worst-case accidental release assessed, spilling of the
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used. The assessment considered the reiease of the entire fraction over a 2-hr
to 8-hr period. The radiological consequences release is summarized below.

Radiological Consequences

Receptor EDE (rem) Low hazard range
Onsite 8E-3 >1E-1 <5E+0

Consequences to an individual at the site boundary would be negligible
or insignificant based on hazard screening values.

The screening evaluation can be found in Attachment 6. The
conservatively derived assessment finds the potential unmitigated accident
consequences acceptable.

3.5.6 Assessment Conclusions

The safety assessment determined that the proposed characterization and
investigation segments, drilling/sampling, sample preparation, and interim
storage are low hazard activities. The exposures and dose concentrations can
be managed within acceptable limits onsite and offsite by providing
radiological and hazardous substance survey and monitoring. The large
distance between the activities and the nearest point of public access,
combined with the Tow inventories, ensure the public is unaffected by 200-BP-1
characterization activities. Additional prudent actions invoked by EPA,
Ecology, DOE, OSHA, and Westinghouse Hanford will further control and manage
spills and ensure the appropriate ALARA practices. The required controls and
prudent actions are discussed in the following section.

4.0 SAFETY FUNCTIONS AND CONTROLS

The required safety function provided for the characterization and
investigation activities for the 200-BP-1, Task 4, is administrative survey
and monitoring to control radiological exposures within occupational
requirements. Occupational control will ensure onsite and public protection
considering the distance between activities and the nearest point of public
access, combined with the low inventories anticipated.

The following Operational Safety Limit and prudent actions will ensure
that the intrinsic hazards (mechanical relocation of potentially contaminated
soils, packaging of soil samplies and accumulation of potentially hazardous
materials) comply with the intent of DOE orders regarding appropriate and
necessary controls of low-hazard activities. Industrial and occupational
safety issues will be addressed in the project specific HWOP and RWP.

The following is the Operational Safety Limit established for 200-BP-1,
Task 4.
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| 4.2 OPERATIONAL SAFETY LIMIT - LId4IT THE
| DRILLING/SAMPLING ACTIVITIES WHEN
VOLATILE ORGANICS ARE DETECTED

4.2.1 Applicability

This 1imit applies to the sampling boreholes (characterization and
investigation) through the 216-B-43, -49, 57 and -61 cribs in the 200-BP-1
operable unit as defined in DOE/RL 88 32.¢
4,2.2 Objective

The objective of this limit is to ensure that drilling/sampling

operations are curtailed when volatile organics are detected in the boreholes,
as specified in Section 4.2.3.

T 4.2.3 Requirements

) Routine combustible gas analysis and portable gas analysis monitoring
will be conducted on an a.m./p.m. basis. If action levels are exceeded (>10%

______ flammability) monitoring will be taken at increased frequency at the
discretion of the site supervision with concurrence of the site safety
representative.

Cutting and welding is not allowed if combustible gas levels are 10% or
more at the well or borehole head. A 30-minute fire watch is required after
hot work. Portable gas analysis monitoring will be conducted to check the
borehole prior to any activity that may produce a spark or flame if
combustible gas analysis readings indicate the presences of organic vapers.

— 4.2.4 Surveillance

An auditable site log of the borehole gas monitoring will be maintained
at the work site.

Instruments will be checked, tested, and calibrated according to the
Site Safety Plan/HWOP and the actions recorded in the site log.

4.2.5 Recovery

In the event of instrument readings higher than allowed (Section 4.2.3),
welding, cutting or other spark producing activities will not be permitted.
The borehole will be purged compliant with WHC-CM-7-7, E11 6.7, Ground Water
Well and Borehole Drilling. If concentrations are still higher than allowed
after purging, all drilling and sampling work will cease until a recovery work
plan by line management has been approved by Safety and Quality Assurance.
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Concentrations

The contaminant inventory in the vadose zones is unknown. The
postulated discharged 1iquids, of such high ionic values, 1imit our abilities
to predict the residual concentrations without extensive laboratory
simulation. To address the potential bounding concentration of the substances
in the vadose zones; simplified and conservative assumptions were made.
Westinghouse Hanford Environmental Technology developed a basis which assumes
that the radionuclides are confined in a 4-ft deep cylinderical zone beneath
each crib. Significant amounts of tritiated water are not expected to be
retained in the soil. Westinghouse Hanford Environmental Engineering,
developed a basis that has a fraction of the soluble chemicals residing in the
soil. Westinghouse Hanford Geosciences reviewed the basis and concurred that
the radionuclide concentration assumption would be a bounding case and that
the fraction derivation would reasonably represent the chemical components
that would remain in the soil. (See Geoscience letter appended to Attachment
2.) For purposes of conservatism, an assumption that the soils acted as a
filter and that ferrocyanide behaved as easily filtered particulate is also
made. This was made to derive a worst case concentration of ferrocyanide.

The postulated concentrations of the constituents are summarized in the
following.

MAXTMUM CONCENTRATIONS

SUBSTANCE 216-B-43 216-B-49 216-B-57
(contamination)

(volume) (142 ) (142 m®) (170 m®)
(chemicals/ppm)

Sodium 8.00E+3 8.96E+3 --
Nitrate 1.89E+4 2.24E+4 -
Sulfate 1.37E+3 1.19E+3 -
Phosphate 9.91E+2 8.96E+2 -=
Ferrocyanide g/cmz* 1.15E-2 3.62E-2

Ammonia Carbonate - -- 1.40E+1

(radionuclides/uCi/cm’)

H-3 - -- --

Co-60 1.10E-4 6.33E-4 8.65E-5
Sr-90 4.44E+0 8.73E+0 1.18E-2
Ru-106 - 7.04E-8 3.50E-7
Cs-137 1.00E+0 1.39E+0 1.45E+0
Pu-239 2.00E-4 6.03E-3 6.23E-5
Pu-240 5.42E-5 1.63E-3 1.69E-5
U-238 3.21E-5 7.18E-4 1.70E-6

*Sodium nickel ferrocyanide complex has been evaluated to be the
controlling ferrocyanide compound (E.C. Thornton, Attachment 3). The
concentration of the ferrocyanide compound assumes that a silt 1ens has
filtered and retained the ferrocyanide particulate over a 116.4 m® area (the
same area used for radioactive isotope concentrations).

Attachment 1
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From: Lester K Aldrich II at ~WHCL43 v
Date: 1/29/91 -
To: Larry C Brown at ~WHC37

William A Decker Jr at ~WHC34

Karl R Fecht at ~WHCH3

M (Mano) Kaviani akt ~WHCS0

Robertz E Heineman ab ~WHCE2

Mark E Hevland at ~WHC62

Richard A Hughes

Stephen R Johnson at ~WHECA2

Barry L Poorman

Kris A Smith at ~WHC62

Dennls S Takasumi at ~WHCS2

Robert J (Bob) Thcmas at ~WHCLL0

Werdy S Thompson at ~WHC142

Richard L Watts at ~WHCL1S

Gary F Boothe
Subject: Radioclogical Criteria for Core Sampling - Extension

REF: Letter 33140-90-GFB8-047, G.F. Bcothe to W.H. Price,
"Radiological Criteria for Obtaining Core Samplas in
Radiologically Contaminatad Scils" dated Cctober 8, 1930.

. The refersnce letter provided interim radiological criteria
and quidance for core sampling in ccntaminated soils. The
o letter stated the interim criteria would expire January 31,

1990. The interim criteria was 2stablished to provide
guidance until publicaticn of critaria in WHC-TM-4-10. The
ravised sections of WiHC-TM-1-10 ar® still &n the review and
~~ approval cycle,
. T ia in the referance letter is

he expiraticn dat= r criter
er <n 31, 1991.

£o
hersby extended to lar

1 /s/ L.«&. Aldrich, II, for
' G.f. Boothe, Manager
(=]

Radiological Engineering

o~
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33160-

90—Gg§—047

Westinghouse

Hanford Company

From: Radiological Engineering

Phone: 375-4739 L8-186

Date: October 8, 1990

Subject: RADIQOLOGICAL CRITERI[A FOR OBTAINING CORE SAMPLES IN RADIOQLOGICALLY

To:

CONTAMINATED SOILS

W. H. Price S0-03

cc: L. C. Brown H4-51 W. C. Mallory
W. A. Decker S0-02 D. J. Moak
H. 0. Downey S0-04 B. L. Poorman
K. R. Fecht H4-58 K. A. Smith
J. M. Garcia X0-04 0. S. Takasumi
R. E. Heineman, Jr. R3-12 R. J. Thomas
M. E. Hevland R3-12 W. S. Thompson
R. A. Hughes L8-15 R. L. Watts
S. R. Johnsan R3-12 GF3 File/LB

§5-51
S0-03
L8-15
G4-08
R3-27
T4-20
S0-04;
L8-52

Reference: Internal Memo, 33160-90-GrF8-030, W. H. Price from
G. F. Boothe, same subject, dated July 15, 1990.

This is a revision to the refarence latter ragarding radiological ral
criteria for drilling operations. The critaria specifiad in this let

is interim and shall expire on January 31, 1991.

ease
te

S
r

Tha intent of the criteria below is to ensura that in conducting drilling
aoperations, all radioactive contamination is contained or confined, that
no new contaminated outdoor areas are cr=2ated, and that personnel doses

ars ALARA.

Before detailing the specific radiological criteria that applies to

caring or drilling, some definitions are appropriate.

"Contaminated soil" or "contamination" means that the radioactivity
within soil or within cores is detectable with partable
instrumentation normally used by Health Physics Technicians (HPT)

at the surface of the soil or core. In those cases whars,

in the

judgement of the Ar=a Health Physics Manager, the soil could
exclusively contain radionuclidas not normally detectable with
partabla instrumentation (e.g., tritium, carbon-14, iodine-129,
etc.), "contaminataed" means that the concentration of those

radioactive materials axceeds:
200 pCi/gram total beta/gamma activity, OR

60 pCi/gram total alpha activity

anfarn Qoarations 3rd Sagireernng Santrac'ar 'ar 'me i)S Danartmant 3f Srargy
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W. H. Price
Page 3
Qctober 8, 1990

- Gloves and other appropriate protactive clothing shall be worn
by all personnel handling contaminated or potentially
contaminated soils or equipment and other provisions of the
RWP and AMW shall be adherad to.

High External Radiation Rates. [f the initial calculation of doses ratas
from cores exceseds 10 mrem/hr 3 contact OR, if the actual dose rate
measured from a core exczeds 10 mrem/hr @ contact, no attempt to sample
the core outdoors shall be made. Additionally, provisions shall be
devised and employed to limit doses to persaonnel handling the cores to
ALARA. These provisions shall be formulatad in pre-job planning and
shall be available, even if expected dose rat2s do not excesd the 10 mrem
@ contact criteria. (The latter requirament is due to the uncertainty in
predicting the dose rates from corss in some c¢ribs). Special provisions
include moving the cores indoors or utilizing a glove box or other
greater containment. Doses can be reduced by:

- The use of shielding
- Keeping all nonessential personnel in a low dosa rate arsza

- Limiting time of exposura and numbers c¢f personnel near the
cora

- The usa of shialded transport containars

At all times, containment of the core shall be maintained with a sleave
or with otl - approprial methads.

VYery High “-*-~rnal "-1iation Ratas. I[f the initial calculation of dose
rates from cores excaeds 1,000 mrem/hr @ contact OR if the measurad dosa
rate from a core exceeds 1,000 mram/hr @ contact during the jaob, the job
shall not be performed or the job shall be shut down immediataly.
Alternative methods for sampling the underground radicactivity should be
pursued.

High Aloha Contamination. If the initial calculation of alpha
concantrations in the core exceeds 10 nCi/gram OR, if alpha contamination
levels measured at the external surface of the cqre, soil, or the surface
of any material or equipment excsed 4,000 dpm/cm™, no attempt shall be
made to sample the core outdoors. Special provisions shall be devised

Attachment 2
page 4 of 6




W. H. Price
Page ¢
QOctober 8, 1990

and employed to ensure containment, such as going indoors or utilizing a
glove box or other form of greater containment. These provisions shall
be formulated in pre-job planning relative to TRU or uranium cribs and
shall be available in such casas.

[f you have any questions regarding the above interim criteria, please
contact L. K. Aldrich, 6-4139, for clarificatian.

AT AAE

#. Boothe, Manager
Radiological Engineering

¢ cab
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Ferrocyanide Inventory

An estimate of the total inventories of ferrocyanide diverted to the
216-B-43 and 216-B-49 cribs can be obtained by considering the chemical flow
sheets associated with the scavenging process and historical information
related to disposal activities.

Chemical flow sheets pertinent to this report are presented in Smith and
Coppinger (1954). The scavenging process involved making the acidified waste
0.005M in K, Fe(CN),, adding NaOH to bring the pH up to about 9, and adding
NiSQ, to O. 005M %h1s resulted in the coprecipitation of the cesium in salts
of nickel and ferrocyanide. Although the composition of these compounds is
not precisely known, they probably consisted primarily of Na,NiFe(CN), and
NaCsNiFe(CN), with sma]]er amounts of Cs,NiFe(CN), and Ni Fe(EN It is
important to note that the nickel ferrocyan1de compounds are very insoluble.
Thus, essentially all of the nickel added to the aste should have been taken
up into the precipitates. Some ferrocyanide couid remain in solution,
however, if an appreciable portion of the precipitate consisted of nickel
ferrocyanide. The concentration of ferrocyanide remaining in solution should
theoret1ca11y 1ie in the range from 0 to 0.0025M. To be conservative, it will
be assumed in this report that the concentration of dissolved ferrocyanide was
0.0025M (or 0.53 g/1 as Fe(C N)6 ) in the waste st ernate following completion
of the scavenging process. The total inventories of dissolved ferrocyanide
diverted to the cribs are as follows:

Crib # Total Volume of Liguid Total Dissolved Ferrocyanide™
216-B-43 2,120,000 liters 1124 kg
216-B-49 6,700,000 liters 3551 kg

Stenner et al, 1988.
"Calculated as descr1bed above and baseline for DOE, 1990.

A primary objective of this report is to assess the amount of nickel
ferrocyanide precipitate that might have been diverted to the 216-B-43 and
216-B-49 il . This is dependent on the extent of settling of these
compounds prior to diversion of the supernate to the cribs. It is not
possible to accurately assess this, since the supernatant fluids were not
analyzed for ferrocyanide particulates during cribbing. These fluids were
monitored for Cs-137 activity, however, which was required to be below
0.1 pCi/ml. An estimate of the amount of precipitate remaining in the
supernate may thus be provided by the Cs-137 decontamination factors
associated with this requirement. Typical Cs-137 activities of about 20 to
30 pCi/ml before scavenging suggest that decontamination factors of 250 were
routinely attained during the scavenging process (see Table I of Sloat 1955).
Laboratory evaluation of the scavenging process, furthermore, indicated that
decontamination factors of 300 or greater could be anticipated if a week was
allowed for settling of the precipitate (Burns et al. 1954 and Table I of
Sloat 1955). Based on the knowledge that the total concentration of
ferrocyanide added during scavenging was 0.005M and assuming that a
decontamination factor of 250 was attained during settling, the inventories of
nickel ferrocyanide solid material potentially diverted to the cribs may be

Attachment 3
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represents the division between the fields of endothermic and exothermic
behavior. This boundary has been constructed under the assumption that NO and
N,O are generated during the reaction, which is consistent with available
laboratory data. This reaction can be written as

Na,NiFe(CN), + 10NaNOy = FeO + Ni0 + 6Na,CO5 + 6N,0 + 4NO
which has a heat of reaction of -435 kcal (M.D. Crippen pers comm).

Note that the area of the diagram that is theoretically combustible is
relatively large. Much of this area can be disregarded, however, since the
soils beneath the cribs represent a significant diluent. It is possible to
define the areas within the diagram that pertain to the cribs by considering
soil characteristics and chemical inventories.

Let us assume that the porosity of the crib gravel and underlying soils
is a conservative 40%. This pore space will contain some combination of
nickel ferrocyanide, nitrate, water, and air. A may be neglected since it
will have little effect on the reactions owing to its low heat capacity and
insignificant oxidizing capacity relative to nitrate. It will also be assumed
in this presentation that the specific retention of the soil for the waste
water is 10 volume% immediately following drainage, but eventually decreases
to less than 5% as the soil drys out (Bear and Verruijt 1987). This residual
water will also be neglected, although it would serve to markedly reduce the
potential for reaction because of its large quenching capacity.

Two scenarios have been proposed to represent feasible distributions of
ferrocyanide and nitrate in the crib soils (Kaczor 1991). In the first case,
consider a homogeneous infiltration of waste water containing dissolved
ferrocyanide and nitrate through the soils. Soli nickel ferrocyanide will be
ignored in this casa, since the inventory is incc ;equential (see above). The
amount of fluid in the soil will initially be approximately 10 volume%
following drainage. The amount of nitrate salts remaining after the soil
dries out will be about 1.4 wt% and ferrocyanide salts will be about 40 ppm,
based on the inventories presented earlier and assuming densities of 2.3,
2.26, and 1.88 g/_.. for sand, sodium nitrate, and ferrocyanide solids,
respectively. Thus, a mixture consisting of about 98.6 wt% sand, 1.4 wt%
nitrate, and negligible ferrocyanide will result. This mixture is represented
in Figure 1 by the point labeled "Case I". Note that this mixture lies in the
area that is endothermic and thus would not be ignitable.

In the second case, consider the hypothetical situation where a low
permeability soil horizon underlies a more permeable one. It is possible that
this may serve as a trap for fine particles of the nickel ferrocyanide that
entered the crib. Assume that half of the pore space is packed with this
material and that the initial moisture content is again 10 volume%. If this
soil dries out, a cubic centimeter of the resulting mixture will consist of
about 1.38 grams of sand, 0.02 grams of sodium ni- ate, and 0.38 grams of
Na,NiFe(CN),. This corresponds to 77.5 wt%, 1.1 wt%, and 21.4 wt% of the
above components. This mixture is also not ignitable, as can be observed from
the location of the point designated "Case II" in Figure 1.

Attachment 3
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Westinghouse

Hanford Company Memo
From: Partitioning and Process Integration

Phone:  5-8653 L5-31

Date: April 3, 1991
Subject: GRAPHICAL REPRESENTATION OF FERROCYANIDE CRIB COMPOSITIONS

To: M. R. Adams H4-55

cc: H. Babad H4-23 J. J. Holmes L5-55
G. L. Borsheim R2-11 J. A. Hunter L5-31
M. A. Buckmaster H4-55 B. C. Simpson R2-12
R. A. Carlson H4-55 D. D. Stepnewski NI-31
R. J. Cash H4-23 E. C. Thornton H4-55
S. A. Colby L5-31 MDC/File/LB
R. C. Hill H4-23

Introduction

The purpose of this memo is to illustrate the compasition of the
ferrocyanide cribs using a three component ¢ igram. The diagrams can show
the thermodynamic and physical relationships between reactants and diluents
as a function of concentration. It will be especially useful for
presentations, safety work, and chemistry issues.

Definitions

Figure 1 is a three component diagram and consists of an equilateral
triangle. The north vertex will represent pure oxidizer (such as NaNOs)and
maovement away from that point will represent decreasing mass fractions of
oxidizer. The west vertex will represent pure fuel (such as sodium nickel
ferrocyanide) and moven 1t away from that point will Jresent decreasing
mass fractions of the { :1. The east vertex will represent pure diluent
(such as sand, gravel or silt) and movement away from that point will
represent decreasing mass fractions of diluent. The advantage to this
system is that the sum of the normal distances to each side from any point
on the diagram is constant so that the mass fraction of all passible
material combinations can be represented by a linear scale. These diagrams
are usually used to show phase relationships etween components but can
show other properties that are additive in nature. It should be apparent
that this system allows one to represent a huae amount of data with a few
lines and therefore provides a powerful tool o understanding the crib

composition situation.
Thermodynamics of the Diagram

The maximum energy release for the compound of interest is given by (and
the equivalent equation for the nitrite):

Na,NiFe(CN), + 6NaNO, ----> FeCO, + NiCO, + 4Na,CO; + 6N,

Attachment 3
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M. R. Adams
April 3, 1991
Page 2

Na,NiFe(CN), + 10NaNO, ----> FeG + NiQ + 6Na,CO, + 8N,

For our purposes here, we can ignore the second equation as there is little
or no nitrite in the cribs. We have also taken the reaction products as
carbonates rather than oxides and carbon dioxide; thermodynamic data show
the carbonates to be the preferred form at the lower temperatures of
interest and it does give a higher energy release so is more conservative.

For a reaction to proceed by itself it has to be exothermic (heat
releasing) and it must be able to heat the reactants to the minimum
temperature where reaction can occur. Any excess energy can then be used
to raise the reaction products to higher temperatures which may result in
light emissions and/or mechanical work. If any excess reactant, either
fuel or oxidizer, is added then the maximum temperature is less because
some reaction energy is required to heat the material up and no energy is
released from that material. For our reaction, it is necessary to heat the
sodium nickel ferrocyanide and the sodium nitrate from 13°C (the ground
temperature of 55°F at depth) to at least 220°C (the minimum reaction
temperature). This is very conservative because for the actual
compositions the ignition temperature is really higher.

The reaction is also conservative because of a number of other assumptions.
First, the reaction heat is based on a reversible reaction which this
certainly is not. Second, that the system is isothermal which it is not
except under the most rapid reaction conditions. Third, is that the system
is adiabatic which is questionable since warm gases can escape the reaction
zone before giving up their energy to the immediate area. It will be later
seen that all of these together give a very conservative case for reaction
propagation purposes.

Point A is the optimum ratio of nitrate and ferrocyanide to give the
maximum reaction energy. On the figure, point C is where enough
ferrocyanide has been added so that its heat capacity exactly balances the
heat given off by the limited nitrate. Similarly, D is t} point where
enough nitrate has been added so that its heat capacity exactly balances
the heat given off by the limited ferrocyanide. If a tie line is ...de from
A toward the sand vertex and the same heat capacity argument is used for
the addition of sand, then E is the excess sand that exactly balances the

reaction heat.

The area C-A-D-E are compositions that theoretically evolve heat or energy;
not all compositions will necessarily sustain an exothermic reaction
especially with real gas evolution and heat losses. The area outside are
compositions that absolutely never will burn. We refer to the line C-E-D
as the "snuff" line for that reason.

Attachment 3
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M. R. Adams
April 3, 1991
Page 3

One can now see that the figure does not reoresent the actual cribs fully
as there are potentially large quantities ¢ inert salts and water that act
as diluents. What is needed is a fourth vertex (for the other diluents)
which could be represented by a Lucite tetrahedron with internal lines and
colors to show the snuff boundary which is now a surface instead of a line.
Such a unit is hard to visualize, even if well made, and definitely does
not go through the FAX machine. However, there is a way to refine the
triangular diagram by changing the sand component to sand and all other
diluents. As long as other diluents are entered at the same equivalent
thermal value as the sand, the effect of this analysis is served. Table I
shows the thermal equivalent of some other diluents.

Table I

Thermal Equivalent of Diluents

Component Mass equiv to 1 1b sand
sand 1.

H,0 17

NaNO3 1.9

Na,N1(CN), 1.2

The loss in making this combination is slight. [t only requires that all
other salts and water be added on an equivalent thermal basis and not a
mass basis. Compared to the other assumptions and unknowns, this will be
minor.

Up until now we have assumed the reaction equation to give elemental
nitrogen and carbon dioxide as the cyanide combustion products. This is
conservative because it does give the maximum energy release but it may not
be realistic; in fact, present experimental data indicate a much lower
energy release than the maximum. There is obviously a range of nitrogen
oxides as products that give varying amounts of energy. The following are
possible equations in descending order of energy release from our original
one to the one that is the most endothermic:

a) Na,NiFe(CN), + 6NaNOy ----> FeCOy + NiCOy + 4Na,COy + 6N,
reaction energy is -728 kcal

b) NaNife(CN), + 9NaNOy ----> Fe0 + NiO + 5.5Na,CO; + 7.5N,0 + .5C0,
reaction energy is -514 kcal

c) Na,NiFe(CN), + 10NaNOy ----> Fe0 + NiO + 6Na,C0; + 6N,0 + 4NO
reaction energy is -235 kcal

Attachment 3
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M. R. Adams
April 3, 1991
Page 5

anything less than 35 gpl ferrocyanide or less than 55 gpl of nitrate would
be in the endothermic range. Considering the vast volume of the crib and
the relatively small amounts of ferrocyanide it would seem highly unlikely
to have that high of concentration of reactants.

If it is determined that there is a real risk of reaction during drilling,
then the use of an added diluent is a sure way to ensure safety with a
minimum of effort. Water is the obvious choice for a number of reasons but
would confound sample data for moisture or soluble species. Carbon dioxide
could also be used but still has some confounding problems with moisture
and carbonate analysis; it is certainly cheap and otherwise benign. Any
one of several (but not all) freons would be good choices -- non-flammable,
non-poisonous, non-corrosive, non-interactive with sample data, easy to
handle, cheap and only modest quantities would be required.

Conclusions

Three component diagrams have been presented as a way to aid in the
understanding of possible and probable crib compositions. A basis has been
developed to show that a large fraction of possible compositions

cannot participate in any exothermic reaction. Most overall crib
compositions appear to be non-reactive and show that the fraction of
material in the crib that might react is only a small part of the total.

M. D. Crlppen P.E. j;Z?/ bﬂLj?

Partitioning and Process Integration
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Attachment 1: Estimate of External Dose Rates From Task 4 Core Sampling
Near the 216-B Cribs
by Paul D. Rittmann January 11, 1991

The 216-B cribs are located north of the 241-BY tank farm in 200 East Area.
The object of this analysis is to estimate the potential dose rates to be
encountered under Task 4 of the 200-BP-1 Operable Unit Remedial Investigation
Work Plan (DOE/RL/88-32). Three primary sources of external dose rate are the
core sample (1 or 2 feet long, and 4 or 5 inches in diameter), a 250 ml sample
pottle, and a 55 gallon drum, which is assumed to collect the majority of the
excess soil produced by the drilling.

The method used in this report is to estimate soil concentrations for the
three cribs to be drilled, and then calculate dose rates from thesa estimated
soil concentrations for simple geometries such as can be handled by the
program [SOSHLD.

The estimate of soil contamination assumes that the activity discharged to the
cribs is uniformly distributed over some volume of soil under the cribs. The
volume of the contaminated soil was varied to provide a range of uOSSlb]
contamination Tevels.

The discharges of water and Sr-90 and Cs-137 during the operation of the cribs
are summarized in the table below. The Sr-90 and Cs-137 activities have been
decayed to 1986. To hring the amounts to 1990 would require an additional

4 years of decay, which would reduce the Sr-90 activity by 9 percent, a
difference which is too small to be concerned about when estimating dose
rates.

Discha ‘ 7 arth of 241-BY Tank Farm
Liquid Total Curies Average uCi/cc

Crib [D Liters Sr-90 Cs-137 Sr-90 Cs-137
216-8-43 2.12E+06 630 142 2.97E-01 6.70E-02
216-B-44 5.60E+06 1310 336 2.34£-01 +6.00E-02
216-B-45 4.92€+06 1290 727 2.62E-01 1.48E-01
216-B-46 5.70E+06 692 96.9 1.03€-01 1.45£-02
216-8-47 3.71E+06 286 72.7 7.71E-02 1.96€-02
216-8B-48 4 .09E+06 500 218 1.47E-01 5.33E-02
216-8-49 §.70E+06 1240 188 1.85€-01 2.96E-02
216-8-50 5.48E+07 3.72 55.8 6.79E-05 1.02E-03

Total: 8.86E+07 5052 18445 6.83E-02 2.08E-02
216-B-57 8.44£+07 2.01 246 2.38E-05 2.91€-03
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ISOSHLD-PC Exposure Rates (R/hr) Using a Soil Concentration of 1 uCi/cc

Sr-90 2’ 5" 27 4" 17 8" 17 4" 250 ml 55 gal
s
2 inches 1.27€-03 1.01£-03 1.09E-03 8.79E-04 | 2.21E-04 | 2.46E-03
1 foot | 2.33E-04 1.71E-04 1.37E-04 1.00E-04 1.36E-05 | 9.30E-04
3 feet | 3.82E-05 2.72E-05 1.96E-05 1.40E-05 1.66E-06 | 2.26E-04
10 feet | 3.72E-06 2.59E-06 1.84E-06 1.30E-06 1.52E-07 | 2.76E-Q5
Cs-137 2" 5" 27 4" 17 5" 1’ 4" [ 250 ml 55 gal
2 inches | 9.38E-02 7.18E-02 7.75E-02 6.01E-02 | 1.40€-02 | 2.49E-01
1 foot 1.67E-02 1.17E-02 9.59E-03 6.75E-03 8.62E-04 | 9.08E-02
3 feet | 2.74E-03 1.87E-03 1.41E£-03 9.57E-04 1.06E-04 | 2.20E-02
10 feet | 2.70E-04 1.80E-04 1.34E-04 9.01E-05 | 9.82E-06 | 2.72E-03
Teh'~ Headings:
¢ 3" =5 inch diameter cytinder, 2 feet lcng
2’ 4" =4 inch diameter cylinder, 2 feet long
1’ 8" =5 inch diameter cylinder, 1 foot long
1" 4" = 4 inch diameter cylinder, 1 foot long
250 m1 = 250 ml1 sample bottle, 2" diameter, 5" tall
55 gal = 55 gallon drum filled with soil
Notes:

(1) The assumed soil density is 1.6 g/cc in all cases.
Higher densities give rise to lower exposure rates.

(2) The 4" and 5" cylinders are bare, i.e., they are not
encased in a pipe.

(3) The 250 ml bottle has a 0.1 cm thick plastic wall.

(4} The 55 gallon drum has a 1/16" thick steel wall.

To calculate the expected dose rates, the above dose rates are adjusted
according to the expected soil concentration. These calculated dose rates are
shown in the tables below for contact (2 inches) and 3 feet.

Note that [SOSHLD-PC does not compute the direct dose rate from the beta
radiation, such as would be measured with a CP. [SOSHLD-PC computes
"bremsstrahlung” photon radiation, an indirect effect of the beta rays which
can be measured.

Attachment 4
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VARSKIN Peak Dose Rates for Sr-90 & Y-90, rem/hr
thick  dose thick dose thick dose thick dose
g/crn2 rem/ar g/cm2 rem/hr g/cm2 rem/hr g/cm®  rem/hr
0.007 16.1 0.088 3.54 0.255 1.15 0.53 0.149
0.008 15.2 0.09 3.48 0.26 1.11 0.54 0.135
0.009 14.5 0.092 3.39 0.265 1.08 0.55 G.123
0.01 13.9 0.094 3.33 0.27 1.04 0.56 0.111
0.012 12.8 0.096 3.27 0.275 1.01 0.57 0.1
0.014 12 0.098 3.22 0.28 0.98 0.58 0.0901
0.016 11.2 0.1 3.16 0.285 0.95 0.59 0.0808
0.018 10.5 0.104 3.06 0.29 0.92 0.6 0.0723
0.02 9.97 0.108 2.96 0.295 0.891 0.61 0.0644
0.022 9.46 0.112 2.87 0.3 0.863 0.62 0.0572
0.024 9.05 0.116 2.79 0.305 0.8386 0.63 0.0507
0.026 8.59 0.12 2.71 0.31 0.809 0.64 0.0447
0.028 8.22 0.124 2.583 0.315 0.783 0.65 0.0393
0.03 7.87 0.128 2.56 0.32 0.758 0.406 0.0344
0.032 7.56 0.132 2.49 0.325 0.733 0.67 0.0301
0.034 7.27 0.136 2.43 0.33 0.709 0.538 0.0261
0.036 7.02 0.14 2.36 0.335% 0.587 0.69 0.0227
0.038 6.77 0.144 2.3 0.34 0.504 0.7 0.0196
0.04 5.54 0.148 2.25 0.345 0.642 0.71 0.0163
0.042 6.32 0.152 2.19 0.35 0.821 0.72 0.0144
0.044 6.1l 0.156 2.13 0.355 0.6 0.73 0.0123
0.046 5.92 0.16 2.08 0.36 0.58 0.74 0.0105
0.048 5.74 0.164 2.03 0.365 0.56 0.75 0.00891
0.05 5.56 0.168 1.98 0.37 0.54 0.76 0.00752
0.052 5.4 0.172 1.95 0.375 0.522 0.77 0.00632
0.054 5.24 0.176 1.9 0.38 0.504 0.78 0.00527
0.056 5.1 0.18 1.85 0.385 0.486 0.79 0.00427
0.058 4.96 0.184 1.81 0.39 0.47 0.3 0.00l.
0.06 4.83 0.188 1.76 0.395 0.453 0.81 0.00293
0.062 4.7 0.192 1.72 0.4 0.436 0.82 0.00237
0.064 4.58 0.196 1.56 0.41 0.405 0.83 0.00188
0.0686 4.47 0.2 1.62 0.42 0.376 0.84 0.00147
0.068 4.36 0.205 1.57 0.43 349 0.85 0.00113
0.07 4.26 0.21 1.52 0.44 0.322 0.86 0.00084
0.072 4.186 0.215% 1.47 0.45 0.298 0.87 0.CQ06
0.074 4.07 0.22 1.43 0.46 0.275 0.88 0.00041
0.076 3.98 0.225 1.38 0.47 0.253 0.89 0.00028
0.078 3.92 0.23 1.34 0.48 0.233 0.9 0.00014
0.08 3.84 0.235 1.3 0.49 0.213 0.91 7E-05
0.082 3.76 0.2 1.26 0.5 0.195 0.92 2€-05
0.084 3.68 0.245 1.22 0.51 0.179 0.93 0
0.086 3.61 0.25 1.18 0.52 0.183
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The above ratios do not take into account distance effects 1ike inverse square
Taw. They only consider the effects of shielding provided by the added air.
The above ratios are thus suitable to be applied to the photon dose rates
computed by ISOSHLD to estimate the window open and window closed readings.

Estimated Absorbed Dose Rates, mrad/hr (Hiﬁdow Open CP Reading)

On Contact (2 inches)

2/ 5!!

2/ 4"

Maximum
Minimum
Al1 8 Cribs
216-B-57

2.0E+03
1.3€E+01
8.9E+01
1.7E+02

1.6E+03
1.1e+01
7.1£+01
1.3€+02

17 5" 17 4" 250 m1 53 gal }

1.7E+03 1.4E+03 1.7E+02 3.7E+0Q2
1.1E+01 9.2E+00 1.1E+00 3.2E+0C
7.9E+01 6.1E+01 7.5E+00 2.8E+01
1.46+02 1.1E+02 2.0E+0l 3.8E+02

At 3 feet (from the outside)

2’ 3" 2" 4" 1’5" 17 4" 250 ml 55 gal

Maximum 2.6E+01 1.9€+01 1.3E+01 9.SE+0C 6.8E-01 3.2E+0l
Minimum 1.8E-01 1.2€-01 9.1E-02 6.4E-02 4.7E-03 2.9E-01

A1l 8 Cribs 1.2E+00 8.5E-01 6.2E-01 4.4E-01 3.3E-02 2.5€+00
216-B-57 4.0E+00 2.7E+0C 2.1E+00 1.4E+00 1.5E-01 3.2E+01

Estimated Absorbed Dose Rates,

On Contact (2 inches)

mR/hr (Window Closed CP Reading)

—
2’ 5" 27 4" 1’ 5" 17 4" 250 ml 55 qal
Maximum 2.4E+02 1.9€+02 2.0E+02 1.6E+02 2.8E+01 3.7E+Q2
Minimum 1.8£+00 1.4E+00 1.8E+00 1.2E400 2.3E-01 3.2E+00
A1l 8 Cribs 1.5E+001 1.1E+001 1.2E+01 9.56E+00 1.9E+00 2.8E+0l
216-B-57 1.4E+02 1.0E+02 1.1E+02 8.7E£+01 2.0E+01 3.5E+02

At 3 feet (from the ocutside)

2’ 5" 27 4" 17 5" J 250 ml 55 gal

Maximum 5.1E+00 3.5E+00 2.8E+00 1.8E+00 1.7E-01 3.3E+01
Minimum 4.28-02 2.9£-02 2.2€-02 1.5E-02 1.5E-03 2.9E-01

A1l 8 Cribs 3.5E-01 2.4E-01 1.8E-01 1.2E-01 1.3E-02 2.5E+0Q0
216-B-57 4.0E+00 2.7E+00 2.0E+00 1.4E+00 1.5E-01 23.2E+01
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General Considerations
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B3 ] [ ] Necessary assumptions explicitly stated and supported.
=F({ 1 [ ] Computer codes and data files documented.
¥ [ ] [ ] Data used in calculations explicitly stated in document.
<] '] [ ] Data checked for consistency with original source information

as applicable.

P9 (] (] Mathematical derivations checked including dimensional
consistency of results.

I [ [} Models appropriate and used within range of validity or use
outside range of established validity justified.

[ J 0] IX] Hand calculations checked for errors.

[ 1 [] [~ Code runstreams correct and consistent with analysis documen-
tation.

<] [ ] (] Code output consistent with input and with results reported
in analysis documentation.

<1 0) [] Acceptability limits on analytical results applicable and
supported. Limits checked against sources.

Bl [ ] [} Safety margins consistent with good engineering practices.

B<1 01 [1 Conclusions consistent with analytical results and applicable
Timits.

0<1 '] [ 1 Results and conciusions address all points required in the
problem statement.
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Radiological Calculations

(101 U1 GENIT (current version) used for radiological calculations.
L1y 0 Appropriate receptor locations evaluated.
{JI11 [] Appropriate models (finite plume vs. semi-infinite cloud,

building wake, etc.) used.
(1 0] (] Appropriate pathways evaluated for each receptor.
J

( (] [ ] Analysis consistent with KDOC Recommendations.
e
HDOC Reviewer Approval Date
Note: Any calculations, comments, or notes generated as part of this

review should be signed, dated and attached to this checklist.
Such material should be labeled and recorded in such a manner as
to be intelligible to a technically qualified third party.
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Dose Rate at 3 ft
&input X= 94.08, NTheta= 7, NPsi= 11 &
Dose Rate at 10 ft
&lnput X= 307.44 &
Contact (2 inches) 55 gallon drum
&Input Next=3, X= 33.24, T(1)= 28, 0.16, IConc= 1,
Slth= 82, Y= 41, NTheta= 13, NPsi= 23, delr= 2 &
Soil 16 1.6
1 Iron 9 7.86
Dosa Rate at 1 ft
&lnput Next= 4, X= 58.64, NTheta= 11, NPsi= 17 &
Dose Rate at 3 ft
&lnput X= 119.6, NTheta= 9, NPsi= 13 &
Dose Rate at 10 ft
&lnput X= 332.96 &
This is the End of the Sr-90 Run.
&lnput Next= 6 &

1 2 For Comparison with Direct Beta Dose Rates
Bare Soil -- Sr-90 Contamination ’
4lnput Next= 1, [GEOM= 9, T(1)=8, 0, X= 8.2, -
Delr= 0.1, SLTH= 56.419, NTheta= 41, JBuf= 1, NShld= 2,
[Conc= 1, Weight(82)= 1, Weight(84)=1 &
Tissue 2 1.0
1 Soil 16 1.6
Bare Soil with 400 mg/cm2 Shield
&Input Next= ¢, T(2)= 0.4, X=8.68 &
Bare Soil with 1 mm Plastic Shield
&lnput T(2)= 0.1, X= 8.3 &
Bare Soil with 1 mm Plastic with 400 mg/cm2 Shield
&Input T(2)= 0.5, X=18.7 &
Bare Soil -- (Cs-137 Contamination
&Input Next=1, T(l)=28, 0, X= 8.2, JBuf=1, NShlid= 2,
Weight(82)= 0, Weight(84)= 0, Weight(335)= 1, Weight(336)= 0.946 3
Tissue 2 1.0
1 Soil 16 1.6
Bare Soil with 400 mg/cm2 Shield
dlnput Next= 4, T(2)=0.4, X=8.6 &
Bare Soil with 1 mm Plastic Shield
&lnput T(2)= 0.1, X=8.3 &
Bare Soil with 1 mm Plastic with 400 mg/cm2 Shield
&Input T(2)= 0.5, X=8.7 &
This is the End of the Flat Disk Run.
&Input Next= 6 &
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Contact {2 inches) 55 gallon drum
&lnput Next=3, X= 33.24, T(l)= 28, 0.16, IConc= 1,
Slth= 82, Y= 41, NTheta= 13, NPsi= 23, delr= 2 &
Soil 16 1.6
1 Iron 9 7.86
Dose Rate at 1 ft
&Input Next= 4, X= 58.64, NTheta= 11, NPsi= 17 &
Dose Rate at 3 ft
&Input X= 119.6, NTheta= 9, NPsi= 13 &
Dose Rate at 10 ft
&lnput X= 332.96 &
This is the End of the Cs-137 Run.
&lnput Next= 6 &
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Attachment 1: Estimate of external Dose Rates From Core Sampling in the
Vicinity of the 216-B Cribs Horth of 241-BY
by Paul D. Rittmann June 15, 1990

The 216-B cribs are located north of the 241-BY tank farm in 200 East
Area. A plan view of the site is attached. The object of this analysis
is to estimate the potential dose rates to be encountered when core
drilling takes place to insert two monitoring wells near these cribs. Two
primary sources of external dose rate are the core sample (2 feet long and
5 inches in diameter) and a 55 gallon drum, which is assumed to collect
the majority of the excess soil produced by the drilling.

The method used is to estimate soil concentrations and then calculate dose
rates from these estimated soil concentrations for simple geometries such
as can be handled by the program I[SOSHLD.

The estimate of soil contamination assumes that the activity discharged
to the cribs is uniformly distributed over some volume of soil under the
cribs. The volume of the contaminated soil was varied to provide a range
of possible contamination levels.

The discharges of water and Sr-90 and Cs-137 during the operation of the
cribs are summarized in the table below. The Sr-90 and Cs-137 have been
decayed to 1986. An additional 5 years of decay would only reduce the
Sr-90 activity by 11 percent, a difference which is too small to be
concerned about in the present dose rate estimates.

Discharges to the Cribs North of 241-BY Tank Farm

Liquid Total Curies Average Ci/m3

Crib ID Liters Sr-90  Cs-137 Sr-90 Cs-137
216-B-43 2.12E+06 630 142 2.97E-01 6.70E-02
216-B-44 5.60E+06 1310 336 2.34E-01 6.00E-02
216-B-45 4.92E+06 1290 727 2.62E-01 1.48E-01
216-B-46 6.70E+06 692 96.9 1.03E-0] 1.45E-02
216-8-47 3.71E+06 286 72.7 7.71E-02 1.96E-02
216-B-48 4.09E+06 600 218 1.47E-01 5.33E-02
216-B-49 6.70E+06 1240 198 1.85E-01 2.96E-02
216-B-50 5.48E+07 3.72 55.8 6.79E-05 1.02E-03

Total: 8.86E+07 6052 1846 6.83E-02 2.08E-02
216-B-57 8.44E+07 2.01 246 2.38E-05 2.91E-03

Total: 1.73E+08 6054 2092  3.50E-02 1.21E-02
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ISOSHLD-PC Exposure Rates (R/hr) Using a Source Concentration of 1 uCi/cc

————————— Sr-90 --=----==  emmm-—ee- (5-137  -mmm-m---
1/4 inch Bare 55 gal 1/4 inch Bare 55 gal

.25E-02 9.36E-02 2.43E-01
.44E-02 1.65€£-02 9.03E-02
.45E-03 2.74E-03 2.18E-02
.43E-04 2.70E-04 2.70E-03

Contact 6.63E-04 1.27E-03 2.46£-03
1 foot 1.41E-04 2.32E-C4 9.22E-C4
3 feet 2.45E-05 3.80E-05 2.24E-04

10 feet 2.43E-06 3.72E-06 2.73E-05

N N — Y

5 inch diameter cylinder, 2 feet long, 0.25 inch pipe wall

1/4 inch =
Bare = 5 inch diameter cylinder, 2 feet long, no pipe
55 gal = 55 gallon drum filled with soil
o Notes:
(1) The assumed soil density is 1.6 g/cc in all cases.
v Higher densities give rise to lower exposure rates.

(2) 1 uCi/cc Sr-90 means 1 uCi/cc Sr-90 and 1 uCi/cc Y-90.
1 uCi/cc Cs-137 means 1 uCi/cc Cs-137 and 0.946 uCi/cc Ba-137m.
. (3) Contact exposure rates are given at 2 inches to approximate CP
window closed readings.

Note that ISOSHLD-PC does not compute the direct dose rate from the beta
radiation, such as would be measured in an "open window" CP reading taken
by an HPT. [ISOSHLD-PC computes "bremsstrahlung" photon radjation, an
indirect effect of the beta rays measured in the "closed window" CP
readings. The direct beta dose rate can_be estimated from the rule of
thumb for skin contaminations: 1 uCi/cm2 of Sr-90 gives about 10 rad/hr
e to the skin. Assuming the surface contamination is represented by the
first millimeter of soil, then a 1 uCi/cc concentration in the soil
- produces about 1 rad/hr beta radiation at the surface. Using ISOSHLD-PC
‘ to calculate the photon dose rate very close to the cylinder gives
2.5 mR/hr. Thus the direct beta dose rate could be expected to be about
400 times the bare Sr-90 exposure rate very close to the source. The beta
dose rate will decrease rapidly with distance. A rule of thumb for beta
dose rates is that the dose rate decreases by half in one-eight the range.
For Y-S0 betas (2.2 Mev maximum energy) the range in air is at most 30
feet. For Sr-90 alone (0.546 Mev), the range of the betas is at most 5
feet in air.

Applying the above dose rates for unit concentrations to the projected
concentrations under the cribs gives the following exposure rates from the
core sample and the 55 gallon drum:

Exposure Rates (mR/hr) for Crib Soil at the Estimated Concentrations

Bare Sample 55 Gallon Drum
Contact 3 feet Contact 3 feet

Crib Maximum- 4.9E+02 1.4E+01 1.3E+03 1.1£+02
Crib Minimum 4.6E-01 1.3E-02 1.2E+00 1.1E-01
A1l 8 Cribs 1.1E+01 3.1E-01 2.8E+01 2.4E+00 Attachment 4
page 18 of 34
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Localized Maximum Air Concentrations

uCi/cc DAC units OCG units
Sr-90 Cs-137 Sr-90 Cs-137 Sr-90 Cs-137

Crib Maximum 5.7E-08 3.2E-08 2.8E+01 4.6E-01 6.3E+03 8.0E+0l
Crib Minimum 2.0E-12 3.1E-11 1.0E-03 4.4E-04 2.3E-01 7.7E-02
A1l 8 Cribs 2.2E-09 6.8E-10 1.1E+00 9.7E-03 2.5E+02 1.7E+00

Air Concentration Guidelines, uCi/cc

Limit Type Sr-90 Cs-137

Occupational (DAC) 2.0E-09 7.0E-08
Environmental (DCG) 9.0E-12 4.0E-10

The air concentrations are potentially high enough during short p: iods

to warrant respiratory protection from the radiocactive contamination.
Sr-90 is the primary concern here. Since it may be present during the
drilling of the monitoring wells, workers should wear particulate
respiratory protection. Also, attention should be given to preventing the
spread of surface contamination.

For information related to shipping the samples, the total activities in a
sample at the concentrations calculated earlier are shown on the table
below.

Total Activity (Curies) in a Sample
250 ml 7,720 ml 206,900 ml

Sample Bottle 5" diar :er core 55 Gallon Drum
Sr-90 Cs-137  Sr-90 Cs-137  Sr-90 Cs-137

Crib Maximum 2.3E-03 1.3E-03 7.0E-02 3.9E-02 1.9E+00 1.1E+00
Crib Minimum 8.2E-08 1.2E-06 2.5E-06 3.8E-05 6.8E-05 1.0E-03
A1l 8 Cribs 8.9E-05 2.7E-05 2.8E-03 8.4E-04 7.4E-02 2.2E-02

References:

1. DOE/RL 88-32, Revision 1, "Remedial Investigation/Feasibility Study
Work Plan for the 200-BP-1 Operable Unit Hanford Site, Richland,
Washington", March 1990.

2. J. F. Cline and L. L. Cadwell, "Movement of Radiostrontium in the Soil
Profile of an Arid Climate", Health Physics, Volume 46, pages 1136-
1138, May 1984.

3. 1. 0. Lourant, "Validation of ISOSHLD-PC on the IBM PC (PS-2/AT/XT)",
WHC-SD-SQA-CSWD-303, 12/20/89, EDT 109878. Attachment 4
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Attachment 2: ISOSHLD-PC Printed Output for the Unit Concentrations
Start run at 14:04:34 06/15/90
[SOSHLD-PC (RI30 removed) T
Version 1.6, December 1989
for IBM & Compatible Personal Computers
Nuclear Safety & Radiological Analysis
Westinghouse Hanford Company
Richland, WA 893%2
Sr-90 Cose Rates, 1.6 g/cc Soil
Table of Source Activity:
Scale Factor = 1.000E+00
[sotope Initial Final
Name Yalues uCi/cc
SR- 90 1.00E+00 1.000E+00
Y - 30 1.00E+00 1.000E+00
Shield Compssition, g/cc
Shield 1 Shield 2 Shield 3 Shield 4 Shield §
ORDCONC 1.600E+00 0.000E+00
[RCN 0.000E+00 7.860E+00
Group Linear Attenuation Coefficients (last region is air)
1 3.445E+01 3.471€+02 4.424E-03 0.000E+00 0.000E+00 0.000E+00
2 5.610E+00 9.650£+01 ©6.542E-04 0.000E+00 0.000E+00 0.000E+00
3 1.553E+00 4.468E+01 3.504E-04 0.000E+00 0.000£E+00 0.000E+00
4 1.080€+00 2.071e+01 2.715E-04 0.000€+00 0.000€e+00 0.000E+00
5 6.352£-01 1.144E£+01 2.405£-04 0.000E+00 0.000E+00 0.000£+00
6 5.304E-01 7.632E+00 2.247e-04 0.000£+00 0.000E+00 0.000E+00
7 4.325€E-01 5.447€+00 2.137£-04 0.000E+00 O0.000E+00 0.000E+00
8 3.848E-01 3.948E+00 2.049t-04 0.000E+00 0.000E+00 0.000E+00
9 3.274E-01 3.135€+00 1.985£-04 0.000E+00 0.000E+00 0.000E+00
10 2.848E-01 1.603E+00 1.725£-04 0.000£+00 0.000E+00 0.000E+00
11 2.048E-01 1.077€+00 1.474€-04 0.000E+00 0.000E+00 0.000£+00
12 1.584E£-01 7.844E-01 1.312€-04 0.000E+00 O0.000E+00 0.000E+00
13 1.424€-01 6.877€-01 1.183E-04 0.000E+00 0.000E+00 0.0C00E+0QO
14 1.376€£-01 5.659€-01 1.118E-04 0.000E+00 0.000E+00 0.CO00E+0O
15 1.200E-01 5.007£-01 8.986E-05 0.000E+00 0.000E+00 0.000E+00
16 1.0196~01 4.622€E-01 8.210E-05 O0.000E~00 0.000E+00 0.000E+0O0
17 9.760£-02 4.032£-01 7.408E-05 0.000E+00 0.000E+00 0.000E+00
18 8.800E£-02 3.694E-01 6.658E£-05 0.000£+00 0.000E+00 0.000E+00
19 8.320E-02 3.506E-01 6.1B0E-05 0.000E+00 0.000E+00 0.000E+00
20 7.360E-02 3.262E-01 5.818£-05 0.000E+00 0.000E+00 0.000E+00
21 7.040E-02 3.160E-01 5.495E-05 0.000E+00 0.000E+00 0.000E+00
22 6.880E~-02 2.995£-01 5.262€E-05 0.000E+00 0.000E+00 0.000E+00
23 6.5606-02 2.971E-01 5.004E-05 0.000E+00 0.000E+00 0.000E+00
24 6.320E-02 2.877€-01 4.784E-05 0.000E+00 0.000E+00 0.000E+00
25 5.808£-02 2.790E-01 4.383E-05 0.000E+00 O0.000E+00 0.000E+00

Attachment 4
page 23 of 34




L i

"

Contact (2 inches)

Source

Cylindrical
Source Length = 6.096E+01 cm
Integration Specs:
Intervals:

Total

Shield Thickness,

Shi
c

cm

WHC-SD-EN-HC-004, REV. 0

5" Diameter Sample, 1/4" Pipe Wall

elds
ylincdrical

NTHETA = 1
2.079€+03

1

81210-90-071
ATTACHMENT 2
Page 2 of 12

Distance to Detector, X = 1.206E-01 cm

Volume = 7.722E+03 cc

Distance Along Cylinder, Y
NPST = 21 DELR = 7.056E-01 cm

6.350E+00 6.350E-01
Taylor Buildup Data for Shield | with Effective Atomic Number 10.0

Source activity is interpreted as uCi/cc

Average

Group Energy, Mev

17

.500€-02
.500£-02
.500€-02
.500€-02
.500E-02
.500E-02
.500E-02
.500E£-02
.500E-02
.500E-01
.500€-01
.500E-01
.750E-01
.500€E-01
.250E-01
.000E+00
.225E+00
.475E+00
.700€+00
.900E+00
.100E+00
.300E+00
.500€+00
.700E+00
.000E+00

Bremsstr.

photons/sec

8

4

2

1

1.411E+06
1.219E+06
1.108E+08
1.009E+06
9.090E+GS
4.174E+06
1.389E+06
6.852E+05
5.154£+05
3.072E+05
1.139€E+05
7.685E+04
3.912E+04
1.281E£+04
2.925£+03
6.122£+02
3.561E+01
0.000E+00
0.000E+00
0.000E+00
0.000E+00

Source Total

.484E+06
.B6BE+06
.847E+06
.969E+06
.411E+06
.214E+06
.109E+06
.009E+06
.G90E+05
.174E+06
.389E+06

8
4
2
1
1
1
1
1
9
4
1
6
5.154E+05
3.072E£+05
1.139£+05
7.685E+04
3.912E+04
1.281E+04
1.264E+04
6.122€+02
4.356€£+02
0.000E+00
0.000E+00
0.000E+00
0.000E+00

0.000E+00
3.933E£-26
5.595E€-11
3.489E-04
6.¢03£-02
5.553E~01
2.099E+00
5.323E+00
8.921£+00
6.223€+01
5.633E+01
.852E+05 5.
5
4
1
1
9
3
3
2
1
0
0
0
0

171€+01

.761E+01
.361e+01
.897E+01
.595E+01
.750E+00
.818E+00
L414E+00
.435E-01
.897€£-01
.000£+00
.000E+00
.QC0E+00
.000E+00

fnergy rlux
photons/sec Mev/sq.cm/sec

= 3.048E+01 cm

Dose Rate
R//hf‘

0.000E+00
6.805€-31
3.807€-16
1.144E-08
1.558€-07
1.050E-06
3.5388E-06
8.607E-06
1.430E-05
1.075€-04
1.116E-04
1.065E-04
1.175E£-04
3.071€E-05
3.794€£-05
3.079E-05
1.794E-05
6.719€-06
7.548€-06
4.042E-07
3.036E-07
0.000E+00
0.000£+00
0.000E+00
0.00CE+Q0

TOTALS

Note that &.

Dose Rate at 1 ft

Source

Cylindrical
Source Length = 6.096E+01 cm
fntegration Specs:

Total Intervals:

Shield Thickness,

Shi
C

cm

3.092e+07

832€-04 R/hr =

elds
ylindrical

NTHETA =
1.053E+03

3.095E+07 3.4

4.753E-11 amp/kg

38

Distance to Detector, X = 3.747E£+01 cm
Volume = 7.722E+33 cc
Distance Along Cylinder,

NPST = 13 DELR = 7.056E£-01 cm

6.350E+00 6.350E£-01
Taylor Buildup Data for Shield 1 with Effective Atomic Number 10.0

Source activity is interpreted as uCi/cc

Exposure Rate at Detection Point

1.411E-04 R/hr
1.011€-11 amp/kg

Y

= 3.048E+0] cm

Attachment 4
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81210-30-071
ATTACHMENT 2

Page 3 of 12
Dose Rate at 3 ft
Source Shields Distance to Detector, X = 9.843E+01 cm
Cylindrical Cylindrical Volume = 7.722L£+03 cc
Source Length = 6.086E+01 cm Distance Along Cylinder, Y = 3.048E+01 cm

{ntegration Specs: NTHETA = 7 WPST = 11 DELR = 7.056E-01 cm
Total Intervals: 6.930E+02

Shield Thickness, cm 6.350E+00 6.350E-01
Taylor Buildup Data for Shield 1| with Effective Atomic Number 10.0

Source activity is interpreted as uCi/cc

2.448E-05 R/hr
1.754E-12 amp/kg

Exposure Rate at Detection Point

no

Dose Rate at 10 ft

Source Shields Distance to Detector, X = 3.118£+02 cm
Cylindrical Cylindrical Volume = 7.722E+03 cc
Source Length = 6.096E+01 cm Distance Along Cylinder, Y = 3.048E+01 cm

Integration Specs: NTHETA = 7 NPST = 11 DELR = 7.056E-0! cm
Total Intervals: 6.930E+02

Shield Thickness, cm  6.350E+00 €.350£-01
Taylor Buildup Data for Shield 1 with Effective Atomic Number 10.0

Source activity is interpreted as uCi/cc

2.426E-06 R/hr
1.738E-13 amp/kg

Exposure Rate at Detection Point

Contact {2 inches) 55 gallon drum

Source Shields Distance to Detector, X = 3.324E+0l cm
Cylindrical Cylindrical Volume = 2.020E+05 cc

Source Length = 8.200E+01 cm Distance Along Cylinder, Y = 4.100E£+01 cm

Integration Specs: NTHETA = 13 NPST = 23 DELR = 3.111E+00 cm
Total Intervals: 2.691E+03

Shield Thickness, cm 2.800E+01 1.600E-0L
Taylor Buildup Data for Shield 1 with Effective Atomic Number 10.0

Source activity is interpreted as uCi/cc

2.459€-03 R/hr
1.762E-10 amp/kg

Exposure Rate at Detection Point

Dose Rate at 1 ft

Source Shields Distance to Detector, X = 5.864E+01 cm
Cylindrical Cylindrical Volume = 2.020E+05 cc
Source Length = 8.200E+0! cm Distance Along Cylinder, Y = 4.100E+01 cm

Integration Specs: NTHETA = 3§ RPSI = 15 DELR = 3.111E+00 cm
Total Intervals: 1.215E+03

Shield Thickness, cm 2.800E+01 1.600E-01
Taylor Buildup Data for Shield | with Effective Atomic Number 10.0

Source activity is interpreted as uCi/cc

9.224E-04 R/hr Attachment 4
6.611E-11 amp/kg page 25 of 34

Exposure Rate at Detection Point
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81210-90-071
ATTACHMENT 2

Page 4 of 12
Dose Rate at 3 ft
Source Shields Distance to letector, X = 1.196E-02 cm
Cylindrical Cylindrical VYolume = 2.020E+05 cc
Source Length = 8.200E+01 cm Distance Along Cylinder, Y 4.100E+01 cm

Integration Specs: NTHETA = 7 NPST = 13 DELR = 3.111E+00 cm
Total Intervals: 8.190E+02

Taylor Buildup Data for Shield 1 with Effective Atomic Number 10.0

Source activity is interpreted as uCi/cc

2.236E-04 R/hr
1.603E-11 amp/kg

Exposure Rate at Detection Point

(]

Shield Thickness, cm  2.800E+0l 1.600E-01

e Dose Rate at 10 ft

A Source Shields Distance to Detector, X = 3.330E+02 cm
Cylindrical Cylindrical Volume = 2.020€+05 cc

i Source Length = 8.200E+01 cm Distance Along Cylinder, Y = 4.100E+01 cm
Integration Specs: NTHETA = 7 NPST = 13 DELR = 3.111E£+00 cm

P Total Intervals: 8.190E+02

B Shield Thickness, cm  2.800E+01 1.600E-01

! Tayler Buildup Data for Shield 1| with £Effective Atomic Humber 10.0
Source activity is interpreted as uCi/cc
Exposure Rate at Detection Point = 2.728E-05 R/hr

= 1.955E-12 amp/kg
— Shield Composition, g/cc
. Shield 1 Shield 2 Shield 3 Shield 4 Shield 5

Contact (2 ‘inches) 5" Diameter Sample, No Pipe

Source Shields Distance tc Detector, X = 1.143E+01 cm
Cylindrical Cylindrical Volume = 7.722E+03 cc

Source Length = 6.096E+01 cm Distance Along Cylinder, Y = 3.048E+0! cm

Integration Specs: NTHETA = 11 NPST = 21 DELR = 7.058E-01 cm
Total Intervals: 2.079£+03

Shield Thickness, cm 6.350E+00C
Taylor Buildup Data for Shield 1 with Effective Atomic Number 10.0

Source activity is interpreted as uCi/cc

1.266€-03 R/hr
9.072E-11 amp/kg

Exposure Rate at Detection Point

W

Attachment 4
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Dose Rate at 1 ft
Source Shields Distance to Detector, X = 3.683E+01 cm
Cylindrical Cylindrical Yolume = 7.722E+03 cc
Source Length = 6.096E+01 cm Distance Along Cylinder, Y = 3.048E+0l cm

Integration Specs: NTHETA = 3§ KPST = 13 DELR = 7.056E-01 cm
Total Intervals: 1.053E£+03

Shield Thickness, c¢cm  6.350E+00
Taylor Buildup Data for Shield ! with Effective Atomic Number 10.0

Source activity is interpreted as uCi/cc

2.316E-04 R/hr
1.660E-11 amp/kg

Exposure Rate at Detection Point

Dose Rate at 3 ft

Source Shields Distance to Detector, X = 9.779E+01 cm
Cylindrical Cylindrical Volume = 7.722E+03 cc
Source Length = 6.096E+01 cm Distance Along Cylinder, Y = 3.048E+0] cm

Integration Specs: NTHETA = 7 NPST = L1 DELR = 7.056E-01 cm
Total Intervals: 6.330E+02

Shield Thickness, cm  6.350E+00
Taylor Buildup Data for Shield 1 with Effective Atomic Number 10.0

Source activity is interpreted as uCi/cc

3.800£-05 R/hr
2.723E-12 amp/kg

Exposure Rate at Detection Point

Dose Rate at 10 ft

Source Shields Distance to Detector, X = 3.111E£+02 cm
Cylindrical Cylindrical volume = 7.722E+03 cc
Source Length = 6.096E+0] cm Distance Along Cylinder, Y = 3.048E+01 cm

Integration Specs: NTHETA = 7 NPSIT = 11 DELR = 7.056E-0! cm
Total Intervals: 6.930E£+02

Shield Thickness, cm  6.350E+00
Taylor Buildup Data for Shield | with Effective Atomic Number 10.0

Source activity is interpreted as uCi/cc

3.719E-06 R/hr
2.06656-13 amp/kg

Exposure Rate at Detection Point

Dose Rate at 0.2 cm

Source Shields Distance to Detector, X = 6.550E+00 cm
Cylindrical Cylindrical Volume = 7.722E+03 cc
Source Length = 6.096E+01 cm Distance Along Cylinder, Y = 3.048E+01 cm

Integration Specs: NTHETA = 17 NPST = 31 DELR = 2.048E-01 cm
Total Intervals: 1.634E+04

Shield Thickness, cm  6.350E+00
Taylor Buildup Data for Shield | with E£ffective Atomic Number 10.0

Source activity is interpreted as uCi/cc

2.721€-03 R/hr Attachment 4

Exposure Rate at Detection Point
1.950E-10 amp/kg page 27 of 34
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***> This is the £nd of the S$r-80 Run.

Finish run at 15:12:41 06/15/80
Contents of Input file, ISO.IN

0 2 Sr-90 Dose Rates, 1.6 g/cc Soil

Contact (2 inches) 5" Diameter Sample, 1/4" Pipe Wall

&Input Next=l, IGeom= 7, X= 12.065, T(1l)= 6.35, 0.635, IConc= 1,
S1ths 60.96, Y= 30.48, NTheta= 11, NPsi= 21, delr= 0.7,

NSHLD= 2, JBuf= 1, Weight(082)= !, Weight(084)=1 &
Soil 16 1.6
1 lron 9 0.0 7.86
Dose Rate at 1 ft
%input Next= 4, lornt= 1, X= 37.465, NTheta= 3, NPsi= 13 &

Dose Rate at 3 ft
&lnput X= 98.425, NTheta= 7, NPsi= 11 &
Dose Rate at 10 ft
o &Input X= 311.785 &
- Contact (2 inches) 55 gallon drum
&Input Slth= 82, Y= 41, T(l)= 28, 0.16, X= 33.24,
NTheta= 13, NPsi= 23, Delr= 3.0 &
Dose Rate at 1 ft
&lnput X= 58.64, NTheta= 9, WNPsi= 15 &
Dose Rate at 3 ft
P Xnput = 119.6, NTheta= 7, NPsi= 13 &
Dose Rate at 10 ft
lnput X= 332.96 &
Contact (2 inches) 5" Diameter Sample, No Pipe
&Input Next= 3, [GEOM= 7, X= 11.43, NSHLD= 1, JBuf= 1, T{1l)= 6.35,
S1th= 60.96, Y= 30.48, NTheta= 11, NPsi= 21, delr= 0.7 &
1 Soil 16 1.6
Dose Rate at 1 ft
%lnput Next= 4, X= 36.83, HTheta= 9, NPsi= 13 &
Dose Rate at 3 ft
&Input X= 97.79, NTheta= 7, NPsi= 11 &
Dose Rate at 10 ft

- &Input X= 311.15 &
Oose Rate at 0.2 cm
— Linput X= 6.55, NTheta= 1|7, NPsi= 31, Delr= 0.2 &

This is the End of the Sr-380 Run.
&Input Next= 6 &

Attachment 4
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Start run at 13:50:56 08/15/90

ISOSHLEG-PC (RIBD removed)

Version 1.6, ODecember 1989

for I8M & Compatible Personal Computers
Nuclear Safety & Radiological Analysis
Westinghouse Hanford Company

Richland, WA 99352

Cs-137 Dose Rates, 1.6 g/cc Soil

Shield Composition, g/cc

Shield ! Shield 2 Shield 3 Shield 4 Shield 5

ORDCONC 1.600E+00 0.000E+00

IRON 0.000E+00 7.860E+00
Group Linear Attenuation Coefficients (last region is air)
1 1.463E+C0 3.989E+0! 3.346E-04 0.0C00E+0Q 0.000E+00 0.000E+00
2 1.366£-01 5.622£-01 1.106E-04 0.000£+00 0.000E+00 0.000E+00C
Contact (2 inches) 5" Diameter Sample, 1/4" Pipe wWall
Source Shields Distance to Detector, X = 1.206E£+01 cm
Cylindrical Cylindrical yolume = 7.722E+03 cc
Source Length = 6.096E+01 cm Distance Along Cylinder, Y = 3.048E+01 cm

Integration Specs: NTHETA = 11 NPST = 21 DELR = 7.056E-01 cm
Total Intervals: 2.079E+03

Shield Thickness, cm 6.350E+00 6.350£-01
Taylor Buildup Data for Shield 1| with Effective Atomic Number 10.0

Source strength is interpreted as photons/sec/cc
Source Scale Factor was 1.000E-GB

Gamma Only -- No Bremsstrahlung !
Average Source Energy Flux Dose Rate
Group Energy, Mev photons/sec  Mev/sg.cm/sec Roentgens/hr
1 3.700E-02 2.015€+07 1.208€-08 6.935E-14
2 6.600E-01 2.432E+08 3.491E+04 7.245€-02
TOTALS 2.634E+08 3.491E+04 7.245€-02
Note that 7.245£-02 R/hr = 5.192E-09 amp/kg

Attachment 4
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Dose Rate at 1 ft
Source Shields Distance to Detactor, X = 3.747£+01 cm
Cylindrical Cylindrical Volume = 7.7222+03 cc
Source Length = 6.096E+01 cm Distance Along Cylinder, Y = 3.0485+01 cm

Integration Specs: NTHETA = 9 NPST = 13 DELR = 7.056E-01 cm
Totel Intervals: 1.053E+03

Shield Thickness, cm 6.350E+00 ©6.350£-01
Taylor Buildup Data for Shield 1 with Effective Atomic Number 10.0

Source strength is interpreted as photons/sec/cc
Source Scale Factor was 1.000E-06

Gamma Only -- No Bremsstrahlung !

1.442E-02 R/hr
1.033E-09 amp/kg

Exposure Rate at Detection Point

[T ]

e
Dcse Rate at 3 ft
o Source Shields Distance to Detector, X = 9.843E+0l cm
Cylindrical Cylindrical Volume = 7.722E+03 cc
Sourc2 Length = 6.096£+01 cm Distance Along Cylinder, Y = 3.048Z+01 cm

Integration Specs: NTHETA = 7 NPST = 11 DELR = 7.056E-01 cm
Total Intervals: 6.930£E+02

Shield Thickness, cm 6.350E+00 6.350£-01
Taylor Buildup Data for Shield 1| with Effective Atomic Number 10.9

Source strength is interpreted as photons/sec/cc
Source Scale Factor was 1.000E-06

Gamma Only -- No Bremsstrahlung !

2.452E-03 R/hr
1.757€-10 amo/kg

Exposure Rate at Detection Point

Dose Rate at 10 ft

Source Shields Distance to Detector, X = 3.118E+02 cm
Cylindrical Cylindrical Volume = 7.722E+03 cc
Source Length = 6.096E£+01 cm Distance Along Cylinder, Y = 3.048E+0l cm

Integration Specs: NTHETA = 7 NPST = 11 DELR = 7.056E-01 cm
Total Intervals: 6.330E+02

Shield Thickness, cm 6.350E+00 6.350E-01
Taylor Buildup Data for Shield | with Effective Atomic Number 10.0

Source strength is interpreted as photcns/sec/cc
Source Scale Factor was 1.000€-06

Gamma Only -- No Bremsstrahlung !

Exposure Rate at Detection Point = 2.431£-04 R/hr
1.

742E-11 amp/kg
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Contact (2 inches) 55 gallon drum
Source Shields Distance to Detector, X = 3.324E+01 cm
Cylindrical Cylindrical Volume = 2.020£+05 cc
Source Length = 8.200E+0! cm Distance Along Cylinder, Y = 4.:00E+01 cm

Integration Specs: NTHETA = 13 NPST = 23 DELR = 3.111E+400 cm
Total Intervals: 2.631£+03

Shield Thickness, cm 2.800E+01 1.600£-01
Taylor Buildup Data for Shield | with £ffective Atomic Number 10.0

Source strength is interpreted as photons/sec/cc
Source Scale Factor was 1.000£-06

Gamma Only -- No Bremsstrahlung !

2.487E-01 R/hr

Exposure Rate at Detection Point =
= 1.782£-08 amp/kg

! ~

Dose Rate at 1 ft

. Source Shields Distance to Detector, X = 5.864E+01 cm
Cylindrical Cylindrical Volume = 2.020E+05 cc
Source Length = 8.200E+0l cm Distance Along Cylinder, Y = 4.100£+01 cm

Integration Specs: NTHETA = 9 NPST = 1S DELR = 3.111E+00 cm
Total Intervals: 1.215£+03

Shield Thickness, cm 2.800E+01 1.600E-01
Taylor Buildup Data for Shield 1 with Effective Atomic Number 10.0

Source strength is interpreted as photons/sec/cc
Source Scale Factor was 1.000E-06

Gamma Only -- No Bremsstrahlung !

Exposure Rate at Detection Point = 9.027€-02 R/hr
= §.470E-09 amp/kg

Dose Rate at 3 ft

Source Shields Distance to Detector, X = 1.196£+02 cm
Cylindrical Cylindrical Volume = 2.020E+05 cc
Source Length = 8.200E+01 cm Distance Along Cylinder, Y = 4.100E+0] cm

Integration Specs: NTHETA = 7 NPST = 13 DELR = 3.111€+00 cm
Total Intervals: 8.190E+02

Shield Thickness, cm 2.800E+01 1.500E-01
Taylor Buildup Data for Shield | with Effective Atomic Number 10.0

Source strength is interpreted as photons/sec/cc
Source Scale Factor was 1.000£-06

Gamma Only -- No Bremsstrahlung !

2.181E-02 R/hr
1.563E-09 amp/kg

fxposure Rate at Detection Point

non
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Cose Rate at 10 ft

| Source Shields Distance to Detector, X = 3.330£+02 cm
‘ Cylindrical Cylingrical Volume = 2.020£+05 cc
| Source Length = 8.200E+01 cm Distance Along Cylinder, ¥ = 4.100E+01 cm

Integration Specs: NTHETA = 7 NPSI = 13 DELR = 3.111E+00 cm
Total Intervals: 8.190£+02

Shield Thickness, cm  2.800E+01 1.600E-01
Taylor Buildup Data for Shield | with Effective Atomic Number 10.0

Source strength is interpreted as photons/sec/cc
Source Scale Factor was 1.000E-06

Gamma Only -- No 8remsstrahlung !

2.697£-03 R/hr
1.933E-10 amp/kg

Exposure Rate at Detection Point

e
N Shield Composition, g/cc
Shield 1 Shield 2 Shield 3 Shield 4 Shyeld 5
ORDCONC 1.600E+00
. e e m e mm— e — e —mm e e m e e — e ——————
1.
Contact (2 inches) 5" Diameter Sample, No Pipe
Source Shields Distance to Detector, X = 1.143E+01 cm
- Cylindrical Cylindrical Volume = 7.722E+03 <c
Source length = §6.096E+01 cm Distance Along Cylinder, Y = 3.048E+01 cm
- Integration Specs: NTHETA = 11 NPST = 21 DELR = 7.056E-01 cm
‘ Total Intervals: 2.079E+03
o Shield Thickness, cm 6.350€+00
Taylor 8uildup Data for Shield 1 with Effective Atomic Number 10.0
‘ Source strength is interpreted as photons/sec/cc
e, Source Scale Factor was 1.000£-06

Gamma Only -- No Bremsstrahlung !

Exposure Rate at Detection Point = 9.365£-02 R/hr
= 6.712E-09 amp/kg

Dose Rate at 1 ft

Source Shields Distance to Detector, X = 3.5683E+01 cm
Cylindrical Cylindrical Volume = 7.722E+03 cc
Source tength = 6.096E+01 cm Distance Along Cylinder, Y = 3.048E+0! cm

Integration Specs: NTHETA = 9 NPST = 13 DELR = 7.056€E-01 cm
Total Intervals: 1.053E+03

Shield Thickness, ¢m  6.350€+00
Taylor Buildup Data for Shield | with Effective Atomic Number 10.0

Source strength is interpreted as photons/sec/cc
Source Scale Factor was 1.000£E-06

Gamma Only -- No Bremsstrahlung !

1.655£-02 R/hr
1.186E€-09 amp/kg

Exposure Rate at Detection Point
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Dose Rate at 3 ft

Source Shields Distance to Detector, X = §.779E~01 cm
Cylindrical Cylindrical Volume = 7.722E+03 cc
Source Length = 6.096£+01 cn Distance Along Cylinder, Y = 3.048E+01 cm

Integration Specs: NTHETA = 7 NPST = 11 JELR = 7.056E-01 cm
Total Intervals: 6.930E+02

Shield Thickness, cm  6.350£+00
Taylor Buildup Data for Shieid ! with £ffective Atomic Number 10.0

Source strength is interpreted as photons/sec/cc
Source Scale fFactor was 1.000£-06

Gamma Only -- No Zremsstrahlung !

2.738£-03 R/hr
1.962E£-10 amp/kg

Exposure Rate at Detection Point

P
-
Dose Rate at 10 ft
. Source Shields Distance to Detector, X = 3.111£+02 ¢cm
Cylindrical Cylindrical Volume = 7.722E+03 cc
Source Length = 6.096£+01 cm Distance Along Cylinder, Y = 3.048E~01 cm
Integration Specs: NTHETA = 7 NPST = 11 DELR = 7.056E-01 cm
Total Intervals: 6.930£+02
Shield Thickness, c¢cm  5.350£+00
Taylor Buildup Data for Shield | with Effective Atomic Number 10.0
Source strength is interpreted as photons/sec/cc
Source Scale Factor was 1.000£-06
- Gamma Only -- No Bremsstranlung !
—— txposure Rate at fetection Point = 2.598E-04 R/hr
= 1.933E-11 amp/kg
EOFS

Dose Rate at 0.2 cm

Source Shields Distance to Detectaor, X = 6.550£+00 cm
Cylindrical Cylindrical Volume = 7.722€+03 cc
Source Length = 6.096E+01 cm Distance Aiong Cylinder, Y = 3.048E+0l cm

Integration Specs: NTHETA = 17 NPST = 31 DELR = Z2.048£-01 cm
Total Intervals: 1.834E+04

Shield Thickness, cm 6.350E+00
Taylor Buildup Data for Shield | with Effective Atomic Number 10.0

Source strength is interpreted as photons/sec/cc
Source Scale Factor was 1.000£-06

Gamma Only -- No Bremsstrahlung !

2.084E-01 R/hr
1.494E£-08 amp/kg

Exposure Rate at Detection Point
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**%*5> This is the End of the Cs-137 Run.

Finish run at 13:56:56 06/15/90
Contents of Input file, ISO.IN

0 3 Cs-137 Dose Rates, 1.6 g/cc Soil

Contact {2 inches) 5" Diameter Sample, 1/4" Pipe Wall
L1nput Next= 3, IGeom= 7, X= 12.0865, T(1)= 6.35, 0.635,
Sith= 60.96, Y= 30.48, NTheta= 11, NPsi= 21, delr= 0.7,
NSHLD= 2, JBuf= 1, [Conc= 1, SFact= 1.0£-06,
Source{l,1)= 2.61E+09, 0.037, 0.0,

3.15€+10, 0.686, 0.0 &

Soil 16 1.6

1 lron 9 0.0 7.86
Dose Rate at 1 ft
&input Next= 4, lprnt= 1, = 37.465, NTheta= 9, HPsi= 13 &

Dose Rate at 3 ft

Linput X= 98.425, NTheta= 7, NPsi= 11 &

Dose Rate at 10 ft

&lnput X= 311.785 &
Cantact (2 inches) 55 gallaon drum

&lnput Slth= 82, Y= 41, T(1)= 28, 0.16, X= 33.24,

NTheta= 13, NPsi= 23, Delr= 3.0 &

Dose Rate at 1 ft

&Input X= 58.64, NTheta= 3, NPsi= 15 &

Dose Rate at 3 ft

&Input X= 119.6, NTheta= 7, HPsi= 13 &
Dose Rate at 10 ft

&lnput X= 332.96 &
Contact (2 inches) 5" Diameter Sample, No Pipe
&Input Next= 3, [GEOM= 7, X= 11.43, NSHLD= 1, JBuf= 1, T(l)= 6.35,

S1th= 60.96, Y= 30.48, NTheta= 11, NPsi= 21, delr= 0.7 &
1 Soil 16 1.6
Dose Rate at 1 ft

3lnput Next= 4, = 36.83, NTheta= 9, NPsi= 13 &
Dose Rate at 3 ft

4lnput X= 97.79, NTheta= 7, NPsi= 11 &

Dose Rate at 10 ft

Llnput X= 311.15 &
Dose Rate at 0.2 cm

Linput = 6.55, NTheta= 17, NPsi= 31, Oelr= 0.2 &
This is the End of the Cs-137 Run.

Ylnput Next= 6 &
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Westinghouse Internad
Hanford Company Memo

From: Criticality Engineering Analysis 29210-91-0010
Phone: 3-2246  R3-01
Date: March 14, 1991

Subject: CRITICALITY CONSIDERATIONS 200-8P-1 CRIB SOIL SAMPLING

To: E. E. Leitz N1 -

cc: PCD/1b

References: Memo, E. E. Leitz P. C. Doto "Criticality Considerations 200-
BP-1 Crib Soil Sampiing" Dated March 13, 1991

WHC-CM-4-29, "Nucl: v Criticality Safety Manual”

The reference 1 letter requested an assessment of the criticality
considerations for 200-BP-1 crib soil samplina. Based on the inventory data
provided for the three cribs involved in this sampling program, the only
fissile isotope present is *°Pi and that is prasent only in amounts Lhat are
below criticality safety concer...

Irib $37py (curies) "pu_(grams)
216-B-43 0.02850 n.46
216-8-49 0.85600 13.8
2!16-B-57 0.01061 2.17

Facilities that are limited to no more Lhat 3% of a minimum critical mass (15
grams of 2%y or equivalent) are exempt from criticality safety control
(reference 2). Therefore, thers are no criticality safety reaquirements
associated with this activity.

A

N Sy

p. C. Doto
Manager
db
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AA7) Westinghousa Internal
~= / Hanford Cc...Jany Memo
T Lum  Safety Hazards Analysis EEL-29240-91-018

Phone:  0-8079  N1-37
Date: March 13, 1991

subject:  CRITICALITY CONSIDERATIONS 200-BP-1 CRIB SOIL SAMPLING

To: P. C. Doto R3-01

cc: EEL File/LB~

Please assess the potential for a criticality event during soils sampling
(by well drilling) of the following three cribs:

- 216-B-43
216-B-49
216-8-57

-
.

This total radionuclide inventory in each of these cribs are attached as
Tables 5, 6, and 7. If you need more information than the total inventory

- given in the attached tables, I will be glad to obtain the data you need.
| Please provide your analysis by March 19, 199].
\
€ 'y € r
é:/%ocf7 [ dfq@}f*
E. €. Leitz o
- Manager
— Siw
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T-antory

Tt contamination in the vadose zone is a residual of chemicals and
radionuc!ides bound and filtered from the discharged 1iquid wastes. The
1iquids discharged were the residual liquids from a flocculation or settling
process that was performed in the BY storage tanks. Chemicals were added to
the BY storage tanks to precipitate radioactive « ntaminants to the tank
bottoms. The process was performed using a cascading sequence. Flocculent
was added and settling time was given to progressively precipitate the
radioactive contaminants. The effectiveness of the process was not well
documented leaving questions regarding the specific characteristics of the
residue currently in the soil column.

DOE/RL 88-32 is a remediation investigation/feasibility study (RI/FS)
work plan of the 200-BP-1 operable unit prepared for the EPA. The document
includes a conservative reconstr :tion of postulated liquid discharges to the
cribs. The inventory involved with each activity segment is addressed in the
evaluation of each segment.

The crib inventory concentrations used are discussed in Attachment 1,
INVENTORY BASIS FOR SOQURCE TERMS.

Dril'*-~/Sampling

The unmitigated hazard associated with the activity segment, drilling
and sampling having potential to harm site workers, onsite personnel or
offsite personnel is contaminated dust. More specifically, the most
significant dust potential from e drilling is the emptying or dumping of the
drjve barrel. The largest drive barrel has a volume of 2,827 in® (46,490
cm®).  Although a plastic sleeve or bag will be used to confine the dust when
released from the drive barrel, this control feature is not considered in the
assessment of hazard. This is a "mitigating" (control) factor.

The worst case soil concentrations are thnse postulated for crib
216-B-49, Attachment 1. The maximum volume of - e worst case inventory would
be the boring of the four foot thick soils containing the controlling
substances. This could be contained in two dri  barrels. The worst case
drive barrel inventory would be one fil' 1w 1 the worst concentr :.ion of
ferrocyanide and radionuclide activity. The worst condition would be to dump
the contents of the drive barrel while suspended in air allowing spillage to
become airborne. The dumping of the drive barrel is evaluated as a single
event because the time period between dumps is relatively long, greater than
1 h. Consequently, dumping the contents of a drive barrel is a potential
instantaneous release.

The first step in the hazard screening is consideration given to the
site worker. The worst case meteorology for the site worker is stagnant or
stable air. This condition would provide the greatest concentration of
breathable dust to the site worker. Assuming that soil and contaminant
fractions are such that the dust will be suspen :d for at least a short time,
the instantaneous release can_be assessed. Moderately dusty conditions
support approximately 10 mg/m3 of dust in air.
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Table 1: Acute 100m and Site Boundary Ground Level 200 East Area

X/Q Values
Transport Onsite X/Q @ Site Boundary Qffsite X/Q
Direction 100m_(s/m’) Distance (km) (s/m3)
S 2.9E£-02 19.4 9.3E-06
SSW 2.6€£-02 14.8 1.2€-05
SW 2.9€-02 14.8 1.3e-05 *
WSW 3.1E-02 19.4 1.0E-05
W 3.1E-02 18.5 1.1E-05
WNW 3.3E-02 19.4 1.1€-05
NW 3.0E-02 19.4 9.9E-06
NNW 3.1E-02 19.4 1.0E-05
N 3.3g-02 * 22.2 9.4E-06
NNE 3.28-02 24.0 8.1€-06
NE 2.98-02 18.5 9.9€£-06
ENE 2.3E-02 15.7 9.7E-06
£ 2.3E-02 15.7 9.6E-06
gse ! 1.5E-02 19.4 4.5€£-06
SE 1.5E-02 23.0 3.5E-06
SSE 2.8E-02 19.4 9.0E-06

TABLE 2: Dose Consequences From the 200 East Area BP-1

ONSITE 100m, North Sv Rem
Effective Dose Equivalent
[nhalation 1.4E-04 1.4E-02
Submersion 2.1E-09 2.1E-07
TOTAL 1.4E-04 1.4€-02

E
Bone Surface (Pu239)
.4E-03 1.4€-01
E
E

[nhalation 1.4
Submersion 2.1E-09 2.1E-07
TOTAL 1.4E-03 1.4E-01
DEFSITE 14.8km, SW Sv Rem
Effective Dose Equivalent
[nhalation 1.8E-07 1.8E-05
Submersion 2.0E-11 2.0€E-0Q9
Ingestion 9.8E-06 9.8£-04
Ground Depgsitiagn 6.3E-08 6.3E-06
TOTAL 1.0E-05 1.0E-03
Bone Surface
Inhalation (Pu239) 1.9E-06 1.9E-04
Submersion 2.0E-11 Z.0E-09
Ingestion (Sr90) 8.2E-05 8.2€-03
Ground Deposition 6.3E-08 6.3E-06
TOTAL 8.4E-05 8.4E-03
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Table 3: Comparison of Results to Low Hazard Classification Criteria

EDE (rem) Limiting Organ (rem)
Receptor Results Criteria Results Criteria
Onsite 0.014 5 0.14 50
Offsite Radiological 0.00002 0.5 0.0002 5
Offsite Environmental 0.001* 0.5 0.008* 5

* Includes ingestion pathway only, as allowed by Reference 1.
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2 May 14, 1991
SHFRAHBHA AR RAHEFAA44444 Program GENIT Input File #####4#47444% 8 Jul 88 ##4+
Title: Onsite, Inhalation & Submersion, Acute, Ground Level Release
\SAMPL\G-AIR.AC Created on 01-22-1990 at 07:30
OPTIONS=================s======== Defayll =s=s====s==========s=====sc=s===ss======
F Near-field scenario? (Far-field) NEAR-FIELD: narrowly-focused
F Population dose? (Individual) release, single site
T Acute release? (Chronic) FAR-FIELD: wide-scale release,
Maximum Individual data set used multiple sites
Complete Complete
TRANSPORT OPTIONS============ Section  EXPOSURE PATHWAY OPTIONS===== Section
T Air Transport 1 T Finite plume, external 5
F Surface Water Transport 2 F Infinite plume, external 5
F Biotic Transport (near-field) 3,4 F Ground, external 5
F Waste Form Degradation (near) 3,4 F Recreation, external 5
T Inhalation uptake 5,6
REPORT OPTIQONS======================= [ Drinking water ingestion 7,8
T Report AEDE only F Aquatic foods ingestion 7,8
F Report by radionuclide F Terrestrial foods ingestion 7,9
F Report by exposure pathway F Animal product ingestion 7,10
F  Debug report on screen F Inadvertent soil ingestion

INVENTORY ####3#3 44777 4203803040740 44344404440 447 24044243443 143 4474

4 Inventory input activity units: (1-pCi 2-uCi 3-mCi 4-Ci 5-Bq)
0 Surface soil source units (l- m2 2- m3 3- kg)
Equilibrium question goes here

-------- ----Release Terms------|----~-----Basic Concentrations=--------
Use when transport selected near-field scenario, optionally
Release Surface Buried Surface Deep Ground Surface
Radio- [Air Water Waste [Air Soil Soil Water Water
nuclide |/yr /yr /m3 /m3 /unit  /m3 /L /L

€060 5.9E€-07

SR90 9.2E-03

Y 90 9.2E-03

RUI06 4.9€-11

CS137 2.8E-03

U 238 1.3E-07

PU239 7.5E-06

PU240 2.1€-06

-------- ----Perived Concentrations-----

Use when measured values are known

B T B e e T T T e S U SR

Release |Terres. Animal Orink Aquatic
Radio- |Plant Product Water Food
nuclide |/kg /kg /L /kg

e e mccs e | rrrceen cecmcme ceEmemE = - -

TIME #HARAFARARAEAAAFHAIRRARARA A AR MR BR R R HHaa s s happbaas sy sy s
1 Intake ends after (yr)

Page 6
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EXPOSURE #A4#4 3034 RFAR A2 RARAFHAARARAIARAAAAAAFARAAR AR RRARARAI AR AR A

====EXTERNAL EXPOSURE==============szs=s=ss=z=========5{CT[ON S5=====
Exposure time: Residential irrigation:
0 Plume (hr) T Consider: (T/F)
0 Soil contamination (hr) 0 Sot ce: 1l-ground water
0 Swimming (hr) 2-surface water
0 Boating (hr) 0 Application rate (in/yr)
Q Shareline activities (hr) qQ Quration (mo/yr)
0] Shoreline type: (l-river, 2-lake, 3-ocean, 4-tidal basin)
0 Transit time for release to reach aquatic recreation (hr)
1.0 Average fraction of time submersed in acute cloud (hr/person hr)
====]NHALAT[ON=======================================SE(T[ON O=====
8766.0 Hours of exposure to contamination per year
0 0-No resus- 1-Use Mass Loading 2-Use Anspaugh model
0 pensian Mass loading factor (g/m3) Top soil available (¢m)
====[NGESTION POPULATION=====s=s=======sss=======s======SECTI[ON T=====
0 Atmospheric production definition (select option):
0 0-Use food-weighted chi/Q, (food-sec/m3), enter value on this Tine
1-Use population-weighted chi/Q
2-Use uniform production
3-Use chi/Q and production grids (PRODUCTION will be overridden)
0 Population ingesting aquatic foods, 0 defaults to total (person)
0 Population ingesting drinking water, 0 defaults to total (person)
F Consider dose from food exportad out of region (default=F)
Note below: S* or Source: 0O-none, l-ground water, 2-surface water
3-Derived concentration entered above
==== AQUATIC FQOQDS / DRINKING WATER INGESTION=========SECTION 8====
F Salt water? (default is fresh)
USE TRAN-  PROD- -CONSUMPTION-
? FOOD SIT  -UCTION  HOLDUP  RATE
T/F TYPE  hr kg/yr da kg/yr DRINKING WATER
F FISH 0.00 0.0&+00 Q.00 0.0 {0 Source (see above)
F MOLLUS 0.00 0.0E+00 0.00 0.0 | T Treatment? T/F
F CRUSTA 0.00 0.0&+00 0.00 0.0 {0 * Holdup/transit(da)
F PLANTS 0.00 0.0£+00 0.00 3.0 |0 Consumption (L/yr)
====TERRESTRIAL FOOD INGESTION========s=s====z=========SECTION 9=====
USE GROW  --IRRIGATION-- PROD- --CONSUMPTION--
? FOOD TIME S RATE TIME YIELD .TION  HOLDUP  RATE
T/F TYPE da * in/yr mo/yr kg/m2  kg/yr da kg/yr
F LEAFV 0.00 ¢ 0.0 0.0 0.0 0.0E+00 0.0 0.0
F ROOTV 0.00 0O 0.0 0.0 0.0 0.0E+00" 0.0 0.0
F FRUIT 0.00 0 0.0 0.0 0.0 0.0E+00 0.0 0.0
F GRAIN 0.00 0 0.0 0.0 0.0 0.0E+00 0.0 0.0
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====ANIMAL PRODUCTION CONSUMPTION====================SECTION 10====
---HUMAN---- TOTAL DRINK  ----ecccneneo- STORED FEED---=----------

use CONSUMPTION PROD-  WATER  DIET GROW -IRRIGATION-- STOR-

? FOOD RATE HOLDUP UCTION CONTAM FRAC- TIME S RATE TIME  YIELD AGE
T/F TYPE  kg/yr da kg/yr FRACT. TION da * in/yr mo/yr kg/m3 da

e e eeeemme eeeceee Eeceoe mecmen Ssmw=e == - - - - - - - - Bmeeee emeew Seeeece -o=e=

F BEEF 0.0 0.0 0.00 0.00 0.00 0.0 0 0.0 0.00 0.00 0.0
F POULTR 0.0 0.0 0.00 0.00 0.00 0.0 0O 0.0 0.00 0.00 0.0
F o MILK 0.0 0.0 0.00 0.00 0.00 0.0 0 0.0 0.00 0.00 0.0
F EGG 0.0 0.0 0.00 0.00 0.00 0.0 0 0.0 Q.00 0.00 0.0
------------- FRESH FORAGE------v=-----

BEEF 0.00 0.0 0 0.0 0.00 0.00 0.0
MILK 0.00 0.0 0 0.0 0.00 0.00 0.0

ARARAARABAARAAAARFARAIER A HARRAAAA A AA AR AAAR AR AR A R AR R AR RA A AR
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HUGHSSSBEUYLRUSHALERELEEYE Program GENTT Input File #######E#4#4 8 Jul 88 ###4
Title: Offsite, Inhalation & Submersion, Acute, Ground Level Release

\SAMPL\G-AIR.AC Created on 01-22-1990 at 07:30
OPTIONS===========s===z========== [Jefaull =s==ss===ss=c===c==s====sc==s==========
F Near-field scenario? (Far-fieid) NEAR-FIELD: narrowly-focused
F Population dose? (Individual) release, single site
T Acute release? (Chronic) FAR IELD: wide-scale release,

Maximum Individual data set used multiple sites
Complete Complete
TRANSPORT OPTIONS============ Section  EXPOSURE PATHWAY OPTIONS===== Section
T Air Transport 1 T Finite plume, external 5
F Surface Water Transport 2 F Infinite plume, external 5
F Biotic Transport (near-field) 3,4 F Ground, external 5
F Waste Form Degradation (near) 3,4 F Recreation, external 5
T Inhalation uptake 5,6
REPORT OPTIONS======================= f [Drinking water ingestion 7,8
T Report AEDE only F Aquatic foods ingestion 7,8
F Report by radionuclide F Terrestrial foods ingestion 7,9
F Report by exposura pathway F Animal product ingestion 7,10
F Debug report on screen F Inadvertent soil ingestion
INVEHTORY #addddn s iy d s R S A S AR AR A F AR R R R 2R i
4 Inventory input activity units: (l-pCi 2-uCi 3-mCi 4-Ci 5-Bq)
0  Surface soil source units (1- m2 2- m3 3- kg)
Equilibrium question goes here
-------- ----Release Terms------|----------Basic Concentrations---------
Use when transport selected near-field scenario, optionally
Release Surface Buried Surface Deep Ground Surface
Radio- Air Watar  MWaste JAir Soil Soil Water  VWater
nuclide |/yr /yr /m3 /m3 /unit  /m3 /L /L
c060 5.9£-07
SR90 9.2€-03
Y 90 9.2E-03
RU106 4.9€6-11
CS137 2.8E-03
U 238 1.3€-07
PU239 7.5E-06
PU240 2.1E-06
-------- | ----Derived Concentrations-----|
Use when measured values are known

Release |Terres. Animal Drink Aquatic
Radio- Plant  Product Water  Food

nuclide |/kg /kg /L /kg

TIME AR R R R U SRR B R A st B u g

1 Intake ends after (yr)
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BB AR AR R BERR BN AR R AR R A

====EXTERNAL EXPOSURE===========s==s===s===============SECTION 5=====
Cxposure time: Residential irrigation:

Plume (hr) T Consider: (T/F)

Soil contamination (nr) © 0 Source: I-ground water

2-surface water
Boating (hr) 0 Application rate (in/yr)
Shoreline activities (hr) 0 Duration (mo/yr)
Shoreline type: (l-river, 2-lake, 3-ocean, 4-tidal basin)
Transit time for release to reach aquatic recreation (hr)
Average fraction of time submersed in acute cloud (hr/person hr)

Swimming {hr)

====[NHALAT[ON================z=======================5ECT[ON 6=====

Hours of exposure to contamination per year

0-No resus- i-Use Mass Loading 2-Use Anspaugh model
pension Mass loading factor (g/m3) Top soil available (cm)

====[NGESTION POPULATION===s========s========= :======SECTION 7=====
Atmospheric production definition (select option):

0-Use food-weighted chi/Q, (food-sec/m3), enter value on this line

1-Use population-weighted chi/Q

2-Use uniform production

J-Use chi/Q and production grids (PRODUCTIOMN will be overridden)
Population ingesting aquatic foods, 0 defaults to total (person)
Population ingesting drinking water, 0 defaults to total (person)
Consider dose from food exported out of region (default=F)

flote below: S* or Source: O-none, l-ground water, 2-surface water
3-Derived concentration entered above

Salt water? (default is fresh)

USE TRAN-  PRL. - -CONSUMPTION- |

?  FOCD  SIT UCTION  HOLDUP  RATE

T/F TYPE  hr kg/yr da kg/yr DRINKING WATER

F FISH 0.00 0.0FE+00C 0.00 0.0 1 0 Source (see above)
F MOLLUS 0.00 0.CE+0O0 0.00 0.0 | T Treatment? T/F

F CRUSTA ©0.00 0.0E+00 0.00 0.0 {0 Holdup/transit(da)
F PLANTS 0.C0 0.0E+00 0.00 0.0 ] 0 Consumption (L/yr)
USE GROW  --IRRIGATION-- PROD- --CONSUMPTION- -
?  FOOD TIME S RATE  TIME YTELD UCTION  HOLDUP  RATE
T/F TYPE da * in/yr mo/yr  kg/m2  kg/yr da kg/yr

F LEAFV 0.00 0 0.0 0.0 0.0 0.0E+00 0.0 0.0
FROOTV 0.00 0 0.0 0.0 0.0 0.0E+00 0.0 0.0
FFRUIT 0.00 0 0.0 0.0 0.0 0.0E+00 0.0 0.0

F GRAIN 0.00 0 0.0 0.0 0.0 0.0E+00 0.0 0.0
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R E N R R R R Program GENII Input File ###4##444844 8 Jul 88 #i##
Title: Offsite, Ingestion & Soil Contamination, Acute, Ground Level Release

\SAMPL\G-FOOD.AC Created on 01-22-1990 at 07: 30
OPTIONS============s============ [efaull =s=ss==s=========zs=s=s=============
F Near-field scenario? (Far-field) NEAR-FIELD: narrow]y focused
F Population dose? (Individual) reiease, single site
T Acute release? (Chronic) FAR-FIELD: wide-scale release,
Maximum Individual data set used multiple sites
Complete Complete
TRANSPORT OPTIONS============ Section  EXPOSURE PATHWAY OPTIONS===== Section
T Air Transport 1 T Finite plume, external 5
F Surface Water Transport 2 F Infinite plume, external 5
F Biotic Transporl (near-field) 3,4 T Ground, external 5
F Yaste Form Degradation (near) 3,4 F Recreation, external 5
F Inhalation uptake 5,6
REPORT OPTIONS=======================  F Drinking water ingestion 7,8
F Report AEDE only F Aquatic foods ingestion 7,8
F Report by radionuclide T Terrestrial foods ingestion 7,9
T Report by exposure pathway T Animal product ingestion 7,10
F Debug report on screen T Inadvertent soil ingestion

3

[NVENTORY #iddnddbartdand ddd 8 20gnaddddidddddfdddadddadnddadacdndsdpdniansdraids

4 Inventory input activity units: (1-pCi 2-uCi 3-mCi 4-Ci 5-B8q)
0 Surface soil source units (1- m2 2- m3 3- kg)
Equilibrium question gces here

-------- |----Release Terms------|----------Basic Concentrations---------
Use when| transport selected near-field scenario, optionailly
Reiease | Surface Buried Surface Deep Ground Surface
Radio- Air Water  Waste (Air Soil Soil Water  Water
nuclide ] /yr /m3 /m3 /unit  /m3 /L /L

€060 5.9€E-07

SR90 9.2E-03

Y 90 9.2E-03

RU106 4.96-11

CS137 2.8£-03

U 238 1.3E-07

PU239 7.5E-06

PU240 2.1E-06

-------- |----Derived Concentrations-----

Use when measured values are known

Release ‘Terres. Animal Drink  Aquatic
Radio- Plant  Product Water  Food
nuclide |/kg /kg /L /kg

TIME #oda i d A pa B A AR AR RS A B B s s s

50 Intake ends after (yr)
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EXPOSURE #F#2#fsddaddddasadassdadatadtsdsdtdddaddadadndadidinas s d4ddd4dddag

Exposure time:

Residential irrigation:

0 Plume (hr) T Consider: (T/F)
4380.0 Soil contamination (ar) 0 Source: l-ground water
0 Swimming (hr) 2-surface water
0 Boating (hr) 0 Application rate (in/yr)
0 Shoreline activities (hr) 0 Ouration (mo/yr)
0 Shoreline type: (l-river, 2-lake, 3-ocean, 4-tidal basin)
0 Transit time for release to reach aquatic recreation (hr)
1.0 Average fraction of time submersed in acute cloud (hr/person hr)
==== [NHALAT[ON==================a=s================: ECTION 6=====
8766.0 Hours of exposure to contamination per year
0 0-No resus- 1-Use Mass Loading 2-Use Anspaugh model
0 pension Mass Toading factor (g/m3) Top soil available (cm)
====[NGESTION POPULATION======a========a=z============SECT[ON 7=====
1 Atmospheric production definition (select option):
0 0-Use food-weighted chi/Q, (food-sec/m3), enter value on this Tine
1-Use pepulation-weighted chi/Q
2-Use uniform production
3-Use chi/Q and production grids (PRODUCTION will be overridden)
0 Population ingesting aquatic foods, 0 defaults to total (person)
0 Population ingesting drinking water, 0 defaults to total (person)
F Consider dose from food exported out of region (default=F)
Note beTow: S* or Source: O-none, l-ground water, 2-surface water
3-Derived concentration entered above
==== AQUATIC FQOODS / DRINKING WATER INGESTION=========SECTION 8====
F Salt water? (default is fresh)
USE TRAN- PRCD- -CONSUMPTION-
? FOOD SIT UCTION  HOLDUP  RATE
T/F TYPE hr kg/yr da kg/yr DRINKING WATER
F  FISH 0.00 0.0€E+00 0.00 0.0 1 0 Source (see above)
F MOLLUS 0.00 0.0E+00 0.00 0.0 | T Treatment? T/F
F CRUSTA 0.00 0.0E+00 0.00 g.0 | 0 Holdup/transit(da)
F PLANTS 0.00 0.0E+Q0 0.00 g.0 | 0 Consumption (L/yr)
====TERRESTRIAL FOOD INGESTION=====s==s==s===========SECTION J=====
USE GROW  --IRRIGATION-- PROD- --CONSUMPTION--
? FOOD TIME S RATE TIME YIELD UCTION  HOLDUP  RATE
T/F TYPE da * in/yr mo/yr kg/mZ kg/yr da kg/yr
T LEAFV 90.00 0 0.0 0.0 1.5 0.CE+00 1.0 30.0
T ROOT Vv 90.00 0 0.0 0.0 4.0 (0.0E+0C 5.0 220.0
T FRUIT 90.00 0 0.0 0.0 2.0 0.0E+Q0 5.0 330.0
T GRAIN 90.00 0 0.0 0.0 0.8 (.0E+Q0 180.0 80.0Q
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====ANIMAL PRODUCTION CONSUMPTION=====s==s===========SECTION 10====
---HUMAN---- TOTAL  ORINK  ======-czun-- STORED FEED-=-===-=zcnnn-
USE CONSUMPTION PROD- WATER  DIET GROW -IRRIGATION-- STOR-

? FOOD RATE HOLDUP UCTION CONTAM FRAC- TIME S RATE TIME  YIELD AGE
T/F TYPE  kg/yr da kg/yr FRACT. TIC da * in/yr mo/yr kg/m3 da

T  BEEF 8¢.0 15.0 0.00 0.00 0.25 90.0 0 0.0 0.00 0.80 0.0
T POULTR 18.0 1.0 ©.00 0.00 1.00 90.0 ¢ 0.0 0.00 0.80 0.0
T MIWK 270.0 1.0 0.00 0.00 0.25 45.0 0 0.0 0.00 2.00 0.0
T EGG 30.0 1.0 0.00 0.00 1.00 90.0 0 0.0 0.00 0.80 0.0
------------- FRESH FORAGE---=-=-=------

BEEF 0.75 45.0 0 0.0 0.00 2.00 100.9
MILK 0.75 30.0 0 0.0 0.00 1.50 0.0

Addafdadd AR AR A A AR AR R AR AR AR A AR AR AR AR A A AR AR A A A A R
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TABLE 1 200 AREA BP-1 POSTULATED ACCIDENT RELEASED AMOUNTS

Inveﬁtory Re” ise Released
Amount Fraction Amount
(Ci) (Ci)
Radionuclide

60, 7.7€-05 0.0077 5.9€-07
90, 1.2E+00 0.0077 9.2€-03
30, 1.2€+00 0.0077 9.2€-03
| 106,, §.4E-09 0.0077 4.9€-11
| 137, 3.6€-01 0.0077 2.8€-03
; 238, 9.7E-06 0.013 1.3£-07
| 239,, 5.8E-04 0.013 7.5€-06
L 212;. __ 1.6E-04 nel3 2.1E-06

a. This is the total inventory to be extracted from the three

contaminated cribs, as estimated elsewhere in this report, but

with Yttrium added to the list.

Re" se fractions are from NUl.L.Jd - 1320, Nuclear Fuel Cycle
Facility Analysis Handbook, MaY 1988, U S Nuclear Reqgulatory
Commission, Washington, D.C. see Table 4.2.
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CHECKLIST FOR HEDOP REVIEW

Oocument Reviewed: Radiological Analysis of Accidental Release from 200 East

Area BP-1 QOperable Unit

Scope of Review: Entire Document

Yes_ No N/A

54 (1 [ ] HEDOP-accepted code(s)/version(s) or other appropriate
calculation methodology used.

=171 [] Appropriate receptor lccations evaluated.

>4 01 (1] Appropriate models (finite plume vs. semi-infinite cloud,
building wake, etc.) used.

401 (7 Appropriate pathways evaluated for each receptor.

=< (] (] Ana1y51s consistent with HEDQOP recommendations.

(101 &~ Review calculations, comments, and/or notes are attached.

DA Himes 7 /w&\ s,’/ff/cn
HEDOP Reviewer Approva?‘(ﬁr1nted Name and Signatur® Date

* Any calculations, comments, or notes generated as part of this review should oe
signed, dated and attached to this checklist. Such material should be labeled and
recorded in such a manner as to be inteiligible to a technically qualified third
party.
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