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Supporting Calculations and Assumptions for Use in WESF Safety Analysis

1.0 PURPOSE

The purpose of this document is to provide a single location for
assumptions, evaluations and calculations needed to support safety analyses
contained in the Waste Encapsulation and Storage Facility (WESF) Basis for
Interim Operation (BIO) (HNF 1997). This document provides the technical
details and bases necessary to justify the contained results. The information
contained in this document applies to WESF as of 1/1/96.

1-1
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2.0 ASSUMPTIONS AND SUPPORTING CALCULATIONS

This section details the assumptions and supporting calculations used to
support the safety analysis in HNF (1997). Each subsection heading describes
the area to which the assumptions and/or calculations apply. Referenced
appendices contain supporting or long tabular information.

2.1 Hazard Evaluation and Accident Selection

The WESF hazards and operability study (HAZOP) (Brehm 1995) is used as
the primary basis for the hazards evaluation presented in HNF (1997). In
addition to the information presented in the HAZOP, this hazards evaluation
also identified both engineered and administrative barriers which prevent or
mitigate the consequences of the accidents along with an estimated frequency.
To this end, a team of plant, safety analysis, and nuclear safety personnel
was convened to discuss the accidents identified in the HAZOP for the purpose
of identifying barriers and estimating accident frequencies. The team effort
was conducted in two 4-hour sessions. The individuals who participated on the
team are shown in Appendix A Table A-4.

2.1.1 Methodology

The WESF HAZOP used four categories of consequences: SO, Si, S2, and S3.
SO consequences are those which have no safety impacts but represent
operational issues, S1 consequences are those with potential impacts to
facility workers, S2 consequences are those with potential impacts to Hanford
Site workers outside the WESF, and S3 consequences are those with potential
impacts to offsite individuals. These consequence categories were used as the
initial screening mechanism. The SO entries in the HAZOP were not pursued
here because they are not safety concerns. The Sl entries were not pursued
because they pertain to worker industrial safety issues. Thus, only S2 and S3
entries in the HAZOP, i.e., those accidents with potential consequences
outside the facility, were evaluated in this effort.

The methodology used to identify the facility barriers consisted of a
team discussion of the accident scenario postulated in the HAZOP, and what
engineered systems and administrative controls are in place to prevent or
mitigate the accident. The following definitions were used in the
identification of barriers:

Scenario:  The sequence of events which achieve the consequences of
interest for the deviation from the design/operational
intent of the process activity.

Systems: The engineered features which act to prevent and/or mitigate
the consequences of the scenario.

Controls: The administrative features which act to prevent and/or
mitigate the consequences of the scenario.

The frequency category definitions used in this effort are shown in
Appendix A Table A-1. The methodology of estimating frequencies consisted of
a team consensus in assigning a frequency bin for the scenario. The

2-1
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considerations for assigning frequencies included the initiation and
propagation of the scenario, the effects of human errors, the effects of
facility equipment, and similar facility events that have occurred in the
past. To gain an accurate estimate of the relative risk associated with each
scenario, the team assigned frequency bins based on the likelihood of
achieving the consequence of interest. Although an initiator, such as a
specific ventilation upset, might be “anticipated”, the likelihood of
achieving the S2 or S$3 consequence may be less Tikely because of the
propagation of the scenario and human-system interactions.

Appendix A Table A-2 shows the results of this effort. Table A-2 is a
repetition of the HAZOP tables, slightly modified for the purposes of the
hazards evaluation. The HAZOP tables were repeated here so that the entire
scope of the hazards evaluation effort could be more easily followed. The
only modifications that were made to the HAZOP tables consisted of the
following:

The “Detection/Mitigation” column of the HAZOP was changed to
“Barriers”. For the deviations which were evaluated in this effort, the
column is split to distinguish between engineered systems and
administrative controls. The deviations which were not evaluated in
this effort remain unchanged from the original HAZOP tables.

Two new columns were added, one for the estimated freguencies and one
for the risk rank. Once the frequency of the deviation was assigned,
the risk rank was specified.

The “Remarks” column remained unchanged except for the inclusion of the
hazards evaluation team comments. A1l hazard evaluation team comments
are preceded by “Evaluation comments:” so as to distinguish them from
comments made in the original HAZOP.

2.1.2 Results
The resuits of the hazards evaluation effort are shown in Table A-2.
2.1.3 Accident Selection

The accident selection results are derived from the hazards evaluation
documented here. The accident selection results shown in Table A-3 are
derived directly from Table A-2, the product of the hazards evaluation effort.
For every S2 and S3 deviation analyzed, Table A-3 identifies the deviation and
shows the risk rank, whether or not the deviation is selected for analysis,
and in some cases the rationale for selecting or not selecting that deviation.

Reviewing Table A-3 shows that a large number of deviations were
selected for analysis. Most of these deviations specify different causes for
a more general accident scenario, such as “fire in the truck port.” The
deviations in these general scenarios usually have the same risk rank, and
thus the dominant sequence cannot be readily identified. Therefore, all the
deviations in each general scenario are addressed in the scenario development
section of the appropriate accident analysis. The fact that the deviations
within the general scenario may have different preventative and mitigative
features is addressed in the discussion of safety class SSCs and TSR controls
for the accident. In addition, if the consequences of the accident are

2-2
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different for two or more deviations, then the worst-case deviation is used as
the basis for calculating accident consequences.

2.2 Receptor Information and Unit Dose Calculations

2.2.1 Site Boundary Definition

The current legal Hanford site boundary is the fence line which
encompasses both the north slope and arid lands ecology preserve. However,
using this definition as the Tocation of the off site receptor ignores the
potential public exposure that could be incurred at closer locations such as
the Columbia River and Highway 240. These more conservative locations will
also be considered for the establishment of SSCs and controls necessary to
limit public exposure. The decision to implement these controls may involve
DOE. More detailed guidance is provided in the DOE letters included in
Appendix J.

2.2.2 Site Boundary Distances

The site boundary distances to be used in WESF safety analysis are
provided in Table 1. Distance values were obtained from version 1.3 of the
HMD (Hanford Map Distances) program developed by Paul Rittmann. This program
contains Hanford site coordinate data and automatically generates site
boundary distances in each of the 16 compass sectors. The distances generated
here and listed in Table 1 were based on the default B-Plant center point
which is approximately centered in the middle of WESF. Comparison of these
values to the site map indicate that Table 1 values are sufficiently accurate
for simplified atmospheric transport calculations.

Table 1. WESF Site Boundary Distances

Transport Fence-line Hwy-240, Wye
Direction Distance Barricade, and Near
(km) River Bank

(km)

S 19.31 8.94

SSW 16.64 8.26

SW 18.08 8.26
WSW 19.29 9.71

W 18.89 11.04

WNW 19.39 14.36

NW 19.81 11.49
NN 19.55 11.33

N 22.78 12.99

NNE 25.45 14.01

NE 19.88 12.27
ENE 17.04 12.14

E 16.87 13.65

ESE 21.04 20.88

SE 25.17 14.19
SSE 21.08 11.71

2-3
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2.2.3 Acute Release Atmospheric Diffusion Coefficient Definition

The atmospheric diffusion coefficients (i.e., X/Q') used to estimate
acute release dose consequences for WESF safety analyses will be consistent
with the definition provided in NRC (1982). That is, the X/Q' will represent
atmospheric conditions such that the concentration at the plume centerline
could be exceeded only 40 hours out of the year. A X/Q' calculated according
to this definition will simply be referred to as the 99.5% X/Q'.

An on-site 99.5% X/Q' will be used to represent the integrated dose at a
receptor located 100 m from the release point, in the worst direction and in
the center of the plume. Credit taken for plume meander will be based on the
NRC Regulatory Guide 1.145 models when appropriate. Plume meander can be
credited when the release rate is approximately constant and has a duration of
one hour or more. The minimum building cross sectional area is 300 m’. This
parameter can be used to account for the effects of building wake on near
field plume dispersion.

Similarly to the on-site X/Q', the off-site 99.5% X/Q' will be used to
represent the integrated dose at a receptor located at the site boundary, in
the worst direction and in the center of the plume. The off-site receptor
Tocation must consider the direction given in Section 2.1.2. Credit for plume
meander and building wake will be taken as discussed above.

2.2.4 Atmospheric Diffusion Coefficient Values
2.2.4.1 Ground Level Releases for Acute Exposure

Both on-site and off-site 99.5% X/Q's are provided in Table 2 below.
Calculations were performed using the GXQ computer code documented and
verified in Hey (1995a and 1995b). This code implements the Gaussian
continuous plume model. Code output files are included in Appendix B.

These coefficients are appropriate for conservatively estimating
integrated dose consequences due to acute ground level releases.

As shown in Table 2, the boundary defined as Hwy-240, the Wye Barricade
and the near river bank would cause a 40% increase in the estimate of dose
consequences as compared to the fence-Tine boundary. Al11 atmospheric
dispersion calculation code output is provided in Appendix B.
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Table 2. 99.5% Atmospheric Diffusion Coefficients for Use in Estimating
Acute Release Exposure from Ground Level Releases

Hwy-240, Wye
Barricade, and
Source/Receptor On-Site 100m Fence-Line Near River Bank
Description X/Q' (s/m3) X/Q (s/ms) X/Q' (s/ms)
Ground level release, 3.41E-2 1.35E-5 1.90E-5
point source
Ground level release 1.13E-2 1.13E-5 1.52E-5
with plume meander
Ground Tevel release 1.14E-2 1.34E-5 1.88E-5
with building wake
Ground Tevel release 8.55E-3 1.13E-5 1.52E-5
with plume meander
and building wake

2.2.4.2 Sstack Level Releases for Acute Exposure

The WESF stack is relatively short in comparison to surrounding
structures. That is, it is less than 2.5 times the height of surrounding
buildings. Acceptable practice is to ignore wake effects from releases that
are 2.5 times higher than surrounding structures. Simple treatment of the
plume as if it were a ground level release is overly conservative and results
in unacceptable dose consequences to the onsite receptor. Treatment of the
plume as if it were an isolated elevated release is potentially non-
conservative. In order to avoid both unnecessary conservatism and the
potential underestimation of ground level plume concentrations at the onsite
receptor, the interaction of the building wake with the elevated plume is
considered here.

For convenience, and to facilitate the same calculation for several
building heights and distances, a building wake spread enhancement model was
added to the GXQ code and labeled Version 4C. A listing of the added
programming statements is included in Appendix B. A description of the
analytical expressions solved by GXQ Version 4C, as well as verification
results, are provided in the following subsections.

2.2.4.2.1 Analysis Approach

The approach used here is to apply empirical relationships developed
from wind-tunnel and field tests of effluent diffusion near obstacles.
Unfortunately, such tests do not exist for the specific stack and building
configuration near WESF. However, sufficient information is available to
provide an improved model over a simple ground level release with building
wake.

The WESF 296-B-10 stack is a 75 ft (22.9 m) fiberglass reinforced
structure 42 in (1.07 m) in inside diameter. The effluent flow rate from the
WESF 296-B stack is normally around 22,000 cfm (10.4 m/s) (H-2-66531 Rev. 6)
or above. Approximately 5,500 cfm (2.4 m3/s) is attributed to the K-3
ventilation system. Nearby structures are the 212-B Fission Products Loadout
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Station, the 221-B B-Plant Building, the 222-B Office Building, the 224-B
Storage Building, the 225-B main WESF structures, and the 271-B B-Plant Office
and Support building. The relative positions of these structures are shown in
Figure 1. Also shown are the relative locations of the various building
ventilation intakes. Other structures which have a relatively small
crossectional area, such as telephone poles, the water tower, crane, and
nearby single story modular office buildings and trailers, would have a
relatively small influence in comparison to the structures shown. For the
purposes of effluent diffusion, these smaller structures are ignored.

Figure 2 is a plan view of the stack and the surrounding buildings
overlaid with the sixteen compass sectors. The sixteen compass sectors are
divided into five zones of influence. Stack effluent emitted into Zone I
would primarily be influenced by the wake of the 225-B structure. Likewise,
effluent in Zone II would be primarily affected by the 221-B structure, Zone
III by the 212-B structure, and Zone IV by the 224-B structure. Zone V
includes all wind directions where these buildings are upwind of the 296-B
stack. It should be stressed that this is a simplification of the true
effluent behavior as it would interact with the fluid flow around this cluster
of buildings. None of the zones are truly independent of each other.
Nevertheless, it should be possible to extract useful information from flow
field studies around isolated objects and apply them here.

Plume Rise Model

In order to determine whether any of the buildings are high enough to
cause stack plume interference, the effective plume height is calculated. The
procedure used to evaluate building wake effects is similar to that used in
EPA (1992). The gradual plume rise due to momentum is calculated as the plume
reaches the building. If the effective plume height, h,, given by the sum of
the stack height and the momentum rise, is greater than 2.5 building heights,
the plume is assumed to be unaffected by the building wake. Otherwise the
plume is assumed to be affected by the building wake. For the 225-8 building,
the cut off height would be 2.5 x 12.2 = 30.5 m. This is 7.6 m above the 291-
B stack, hence a plume rise of 7.6 m would typically be sufficient to clear
the building wake zone for the 225-B building.

2-6
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Aerial View of WESF 296-B-10 Stack and Surrounding Structures

Figure 1.
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Plan View of WESF 296-B-10 Stack and Surrounding Structures

Figure 2.
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Wind speed, which is a function of stability class and surface
roughness, is also a function of height above ground. Hanna (1982) provides
the following form for the vertical wind speed profile

h P
u, = ulo(7f§) (1)

where u,, is the 10 m wind speed, and p represents rural roughness factors.
Power coefficients for rural areas are also taken from Hanna (1982). The
power coefficient for Stability Class G is estimated from trends in the data
shown in Table 3. Below 10 m and above 200 m in height there is no further
adjustment to u,.

Table 3. Rural Roughness Power Coefficients As a Function of
Atmospheric Stability Class.

STABILITY CLASS
A B C D E F G
Rural p 0.07 0.07 0.10 0.15 0.35 0.55 0.60

The average of the stack level wind speeds will be used in subsequent
calculations.

g= = & (2)

Since u, is a function of plume height and visa versa, the GXQ Version 4C
program uses iteration until difference between successively calculated plume
heights differ by no more than 0.1 m.

Stack tip downwash accounts for the plume trapping effect of the stack
and depends upon the ratio of the efflux velocity to the cross-flow velocity,
R=wy/u. Early wind tunnel work has indicated that downwash is negligible when
R>1.5. The efflux velocity is 11.6 m/s as calculated from the flow rate and
stack diameter. Thus, a stack level wind speed of 7.7 m/s would be required
for stack downwash to become significant. As will be shown later, lTower wind
speed conditions are more conservative.

The WESF stack effluent temperature will be approximately the same as
ambient conditions. Hence, the plume will have little or no buoyancy and any
rise will be due to momentum only. Momentum plume rise accounts for the
additional elevation reached due to vertical jet momentum. Three factors are
important for estimation of momentum plume rise in this case. These are; the
stability parameter, s, momentum flux, F_, and the average wind speed, G.
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The stability parameter is defined as follows (Randerson 1984, eq.
8.14),

s=9 Ty , g (3)
T, | 0z cp

where the dry adiabatic lapse rate g/cp = 0.0098 K/m. For stability class E,
F and G the ambient temperature lapse rate 6Tq/6z = 0.005, 0.0275 and 0.0625
K/m respectively. These midpoint values are identical to those used in the
MACCS (NRC 1990) code, with the exception that MACCS does not consider the G
stability class. The 6T,/6z for the G stability class is taken from Sagendorf
(1982). The ambient temperature, T,, is assumed to be 20 °C (293 K) and g is
gravitational acceleration (9.8 m/se).

The momentum flux, F, (m‘/sz), is calculated based on the following
formula (Eq. 8.36 Randerson 1984),

T,
F, = w? d? -2 (4)
m 4T,

where w, is the efflux velocity, d is the stack diameter, and T; is the
initial effluent temperature, also assumed to be 20 °C (i.e., no buoyant
effects).

For stable conditions, the distance dependent plume rise is given by
(see Eq. 1-25 in EPA [1992])

Ah = |3p, Sinlx/s/m) 2 (5)
/s
where x is the downwind distance, with a maximum value defined by x,,, as,
P 0'5{%5 (6)
The jet entrainment coefficient, B, is given by,
R ()

The final plume rise is limited to the following equation (see Eq. 1-21 in EPA
[1992]),

(8)

F\1/3
Ah, - 1.5( M)

/s

or Equation 11 below, whichever is smaller.
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For unstable or neutral conditions, the following equations are used to
calculate a distance dependent momentum plume rise (see Eq. 1-23 in EPA
[1992]),

1/3
F
An = [ 2% (9)
where x is the downwind distance, with a maximum value defined by Xpax @S
follows,
4d(w,+3u)?
= ikl 10
Hnax woT (10)
The final plume rise is limited to (see Eq. 1-16 in EPA [1992]),
Ah, = 3d2 (11)

Building Wake Model

Huber and Snyder (1976) have examined concentration in the wake of a
model building for various effluent release heights. They observed that
emissions between ground level and roof height were dispersed rapidly in both
the vertical and crosswind directions, whereas releases above roof level
experienced only enhanced vertical dispersion. The procedure used here is
similar to that used in EPA (1992) in that no lateral enhancement is assumed
if the effective plume height is greater than 1.2 times the building height.

Huber (1977) recommended forms based on the concept of spread
enhancement generated first by the building cavity and second by the decaying
turbulence excess produced by the building (Huber and Snyder, 1976). If x,
represents the distance from the lee face of the building to the receptor,
then for 3 < x,./H < 10, these forms are, for a squat building of height H
and width W

W
o', = 0.7(—) +0.067 (x,,, - 3H)
¥ 2 lee (12)
6', = 0.7H + 0.067 (x;,, - 3H)
whereas for x . /H > 10, the forms are
Oy 7 Oy Xaee  X0) (13)
o z = 0z(xlee + Xzo)

Since WESF is wider than it is tall, it is defined as a squat building. The
virtual source distances x, and x,, are calculated to satisfy the condition
that Equations 12 and 13 are equaf at x. = 10H, as long as they remain
positive, otherwise they are set to zero.

The validity of the dispersion enhancement model is established in the
work of Huber and Snyder (1976) and the models developed and presented in
Huber (1977). The model is applicable to building wake affects on short stack
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effluents, which is the case with the WESF stack and surrounding structures.
Huber's model is also implemented in the Industrial Source Complex (ISC2) code
(EPA 1992) developed for the U.S. Environmental Protection Agency.

In a manner that is similar to the ISC2 code, the model is applied here
by modifying both o, and o, for plumes with plume height to building height
ratios less than or equal %0 1.2 and by modifying only g, for plumes from
stacks with plume height to building height ratios greater than 1.2 (but less
than 2.5).

Dispersion Coefficients

Pasquill Gifford (PG) dispersion coefficients for plumes which are
unaffected by the building wake are taken from Tadmor and Gur (1969). They are
of the same form as those used in the GENII (Napier 1988) and GXQ codes (Hey
1995). If the plume height is such that building wake affects should be
considered, then the dispersion coefficients are modified according to Huber's
formulae as discussed above. In cases where the PG dispersion coefficient is
larger than the Huber dispersion coefficient, then the PG coefficient is used.

Reflection Factor

The plume trapping reflection parameter, F_., accounts for the boundary
effects of the ground and an impenetrable mixing layer. The assumption used
here is to assume that when the effluent contacts the ground it is totally
reflected upwards, effectively doubling the ground level air concentration.
However, since the receptor is actually 2 m above ground level (i.e., head
height), the reflection factor will be somewhat less than a factor of two.
The reflection parameter is approximately given by (Hey 1995)

—Zzbe]

Oz

Foe =1+ exp[ (14)

where z is the receptor height and assumed to be 2 m. Second, third, fourth,
etc. reflections can be neglected in this case since they have a negligible
contribution this close to the source. When applicable, 0, is replaced by the
modified o', calculated in Equations 12 and 13.

Off-Axis Correction Term

The off-axis correction term accounts for the lower effluent
concentration when the receptor is offset from the plume centerline. Since in
this case the release is from a stack, a receptor close to ground Tevel will
be vertically offset. The correction term applied to the Gaussian model is

given by,
_ifhe-zY (15)
2\ o,

For conservatism, the receptor is assumed to be at the horizontal centerline
of the plume.

g(z) = erfeXp
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Atmospheric Diffusion Coefficient

The air concentration is represented by X and can be determined by
taking the product of the atmospheric diffusion coefficient X/Q'’ and the
source term release rate Q°. The Gaussian straight line continuous plume
model is employed here for calculating atmospheric diffusion. At the lateral
centerline of the plume the atmospheric diffusion coefficient X/Q'’ is given
by,

X - _g(2)

o/ 2mo,e.u (16)

Model Verification

To verify the GXQ Version 4C implementation of Huber's spread
enhancement model (i.e., Eqs. 12 and 13) a spreadsheet was used to solve
Equations 1 through 16 for all Pasquill stability classes and eight wind
speeds. This calculation was performed for the special case when the 225-B
building is downwind of the 296-B stack and the receptor is at 100 m from the
stack (i.e., Zone I). The windward face of the 225-B building is 23 m from
the stack. The 225-B building is taken to be 15 m deep in this direction (see
Figure 3). The distance from the lee face of the building to the receptor,
Xiee» 18 then 100 - 23 - 15 = 62 m. The ratio of this distance Xiee L0 the
building height of 12.2 m is then 62/12.2 = 5.1 which is less than 10. Hence,
the near field model of Equation 12 applies and this is explicitly checked in
the spreadsheet. The far field model of Equation 13, is not explicitly
checked here but was verified by a line-by-line check to ensure correct coding
of Equation 13 (see code Tist in Appendix B), and a knowledge that the virtual
distance subroutines in GXQ Version 4C have not been modified. Additionally,
the formulae for o', given in Equation 12 is also not explicitly checked here
since the 296-B stack is 1.2 times higher than the 225-B building. Again,
verification is accomplished via a 1ine-by-1ine check of the coding which is
included in Appendix B.

Figure 3 shows relevant dimensions of the WESF stack and surrounding
structures. Equations 1 through 11 were solved for a range of stability
classes and wind speeds. From the spreadsheet results shown in Table 4 it can
be concluded that plume rise associated with very low wind speed conditions is
generally sufficient to clear the 225-B building wake zone. The plume rise
corresponds to a distance of 23 m which is the distance from the stack to the
windward edge of the 225-B building. For stable conditions and a wind speed
of 2.7 m/s, the plume rise is marginally below the 7.6 m needed to meet the
2.5 times building height criteria. Hence, for these conditions and all wind
speeds greater than 2.7 m/s, Huber's spread enhancement model is utilized.

Table 5 uses the wind speed and momentum rise results of Table 4 to
develop solutions to Equations 12 through 16 for stability class and wind
speed combinations where the plume height is within the wake effected zone.
For low wind speed conditions where plume rise is predicted to be sufficient
for the plume to clear the 225-B building wake zone (i.e., values above the
dark Tine in Table 4), a standard elevated plume model was used with no
modification to the PG dispersion coefficients. These results are shown in
Tables 6 and 7. As can be seen from a comparison of the results in Tables 5
and 7, the later calculations result in lower X/Q' values than those
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Figure 3. WESF 296-B-10 Stack and Surrounding Structural Dimensions
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Table 4. Estimate of Momentum Plume Rise from WESF 296-B Stack at 23 m

Input Constants:

stack inside diameter d 1.07m

stack height hs 229 m

effluent flow rate VO 10.4 m3/s

pi pi 3.1

ambient temperature Ta 293 K

effluent temperature TO 293 K
gravitational acceleration g 9.8 m/s2
specific heat cp 1000 N m/(kg K)
distance between building and stack X 23 m |

Calculated Parameters:
stack efflux velocity wo 11.6 m/s
momentum flux Fm 38.3 m4/s2

Elevation Corrected Average of Stack Level and Plume Height Level Wind Speed:
Pasquill stability class:

10 m wind A B [<] D E F G

speed |Rural roughness power coefficient (p):

(m/s) 0.07 0.07 0.10 0.15 0.35 0.55 0.60
0.89 1.0 1.0 1.0 1.1 1.3 1.6 1.7
2.7 29 29 3.0 3.1 3.8 4.6 4.8
47 5.0 5.0 52 54 6.5 7.7 8.1
7.2 7.7 7.7 7.9 8.2 9.8 11.7 12.2
9.8 10.4 10.4 10.7 1.2 13.3 15.7 16.4
13 13.8 13.8 14.2 14.8 176 20.8 21.7
16 17.0 17.0 17.4 18.2 216 255 26.6
19 20.2 20.2 20.7 216 25.6 30.2 31.5

Momentum Plume Rise (m)
10 m wind |Pasquill stability class:

speed A B Cc D E F G
{m/s) _|stability parameter (s) = 0.000485 0.001248 0.002418
0.89 253 253 246 234 16.4 13.2 11.6
27 9.7 9.7 9.5 90 | 75 6.2 5.9
4.7 5.6 56 5.5 5.2 43 3.5 3.4
7.2 36 3.6 35 33 2.7 2.2 21
9.8 2.5 2.5 24 2.3 1.9 1.5 1.5
13 1.8 1.8 1.8 1.7 1.4 1.1 1.0
16 1.4 1.4 1.4 1.3 11 0.9 0.8
19 1.1 1.1 1.1 1.1 0.9 07 w 07

plume height above plume height within
wake effected zone wake effected zone
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Table 5. Estimate of 100 m X/Q' for Cases where Huber Spread

Enhancement Model is Applicable

Input Constants:

building height Hb 122 m
lee distance to receptor Xlee 62 m
source distance to receptor X 100 m
receptor height z 2m
Huber sigma z hsz 10.2418 m
Atmospheric Diffusion Coefficient maximum = 5.17E-5
Pasquill stability class:
A B C D E F G
Pasquill sigma y based on distance x:
10 mwind| 23.41 17.61 13.37 9.41 8.69 4.62 3.08
speed |Pasquill sigma z based on distance x (range 2):
(m/s) 14.30 10.89 7.50 4.56 3.49 2.25 1.36
0.89
2.7 } 1.73E-5 2.96E-5 4.58E-5
4.7 2.67E-5 [1.17E-5 1.10E-5 1.59E-5 236E-5 345E-5 5.17E-5
7.2 2.29E-5 | 1.22E-5 1.19E-5 1.69E-5 229E-5 3.13E-5 4.62E-5
9.8 1.82E-5 { 1.12E-5 1.12E-5 1.56E-5 204E-5 2.70E-5 3.95E-5
13 1.58E-5 | 9.79E-6 9.87E-6 1.37E-5 1.74E-5 225E-5 3.28E-5
16 1.34E-5| B8.62E-6 B8.76E-6 1.21E-5 1.52E-5 1.94E-5 2.82E-5
1.70E-5 2.46E-5

19 1.17E-5/ 7.65E-6 7.81E-6 1.08E-5 1.34E-5
[

Huber model does not
apply since plume above
wake effected zone.
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Table 6. Estimate of Momentum Plume Rise from WESF 296-B
Stack at 100 m

Input Constants:

stack inside diameter d 107 m

stack height hs 229 m

effluent flow rate Vo 10.4 m3/s

pi pi 3.14

ambient temperature Ta 293 K

effluent temperature TO 293 K
gravitational acceleration g 9.8 m/s2
specific heat cp 1000 N m/(kg K)
distance between building and stack X 100 m

Calculated Parameters:

stack efflux velocity wo 11.6 m/s
momentum flux Fm 38.3 m4/s2

Elevation Corrected Average of Stack Level and Plume Height Level Wind Speed:

Pasquill stability class:
10 m wind A B C D E F G
speed [Rural roughness power coefficient (p):
{m/s) 0.07 0.07 0.10 0.15 0.35 0.55 0.60
0.89 1.0 1.0 1.0 1.1 1.3 1.6 1.6
27 2.9 2.9 3.0 3.2 |
4.7
Z)': See Table 4 for these
1‘3 stability class and wind
16 speed combinations.
19
Momentum Plume Rise (m)
10 m wind |Pasquill stability class:
speed A B C D E F G
(m/s) _|stability parameter (s) = 0.000495 0.001248 0.002418
0.89 38.0 38.0 36.6 343 16.4 13.2 9.0
2.7 12.8 12.8 12.4 11.8 |
4.7
7.2 See Table 4 for these
9.8 stability class and wind
13 speed combinations.
16
19
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Table 7. Estimate of 100 m X/Q' for Cases where Huber Spread
Enhancement Model is Not Applicable

Input Constants:

building height Hb 122 m
lee distance to receptor xlee na m
source distance to receptor X 100 m
receptor height z 2m
Huber sigma z hsz Om
Atmospheric Diffusion Coefficient maximum = 1.53E-5
Pasquill stability class:
A B [o] D E F G
Pasquill sigma y based on distance x:
10 mwind| 23.41 17.61 13.37 9.41 6.69 4.62 3.08
speed |Pasquill sigma z based on distance x (range 2):
(m/s) 14.30 10.89 7.50 4.56 3.49 2.25 1.36
0.89 1.31E-7 4.19E-10 2.83E-16 4.51E-35 7.74E-28 1.22E-52 5.14E-107|
27 1.53E-5 3.11E-6 3.03E-8 8.16E-15]
4.7
7.2
9.8 See Table 5 for these
13 stability class and wind
16 speed combinations.
19
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incorporating Huber's spread enhancement model. Also, note that the distance
used in Table 6 and 7 calculations are for the full 100 m between the stack
and the receptor.

The GXQ Version 4C verification test results are provided in Appendix B
under the input file name GXQACTST.IN. A1l results are virtually identical to
the spreadsheet values, with differences accounted for by roundoff. Based on
this check, and a check of the coding for implementation of Equation 13, it
can be concluded that the GXQ Version 4C correctly implements the model
discussed.

2.2.4.2.2 Application to Zone I

Located approximately 23 m north of the stack is the 225-B (i.e., WESF)
building. The 225-B building actually consists of three structures separated
by seismic joints. These structures are referred to in design calculations as
Areas 1, 2 and 3 (see Figure 3). The Area 2 structure is the Targest of the
three and will be used to represent the wake affects of all three. It is
approximately 12.2 m above grade and 15 m deep in the windward direction.

Wind incidence is approximately normal to the 225-B structure in the
Zone I direction. No other significant structures exist in the near field in
these directions.

Air_Concentration When 225-B Building is Downwind of Stack

GXQ Version 4C was applied to Zone I and specifically in those wind
directions where the 225-B building is downwind of the stack (i.e., NNW, N and
NNE). To be consistent with standard conservative methodology, a 99.5% X/Q'
is calculated at various receptor distances to identify the worst case
location. The output of this run is included in Appendix B. The most
conservative condition corresponds to stability class F with a NNW wind
b]ow1ng at 2.65 m/s. The largest X/Q' occurs at 200 m with a value of 8.5E-5
s/m*. This value is higher than what would be calculated if the building yere
not present (i.e., unmodified stack release X/Q' is approximately 4E-5 s/m)
but Tower than that of a ground Tevel release with a MACCs (NRC 1990) or NRC
Regulatory Guide 1.145 (NRC 1982) type building wake model applied. The later
yield X/Q' values on the order of 1E-2 s/m3 as calculated using the GXQ code.

Air Concentration at the 225-B Building Intake Filters

Stack effluents can only reach the Kl, K2, and K3 intake filters when
the wind comes from the south (see Figure 1). With stack effluents being
transported to the north, the intake screens will be in the building
recirculation cavity.

Because the Huber and Snyder model cannot be used to estimate
concentrations in the building recirculation cavity (x(, < 3H),
concentrations at the building intakes were estimated using a minimum diltution
model developed by Wilson and Lamb (1994). The Wilson-Lamb model was developed
using field data to estimate the minimum dilution in plumes released from
building vents and short stacks. The model development does not make or
depend on a Gaussian assumption. The model should provide an upper bound on
the concentration rather than the average concentration estimated by the GXQ
model .
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The Wilson-Lamb model is a function of wind speed and distance, but it
is not a function of building area. The basic formula for the normalized
time-integrated exposure is shown below.

X/0' = — 17
v, (B3® + BS®Y) (7

The stack exhaust flow rate, V,, is 10.4 cubic meters per second. The
initial, By, and downwind, By, dilution factors are defined below.

w,
B, =1+ 13(_2) (18)
Uy
2
By = 0.080| ZaXs (19)
VO

The term w, is the vertical exit speed of the exhaust gases from the
stack (11.6 m/s), u, is the wind speed at the height of the building, and x,
is the "stretched string" distance from the top of the stack to the downwind
Tocation of interest. The "stretched string" distance is the minimum distance
between the release point and the receptor without passing through any solid
objects.

For the K1, K2, and K3 intake screens, x, is 56 meters. The X/Q'
decreases with increasing wind speed, so this parameter should be as small as
reasonably possible. From Table 4, it can be seen that the plume will not be
affected by the building turbulence if the wind speed is too Tow. A
compromise wind speed of 3.0 m/s was chosen.

The computed X/Q' for the K1, K2, and K3 intake screens turns out to be
3.7E-4 s/m3, which is somewhat larger than the X/Q' of 8.5E-5 s/m3 for the
worker Jocation.

The K4 filter is located on the roof of the west edge of the 225-B
building which has a height of only 6 m. Since the stack is greater than 2.5
times the height of the K4 filter intake, it should be relatively free from
the elevated plume. For practical purposes, the X/Q' at the K4 filter can be
taken to be zero.

2.2.4.2.3 Application to Zone II

The nearest corner of the 221-B (i.e., B-Plant) building is
approximately 33 m NE and ENE of the WESF stack. The wind incidence across
this structure would be at a 10 to 60 degree angle in the direction of
interest. Additionally, the smaller 225-B and 212-B buildings located on
either side of the building would tend to complicate the already complicated
wake effect. Due to a lack of quantitative methods for evaluating the wake
created from angular wind incidence, relationships for normal incidence will
be used with additional qualitative evaluations of the effect of angular wind
incidence. No other significant structures exist in the near field and in
these directions. The 221-B building is approximately 16 m above grade.
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Air Concentration When 221-B Building is Downwind of WESF Stack

GXQ Version 4C was applied to Zone II and specifically in those wind
directions where the 221-B building is downwind of the stack (i.e., NE, and
ENE). Due to the length and orientation of the 221-B building, the zone was
broken up into two separate regions, one for NE and one for ENE. For purposes
of applying the Huber spread enhancement model, the 221-B building was modeled
as a 20 by 20 by 16 m high building in both the NE and in the ENE directions.
Due to the height relationship of the 221-B building and WESF 296-B stack, the
20 m building width approximation has no effect on the calculated result. The
leading edge is 33 m from the stack in the NE direction and assumed 70 m from
the stack in the ENE direction. Again, 99.5% X/Q's are calculated at various
receptor distances to identify the worst case lTocation. The output of these
runs are included in Appendix B. The most conservative condition in the NE
direction occurs at 250 m and corresponds_to stability class E at 0.89 m/s
wind speed. The X/Q' value is 1.2E-4 s/m3. The most conservative condition
in the ENE direction occurs at 250 m and correspopds to stability class G at
2.7 m/s wind speed. The X/Q' value is 1.2E-4 s/m

The Wilson and Lamb model was aiso used for the lee side of the 221-B
building in the ENE direction from the WESF stack. A person could be standing
at ground level on the downwind side of the building at a distance of 100
meters. The stretched string distance is 102 meters. Using a wind speed of
3.0 m/s, the X/Q' at this location is 1.7E-4 s/m3.

Relatively little quantitative data exists for the case where the wind
is not at right angles to the building. Therefore, only a qualitative effect
can be discussed here. Randerson (1984) does summarize work performed by
others on the effects of wind incidence angle. Studies suggest that the
vertical extent of the flow perturbation introduced by a block-like building
is tess when the wind is not normal to one side; the somewhat streamlined
shape of such a structure when it is approached from an angle makes it easier
for the flow to pass around the sides of the building rather than be deflected
over its top. Huber (1989) presents wind-tunnel data for stacks on the lee
face of various buildings showing an increase in air concentrations as the
wind incidence angle changes from normal. He also shows cases where obliquely
incident winds decrease the air concentration. Thus it is difficult to
generalize on what the exact effect of off-normal winds on the 221-B estimates
for X/Q' would be. The maximum near source X/Q' representing workers on the
lee side of 221-B were computed using a bounding dilution factor model from
Wilson and Lamb (1994). The conservatism inherent in this model should
compensate for any nonconservatism which results from off-normal winds.

Another possible location of a receptor at a minimum of 100 m from the
WESF stack is on the roof of the 221-B building. Several approaches are used
to model this condition and then a comparison is made. First, the condition
is modeled using the Huber and Snyder model with a receptor height of 18 m
(i.e., the roof height plus 2 m). The second approach is the same as above
but without any dispersion enhancement. The third approach is the same as the
second case but modeled as a stack release having a stack height equal to the
difference between the 296-B stack and the 221-B building or 22.9 - 16 = 6.9 m
with a 2 m receptor height. No dispersion enhancements would be used in this
case either. Computer output for each of these cases is provided in Appendix
B. A fourth approach would be to use the Wilson and Lamb model with a
stretched string distangce of 102 m. This was previously calculated above for
Zone I to be 1.7E+4 s/m>. OF all the approaches, the first yielded the
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highest X/Q' with a value of 3.34E-4 s/m3 in the ENE direction at 150 m. This
is somewhat larger than the X/Q' representing a ground level receptor, as
expected.

Air Concentration at 221-B Building Intake Filters

As was done for the 225-B building, the Wilson and Lamb model was used
to estimate the normalized time-integrated exposures at the air intakes for
221-B, which are on the north side of the building. The stretched string
distance in the NE direction to the air intakes at the west end of 221-B was
61 meters. Using a wind speed of 3.0 m/s, the X/Q' turns out to be
3.4E-4 s/m3. :

In the ENE direction, the air intakes are at a distance of about 100
meters, so the X/Q' obtained for the 100 meter receptor in this direction will
also be used for the air intakes, namely, 1.7E-4 s/m3.

2.2.4.2.4 Application to Zone III

The 212-B (Fission Products Loadout Station) building is approximately
32 m E of the WESF stack. The wind incidence on the structure is
approximately normal in this zone. One would expect some channeling of the
building wake where it is bordered by the 221-B B-Plant south wall. No other
significant structures exist in the near field in this direction. The 212-B
structure is approximately 7.6 m above grade. Since the WESF stack is more
than 2.5 times higher than the building height, it is safe to treat the plume
as an elevated release without congideration of building wake effects for Zone
III. The X/Q' value is 3.0E-5 s/m’.

2.2.4.2.5 Application to Zone IV

The nearest corner of the 224-B Storage Building is approximately 41 m
to the SE of the WESF stack. Like Zone II, the wind incidence in this
direction will be angular. Similar simplifications as applied in Zone II will
also be applied here with qualitative supplemental discussion. The 224-B
building is approximately 12.2 m in height. It is not normally occupied.

GXQ Version 4C was applied to Zone IV and specifically in those wind
directions where the 224-B building is downwind of the stack (i.e., ESE, and
SE). Due to the Tength and orientation of the 224-B building, the zone was
broken up into two separate regions, one for ESE and one for SE. For purposes
of applying the Huber spread enhancement model, the 224-B building was modeled
as a 20 by 20 by 12.2 m high building in both the ESE and in the SE
directions. The leading edge is assumed 80 m from the stack in the ESE
direction and 41 m from the stack in the SE direction. Again, 99.5% X/Q's are
calculated at various receptor distances to identify the worst case Tocation.
The output of these runs are included in Appendix B. The most conservative
condition in the ESE direction occurs at 250 m and corresponds to stability
class G at 4.7 m/s wind speed. The X/Q' value is 6.7E-5 s/m>. The most
conservative condition in the SE direction occurs at 200 m and correspgnds to
stability class G at 4.7 m/s wind speed. The X/Q' value is 8.3E-5 s/m

The Wilson and Lamb model was also used for the lee side of the 224-B
building in the ESE direction from the WESF stack. A person could be standing
at ground level on the downwind side of the building at a distance of 100
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meters. The stretched string distance is 104 meters. Using a wind speed of
3.0 m/s, the X/Q' at this location is 1.7E-4 s/m3.

2.2.4.2.6 Application to Zone V

Air Concentration When WESF Stack is Downwind of Structures

There is relatively 1ittle guidance for sources downwind of buildings.
For sources downwind of buildings, Huber commented (see Randerson 1984 p. 317)
that the Huber and Snyder dispersion enhancement model is best applied to
sources within 2H of a building when h, < H + 1.5 {,. Length {, is the
smaller of the building height H or width W. The distance criteria of 2H
would Tikely enclose the peak cavity height which could range anywhere from
H/2 to 1.5H depending upon the boundary layer thickness (see discussion in
Randerson [Section 7-5.2.1, 1984]). With respect to the 225-B building the
nearest face is 23 m north of the stack while 2H = 24.4 m. For the 221-B
building the nearest corner is 33 m from the stack while 2H = 32 m. Thus,
application of Huber's model appears marginal in these cases. Huber does not
state where h, is evaluated when comparing it to the above criteria, or make
any recommendations for more distant sources. For these reasons, the Huber
and Snyder model is not used here when the 296-B stack is downwind of the
surrounding buildings.

Briggs (1973) suggested that his method of incorporating building wake
effects into the effective stack height should be confined to cases where the
stack is within 3¢, downwind of the building (i.e., within or near the end of
the cavity zone) wﬂere ¢, is the smaller value of building height H or width
W. In the case of the 255—8 building 3¢, = 36.6 m which encompasses the WESF
stack. If the effective plume height h, is zero, Brigg's recommended model
for computing downwind concentrations is essentially

1

L - o (20)

where A is the projected frontal area of the building. If the plume remains
aloft, he uses X = 0 for distances x such that o,(x) < (Z/W)%he, whereas for
0,(x) > (2/m)*h,,

A
0" mo (o, +V2Z/mh,)U (21)

That is, dispersion behind the building is enhanced only in the vertical for
an elevated release.

To evaluate Equation 21, it is first necessary to determine distance
Xnon-zero 8L Which concentration, X, is non-zero. Using h, computed at 100 m
from Table 6, 0,(Xon-zero) = (2/n)'h¢ can be evaluated. Making use of the
analytical expression for the vertical dispersion coefficients from Tadmor and
Gur (1969) the corresponding distance, X ,..,» at which X is non-zero can be
calculated. Although this distance will be greater than 100 m, the effective
plume height h, has reached its maximum value at 100 m as limited by Equation
11. The Tateral dispersion coefficient, ¢, can then be evaluated at x - zero?
again using the analytical expression for dispersion coefficients from Fadmor
and Gur (1969). Equation 21 can be evaluated by substituting the values for
0,, 0,, h,, U where U is also taken from Table 6.

y? 29
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Table 8 shows the results of Equation 21 for two ground level wind
speeds of 0.89 and 2.7 m/s and Pasquill stability classes A, B and C. It
should be clear from trends in the results that neutral and stable conditions,
and higher wind speeds wil] result in lower and less conservative X/Q's. The
maximum X/Q' = 5.37E-5 s/m3 occurs for stability class A at a low wind speed.
This value remains below the values calculated for those zones where
significant structures are downwind of the 296-B stack. For comparison
purposes, an elevated release Gaussian model without a building wake
correction would have yielded a X/Q' = 3.9E-5 s/m (see Appendix B output
results for Zone V).

2.2.4.2.7 Summary

Atmospheric diffusion coefficients were calculated for each of 16
compass sectors surrounding the WESF 296-B stack. Special consideration was
given to structures, or the lack thereof, in each sector which could interact
with the elevated release and cause higher ground level concentrations than
would exist had the structure not been present. The methods of Huber and
Snyder (1976), Huber (1977), Wilson and Lamb (1994), and Briggs (1973) were
relied upon for analysis. A revision 4C to the GXQ code (Hey 1995) was
created and verified to perform the calculations for the many joint
combinations of wind speed, stability class and distance. This was done in
order to identify an appropriately conservative diffusion coefficient in each
direction, suitable for acute exposure estimates for accidental releases
originating from the WESF stack. The results of these calculatigns are
provided in Table 9. Based on these results, a X/Q' of 2E-4 s/m° is adequate
to conservatively represent an acute exposure to a ground level receptor at a
distance of 100 m or greater from the 296-B stack.
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Table 8. Atmospheric Diffusion Coefficients for Use in Estimating
Acute Release Exposure from WESF Stack when Stack is
Downwind of Structures
Distance
Momentum Effective  Vertica! atwhich  Horizontal Atmospheric
Pasquill ~ Average Plume Plume  Dispersion XQis Dispersion  Diffusion
Stability Wind Speed Rise Height  Coefficient non-zero  Coefficient Coefficient
Class (m/s) (m) (m) (m) (m) sigma-y (s/m3)
A 1.00 38.00 60.90 48.59 288.48 60.95 5.37E-5
B 1.00 38.00 60.90 48.59 473.52 71.71 4.57E-5
o] 1.00 36.60 59.50 47.48 758.02 83.29 4.03E-5
A 2.90 12.80 35.70 28.49 199.48 43.68 4.41E-5
B 2.90 12.80 35.70 28.49 284.12 45.21 4.26E-5
[+] 3.00 12.40 35.30 28.17 427.35 49.64 3.79E-5
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Table 9. 99.5% Atmospheric Diffusion Coefficients for Use in Estimating
Acute Release Exposure from WESF Stack Level Releases

Direction of
Receptor from On-Site X/Q' (s/m3) and Maximum
Zone WESF Stack Receptor Location
v S 5.4E-5 at 288 m
SSW "
Sw n
WSW "
w n
WNW "
NW "
I NNW 8.5E-5 at 200 m
N 8.5E-5 at 200 m
3.7E-4 at 225-B intake filters
NNE 4.6E-5 at 150 m
11 NE 1.2E-4 at 250 m
3.4E-4 at 221-B intake filters
ENE 1.7E-4 at 100 m at ground Tevel
1.7E-4 at 221-B intake filters
3.3E-4 at 150 m on 221-B roof
ITI E 3.0E-5 at 200 m
v ESE 1.7E-4 at 100 m
SE 8.3E-5 at 200 m
v SSE 5.4E-5 at 288 m
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2.2.5 Inhalation Dose per Unit Intake

Consequence estimation for hypothetical WESF accidents are based on the
following set of assumptions.

Table 10. Dose Calculation Parameters

Sr-90 and Cs-137 and
Description Daughters Daughters
Committed Effective Dose Equivalent per 2.5E+5 3.2E+4
Unit Intake (rem/Ci)’
Average Salt Specific Activity as of 15.2 14.7
1/1/96 (Ci/g)

The committed effective dose equivalent per unit intake is taken from
EPA (1988) and represents the 50 year committed effective dose an individual
would receive using ICRP-30 (1979) methodology.

The average salt specific activity is taken from the WESF Encapsulation
Database System (EDS) (see Appendix C) and is the ratio of the average uncut
capsule activity as of 1/1/96 over the average net weight of the uncut capsule
contents, excluding fabricated metallic parts.

2.2.6 Inhalation Dose Calculation Method

Doses as a result of acute releases of radioactive material are
calculated according to the following equation.

D=Q’t£/RC
Q

where:

©/ = Release Rate (Ci per unit time) 22
= Exposure Duration (22)

= Atmospheric Dispersion Coefficient (s/m?)
eference Man Breathing Rate (m®/s)

= R
= 3.3E-4 m*/s for light activity
= Dogse Conversion Factor (rem/Ci)

"Inhalation pathway only. Submersion doses are insignificant as
demonstrated in Section 2.2.7.
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The release rate, Q’, and exposure duration, t, are sometimes combined
into a single value, Q, representing the total release quantity during the
exposure period. The assumption inherent in the steady state Gaussian plume
model used in the calculation of atmospheric dispersion coefficients is that
the release rate over the exposure duration is continuous and constant. The
exposure duration, t, represents the estimated time the receptor is at the
location of plume passage. The atmospheric dispersion coefficient, X/Q',
should be taken from Table 2 or 9 and accounts for dilution of the plume in
transit from the source to the receptor. The value for the reference man
breathing rate, R, is taken from ICRP-23 (1975) and is consistent with that
used for commercial reactor licensing criteria as well as DOE nuclear facility
siting criteria (DOE 1989). The dose conversion factor, C, should be taken
from Table 10 to represent the 50 year committed effective dose via the
inhalation pathway. The plume submersion dose, in comparison to the
inhalation pathway dose, is insignificant. Other possible dose pathways, such
as ground shine and ingestion, which might occur long after the release, are
not representative of the acute and unavoidable consequences for which it is
the purpose of this analysis to determine.

2.2.7 Inhalation Vs. Plume Submersion Dose

For all practical purposes, the plume submersion dose for either "Cs
or Sy can be neglected in relation to the inhaled committed dose. The
following discussion bears proof.

The most hazardous of the two radionuclides, from an external exposure
standpoint, is "'Cs. The effective dose equivalent (EDE) of 137¢cs and its
daughter product 1¥™Ba is 2.88E-14 Sv per Bg s m'3 for submersion in air;
whereas, the EDE for inhalation is 8.63E-9 Sv/qu which when multiplied by the
ICRP 23 Reference Man breathing rate of 3.3E-4 m’/s yields 2.85E-12 Sv per Bq
s m3. Thus, the EDE from the inhalation pathway is two orders of magnitude
larger than that from the external dose from plume submersion. Conversion
factors were taken from EPA (1988) and EPA (1993).

2.3 Facility Hazardous Material Inventory

This section provides the basis for WESF hazardous material inventories
to be used for safety analyses.

2.3.1 WESF Cesium and Strontium Capsule Activity per Capsule, Rack, Pool and
Total

As of 1/1/96, there are 1328 cesium and 600 strontium WESF manufactured
capsules under control of the DOE-Richland operation. Most of these capsules
are currently stored underwater in WESF while three are currently being stored
dry in a WESF hot cell. Approximately 30 cesium capsules are located at
irradiation facilities. Another 12 are located in the 324 building in the 300
Area. The average, maximums and total inventories documented in this report
includes all 1928 capsules. Throughout this report, these capsules will be
referred to as the "uncut capsules.”

Uncut SrF, and CsCl1 activity per capsule, rack, pool and total are
provided in Tabie 11. Information was obtained from EDS decayed to 12/31/95.
WESF EDS data is reproduced in Appendix C of this report.
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Table 11. Capsule, Rack, Pool and Total Activity for WESF Capsules
West CsCl Middle

Description Rack CsC1 Rack [ SrF, Rack
Rack Array Size 13 x 172 13 x 21 13 x 13
Capsule Avg. Activity 39.19 kCi | 39.19 kCi | 37.63 kCi
Capsule Max. Activity 53.15 kCi | 53.15 kCi | 91.08 kCi
Filled Rack Avg. Activity 8.66 MCi 10.70 MCi 6.36 MCi
CsCl Filled Pool Avg. Activity® 25.98 MCi

Total WESF Storage Pool Area Activity’ 52.05 MCi 22.58 MCi

To conservatively bound any single WESF pool cell ™7Cs inventory, a
value of 31 MCi should be used. This value is 10% above the activity of 715
average cesium capsules, the maximum number of capsules that can currently fit
into the existing pool cell rack design. The reason for the overestimate is
to account for statistical variations in the sample population. A more
complete discussion is provided in Section 2.3.4.

2.3.2 Average and Maximum Cesium and Strontium Capsule Inventory Data

The following capsule characterization information was taken from the
WESF Encapsulation Database System (see Appendix C) and can be used for
accident analyses involving capsules. The activity is decayed to 1/1/96.

Table 12. WESF Capsule Characterization Data

CsCl Capsule ___SrF, Capsule
Avg. Max. Avg. Max.
Power (W) 188 255 254 615
Activity (kCi) 39.2 53.2 37.6 91.1
Net Mass (kg) 2.67 3.44 2.48 3.85
Load Factor 2.84 3.71 N/A N/A
(9/cc)

The specific activity of WESF cesium chloride and strontium fluoride
salt can be obtained by dividing the capsule activity by the capsule net mass.
The average specific activity is reported in Table 11. The density of pure
CsC1 and a WESF simulant CsC1 at 25 °C is 4.04 and 3.29 g/cc respectively

(Tingey et al. 1985).

2Four most westerly rows administratively controlled to be empty.

3663 capsules, assumes 13 x 13 SrF, storage rack is also filled with
CsC1 capsules.

“Includes all 1328 CsC1 and 600 SrF, uncut capsules as of 12/31/95.
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2.3.3 Capsule Storage Pool Cesium and Strontium Thermal Heat Generation
Uncut Srf, and CsCl capsule thermal power generation per capsule, rack,
pool and total are as given below. Thermal information was obtained from the

EDS decayed to 12/31/95. A listing of this information is provided in
Appendix C.

Table 13. Capsule, Rack, Pool and Total Thermal Power for WESF

Capsules
West CsCl Middle
Description Rack CsC1 Rack | SrF, Rack
Rack Array Size 13 x 17° 13 x 21 13 x 13
Capsule Avg. Thermal Power 188.23 W 188.23 W 254.37 W
Capsule Max. Thermal Power 255.25 W 255.25 W 614.92 W
Filled Rack Avg. Thermal Power 41.6 kW 51.4 kW 43.0 kW
Filled Pool Avg. Thermal Power® 136 kW (4.6E+5 Btu/hr)
Total WESF Storage Pool Thermal Power” 403 kW (1.4E+6 Btu/hr)

2.3.4 Bounding Capsule Thermal Heat Generation Assumptions for Use in Safety
Analysis

Thermal analyses documented in WHC (1996) were performed in order to
predict the transient temperature increase in the capsules and various
locations throughout WESF, in the event that water cover were lost for an
extended period of time. Loss of water for a single pool and all pool cells
were considered. In the latter case, a total thermal power of 403 KW, as
shown in Table 13, is used. In the case of a single pool, it is appropriate
that the assumed heat generation in the affected pool bound the range of
possible values, depending upon the number and history of capsules stored in
the pool. It is also desirable that the bounding value be Timited to what is
reasonable in order to realistically predict consequences and avoid excessive
controls. An appropriately bounding value for an individual storage pool is
to assume the average filled pool thermal power shown in Table 13 plus 10%.
This is equal to 149 KW.

To support this assumption a statistical analysis was performed in order
to show that the probability of exceeding this value was extremely low. This
analysis is provided in Appendix I. The analysis assumed that the pool cell
was filled 494 cesium capsules (i.e., one 17 x 21 array plus one 21 x 21
array) and 169 strontium capsules (i.e., one 13 x 13 array. The conclusions
were that even the highest powered 494 cesium capsules would not exceed 110%
of the average of the total population. For strontium, there was a 0.5%
chance that a random sample of 169 capsules could exceed the population
average by more than 10% (assuming a normal distribution). The 149 KW also

Four most westerly rows administratively controlled to be empty.
5Sum of above three rack powers.,
"Includes all uncut capsules.
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exceeds the thermal power generated in the above described pool cell with the
additional four most westerly rows filled with cesium capsules.

2.3.5 Toxic Material Inventory and Evaluation

The March 14, 1996 WESF OSHA/Emergency Planning and Community Right-to-
Know Act Inventory, Hazardous Material Inventory Database was reviewed (see
Appendix D), for toxic materials stored in WESF that could potentially be
released during an accident. Except for trisodium phosphate crystals (NasP0,)
and a clay absorbent (Absorbs-It%) (MSDS No. 010179), the quantities of
materials identified in the database for use in WESF are extremely low (i.e.,
18.93 L [5 gal] of floor wax, 36.74 kg [81 1b] of floor cleaner). Most of the
materials are in use for general housekeeping purposes and are in quantities
used for the typical household but are certainly not in greater quantities
than found in institutions, e.g., schools, hospitals, hotels/motels, etc.
Only one material, Neolube”, is not used for general housekeeping purposes
and is reviewed along with trisodium phosphate (MSDS No. 042124) and
Absorbs-it® in the following discussion.

Trisodium phosphate is used as a decontamination agent in WESF. The dry
material is a nonvolatile, noncombustible alkaline dust. The crystals are
mixed with water and typically heated to form a 0.4 to 1 wt% solution. The
trisodium phosphate vapor pressure from the 0.4 to 1 wt% solution would be
negligible, and the solution would primarily be considered a potential skin
and eye irritant with some potential for respiratory irritation should misting
occur. There are no exposure limits for trisodium phosphate in either the
American Conference of Governmental Industrial Hygienists (ACGIH 1991) or the
National Institute of Occupational Safety and Health (NIOSH 1990). However,
exposure to the dry dust would be limited to a 3 mg/m” (respirable) 8-hour TWA
(ACGIH-particulate not otherwise classified). A spill of this material would
not result in detectable concentrations at 100 m (328 ft) or the Hanford Site
boundary.

Absorbs-It® is sedimentary opal clay used as a liquid absorbent. The
material contains less than 10% crystalline silica (as quartz), and is
nonvolatile and noncombustible. The exposure limit for quartz is 0.1 mg/m3
(respirable) 8-hour TWA (ACGIH), and crystalline silica is considered a
possible or reasonably anticipated carcinogen by the National Toxicological
Program and the International Agency for Research on Cancer. There is some
potential for exposure to employees using the material, but the material is
non-toxic to the environment and a spill of this material would not result in
detectable concentrations at 100 m (328 ft) or the Hanford Site Boundary.
This material is directly analogous to common sand.

Neolube® is a mixture of isopropanol and natural graphite used when
puliing wires through electrical conduit. _ Employee exposure limits for the
Neolube® ingredients are: graphite, 2 mg/m® (respirable) 8-hour TWA (ACGIH-
TLV) and isopropanol, 400 ppm 8-hour TWA, 500 ppm STEL (ACGIH-TLV). The
Neolube’ is stored in the flammable cabinet in the AMU. The material does not

8Absorbs-It is a trademark of Excel-Mineral company, 11! S. La Patera
Lane, Goleta, California, 93117.

Neolube is a trademark of Huron Industries, Inc., P. 0. Box 610104,
Port Huron, MI 48061.
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pose a significant exposure hazard to employees using the material, and a
spill of this material would not result in detectable concentrations at 100 m
(328 ft) or the Hanford Site boundary.

None of the chemicals at WESF as identified in the March 1996 inventory
pose a credible onsite, 100 m (328 ft), offsite (Hanford boundary), or
environmental risk based on the quantity of material and the dispersion
properties due to the physical characteristics of the materials. The
materials discussed in some detail above are not considered as having any
significant exposure potential outside the immediate spill or work area.

2.4 Calculations Having to do with Capsule Uncovery

This section documents various calculations used to assess capsule
uncovery scenarios in HNF (1997). Figure 4 summarizes dimensional data used
in the calcutations.

2.4.1 Time Required to Start Boiling a WESF Capsule Storage Pool Upon Loss of
Heat Exchanger Cooling

To obtain a rough estimate of the minimum time it might take to reach
the boiling temperature in a WESF capsule storage pool, the following
assumptions and calculation is made.

Assumptions:

Water heat up is adiabatic,

Heat capacity and displacement of capsules and rack is neglected,
Initial temperature = 122 °F (50 °C),

Initial enthalpy = 90 Btu/lbm (from steam_tables),

Initial water specific volume = 0.0162 ft3/1bm,

Initial water level = 138 in,

Final temperature = 212 °F (100 °C),

Final enthalpy = 180 Btu/1bm (from steam tables),

Thermal power = 149 Kw (509,000 Btu/hr),

The volume of water contained by the pool is 1100 ft3 as calculated from
the pool dimensions shown in Figure 5. The time required to reach boiling is
given by,

(1100 £ft3) (180-90 Btu/lbm)
(0.0162 £t3/1bm) (509,000 Btu/hr)

12 hrs

The actual time to boil would of course depend upon the actual number of
capsules contained in the pool and the actual water level and initial
temperature.
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2.4.2 Time Required to Boil a Capsule Storage Pool Down to the Level of the
Bottom of the Capsules

The time required to boil a maximally loaded capsule storage pool (i.e.,
149 Kw) down to below the Tevel of the capsules is conservatively estimated
below.

Assumptions:

Heat loss to the surrounding structure is neglected,

Heat capacity and displacement of capsules and rack is neglected,
Condensation and water addition to pool is neglected,

Initial temperature = 212 °F (100 °C),

Initial water specific volume = 0.0167 ft3/1bm,

Initial water Tevel = 138 in,

Final water level = 8 in,

Heat of vaporization = 970 Btu/1bm (from steam tables),

Thermal power = 149 Kw (509,000 Btu/hr),

The volume of water boiled off is 1040 ft* as calculated from the pool
dimensions shown in Figure 4. The time required to uncover the capsules
through boiling is given by,

- (1040 £t?) (970 Btu/lbm)
0.0167 £t*/1bm) (509,000 Btu/hr)

(
119 hrs
S days

This equates to a boil off rate of approximately 1 in/hr.

2.4.3 Time Required to Boil Capsule Storage Pools Down to the Level of the
Bottom of the Capsules When Pool Cell Transport Valves are Open

If all heat exchanger cooling is lost, then the total heat input would
be 403 Kw and each pool will heat up and boil water. However, since not all
five active pool cells can be maximally loaded, the boil off rate for each
pool will be different, with highest being no greater than 1 in/hr as
calculated above. In such a case the transfer port valves between pool cells
1 through 8 could be opened so that water level will equalize throughout all
the pool cells. The time required to boil the storage pool water down to
below the level of the capsules is conservatively estimated below.

Assumptions:

Heat loss to the surrounding structure is neglected,

Heat capacity and displacement of capsules and rack is neglected,
Condensation and water addition to pool is neglected,

Initial temperature = 212 °F (100 °C),

Initial water specific volume = 0.0167 ft3/1bm,

Initial water level = 138 in,

Final water level = 8 in,

Heat of vaporization = 970 Btu/lbm (from steam tables),
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Thermal power = 403 Kw (1,380,000 Btu/hr),

To totally uncover the capsules, the volume of water needed to be boiled
off would be 11,700 ft” as calculated from the pool dimensions shown in Figure
4. The time required to uncover the capsules through boiling would then be,

(11,700 £t*) (970 Btu/lbm)
(0.0167 ft3/1bm) (1,380,000 Btu/hr)

492 hrs
21 days

]

This equates to a boil off rate of approximately 0.26 in/hr.
2.4.4 Pool Cell Drain Line Pipe Leak/Break Frequency

One possible mechanism for inadvertently draining water from an active
pool cell is through a pipe leak or break. Such piping exists in the WESF
Pool Cell Area pipe tunnel, at an elevation approximately three feet above the
pool cell floor. Potential candidates for this failure are the 2 in drain
line and 3 in recirculation line associated with each active pool cell. 1In
order to determine the likelihood of such an event, industry pipe leak and
rupture data were evaluated. This evaluation is documented in Appendix H.

The conclusions drawn were 1) a WESF Pipe Tunnel pipe rupture frequency is on
the order of 4.4E-5/yr, and 2) that a WESF Pipe Tunnel pipe leak frequency is
on the order of 1.3E-3/yr.

2.4.5 Time Required for a Pool to Drain via a Pipe Break

In order to assess the response time needed for emergency response
personnel to successfully respond to a pool cell pipe break event, the time to
drain a pool cell is determined. Two pipe breaks could potentially cause this
event. The lowest elevation of either pipe is approximately 3 ft off the pool
cell liner floor. The 2 in drain line would offer the least resistance to
gravity flow due to the sparger distributor on the recirculation line.
Appendix H documents the hydraulic flow calculation used for the time
estimate. The conclusion was that it would take approximately 1 hr to drain
the pool to the 3 ft level starting from a nominal water level of 156 in. At
an initial water level of 130 in the drain time would be approximately 45
minutes. These calculations assumed a clean break and would bound any other
break configuration.

2.4.6 Time Required to Inadvertently Drain a Pool Cell via the Jet Pump

A possible mechanism for totally draining a pool cell is to
inadvertently do so through jet pump operation. At the current time this
would also require the failure of an interlock working off of pool cell water
lTevel indication. The nominal jet pump flow rate is 75 gpm for 100 psig
steam. At this rate the pool cell could be totally drained in 2 to 2.6 hours
for an initial water level of 10 ft and 13 ft respectively. Documentation of
this calculation is also provided in Appendix H.
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2.4.7 Pool Level if Pipe Break Occurs in Pool Cell Area Pipe Tunnel and
Transfer Port Valves Opened

As discussed above, a pipe break in either the pool cell recirculation
line or drain line could result in a rapid loss of pool cell water to the pipe
tunnel. Partial and temporary level restoration could be achieved by opening
the transfer port valves to allow water from other pool cells and the transfer
aisle to flood into the affected cell and pipe tunnel. The final equilibrium
level after this occurs is estimated below.

Assumptions:

Initial water level for all pool cells = 130 in
Initial transfer aisle water level = 100 in (i.e., same as pool cell)

The initial and final water volumes must remain the same. Therefore,
using the pool cell dimensions of Figure 4, the final pool cell water level
is,

Water volume lost

(130 in-x in)

(214 f£2+47(95.7 £t?)+190.3)
X

water volume gained

nmu X

(634 ft?) (x in+3 in)
81 in

2.4.8 Pool Level if Transfer Port Valve to Empty Pool Cell were Accidentally
Opened

One means for partially draining a pool cell would be to inadvertently
open a transfer port valve to an empty pool cell while the affected pool cell
transfer port was already open. The final level of all three pool cells is
estimated below.

Assumptions:

Initial affected pool cell water level = 138 in
Initial transfer aisle water level = 108 in (i.e., same as pool cell)

The initial and final water volumes must remain the same. Therefore,
using the pool cell dimensions of Figure 4, the final pool cell water level
is,

Water volume lost

(138 in-x in) (214 ft%+95.7 ft?)
X

Water volume gained
(95.7 £t?) (x in)
105 in

i o

2.4.9 Pool Cell Sump Volume

Calculations were performed to estimate the volume of the leak detection
sump boundary beneath the liner of the pool cells. For pool cells 2 through
11 this volume was calculated to be 68 gallons or equivalent to a 1.1 in drop
in pool cell water level. For pool cell 1 the volume was found to be 73
gallons or equivalent to 0.61 in of pool cell water Tevel. The calculation is
contained in Appendix H.
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2.5 Shielding Calculations

This section details the results of various shielding calculations used
to assess radiological conditions within and near WESF in support of its basis
for interim operation.

2.5.1 Dose Rates Due to Uncovery of Capsules in All Storage Pools

Calculated dose rates outside and within the WESF due to a total loss of
water from all capsule storage pools are documented in the following reference
which is included in Appendix G:

Internal Memorandum from K. E. Hillesland to J. M. Siemer dated November
29, 1994, "Dose Rate Calculations near the WESF Facility Due to Loss of
Water in the Capsule Storage Pools," KEH-8D150-94-001, Westinghouse
Hanford Company, Richland, WA.

Results of this analysis were generated for the purpose of evaluating
radiation field hazards following a complete loss of capsule storage pool
water. Two rack storage configurations were evaluated. Dose rates from the
most conservative configuration are scaled to 52.05 MCi (see Table 11) and
summarized in Table 15. To simplify the model, the capsule array was treated
as a parallelepiped with zero density. Therefore, self-shielding provided by
the capsule array is not accounted for and results appear to be conservative
by a factor of 5 to 10.

2.5.2 Dose Rate at WESF Air Lock Due to 64 in. Water Level in One Pool

The dose rate at the WESF pool cell air lock door was calculated for a
single, maximally loaded pool (i.e., 31 MCi B37Cs from Section 2.3.1) with a
water level of 64 in. The purpose of this calculation was to determine at
what water level the gamma field would prevent operators from entering the
storage pool control room. The conclusion is that the water level would have
to drop below 64 in. The calculation is documented in the following reference
included in Appendix G:

Internal Memorandum from K. E. Hillesland to B. E. Hey dated February
13, 1996, "Dose Rate in the WESF Capsule Storage Control Room Due to
Loss of Water in a Maximally Loaded Pool," 8M730-KEH-96-001,
Westinghouse Hanford Company, Richland, WA.

The result, scaled to 31 MCi of ¥7Cs is summarized in Table 14.

2.5.3 Dose Rate Due to Partial and Complete Uncovery of Capsules in a Single
Storage Pool

Calculated dose rates 18 ft over the pool cell floor, at the airlock
door, and just outside the north door of the WESF pool cell area are
documented in the following reference which is included in Appendix G:

Internal Memorandum from Karl Hillesland to B. E. Hey dated June 3,
1996, "Dose Rates Due to Partial and Complete Loss of Water in a
Maximally Loaded WESF Capsule Storage Pool," 8M730-KEH-96-003,
Westinghouse Hanford Company, Richland, WA.
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These calculations are used to estimate maximum potential gamma-ray
exposure rates within WESF for a water level of 36 in and no water for a
single maximally loaded pool. Summarized results, scaled to 31 MCi "’Cs are
included in Table 14. The dose rate immediately above the pool cell is also a
good estimate in the event that all pool cells drained since the shine from
adjacent pool cells would be negligible in comparison to the direct dose shine
from the capsules immediately below.
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Table 14. Dose Fields Within and Nea¥7HESF (Pool Cell 7 with 715
Cesium Capsules or 31 MCi '*Cs)
Dose Rate
Condition Location (rem/hr) Reference
Nominal Water 18 ft Over Center 4.4 E-06 Microshield'
Level of 156" of Pool Cell Floor
Water Level at 18 ft Over Center 0.057
110" of Pool Cell Floor
Water Level at 18 ft Over Center 470
64" of Pool Cell Floor
Airlock Door 1.3 8M730-KEH-96-01
Water Level at 18 ft Over Center 49,000 8M730-KEH-96-03
36" (i.e., at of Pool Cell Floor
drain line
penetration AirTock Door 260
elevation)
Just Outside North 29
Door
Water Level at 18 ft Over Center 83,000 Microshield
28" (i.e., at top [ of Pool Cell Floor
of capsules)
Dry Pool 18 ft Over Center 62,000 8M730-KEH-96-03
of Pool Cell Floor
Airlock Door 1000
Just Outside North 120
Door
5 m from External 20 KEH-8D150-94-01
Wall r$§u1ts divided by
2
10m " " 20
50 m n " 5
100 m " " 2
200 m " " 0.4

""Microshield calculations appear to be conservative by a factor of 2
to MCNP calculations. This is caused by simplified homogeneous treatment of
capsule array materials.

"This calculation did not account for the self-shielding provided by
the capsule array and appears conservative by a factor of 5 to 10
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Table 15. Dose Field% Within and Near WESF (A11 Pools Drained

52.05 MCi °'Cs)
Dose rate
Condition [Location (rem/h) Reference
Dry pool 18 ft over center of pool 62,000 8M730-KEH-96-03
cell floor
Airlock door 5,000 KEH-8D150-94-01"
Just outside north door 1,700
5 m from external wall 40
10 m from external wall 40
50 m from external wall 10
100 m from external wall 4
200 m from external wall 0.7

2.5.4 Exposure Rate Above K-3 Filter Vault Per Unit Curie

The calculated dose rate performed using Microshield 4.00 (Negin and
Worku 1992) (output included in Appendix G entitled "1 Ci Cs-137, Dist.=4m,
Shield=20in Normal Concrete") for a 1 Ci source of Cs-137 at a distance of 4 m
with 20 inches of normal density concrete is 0.05 mR/hr. This dose rate can
be ratioed according to the K-3 filter pit inventory and be used to represent
the dose field above the K-3 filter pit cover blocks.

2.5.5 Exposure Rate Above TK-100 Vault Per Unit Curie

The calculated dose rate performed using Microshield 4.00 (Negin and
Worku 1992) (output included in Appendix G entitled "1 Ci Cs-137, Dist.=4m,
Shield=24in Normal Concrete") for a 1 Ci source of Cs-137 at a distance of 4 m
with 24 inches of normal density concrete is 0.01 mR/hr. This dose rate can
be ratioed according to the TK-100 pit inventory and be used to represent the
dose field above the TK-100 pit cover blocks.

2.5.6 Exposure Rate Outside Hot Cell Containing 24 Cesium Capsules

The calculated dose rate performed using Microshield 4.00 (Negin and
Worku 1992) (output included in Appendix G entitled "Dose Rate Through Hot
Cell Wall with 24 CsCl1 Capsules") for 9.408E+5 Ci of Cs-137 at a distance of 2
m with 35 inches of high density concrete is 0.025 mR/hr. This dose rate can
be used as a conservative estimate of the dose rate in the operating gallery
due to storage of 24 CsCl capsules each having an average activity of 39.2
kCi.

®This calculation did not account for the self-shielding provided by
the capsule array and appears conservative by a factor of 5 to 10.
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2.5.7 Dose Rate Above Cesium Capsule Storage Pool as a Function of Water
Level

Eight Microshield 4.00 (Negin and Worku 1992) computer runs were made in
order to estimate the dose rate above a maximally loaded cesium storage pool
at various water levels. Each run represents a pool inventory maximally
lToaded to 31 MCi "’Cs (see Section 2.3.1). Figure 5 shows the dimensions
used in the Microshield input files. Variable SL1 represents the water shield
thickness. All code output is included in Appendix G. A summary of the
results is included in Table 16. Table 14 also contains results from selected
runs as indicated in the reference column.

In comparison to the MCNP (Carter 1996) run documented in Hillesland
(see Appendix G 8M730-KEH-96-03), these Microshield runs appear conservative
by approximately a factor of two. The reason for this is the simplified
treatment of the capsule rack as a parallelepiped with a homogenized mixture
of water and capsule material with a uniform density of 2.1 g/cc. On the
other hand, Hillesland used MCNP to model the capsule rack as a lattice of
individual capsules, each having a CsCl net density of 2.16 g/cc, surrounded
by an inner and outer stainless steel capsule having a density of 8.4 g/cc.
The net effect of this difference is that the gamma-rays in the MCNP model are
more heavily, and realistically, self-shielded.
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Figure 5. Pool Cell Dimensions Used in Microshield Calculations
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Table 16. Dose Rate Above Capsule Storage Pool w/ 31 MCi (o
Storage Pool Dose Rate

Water Level (in) | SL1 (in) (R/hr)
156 127.2 4.4E-6
110 81.2 0.057
100 71.2 0.43
95 66.2 1.1
64 35.2 470
36 7.0 49,000
28 0 83,000
dry N/A 118,000

2.5.8 Dose Rate Above Drained and Fully Loaded WESF Cesium Capsule Storage
Pool with Cover Blocks Installed

Microshield 4.00 (Negin and Worku 1992) was used to estimate the dose
rate above a fully Toaded (i.e., 715 average activity cesium capsules) cesium
capsule storage pool with the 30 in. high density concrete cover blocks
installed. Results indicate that a dose rate of 5 mR/hr would be possible.
The output file DRAINP.MS4 is included in Appendix G.

2.5.9 Contact Dose Rate from Bagged Waste

Microshield 4.00 (Negin and Worku 1992) was used to estimate the contact
dose rg}e from a 3 ft diameter sphere of simulated waste matter containing 1
Ci of ®'Cs. The media was assumed to be carbon with a density of 0.113 g/cc
such that the bag weighed 100 1b (45 kg). The model was not greatly sensitive
to the atomic number of the sphere material. Since the elemental form of the
waste material is highly variable and largely unknown, carbon represents a
sufficiently accurate description of organic material for shielding purposes.
The density of 0.113 g/cc is judged to be suitably conservative (i.e., dense)
in comparison to actual un-compacted waste material which is largely void
(i.e., air). Results indicate that a dose rate of 1800 mR/hr would be
poss1b1e from a bag containing 1 Ci of “'Cs. Therefore, 30 bags each having
a contact read1ng of 50 mR/hr would be equ1va1ent to a bagged inventory of
0.83 Ci 7Cs. IF the waste material activity is assumed to be 50% ">'Cs and
50% °Sr, then another 0.83 Ci of “°Sr could be expected. The output file
BAGNASTE MS4 is included in Appendix G.

2.5.10 Detector Reading from Cs-137 and Sr-90 on K-3 Filter

ISO-PC Version 1.98 (WHC 1995) was used to estimate the detector reading
for a K-3 filter 1oad1ng of either 240 curies of “'Cs or 18,000 curies of
%Sy, This inventory is currently assumed in the HNF (1997). The calculated
dose rates were 67 and 81 R/hr for cesium and strontium respectively. The
intended use of this calculation is to provide a basis for the detector set
point. K-3 inventories can also be controlled at other Tevels by
proportionally adjusting the set point higher or lower as the case may be.
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The relationship between the detector reading and inventory is linear. Both
the requesting DSI and the memorandum documenting the calculations are
contained in Appendix G.

2.6 Hydrogen Generation

Attenuation of ionizing gamma radiation from decay of Ba-137m in water
causes radiolytic decomposition and production of H, and 0, molecules. This
is the case for the WESF capsule storage pools. This ca]cu1at1on provides an
analytical estimate of the hydrogen production rate. The following equation
taken from Henrie et al. (1986) is used for this calculation.

R=FEFGC
where:

hydrogen generation rate (L/s)
1onlzlng'rad1atlon release rate (eV/s)

fraction radiation absorbed in water

hydrogen G value (28)
0.45 molecules H,

100 eV
conversion factor

22 4 L X g-mole )

QR
oo

Q
It

il

g-molef\ 6.023 x 10?* H
3.72 x 1072*L/H,

The jonizing radiation production rate, E, is conservatively assumed to
include all 1328 uncut CsC1 capsules. The total Cs-137 activity decayed to
1/1/96 is taken from the WESF Encapsulation Database System and has a value of
52.05 MCi (see Appendix C). Only the gamma-ray emitted from Ba-137m
contributes significantly to the ionizing radiation escaping the capsule. The
contribution from Sr-90 or its daughter product is also negligible.

Accounting for gamma-ray yield for decay of Cs-137 the value of E is given by

E = (52.05 x 10° Ci) (3.7 x 10%° dps/Ci)

(0.662 x 10° eV/d) (0.946) (0.90) (29)

X

1.07 x 10%¢ eV/s

The value, F, accounts for the fraction of ionizing radiation absorbed
in the hydrogen producing media. It is a function of geometry and material
properties. Two sources of information were used to arrive at a proper value
representing the WESF pool cells. The value of 0.23 used here is taken from
the Monte Carlo calculation documented in Internal WHC Memorandum from K. E.
Hillesland to B. E. Hey dated March 13, 1996 (included in Appendix F). This
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is slightly Tower but in close agreement with the 0.26" cited in Spriggs et
al. (1995) which was independently calculated using Monte Carlo techniques.

The G(H,) value is taken from Table 4-3 of Henrie et al. (1986) and is a
function of tﬁe energy absorbing material, water in this case.

Substituting the above values into the hydrogen generation rate equation
yields 0.042 L H,/s or 5.3 CFH.

2.7 Capsule and Structural Failure Criteria

The following paragraphs discuss the basic assumptions and calculations
made in order to determine the number of CsCl1 capsules that would fail at a
given temperature. It is intended that the results of these calculations be
used in conjunction with thermal analyses to support source term development
work for postulated WESF capsule storage pool loss of water scenarios.
Additionally, an evaluation of the thermal impact to WESF concrete structures
is made in order to determine temperature limits, and assess the potential
damage which might occur.

2.7.1 WESF Cesium Capsule Load Factors

A Toad factor for WESF capsules is defined as the mass of salt (plus
1m9ur1twes in grams divided by the internal volume of the inner capsule in
at a reference temperature of 25 °C. WESF manufactured CsCl1 capsule Toad
factors are accurately reflected in the Gram Salt record of the EDS. These
data are provided in Appendix B and summarized in Figure 6 and Table 17.

The gram salt entry in the EDS was checked for consistency and found to
be accurate and reasonable considering the tolerances of the capsule
manufacturing specifications. The results of the verification performed by
WESF engineering staff are included in Appendix B.

13Spriggs calculates 0.215 fractional power deposition, which when
converted to the fraction of gamma-ray energy, turns into 0.26.
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Figure 6. Capsule Load Factor Distribution
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able 17. CsCl Capsule Load Factor Distribution

3.2

Percent Number
Load Capsutes Capsules
Factor Exceeding Exceeding
1 99.9 1327
2 99.5 1321
2.4 97.4 1293
2.5 95.1 1263
2.55 92.3 1226
2.6 88.8 179
2.65 85.3 1133
2.7 80.2 1065
2.75 75.2 999
2.8 68.2 906
2.85 56 Thh
2.9 42.4 563
2.95 27 359
3 13.7 182
3.05 8.8 17
3.1 5 66
3.15 3.1 41
3.2 1.7 23
3.25 0.6 8
3.3 0.4 5
3.4 0.3 4
3.5 0.2 3
3.6 0.2 3
3.7 0.1 1

3.4

3.6
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2.7.2 Cesium Inner Capsule Failure Criteria for Thermal Stress Rupture

Inner capsule failure is assumed to occur when salt expansion reduces
the capsule void volume to zero.

Failure of the inner capsule can occur due to stress rupture. That is,
the expansion of the salt exceeds the volume capacity of the capsule. Any
additional expansion of the salt causes the stress to quickly exceed the
maximum yield of the capsule. Although the inner capsule can accommodate a
certain amount of strain and not fail, it is conservatively not accounted for
and is assumed to fail at that point.

An additional mode of failure is stress corrosion cracking. Destructive
examination of a CsCl test capsule (Tingey et al. 1985) subjected to a ninety
minute temperature of 810 °C showed intergranular corrosion to a depth of 0.08
to 0.1 in. Thus, stress corrosion under similar high temperature conditions
could cause failure of the inner capsule within an hour. This accelerated
corrosion rate is not apparent without the presence of capsule stress. In
fact, corrosion measurements performed on actual WESF capsules (Bryan 1987 and
1989) indicates that the depth of attack during capsule pouring was limited to
less than 0.001 in. Therefore, the accelerated intergranular stress corrosion
identified in Tingey et al. (1985) is not expected unless the capsules are
subjected to both high temperature and stress.

2.7.3 Cesium Quter Capsule Failure Criteria for Thermal Stress Rupture

Outer capsule failure is assumed to occur when the inner capsule has
failed and salt expansion reduces the annulus volume between the inner and
outer capsule to zero.

Similarly to inner capsule failure, outer capsule failure can occur due
to a combination of stress rupture and stress corrosion. Although the outer
capsule can accommodate a certain amount of strain and not fail, it is
conservatively not accounted for and is assumed to fail at that point. It
might be noted that for "special form" considerations, only the outer capsule
is credited as a pressure barrier.

2.7.4 Basis for Cesium Liquid Phase Release Quantity Resulting From Capsule
Stress Rupture

Short term salt releases from outer capsules which have failed due to
stress rupture are expected to be limited to the quantity of salt necessary to
relieve the stress on the outer capsule.

Destructive testing of a simulated WESF capsule (Tingey et al. 1984)
subjected to a preheated 810 °C furnace revealed a bulge of the inner capsule
at what normally would be the hot weld end of the capsule. This bulge
occurred due to the stress imposed on the capsule by salt expansion. The
bulging stopped when the inner capsule wall made contact with the outer
capsule. No significant increase in diameter of the outer capsule was
apparent. The inner capsule end cap weld failed in a circumferential crack
extending 90° around the capsule circumference. The crack width was 200 um
which 1s approximately four times the width of a human hair. Approx1mate1y
150 cm® of salt exited through this crack and into the annular region between
the inner and outer capsule. This effectively reduced the strain on the inner
capsule to zero.
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A similar failure mechanism is expected in the event WESF capsules are
subjected to high temperatures for extended periods. Due to the small opening
of the crack and the immediate reduction of stress on the capsule caused by a
small quantity of salt exiting the crack, a total release of the molten salt
is not expected.

2.7.5 MESF CsCl Salt Density as a Function of Temperature

WESF CsC1 salt is assumed to have a temperature dependent density as
given in Table 19.

The density of pure CsC] salt as a function of temperature is well
known. However, the WESF salt contains approximately 20% impurities and
changes over time with radioactive decay. The net effect is a Tower density
for WESF CsC1, especially at lower temperatures, a lower melting point of
approximately 430 °C versus 646 °C for pure CsCl, a Tower thermal expansion
coefficient, and a lack of a crystallographic transformation such as exists
for pure CsC1 (Tingey et al. 1985).

The capsule failure calculations performed below regquire a knowledge of
WESF CsC1 density as a function of temperature. However, WESF CsC1 density
measurements appear to be available only at room temperature (i.e., 25 °C) and
at high temperature (i.e., 800 °C). Thus, density information for pure CsCl
is used with appropriate adjustments to conservatively account for the effect
of impurities. These adjustments are made as follows. A density decrease of
9% is experienced by pure CsCl during melting at approximately 646 °C (p. 28
Tingey et al. 1984). To account for the lower melting point of WESF CsCl and
the corresponding density change, WESF CsC1 densities are assumed to be 9%
lTower than pure CsC1 densities within the temperature range of 430 °C to 646
°C.

At higher temperatures (i.e., 800 °C) the WESF CsCl1 and pure CsCl
densities are approximately the same and no adjustment is made (Tingey et al.
1985) .

2.7.6 WESF Cesium Capsule Load Factor Limits

A Toad factor 1limit is a capsule specific parameter defined as the load
factor which would reduce the capsule void volume to zero at a specified
temperature. for simplicity and for the purpose of calculating CsCl capsule
Toad factor Timits, WESF Type 3 CsC1 capsule dimensions are assumed.

Three types of CsC1 capsules, called Types 1, 2 and 3, are stored at
WESF. Most (i.e., 76%) of the existing CsCl capsules are of Type 3. Type 3
capsules differ from Type 1 and 2 capsules in having a thicker inner and outer
tube wall specification with essentially the same outer capsule outer
diameter. This results in a slightly decreased inner capsule and annulus
volume in the Type 3 capsules and a slightly conservative estimate of load
factor limits. Type 3 capsule dimensions and tolerances are provided in Table
18 (Tingey et al. 1985 and Washburn 1989).



HNF-SD-WM-TI-733 REV 1

Table 18. Dimensions and Tolerances of WESF Type 3 CsCl Capsule
Capsule Dimensional Data (inches) Inner Outer
Height 19.725 20.775
Cap Thickness 0.4 0.4
Outside Diameter 2.250 + 0.010 2.625 + 0.015
Wall Thickness 0.136 + 0.012 0.136 £ 0.012

2.7.7 Estimated Number of Cesium Outer Capsule Failures as a Function of
Temperature

The purpose of this calculation is to conservatively estimate the number
of CsCl inner and outer capsules which might fail due to the failure
mechanisms discussed in Assumptions 1 and 2 above. This is accomplished by
calculating a capsule load factor limit which would cause a capsule to
experience stress due to salt expansion at a given temperature, T. The load
factor limit for inner capsules is equal to the mass of salt that would fill
100% of an inner capsule at temperature T, divided by the volume of the inner
capsule at a reference temperature of 25 °C. This is given by,

P (1) Vimsr (1)

Pr,: () =
L, inner Vinnez (2 5° C)
where: (30)
p(T) = salt density at temperature T,
Vipner (T) = inner capsule volume at temperature T,

Vimner (25°C) = inner capsule volume at 25°C

The load factor limit for outer capsules is equal to the mass of salt
that would fill 100% of the inner capsule plus the annular region between the
inner and outer capsule at temperature T, divided by the volume of the inner
capsule at a reference temperature of 25 °C. This is given by,

P (T) (annex (1) + Vannulus (1) )

T =
pL, outer ( ) Vitmez ( 250 C)

(31)
where:

Vannutus {T) = annular capsule volume at temperature T.
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The volume capacity of the capsules is larger at higher temperatures due
to thermal expansion of the metal. The temperature dependence of capsule
volume is approximated by the following equation taken from Washburn (1989).

V(T) = V(25°C) (1+3a(T)AT)
where: (32)
«(T) = mean coefficient of thermal expansion

for 316L SS at temperature T.

The mean coefficient of thermal expansion of 316 stainless steel is
assumed constant at 1.921 x 107 per °C (Washburn 1989). Using Equations 29,
30 and 31, and the load factor distribution illustrated in Figure 5 and Table
17, the number of capsules exceeding the temperature dependent load factor
limit is calculated and given in Table 19.

2.7.8 Estimated Quantity of Spilled CsC1 Salt as a Result of Thermally
Induced Outer Capsule Stress Rupture

The excess salt mass which cannot be contained by a single unstressed
outer capsule having a lToad factor greater than the load factor limit,
P outer(T), can be calculated using the following,
Msingle ( T) plf inner (250 C) - P (T) ( inner ( T) +Vannu1us ( T) )
where: (33)

p;r = capsule load factor,

which is simply the mass of salt Tess the mass capacity of the inner capsule
plus annulus at temperature T. If there are N capsules having a load factor
greater than the load factor 1imit at this temperature, then the total amount
of salt released from all N capsules is given by,

Mtotal (T) E gingle, 1

(34)

t’jz

Plfz .mnez(25 C) = P( )( imsz(T)"'Vannu.lus(T))]

e

n
=
bl =

1nnez(25 C) -Np T)( inner T)+Vaxmu1us(T))'

where p\, is the average load factor of failed outer capsules. The above
equation is simply the total mass of salt associated with failed outer
capsules less the mass capacity of these capsules at temperature T. Using
Equation 33 and the WESF CsC1 capsule load factor distribution, the mass of
salt that would escape the outer capsules, if they were all heated to a
specified temperature, can be calculated. The results of these calculations
are also provided in Table 19 in the last column.
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From Table 19 it can be seen that approximately 0.1 kg of cesium salt is
released per failed capsule. Also, aside from the one capsule, failed
capsules would not be expected to occur until a temperature of 700 to 800 °C
was reached. This seems to be somewhat conservative in light of the fact that
cesium pours were performed at approximately this temperature. The
conservatism is likely a result of a conservative estimate of capsule load
factor and actual WESF cesium salt density as a function of temperature.

2.7.9 Basis for Capsule Storage Area Ventilation Flow to be Used in Thermal
Analysis of Accidental Capsule Uncovery

When operating, forced ambient air is brought into the WESF capsule
storage area via the K4 HVAC system at a minimum flow rate of 5,000 cfm.
Three inlet diffusers are provided above the storage pools. Air is exhausted
from the south end of the building via the K1 HVAC system where it passes
through two NBS filters (8 and 35% efficiency respectively) and two stages of
HEPA filters to the 70 ft discharge stack. Capsule storage area pressure is
controlled either automatically or manually.

WESF control drawing H-2-66532 indicates the K4 system design provides
forced air from the outside into the capsule storage area at a flow rate of
8,320 cfm. Historical flow balance measurements indicate that this flow rate
is closer to 5,500 cfm. The safety analysis will assume 5,000 cfm.

2.7.10 Structural Evaluation of Concrete Exposed to High Temperatures

In an effort to determine the impact of a loss of pool cell water and
resultant high temperatures on structural concrete, an evaluation documented
in Appendix E was performed. This evaluation considered the transient thermal
analysis results of WHC (1996) Cases 1 through 4. In Case 1 the scenario
involved the loss of water from all pool cells in conjunction with a loss of
forced ventilation flow for an extended period. This resulted in extreme
temperatures. The conclusion of the Appendix E evaluation was that loss of
structural confinement of the pool cell area could be expected after 5 days.
For the remaining Cases 2 through 4, temperatures were not sufficient to
conclude that structural confinement would fail, however, structural
degradation would still be a consideration.

2.8 Pool Cell Emergency Makeup Water System Functional Requirements and
System Evaluation

A pool cell Emergency Makeup Water (EMW) system is credited in HNF
(1997) as performing a safety class function. That function is to maintain
capsule water cover in the event of a rapid loss of pool cell water, and to
restore pool cell water Tevel to 130 in. in the event that a rapid loss of
pool cell water occurs. An additional requirement is that the above be
accomplished without exposing response personnel to a dose greater than 5 rem.
This section provides the functional requirements for the EMW system. It also
describes and evaluates the system in order to show that it meets those
functional requirements.

The term "safety class" is invoked by 6430.1A, and was developed
specifically for nuclear reactors. Its use for non-reactor applications
requires judgement. The WESF EMW system already exists and hence falls under
DOE backfit policy. There is no requirement that the WESF EMW system meet all
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safety class requirements. Based on the information contained here, it can be
concluded that the WESF EMW system in its current configuration (i.e., as of
1/1/96) when properly controlled and protected, can be relied upon to meet
this safety class function.

2.8.1 System Description

The Pool Cell Emergency Makeup Water System consists of an emergency
fill pipe installed through the north wall of the 225-B Building, redundant
water supplies used to provide makeup water, and various components necessary
to connect the two, such as a fire hose and connections.

Fire Hose and Connections

Water for the emergency makeup water system is provided through one of
several independent general service water sources located near WESF. The
water supply is connected to the fill pipe by use of standard fire fighting
hoses brought to the facility by the response of the Hanford Fire Department
(HFD). The HFD trucks are required by law to carry several hundred feet of
several hose sizes, including 2.5-in and 4-in hoses. If necessary, the flow
from the hydrants can also be increased by the pumps located on the HFD truck.

Emergency Fill Pipe

The fi11 pipe is a 5 foot long 2.5-in diameter pipe running through the
north wall of the Pool Cell Area just west of the personnel access door to
Pool Cell 12. The pipe has two 90° bends and no plugs or valves except for a
dust cover over a standard fire hose connection on the outside end of the
pipe. The standard fire hose connection conforms to the fire fighting
standards so that a fire hose of any size from the HFD would function with the
system. The fill pipe can be connected from outside of the building to
provide water to Pool Cell 12 (transfer aisle) and ultimately the remaining
Pool Cell(s).

Raw Water Supply

Raw water is used at WESF for Pool Cell heat exchangers, air compressor
after-coolers, and the hot cell fire suppression system. Raw water fire
hydrant R3-B is located southwest of the 225-B building and is fed from the
282-E reservoir. Supply pressure at this hydrant is approximately 100 psi.

Deep Well Water Supply

Two diesel-driven deep well pumps identified as #1 (282-B) and
#2 (282-BA) are located west of 225-B at wells 299-E28-11 and 299-E28-15,
respectively. Supply pressure from the deep well pumps is approximately
30 psi.

Sanitary Water Supply

Sanitary water is used at WESF for safety showers, operating area wash
down, drinking, toilet facilities, deionized water production for pool cell
makeup, and a supply for the automatic fire suppression system. Sanitary
water is produced in the 283-E filter plant which filters and chlorinates raw
water and maintains a 1.5 million L (400,000 gal) supply in an underground
clear well system containing two 760,000 L (200,000 gal) concrete tanks.
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Sanitary water fire hydrant 8-B is located northeast of the 225-B building.
Supply pressure at this hydrant is approximately 80 psi.

2.8.2 Functional Requirements

This section identifies the system functional requirements needed to
fulfill the safety function identified above. WESF pool dimensions were taken
from the WESF essential drawings. A sketch is provided in Figure 4.
Specifically, this section establishes;

Initial

initial conditions and assumptions,
response time limitations,
system flow rate requirements and,

the total system water capacity needed to fulfill the safety
function.

Conditions and Assumptions

Pool Cells 1-8 are filled to the 130 in. level

Upon indication of a rapid loss of pool cell water, the level of
the drained cell is assumed to be at the bottom of the drain Tine
circumference (i.e., 34.5 in).

Transfer port valves for Cells 9-11 are closed and ventilation
holes are plugged such that water flooding the transfer aisle can
not be diverted to these cells.

Cell 12 is full to the 100 in. level. This corresponds to the
130 in. level in Cells 2-8 because the bottom of Cells 2-8 is
30 in. lower than the bottom of Cell 12.

The transfer port between the affected cell and Cell 12 is closed.
This is a conservative assumption since if the transfer port were
open, it would take more time to drain the pool and a longer time
to boil off water to the top of the capsules.

The water from Cell 12 could enter the other pool cells via one of
two ways: through open transfer ports and through the 4-in
diameter ventilation ports (one per cell; connecting each pool
cell with Cell 12). Because of the possibility of open transfer
ports, uneven ventilation ports, and the desire to bound the
functional requirements of the emergency makeup water system, it
is assumed that all unaffected pool cells must be filled to the
Tevel of their ventilation ports before water begins to enter the
affected pool cell.

To account for possible flow paths into the pipe tunnel when
flooding the transfer aisle, it is assumed that water is lost to
the pipe tunnel such that it is filled up to the 37.5 in level
(i.e., the Towest level of the pipe break).
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Response Time

The time available for the addition of water is predicated upon the
desire to maintain water coverage over the capsules. The lowest possible
water level which the emergency makeup water system must be capable of
m1t1gat1ng is the 34.5 in. Tevel where the bottom of piping penetrations from
the pipe tunnel into the pool cells exist. The tops of the capsules are at
approximately the 29 in. level, and assuming a 1 in/hr evaporative loss rate
(see Section 2.4.2), this results in the capsules becoming uncovered in 5.5 hr
(34.5 in. - 29 in.). With an assumed 1 hr response time (see Section 2.8.3)
before the emergency makeup water system begins adding water to Cell 12, water
must begin filling the affected cell within 4.5 hr.

Immediate Flow Rate Requirements
Filling Cell 12:

The dimensions of Cell 12 are a rectangu]ar part (3.0 ft bg 64.9 ft) and
a square part (4.4 ft by 4.4 ft), resulting in an area of 214 ft°. The bottom
of Cell 12 is at 686.5 ft (mean sea level, MSL) and the bottom of the
ventilation ports to the other cells is at 698.8 ft MSL. This is a total
distance of 12.3 ft, or 147.6 in. The Tevel assumed in Cell 12 at the
beginning of the event is 100 in. Therefore, before water can begin entering
the affected pool cell through the ventilation port, 147.6 in. - 100 in. =
47.6 in. of water must be added to Cell 12. This volume is 47.6 in. (4.0 ft)
times 214 ft°, or 856 ft* (6,420 gal).

Filling six of Cells 2-8 (Excluding the Affected Cell):

The dimensions of Cells 2-8 are 21.75 ft and 4.4 ft, resulting in an
area of 95.7 ft? per cell. The MSL of the bottom of Cells 2-8 is 684 ft. The
MSL of the bottom of the ventilation ports is 698.8 ft (from above), making
the distance from the bottom of the cells to the bottom of the ventilation
ports 698.8 ft - 684 ft, or 14.8 ft (177.6 in). Each of these 6 cells is
assumed to be at the 130 in. level and must be brought to the 177.6 in. level.
This level increase 1s 47.6 in. (4.0 ft) resu1t1ng in a volume requirement of
4.0 ft times 95.7 ft® times 6 cells, or 2,300 ft? (17,200 gal).

Filling Cell 1:

The dimensions of Cell 1 are 21.75 ft by 8.75 ft for an area of
190.3 ft2. The required level rise for Cell 1 is the same as for cells 2 8,
or 4.0 ft. The volume required is then 4.0 ft times 190.3 ft2, or 761 ft3
(5,710 gal).

Filling the Pipe Tunnel:

To account for the possibility of the need to fill the pipe tunnel, and
to bound the functional requirements of the emergency makeup water system, the
volume of water required to fill the pipe tunnel to the level of the original
leak must be calculated. The area of the pipe tunnel can be estimated from
three sections: 7 5 ft by 71.5 ft, plus 3.58 ft by 23.75 ft, plus 4.3 ft by
3.0 ft, or 634 ft°. The bottom of the pipe tunnel is 3 in. lower than the
bottom of the pool cells and so the original leak at the 34.5 in. level
requires that the pipe tunnel be filled to the 37.5 in. Tevel (34.5 in. +
3 in.). However, because the original leak was to the pipe tunnel some water
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would already be present. The volume of water which went to the pipe tunnel
can be estimated by the drop from 130 in. to 34.5 in. (95.5 in., or 8.0 ft) in
the affected cell. The area of the affected cell is equal to the area of any
of the Cells 2-11, which is 95.7 ft2. Thus, the volume of water which entered
the pipe tunnel from the affected cell is 8.0 ft times 95.7 ft?, or 762 ft°.
This vo]ume of water wou]d result in a water level in the pipe tunnel of

762 ft> divided by 634 ft? (the area of the pipe tunne1) which is equal to 1.2
ft, or 14 in. Therefore, the water level in the pipe tunnel has to go from

14 in. to 37.5 in.; an increase of 23 in., or 1.9 ft. This is a volume of
water equal to 1.9 ft times 634 ft2, or 1,220 ft3 (9,100 gal).

Fi11ing Miscellaneous Volumes:

Miscellaneous volumes such as the pool cell outlet ventilation ducts and
recirculation piping were evaluated and found to total less than 1000 gal.

System Flow Rate Requirements:

The total volume necessary to satisfy the immediate requirements of the
emergency makeup water system is the summation of the volumes calculated
above. This volume is approximately 39,000 gal. As stated above, the
calculated volume must be delivered to Cell 12 via the emergency fill pipe
over a 4.5 hr period. If the entire 4.5 hr were used this would result in an
average flow rate of 39,000 gal divided by 4.5 hr, or 8,700 gal/hr
(150 gal/min).

Total Emergency Makeup Water Capacity

The flow rate requirements established above ensure that water begins to
fi11 the affected pool cell before the capsules are uncovered due to
evaporative losses. The emergency makeup water system must also be able to
deliver sufficient water to recover from the event by increasing the water
level in the affected pool cell up to the LCO level of 130 in. This also
ensures that dose fields in the pool cell area are small enough to permit
manned entry into the pool cell area so that additional measures, such as
water addition via the deionized system or opening of transfer ports, could be
accomplished.

The volume of water necessary to raise the level in the affected pool
cell from the 29 in. Tevel to the 130 in. level must include the volume of
water required to increase the water in the pipe tunnel to the same level.

For the affected pool cell, to go from 29 in. to 130 in. is an increase of

101 in., or 8.4 ft. The area of the affected cell (assumed to be one of Cells
2-8) from above is 95.7 ft , making this amount of water 805 ft>, or

6,040 gal. For the pipe tunnel, the level has to be raised from 37.5 in.
(ca]culated above) to 133 in. (the pipe tunnel level of 133 in. corresponds to
the pool cell level of 130 in.). This is an increase of 95.5 in., or 8.0 ft.
Over the area of the pipe tunnel, 634 ft° from above, this is a volume of
5,000 ft3, or 38,000 gal. Once water begins to flow into the affected pool
ce]l the volume required to raise the pool water level to the LCO level of
130 in is 6,040 gal + 38,000 gal, or 44,000 gal.

The total system requirement is then 39,000 gal (over the first
4.5 hrs.) + 44,000 gal or 83,000 gal.
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Upon reaching 130 in. in all active pool cells, the action of the
emergency makeup water system is complete and the system can be deactivated.
Any source of water makeup can then be used to raise the levels of the active
pool cells above the 130 in. level, as necessary. In addition, during the
time that the affected pool cell is being filled to the 130 in. Jevel, the
strength of the radiation fields in and near the pool cell area will diminish
rapidly. As soon as the dose rates drop to acceptable levels (even if the
affected pool cell level has not reached the 130 in. level), personnel may
enter the pool cell area or control room to provide additional means of water
makeup (e.g., opening the transfer ports).

2.8.3 System Evaluation

This section compares WESF EMW system component capabilities to
functional requirements. For each comparison made, a statement of acceptance
is made.

Fire Hose and Connections

The Pool Cell Water Loss Detection System credited in HNF (1997) alerts
facility personnel to the condition of a rapid loss of pool cell water. The
functional requirements developed above require that water addition to Pool
Cell 12 begin within one hour. Facility personnel would require time to react
to the alarm and make notification to the HFD. This is estimated to take 15
min based on the desire to confirm the alarm and then call for the HFD. The
HFD response time to WESF is estimated to be approximately 5 min with an
additional 5 min to make the necessary hose connections and begin adding water
to Pool Cell 12. The total time elapsed would then be 25 min, which is within
the 1 hour response time required.

The north building wall provides some shielding to emergency response
personnel. Connection of the fire hose to the emergency fill standpipe could
expose personnel to approximately a 29 R/hr gamma-ray field immediately
adjacent to and outside the Pool Cell Area north door, assuming a 36 in water
level in a drained pool cell at the time (see Section 2.5). The fire hose
connection should require less than one minute stay time at this location.
Therefore, the exposure to emergency response personnel will be much lower
than the 5 rem Timit.

Emergency Fill Pipe

The standard fire hose connection on the outside end of the emergency
fill pipe conforms to NFPA requirements such that a fire hose of any size from
the HFD would function with the system. Since the fill pipe is a passive
component it is not required to fulfill the single-failure criteria for safety
class items. Pressure drop through the fill pipe is evaluated for each source
of emergency makeup water evaluated below.

Raw Water Supply

Six-hundred feet of fire hose is adequate to connect the raw water fire
hydrant to the emergency fill pipe. Fluid flow analysis (see Appendix K)
indicates that this water supply would provide a minimum of 283 gpm of raw
water to Pool Cell 12 with essentially unlimited capacity. This exceeds the
functional requirements identified above.
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Deep Well Supply

Three-hundred feet of fire hose is adequate to connect the deep well
water supply to the emergency fill pipe. Fluid flow analysis (see Appendix K)
indicates that this water supply would provide a minimum of 211 gpm of raw
water to Pool Cell 12 with essentially unlimited capacity. This exceeds the
functional requirements identified above.

Sanitary Water Supply

Three-hundred feet of fire hose is adequate to connect the sanitary
water fire hydrant to the emergency fill pipe. Fluid flow analysis (see
Appendix K) indicates that this water supply would provide a minimum of
345 gpm of sanitary water to Pool Cell 12 with a capacity in excess of
83,000 gal. This exceeds the functional requirements identified above.

2.8.4 WESF EMW System Evaluation Conclusions

The WESF EMW system is capable of performing its safety class function.
The assumptions which require control in an IOSR are as follows:

. Two independent sources of emergency makeup water are available,

. Transfer ports and air vents into the transfer aisie from pool
cells 9, 10 and 11 are maintained closed,

. Fire hoses are available with the proper connectors to facilitate
connection of the fill pipe to the water supply and to Timit
radiation exposure to response personnel,

. Water addition commences within 1 hour upon indication of a rapid
Toss of pool cell water event,

. Water addition occurs at a minimum flow rate of 150 gpm,

. The capacity of the emergency makeup water supply is a minimum of
83,000 gal.
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APPENDIX A - WESF Hazards Evaluation

This appendix contains:

1.
2.
3.

Table A-1.
Table A-2.
Table A-3.
Table A-4.

Qualitative Frequency Definitions.
WESF Hazard Evaluation Results.
WESF Hazard Evaluation.

Hazard Evaluation Team Participants.
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Table A-1. Qualitative Frequency Definitions.

Descriptive Description Equivalent estimated
word/frequency annhual likelihood of

designator occurrence
Anticipated/F3 | Incidents that may occur several 1 E-01>p>1 E-02

times during the lifetime of the
facility (incidents that commonly
occur) .

Unlikely/F2 Accidents that are not anticipated 1 E-02>p>1 E-04
to occur during the tifetime of the
facility. Natural phenomena of this
class include: Uniform Building
Code-level earthquake, 100-yr flood,
maximum wind gust, etc.

Extremely Accidents that will probably not 1 E-04>p>1 E-06
unlikely/F1 occur during the life cycle of the
facility. This class includes the
design basis accidents.

Beyond A11 other accidents. 1 E-06>p
extremely
unlikely/FO
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Table A-4. Hazard Evaluation Team Participants.

WESF ISB Team Meeting, DAY 1 of 2
January 9, 1996

Attendee Area of Responsibility
Mark Medsker Safety Analysis, Team lLead
Dennis Clapp Safety Analysis, Assisstant Lead, Assisstant Scribe
Brian Vonderfecht Safety Analysis, Scribe
Lori Covey WESF Engineering
Larry Brist WESF Engineering
Wil Nelson Independent Nuclear Safety
Roy Shepard WESF Operations
Brit Hey Safety Analysis
Larry Nunn WESF Engineering

WESF ISB TEAM MEETING, DAY 2 of 2
January 10, 1996

Attendee Area of Responsibility
Mark Medsker Safety Analysis, Team Lead
Dennis Clapp Safety Analysis, Assisstant Lead, Assisstant Scribe
Brian Vonderfecht Safety Analysis, Scribe
Lori Covey WESF Engineering
Larry Brist WESF Engineering
Wil Nelson Independent Nuclear Safety
Roy Shepard WESF Operations
Larry Nunn WESF Engineering
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APPENDIX B - GXQ Version 4.0 and 4C Code Output

This appendix contains:

1.

10.
11.
12.

13.

14.
15.

GXQ 4.0 Output File for point source ground level release 99.5% sector
dependent X/Q, onsite, fence Tine site boundary, and alternate site boundary
receptors, input file xq.IN.

GXQ 4.0 Output File for building wake ground level release 99.5% sector
dependent X/Q, onsite, fence Tine site boundary, and alternate site boundary
receptors, input file bw.IN.

GXQ 4.0 Output File for plume meander ground level release 99.5% sector
dependent X/Q, onsite, fence line site boundary, and alternate site boundary
receptors, input file pm.IN.

GXQ 4.0 Output File for building wake and plume meander ground Tevel release
99.5% sector dependent X/Q, onsite, fence line site boundary, and alternate
site boundary receptors, input file bwpm.IN.

GXQ 4.0 Output File for point source ground level release 95% overall site
X/Q, onsite, fence line site boundary, and alternate site boundary receptors,
input file xg-o.IN.

GXQ 4.0 Output File for building wake ground level release 95% overall site
X/Q, onsite, fence line site boundary, and alternate site boundary receptors,
input file bw-o0.IN.

GXQ 4.0 Output File for plume meander ground level release 95% overall site
X/Q, onsite, fence line site boundary, and alternate site boundary receptors,
input file pm-o.IN.

GXQ 4.0 Output File for building wake and plume meander ground level release
95% overall site X/Q, onsite, fence line site boundary, and alternate site
boundary receptors, input file bwpm-o.IN.

GXQ 4C code changes to implement Huber dispersion enhancement model.

GXQ 4C verification run, input file gxgdctst.in.

GXQ 4C Output File for stack level release in Zone I, input file zonel.in.

GXQ 4C Output Files for stack level release in Zone IIA and B, input files
zone2a.in and zone2b.in.

GXQ 4C Output Files for stack level release for roof level receptors, input
files roofl.in, roof2.in, roof3.in.

GXQ 4C Output File for stack Tevel release in Zone III, input file zone3.in.

GXQ 4C Output Files for stack level release in Zone IV, input files
zoneda.in, zonedb.in.
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Current Input File Name: c:\p\wesfixq\xq.IN

GXQ Version 4.0
December 19, 1994

General Purpose Atmospheric Dispersion Code
Produced by Westinghouse Hanford Company

Users Guide documented in WHC-SD-GN-SWD-30002 Rev. 1.
Validation documented in WHC-SD-GN-SWD-30003 Rev.
Code Custodian is: Brit E. Hey

Westinghouse Hanford Company

P.0. Box 1970

Richland, WA 99352

(509) 376-2921

Run Date = 08/30/96
Run Time = 13:59:20.03

INPUT ECHO:
Atmospheric Dispersion Coefficients for WESF (Onsite, Site Boundary and River)
¢ GXQ Version 4.0 Input File

c  mode
1
[
c MODE CHOICE:
c mode = 1 then X/Q based on Hanford site specific meteorology
¢ mode = 2 then X/Q based on atmospheric stability class and wind speed
c mode = 3 then X/Q plot file is created
c
¢ LOGICAL CHOICES:
¢

ifox inorm icdf ichk isite ipop
T F F F

¢ ifox = t then joint frequency used to compute frequency to exceed X/Q
c = f then joint frequency used to compute annual average X/Q

c inorm = t then joint frequency data is normalized (as in GENII)

c = f then joint frequency data is un-normalized

¢ icdf = t then cumulative distribution file created (CDF.OUT)

c = f then no cumulative distribution file created

c ichk =t then X/Q parameter print option turned on

c = f then no parameter print

c isite = t then X/Q based on joint frequency data for all 16 sectors

c = f then X/Q based on joint frequency data of individual sectors
¢ ipop = t then X/Q is population weighted

c = f then no population weighting

<

© X/Q AND WIND SPEED ADJUSTMENT MODELS:

¢ ipuff idep isrc iwind

0 0 0
DIFFUSION COEFFICIENT ADJUSTMENT MODELS:
iwake ipm  iflow ientr
0 0 0
EFFECTIVE RELEASE HEIGHT ADJUSTMENT MODELS:
(irise igrnd)iwash igrav

a0

o0

0 0 i} 0
¢ ipuff = 1 then X/Q calculated using puff model
c = 0 then X/@ calculated using default continuous plume model
¢ idep = 1 then plume depletion model turned on (Chamberlain model)
¢ isrc =1 then X/Q multiplied by scalar
c = 2 then X/Q adjusted by wind speed function
c iwind = 1 then wind speed corrected for plume height
c iwake = 1 then NRC RG 1.145 building wake model turned on
c = 2 then MACCS virtual distance building wake model turned on
c ipm =1 then NRC RG 1.145 plume meander model turned on
c = 2 then 5th Power Law plume meander model turned on
c = 3 then sector average model turned on
c iflow = 1 then sigmas adjusted for volume flow rate
¢ ientr = 1 then method of Pasquill used to account for entrainment
c irise = 1 then MACCS buoyant plume rise model turned on
c = 2 then 1SC2 momentum/buoyancy plume rise model turned on
c igrnd = 1 then Mills buoyant plume rise modification for ground effects
¢ iwash = 1 then stack downwash model turned on
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c igrav = 1 then gravitational settling model turned on
c = 0 unless specified otherwise, 0 turns model off
c
¢ PARAMETER INPUT:
c reference frequency
¢ release anemometer mixing to
¢ height height height exceed
¢ hs(m) ha(m) hm(m) Cx (%)
c
0.00000E+00 1.00000E+01 1.00000£+03 5.00000E-01
c
¢ initial initial gravitational
¢ plume plume release deposition settling
c width height duration velocity velocity
c  Wb(m) Hb(m) trd¢hr) vd(m/s) vg(m/s)
c
0.00000€E+00 0.00000E+00 1.00000E+00 1.00000E-03 1.00000E-03
4
c initial initial convective
¢ ambient plume plume release heat release
¢ temperature temperature flow rate diameter rate(1)
¢ Tamb(C) T0(C) vO(m3/s) d(m) gh{w)
c
2.00000E+07 2.00000E+01 1.00000E+00 1.00000E+00 0.00000E+00
c
¢ (1) If zero then buoyant flux based on plume/ambient temperature difference.
c
c X/Q Wind
c scaling Speed
¢ factor Exponent
c  c(?) a(?)
c
1.00000E+00 7.80000E-01
c
¢ RECEPTOR DEPENDENT DATA (no line Limit)
¢ FOR MODE make RECEPTOR DEPENDENT DATA
c 1 (site specific) sector distance receptor-height
c 2 (by class & wind speed) class windspeed distance offset receptor-height
¢ 3 (create plot file) class windspeed xmax imax ymax jmax xgmin power
<
¢ RECEPTOR PARAMETER DESCRIPTION
c sector = 0, 1, 2... (all, S, SSW, etc.)
¢ distance = receptor distance (m)
¢ receptor height = height of receptor (m)
cclass =1, 2, 3,4,5, 6, 7 (P-G stability class A, B, C, D, E, F, G)
¢ windspeed = anemometer wind speed (m/s)
¢ offset = offset from plume centerline (m)
c xmax = maximum distance to plot or calculate to (m)
¢ imax = distance intervals
c ymax = maximum offset to plot (m)
¢ jmax = offset intervals
c xgmin = minimum scaled X/Q to calculate
¢ power = exponent in power function step size
MODE :

Site specific X/@ calculated.

LOGICAL CHOICES:

Joint frequency used to calculate X/Q based on frequency of exceedance.
No normalization of joint freguency.

X/Q calculated for single sector.

MODELS SELECTED:
Default Gaussian plume model selected.

WARNING/ERROR MESSAGES:
JOINT FREQUENCY DATA:

200 AREA (HMS) - 10 M - Pasquill A - G (1983 - 1991 Average)
Created 8/26/92 KR
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Atmospheric Dispersion Coefficients for WESF (Onsite, Site Boundary and River)

TOTAL AVERAGE
POPULATION INDIVIDUAL
RECEPT SECT. SCALED SCALED  ATM.  WIND

DISTANCE HEIGHT FREQ. x/Q X/Q STAB. SPEED
SECTOR  (m) (m) (%)  POPULATION  (s/m3) (s/m3) CLASS (m/s)
S 100 0 6.30 1 1.56E-02 1.56E-02 E 0.89
SSW 100 0 4.53 1 1.138-02  1.13E-02 F 2.65
SW 100 0 2.93 1 1.21E-02 1.21E-02 F 2.65
WSW 100 0 2.72 1 1.22E-02 1.22E-02 F 2.65
W 100 0 4.80 1 2.80E-02 2.80E-02 G 2.65
WNW 100 0 3.98 1T 1.60E-02 1.60E-02 G 4.70
NiW 100 0 4.72 1 2.89E-02 2.89E-02 G 2.65
NNW 100 0 4.58 1 2.90E-02 2.90E-02 G 2.65
N 100 0 4.36 1 3.126-02 3.12E-02 G 2.65
NNE 100 0 2.49 1 1.54E-02 1.54E-02 E 0.89
NE 100 0 3.9 1 1.57e-02 1.57E-02 E 0.89
ENE 100 o 6.17 1 2.52E-02 2.52E-02 G 2.65
E 100 0 14.05 1 3.41E-02 3.41€-02 F 0.89
ESE 100 0 18.80 1 3.25E-02 3.256-02 F 0.89
SE 100 0 10.83 1 3.07E-02 3.07€-02 G 2.65
SSE 100 0 4.78 1  1.58£-02 1.58E-02 G 4.70
s 19310 0 6.30 1  4.85E-06 4.85E-06 E 0.89
SSW 16640 0 4.53 1 3.726-06 3.72E-06 F 2.65
SW 18080 0 2.93 1 4.30E-06 4.30E-06 F 2.65
WsW 19290 0 2.72 1 3.97E-06 3.97E-06 F 2.65
W 18890 0 4.80 1  9.65E-06 9.65E-06 G 2.65
WNW 19390 0 3.98 1 5.24E-06 5.24E-06 G 4.70
NW 19810 0 4.72 1 9.45E-06  9.45E-06 G 2.65
NNW 19550 0 4.58 1 9.64E-06  9.64E-06 G 2.65
N 22780 0 4.36 1 B.54E-06 8.54E-06 G 2.65
NNE 25450 0 2.49 1 3.24E-06 3.24E-06 E 0.89
NE 19880 0 3.9 1 4.78E-06 4.78E-06 E 0.89
ENE 17040 0 6.17 1 9.93E-06 9.93E-06 G 2.65
£ 16870 0 14.05 1 1.356-05 1.35€E-05 F 0.89
ESE 21040 0 18.80 1 9.78E-06 9.7BE-06 F 0.89
SE 25170 0 10.83 1 7.45E-06  7.45E-06 G 2.65
SSE 21080 0 4.78 1 4.4TE-06  4.47E-06 G 4.70
s 8940 0 6.30 1 1.32E-05 1.32E-05 E 0.89
SSW 8260 0 4.53 1 9.02E-06 9.02E-06 F 2.65
SW 8260 0 2.93 1 1.16E-05  1.16E-05 F 2.65
WS 9710 0 2.72 1 9.48E-06 9.4BE-06 F 2.65
W 11040 0 4.80 1 1.89E-05 1.89E-05 G 2.65
WNW 14360 0 3.98 1 7.63E-06 7.63E-06 G 4.70
NW 11490 0 4.72 1 1.86E-05 1.86E-05 G 2.65
NNW 11330 0 4.58 1  1.90E-05 1.90E-05 G 2.65
N 12990 0 4.36 1 1.726-05 1.72E-05 G 2.65
NNE 14010 0 2.49 1 7.03E-06 7.036-06 E 0.89
NE 12270 0 3.90 1 8.86E-06 8.86E-06 E 0.89
ENE 12140 o 6.17 1 1.52E-05 1.52€-05 G 2.65
E 13650 0 14.05 1 1.75E-05 1.756-05 F 0.89
ESE 20880 0 18.80 1 9.88E-06 9.88-06 F 0.89
SE 14190 0 10.83 1 1.51E-05 1.51E-05 G 2.65
SSE 11710 0 4.78 1 9.48E-06 9.4BE-06 G 4.70
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Current Input File Name: c:\p\wesf\xq\bw.IN

GXQ Version 4.0
December 19, 1994

General Purpose Atmospheric Dispersion Code
Produced by Westinghouse Hanford Company

Users Guide documented in WHC-SD-GN-SWD-30002 Rev. 1.
Validation documented in WHC-SD-GN-SWD-30003 Rev. 1.
Code Custodian is: Brit E. Hey

Westinghouse Hanford Company

P.0. Box 1970

Richland, WA 99352

(509) 376-2921

Run Date
Run Time

08/30/96
13:59:21.56

INPUT ECHO:
Atmospheric Dispersion Coefficients for WESF (Onsite, Site Boundary and River)
¢ GXQ Version 4.0 Input File

¢ mode
1
c
c MODE CHOICE
¢ mode = 1 then X/Q based on Hanford site specific meteorology
¢ mede = 2 then X/Q based on atmospheric stability class and wind speed
¢ mede = 3 then X/Q plot file is created
c
c LOGICAL CHOICES:
¢ ifox inorm icdf ichk isite ipop
T F F
c ifox =t then joint frequency used to compute frequency to exceed X/Q
c = f then joint frequency used to compute annual average X/Q
c inorm = t then joint frequency data is normalized (as in GENII)
c = f then joint frequency data is un-normalized
c icdf = t then cumulative distribution file created (CDF.OUT)
c = f then no cumulative distribution file created
¢ ichk = t then X/Q parameter print option turned on
c = f then no parameter print
¢ isite = t then X/Q based on joint frequency data for all 16 sectors
c = f then X/Q based on joint frequency data of individual sectors
c ipop = t then X/Q is population weighted
c = f then no population weighting
c
¢ X/Q AND WIND SPEED ADJUSTMENT MODELS:
c ipuff idep isrc iwind
0 0 0
c DIFFUSION COEFFICIENT ADJUSTMENT MODELS:
¢ iwake ipm iflow fentr
1 0 0
¢ EFFECTIVE RELEASE HEIGHT ADJUSTMENT MODELS:
¢ (irise igrnd)iwash igrav
0 0 0 0
c ipuff = 1 then X/Q calculated using puff model
c = 0 then X/Q calculated using default continuous plume model
c idep =1 then plume depletion model turned on (Chamberlain model)
¢ isrc = 1 then X/Q multiplied by scalar
¢ = 2 then X/Q adjusted by wind speed function
¢ iWind = 1 then wind speed corrected for plume height
c iwake = 1 then NRC RG 1.145 building wake model turned on
c = 2 then MACCS virtual distance building wake model turned on
¢ ipm = 1 then NRC RG 1.145 plume meander model turned on
c = 2 then 5th Power Law plume meander model turned on
c = 3 then sector average model turned on
c iflow = 1 then sigmas adjusted for volume flow rate
c ientr = 1 then method of Pasquill used to account for entrainment
c irise = 1 then MACCS buoyant plume rise model turned on
c = 2 then 1SC2 momentum/buoyancy plume rise model turned on
¢ igrnd = 1 then Mills buoyant plume rise modification for ground effects
c iwash = 1 then stack downwash model turned on
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c igrav = 1 then gravitational settling model turned on
c = 0 unless specified otherwise, 0 turns model off
c
¢ PARAMETER INPUT:
c reference frequency
c release anemometer mixing to
¢ height height height exceed
¢ hs(m) ha(m) hm¢m) Cx(%)
¢
0.00000€+00 1.00000E+01 1.00000E+03 5.00000E-01
¢
¢ initial initial gravitational
¢ plume plume release deposition settling
c width height duration velocity velocity
c  Wb(m) Hb(m) trd¢hr) vd(m/s) vgim/s)
c
2.00000E+01 1.50000E+01 1.00000E+00 1.00000E-03 1.00000E-03
c
c initial initial convective
¢ ambient plume plume release heat release
c  temperature temperature flow rate diameter rate(1)
c  Tamb(C) TO(C) VO(m3/s) d(m) gh(w)
c
2.00000E+01 2.00000E+01 1.00000€+00 1.00000E+00 0.00000E+00
c
¢ (1) If zero then buoyant flux based on plume/ambient temperature difference.
c
c  X/Q Wind
¢ scaling Speed
¢ factor Exponent
c c(?) a(?)
c
1.00000E+00 7.80000E-01
c
¢ RECEPTOR DEPENDENT DATA (no line limit)
¢ FOR MODE make RECEPTOR DEPENDENT DATA
¢ 1 (site specific) sector distance receptor-height
c 2 (by class & wind speed) class windspeed distance offset receptor-height
c 3 (create plot file) class windspeed xmax imax ymax jmax xgmin power
c
¢ RECEPTOR PARAMETER DESCRIPTION
c sector = 0, 1, 2... (all, S, SSW, etc.)
¢ distance = receptor distance (m)
¢ receptor height = height of receptor (m)
cclass =1, 2,3, 4,5, 6, 7 (P-G stability ctass A, B, C, D, E, F, G)
c windspeed = anemometer wind speed (m/s)
c offset = offset from plume centerline (m)
¢ xmax = maximum distance to plot or calculate to (m)
¢ imax = distance intervals
c ymax = maximum offset to plot (m)
¢ jmax = offset intervals
¢ xgmin = minimum scaled X/Q to calculate
c power = exponent in power function step size
MODE:

Site specific X/Q calculated.

LOGICAL CHOICES:

Joint frequency used to calculate X/Q based on frequency of exceedance.
No normalization of joint frequency.

X/Q calculated for single sector.

MODELS SELECTED:

NRC RG 1.145 building wake model selected.
Default Gaussian plume model selected.
WARNING/ERROR MESSAGES:

JOINT FREQUENCY DATA:

200 AREA (HMS) - 10 M - Pasquill A - G (1983 - 1991 Average)
Created 8/26/92 KR
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Atmospheric Dispersion Coefficients for WESF (Onsite, Site Boundary and River)

TOTAL AVERAGE
POPULATION INDIVIDUAL

RECEPT  SECT. SCALED SCALED  ATM.  WIND

DISTANCE HEIGHT FREQ. X/Q X/Q STAB. SPEED
SECTOR  (m) {m) (%) POPULATION  (s/m3) (s/m3) CLASS (m/s)
S 100 0 6.30 1 5.21E-03 5.21E-03 E 0.89
SSW 100 0 4.53 1  4.61E-03 4.61E-03 E 0.89
SW 100 0 2.93 1  4.736E-03 4.73E-03 E 0.89
WSW 100 0o 2.72 1 4.76E-03 4.76E-03 E 0.89
W 100 0 4.80 1 9.326-03 9.326-03 G 2.65
WNW 100 0 3.98 1 5.33e-03 S5.33E-03 G 4.70
N 100 0 4.72 1 9.64E-03  9.64E-03 G 2.65
NNW 100 0 4.58 1 9.68£-03 9.68E-03 G 2.65
N 100 0 4.36 1 1.04E-02 1.04E-02 G 2.65
NNE 100 0 2.49 1 5.14E-03 5.14E-03 E 0.89
NE 100 0 3.9 1 5.24E-03 5.24E-03 E 0.89
ENE 100 0 6.17 1 8.41E-03 8.41E-03 G 2.65
E 100 0 14.05 1 1.14E-02  1.14E-02 F 0.89
ESE 100 0 18.80 1 1.08E-02 1.08E-02 F 0.89
SE 100 0 10.83 1 1.02E-02 1.02E-02 G 2.65
SSE 100 0 4.78 1 5.25E-03 5.25€-03 G 4.70
] 19310 0 6.30 1 4.B4E-06 4.B4E-06 E 0.89
SsW 16640 0 4.53 1 3.72E-06 3.72E-06 F 2.65
SW 18080 0 2.93 1  4.29E-06 4.29E-06 F 2.65
WSk 19290 0 2.72 1 3.97E-06 3.97E-06 F 2.65
W 18890 0 4.80 1 9.61E-06 9.61E-06 G 2.65
WNW 19390 0 3.98 1 5.22E-06 5.22E-06 G 4.70
NW 19810 0 4.72 1 G9.41E-06 9.41E-06 G 2.65
NNW 19550 0 4.58 1 9.60E-06 9.60E-06 G 2.65
N 22780 0 4.36 1t 8.53E-06 8.53E-06 G 2.65
NNE 25450 0 2.49 1 3.24E-06 3.24E-06 E 0.89
NE 19880 0 3.9 1 4.77E-06 4.77E-06 E 0.89
ENE 17040 0 6.17 1 9.89E-06 9.89E-06 G 2.65
E 16870 0 14.05 1 1.34E-05  1.34E-05 F 0.89
ESE 21040 0 18.80 1 9.76E-06 9.76E-06 F 0.89
SE 25170 0 10.83 1 7.44E-06  7.44E-06 G 2.65
SSE 21080 0 4.78 1 4.46E-06 4.46E-06 G 4.70
s 8940 0 6.30 1 1.31E-05 1.31E-05 E 0.89
SSW 8260 0 4.53 1 8.986-06 8.98E-06 F 2.65
SW 8260 0 2.93 1 1.16E-05 1.16E-05 F 2.65
WSW 9710 0 272 1 9.45E-06  9.45E-06 F 2.65
W 11040 0 4.80 1 1.88E-05 1.88E-05 G 2.65
WNW 14360 0 3.98 1 7.59E-06 7.59E-06 G 4.70
NW 11490 0 4.72 1 1.85E-05 1.85E-05 G 2.65
NNW 11330 0 4.58 1 1.89E-05 1.89E-05 G 2.65
N 12990 0 4.36 1 1.71E-05 1.71E-05 G 2.65
NNE 14010 0 2.49 1 7.026-06 7.02E-06 E 0.89
NE 12270 0 3.9 1 B8.82E-06 8.82E-06 E 0.89
ENE 12140 0 6.17 1 1.51E-05 1.51E-05 G 2.65
E 13650 0 14.05 1 1.756-05 1.75E-05 F 0.89
ESE 20880 0 18.80 1 9.86E-06 9.86E-06 F 0.89
SE 14190 ¢ 10.83 1 1.51E-05 1.516-05 G 2.65
SSE 1710 0 4.78 1  9.43E-06 9.43E-06 G 4.70
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Current Input File Name: c:\p\wesf\xq\pm.IN

GXQ Version 4.0
December 19, 1994

General Purpose Atmospheric Dispersion Code
Produced by Westinghouse Hanford Company

Users Guide documented in WHC-SD-GN-SWD-30002 Rev. 1.
Validation documented in WHC-SD-GN-SWD-30003 Rev. 1.
Code Custodian is: Brit E. Hey

Westinghouse Hanford Company

P.0. Box 1970

Richland, WA 99352

(509) 376-2921

Run Date
Run Time

08/30/96
13:59:23.05

INPUT ECHO:
Atmospheric Dispersion Coefficients for WESF (Onsite, Site Boundary and River)
c GXQ Version 4.0 Input File

¢ mode
1
c
c MODE CHOICE:
c mode = 1 then X/Q based on Hanford site specific meteorology
¢ mode = 2 then X/Q based on atmospheric stability class and wind speed
c mode = 3 then X/Q plot file is created
[3
¢ LOGICAL CHOICES:
c

ifox inorm icdf ichk isite ipop
T F F F

c ifox =t then joint frequency used to compute frequency to exceed X/Q
c = f then joint frequency used to compute annual average X/Q

c inorm = t then joint frequency data is normalized (as in GENII)

[ = f then joint frequency data is un-normalized

¢ icdf =t then cumulative distribution file created (CDF.OUT)

c = f then no cumulative distribution file created

¢ ichk =t then X/Q parameter print option turned on

c = f then no parameter print

¢ isite = t then X/Q based on joint frequency data for all 16 sectors

c = f then X/Q based on joint frequency data of individual sectors
c ipop =t then X/Q is population weighted

c = f then no population weighting

¢

€ X/Q AND WIND SPEED ADJUSTMENT MODELS:

c

ipuff idep isrc iwind
0 0

o

DIFFUSION COEFFICIENT ADJUSTMENT MODELS:
iwake ipm iflow ientr
0 0 0
EFFECTIVE RELEASE HEIGHT ADJUSTMENT MODELS:
(irise igrnd)iwash igrav

o

oo

0 0 0 0
¢ ipuff = 1 then X/Q calculated using puff model
c = 0 then X/@ calculated using default continuous plume model
¢ idep = 1 then plume depletion model turned on (Chamberlain model)
c isrc = 1 then X/Q muitiplied by scalar
c = 2 then X/Q adjusted by wind speed function
¢ iwind = 1 then wind speed corrected for plume height
¢ iwake = 1 then NRC RG 1.145 building wake model turned on
c = 2 then MACCS virtual distance building wake model turned on
c ipm =1 then NRC RG 1.145 plume meander model turned on
c = 2 then 5th Power Law plume meander model turned on
c = 3 then sector average model turned on
c iflow = 1 then sigmas adjusted for volume flow rate
c ientr = 1 then method of Pasquill used to account for entrainment
¢ irise = 1 then MACCS buoyant plume rise model turned on
c = 2 then 1SC2 momentum/buoyancy plume rise model turned on
c jgrnd = 1 then Mills buoyant plume rise modification for ground effects
c iWash = 1 then stack downwash model turned on
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c

igrav

HNF-SD-WM-TI-733 REV 1

1 then gravitational settling model turned on
0 unless specified otherwise, 0 turns model off

c
c PARAMETER INPUT:

eonOoNON no0O0O0

onnoono

onOoon0O0OD0

DO NONONNN00N0000ND0000

reference frequency
release anemometer mixing to
height height height exceed
hs(m) ha(m) hm(m) Cx(%)

0.00000E+00 1.00000E+01 1.00000E+03 5.00000E-01

initial initial gravitational
plume plume release deposition settling
width height duration velocity velocity
Wh¢m) Hb(m) trdchr) vd(m/s) vg(m/s)

0.0000CE+00 0.00000E+00 1.00000e+00 1.00000E-03 t.00000€-03

initial initial convective
ambient plume plume release heat release
temperature temperature flow rate diameter rate(1)
Tamb(C) TO(C) VO(m3/s) d¢m) qh(w)

2.00000€+01 2.00000E+01 1.00000E+00 1.00000E+00 0.00000E+00

(1) If zero then buoyant flux based on plume/ambient temperature difference.

x/Q Wind
scaling Speed
factor Exponent
c(?) a(?)

1.00000E+00 7.80000E-01

RECEPTOR DEPENDENT DATA (no line limit)
FOR MODE make RECEPTOR DEPENDENT DATA

1 (site specific)

sector distance receptor-height

2 (by class & wind speed) class windspeed distance offset receptor-height
3 (create plot file) class windspeed xmax imax ymax jmax xgmin power

RECEPTOR PARAMETER DESCRIPTION

secto.

-

=0, 1, 2... (all, s, ssW, etc.)

distance = receptor distance (m)
receptor height = height of receptor (m)

class

1, 2,3, 4,5, 6, 7 (P-G stability class A, B, C, D, E, F, G)

windspeed = anemometer wind speed (m/s)

offse
Xmax
imax
ymax
jmax
xgmin
power

MODE:
Site specific X/@ calculated.

t

= offset from plume centerline (m)
maximum distance to plot or calculate to (m)
distance intervals
maximum offset to plot (m)

offset intervals

minimum scaled X/Q to calculate

exponent in power function step size

LOGICAL CHOICES:

Joint freguency used to calculate X/Q based on frequency of exceedance.
No normalization of joint frequency.

X/Q calculated for single sector.

MODELS SELECTED:
NRC RG 1.145 plume meander model selected.
Default Gaussian plume model selected.

WARNING/ERROR MESSAGES:

JOINT FREQUENCY DATA:
200 AREA (HMS) - 10 M - Pasquill A - G (1983 - 1991 Average)
Created 8/26/92 KR

B-10



HNF-SD-WM-TI-733 REV 1

Atmospheric Dispersion Coefficients for WESF (Onsite, Site Boundary and River)

TOTAL AVERAGE
POPULATION INDIVIDUAL

RECEPT SECT. SCALED SCALED  ATM.  WIND

DISTANCE HEIGHT FREG. x/e x/Q STAB. SPEED
SECTOR  (m) (m) (%) POPULATION  (s/m3) (s/m3) CLASS (m/s)
S 100 0 6.30 1 5.96E-03 5.96E-03 E 0.89
SSW 100 0 4.53 1 4.54E-03  4.54E-03 F 7.15
SW 100 0 2.93 1 4.B0E-03 4.80E-03 F 4.70
WSW 100 0 2.72 1 4.80E-03 4.80E-03 F 4.70
W 100 0 4.80 1 7.43E-03 7.43E-03 G 2.65
WNW 100 0 3.98 1 6.67E-03 6.67E-03 G 2.65
NW 100 0 4.72 1 7.65E-03 7.65E-03 G 2.65
NNW 100 0 4.58 1 8.06E-03 8.06E-03 G 2.65
N 100 0 4.36 1 8.29E-03 8.29E-03 F 0.89
NNE 100 0 2.49 1 5.36E-03 5.36E-03 E 0.89
NE 100 0 3.9 1 6.02E-03 6.02E-03 E 0.89
ENE 100 0 6.17 1 7.79E-03 7.79E-03 G 2.65
E 100 0 14.05 1 1.09e-02 1.09E-02 G 4,70
ESE 100 0 18.80 1 1.136-02 1.13e-02 G 4.70
SE 100 0 10.83 1 8.376-03 8.376-03 F 0.89
SSE 100 0 4.78 1 6.20E-03 6.20E-03 E 0.89
S 19310 0 6.30 1 4.51E-06 4.51E-06 E 0.89
SsW 16640 0 4.53 1 3.43E-06 3.43E-06 F 2.65
SW 18080 0 2.93 1 3.87E-06 3.87E-06 F 2.65
WSk 19290 0 2.72 1 3.60E-06 3.60E-06 F 2.65
W 18890 0 4.80 1 8.326-06 8.32E-06 G 2.65
WNW 193%0 0 3.98 1 5.036-06 5.03E-06 G 4.70
NW 19810 0 4.72 1 8.18E-06 B.18E-06 G 2.65
NNW 19550 0 4.58 1 8.33e-06 8.33E-06 G 2.65
N 22780 0 4.36 1 7.49E-06  7.49E-06 G 2.65
NNE 25450 0 2.49 1 3.07E-06 3.01E-06 E 0.89
NE 19880 0 3.9 1 4.49E-06  4.49E-06 E 0.89
ENE 17040 0 6.17 1 8.66E-06 B8.66E-06 G 2.65
E 16870 0 14.05 1 1.13-05 1.13E-05 F 0.89
ESE 21040 0 18.80 1 8.48E-06 B8.48E-06 F 0.89
SE 25170 0 10.83 1 6.61E-06 6.61E-06 G 2.65
SSE 21080 0 4.78 1 4.238-06 4.23E-06 G 4.70
S 8940 0 6.30 1 1.156-05 1.156-05 E 0.89
SSW 8260 0 4.53 1 7.79€-06 7.79E-06 F 2.65
SW 8260 0 2.93 1 9.526-06 9.52E-06 F 2.65
Wsu 9710 0 2.72 1 7.94E-06 7.94E-06 F 2.65
W 11040 0 4.8 1 1.50E-05 1.50E-05 G 2.65
WNW 14360 0 3.98 1 7.24E-06 7.24E-06 G 4.70
NW 11490 0 4.72 1 1.49E-05  1.49E-05 G 2.65
NNW 11330 0 4.58 t  1.52E-05 1.52E-05 G 2.65
N 12990 0 4.36 T 1.39E-05 1.39E-05 G 2.65
NNE 14010 0 2.49 1  6.21E-06 6.21E-06 E 0.89
NE 12270 0 3.9 1 8.06E-06 8.06E-06 E 0.89
ENE 12140 0 6.17 1 1.27E-05 1.27E-05 G 2.65
E 13650 0 14.05 1 1.42E-05 1.42E-05 F 0.89
ESE 20880 0 18.80 1 8.56E-06 B8.56E-06 F 0.89
SE 14190 0 10.83 1 1.25E-05 1.25€-05 G 2.65
SSE 11710 0 4.78 1 8.63E-06 B.63E-06 G 4.70



HNF-SD-WM-TI-733 REV 1

Current Input File Neme: c:\p\wesf\xq\bwpm.IN

GXQ Version 4.0
December 19, 1994

General Purpose Atmospheric Dispersion Code
Produced by Westinghouse Hanford Company

Users Guide documented in WHC-SD-GN-SWD-30002 Rev. 1.
Validation documented in WHC-SD-GN-SWD-30003 Rev. 1.
Code Custodian is: Brit E. Hey

Westinghouse Hanford Company

P.0. Box 1970

Richland, WA 99352

(509) 376-2921

Run Date
Run Time

08/30/96
13:59:24.59

INPUT ECHO:
Atmospheric Dispersion Coefficients for WESF (Onsite, Site Boundary and River)
¢ GXQ Version 4.0 Input File

¢  mode
1
<
¢ MODE CHOICE:
¢ mode = 1 then X/Q based on Hanford site specific meteorology
c mode = 2 then X/Q based on atmospheric stability class and wind speed
¢ mode = 3 then X/Q plot file is created
c
c LOGICAL CHOICES:
¢ ifox inorm icdf ichk isite ipop
T F F F F
¢ ifox =t then joint frequency used to compute frequency to exceed X/Q
c = f then joint frequency used to compute annual average X/Q
¢ inorm = t then joint frequency data is normalized (as in GENII)
c = f then joint frequency data is un-normalized
c icdf =t then cumulative distribution file created (CDF.OUT)
c = f then no cumulative distribution file created
c ichk = t then X/Q parameter print option turned on
c = f then no parameter print
c isite = t then X/Q based on joint frequency data for all 16 sectors
c = f then X/Q based on joint frequency data of individual sectors
¢ ipop =t then X/Q is population weighted
c = f then no population weighting
c
€ X/Q AND WIND SPEED ADJUSTMENT MODELS:
¢ ipuff idep isrc jwind

0 0

c DIFFUSION COEFFICIENT ADJUSTMENT MODELS:
¢ iwake ipm iflow ientr
0 0

¢ EFFECTIVE RELEASE HEIGHT ADJUSTMENT MODELS:
¢ (irise igrnd)iwash igrav

0 0 0 0
¢ ipuff = 1 then X/Q calculated using puff model
c = 0 then X/@ calculated using default continuous plume model
c idep =1 then plume depletion model turned on (Chamberlain model)
¢ isrc = 1 then X/Q multiplied by scalar
c = 2 then X/Q adjusted by wind speed function
¢ iwind = 1 then wind speed corrected for plume height
¢ iwake = 1 then NRC RG 1.145 building wake model turned on
c = 2 then MACCS virtual distance building wake model turned on
¢ ipm = 1 then NRC RG 1.145 plume meander model turned on
c = 2 then 5th Power Law plume meander model turned on
c = 3 then sector average model turned on
c iflow = 1 then sigmas adjusted for volume flow rate
c ientr = 1 then method of Pasquill used to account for entrainment
c irise = 1 then MACCS buoyant plume rise model turned on
c = 2 then ISC2 momentum/buoyancy plume rise model turned on
¢ igrnd = 1 then Mills buoyant plume rise modification for ground effects
c iwash = 1 then stack downwash model turned on
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c igrav
c

1 then gravitational settling model turned on
0 unless specified otherwise, 0 turns model off

c
c PARAMETER INPUT:

c reference frequency
¢ release anemometer mixing to
¢ height height height exceed
¢ hs(m) ha(m) hm(m) Cx(%)
c
0.00000E+00 1.00000E+01 1.00000E+03 5.00000E-01
c
¢ initisl initial gravitational
¢ plume plume release deposition settling
¢ width height duration velocity velocity
¢ Wb(m) Hb¢m) trd¢hr) vd(m/s) vgim/s)
14
2.00000E+01 1.50000E+01 1.00000E+00 1.00000E-03 1.00000E-03
c
c initial initial convective
c ambient plume plume release heat release
c  temperature temperature flow rate diameter rate(1)
c  Tamb(C) TO(C) vO(m3/s) d(m) gh(w)
c
2.00000E+01 2.00000E+01 1.00000E+00 1.00000€+00 0.00000€+00
c
¢ (1) 1f zero then buoyant flux based on plume/ambient temperature difference.
c
c  X/Q Wind
c scaling Speed
¢ factor Exponent
c oM a(?)
c
1.00000E+00 7.80000E-01
RECEPTOR DEPENDENT DATA (no line Llimit)
FOR MODE make RECEPTOR DEPENDENT DATA
1 (site specific) sector distance receptor-height
2 (by class & wind speed) class windspeed distance offset receptor-height
3 (create plot file) class windspeed xmax imax ymax Jmax xgmin power

RECEPTOR PARAMETER DESCRIPTION

sector = 0, 1, 2... (all, S, SSW, etc.)

distance = receptor distance (m)

receptor height = height of receptor (m)

class =1, 2, 3, 4, 5, 6, 7 (P-G stability class A, B, C, D, E, F, G)
windspeed = anemometer wind speed (m/s)

offset = offset from plume centerline (m)

xmax = maximum distance to plot or calculate to (m)

imax = distance intervals

ymax = maximum offset to plot (m)

NONODO0NONDONNOADODNOD

jmax = offset intervals

xgmin = minimum scaled X/Q to calculate

power = exponent in power function step size
MODE:

Site specific X/Q calculated.

LOGICAL CHOICES:

Joint frequency used to calculate X/Q based on frequency of exceedance.
No normalization of joint frequency.

X/Q calculated for single sector.

MODELS SELECTED:

NRC RG 1.145 building wake model selected.
NRC RG 1.145 plume meander model selected.
Default Gaussian plume model selected.

WARNING/ERROR MESSAGES:
JOINT FREQUENCY DATA:

200 AREA (HMS) - 10 M - Pasquill A - G (1983 - 1991 Average)
Created 8/26/92 KR
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Atmospheric Dispersion Coefficients for WESF (Onsite, Site Boundary and River)

TOTAL AVERAGE
POPULATION INDIVIDUAL
RECEPT SECT. SCALED SCALED  ATM.  WIND

DISTANCE HEIGHT FREQ. X/Q Xx/Q STAB. SPEED
SECTOR  (m) (m) (%) POPULATION  (s/m3) (s/m3) CLASS (m/s)
S 100 0 6.30 1 5.21E-03 5.21E-03 E 0.89
5SS 100 0 4.53 1 4.61E-03 4.61E-03 E 0.89
SW 100 0 2.93 1 4.73E-03  4.736-03 E 0.89
WSk 100 0 2.72 1 4.76E-03 4.76E-03 E 0.89
W 100 0 4.80 1 7.43E-03  7.43E-03 G 2.65
WNW 100 0 3.98 1 5.33e-03 5.33k-03 G 4.70
NW 100 0 4.72 1 7.61E-03  7.61E-03 G 2.65
NNW 100 0 4.58 1 7.638-03 7.63E-03 G 2.65
N 100 0 4.36 1 8.026-03 8.02E-03 G 2.65
NNE 100 0 2.49 1 5.14E-03 5.14E-03 E 0.89
NE 100 0 3.9 1 5.24E-03 5.24E-03 E 0.89
ENE 100 0 6.17 1  6.96E-03 6.96E-03 G 2.65
E 100 0 14.05 1 8.556-03 8.55E-03 F 0.89
ESE 100 0 18.80 1 8.25E-03 B.25E-03 F 0.89
SE 100 0 10.83 1 7.94E-03  7.94E-03 G 2.65
SSE 100 0 4.78 1 5.25e-03 5.25E-03 G 4.70
S 19310 0 6.30 1 4.51E-06 4.51E-06 E 0.89
SSW 16640 0 4.53 1 3.43E-06 3.43E-06 F 2.65
SW 18080 0 2.93 1 3.87E-06 3.87E-06 F 2.65
WSk 19290 0 2.72 1  3.60E-06 3.60E-06 F 2.65
W 18890 0 4.80 1 8.326-06 8.32E-06 G 2.65
WNW 19390 0 3.98 1 5.036-06 5.03E-06 G 4.70
Nu 19810 0 4.72 1 8.18£-06 8.18E-06 G 2.65
NNY 19550 0 4.58 1 8.33E-06 8.33E-06 G 2.65
N 22780 0 4.36 1 7.49E-06  7.49E-06 G 2.65
NNE 25450 0 2.49 1 3.01E-06 3.01E-06 E 0.89
NE 19880 0 3.90 1 4.49E-06  4.49E-06 E 0.89
ENE 17040 0 6.17 1 B.66E-06 B8.66E-06 G 2.65
E 16870 0 14.05 1 1.13E-05  1.13E-05 F 0.89
ESE 21040 0 18.80 1 B.4BE-06 8.4B8E-06 F 0.89
SE 25170 0 10.83 1 6.61E-06 6.61E-06 G 2.65
SSE 21080 0 4.78 1  4.23E-06 4.23E-06 G 4.70
S 8940 0 6.30 1 1.15e-05 1.15E-05 E 0.89
SSW 8260 0 4.53 1 7.79E-06 7.79E-06 F 2.65
SW 8260 0 2.93 1 9.52e-06 9.52E-06 F 2.65
WsW 9710 0 2.7 1 7.94E-06  7.94E-06 F 2.65
W 11040 0 4.8 1 1.50E-05 1.50E-05 G 2.65
WNW 14360 0 3.98 1 7.24E-06  7.24E-06 G 4.70
N 11490 0 4.72 1 1.49E-05  1.49E-05 G 2.65
NNW 11330 0 4.58 1 1.52E-05 1.52E-05 G 2.65
N 12990 0 4.36 1 1.39E-05 1.39E-05 G 2.65
NNE 14010 0 2.49 1 6.21E-06 6.21E-06 E 0.89
NE 12270 0 3.9 1 8.06E-06 B.06E-06 E 0.89
ENE 12140 0 6.17 1 1.27E-05 1.27E-05 G 2.65
E 13650 0 14.05 1 1.42E-05 1.42E-05 F 0.89
ESE 20880 0 18.80 1 8.56E-06 8.56E-06 F 0.89
SE 14190 0 10.83 T 1.256-05 1.25E-05 G 2.65
SSE 11710 0 4.78 1 8.63E-06 B8.63E-06 G 4.70
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Current Input File Name: c:\p\wesf\xq\xg-o.IN

GX@ Version 4.0
December 19, 1994

General Purpose Atmospheric Dispersion Code
Produced by Westinghouse Hanford Company

Users Guide documented in WHC-SD-GN-SWD-30002 Rev. 1.
Validation documented in WHC-SD-GN-SWD-30003 Rev.
Code Custodian is: Brit E. Hey

Westinghouse Hanford Company

P.0. Box 1970

Richland, WA 99352

(509) 376-2921

Run Date = 08/30/96
Run Time = 13:59:26.12

INPUT ECHO:
Atmospheric Dispersion Coefficients for WESF (Onsite, Site Boundary and River)
€ GXQ Version 4.0 Input File

¢ mode
1
c
¢ MODE CHOICE:
¢ mode = 1 then X/Q based on Hanford site specific meteorology
¢ mode = 2 then X/Q based on atmospheric stability class and wind speed
c moede = 3 then X/Q plot file is created
4
¢ LOGICAL CHOICES:
¢ ifox inorm icdf ichk isite ipop
T F F T F
¢ ifox =t then joint frequency used to compute freguency to exceed X/Q
c = f then joint frequency used to compute annual average X/Q
¢ inorm = t then joint frequency data is normalized (as in GENII)
c = f then joint frequency data is un-normalized
c icdf =t then cumulative distribution file created (CDF.OUT)
c = f then no cumulative distribution file created
c ichk = t then X/Q parameter print option turned on
c = f then no parameter print
¢ isite = t then X/Q based on joint frequency data for all 16 sectors
c = f then X/Q based on joint frequency data of individual sectors
¢ ipop =t then X/Q is population weighted
c = f then no population weighting
c
C X/G AND WIND SPEED ADJUSTMENT MODELS:
c

ipuff idep isrc iwind
0 0 0 0
DIFFUSION COEFFICIENT ADJUSTMENT MODELS:
jwake ipm iflow ientr
0 0 0 0

EFFECTIVE RELEASE HEIGHT ADJUSTMENT MODELS:
(irise igrnd)iwash igrav

oo

o0

0 0 0 )
c ipuff = 1 then X/Q calculated using puff model
c = 0 then X/Q calculated using default continuous plume model
¢ idep = 1 then plume depletion model turned on (Chamberlain model)
c isrc = 1 then X/Q multiplied by scalar
c = 2 then X/Q adjusted by wind speed function
¢ iwind = 1 then wind speed corrected for plume height
¢ iwake = 1 then NRC RG 1.145 building wake model turned on
c = 2 then MACCS virtual distance building wake model turned on
c ipm = 1 then NRC RG 1.145 plume meander model turned on
c = 2 then Sth Power Law plume meander model turned on
c = 3 then sector average model turned on
c iflow = 1 then sigmas adjusted for volume flow rate
¢ ientr = 1 then method of Pasquill used to account for entrainment
c irise = 1 then MACCS buoyant plume rise model turned on
c = 2 then 1SC2 momentum/buoyancy plume rise model turned on
c igrnd = 1 then Mills buoyant plume rise modification for ground effects
¢ iwash = 1 then stack downwash model turned on
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¢ igrav = 1 then gravitational settling model turned on

c = 0 unless specified otherwise, 0 turns model off
c

c PARAMETER INPUT:

c reference frequency
¢ release anemometer mixing o

c height height height exceed

¢ hs(m) ha(m) hm¢m) Cx(%)

c

0.00000E+00 1.00000E+01 1.00000E+03 5.00000E+00

c
c initial initial gravitational
¢ plume plume release deposition settling
¢ width height duration velocity velocity
¢ Wb(m) Hb(m) trd(hr) vdtm/s) vg(m/s)
c
0.00000€+00 0.00000E+00 1.00000E+00 1.00000E-03 1.00000E-03
c
c initial initial convective
¢ ambient plume plume release heat release
¢ temperature temperature flow rate diameter rate(1)
¢ Tamb(C) TO(E) VOo(m3/s) d(m) agh(w)
c
2.00000E+01 2.00000E+01 1.00000E+00 1.00000£+00 0.00000E+00
c
c (1) If zero then buoyant flux based on plume/ambient temperature difference.
c
c X/ Wind
¢ scaling Speed
c factor Exponent
c  c(?) a(?)
c
1.00000E+00 7.80000E-01
c
c RECEPTOR DEPENDENT DATA (no line limit)
c FOR MODE make RECEPTOR DEPENDENT DATA
¢ 1 (site specific) sector distance receptor-height
c 2 (by class & wind speed) class windspeed distance offset receptor-height
¢ 3 (create plot file) class windspeed xmax imax ymax jmax xgmin power
c
¢ RECEPTOR PARAMETER DESCRIPTION
¢ sector =0, 1, 2... (all, S, SSW, etc.)
c distance = receptor distance (m)
c receptor height = height of receptor (m)
cclass =1,2, 3, 4,5, 6, 7 (P-G stability class A, B, C, D, E, F, G)
¢ windspeed = anemometer wind speed (m/s)
c offset = offset from plume centerline (m)
c xmax = maximum distance to plot or calculate to (m)
c imax = distance intervals
c ymax = maximum offset to plot (m)
¢ jmax = offset intervals
¢ xgmin = minimum scaled X/Q to calculate
C power = exponent in power function step size
MODE :

Site specific X/Q calculated.

LOGICAL CHOICES:

Joint frequency used to calculate X/Q based on frequency of exceedance.
No normalization of joint frequency.

X/@ calculated for overall site.

MODELS SELECTED:
Default Gaussian plume model selected.

WARNING/ERROR MESSAGES:
JOINT FREQUENCY DATA:

200 AREA (HMS) - 10 M - Pasquill A - G (1983 - 1991 Average)
Created 8/26/92 KR
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Atmospheric Dispersion Coefficients for WESF (Onsite, Site Boundary and River)

TOTAL AVERAGE
POPULATION INDIVIDUAL

RECEPT SECT. SCALED SCALED  ATM.  WIND

DISTANCE HEIGHT FREQ. X/Q X/Q STAB. SPEED

SECTOR  (m) {m) (%) POPULATION  (s/m3) {s/m3) CLASS (m/s)
ALL 100 0 99.9 1 3.28E-02 3.28E-02 F 0.89
ALL 21080 0 99.9 1 1.13E-05  1.13E-05 G 2.65
ALL 11710 0 99.9 1 1.83E-05 1.83E-05 G 2.65
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Current Input File Name: c:\p\wesf\xq\bw-o.IN

GXQ Version 4.0
December 19, 1994

General Purpose Atmospheric Dispersion Code
Produced by Westinghouse Hanford Company

Users Guide documented in WHC-SD-GN-SWD-30002 Rev. 1.
validation documented in WHC-SD-GN-SWD-30003 Rev. 1.
Code Custodian is: Brit E. Hey

Westinghouse Hanford Company

P.0. Box 1970

Richland, WA 99352

(509) 376-2921

Run Date = 08/30/96
Run Time = 13:59:31.89
INPUT ECHO:

Atmospheric Dispersion Coefficients for WESF (Onsite, Site Boundary and River)
c GXQ Version 4.0 Input File
¢ mode

HOICE:

1 then X/Q based on Hanford site specific meteorology

2 then X/Q based on atmospheric stability class and wind speed
3 then X/Q plot file is created

2
38
Q
&
[T Y

LOGICAL CHOICES:
ifox inorm icdf ichk isite ipop
F

oonona00
E]
I3
[-%
a

T F F
¢ ifox =t then joint frequency used to compute frequency to exceed X/Q
c = f then joint frequency used to compute annual average X/Q
¢ inorm = t then joint frequency data is normalized (as in GENII)
c = f then joint frequency data is un-normalized
c icdf =t then cumulative distribution file created (CDF.OUT)
c = f then no cumulative distribution file created
¢ ichk = t then X/Q parameter print option turned on
c = f then no parameter print
¢ isite = t then X/Q based on joint frequency data for all 16 sectors
c = f then X/Q based on joint frequency data of individual sectors
¢ ipop = t then X/Q is population weighted
¢ = f then no population weighting
c
¢ X/Q AND WIND SPEED ADJUSTMENT MODELS:
¢ ipuff idep isrc iwind

0

¢ DIFFUSION COEFFICIENT ADJUSTMENT MODELS:
¢ iwake ipm iflow ientr

1 0 0 0
c EFFECTIVE RELEASE HEIGHT ADJUSTMENT MODELS:
¢ (irise igrnd)iwash igrav

") 0 0 0
¢ ipuff = 1 then X/Q calculated using puff model
c = 0 then X/Q calculated using default continuous plume model
c idep =1 then plume depletion model turned on (Chamberlain model)
¢ isrc = 1 then X/Q multiplied by scalar
c = 2 then X/Q adjusted by wind speed function
¢ iwind = 1 then wind speed corrected for plume height
c iwake = 1 then NRC RG 1.145 building wake model turned on
c = 2 then MACCS virtual distance building wake model turned on
c ipm =1 then NRC RG 1.145 plume meander model turned on
c = 2 then 5th Power Law plume meander model turned on
c = 3 then sector average model turned on
¢ iflow = 1 then sigmas adjusted for volume flow rate
c ientr = 1 then method of Pasquill used to account for entrainment
c irise = 1 then MACCS buoyant plume rise model turned on
c = 2 then 1SC2 momentum/buoysncy plume rise model turned on
c igrnd = 1 then Mills buoyant plume rise modification for ground effects
c iwash = 1 then stack downwash model turned on

B-18



HNF-SD-WM-TI-733 REV 1

c igrav = 1 then gravitational settling model turned on
c = 0 unless specified otherwise, 0 turns model off
¢
Cc PARAMETER INPUT:
c reference frequency
¢ release anemometer mixing to
¢ height height height exceed
¢ hs(m) ha(m) hm(m) Cx(%)
c
0.00000E+00 T.00000E+01 1.00000E+03 5.00000€+00
¢
c initial initial gravitational
¢ plume plume release deposition settling
c  width height duration velocity velocity
c  Wh(m) Hb(m) trd¢hr) vd(m/s) valm/s)
c
2.00000E+01 1.50000E+01 1.00000E+00 1.00000€-03 1.00000E-03
<
c initial initial convective
¢ ambient plume plume release heat release
¢ temperature temperature flow rate diameter rate(1)
¢ Tamb(C) T0(C) VO(m3/s) d(m) gh(w)
c
2.00000E+01 2.00000E+01 1.00000E+00 7.00000E+00 0.00000E+00
¢
¢ (1) If zero then buoyant flux based on plume/ambient temperature difference.
c
c  X/Q Wind
¢ scaling Speed
c factor Exponent
¢ c(?) a(?)
c
1.00000E+00 7.80000E-01
c
¢ RECEPTOR DEPENDENT DATA (no line limit)
¢ FOR MODE make RECEPTOR DEPENDENT DATA
c 1 (site specific) sector distance receptor-height
¢ 2 (by class & Wind speed) class windspeed distance offset receptor-height
¢ 3 (create plot file) class windspeed xmax imax ymax jmax xgmin power
c
c© RECEPTOR PARAMETER DESCRIPTION
c sector = 0, 1, 2... (all, s, SsW, etc.)
¢ distance = receptor distance (m)
¢ receptor height = height of receptor (m)
cclass =1, 2, 3, 4, 5, 6, 7 (P-G stability class A, B, C, D, E, F, G)
¢ windspeed = anemometer wind speed (m/s)
c offset = offset from plume centerline (m)
¢ xmax = maximum distance to plot or calculate to (m)
¢ imax = distance intervals
c ymax = maximum offset to plot (m)
c jmax = offset intervals
¢ xgmin = minimum scaled X/Q to calculate
c poWwer = exponent in power function step size
MODE :

Site specific X/@ calculated.

LOGICAL CHOICES:

Joint frequency used to calculate X/@ based on frequency of exceedance.
No normalization of joint frequency.

X/@ calculated for overall site.

MODELS SELECTED:
NRC RG 1.145 building wake model selected.
Default Gaussian plume model selected.

WARNING/ERROR MESSAGES:
JOINT FREQUENCY DATA:

200 AREA (HMS) - 10 M - Pasquill A - G (1983 - 1991 Average)
Created 8/26/92 KR
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Atmospheric Dispersion Coefficients for WESF (Onsite, Site Boundary and River)

DISTANCE
SECTOR  (m)
ALL 100
ALL 21080

ALL 11710

OTAL

T AGE
POPULATION INDIVIDUAL

SCALED
x/Q
(s/m3)

1.09€E-02

1.12E-05
1.82E-05

WIND
SPEED
(m/s)

0.89
2.65
2.65
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Current Input File Name: c:\p\wesfixq\pm-o.IN

GXQ Version 4.0
December 19, 1994

General Purpose Atmospheric Dispersion Code
Produced by Westinghouse Hanford Company

Users Guide documented in WHC-SD-GN-SWD-30002 Rev. 1.
Validation documented in WHC-SD-GN-SWD-30003 Rev. 1.
Code Custodian is: Brit E. Hey

Westinghouse Hanford Company

P.0. Box 1970

Richland, WA 99352

(509) 376-2921

08/30/96
13:59:37.71

Run Date
Run Time

INPUT ECHO:
Atmospheric Dispersion Coefficients for WESF (Onsite, Site Boundary and River)
c GX@ Version 4.0 Input File

¢ mode
1
c
c© MODE CHOICE:
¢ mode = 1 then X/Q based on Hanford site specific meteorology
¢ mode = 2 then X/Q based on atmospheric stability class and wind speed
c mode = 3 then X/Q plot file is created
c
c LOGICAL CHOICES:
c ifox inorm icdf ichk isite ipop
T F F T F
c ifox =t then joint frequency used to compute frequency to exceed X/Q
c = f then joint frequency used to compute annual average X/Q
c inorm = t then joint frequency data is normalized (as in GENII)
c = f then joint frequency data is un-normalized
¢ jedf = t then cumulative distribution file created (CDF.OUT)
c = f then no cumulative distribution file created
¢ ichk = t then X/Q parameter print option turned on
c = f then no parameter print
c isite = t then X/Q based on joint frequency data for all 16 sectors
c = f then X/Q based on joint frequency data of individual sectors
c ipop =t then X/Q is population weighted
c = f then no population weighting
c
© X/Q AND WIND SPEED ADJUSTMENT MODELS:
¢ ipuff idep isrc iwind

0 0
DIFFUSION COEFFICIENT ADJUSTMENT MODELS:

c
¢ iwake ipm iflow ientr
s} 1 0 0
¢ EFFECTIVE RELEASE HEIGHT ADJUSTMENT MODELS:
c (irise igrnd)iwash igrav
0 0 0 0
¢ ipuff = 1 then X/Q calculated using puff model
c = 0 then X/Q calculated using default continuous plume model
c idep = 1 then plume depletion model turned on (Chamberlain model)
c isrc = 1 then X/@ multiplied by scalar
c = 2 then X/Q adjusted by wind speed function
c iwind = 1 then wind speed corrected for plume height
¢ iwake = 1 then NRC RG 1.145 building wake model turned on
c = 2 then MACCS virtual distance building wake model turned on
c ipm = 1 then NRC RG 1.145 plume meander modet turned on
[ = 2 then 5th Power Law plume meander model turned on
c = 3 then sector average model turned on
¢ iflow = 1 then sigmas adjusted for volume flow rate
¢ ientr = 1 then method of Pasquill used to account for entrainment
¢ irise = 1 then MACCS buoyant plume rise model turned on
c = 2 then [SC2 momentum/buoyancy plume rise model turned on
c igrnd = 1 then Mills buoyant plume rise modification for ground effects
c iwash = 1 then stack downwash model turned on
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¢ igrav = 1 then gravitational settling model turned on

c = 0 unless specified otherwise, 0 turns model off
¢

¢ PARAMETER INPUT:

c reference frequency
¢ release anemometer mixing to

¢ height height height exceed

¢ hs(m) ha(m) hm(m) Cx(%)

c

0.00000E+00 1.00000E+01 1.00000E+03 5.00000E+00

c
c initial initial gravitational
¢ plume plume release deposition settling
c width height duration velocity velocity
¢  Wb(m) Hb(m) trdchr) vd(m/s) vg(m/s)
c
0.00000E+00 0.00000E+00 1.00000E+00 1.00000€-03 1.00000E-03
c
c initial initial convective
c ambient plume plume release heat release
c  temperature temperature flow rate diameter rate(1)
c  Tamb(C) TO(C) vo(m3/s) d(m) qh(w)
c
2.00000E+01 2.00000E+01 7.00060E+00 1.00000E+00 0.00000E+00
c
¢ (1) If zero then buoyant flux based on plume/ambient temperature difference.
¢
c  X/Q Wind
¢ scaling Speed
c factor Exponent
c  c(?) a(?)
c
1.00000E+00 7.80000E-01
c
¢ RECEPTOR DEPENDENT DATA (no line Llimit)
¢ FOR MODE make RECEPTOR DEPENDENT DATA
¢ 1 (site specific) sector distance receptor-height
¢ 2 (by class & wind speed) class windspeed distance offset receptor-height
¢ 3 (create plot file) class windspeed xmax imax ymax jmax xomin power
¢
¢ RECEPTOR PARAMETER DESCRIPTION
¢ sector =0, 1, 2... (all, S, SSW, etc.)
¢ distance = receptor distance (m)
c receptor height = height of receptor (m)
cctass =1, 2, 3, 4, 5, 6, 7 (P-G stability class A, B, C, D, E, F, &
¢ windspeed = anemometer wind speed (m/s)
c offset = offset from plume centerline (m)
c xmax = maximun distance to plot or calculate to (m)
c imax = distance intervals
c ymax = maximum offset to plot (m)
c jmax = offset intervals
c xgnin = minimum scaled X/Q to calculate
¢ power = exponent in power function step size
MODE :

Site specific X/Q calculated.

LOGICAL CHOICES:

Joint frequency used to calculate X/Q based on frequency of exceedance.
No normalization of joint frequency.

X/Q calculated for overall site.

MODELS SELECTED:
NRC RG 1.145 plume meander model selected.
Default Gaussian plume model selected.

WARNING/ERROR MESSAGES:
JOINT FREQUENCY DATA:

200 AREA (HMS) - 10 M - Pasquill A - G (1983 - 1991 Average)
Created 8/26/92 KR
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Atmospheric Dispersion Coefficients for WESF (Onsite, Site Boundary and River)

TOTAL AVERAGE
POPULATION INDIVIDUAL

RECEPT  SECT. SCALED SCALED  ATH.  WIND

DISTANCE HEIGHT FREQ. x/Q X/Q STAB. SPEED

SECTOR  (m) (m} (%) POPULATION  (s/m3) (s/m3) CLASS (m/s)
ALL 100 0 99.94 1 9.40E-03 9.40E-03 F 0.89
ALL 21080 0 99.94 1 9.60E-06 9.60E-06 G 2.65
ALL 11710 0 99.94 1 1.46E-05 1.46E-05 G 2.65
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Current Input File Name: c:\p\wWesf\xq\bwpm-o.IN

GXQ Version 4.0
December 19, 1994

General Purpose Atmospheric Dispersion Code
Produced by Westinghouse Hanford Company

Users Guide documented in WHC-SD-GN-SWD-30002 Rev. 1.
Validation documented in WHC-SD-GN-SWD-30003 Rev. 1.
Code Custodian is: Brit E. Hey

Westinghouse Hanford Company

P.0. Box 1970

Richland, WA 99352

(509) 376-2921

Run Date = 08/30/96
Run Time = 13:59:43.53
INPUT ECHO:

Atmospheric Dispersion Coefficients for WESF (Onsite, Site Boundary and River)
c GXQ Version 4.0 Input File

c  mode
1
c
¢ MODE CHOICE:
c mode = 1 then X/Q based on Hanford site specific meteorology
c mode = 2 then X/Q based on atmospheric stability class and wind speed
c mode = 3 then X/Q plot file is created
c
c LOGICAL CHOICES:
c

ifox inorm icdf ichk isite ipop
T F F

c ifox = t then joint frequency used to compute frequency to exceed X/Q
c = f then joint frequency used to compute annual average X/Q
c inorm = t then joint frequency data is normalized (as in GENII)
c = f then joint frequency data is un-normalized
¢ icdf = t then cumulative distribution file created (CDF.OUT)
c = f then no cumulative distribution file created
¢ ichk = t then X/Q parameter print option turned on
c = f then no parameter print
c isite = t then X/Q based on joint frequency data for all 16 sectors
c = f then X/Q based on joint frequency data of individual sectors
c ipop =t then X/& is population weighted
c = f then no population weighting
c
¢ X/Q AND WIND SPEED ADJUSTMENT MODELS:
¢ ipuff idep isrc iwind
0 0 0
c DIFFUSION COEFFICIENT ADJUSTMENT MODELS:
¢ iwake ipm iflow ientr
1 1 0 0
c EFFECTIVE RELEASE HEIGHT ADJUSTMENT MODELS:
c (irise igrnd)iwash igrav
0 0 0 0
c fpuff = 1 then X/@ calculated using puff model
c = 0 then X/Q calculated using default continuous plume model
c idep = 1 then plume depletion model turned on (Chamberlain model)
¢ isrc = 1 then X/Q multiplied by scalar
c = 2 then X/Q adjusted by wind speed function
¢ iwind = 1 then wind speed corrected for plume height
c iwake = 1 then NRC RG 1.145 building wake model turned on
c = 2 then MACCS virtual distance building wake model turned on
c ipm = 1 then NRC RG 1.145 plume meander model turned on
c = 2 then Sth Power Law plume meander model turned on
c = 3 then sector average model turned on
c iftow = 1 then sigmas adjusted for volume flow rate
c ientr = 1 then method of Pasquill used to account for entrainment
¢ irise = 1 then MACCS buoyant plume rise model turned on
c = 2 then ISC2 momentum/buoyancy plume rise model turned on
c igrnd = 1 then Mills buoyant plume rise modification for ground effects
¢ iwash = 1 then stack downwash model turned on
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c igrav = 1 then gravitational settling model turned on
c = 0 unless specified otherwise, 0 turns model off
c
c PARAMETER INPUT:
c reference frequency
c release anemometer mixing to
¢ height height height exceed
¢ hs(m) ha(m) hm(m) Cx(%)
c
0.000CCE+00 1.00000E+01 1.00000e+03 5. 00000E+00
c
¢ initial initial gravitational
¢ plume plume release deposition settling
¢ width height duration velocity velocity
¢ Wb(m) Rb¢(m) trdchr) vd(m/s) va(m/s)
c
2.00000E+01 1.50000E+01 1.00000E+00 1.00000€E-03 1.00000E-03
c
c initial initial convective
c ambient plume plume release heat release
c  temperature temperature flow rate diameter rate(1)
¢ Tamb(C) TO(C) vO(m3/s) d(m) gh(w)
c
2.00000e+01 2.00000E+01 1.00000E+00 1.00000E+00 0.00000E+00
c
¢ (1) If zero then buoyant flux based on plume/ambient temperature difference.
c
c  X/Q Wind
¢ scaling Speed
¢ factor Exponent
c o a(?)
c
1.00000E+00 7.80000E-01
c
¢ RECEPTOR DEPENDENT DATA (no line limit)
¢ FOR MOD make RECEPTOR DEPENDENT DATA
¢ 1 (site specific) sector distance receptor-height
¢ 2 (by class & wind speed) class windspeed distance offset receptor-height
¢ 3 (create plot file) class windspeed xmax imax ymax jmax Xxgmin power
c
¢ RECEPTOR PARAMETER DESCRIPTION
¢ sector = 0, 1, 2... (all, S, SSW, etc.)
¢ distance = receptor distance (m)
c receptor height = height of receptor (m)
cclass =1, 2,3, 4, 5, 6, 7 (P-G stability class A, B, C, D, E, F, G
¢ windspeed = anemometer wind speed (m/s)
c offset = offset from plume centerline (m)
c xmax = maximum distance to plot or calculate to (m)
c imax = distance intervals
c ymax = maximum offset to plot (m)
¢ jmax = offset intervals
c xgnin = minimum scaled X/Q to calculate
¢ power = exponent in power function step size
MODE:

Site specific X/Q calculated.

LOGICAL CHOICES:

Joint frequency used to calculate X/@ based on frequency of exceedance.
No normalization of joint frequency.

X/Q calculated for overall site.

MODELS SELECTED:

NRC RG 1.145 building wake model selected.
NRC RG 1.145 plume meander model selected.
Default Gaussian plume model selected.

WARNING/ERROR MESSAGES:
JOINT FREQUENCY DATA:

200 AREA (HMS) - 10 M - Pasquill A - G (1983 - 1991 Average)
Created 8/26/92 KR
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Atmospheric Dispersion Coefficients for WESF (Onsite, Site Boundary and River)

TOTAL AVERAGE
POPULATION INDIVIDUAL

RECEPT SECT. SCALED SCALED ATM.  WIND

DISTANCE HEIGHT FREQ. X/Q Xx/Q STAB. SPEED

SECTOR  (m) {m) (%) POPULATION  (s/m3) (s/m3) CLASS (m/s)
ALL 100 0 99.94 1 8.31E-03 8.31E-03 F 0.89
ALL 21080 0 99.94 1  9.60E-06 9.60E-06 G 2.65
ALL 11710 0 99.9 1  1.46E-05 1.46E-05 G 2.65
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GXQ 4C Major Code Changes to Implement Huber Building Wake Plume Spread Enhancement Model

1f iwake=3 then adjust sigmas according to Huber spread enhancement model
xsb = distance from stack to building windward side (m)

if(iwake.eq.3)then
Calculate effective release height at xsb
hexsb=fhe(xsb,ue,uhe,urel, ua,uc, iclass,hprb,hprm, hprt, fm, fb,hwash, hgrav,w0)
If effective release height at xsb < 2.5*hb then spread enhancement
model applies. Limit effective plume height to that which occurs at building.
if(hexsb.[t.2.5*hb)then
he=hexsb
xlee=x-xsb-db
tmp=xlee/hb
1f receptor distance less than 10 building heights then near field model
if(tmp.le.10.0)then
1f effective release height below 1.2 times building height,
then account for enhanced lateral spread also
if(he.lt.(1.2%hb))then
sy6=0.7*(wb/2.)+0.067*(xlee-3.*hb)
else
syb=sy1

endif
$26=0.7*hb+0.067*(xlee-3.*hb)
Receptor distance greater than 10 building heights then far field modet
else
If effective release height below 1.2 times building height,
then account for enhanced lateral spread also
if(he.lt.(1.2*hb))then
xvy3=xvy(iclass,0.7*wb/2.+0.5%hb)
Xxvy3=xvy3-10*hb
Xvy3=max(xvy3,0.0)
sy6=sigmay(iclass, xlee+xvy3)
else
sy6=sy1
endif
xvz3=xvz(iclass,1.2*hb)
xvz3=xvz3-10*hb
xvz3=max(xvz3,0.0)
szb=sigmaz(iclass,xlee+xvz3)
endif
sx6=sy6
endif
endif
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Current Input File Name: gxqé4ctst.IN

GXQ Version 4.0C
December 20, 1996

General Purpose Atmospheric Dispersion Code
Produced by Fluor Daniel Northwest

Users Guide documented in WHC-SD-GN-SWD-30002 Rev. 1.
Validation documented in WHC-SD-GN-SWD-30003 Rev. 1.
Code Custodian is: Brit E. Hey

Fluor Daniel Northwest

P.0. Box 1050

Richland, WA 99352-1050

(509) 376-2921

Run Date
Run Time

02/14/97
12:45:23.36

INPUT ECHO:
Test of Building Cavity Model
¢ GXQ Version 4.0c Input File
¢ mode

2

¢ MODE SELECTION:

c 1 - X/Q based on Hanford site specific meteorology

¢ 2 - X/Q based on atmospheric stability class and wind speed
c 3 - X/@ plot file is created
c
c
c

SITE WIND & POPULATION OPTIONS:
ifox inorm icdf ichk isite ipop
T F F F F

¢ ifox =t then joint frequency used to compute frequency-to-exceed X/Q
c = f then joint frequency used to compute annual average X/Q
¢ inorm = t then joint frequency data is normalized (as in GENII)
c = f then joint frequency data is un-normalized
¢ jedf =t then cumulative distribution file created (CDF.OUT)
c = f then no cumulative distribution file created
¢ ichk =t then X/Q parameter print option turned on
c = f then no parameter print
c isite = t then X/Q based on joint frequency data for all 16 sectors
c = f then X/Q based on joint frequency data of individual sectors
c ipop = t then X/@ is population weighted
c = f then no population weighting
c
c PUFF, DEPOSITION, & WIND SPEED MODELS:
c ipuff idep isrc iwind
0 0 0 1
¢ DIFFUSION COEFFICIENT ADJUSTMENTS:
¢ iwake ipm iflow ientr
3 0
¢ EFFECTIVE RELEASE HEIGHT ADJUSTMENTS:
c (irise igrnd)iwash igrav
2 0 0
c ipuff = 1 then X/@ calculated using puff model
c = 0 then X/@ calculated using default continuous plume model
¢ idep =1 then plume depletion model turned on (Chamberlain model)
c isrc = 1 then X/@ multiplied by scalar
c = 2 then X/Q adjusted by wind speed function
¢ iwind = 1 then wind speed corrected for plume height
¢ iwake = 1 then NRC RG 1.145 building wake model turned on
c = 2 then MACCS virtual distance building wake model turned on
c = 3 then Huber building cavity dispersion model turned on
¢ ipm =1 then NRC RG 1.145 plume meander model turned on
c = 2 then 5th Power Law plume meander model turned on
c = 3 then sector average model turned on
[ iflow = 1 then sigmas adjusted for volume flow rate
¢ ientr = 1 then method of Pasquill used to account for entrainment
¢ irise = 1 then MACCS buoyant ptume rise model turned on
c = 2 then ISC2 momentum/buoyancy plume rise model turned on
c¢ igrnd = 1 then Mills' buoyant plume rise modification for ground effects
¢ iwash = 1 then stack downwash model turned on
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¢ igrav = 1 then gravitational settling model turned on
c = 0 unless specified otherwise, 0 turns model off
c
¢ PARAMETER INPUT:
¢ release anemometer mixing frequency
c height height height to
¢ (m (m) (m) exceed
2.29000E+01 1.00000E+01 1.00000E+03 5.00000€-01
c
c stack to
¢ building building building building
¢ width height depth distance
c  Wb(m) Hb(m) Db(m) xsh(m)
4.90000E+01 1.22000E+01 1.50000E+01 2.30000€+01
c
c gravitational
¢ release deposition settling
¢ duration velocity velocity
¢ (hour) {m/s) (m/s)
0.00000E+00 1.00000€-03 1.00000E-03
c
c initial initiatl convective
c ambient plume plume release heat release
¢ temperature temperature flow rate diameter rate*
c ° ° (m3/s) (m) (watts)
2.00000E+01 2.00000E+01 1.04000E+01 1.07000E+00 0.00000E+00
¢ *If zero then buoyant flux based on plume/ambient temperature difference.
c
¢ X/Q wind
¢ scaling Speed
¢ factor Exponent
1.00000E+00 0.00000E+00
c
¢ RECEPTOR LOCATIONS (no line Limit)
c RECEPTOR DEPENDENT DATA
c 1 (site winds) sector, distance, receptor height
c 2 (special case) class, windspeed, distance, offset, receptor height
¢ 3 (plot file) class, windspeed, xmax, imax, ymax, Jmax, xgmin, power
[
c RECEPTOR PARAMETERS
¢ sector =0, 1, 2... (all, S, SSW, etc.)
¢ distance = receptor distance (m)
¢ receptor height = height of receptor (m)
¢ class = 1,2,3,4,5,6,7 (Pasquill stability A,B,C,D,E,F,G)
¢ windspeed = anemometer wind speed (m/s)
c offset = offset from plume centerline (m)
c  xmax maximum distance to plot or calculate to (m)
¢ imax distance intervals
¢ ymax maximum offset to plot (m)
c  jmax offset intervals
c xgmin = minimum scaled X/Q to calculate
¢ power = exponent in power function step size
MODE:

X/Q calculated by stability class and wind speed.
LOGICAL CHOICES:

MODELS SELECTED:

Ruber building cavity entrainment model selected.

15C2 momentum/buoyancy plume model based on temperature difference.
Default Gaussian plume model selected.

Wind velocity corrected for average plume height.

WARNING/ERROR MESSAGES:

WARNING #10 - X/Q may be underestimated for plume rise scenario without
accounting for entrainment.
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Test of Building Cavity Model

ATHM. WIND RECEPTOR SCALED
STAB. SPEED DISTANCE OFFSET HEIGHT X/Q
CLASS (m/s) (m} (m) (m) (s/m3)

A 0.89 100 0 2 1.32E-07
A 2.70 100 0 2 1.54E-05
A 4.70 100 0 2 2.67E-05
A 7.20 100 0 2 2.29E-05
A 9.80 100 0 2 1.92E-05
A 13.00 100 0 2 1.58E-05
A 16.00 100 0 2 1.34E-05
A 19.00 100 0 2 1.17e-05
B 0.89 100 0 2 4.22E-10
B 2.70 100 0 2 3.12E-06
B 4.70 100 0 2 1.17E-05
B 7.20 100 0 2 1.22E-05
B 9.80 100 0 2 1.12E-05
B 13.00 100 0 2 9.79E-06
B 16.00 100 0 2 8.62E-06
B 19.00 100 0 2 7.65E-06
[9 0.89 100 0 2 2.87E-16
C 2.70 100 0 2 3,04E-08
c 4.70 100 0 2 1.10€6-05
c 7.20 100 0 2 1.19€-05
C 9.80 100 0 2 1.12E-05
c 13.00 100 0 2 9.87E-06
C 16.00 100 0 2 8.76E-06
c 19.00 100 0 2 7.81E-06
o] 0.89 100 0 2 4.60E-35
D 2.70 100 0 2 8.20E-15
D 4.70 100 0 2 1.59€-05
D 7.20 100 0 2 1.69€-05
D 9.80 100 0 2 1.56E-05
D 13.00 100 0 2 1.37e-05
2] 16.00 100 0 2 1.21E-05
) 19.00 100 0 2 1.08€-05
E 0.89 100 0 2 7.61E-28
E 2.70 100 0 2 1.73E-05
E 4.70 100 0 2 2.36E-05
E 7.20 100 0 2 2.29€-05
E 9.80 100 0 2 2.04E-05
E 13.00 100 0 2 1.74E-05
E 16.00 100 0 2 1.52E-05
E 19.00 100 0 2 1.34E-05
F 0.89 100 0 2 0.00E+00
F 2.70 100 0 2 2.96E-05
F 4.70 100 0 2 3.45E-05
F 7.20 100 0 2 3.13E-05
F 9.80 100 0 2 2.70E-05
F 13.00 100 0 2 2.25E-05
F 16.00 100 0 2 1.94E-05
F 19.00 100 0 2 1.70€E-05
G 0.89 100 0 2 0.00E+00
G 2.70 100 0 2 4.58E-05
G 4.70 100 4] 2 5.17E-05
G 7.20 100 0 2 4.62E-05
G 9.80 100 0 2 3.95e-05
G 13.00 100 0 2 3.28E-05
G 16.00 100 0 2 2.82E-05
G 19.00 100 0 2 2.46E-05
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Current Input File Name: zonel.IN

GXa Version 4.0C
December 20, 1996

General Purpose Atmospheric Dispersion Code
Produced by Fluor Daniel Northwest

Users Guide documented in WHC-SD-GN-SWD-30002 Rev. 1.
validation documented in WHC-SD-GN-SWD-30003 Rev. 1.
Code Custodian is: Brit E. Hey

Fluor Daniel Northwest

P.0. Box 1050

Richland, WA 99352-1050

(509) 376-2921

Run Date
Run Time

02/14/97
12:45:23.91

INPUT ECHO:

Atmospheric Diffusion Coefficients for Zone I
c GX& Version 4.0c Input File

¢ mode

c MODE SELECTION:

¢ 1 - X/Q based on Hanford site specific meteorology

¢ 2 - X/Q based on atmospheric stability class and wind speed
c 3 - X/Q plot file is created
c
c
[

SITE WIND & POPULATION OPTIONS:
ifox inorm icdf ichk isite ipop
T F F F

¢ ifox =t then joint frequency used to compute frequency-to-exceed X/Q
c = f then joint frequency used to compute annual average X/Q

¢ inorm = t then joint frequency data is normalized (as in GENII)

c = f then joint frequency data is un-normalized

¢ iedf =t then cumulative distribution file created (CDF.OUT)

c = f then no cumulative distribution file created

¢ jchk = t then X/Q parameter print option turned on

c = f then no parameter print

c isite = t then X/Q based on joint frequency data for all 16 sectors

c = f then X/Q based on joint frequency data of individual sectors
¢ ipop =t then X/Q is population weighted

c = f then no population weighting

c

¢ PUFF, DEPOSITION, & WIND SPEED MODELS:

c

jpuff idep isrc iwind
0 0 1
¢ DIFFUSION COEFFICIENT ADJUSTMENTS:
¢ iwake ipm iflow ientr
3 0 0 0
¢ EFFECTIVE RELEASE HEIGHT ADJUSTMENTS:
¢ (irise igrnd)iwash igrav
2 1 0

¢ ipuff = 1 then X/@ calculated using puff model

c = 0 then X/@ calculated using default continuous plume model
¢ idep =1 then plume depletion model turned on (Chamberlain model)
¢ isrc =1 then X/Q@ multiplied by scalar

c = 2 then X/Q adjusted by wind speed function

¢ iwind = 1 then wind speed corrected for plume height

c iwake = 1 then NRC RG 1.145 building wake model turned on

¢ = 2 then MACCS virtual distance building wake model turned on
c = 3 then Huber building cavity dispersion model turned on

¢ ipm =1 then NRC RG 1.145 plume meander mode! turned on

c = 2 then 5th Power Law plume meander mode! turned on

c = 3 then sector average model turned on

c iflow = 1 then sigmas adjusted for volume flow rate

¢ ientr = 1 then method of Pasquill used to account for entrainment

¢ irise = 1 then MACCS buoyant plume rise model turned on

[3 = 2 then ISC2 momentum/buoyancy plume rise model turned on

c igrnd = 1 then Mills' buoyant plume rise modification for ground effects
¢ iwash = 1 then stack downwash model turned on
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igrav = 1 then gravitational settling model turned on

= 0 unless specified otherwise, 0 turns model off

c
c

c

c PARAMETER INPUT:
¢ release anemometer mixing frequency
¢ height height height to

c exceed

(m) (m) (m)
2.29000E+01 1.00000E+01 1.00000E+03 5.00000€-01

c
c stack to
¢ building building building building
c width height depth distance
c  Wb(m) Hb{m) Db(m) xsb(m)
4_90000E+01 1.22000E+01 1.50000E+01 2.30000E+01
c
c gravitational
c release deposition settling
¢ duration velocity velocity
¢ (hour) (m/s) (m/s)
0.00000E+00 1.00000E-03 1.00000E-03
c
c initial initial convective
¢ ambient plume plume release heat release
¢ temperature temperature flow rate diameter rate*
c  (°0) (°C) (m3/s) (m) (Watts)
2.00000E+01 2.00000E+01 1.04000E+01 1.07000E+00 0.00000E+00
¢ *If zero then buoyant flux based on plume/ambient temperature difference.
c
c X/ Wind
¢ scaling Speed
¢ factor Exponent

1.00000E+00 0.00000E+00

RECEPTOR LOCATIONS (no line Limit)
RECEPTOR DEPENDENT DATA
1 (site winds) sector, distance, receptor height
2 (special case) class, windspeed, distance, offset, receptor height
3 (plot file) class, windspeed, xmax, imax, ymax, jmax, xgmin, power

c
c

c

<

¢

c

c

¢ RECEPTOR PARAMETERS

¢ sector = 0, 1, 2... (all, S, SSW, etc.)

¢ distance = receptor distance (m)

¢ receptor height = height of receptor (m)

¢ class = 1,2,3,4,5,6,7 (Pasquill stability A,B,C,D,E,F,G)
¢ windspeed = anemometer wind speed (m/s)

¢ offset = offset from plume centerline (m)

c

c

c

¢

c

c

Xmax = maximum distance to plot or calculate to (m)
imax = distance intervals
ymax = maximum offset to plot (m)
jmax = offset intervals
xqmin = minimum scaled X/ to calculate
power = exponent in power function step size
MODE

Site.specific X/Q calculated.

LOGICAL CHOICES:

Joint frequency used to calculate X/Q based on frequency of exceedance.
No normalization of joint frequency.

X/Q calculated for single sector.

MODELS SELECTED:

Huber building cavity entrainment model selected.

1SC2 momentum/buoyancy plume model based on temperature difference.
Stack downwash model selected.

Default Gaussian plume model selected.

Wind velocity corrected for average plume height.

WARNING/ERROR MESSAGES:
WARNING #10 - X/Q may be underestimated for plume rise scenario without
accounting for entrainment.

JOINT FREQUENCY DATA:
200 AREA (HMS) - 10 M - Pasquill A - G (1983 - 1991 Average)
Created B/26/92 KR
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Atmospheric Diffusion Coefficients for Zone I

TOTAL AVERAGE
POPULATION INDIVIDUAL

RECEPT  SECT. SCALED SCALED
DISTANCE HEIGHT FREQ. X/Q X/Q

SECTOR  (m) {m) (%)  POPULATION  (s/m3) {s/m3)
NNW 100 2 4.58 1 3.32E-05 3.32E-05
N 100 2 4.36 1 3.22e-05 3.22E-05
NNE 100 2 2.49 1 2.64E-05  2.64E-05
NNW 150 2 4.58 1 8.42E-05 8.42E-05
N 150 2 4.36 1 8.07E-05 8.07E-05
NNE 150 2 2.49 1 4.64E-05  4.64E-05
NNW 200 2 4.58 1 8.53E-05 8.53E-05
N 200 2 4.36 1 8.50E-05 8.50E-05
NNE 200 2 2.49 1  4.58E-05 4.58E-05
NNW 250 2 4.58 1 7.67E-05 7.67E-05
N 250 2 4.36 1 7.56E-05 7.56E-05
NNE 250 2 2.49 1 4.59E-05 4.59E-05
NNW 300 2 4.58 1 6.94E-05  6.94E-05
N 300 2 4.36 1  6.89E-05 6.89E-05
NNE 300 2 2.49 1 4.36E-05 4.36E-05
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Current Input File Name: zone2a.IN

GXQ Version 4.0C
December 20, 1996

General Purpose Atmospheric Dispersion Code
Produced by Fluor Daniel Northwest

Users Guide documented in WHC-SD-GN-SWD-30002 Rev. 1.
Validation documented in WHC-SD-GN-SWD-30003 Rev.
Code Custodian is: Brit E. Hey

Fluor Daniel Northwest

P.0. Box 1050

Richland, WA 99352-1050

(509) 376-2921

Run Date
Run Time

02/14/97
12:45:25.40

INPUT ECHO:
Atmospheric Diffusion Coefficients for Zone IIA
¢ GX@& Version 4.0c Input File
¢ mode

1
C MODE SELECTION:
¢ 1 - X/Q based on Hanford site specific meteorology
¢ 2 - X/Q based on atmospheric stability class and wind speed
c 3 - X/ plot file is created
c
[
c

SITE WIND & POPULATION OPTIONS:
ifox inorm icdf ichk isite ipop
T F F F F

¢ ifox =t then joint frequency used to compute frequency-to-exceed X/Q
c = f then joint frequency used to compute annual average X/Q

¢ inorm = t then joint frequency data is normalized (as in GENII)

c = f then joint frequency data is un-normalized

¢ iedf =t then cumulative distribution file created (CDF.OUT)

c = f then no cumulative distribution file created

¢ ichk = t then X/Q parameter print option turned on

c = f then no parameter print

c isite = t then X/Q based on joint frequency data for all 16 sectors

c = f then X/Q based on joint frequency data of individual sectors
¢ ipop = t then X/ is population weighted

c = f then no population weighting

c

c PUFF, DEPOSITION, & WIND SPEED MODELS:

c

ipuff idep isrc iwind
0 0 0 1
¢ DIFFUSION COEFFICIENT ADJUSTMENTS:
¢ iwake ipm iflow ientr
3
¢ EFFECTIVE RELEASE HEIGHT ADJUSTMENTS:
¢ (irise igrnd)iwash igrav
2 1 0

¢ ipuff = 1 then X/Q calculated using puff model

c = 0 then X/@ calculated using default continuous plume model
¢ idep =1 then plume depletion model turned on (Chamberlain model)
¢ isrc =1 then X/Q multiplied by scalar

c = 2 then X/Q adjusted by wind speed function

¢ iwind = 1 then wind speed corrected for plume height

¢ iwake = 1 then NRC RG 1.145 building wake model turned on

c = 2 then MACCS virtual distance building wake model turned on
c = 3 then Huber building cavity dispersion model turned on

¢ ipm = 1 then NRC RG 1.145 plume meander model turned on

c = 2 then 5th Power Law plume meander model turned on

c =3 then sector average model turned on

c iflow = 1 then sigmas adjusted for volume flow rate

¢ ientr = 1 then method of Pasquill used to account for entrainment

¢ drise = 1 then MACCS buoyant plume rise model turned on

c = 2 then 1SC2 momentum/buoyancy plume rise model turned on

¢ igrnd = 1 then Mills' buoyant plume rise modification for ground effects
¢ iwash = 1 then stack downwash model turned on
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¢ igrav = 1 then gravitational settling model turned on
c = 0 unless specified otherwise, 0 turns model off
c
c PARAMETER INPUT:
c release anemometer mixing frequency
c height height height to
¢ (m) {m) (m) exceed
2.29000E+01 1.00000E+01 1.00000€+03 5.00000E-01
c
c stack to
¢ building building building building
c width height depth distance
c  Wb(m) Hb(m) Db(m) xsb(m)
2.00000€+01 1.60000E+01 2.00000E+01 3.30000E+01
c
c gravitational
¢ release deposition settling
¢ duration velocity velocity
¢ (hour) (m/s) {m/s)
0.00000E+00 1.00000E-03 1.00000E-03
c
c initial initial convective
¢ ambient plume plume release heat release
¢ temperature temperature flow rate diameter rate*
c  (°C) (°C) (m3/s) (m) (Watts)
2.00000E+01 2.00000E+01 1.04000E+01 1.07000E+00 0.00000E+00
¢ *If zero then buoyant flux based on plume/ambient temperature difference.
¢
c  X/a Wind
c scaling Speed
¢ factor Exponent
1.00000E+00 0.00000E+00
[
c RECEPTOR LOCATIONS (no line limit)
¢ MODE RECEPTOR DEPENDENT DATA
¢ 1 (site winds) sector, distance, receptor height
¢ 2 (special case) class, windspeed, distance, offset, receptor height
c 3 (ptot file) class, windspeed, xmax, imax, ymax, jmax, xqmin, power
c
¢ RECEPTOR PARAMETERS
¢ sector = 0, 1, 2... (all, S, SSW, etc.)
¢ distance = receptor distance (m)
¢ receptor height = height of receptor (m)
¢ class = 1,2,3,4,5,6,7 (Pasquill stability A,B,C,D,E,F,G)
¢ windspeed = anemometer wind speed (m/s)
c offset = offset from plume centerline (m)
¢ xmax = maximum distance to plot or calculate to (m)
¢ imax = distance intervals
¢ ymax = maximum offset to plot (m)
¢ jmax = offset intervals
¢ xgmin = minimum scaled X/Q to calculate
¢ power = exponent in power function step size
MODE :

Site specific X/Q calculated.

LOGICAL CHOICES:

Joint frequency used to calculate X/Q based on frequency of exceedance.
No normalization of joint frequency.

X/Q calculated for single sector.

MODELS SELECTED:

Huber building cavity entrainment model selected.

1SC2 momentum/buoyancy plume model based on temperature difference.
Stack downwash model selected.

Default Gaussian plume model selected.

Wind velocity corrected for average plume height.

WARNING/ERROR MESSAGES:
WARNING #10 - X/Q may be underestimated for plume rise scenario without
accounting for entrainment.

JOINT FREQUENCY DATA:
200 AREA (HMS) - 10 M - Pasquill A - G (1983 - 1991 Average)
Created 8/26/92 KR
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Atmospheric Diffusion Coefficients for Zone IIA

TOTAL AVERAGE
POPULATION INDIVIDUAL

RECEPT SECT. SCALED SCALED  ATM.  WIND

DISTANCE HEIGHT FREQ. X/Q X/Q STAB. SPEED
SECTOR  (m) (m) (%) POPULATION  (s/m3) (s/m3) CLASS (m/s)
NE 100 2 3.9 1 3.87E-05 3.87E-05 F 2.65
NE 150 2 3.90 1 9.136-05 9.13E-05 F 2.65
NE 200 2 3.9 1 1.20E-04 1.20E-04 G 4.70
NE 250 2 3.9 1 1.236-04 1.23E-04 E 0.89
NE 300 2 3.9 1 1.136-06  1.13E-04 E 0.89
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Current Input File Name: zone2b.IN

GXQ Version 4.0C
December 20, 1996

General Purpose Atmospheric Dispersion Code
Produced by Fluor Daniel Northwest

Users Guide documented in WHC-SD-GN-SWD-30002 Rev. 1.
Validation documented in WHC-SD-GN-SWD-30003 Rev. 1.
Code Custodian is: Brit E. Hey

Fluor Daniel Northwest

P.0. Box 1050

Richland, WA 99352-1050

(509) 376-2921

Run Date = 02/14/97
Run Time = 12:45:26.39
INPUT ECHO:

Atmospheric Diffusion Coefficients for Zone 11B
c GXQ Version 4.0c Input File
¢ mode

1
c MODE SELECTION:
¢ 1 - X/@ based on Hanford site specific meteorology
¢ 2 - X/@ based on atmospheric stability class and wind speed
¢ 3 - X/@ plot file is created
c
c

SITE WIND & POPULATION OPTIONS:
¢ ifox inorm icdf ichk isite ipop
F F

T F F F
¢ ifox =t then joint frequency used to compute frequency-to-exceed X/Q
c = f then joint frequency used to compute annual average X/Q
c inorm = t then joint frequency data is normalized (as in GENII)
c = f then joint frequency date is un-normalized
¢ icdf =t then cumulative distribution file created (CDF.OUT)
c = f then no cumulative distribution file created
¢ ichk =t then X/Q parameter print option turned on
c = f then no parameter print
¢ isite = t then X/Q based on joint frequency data for all 16 sectors
c = f then X/Q based on joint frequency data of individual sectors
¢ jpop =t then X/Q is population weighted
c = f then no population weighting
c
¢ PUFF, DEPOSITION, & WIND SPEED MODELS:
c

ipuff idep isrc iwind
0 0 0 1
c DIFFUSION COEFFICIENT ADJUSTMENTS:
¢ iwake ipm iflow ientr
3 0 0 0
¢ EFFECTIVE RELEASE HEIGHT ADJUSTMENTS:
¢ (irise igrnd)iwash igrav
2 1 0

c ipuff = 1 then X/@ calculated using puff model

c = 0 then X/Q calculated using default continuous plume model
¢ idep =1 then plume depletion model turned on (Chamberlain model)
¢ isrc =1 then X/@ multiplied by scalar

c = 2 then X/@ adjusted by wind speed function

c iwind = 1 then wind speed corrected for plume height

¢ iwake = 1 then NRC RG 1.145 building wake model turned on

c = 2 then MACCS virtual distance building wake mode! turned on
c = 3 then Huber building cavity dispersion model turned on

¢ ipm =1 then NRC RG 1.145 plume meander model turned on

c = 2 then 5th Power Law plume meander model turned on

c = 3 then sector average model turned on

c iflow = 1 then sigmas adjusted for volume flow rate

¢ ientr = 1 then method of Pasquill used to account for entrainment

c irise = 1 then MACCS buoyant plume rise model turned on

c = 2 then [SC2 momentum/buoyancy plume rise model turned on

c igrnd = 1 then Mills' buoyant plume rise modification for ground effects
¢ iwash = 1 then stack downwash model turned on

B-37



HNF-SD-WM-TI-733 REV 1

igrav = 1 then gravitational settling model turned on

= 0 unless specified otherwise, 0 turns model off

c
c

¢

c PARAMETER INPUT:
c release anemometer mixing frequency
c height height height to

[ exceed

(m) (m) (m)
2.29000E+01 1.00000€+01 1.00000E+03 5.00000E-01

c
c stack to
¢ building building building bui tding
c width height depth distance
¢ Wb(m) Hb(m) Bb(m) xsb(m)
2.00000E+01 1.60000E+01 2.00000E+01 7.00000E+01
c
c gravitational
c relesse deposition settling
¢ duration velocity velocity
¢ (hour) {m/s) (m/s)
0.00000E+00 1.00000E-03 1.00000E-03
c
c initial initial convective
¢ ambient plume plume release heat release
¢ temperature temperature flow rate diameter rate*
¢ (°0) (°C) (m3/s) (m) (watts)
2.00000E+01 2.00000E+01 1.04000E+01 1.07000E+00 0.00000E+00
¢ *If zero then buoyant flux based on plume/ambient temperature difference.
c
¢ X/Q Wind
c scaling Speed
¢ factor Exponent
1.00000E+00 0.00000E+00
c
¢ RECEPTOR LOCATIONS (no line limit)
c RECEPTOR DEPENDENT DATA
¢ 1 (site winds) sector, distance, receptor height
¢ 2 (special case) class, windspeed, distance, offset, receptor height
¢ 3 (plot file) class, windspeed, xmax, imax, ymax, jmax, xgmin, power
c
¢ RECEPTOR PARAMETERS
¢ sector =0, 1, 2... (all, S, SSW, etc.)
¢ distance = receptor distance (m)
¢ receptor height = height of receptor (m)
¢ class = 1,2,3,4,5,6,7 (Pasquill stability A,8,C,D,E,F,G)
¢ wWindspeed = anemometer wind speed (m/s)
¢ offset = offset from plume centerline (m)
¢ xmax = maximum distance to plot or calculate to (m)
¢ imax = distance intervals
¢ ymax = maximum offset to plot (m)
¢ jmax offset intervals
¢ xgmin = minimum scaled X/@ to calculate
c power = exponent in power function step size
MODE :

Site specific X/Q calculated.

LOGICAL CHOICES:

Joint frequency used to calculate X/Q based on frequency of exceedance.
No normatization of joint frequency.

X/Q calcutated for single sector.

MODELS SELECTED:

Huber building cavity entrainment model selected.

1SC2 momentum/buoyancy plume model based on temperature difference.
Stack downwash model selected.

Default Gaussian plume model selected.

Wind velocity corrected for average plume height.

WARNING/ERROR MESSAGES:
WARNING #10 - X/Q may be underestimated for plume rise scemario without
accounting for entrainment.

JOINT FREQUENCY DATA:
200 AREA (HMS) - 10 M - Pasquill A - G (1983 - 1991 Average)
Created 8/26/92 KR



Atmospheric Diffusion Coefficients for Zone 118

RECEPT SECT.
DISTANCE HEIGHT FREQ.

SECTOR  (m) (m) (%)  POPULATION
ENE 100 2 6,17 1
ENE 150 2 617 1
ENE 200 2 617 1
ENE 250 2 617 1
ENE 300 2 617 1
ENE 350 2 6.17 1
ENE 400 2 6.17 1

TOTAL AVERAGE
POPULATION INDIVIDUAL
SCALED SCALED
X/Q X/Q
(s/m3) {s/m3)
1.93E-05 1.93E-05
3.80E-05 3.80E-05
9.53E-05  9.53E-05
1.24E-04  1.24E-04
1.15E-04  1.15E-04
1.03E-04  1.03E-04
9.25E-05 9.25E-05

ATM.
STAB.
CLASS

OOO6Tm >

HNF-SD-WM-TI-733 REV 1

WIND
SPEED
(m/s)

7.15
4.70
0.89
2.65
2.65
2.65
2.65
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Current Input File Name: roofl1.IN

GXQ Version 4.0C
December 20, 1996

General Purpose Atmospheric Dispersion Code
Produced by Fluor Daniel Northwest

Users Guide documented in WHC-SD-GN-SWD-30002 Rev. 1.
validation documented in WHC-SD-GN-SWD-30003 Rev. 1.
Code Custodian is: Brit E. Hey

Fluor Daniel Northwest

P.0. Box 1050

Richland, WA 99352-1050

(509) 376-2921

Run Date = 01/12/97
Run Time = 15:17:24.13
INPUT ECHO:

Atmospheric Diffusion Coefficients for Zone IIB
¢ GXQ Version 4.0c Input File
¢ mode
1
MODE SELECTION:
1 - X/Q based on Hanford site specific meteorology
2 - X/Q based on atmospheric stability class and wind speed
3 - X/Q plot file is created

SITE WIND & POPULATION OPTIONS:
ifox inorm icdf ichk isite ipop
T F F F
ifox

no00000

-

then joint frequency used to compute frequency-to-exceed X/Q
then joint frequency used to compute annual average X/Q

then joint frequency data is normatized (as in GENII)

then joint frequency data is un-normalized

then cumulative distribution file created (CDF.OUT)

then no cumulative distribution file created

t

f
inorm = t
f
t
f
t then X/Q parameter print option turned on
f
t
f
t
f

icdf

ichk
then no parameter print

then X/Q based on joint frequency data for all 16 sectors
then X/Q based on joint frequency data of individual sectors
then X/Q is population weighted

then no population weighting

isite

ipop

PUFF, DEPOSITION, & WIND SPEED MODELS:
ipuff idep isrc iwind
0 0 0 1

00PN OOONANON00N0

o

DIFFUSION COEFFICIENT ADJUSTMENTS:
c iwake ipn iflow ientr
3 0 0
¢ EFFECTIVE RELEASE HEIGHT ADJUSTMENTS:

¢ (irise igrnd)iwash igrav
2 1 0
c  ipuff = 1 then X/Q calculated using puff model
c = 0 then X/@ calculated using default continuous plume model
c idep = 1 then plume depletion model turned on (Chamberlain modet)
¢ isrc =1 then X/Q@ multiplied by scalar
c = 2 then X/Q adjusted by wind speed function
¢ iwind = 1 then wind speed corrected for plume height
¢ iwake = 1 then NRC RG 1.145 building wake model turned on
c = 2 then MACCS virtual distance building wake model turned on
c = 3 then Huber building cavity dispersion model turned on
c ipm =1 then NRC RG 1.145 plume meander model turned on
c = 2 then 5th Power Law plume meander model turned on
c = 3 then sector average model turned on
c iflow = 1 then sigmas adjusted for volume flow rate
¢ ientr = 1 then method of Pasquill used to account for entrainment
c irise = 1 then MACCS buoyant plume rise model turned on
c = 2 then 1SC2 momentum/buoyancy plume rise model turned on
¢ igrnd = 1 then Mills' buoyant plume rise modification for ground effects
¢ iwash = 1 then stack downwash model turned on

B-40



HNF-SD-WM-TI-733 REV 1

c igrav = 1 then gravitational settling mode! turned on
c = 0 unless specified otherwise, 0 turns model off
c
c PARAMETER INPUT:
¢ release anemometer mixing frequency
¢ height height height o
¢ (m) (m) (m) exceed
2.29000E+01 1.00000E+01 1.00000E+03 5.00000€-01
c
c stack to
¢ building bui lding building building
¢ width height depth distance
¢ Wb(m) Hb(m) Db(m) xsh(m)
2.00000E+01 1.60000E+01 2.00000E+01 7.00000E+01
c
c gravitational
c release deposition settling
c duration velocity velocity
¢ (hour) (m/s) (m/s)
0.00000£+00 1.00000E-03 1.00000E -03
c
c initial initial convective
c ambient plume plume release heat release
¢ temperature temperature flow rate diameter rate*
c  (°C) °C) (m3/s) (m) (Watts)
2.00000E+01 2.00000E+01 1.04000E+01 1.07000E+00 0.00000E+00
c  *If zero then buoyant flux based on plume/ambient temperature difference.
c
c  X/Q wind
c scaling Speed
c factor Exponent
1.00000E+00 0.00000E+00
c
c RECEPTOR LOCATIONS (no line limit)
c RECEPTOR DEPENDENT DATA
c 1 (site winds) sector, distance, receptor height
¢ 2 (special case) class, windspeed, distance, offset, receptor height
¢ 3 (plot file) class, windspeed, xmax, imax, ymax, jmax, xqmin, power
c
¢ RECEPTOR PARAMETERS
c sector = 0, 1, 2... (all, S, SSW, etc.)
¢ distance = receptor distance (m)
c receptor height = height of receptor (m)
¢ class = 1,2,3,4,5,6,7 (Pasquill stability A,B,C,D,E,F,G)
¢ windspeed = anemometer wind speed (m/s)
¢ offset = offset from plume centerline (m)
¢ xmax = maximum distance to plot or calculate to (m)
¢ imax distance intervals
¢ ymax maximum offset to plot (m)
c Jjmax offset intervals
¢ xgmin = minimum scaled X/Q to calculate
c power = exponent in power function step size
MODE :

Site specific X/Q calculated.

LOGICAL CHOICES:

Joint frequency used to calculate X/Q based on frequency of exceedance.
No normalization of joint frequency.

X/Q calculated for single sector.

MODELS SELECTED:

Huber building cavity entrainment model selected.

18C2 momentum/buoyancy plume model based on temperature difference.
Stack downwash model selected.

Default Gaussian plume mode!l selected.

Wind velocity corrected for average plume height.

WARNING/ERROR MESSAGES:
WARNING #10 - X/Q may be underestimated for plume rise scenario without
accounting for entrainment.

JOINT FREQUENCY DATA:
200 AREA (HMS) - 10 M - Pasquill A - G (1983 - 1991 Average)
Created 8/26/92 KR
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Atmospheric Diffusion Coefficients for Zone IIB

TOTAL AVERAGE
POPULATION INDIVIDUAL

RECEPT SECT. SCALED SCALED
DISTANCE HEIGHT FREQ. X/Q x/Q

SECTOR  (m) m) (%) POPULATION  (s/m3) {s/m3)
ENE 100 18 6.17 1 2.91E-04 2.91E-04
ENE 150 18 6.17 1 3.34E-04  3.34E-04
ENE 200 18 6.17 1 2.66E-04  2.66E-04
ENE 250 18 6.17 1 2.27E-04  2.27E-04
ENE 300 18 6.17 1 2.03E-04 2.03E-04
ENE 350 18 6.17 1 1.78E-04 1.78E-04
ENE 400 18 6.17 1 1.59E-04 1.59€-04

ATM.
STAB.
CLASS

mmmmo o

WIND
SPEED
(m/s)

0.89
2.65
2.65
0.89
0.89
0.89
0.89



HNF-SD-WM-TI-733 REV 1

Current Input File Name: roof2.IN

GXQ Version 4.0C
December 20, 1996

General Purpose Atmospheric Dispersion Code
Produced by Fluor Daniel Northwest

Users Guide documented in WHC-SD-GN-SWD-30002 Rev. 1.
Validation documented in WHC-SD-GN-SWD-30003 Rev. 1.
Code Custodian is: Brit E. Hey

Fluor Daniel Northwest

P.0. Box 1050

Richland, WA 99352-1050

(509) 376-2921

Run Date = 01/15/97
Run Time = 07:30:07.46
INPUT ECHO:

Atmospheric Diffusion Coefficients for Zone 1IB
¢ GXQ Version 4.0c Input File
¢ mode

1
¢ MODE SELECTION:
¢ 1 - X/Q based on Hanford site specific meteorology
¢ 2 - X/Q based on atmospheric stability class and wind speed
c 3 - X/Q plot file is created
c
c
c

SITE WIND & POPULATION OPTIONS:
ifox inorm icdf ichk isite ipop
T F F F

c ifox =t then joint frequency used to compute frequency-to-exceed X/Q
c = f then joint frequency used to compute annual average X/Q

¢ inorm = t then joint frequency data is normalized (as in GENII)

c = f then joint frequency data is un-normalized

¢ iedf =t then cumulative distribution file created (CDF.OUT)

c = f then no cumulative distribution file created

¢ ichk =t then X/Q parameter print option turned on

c = f then no parameter print

¢ isite = t then X/Q based on joint frequency data for all 16 sectors

c = f then X/Q based on joint frequency data of individual sectors
¢ ipop = t then X/Q is population weighted

c = f then no population weighting

[

¢ PUFF, DEPOSITION, & WIND SPEED MODELS:

c

ipuff idep isrc iwind
0 0 0 1

c DIFFUSION COEFFICIENT ADJUSTMENTS:
¢ iwake ipm iflow ientr
0 0 0

0
c EFFECTIVE RELEASE HEIGHT ADJUSTMENTS:

¢ (irise igrnd)iwash igrav
2 0 1 0
¢ ipuff = 1 then X/Q calculated using puff model
c = 0 then X/Q calculated using default continuous plume model
¢ idep = 1 then plume depletion model turned on (Chamberlain model)
¢ isrc =1 then X/Q multiplied by scalar
c = 2 then X/Q adjusted by wind speed function
¢ iwind = 1 then wind speed corrected for plume height
¢ iwake = 1 then NRC RG 1.145 building wake model turned on
c = 2 then MACCS virtual distance building wake model turned on
c = 3 then Huber building cavity dispersion model turned on
¢ ipm = 1 then NRC RG 1.145 plume meander model turned on
c = 2 then 5th Power Law plume meander model turned on
c = 3 then sector average model turned on
c iflow = 1 then sigmas adjusted for volume flow rate
c ientr = 1 then method of Pasquill used to account for entrainment
c irise = 1 then MACCS buoyant plume rise model turned on
c = 2 then ISC2 momentum/bucyancy plume rise model turned on
c igrnd = 1 then Mills' buoyant plume rise medification for ground effects
c iwash = 1 then stack downwash model turned on

B-43



HNF-SD-WM-TI-733 REV 1

1 then gravitational settling model turned on
0 unless specified otherwise, 0 turns model off

igrav

c

¢

c

¢ PARAMETER INPUT:
¢ release anemometer mixing frequency
c height height height to

c exceed

(m) (m) (m)
2.29000E+01 1.00000E+01 1.00000E+03 5.00000E-01

c
[ stack to
¢ building building building building
c width height depth distance
¢ Wb(m) Hb(m) Db(m) xsb(m)
2.00000E+01 1.60000E+01 2.00000E+01 7.00000+01
c
c gravitational
c release deposition settling
¢ duration velocity velocity
¢ (hour) (m/s) (m/s)
0.00000E+00 1.00000E-03 1.00000E-03
c
c initial initial convective
c ambient plume plume release heat release
¢ temperature temperature flow rate diameter rate*
¢ (°0) (°C) (m3/s) {m) (watts)
2.00000E+01 2.00000E+01 1.04000E+01 1.07000E+00 0.00000E+00
¢ *If zero then buoyant flux based on plume/ambient temperature difference.
c
c X/ wind
¢ scaling Speed
¢ factor Exponent
1.00000E+00 0.00000E+00
c
¢ RECEPTOR LOCATIONS (no line limit)
c RECEPTOR DEPENDENT DATA
¢ 1 (site winds) sector, distance, receptor height
¢ 2 (special case) class, windspeed, distance, offset, receptor height
c 3 (plot file) class, windspeed, xmax, imax, ymax, jmax, xgmin, power
c
c RECEPTOR PARAMETERS
¢ sector =0, 1, 2... (all, S, SSW, etc.)
¢ distance = receptor distance (m)
¢ receptor height = height of receptor (m)
¢ class = 1,2,3,4,5,6,7 (Pasquill stability A,B,C,D,E,F,G)
¢ windspeed = anemometer wind speed (m/s)
¢ offset = offset from plume centerline (m)
c  xmax maximum distance to plot or calculate to (m)
c imax distance intervals
c  ymax maximum offset to plot (m)
c  jmax offset intervals
¢ xgmin = minimum scaled X/Q to calculate
¢ power = exponent in power function step size
MODE:

Site specific X/Q calcutated.

LOGICAL CHOICES:

Joint frequency used to calculate X/@ based on frequency of exceedance.
No normalization of joint frequency.

X/Q calculated for single sector.

MODELS SELECTED:

1SC2 momentum/buoyancy plume model based on temperature difference.
Stack downwash model selected.

Default Gaussian plume model selected.

Wind velocity corrected for average plume height.

WARNING/ERROR MESSAGES:
WARNING #10 - X/Q may be underestimated for plume rise scenario without
accounting for entrainment.

JOINT FREQUENCY DATA:

200 AREA (HMS) - 10 M - Pasquill A - G (1983 - 1991 Average)
Created 8/26/92 KR

B-44



HNF-SD-WM-TI-733 REV 1

Atmospheric Diffusion Coefficients for Zone IIB

TOTAL AVERAGE
POPULATION INDIVIDUAL

RECEPT SECT. SCALED SCALED

DISTANCE HEIGHT FREQ. Xx/Q X/Q

SECTOR  (m) (m) (%) POPULATION  (s/m3) (s/m3)
ENE 100 18 6.17 1 9.16E-05 9.16E-05
ENE 150 18 6.17 1 8.87e-05 8.87E-05
ENE 200 18 6.17 1 8.14E-05 8.14E-05
ENE 250 18  6.17 1 7.956-05 7.95E-05
ENE 300 18 6.17 1 6.85E-05 6.85E-05
ENE 350 18 6.17 1 6.776-05 6.77E-05
ENE 400 18 6.17 1 6.81E-05 6.81E-05

B-45
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STAB.
CLASS

ammmmoo

WIND
SPEED
(m/s)

9.80
9.80
7.15
4.70
7.15
2.65
4.70
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Current Input File Name: roof3.IN

GXQ Version 4.0C
December 20, 1996

General Purpose Atmospheric Dispersion Code
Produced by Fluor Daniel Northwest

Users Guide documented in WHC-SD-GN-SWD-30002 Rev. 1.
Validation documented in WHC-SD-GN-SWD-30003 Rev. 1.
Code Custodian is: Brit E. Hey

Fluor Daniel Northwest

P.0. Box 1050

Richland, WA 99352-1050

(509) 376-2921

Run Date
Run Time

12/22/96
09:49:54.97

INPUT ECHO:
Atmospheric Diffusion Coefficients for Zone 118
¢ GXQ@ Version 4.0c Input File
¢ mode

1
¢ MODE SELECTION:
¢ 1 - X/Q based on Hanford site specific meteorology
¢ 2 - X/Q based on atmospheric stability class and wind speed
¢ 3 - X/Q plot file is created
c
c
c

SITE WIND & POPULATION OPTIONS:
ifox inorm icdf ichk isite ipop
T F F F F F .
then joint frequency used to compute frequency-to-exceed X/Q

c ifox =1t

c = f then joint frequency used to compute annual average X/Q

¢ inorm = t then joint frequency data is normalized (as in GENII)

c = f then joint frequency data is un-normalized

¢ icdf = t then cumulative distribution file created (CDF.OUT)

c = f then no cumulative distribution file created

¢ ichk =t then X/Q parameter print option turned on

c = f then no parameter print

c isite = t then X/Q based on joint frequency data for all 16 sectors
c = f then X/Q based on joint frequency data of individual sectors
¢ ipop =t then X/Q is population weighted

c = f then no population weighting

c

¢ PUFF, DEPOSITION, & WIND SPEED MODELS:

c

ipuff idep isrc iwind
0 0 0 1

¢ DIFFUSION COEFFICIENT ADJUSTMENTS:
c iwake ipm iflow ientr
0 0 0

¢ EFFECTIVE RELEASE HEIGHT ADJUSTMENTS:
¢ (irise igrnd)iwash igrav
2 1 4]

c ipuff = 1 then X/@ calculated using puff model

c = 0 then X/Q calculated using default continuous plume model
¢ idep = 1 then plume depletion model turned on (Chamberlain model)
¢ isrc =1 then X/Q multiplied by scalar

c = 2 then X/@ adjusted by wind speed function

¢ iwind = 1 then wind speed corrected for plume height

c iwake = 1 then NRC RG 1.145 building wake model turned on

c = 2 then MACCS virtual distance building wake model turned on
c = 3 then Huber building cavity dispersion model turned on

¢ ipm =1 then NRC RG 1.145 plume meander model turned on

c = 2 then 5th Power Law plume meander model turned on

c = 3 then sector average model turned on

c iftow = 1 then sigmas adjusted for volume flow rate

¢ ientr = 1 then method of Pasquill used to account for entrainment

¢ irise = 1 then MACCS buoyant plume rise model turned on

c = 2 then 1SC2 momentum/buoyancy plume rise model turned on

c jgrnd = 1 then Mills' buoyant plume rise modification for ground effects
¢ jwash = 1 then stack downwash model turned on
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c igrav = 1 then gravitational settling model turned on
c = 0 unless specified otherwise, 0 turns model off
c
¢ PARAMETER INPUT:
¢ release anemometer mixing frequency
¢ height height height to
c (m) (m) (m) exceed
6.90000E+00 1.00000E+01 1.00000E+03 5.00000E-01
<
c stack to
c building building building building
¢ width height depth distance
¢ Wb(m) Hb(m) Db(m) xsb(m)
2.00000E+01 1.60000E+01 2.00000E+01 7.00000E+01
c
c gravitational
c release deposition settling
¢ duration velocity velocity
¢ (hour) (m/s) (m/s)
0.00000E+00 1.00000E-03 1.00000€-03
c
c initial initial convective
¢ ambjent plume plume release heat release
c temperature temperature flow rate diameter rate*
c  (°C) ¢ (m3/s) (m) (watts)
2.00000E+01 2.00000E+01 1.04000E+01 1.07000E+00 0.00000€+00
¢ *If zero then buoyant flux based on plume/ambient temperature difference.
c
¢ X/Q Wind
c scaling Speed
¢ factor Exponent
1.00000E+00 0.00000E+00
c
¢ RECEPTOR LOCATIONS (no line limit)
c RECEPTOR DEPENDENT DATA
c 1 (site winds) sector, distance, receptor height
¢ 2 (special case) class, windspeed, distance, offset, receptor height
c 3 (plot file) class, windspeed, xmax, imax, ymax, Jmax, xqmin, power
c .
¢ RECEPTOR PARAMETERS
¢ sector =0, 1, 2... (all, S, SSW, etc.)
¢ distance = receptor distance (m)
¢ receptor height = height of receptor (m)
¢ class = 1,2,3,4,5,6,7 (Pasquill stability A,B,C,D,E,F,G)
¢ windspeed = anemometer wind speed (m/s)
c offset = offset from plume centerline (m)
c xmax = maximum distance to plot or calculate to (m)
¢ imax = distance intervals
¢ ymax = maximum offset to plot (m)
¢ Jmax offset intervals
¢ xgmin = minimum scaled X/Q to calculate
c power = exponent in power function step size
MODE =

Site specific X/@ calculated.

LOGICAL CHOICES:

Joint frequency used to calcutate X/Q based on frequency of exceedance.
No normalization of joint frequency.

X/ calculated for single sector.

MODELS SELECTED:

1SC2 momentum/buoyancy plume model based on temperature difference.
Stack downwash model selected.

Default Gaussian plume model selected.

Wind velocity corrected for average plume height.

WARNING/ERROR MESSAGES:
WARNING #10 - X/Q may be underestimated for plume rise scenario without
accounting for entrainment.

JOINT FREQUENCY DATA:
200 AREA (HMS) - 10 M - Pasquill A - G (1983 - 1991 Average)
Created 8/26/92 KR
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Atmospheric Diffusion Coefficients for Zone IIB

TOTAL AVERAGE
POPULATION INDIVIDUAL

RECEPT SECT. SCALED SCALED
DISTANCE HEIGHT FREQ. X/Q X/Q

SECTOR  (m) (m) (%) POPULATION  (s/m3) (s/m3)
ENE 100 2 6.17 1 1.24E-04  1.24E-04
ENE 150 2 6.7 1 1.16E-04  1.16E-04
ENE 200 2 6.17 1 1.12E-04  1.12E-04
ENE 250 2 6.17 1 1.13E-04  1.13E-04
ENE 300 2 6.17 1 1.10E-04  1.10E-04
ENE 350 2 6.17 1 1.03E-06 1.03E-04
ENE 400 2 6.17 1  1.02E-04  1.02E-04
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7.15
7.15
7.15
4.70
7.15
7.15
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Current Input File Name: zone3.IN

GXQ Version 4.0C
December 20, 1996

General Purpose Atmospheric Dispersion Code
Produced by Fluor Daniel Northwest

Users Guide documented in WHC-SD-GN-SWD-30002 Rev. 1.
Validation documented in WHC-SD-GN-SWD-30003 Rev. 1.
Code Custodian is: Brit E. Hey

Fluor Daniel Northwest

P.0. Box 1050

Richland, WA 99352-1050

(509) 376-2921

Run Date = 02/14/97
Run Time = 12:45:27.54
INPUT ECHO:

Atmospheric Diffusion Coefficients for Zone III
c GXQ Version 4.0c Input File
¢ mode

1
¢ MODE SELECTION:
¢ 1 - X/Q based on Hanford site specific meteorology
¢ 2 - X/Q based on atmospheric stability class and wind speed
¢ 3 - X/a plot file is created
c
c
c

SITE WIND & POPULATION OPTIONS:
ifox inorm icdf ichk isite ipop
T F F F F

-

¢ ifox =t then joint frequency used to compute frequency-to-exceed X/Q
c = f then joint frequency used to compute annual average X/Q

¢ inorm = t then joint frequency data is normalized (as in GENII)

c = f then joint frequency data is un-normalized

¢ icdf = t then cumulative distribution file created (CDF.OUT)

c = f then no cumulative distribution file created

¢ ichk = t then X/Q parameter print option turned on

c = f then no parameter print

¢ isite = t then X/Q based on joint frequency data for all 16 sectors

c = f then X/@ based on joint frequency data of individual sectors
¢ ipop =t then X/Q is population weighted

c = f then no population weighting

c

¢ PUFF, DEPOSITION, & WIND SPEED MODELS:

c

ipuff idep isrc iwind

0 0 o} 1

¢ DIFFUSION COEFFICIENT ADJUSTMENTS:
¢ iwake ipm iflow ientr

0 0 0 0
c EFFECTIVE RELEASE HEIGHY ADJUSTMENTS:

¢ (irise igrnd)iwash igrav
2 1 0
¢ ipuff = 1 then X/Q calculated using puff model
c = 0 then X/Q calculated using default continuous plume model
¢ idep =1 then plume depletion model turned on (Chamberlain model)
¢ isrc =1 then X/Q multiplied by scalar
c = 2 then X/Q adjusted by wind speed function
¢ iwind = 1 then wind speed corrected for plume height
¢ iwake = 1 then NRC RG 1.145 building wake model turned on
c = 2 then MACCS virtual distance building wake model turned on
c = 3 then Huber building cavity dispersion model turned on
c ipm =1 then NRC RG 1.145 plume meander model turned on
c = 2 then Sth Power Law plume meander model turned on
c = 3 then sector average model turned on
¢ iflow = 1 then sigmas adjusted for volume flow rate
¢ ientr = 1 then method of Pasquill used to account for entrainment
¢ irise = 1 then MACCS buoyant plume rise model turned on
c = 2 then ISC2 momentum/buoyancy plume rise model turned on
¢ igrnd = 1 then Mills' buoyant plume rise modification for ground effects
c iwash = 1 then stack downwash model turned on
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c igrav = 1 then gravitational settling model turned on
c = 0 unless specified otherwise, 0 turns model off
c
c PARAMETER INPUT:
¢ release anemometer mixing frequency
¢ height height height to
c (m (m) (m) exceed
2.,29000E+01 1.00000E+01 1.00000E+03 5.00000E-01
c
c stack to
¢ building building building buitding
¢ wWidth height depth distance
¢ Wb(m) Kb(m) Db(m) xsb(m)
2.50000E+01 7.60000E+00 1.30000£+01 3.20000E+01
c
c gravitational
¢ release deposition settling
¢ duration velocity velocity
¢ (hour) (m/s) (m/s)
0.00000E+00 1.00000E-03 1.00000€-03
c
c initial initial convective
¢ ambient plume plume release heat release
¢ temperature temperature flow rate diameter rate*
c  (°C) °c) (m3/s) (m) (watts)
2.00000E+01 2.00000E+01 1.04000E+01 1.07000E+00 0.00000E+00
¢ *If zero then buoyant flux based on plume/ambient temperature difference.
c
c  X/Q Wind
c scaling Speed
c factor Exponent
1.00000E+00 0.00000E+00
c
¢ RECEPTOR LOCATIONS (no line limit)
c RECEPTOR DEPENDENT DATA
¢ 1 (site winds) sector, distance, receptor height
¢ 2 (special case) class, windspeed, distance, offset, receptor height
c 3 (plot file) class, windspeed, xmax, imax, ymax, jmax, xgmin, power
c
¢ RECEPTOR PARAMETERS
¢ sector =0, 1, 2... (all, S, SSW, etc.)
¢ distance = receptor distance (m)
¢ receptor height = height of receptor (m)
¢ class = 1,2,3,4,5,6,7 (Pasquill stability A,B8,C,D,E,F,G)
¢ windspeed = anemometer wind speed (m/s)
¢ offset = offset from plume centerline (m)
c  Xmax maximun distance to plot or calculate to (m)
¢ imax distance intervals
c  ymax maximum offset to plot (m)
¢  jmax offset intervals
¢ xgmin = minimum scaled X/Q to calculate
c power = exponent in power function step size
MODE :

Site specific X/Q calculated.

LOGICAL CHOICES:

Joint frequency used to calculate X/@ based on frequency of exceedance.
No normalization of joint frequency.

X/Q calculated for single sector.

MODELS SELECTED:

18C2 momentum/buoyancy ptume model based on temperature difference.
Stack downwash model selected.

Default Gaussian plume model selected.

Wind velocity corrected for average plume height.

WARNING/ERROR MESSAGES:
WARNING #10 - X/Q may be underestimated for plume rise scenario without
accounting for entrainment.

JOINT FREQUENCY DATA:

200 AREA (HMS) - 10 M - Pasquill A - G (1983 - 1991 Average)
Created 8/26/92 KR
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Atmospheric Diffusion Coefficients for Zone Il

TOTAL AVERAGE
POPULATION INDIVIDUAL

RECEPT SECT. SCALED SCALED

DISTANCE HEIGHT FREQ. X/Q X/Q

SECTOR  (m) (m) (%) POPULATION  (s/m3) (s/m3)
E 100 2 14.05 1 1.93E-05 1.93E-05
E 150 2 14.05 1 2.89E-05 2.89e-05
E 200 2 14.05 1 2.98E-05  2.98E-05
E 250 2 14.05 1 2.89E-05 2.89E-05
E 300 2 14.05 1 2.69E-05 2.69E-05
E 350 2 14.05 1 2.1E-05 2.11E-05
E 400 2 14.05 1 1.91E-05  1.91E-05

ATM.
STAB.
CLASS

WOPEP PP

WIND
SPEED
m/s)

7.15
4.70
4.70
4.70
2.65
7.15
4.70
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Current Input File Name: zone4a.IN

GXQ Version 4.0C
December 20, 1996

General Purpose Atmospheric Dispersion Code
Produced by Fluor Daniel Northwest

Users Guide documented in WHC-SD-GN-SWD-30002 Rev. 1.
Validation documented in WHC-SD-GN-SWD-30003 Rev. 1.
Code Custodian is: Brit E. Hey

Fluor Daniel Northwest

P.0. Box 1050

Richland, WA 99352-1050

(509) 376-2921

Run Date
Run Time

02/14/97
12:45:28.36

INPUT ECHO:
Atmospheric Diffusion Coefficients for Zone IV
¢ GXa& Version 4.0c Input File
¢ mode

1
¢ MODE SELECTION:
¢ 1 - X/Q based on Hanford site specific meteorology
¢ 2 - X/Q based on atmospheric stability class and wind speed
¢ 3 - X/Q plot file is created
c
c
c

SITE WIND & POPULATION OPTIONS:
ifox inorm icdf ichk isite ipop
f

T F F F
¢ ifox =t then joint frequency used to compute frequency-to-exceed X/Q
c = f then joint frequency used to compute annual average X/Q
¢ inorm = t then joint frequency data is normalized (as in GENII)
c = f then joint frequency data is un-normalized
c icdf = t then cumulative distribution file created (CDF.OUT)
c = f then no cumulative distribution file created
¢ ichk = t then X/Q parameter print option turned on
c = f then no parameter print
c isite = t then X/Q based on joint frequency data for all 16 sectors
c = f then X/Q based on joint frequency data of individual sectors
c ipop = t then X/Q is population weighted
c = f then no population weighting
c
¢ PUFF, DEPOSITION, & WIND SPEED MODELS:
c

ipuff idep isrc iwind
0 0 0 1

¢ DIFFUSION COEFFICIENT ADJUSTMENTS:
¢ iwake ipm iflow ientr

3 0 ] 0
c EFFECTIVE RELEASE HEIGHT ADJUSTMENTS:
(irise igrnd)iwash igrav
2 1 0

a

c ipuff = 1 then X/Q calculated using puff model

c = 0 then X/@ calculated using default continuous plume model
¢ idep = 1 then plume depletion model turned on (Chamberiain model)
¢ isrc = 1 then X/@ multiplied by scalar

c = 2 then X/@ adjusted by wind speed function

¢ iwind = 1 then wind speed corrected for plume height

¢ iwske = 1 then NRC RG 1.145 building wake model turned on

c = 2 then MACCS virtual distance building wake model turned on
c = 3 then Huber building cavity dispersion model turned on

¢ ipm =1 then NRC RG 1.145 plume meander model turned on

c = 2 then 5th Power Law plume meander model turned on

c = 3 then sector average model turned on

¢ iflow = 1 then sigmas adjusted for volume flow rate

¢ ientr = 1 then method of Pasquill used to account for entrainment

¢ irise = 1 then MACCS buoyant plume rise model turned on

c = 2 then 1SC2 momentum/buoyancy plume rise model turned on

¢ igrnd = 1 then Mills' buoyant plume rise modification for ground effects
¢ iwash = 1 then stack downwash model turned on
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¢ igrav = 1 then gravitational settling model turned on
c = 0 unless specified otherwise, 0 turns model off
c
c PARAMETER INPUT:
¢ relesse anemometer mixing frequency
c height height height to
c (m) (m) (m) exceed
2.29000E+01 1.00000E+01 1.00000€E+03 5.00000£-01
c
c stack to
¢ building building bui lding building
¢ width height depth distance
c  Wb(m) Hb(m) Db(m) xsb(m)
2.00000E+01 1.22000E+01 2.00000E+01 8.00000E+01
c
c gravitational
¢ release deposition settling
¢ duration velocity velocity
¢ (hour) (m/s) (m/s)
0.00000E+00 1.00000€-03 1.00000E-03
c
c initial initial convective
¢ ambient plume plume release heat release
¢ temperature temperature flow rate diameter rate*
c ( ¢ (m3/s) (m) (watts)
2.00000E+01 2.00000E+01 1.04000E+01 1.07000£+00 0.00000E+00
¢ *If zero then buoyant flux based on plume/ambient temperature difference.
c
c  X/Q Wind
c scating Speed
c factor Exponent
1.00000E+00 0.00000E+00
c
c RECEPTOR LOCATIONS (no line limit)
c RECEPTOR DEPENDENT DATA
c 1 (site winds) sector, distance, receptor height
¢ 2 (special case) class, windspeed, distance, offset, receptor height
c 3 (plot file) class, windspeed, xmax, imax, ymax, jmax, xgmin, power
c
c RECEPTOR PARAMETERS
¢ sector =0, 1, 2... (all, §, SSW, etc.)
¢ distance = receptor distance (m)
c receptor height = height of receptor (m)
¢ class = 1,2,3,4,5,6,7 (Pasquill stability A,B,C,D,E,F,G)
¢ windspeed = anemometer wind speed (m/s)
¢ offset = offset from plume centerline (m)
¢ xmax = maximum distance to plot or calculate to (m)
¢ imax distance intervals
c  ymax maximum offset to plot (m)
¢ jmax offset intervals
¢ xgmin = minimum scaled X/@ to calculate
¢ power = exponent in power function step size
MODE :

Site specific X/Q calculated.

LOGICAL CHOICES:

Joint frequency used to calculate X/Q based on frequency of exceedance.
No normalization of joint frequency.

X/Q calculated for single sector.

MODELS SELECTED:

Huber building cavity entrainment model selected.

18C2 momentum/buoyancy plume model based on temperature difference.
Stack downwash model selected.

Default Gaussian plume model selected.

Wind velocity corrected for average ptume height.

WARNING/ERROR MESSAGES:
WARNING #10 - X/Q may be underestimated for plume rise scenario without
accounting for entrainment.

JOINT FREQUENCY DATA:

200 AREA (HMS) - 10 M - Pasquill A - G (1983 - 1991 Average)
Created 8/26/92 KR
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Atmospheric Diffusion Coefficients for Zone IV

TOTAL AVERAGE
POPULATION INDIVIDUAL

RECEPT SECT. SCALED SCALED  ATM.  WIND

DISTANCE HEIGHT FREQ. X/Q X/Q STAB. SPEED
SECTOR  (m) {m) (%)  POPULATION  (s/m3) (s/m3) CLASS (m/s)
ESE 100 2 18.80 1 1.938-05  1.93E-05 A 7.15
ESE 200 2 18.80 1 5.35E-05 5.35E-05 G 4.70
ESE 250 2 18.80 1 6.68E-05 6.6BE-05 G 4.70
ESE 300 2 18.80 1 5.80E-05 5.80E-05 G 4.70
ESE 350 2 18.80 1 5.17E-05 S.17€-05 G 4.70
ESE 400 2 18.80 1  4.6BE-05 4.68E-05 G 4.70
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Current Input File Name: zone4b.IN

GX@ Version 4.0C
December 20, 1996

General Purpose Atmospheric Dispersion Code
Produced by fluor Daniel Northwest

Users Guide documented in WHC-SD-GN-SWD-30002 Rev. 1.
validation documented in WHC-SD-GN-SWD-30003 Rev. 1.
Code Custodian is: Brit E. Hey

Fluor Daniel Northwest

P.0. Box 1050

Richland, WA 99352-1050

(509) 376-2921

Run Date = 02/14/97
Run Time = 12:45:29.35
INPUT ECHO:

Atmospheric Diffusion Coefficients for Zone IV
¢ GXQ Version 4.0c Input File
c  mode

1
c© MODE SELECTION:
¢ 1 - X/Q based on Hanford site specific meteorology
¢ 2 - X/Q based on atmospheric stability class and wind speed
¢ 3 - X/Q plot file is created
c
c
c

SITE WIND & POPULATION OPTIONS:
ifox inorm icdf ichk isite ipop
F F

PUFF, DEPOSITION, & WIND SPEED MODELS:
ipuff idep isrc iwind
0 0 0 1

T F F
¢ ifox =t then joint frequency used to compute frequency-to-exceed X/Q
c = f then joint frequency used to compute annual average X/Q
¢ inorm = t then joint frequency data is normalized (as in GENII)
c = f then joint frequency data is un-normalized
¢ jcdf =t then cumulative distribution file created (CDF.OUT)
c = f then no cumulative distribution file created
¢ ichk =t then X/Q parameter print option turned on
c = f then no parameter print
c isite = t then X/Q based on joint frequency data for all 16 sectors
c = f then X/Q based on joint frequency data of individual sectors
¢ ipop =t then X/Q is population weighted
c = f then no population weighting
¢
c
c

¢ DIFFUSION COEFFICIENT ADJUSTMENTS:
c iwake ipm iflow ientr
3 0 0
¢ EFFECTIVE RELEASE HEIGHT ADJUSTMENTS:
¢ (irise igrnd)iwash igrav
2 1 0

¢ ipuff = 1 then X/Q calculated using puff model

c = 0 then X/Q calculated using default continuous plume model
¢ idep = 1 then plume depletion model turned on (Chambertain model)
c isrc =1 then X/@ multiplied by scalar

c = 2 then X/Q adjusted by wind speed function

c iwind = 1 then Wind speed corrected for plume height

¢ iwake = 1 then NRC RG 1.145 building wake model turned on

c = 2 then MACCS virtual distance building wake model turned on
c = 3 then Huber building cavity dispersion model turned on

¢ ipm = 1 then NRC RG 1.145 plume meander model turned on

[ = 2 then 5th Power Law plume meander model turned on

c = 3 then sector average model turned on

¢ iflow = 1 then sigmas adjusted for volume flow rate

¢ ientr = 1 then method of Pasquill used to account for entrainment

¢ irise = 1 then MACCS buoyant plume rise model turned on

c = 2 then 1SC2 momentum/bucyancy plume rise model turned on

c igrnd = 1 then Mills' buoyant plume rise modification for ground effects
¢ iwash = 1 then stack downwash model turned on
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igrav = 1 then gravitational settling model turned on

= 0 unless specified otherwise, 0 turns model off

release anemometer mixing frequency
height height height to
exceed

c

c

<

c PARAMETER INPUT:
c

c

e (m (m) (m)

2.29000E+01 1.00000E+01 1.00000E+03 5.00000E-01

c
c stack to
¢ building building building building
c width height depth distance
¢ wWb(m) Hb(m) Db(m) xsb(m)
2.00000E+01 1.22000E+01 2.00000E+01 4.10000E+01
c
c gravitationat
¢ release deposition settling
¢ duration velocity velocity
¢ (hour) (m/s) (m/s)
0.00000E+00 1.00000E-03 1.00000€-03
<
c initial initial convective
c ambient plume plume release heat release
¢ temperature temperature flow rate diameter rate*
c  (°0) °C) (m3/s) (m) (watts)
2.00000€+01 2.00000E+01 1.04000E+01 1.07000E+00 0.00000E+00
¢ *If zero then buoyant flux based on plume/ambient temperature difference.
c
c  X/a Wind
¢ scaling Speed
c factor Exponent
1.00000E+00 0.00000E+00
[
¢ RECEPTOR LOCATIONS (no line Limit)
C  MODE RECEPTOR DEPENDENT DATA
¢ 1 (site winds) sector, distance, receptor height
¢ 2 (special case) class, windspeed, distance, offset, receptor height
c 3 (plot file) class, windspeed, xmax, imax, ymax, jmax, xgmin, power
¢
c RECEPTOR PARAMETERS
¢ sector = 0, 1, 2... (all, S, SSW, etc.)
¢ distance = receptor distance (m)
¢ receptor height = height of receptor (m)
c class = 1,2,3,4,5,6,7 (Pasquill stability A,B,C,D,E,F,G)
¢ windspeed = anemometer wind speed (m/s)
¢ offset = offset from plume centerline (m)
¢ xmax = maximum distance to plot or calculate to (m)
¢ imax distance intervals
c  ymax maximum offset to plot (m)
¢ jmax offset intervals
¢ xgmin = minimum scaled X/Q to calculate
¢ power = exponent in power function step size

MODE:
Site specific X/@ calculated.

LOGICAL CHOICES:

Joint frequency used to calculate X/Q based on frequency of exceedance.
No normalization of joint frequency.

X/Q calculated for single sector.

MODELS SELECTED:

Huber building cavity entrainment model selected.

1SC2 momentum/buoyancy plume model based on temperature difference.
Stack downwash model selected.

Default Gaussian plume model selected.

Wind velocity corrected for average plume height.

WARNING/ERROR MESSAGES:
WARNING #10 - X/Q@ may be underestimated for plume rise scenario without
accounting for entrainment.

JOINT FREQUENCY DATA:
200 AREA (HMS) - 10 M - Pasquill A - G (1983 - 1991 Average)
Created 8/26/92 KR
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Atmospheric Diffusion Coefficients for Zone IV

TOTAL AVERAGE
POPULATION INDIVIDUAL

RECEPT SECT. SCALED SCALED  ATM.  WIND

DISTANCE HEIGHT FREQ. x/Q x/Q STAB. SPEED
SECTOR  (m) {m) (%) POPULATION  (s/m3) (s/m3) CLASS (m/s)
SE 100 2 10.83 1 2.1E-05 2.11E-05 A 7.15
SE 150 2 10.83 1  4.40E-05  4.40E-05 F 7.15
SE 200 2 10.83 1 8.27e-05 8.27E-05 G 4.70
SE 250 2 10.83 1 7.06E-05 7.06E-05 G 4.70
SE 300 2 10.83 1 6.23-05 6.23E-05 G 4.70
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Current Input File Name: zone5.IN

GXQ Version 4.0C
December 20, 1996

General Purpose Atmospheric Dispersion Code
Produced by Fluor Daniel Northwest

Users Guide documented in WHC-SD-GN-SWD-30002 Rev. 1.
Validation documented in WHC-SD-GN-SWD-30003 Rev. 1.
Code Custodian is: Brit E. Hey

Fluor Daniel Northwest

P.0. Box 1050

Richland, WA 99352-1050

(509) 376-2921

Run Date = 02/14/97
Run Time = 12:45:30.29
INPUT ECHO:

Atmospheric Diffusion Coefficients for Zone V
c GXQ Version 4.0c Input File
¢ mode

1
¢ MODE SELECTION:
¢ 1 - X/0Q based on Hanford site specific meteorology
¢ 2 - X/0 based on atmospheric stability class and wind speed
¢ 3 - X/Q plot file is created
c
c
c

SITE WIND & POPULATION OPTIONS:
ifox inorm icdf ichk isite ipop
F F

T F F
¢ ifox =t then joint frequency used to compute frequency-to-exceed X/Q
c = f then joint frequency used to compute annual average X/Q
¢ inorm = t then joint frequency data is normalized (as in GENII)
c = f then joint frequency data is un-normalized
¢ jedf =t then cumulative distribution file created (CDF.OUT)
c = f then no cumulative distribution file created
¢ ichk = t then X/Q parameter print option turned on
c = f then no parameter print
¢ isite = t then X/Q based on joint frequency data for all 16 sectors
c = f then X/Q based on joint frequency data of individual sectors
¢ ipop =t then X/ is population weighted
c = f then no population weighting
c
¢ PUFF, DEPOSITION, & WIND SPEED MODELS:
¢ ipuff idep isrc iwind
0 0 0 1
¢ DIFFUSION COEFFICIENT ADJUSTMENTS:
¢ iwake ipm iflow ientr
0 0
c EFFECTIVE RELEASE HEIGHT ADJUSTMENTS:
¢ (irise igrnd)iwash igrav
2 1 0
¢ ipuff = 1 then X/Q calculated using puff model
c = 0 then X/Q calculated using default continuous plume model
¢ idep =1 then plume depletion model turned on (Chamberlain model)
¢ isrc =1 then X/Q multiplied by scalar
c = 2 then X/Q adjusted by wind speed function
¢ iwind = 1 then wind speed corrected for plume height
¢ iwake = 1 then NRC RG 1.145 building wake model turned on
c = 2 then MACCS virtual distance building wake model turned on
c = 3 then Huber building cavity dispersion model turned on
¢ ipm = 1 then NRC RG 1.145 plume meander model turned on
c = 2 then 5th Power Law plume meander model turned on
c = 3 then sector average model turned on
c iflow = 1 then sigmas adjusted for volume flow rate
¢ ientr = 1 then method of Pasquill used to account for entrainment
¢ irise = 1 then MACCS buoyant plume rise model turned on
c = 2 then 1SC2 momentum/buoyancy plume rise model turned on
c igrnd = 1 then Mills' buoyant plume rise modification for ground effects
¢ iwash = 1 then stack downwash model turned on
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igrav = 1 then gravitational settling model turned on

0 unless specified otherwise, 0 turns model off

release anemometer mixing frequency
0

¢

c

c

c PARAMETER INPUT:
c

¢ height height height
c

(m) (m) (m) exceed
2.29000E+01 1.00000E+01 1.00000E+03 5.00000E-01

c
c stack to
¢ building building building building
¢ width height depth distance
¢  Wb(m) Hb(m) Db{m) xsh(m)
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
c
c gravitational
c release deposition settling
¢ duration velocity velocity
¢ ¢hour) (m/s) (m/s)
0.00000E+00 1.00000€-03 1.00000E-03
c
c initial initisl convective
¢ ambient plume plume release heat release
¢ temperature temperature flow rate - diameter rate*
¢ (°0) °C) (m3/s) (m) (watts)
2.00000E+01 2.00000E+01 1.04000E+01 1.07000E+00 0.00000E+00
¢ *If zero then buoyant flux based on plume/ambient temperature difference.
¢
c  X/Q Wind
¢ scaling Speed
¢ factor Exponent
1.00000E+00 0.00000E+00
¢
¢ RECEPTOR LOCATIONS (no line limit)
c RECEPTOR DEPENDENT DATA
c 1 (site winds) sector, distance, receptor height
¢ 2 (special case) class, windspeed, distance, offset, receptor height
c 3 (plot file) class, windspeed, xmax, imax, ymax, jmax, xgmin, power
c
¢ RECEPTOR PARAMETERS
¢ sector = 0, 1, 2... (all, S, SSwW, etc.)
¢ distance = receptor distance (m)
¢ receptor height = height of receptor (m)
c¢ class = 1,2,3,4,5,6,7 (Pasquill stability A,B,C,D,E,F,G)
¢ windspeed = anemometer wind speed (m/s)
¢ offset = offset from plume centerline (m)
¢ xmax = maximum distance to plot or calculate to (m)
¢ imax distance intervals
c  ymax maximum offset to plot (m)
¢ jmex offset intervals
¢ xgmin = minimum scaled X/@ to calculate
c power = exponent in power function step size

MODE:
Site specific X/@ calculated.

LOGICAL CHOICES:

Joint frequency used to calculate X/Q based on frequency of exceedance.
No normalization of joint frequency.

X/Q calculated for single sector.

MODELS SELECTED:

1SC2 momentum/buoyancy plume model based on temperature difference.
Stack downwash model selected.

Default Gaussian plume model selected.

Wind velocity corrected for average plume height.

WARNING/ERROR MESSAGES:
WARNING #10 - X/Q may be underestimated for plume rise scenario without
accounting for entrainment.

JOINT FREQUENCY DATA:
200 AREA (HMS) - 10 M - Pasquill A - G (1983 - 1991 Average)
Created 8/26/92 KR
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Atmospheric Diffusion Coefficients for Zone V

TOTAL AVERAGE
POPULATION INDIVIDUAL

RECEPT SECT. SCALED SCALED

DISTANCE HEIGHT FREQ. X/Q x/Q

SECTOR  (m) (m) (%)  POPULATION (s/m3) (s/m3)
5 100 2 6.30 1 1.51E-05 1.51E-05
s 200 2 6.30 1 3.856-05 3.85E-05
s 250 2 6.30 1 3.93e-05 3.93E-05
s 300 2 6.30 1 3.73e-05 3.73E-05
S 350 2 6.30 1 3.738-05 3.73E-05
s 400 2 6.30 1 3.60E-05  3.60E-05
S 3677 2 6.30 1 2.09E-05 2.09E-05
SSW 100 2 4.53 1 1.51E-05 1.S1E-05
SSW 200 2  4.53 1 3.49E-05 3.49E-05
SSW 250 2 4.53 1  3.61E-05 3.61E-05
SSW 300 2 4.53 1 3.05e-05 3.05E-05
SSH 350 2 4.53 1 3.47E-05 3.47E-05
SSW 400 2 4.53 1 3.126-05 3.12E-05
SSW 3677 2 4.53 1 1.66E-05 1.66E-05
SW 100 2 2.93 1 5.06E-06 5.06E-06
sW 200 2 2.93 1 2.81E-05 2.81E-05
SW 250 2 2.93 1 3.30E-05 3.30E-05
SW 300 2 2.93 1 2.80E-05 2.80E-05
SW 350 2 2.93 1 2.23E-05 2.23E-05
SW 400 2 2.93 1 2.29E-05 2.29€-05
SW 3677 2 2.93 1 1.76E-05 1.76E-05
WSk 100 2 2.72 1 2.64E-07  2.64E-07
WSW 200 2 2.72 1t 2.80E-05 2.80E-05
WSW 250 2 2.72 1 3.49E-05  3.49E-05
WSW 300 2 272 1 2.93E-05 2.93E-05
WSW 350 2 2.72 1 3.45E-05  3.45€-05
WsW 400 2 2.7 1 3.026-05 3.02E-05
WsW 3677 2 2.72 1 1.75E-05 1.75E-05
W 100 2 4.80 1 1.22E-05 1.22E-05
W 200 2 4.80 1 3.74E-05  3.74E-05
W 250 2 4.80 1 3.94E-05  3.94E-05
W 300 2 4.80 1  3.76E-05 3.76E-05
W 350 2 4.80 1 3.79e-05 3.79E-05
W 400 2 4.80 1 3.61E-05 3.61E-05
W 3677 2 4.80 1 2.16E-05 2.16E-05
WNW 100 2 3.98 t  1.11E-05  1.11E-05
WNW 200 2 3.98 1 3.60E-05 3.60E-05
WNW 250 2 3.98 1  3.68E-05 3.68E-05
WNW 300 2 3.98 1 3.09E-05 3.09E-05
WNW 350 2 3.98 1  3.47E-05 3.47E-05
WNW 400 2 3.98 1 3.12E-05 3.12E-05
WNW 3677 2 3.98 1 2.09E-05 2.09€-05
NW 100 2 4.72 1 1.01E-05 1.01E-05
NW 200 2 4.72 1 3.49E-05  3.49E-05
NW 250 2 472 1 3.53e-05 3.53e-05
NW 300 2 4.72 1 3.026-05 3.02E-05
NW 350 2 472 1 3.41E-05 3.41E-05
NW 400 2 4.72 1 2.99E-05 2.99€E-05
NW 3677 2 4.72 1 2.12E-05 2.12E-05
SSE 100 2 4.78 1 1.40E-05  1.40E-05
SSE 200 2 4.78 1 3.57e-05 3.57E-05
SSE 250 2 4.78 1 3.67E-05 3.67E-05
SSE 300 2 4.78 1 3.16E-05  3.16E-05
SSE 350 2 4.78 1 3.49E-05  3.49E-05
SSE 400 2 4.78 1 3.19E-05 3.19E-05
SSE 3677 2 4.78 1 2.08E-05 2.08E-05
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APPENDIX C - Encapsulation Database System Information
This appendix contains:

1. SrF, Capsule EDS Information Decayed to 1/1/96

2. CsCl Capsule EDS Information Decayed to 1/1/96

3. DSI from Mario M. Pereira to Brit Hey, "Verification of EDS Gram Salt/cc Field,"
dated January 29, 1996.
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“BEST AVAILABLE COPY

EDS CAPSULE IH?ORHATION'
Decayad to 12/31/95

Uncyt Capsules

kCi Decaved Cesium_(]1328) Strontium_ (600)*
Total ’  52047.57 22575.62
Average 33.19 37.83
Maximum 53.15 "~ .08
Minimum 25,65 4.23

- Median Value 39.03 36.69

. Uncyt Capsules
Wattage Decayed Cesium (1328) Strontium (600}*

Total 249969.62 152621.60
‘ Average 188.23 254.37
Maximum 255.25 614.92
Minimum 122.99 28.85
Median Value 187.44 248.64

*Does not include Tracer Capsule $-2
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Srf, Capsule EDS Information Decayed to 1/1/96

Outer
Capsule
0 #

NDODDNDBOBBLOO WV
P R SR R R S]

Thermal
Power
W)

Net
Wt.

§-472

§-501
§-502
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$-601
$-602
$-603
$-604
§-605
§-607
$-609
$-61

$-610
$-611
$-612
$-613
§-615
$-616
$-617
§-619
§-62

$-620
§-621
§-623
§-624
§-626
§-627
$-628
$-63

§-630
§-631
§-632
§-633
$-634
$-635
§-636
$-637
S-64

$-640
$-641
$-644
§-645
§-646
§-647
$-648
$-649
$-650
$-651
$-652
$-653
$-654
$-655
$-656
§-657
$-658
§-659
§-66

S-661
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HNF-SD-WM-TI-733 REV 1

$-997 486 2.859
$-998 479 2.589
§-999 114 1.68

CsCl Capsule EDS Information Decayed to 1/1/96

Outer Net Load Thermal

Capsule Capsule Double Wt. Factor Power

D # Type Pour (kg) (g/cc) W) Destination
C-100 1 NO 2.793 2.818 201 RSI-A/RET
C-1000 3 NO 2.72  2.935 198 RESERVE
€-1001 3 NO 2.288 2.469 160 I0TECH/RE
C-1002 3 NO 2.353 2.539 164 RESERVE
€-1003 3 NO 1.858 2.005 193 RSI-A/RET
C-1004 3 NO 2.311  2.4%4 177 RESERVE
€-1005 3 NO 2.708 2.923 201 I0TECH/RE
C-1006 3 NO 2.689 2.902 195 JOTECH/RE
€-1007 3 NO 2.719 2.934 201 RSI-A/RET
€-1008 3 NO 2.673 2.885 200 RSI-A/RET
€-1009 3 NO 2.7 2.914 195 RESERVE
€-1010 3 NO 2.725 2.941 179 RESERVE
c-1011 3 NO 2.606 2.812 184 I0TECH/RE
€-1012 3 NO 2.708 2.923 175 RSI-A/RET
€-1013 3 NO 1.946 2.1 172 IOTECH/RE
C-1014 3 NO 2.928 3.16 186 RSI-A/RET
C-1015 3 NO 2.603 2.809 174 IOTECH/RE
c-1016 3 YES 1.917 2.069 171 RESERVE
C-1017 3 NO 1.965 2.121 174 RESERVE
c-1018 3 NO 2.598 2.804 177 10TECH/RE
C-1019 3 NO 2.674 2.886 181 RSI-A/RET
C-1020 3 NO 2.613 2.82 181 RESERVE
c-1021 3 NO 2,636 2.845 186 RESERVE
€-1022 3 NO 2.657 2.867 184 RESERVE
€-1023 3 NO 2.778 2.998 185 RSI-A/RET
C-1024 3 NO 2.74  2.957 179 RESERVE
€-1025 3 NO 2.645 2.855 201 RSI-A/RET
€-1026 3 NO 2.64  2.849 198 RSI-A/RET
€-1027 3 NO 2.671 2.883 197 RESERVE
c-1028 3 NO 2.543 2.744 194 RESERVE
€-1030 3 NO 2.653 2.863 198 IOTECH/RE
€-1031 3 NO 2.664 2.875 191 RESERVE
€-1032 3 NO 2.638 2.847 183 10TECH/RE
€-1033 3 NO 2.655 2.865 192 RESERVE
€-1034 3 NO 2.578 2.782 196 RESERVE
c-1035 3 NO 2.657 2.867 182 RESERVE
C-1036 3 NO 2.613 2.82 193 IOTECH/RE
c-1038 3 NO 2.591 2.796 206 RESERVE
C-1039 3 NO 2.736 2.953 177 T0TECH/RE
C-104 NO 2.835 2.814 200 ARECO
C-1040 3 NO 2.647 2.857 179 10TECH/RE
C-1041 3 NO 2.51  2.709 167 RSI-A/RET
C-1043 3 NO 2.749 2.967 186 RESERVE
C-1044 3 NO 2.617 2.824 190 RSI-A/RET
C-1046 3 NO 2.351 2.537 163 RESERVE
C-1047 3 NO 2.74  2.957 195 RESERVE
C-1048 3 NO 2.685 2.898 199 RESERVE
C-1049 3 NO 2.743 2.96 194 RESERVE
C-105 YES 2.904 2.883 231 PNL-300
C-1050 3 NO 2.597 2.803 204 IOTECH/RE
C-1051 3 NO 2.636 2.845 224 RESERVE
€-1052 3 NO 2.63 2.838 215 RESERVE
C-1054 3 NO 2.698 2.912 203 RESERVE
€-1055 3 NO 2.643 2.852 204 RESERVE
c-1057 3 NO 2.712 2.927 215 RESERVE
C-1059 3 NO 2.705 2.919 190 10TECH/RE
C-1060 3 NO 2.676 2.888 183 RESERVE
c-1061 3 NO 2.217 2.393 206 T0TECH/RE
c-1062 3 NO 2.681 2.893 207 RESERVE
C-1065 3 NO 2.354 2.54 162 RSI-A/PNL
C-1066 3 NO 2.745 2.962 201 RSI-A/RET
c-1067 3 NO 2.736 2.953 203 RESERVE
C-1068 3 NO 2.705 2.919 198 RESERVE
C-1069 3 NO 2.7 2.925 200 RESERVE
c-1070 3 NO 2.717 2.932 194 RSI-A/RET
c-1071 3 NO 2.725 2.941 220 RESERVE
c-1072 3 NO 2.7 2.929 201 RESERVE
c-1073 3 NO 2.683 2.896 192 RESERVE
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RESERVE
RSI-A/RET
RESERVE
10TECH/RE
10TECH/RE
RSI-A/RET
RSI-W/RET
RESERVE
10TECH/RE
IOTECH/RE
RESERVE
RSI-A/RET
RSI-A/RET
RSI-A/RET
RESERVE
RS1-A/RET
RESERVE
RESERVE
RS1-A/PNL
RESERVE
RESERVE
RESERVE
IOTECH/RE
RSI-A/RET
I0TECH/RE
RESERVE
RESERVE
RESERVE
IOTECH/RE
RESERVE
RSI-A/RET
RSI-A/RET
RSI-A/RET
RESERVE
RESERVE
IOTECH/RE
RESERVE
RESERVE
10TECR/RE
RESERVE
IOTECH/RE
I0TECH/RE
RESERVE
RSI-A/RET
RSI-A/RET
RESERVE
IOTECH/RE
I0TECH/RE
RSI-A/RET
RSI-A/RET
ARECO
RESERVE
RESERVE
RESERVE
RSI-A/OR/
RSI-A/RET
RSI-A/RET
10TECH/RE
PNL-TPCI/
RESERVE
SANDIA-CP
10TECH/RE
RS!-A/RET
IOTECH/RE
10TECH/RE
RSI-A/RET
10TECH/RE
RSI-A/RET
TOTECH/RE
10TECH/RE
10TECH/RE
RSI-A/RET
RESERVE
10TECH/RE
10TECH/RE
I0TECH/RE
RSI-A/RET
RESERVE
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c-1157 3 NO 2.699 2.913 229 RESERVE
c-1158 3 NO 2.69 2.903 184 RSI-A/RET
c-1159 3 YES 2.705 2.955 209 RSI-A/RET
c-116 2 NO 2.698 2.722 191 SANDIA-CP
c-1160 3 NO 2.694 2.907 176 10TECH/RE
c-1161 3 NO 2.687 2.9 200 RSI-A/RET
c-1162 3 NO 2.621 .2.829 194 10TECH/RE
C-1163 3 NO 2.726 2.942 191 10TECH/RE
C-1165 3 NO 2.709 2.924 194 10TECH/RE
C-1166 3 NO 2.706 2.918 208 RESERVE
c-1167 3 NO 2.705 2.919 192 I0TECH/RE
c-1169 3 NO 2.715 2.93 195 RSI-W/RET
c-1170 3 NO 2.731 2.947 198 RSI-A/RET
c-1171 3 NO 2.702 2.916 200 RESERVE
c-172 3 NO 2.606 2.812 195 RESERVE
c-N173 3 NO 2.721 2.937 200 RESERVE
c-1174 3 NO 2.721 2.937 191 RSI-A/PNL
C-1175 3 NO 2.695 2.908 186 RESERVE
c-1176 3 YES 2.672 2.884 218 RESERVE
c-177 3 NO 2.701 2.915 199 RSI-W/RET
c-1179 3 NO 2.378 2.566 205 10TECH/RE
c-118 2 YES 2.824 2.804 207 SANDIA-CP
c-1180 3 NO 2.641 2.85 215 RESERVE
c-1181 3 NO 2.624 2.832 199 1OTECH/RE
c-1182 3 NO 2.636 2.845 219 RESERVE
c-1183 3 NO 2.657 2.867 205 RESERVE
C-1184 3 NO 2.625 2.833 224 RESERVE
c-1185 3 NO 2.487 2.684 166 RSI-A/RET
c-1186 3 NO 2.603 2.809 176 RSI-A/RET
c-1187 3 NO 2.517 2.716 179 RESERVE
C-1188 3 NO 2.505 2.703 180 RSI-A/RET
c-1189 3 NO 2.532 2.733 172 RSI-W/RET
c-119 2 NO 2.764 2.744 206 SANDIA-CP
€-1190 3 NO 2.477 2.673 166 RSI-W/RET
c-1191 3 NO 2.554 2.756 177 RESERVE
c-1192 3 NO 2.617 2.824 174 RESERVE
C-1195 3 NO 2.618 2.825 174 RSI-W/RET
C-1196 3 NO 2.595 2.801 174 RSI-A/PNL
C-1197 3 NO 2.668 2.879 187 RS1-W/RET
c-1198 3 NO 2,637 2.846 212 RESERVE
C-1199 3 NO 2.627 2.835 171 RESERVE
c-120 NO 2.728 2.708 205 SANDIA-CP
€-1200 3 NO 2.617 2.824 182 RESERVE
c-1201 3 NO 2.662 2.873 184 RESERVE
C-1202 3 NO 2.663 2.874 175 10TECH/RE
€-1203 3 NO 2.737 2.954 189 RESERVE
C-1204 3 NO 2.735 2.952 189 RSI-W/RET
€-1205 3 NO 2.651 2.861 197 RSI-A/RET
C-1206 3 NO 2.708 2.923 190 RSI-W/RET
c-1207 3 NO 2.757 2.975 196 RSI-W/RET
c-1208 3 NO 2.735 2.952 189 10TECH/RE
c-1209 3 NO 2.759 2.978 200 RSI-W/RET
c-121 NO 2.732 2.712 205 SANDIA-CP
c-1210 3 NO 2.831 3.055 184 RSI-W/RET
c-1211 3 NO 2.825 3.049 180 10TECH/RE
c-1212 3 NO 2.831 3.055 190 10TECH/RE
c-1213 3 NO 2.806 3.028 178 RS1-W/RET
c-1214 3 NO 2.782 3,002 181 RESERVE
€-1215 3 NO 2.82 3,043 180 RSI1-A/RET
c-1216 3 NO 2.983 3.219 184 10TECH/RE
c-1217 3 NO 2.825 3.049 188 RESERVE
c-1218 3 NO 2.98 3.216 182 RSI-A/RET
c-1219 3 NO 2.928 3.16 183 10TECH/RE
c-1220 3 NO 3.009 3.247 182 PNL-300
c-1221 3 NO 2.943 3.176 175 10TECH/RE
c-1222 3 NO 3.008 3.246 184 PNL-300
€-1223 3 YES 2.99 3.227 185 10TECH/RE
C-1224 3 NO 2.912 3.143 180 RSI-W/RET
€-1225 3 YES 3.031 3.271 184 PNL-300/R
€-1226 3 NO 2.98 3.216 189 RSI-A/RET
c-1227 3 NO 2.717 2.932 196 RESERVE
€-1228 3 NO 2.968 3.203 185 RESERVE
c-1229 3 NO 2.904 3.134 181 RESERVE
C-1230 3 NO 2.891 3.12 176 RSI-W/RET
c-1231 3 NO 2.877 3.105 197 RESERVE
C-1232 3 NO 2.904 3.134 187 RSI-A/RET
C-1233 3 NO 2.923 3.155 184 RESERVE
c-1234 3 NO 2.89  3.119 186 10TECH/RE
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C-1235 3 NO 2.88  3.108 185 RESERVE
c-1236 3 NO 3.055 3.297 192 PNL-300
c-1238 3 NO 2.445 2.639 162 RSI-A/RET
c-1239 3 NO 2.77  2.989 189 ARECO
C-1240 3 NO 2.799 3.021 195 RSI-A/RET
C-1242 3 NO 2.792 3.013 189 RSI-A/RET
C-1243 3 NO 2.784 3.005 200 RSI-W/RET
C-1244 3 NO 2.668 2.879 197 RESERVE
C-1245 3 NO 2.794 3.015 199 RSI-A/RET
C-1246 3 NO 2.784 3.005 201 RSI-W/RET
C-1247 3 NO 2.746 2.964 205 RSI-A/RET
€-1249 3 NO 2.779 2.999 198 RSI-W/RET
c-1251 3 NO 2.849 3.075 195 10TECH/RE
c-1252 3 NO 2.674 193 RESERVE
c-1253 3 NO 2.698 2.912 197 RESERVE
C-1254 3 NO 2.625 2.833 191 RSI-A/RET
C-1255 3 NO 2.684 2.897 204 RESERVE
C-1260 3 NO 2.764 2.983 179 RSI-A/RET
€-1261 3 NO 2.757 2.975 183 RESERVE
€-1262 3 NO 2.764 2.983 184 RESERVE
C-1263 3 NO 2.654 2.864 180 RSI-W/RET
C-1264 3 NO 2.759 2.978 189 10TECH/RE
C-1265 3 NO 2.748 2.966 190 10TECH/RE
c-1267 3 NO 2.779 2.999 177 RSI-A/RET
C-1269 3 NO 2.488 2.685 165 RESERVE
c-127 NO 2.777 2.757 217 RESERVE
c-1270 3 NO 2.532 2.733 174 10TECH/RE
c-1271 3 NO 2.524 2.724 164 RSI-A/RET
c-1273 3 NO 2.695 2.908 193 RS1-W/RET
c-1275 3 NO 2.666 2.877 176 ARECO
C-1276 3 NO 2.639 2.848 179 RESERVE
c-1277 3 NO 2.625 2.833 178 RSI-W/RET
c-1278 3 NO 2.705 2.919 190 RSI-W/RET
c-1279 3 NO 2.798 3.02 195 TOTECH/RE
c-128 YES 2.867 2.846 218 RESERVE
c-1281 3 NO 2.64  2.849 190 RSI-A/RET
€-1283 3 NO 2.695 2.908 191 10TECH/RE
C-1284 3 NO 2.694 2.907 199 RSI-W/RET
c-1285 3 NO 2.694  2.907 190 RSI-W/RET
c-1286 3 NO 2.663 2.874 190 T0TECH/RE
c-1288 3 NO 2.667 2.878 195 RSI-A/RET
c-129 NO 2.975 3.001 226 RESERVE
C-1290 3 NO 2.668 2.879 183 RESERVE
c-1291 3 NO 2.672 2.884 175 RESERVE
C-1292 3 NO 2.706 2.92 177 RSI1-A/RET
c-1293 3 NO 2.698 2.912 181 RST-W/RET
C-1294 3 NO 2.625 2.833 170 RESERVE
C-1295 3 NO 2.714 2.929 182 IOTECH/RE
€-1296 3 NO 2.761 2.98 196 I0TECH/RE
C-1297 3 NO 2.76  2.979 194 RSI-W/RET
c-1298 3 NO 2.76  2.979 190 RESERVE
c-13 1 NO 2.886 2.911 204 RESERVE
C-1300 3 NO 2.773 2.993 185 RSI-A/RET
c-1301 3 NO 2.639 2.848 183 10TECH/RE
c-1302 3 NO 2.658 2.869 185 RESERVE
c-1303 3 NO 2.653 2.863 186 RESERVE
C-1304 3 NO 2.755 2.973 183 RS1-W/RET
€-1305 3 NO 2.442 2.635 168 RESERVE
€-1306 3 NO 2.278 2.458 176 RESERVE
c-1307 3 NO 2.468 2.664 165 TOTECH/RE
c-1308 3 NO 2.353 2.539 172 1OTECH/RE
C-1309 3 NO 2.738 2.955 180 10TECK/RE
c-131 NO 2.974 3 226 RESERVE
c-1311 3 YES 2.453 2.647 167 10TECH/RE
c-1312 3 YES 2.517 2.716 172 RESERVE
€-1313 3 NO 2.733 2.949 188 RESERVE
c-1315 3 NO 2.267 2.447 164 ARECO
c-1321 3 NO 2.478 2.674 185 RESERVE
c-1322 3 NO 2.596 2.802 171 RESERVE
C-1323 3 NO 2.723 2.939 193 RESERVE
C-1324 3 NO 2.684 2.897 179 RESERVE
C-1325 3 NO 2.751 2.969 197 10TECH/RE
c-1326 3 NO 2.826 3.05 198 RS1-A/RET
c-1328 3 NO 2.387 2.576 171 10TECH/RE
c-1329 3 NO 2.83  3.054 204 RESERVE
c-1330 3 NO 2.228 2.404 161 RSI-A/RET
c-1331 3 NO 2.689 2.902 189 RSI-A/RET
c-1332 3 NO 2.483 2.68 166 RESERVE
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179
194
126
167
179
162
172

RESERVE
RESERVE
IOTECH/RE
RESERVE
RSI-A/RET
IOTECH/RE
IOTECH/RE
RSI-W/RET
RSI-A/RET
IOTECH/RE
RSI-A/RET
I0TECH/RE
I0TECH/RE
I0TECH/RE
RESERVE
RSI-A/RET
RESERVE
I0TECH/RE
RSI-A/RET
PNL-300/R
RSI-W/PNL
RESERVE
RESERVE
RESERVE
T0TECH/RE
RS1-W/RET
RESERVE
RSI-W/RET
RSI-A/RET
RESERVE
RESERVE
10TECH/RE
RESERVE
10TECH/RE
10TECH/RE
RSI-W/RET
RSI-W/RET
RSI-W/RET
RESERVE
10TECH/RE
ARECO
RSI-A/RET
TOTECH/RE
10TECH/RE
RESERVE
RSI-A/RET
RESERVE
RESERVE
RSI-A/RET
10TECH/RE
RESERVE
I0TECH/RE
RSI-W/RET
RESERVE
10TECH/RE
RSI-A/RET
RESERVE
RS1-A/RET
1OTECH/RE
IOTECH/RE
RESERVE
RESERVE
IOTECH/RE
RESERVE
IOTECH/RE
RESERVE
RESERVE
RSI-W/RET
RESERVE
RSI-W/RET
RSI-W/RET
RESERVE
I0TECH/RE
RESERVE
RESERVE
RSI-A/RET
RSI-W/RET
10TECH/RE
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178
161
187
171
183
181
174
181
161
178

10TECH/RE
RSI-W/RET
10TECH/RE
10TECH/RE
RSI-A/RET
RSI-W/RET
RESERVE
RSI-A/RET
RESERVE
RESERVE
IOTECH/RE
IOTECH/RE
RSI-A/RET
RESERVE
RESERVE
1OTECH/RE
RESERVE
RESERVE
RESERVE
RESERVE
RESERVE
RESERVE
I0TECH/RE
RSI-A/RET
RESERVE
RSI-A/RET
RESERVE
RESERVE
TOTECH/RE
10TECH/RE
10TECH/RE
RESERVE
RESERVE
10TECH/RE
10TECH/RE
RSI-W/RET
JOTECH/RE
RSI-W/RET
RSI-A/RET
RSI-A/RET
RSI-W/RET
TOTECH/RE
10TECH/RE
PNL-300
RESERVE
RSI-W/RET
RSI-A/RET
RESERVE
RSI-A/PNL
RSI-W/PNL
RSI-A/OR/
RS1-W/RET
RESERVE
RSI-A/OR/
RESERVE
RESERVE
RSI-A/RET
RESERVE
RESERVE
RSI-W/RET
RESERVE
RSI-A/RET
RESERVE
RSI-W/RET
RESERVE
RESERVE
IOTECH/RE
PNL-TPCI/
RESERVE
IOTECH/RE
RESERVE
RESERVE
RESERVE
10TECH/RE
10TECH/RE
RSI-A/RET
I0TECH/RE
RSI-A/RET
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c-1535 3 NO 2.503 2.701 169 10TECH/RE
C-1536 3 NO 2.762 2.981 179 RESERVE
C-1537 3 . NO 2.556 2.758 168 RSI-A/RET
C-1538 3 NO 2.676 2.888 1m RSI-W/RET
C-1539 3 NO 2.579 2.783 168 10TECH/RE
c-154 1 NO 2.655 2.636 194 RSI-A/RET
C-1541 3 NO 2.632 2.84 175 RESERVE
C-1544 3 NO 2.704 2.918 183 RESERVE
C-1545 3 NO 2.716 2.931 183 RESERVE
C-1546 3 NO 2.673 2.885 175 RSI-W/RET
C-1548 3 NO 2.573 2.777 175 10TECH/RE
C-1549 3 NO 2.617 2.824 187 RESERVE
C-155 1 NO 2.653 2.634 193 RESERVE
C-1551 3 NO 2.679 2.891 194 I0TECH/RE
C-1552 3 NO 2.72  2.935 191 I0TECH/RE
C-1553 3 NO 2.725 2.941 177 RSI-A/PNL
€-1554 3 NO 2.712 2.927 185 RESERVE

€-1555 3 NO 2.683 2.8%6 190 RESERVE

C-1556 3 NO 2.667 2.878 176 RS1-A/RET
C-1557 3 NO 2.68 2.892 187 I0TECH/RE
C-1558 3 NO 2.674 2.886 188 RSI-W/RET
c-156 1 YES 2.799 2.779 201 RSI-A/RET
c-1560 3 NO 2.703 2.917 195 RSI-W/RET
C-1561 3 NO 2.676 2.888 17 RSI-A/PNL
C-1562 3 NO 2.692 2.905 190 RSI-A/PNL
C-1563 3 NO 2.624 2.832 176 RSI-A/RET
C-1564 3 NO 2.73  2.946 181 RESERVE

C-1566 3 NO 2.719 2.934 185 1OTECH/RE
C-1568 3 NO 2.668 2.879 159 10TECH/RE
C-1569 3 NO 2.716 2.931 178 RESERVE

c-157 1 YES 2.817 2.797 203 10TECH/RE
€-1570 3 NO 2.7 2.914 187 RESERVE

c-1571 3 NO 2.695 2.908 178 10TECH/RE
C-1573 3 NO 2.628 2.836 178 RESERVE

C-1574 3 NO 2.624 2.832 166 RSI-W/RET
C-1575 3 NO 2.656 2.866 165 RS1-W/RET
C-1576 3 NO 2.699 2.913 192 10TECH/RE
C-1577 3 NO 2.753 2.97 185 RESERVE

C-1578 3 NO 2.8 3.022 191 RSI-A/RET
€-1579 3 NO 2.793 3.014 181 RSI-A/RET
€-158 1 YES 2.828 2.808 203 10TECH/RE
€-1581 3 NO 2.803 3.025 181 RESERVE

C-1582 3 NO 2.701 2.915 200 10TECH/RE
C-1583 3 NO 2.788 3.009 184 RSI-A/RET
C-1584 3 NO 2.791 3.012 186 10TECH/RE
C-1585 3 NO 2.781 3.001 191 ARECO

C-1586 3 NO 2.841 3.066 163 RSI-W/RET
c-1587 3 NO 2.834 3.058 165 RESERVE

C-1588 3 NO 2.64  2.849 173 10TECH/RE
c-159 1 NO 2.868 2.847 202 RSI-W/RET
C-1591 3 NO 2.784 3.005 179 RESERVE

C-1592 3 NO 2.651 2.861 177 RSI-W/RET
C-1593 3 NO 2.796 3.017 180 10TECH/RE
C-1594 3 NO 2.82  3.043 188 RESERVE

C-1595 3 NO 2.724 2.94 183 10TECH/RE
C-1596 3 NO 2.804 3.026 191 RESERVE

C-1598 3 NO 2.658 2.869 172 RSI-W/RET
C-1599 3 NO 2.627 2.835 177 RESERVE

C-160 1 NO 2.884 2.863 203 10TECH/RE
C-1600 3 NO 2.625 2.833 176 RSI-A/PNL
C-1602 3 NO 2.515 2.714 143 10TECH/RE
C-1603 3 NO 2.566 2.769 169 RESERVE

C-1606 3 NO 2.594 2.799 176 RESERVE

C-1607 3 NO 2.848 3.074 188 RESERVE

C-1608 3 NO 2.765 2.984 191 T0TECH/RE
C-1609 3 NO 2.993 3.23 190 10TECH/RE
C-161 1 NO 2.882 2.861 203 RESERVE

c-1610 3 NO 2.881 3.109 186 RS1-W/RET
c-1611 3 NO 2.485 2.682 162 RESERVE

c-1612 3 NO 2.833 3,057 170 RSI1-A/RET
c-1613 3 NO 2.901 3.131 180 RESERVE
C-1614 3 NO 2.899 3.129 179 IOTECH/RE
C-1615 3 NO 2.881 3.109 187 RSI-W/RET
C-1616 3 NO 2.814 3.037 162 IOTECH/RE
c-1617 3 NO 2.921 3.152 183 PNL-300/R
c-1618 3 NO 2.935 3.167 179 RESERVE
c-1619 3 NO 2.812 3,035 187 RSI-A/RET
c-162 1 NO 2.794 2.774 201 10TECH/RE
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168
183
185
193

RESERVE
RESERVE
RESERVE
RSI-W/RET
RSI-A/RET
RSI-W/RET
RS1-A/RET
RESERVE
RESERVE
RSI1-A/RET
RESERVE
RST-A/RET
RST-W/RET
RESERVE
IOTECH/RE
RSI-W/RET
RESERVE
RESERVE
RESERVE
IOTECH/RE
RSI-W/RET
RSI-A/RET
10TECH/RE
IOTECH/RE
RS1-W/RET
RESERVE
RESERVE
IOTECH/RE
ARECO
10TECH/RE
RSI-W/RET
RESERVE
RS1-W/RET
RSI-W/RET
RESERVE
10TECH/RE
RESERVE
RSI-W/RET
RSI-A/RET
RESERVE
10TECH/RE
10TECH/RE
RESERVE
RESERVE
IOTECH/RE
RSI-W/RET
RESERVE
RSI-W/RET
I0TECH/RE
RESERVE
RESERVE
RSI-A/RET
RESERVE
RSI-A/RET
RS1-A/RET
IOTECH/RE
ARECO
RESERVE
10TECH/RE
RESERVE
RESERVE
RESERVE
RESERVE
I0TECH/RE
RSI-W/RET
RESERVE
RSI-W/RET
RESERVE
RESERVE
RESERVE
RESERVE
RESERVE
10TECH/RE
RST-W/RET
IOTECH/RE
RSI-W/RET
10TECH/RE
RSI-A/RET
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HNF-SD-WM-TI-733 REV 1

17
205
176
251

RSI-W/RET
RESERVE
RESERVE
RESERVE

TOTECH/RE

RSI-W/RET
RESERVE

RSI-A/RET
RESERVE
RESERVE
RESERVE
RESERVE

ARECO

RSI-A/RET

RS1-W/RET
RESERVE
RESERVE

RSI-W/RET

10TECH/RE

RSI-W/RET

RSI-W/RET

RSI-W/RET

RSI-W/RET

RSI-W/RET
RESERVE
RESERVE

T0TECH/RE
RESERVE

ARECO

I0TECH/RE

RSI-W/RET
RESERVE

10TECH/RE

RSI-A/RET

RSI-W/RET
RESERVE

RSI-W/RET
RESERVE

RSI-W/RET

RSI-A/RET

RSI-A/RET
RESERVE

RSI-W/RET

RSI-A/RET
RESERVE
RESERVE
RESERVE
RESERVE

RSI-A/RET

RSI-W/RET

10TECH/RE

10TECH/RE
RESERVE
RESERVE
RESERVE

10TECH/RE

RSI-A/RET

RSI-A/RET

RSI-A/RET
RESERVE
RESERVE
RESERVE

RSI-W/RET

IOTECH/RE

10TECK/RE
RESERVE

RSI-W/RET
RESERVE

1OTECH/RE

RSI-A/RET

RSI-W/RET
RESERVE
RESERVE
RESERVE
RESERVE

RSI-A/RET

RSI-W/RET

RSI-W/RET
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167
167

RESERVE
I0TECH/RE
RESERVE
RESERVE
RESERVE
RESERVE
RSI-A/RET
RSI-A/RET
10TECH/RE
IOTECH/RE
RESERVE
RESERVE
IOTECH/RE
RESERVE
IOTECH/RE
RSI-A/RET
RSI-A/RET
RESERVE
RESERVE
RSI-W/RET
RSI-A/RET
RESERVE
RSI1-A/RET
RESERVE
RESERVE
10TECH/RE
IOTECH/RE
RSI-W/RET
RESERVE
RSI-A/RET
RESERVE
10TECH/RE
RESERVE
RESERVE
RSI-W/RET
RESERVE
RSI-A/RET
10TECH/RE
RESERVE
10TECH/RE
RESERVE
RESERVE
RESERVE
RSI-A/RET
RESERVE
RESERVE
RSI-A/RET
RESERVE
RESERVE
RESERVE
RSI-A/RET
10TECH/RE
RESERVE
I0TECH/RE
RESERVE
RSI-W/RET
1OTECH/RE
RESERVE
RESERVE
RSI-A/RET
10TECH/RE
RESERVE
RESERVE
10TECH/RE
RSI-W/RET
RESERVE
I0TECH/RE
RESERVE
RESERVE
RESERVE
IOTECH/RE
RSI-A/RET
RSI-A/RET
RSI-A/RET
RSI-A/RET
RESERVE
RSI-A/RET
RESERVE
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C-284 NO 2.628 2.651 189 RESERVE
C-285 NO 2.623 2.646 191 RESERVE
C-286 YES 2.688 2.712 188 RESERVE
c-287 NO 2.652 2.675 193 10TECH/RE
c-29 1 NO 2.933 2.959 223 RESERVE
c-291 2 NO 3.027 3.054 199 RST-W/RET
c-292 2 NO 3.036 3.063 200 RSI-A/RET
€-293 NO 3.047 3.074 200 RESERVE
C-294 NO 3.042 3.069 200 RESERVE
C-295 NO 3.047 3.074 201 10TECH/RE
C-296 2 NO 2.997 3.023 203 RSI-W/RET
c-297 NO 3.015 3.041 205 RESERVE
C-299 2 NO 2.987 3.013 203 RSI-W/RET
c-30 2 NO 2.747 2.7 206 RS1-A/RET
c-301 NO 3.019 3.045 218 RESERVE
c-303 YES 3.054 3.081 220 RESERVE
€-306 NO 3.127 3.154 225 RESERVE
c-31 NO 2.949 2.975 221 RESERVE
C-314 NO 3.018 3.044 227 RESERVE
c-315 NO 2.997 3.023 225 RESERVE
c-316 NO 3.018 3.044 227 RESERVE
c-317 NO 2.549 2.571 180 RESERVE
c-318 NO 2.897 2.922 203 RESERVE
c-319 YES 3.002 3.028 207 RESERVE
c-32 NO 2.602 2.625 196 RESERVE
c-320 YES 2.825 2.85 198 RESERVE
c-322 NO 2.938 2.964 206 RESERVE
C-324 2 NO 2.74  2.764 194 RSI-W/RET
€-325 NO 2.979 3.005 210 RESERVE
c-326 YES 3.119 3.146 215 RESERVE
c-33 NO 2.942 2.968 220 RESERVE
c-330 2 NO 2.586 2.609 183 RSI-W/RET
c-332 NO 2.99 3.016 21 RESERVE
C-334 YES 2.9 3.13 210 RESERVE
c-335 NO 2.515 2.714 172 T0TECH/RE
C-336 2 NO 2.882 2.907 202 RSI-A/RET
C-338 2 NO 2.879 2.904 201 RSI-A/RET
€-339 NO 2.98  3.006 208 RESERVE
C-34 YES 2.6% 2.671 208 RESERVE
C-340 2 NO 2.972 2.998 208 RSI-W/RET
C-342 YES 2.989 3.015 203 RESERVE
C-346 NO 2.568 2.591 189 RESERVE
C-348 NO 2.459 2.481 181 I0TECH/RE
C-349 NO 2,948 2.974 224 RESERVE
c-35 NO 2.967 2.945 213 RESERVE
C-350 NO 2.96  2.986 225 RESERVE
c-351 NO 2.939 2.965 224 RESERVE
c-353 NO 2.619 2.826 189 10TECH/RE
C-354 YES 2.677 2.889 180 RESERVE
€-355 NO 2.647 2.857 179 RESERVE
C-357 NO 2.632 2.84 171 RESERVE
c-358 3 YES 2.691 2.904 180 RSI-W/RET
€-359 3 YES 2.672 2.884 172 RSI-A/PNL
c-363 3 NO 2.718 2.933 167 RS1-W/RET
c-367 YES 2.947 2.973 184 10TECH/RE
c-372 NO 2.583 2.606 180 IOTECH/RE
€-373 NO 2.866 2.891 200 10TECH/RE
c-376 NO 2.676 2.888 196 RESERVE
c-377 NO 2.722 2.938 197 RESERVE
c-379 NO 2.945 2.97 215 RESERVE
c-38 NO 2.94  2.919 211 RESERVE
C-380 NO 2.673 2.885 198 10TECH/RE
C-381 NO 2.682 2.89% 181 10TECH/RE
C-384 NO 2.64  2.849 177 RESERVE
C-386 3 2.322 2.506 166 RSI-W/RET
c-387 3 NO 2.864 2.889 198 RSI-A/RET
C-390 NO 2.655 2.865 191 RESERVE
c-391 NO 2.347 2.533 185 10TECH/RE
C-392 YES 3.01 3.036 236 RESERVE
C-393 YES  3.011 3.037 220 RESERVE
C-394 YES  2.683 2.707 227 RESERVE
C-396 NO 2.922 3.153 214 RESERVE
c-397 NO 2.886 2.911 21 RESERVE
C-398 NO 2.928 2.954 214 RESERVE
C-400 3 NO 2.838 2.863 203 RSI-W/RET
c-401 NO 2.887 2.912 197 ARECO
C-402 NO 2.637 2.66 190 IOTECH/RE
€-403 NO 2.821 2.846 197 RESERVE
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2.851
2.689

HNF-SD-WM-TI-733 REV 1

RSI-W/RET
I0TECH/RE
RESERVE
RSI-W/RET
I0TECH/RE
RESERVE
10TECH/RE
RSI-A/RET
RSI-A/RET
RSI-A/RET
RSI-W/RET
RESERVE
RESERVE
RSI-A/RET
RESERVE
RSI-W/RET
RSI-W/RET
I0TECH/RE
RESERVE
RESERVE
10TECH/RE
RSI-W/RET
RSI-A/RET
RESERVE
10TECH/RE
I0TECH/RE
RSI-W/RET
RESERVE
RESERVE
10TECH/RE
RSI-W/RET
RESERVE
RSI-W/RET
TIOTECH/RE
RESERVE
RSI-W/RET
RESERVE
RESERVE
RS1-A/RET
RESERVE
RESERVE
RESERVE
RSI-W/RET
10TECH/RE
RSI-W/RET
RSI-W/RET
RSI-A/RET
RESERVE
RESERVE
10TECH/RE
RSI-A/RET
RSI-W/RET
RSI-W/RET
RSI-A/RET
10TECH/RE
T0TECH/RE
RESERVE
SANDIA-CP
RESERVE
RESERVE
RSI-W/RET
RESERVE
RESERVE
RSI-A/RET
RESERVE
10TECH/RE
RESERVE
RESERVE
RESERVE
RESERVE
RESERVE
RESERVE
RESERVE
RESERVE
10TECH/RE
10TECH/RE
RSI-W/RET
RSI-A/RET
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HNF-SD-WM-TI-733 REV 1

186

RSI-A/RET
RSI-W/RET
IOTECH/RE
RESERVE
RESERVE
RESERVE
RESERVE
RESERVE
RESERVE
RESERVE
RSI-W/RET
RSI-A/RET
RSI-A/RET
IOTECH/RE
RSI-W/RET
RESERVE
RESERVE
RESERVE
IOTECH/RE
RESERVE
RSI-A/RET
I0TECH/RE
RSI-W/RET
RESERVE
RST-W/RET
IOTECH/RE
ARECO
RESERVE
RSI-A/RET
10TECH/RE
RSI-W/RET
RESERVE
IOTECH/RE
RSI-W/RET
RSI-A/RET
RS1-W/RET
RST-W/RET
RSI-W/RET
RSI-A/RET
RSI-W/RET
SANDIA-CP
RS1-W/RET
RS1-W/RET
RESERVE
RSI-W/RET
RESERVE
10TECH/RE
SANDIA-CP
RESERVE
RSI-A/RET
10TECH/RE
RESERVE
RSI-A/RET
RESERVE
RESERVE
IOTECH/RE
[OTECH/RE
IOTECH/RE
10TECH/RE
RSI-A/RET
RESERVE
RSI-W/RET
RSI-A/RET
RSI-W/RET
RS1-A/RET
RESERVE
RESERVE
10TECH/RE
RESERVE
10TECH/RE
10TECH/RE
RSI-W/RET
RSI-A/RET
RSI-A/RET
RESERVE
IOTECH/RE
10TECH/RE
RSI1-A/RET
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C-624 3 YES 2.729 2.945 1 I0TECH/RE
c-625 3 NO 2.76  2.957 176 RSI-W/RET
C-626 3 NO 2.744 2,961 174 RSI-W/RET
C-627 3 YES 2.674 2.886 176 T0TECH/RE
C-628 3 NO 2.717 2.932 172 RESERVE
C-63 NO 2.688 2.669 203 RESERVE
C-630 3 NO 2.59  2.795 180 RESERVE
C-631 3 NO 2.649 2.859 179 RSI-W/RET
C-632 3 NO 2.851 3.077 185 ARECO
C-633 3 NO 2.615 2.822 184 RSI-W/RET
C-634 3 NO 2.631 2.843 179 RSI-A/RET
C-635 3 NO 2.411 2.602 162 RSI-A/RET
c-636 3 NO 2.283 2.464 151 10TECH/RE
C-637 3 NO 2.657 2.867 193 RESERVE
C-640 3 NO 2.659 2.87 176 RESERVE
C-641 3 NO 2.618 2.825 171 RESERVE
C-642 3 YES 2.725 2.941 179 RSI-W/RET
C-643 3 YES 2.604 2.81 169 10TECH/RE
C-644 3 NO 2.591 2.796 157 10TECH/RE
C-646 3 YES 2.752 2.97 184 RESERVE
C-647 3 NO 2.356 2.543 148 10TECH/RE
C-648 3 NO 2.672 2.884 182 RSI-A/RET
C-649 3 NO 2.673 2.885 170 10TECH/RE
C-65 YES 2.822 2.847 218 RESERVE
C-652 3 NO 2.725 2.941 190 RSI-A/RET
C-653 3 NO 2.66 2.871 192 IOTECH/RE
C-654 3 NO 2.657 2.867 185 RESERVE
C-655 3 NO 2.66 2.871 191 RESERVE
C-656 3 NO 2.56 2.763 190 RESERVE
€-657 3 YES 2.645 2.855 168 RSI-W/RET
C-659 3 YES 2.707 2.921 199 RESERVE
C-66 NO 2.713 2.737 210 IOTECH/RE
C-660 3 NO 2.612 2.819 181 IOTECH/RE
C-661 3 NO 2.741 2.958 190 TOTECH/RE
C-662 3 YES 2.776 2.996 209 RESERVE
C-663 3 NO 2.649 2.859 193 RSI-A/RET
C-665 3 NO 2.656 2.866 188 RESERVE
C-666 3 NO 2.524 2.724 181 RESERVE
C-667 3 NO 2.699 2.913 182 RESERVE
C-668 3 NO 2.763 2.982 190 RSI-W/RET
C-669 3 NO 2.665 2.876 178 RESERVE
C-670 3 NO 2.656 2.866 188 RSI-W/RET
c-671 3 NO 2.73  2.946 187 RSI-A/RET
c-672 3 NO 2.447 2.641 187 RESERVE
C-673 3 NO 2.665 2.876 208 RESERVE
C-674 3 NO 2.453 2.647 182 RESERVE
C-675 3 NO 2.496 2.694 188 10TECH/RE
C-676 3 NO 2.564 2.746 188 10TECH/RE
Cc-677 3 NO 2.263 2.442 166 RESERVE
C-678 3 NO 2.28 2.461 166 RESERVE
C-679 3 NO 2.273 2.433 163 RESERVE
C-68 NO 2.741 2.721 212 RESERVE
C-681 3 NO 2.264 2.443 161 RSI-W/RET
C-682 3 YES 2.742 2.959 197 TOTECH/RE
C-685 3 NO 2.76  2.957 199 RESERVE
C-686 3 NO 2.919 3.15 214 RESERVE
C-689 3 NO 2.705 2.919 210 10TECH/RE
C-69 NO 2.937 2.916 21 RESERVE
C-690 3 NO 2.523 2.723 173 RESERVE
C-691 3 NO 2.757 2.975 193 RESERVE
C-692 3 NO 2.393 2.583 173 RESERVE
C-694 3 NO 2.341 2.526 175 RSI-W/RET
C-695 3 NO 2.279 2.46 164 RSI-W/RET
C-697 3 NO 2.383 2.572 183 RSI-W/RET
C-698 3 NO 2.416 2.607 183 RSI-A/RET
C-699 3 NO 2.401 2.591 173 IOTECH/RE
€-700 3 NO 2,738 2.955 206 ARECO
c-701 3 NO 2.421 2.613 178 RSI-A/RET
€-702 3 NO 2.386 2.575 172 RSI-W/RET
C-704 3 NO 2.422 2.614 177 RESERVE
c-705 3 YES  2.411 2.602 179 RSI-A/RET
C-706 3 YES 2.377 2.565 177 10TECH/RE
c-708 3 NO 2.535 2.736 169 RESERVE
c-709 3 NO 2.561 2.764 178 RESERVE
c-7 NO 2.736 2.76 210 ARECO
c-711 3 NO 2.562 2.765 187 RESERVE
c-712 3 NO 2.401 2.59 168 RSI-A/RET
c-713 3 NO 2.376 2.564 176 RST-A/RET
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C-714 3 NO 2.398 2.588 17 RESERVE
C-715 3 NO 2.373 2.561 172 RESERVE
c-716 3 NO 2.352 2.538 172 RESERVE
c-717 3 NO 2.379 2.567 172 RESERVE
c-718 3 NO 2.42  2.612 7 RSI-A/RET
c-719 3 NO 2.034 2.195 151 10TECH/RE
c-721 3 NO 2.351 2.537 166 RESERVE
c-722 3 NO 2.396 2.586 174 ARECO
c-723 3 NO 2.597 2.803 192 10TECH/RE
C-724 3 NO 1.774  1.915 132 10TECH/RE
c-725 3 NO 2.692 2.905 194 ARECO
C-726 3 NO 2.398 2.588 178 RESERVE
c-729 3 NO 2.719 2.934 201 RESERVE
C-730 3 NO 2.708 2.923 192 RSI-A/RET
c-732 3 NO 2.657 2.867 198 RESERVE
c-733 3 NO 2.643 2.852 193 RESERVE
C-734 3 NO 2.648 2.858 185 RESERVE
C-735 3 NO 2.652 2.862 192 10TECH/RE
c-737 3 NO 2.706 2.92 195 RESERVE
c-738 3 NO 2.726 2.942 191 RSI-A/RET
c-739 3 NO 2.499 2.697 197 RSI-A/RET
C-741 3 NO 2.748 2.966 193 RESERVE
C-742 3 NO 2.501 2.699 195 RESERVE
C-743 3 NO 2.406 2.597 166 RSI-A/RET
C-744 3 NO 2.5 2.698 172 RSI-A/RET
C-745 3 YES  2.432 2.625 184 RSI-A/RET
C-746 3 NO 2.396 2.586 165 RSI-A/RET
C-748 3 NO 2.425 2.617 169 RESERVE
C-749 3 NO 2.604 2.81 186 10TECH/RE
C-750 3 NO 2.356 2.543 176 RESERVE
c-751 3 NO 2.389 2.578 183 IOTECH/RE
c-752 3 NO 2.438 2.631 187 IOTECH/RE
C-753 3 NO 2.858 3.084 219 RESERVE
C-756 3 NO 2.306 2.489 174 RSI-A/RET
c-76 NO 2.791 2.771 203 SANDIA-CP
C-760 3 NO 2.85  3.076 214 RESERVE
c-761 3 NO 2.521 2.7 187 RESERVE
c-762 3 NO 2.576 2.78 195 10TECH/RE
C-763 3 NO 2.536 2.737 183 RESERVE
C-765 3 NO 2.286 2.467 167 ARECO
c-767 3 NO 2.479 2.675 192 RESERVE
C-768 3 NO 2.641 2.85 201 RSI-W/RET
C-769 3 NO 2.599 2.805 193 10TECH/RE
c-77 NO 2.667 2.648 190 SANDIA-CP
c-770 3 NO 2.465 2.66 167 RESERVE
c-771 3 NO 2.551 2.753 185 RESERVE
c-772 3 NO 2.459 2.654 185 RESERVE
c-773 3 YES 2.504 2.702 168 RESERVE
C-774 3 NO 3.023 3.262 234 PNL-300/R
c-775 3 NO 3.247 3.504 235 PNL-300
c-778 3 NO 3.058 3.3 237 PNL-300/R
c-78 NO 2.731 2.755 211 RESERVE
c-780 3 NO 2.637 2.846 204 10TECH/RE
c-781 3 NO 2.658 2.869 202 10TECH/RE
c-782 3 NO 2.658 2.869 206 10TECH/RE
c-783 3 NO 2.431 2.624 175 RSI-W/RET
C-784 3 NO 2.634 2.843 19 RESERVE
C-786 3 NO 2.395 2.585 17 10TECH/RE
c-787 3 NO 2.45  2.644 182 10TECH/RE
c-788 3 NO 2.535 2.736 204 RESERVE
c-791 3 NO 2.576 2.78 202 RESERVE
c-792 3 NO 2.594 2.799 186 RSI-A/RET
c-793 3 NO 2.635 2.844 195 RSI-W/RET
€-795 3 NO 2.369 2.557 185 RESERVE
C-796 3 NO 2.929 3.161 214 RESERVE
C-798 3 NO 2.758 2.976 201 10TECH/RE
C-799 3 NO 2.72  2.935 205 RSI-A/RET
c-80 NO 2.727 2.707 21 IOTECH/RE
C-800 3 NO 2.715 2.93 196 10TECH/RE
c-801 3 NO 2.771 2.991 207 RESERVE
C-802 3 NO 2.718 2.933 195 RSI-A/RET
c-807 3 NO 2.222 2.398 184 RS1-A/RET
C-808 3 NO 2.32  2.504 162 RESERVE
c-810 3 NO 2.324 2.508 181 10TECH/RE
c-811 3 NO 2.337 2.522 173 RSI-A/PNL
c-812 3 NO 2.341 2.526 178 RESERVE
c-813 3 NO 2.413 2.604 193 IOTECH/RE
c-814 3 NO 2.438 2.631 184 RESERVE
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HNF-SD-WM-TI-733 REV 1

186
176
184
181
209
190
184
172
186
190
194
190
241
214
187
178
195
186

RESERVE
10TECH/RE
RSI-A/RET

RESERVE
RSI-A/RET

RESERVE
10TECH/RE
PNL-300/R

PNL-300
RSI-A/RET
10TECH/RE

ARECO

RESERVE

RESERVE

RESERVE

RESERVE
RSI-W/RET

RESERVE
RSI-W/RET
RSI-A/RET

RESERVE
PNL-300/R
RSI-A/RET

ARECO
IOTECH/RE
RSI-A/RET

RESERVE

RESERVE

RESERVE
RSI-W/RET

RESERVE
RSI-A/PNL

RESERVE
PNL-TPCI/
10TECH/RE
RSI-A/RET
10TECH/RE

RESERVE
T0TECH/RE

RESERVE
10TECH/RE
RSI-A/RET
RSI-W/RET
10TECH/RE
I0TECH/RE
IOTECH/RE

RESERVE
RSI-A/RET

RESERVE

RESERVE
IOTECH/RE
RSI-A/RET
RSI1-W/RET

RESERVE

RESERVE

RESERVE

RESERVE
RSI-A/RET
RSI-W/RET
10TECH/RE
T0TECH/RE
10TECH/RE
RSI-W/RET
1OTECH/RE

RESERVE

RESERVE

RESERVE
RSI-A/RET

RESERVE
10TECH/RE

RESERVE

RESERVE

ARECO

RESERVE
RSI-W/RET
PNL-TPCI/
RSI-A/RET
IOTECH/RE
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C-899 3 YES 2.701 2.915 195 10TECH/RE
C-900 3 NO 2.723 2.939 193 ARECO

C-901 3 2 2.158 240 RESERVE
c-902 3 NO 2.748 2.966 201 RESERVE

C-904 3 NO 2.737 2.954 193 RSI-W/RET
C-905 3 NO 2.748 2.966 194 RSI-W/RET
C-906 3 NO 2.751 2.969 250 RESERVE

c-907 3 NO 2.717 2.932 188 RESERVE

c-908 3 NO 2.751 2.969 194 10TECH/RE
c-909 3 NO 2.367 2.555 165 10TECH/RE
c-91 2 NO 2.93  2.956 219 RESERVE

c-910 3 NO 2.302 2.484 166 RSI-A/RET
c-911 3 NO 2.367 2.555 175 RESERVE

c-912 3 NO 2.337 2.522 164 RESERVE
c-913 3 NO 2.225 2.401 195 RSI-A/PNL
c-914 3 NO 2.347 2.533 167 10TECH/RE
c-915 3 NO 2.345 2.531 166 10TECH/RE
c-916 3 NO 2.742 2.959 188 RSI-A/RET
c-917 3 NO 1.778 1.919 156 10TECH/RE
c-918 3 NO 2.354 2.54 167 10TECH/RE
c-919 3 NO 2.282 2.463 165 RESERVE
C-922 3 NO 2.617 2.824 186 ARECO

C-924 3 NO 2.324 2.508 160 RSI-W/RET
€-926 3 NO 2.151 2.321 154 I0TECH/RE
C-928 3 NO 2,245 2.423 155 IOTECH/RE
c-929 3 NO 2.656 2.866 189 10TECR/RE
c-93 2 NO 2.691 2.67 191 SANDIA-CP
C-930 3 NO 2.654 2.864 185 RSI-A/PNL
c-932 3 NO 2.666 2.877 198 RESERVE

c-933 3 NO 2.662 2.873 200 10TECH/RE
C-934 3 NO 2.649 2.859 194 10TECH/RE
C-935 3 NO 2.381 2.57 162 RSI-A/RET
C-936 3 NO 2.784 3.005 204 RSI-W/RET
c-937 3 NO 2.77  2.989 189 RESERVE

C-938 3 NO 2.765 2.984 201 RESERVE

C-939 3 NO 2.58 2.784 159 RESERVE

C-941 3 NO 2.793 3.014 212 RESERVE

C-942 3 NO 2.761 2.98 172 ARECO

C-943 3 NO 2.771 2.9 184 IOTECH/RE
C-944 3 NO 2.742 2.959 189 RSI-A/RET
C-945 3 NO 2.765 2.984 192 RESERVE

C-946 3 NO 2.775 2.995 202 RESERVE

C-947 3 NO 2.605 2.811 182 RSI-A/RET
C-948 3 NO 2.634 2.843 191 RSI-A/RET
C-949 3 NO 2.66 2.8 177 RSI-A/RET
c-95 2 NO 2.648 2.671 196 RSI-A/RET
C-950 3 NO 2.688 2.901 181 RSI-A/RET
C-951 3 NO 2.708 2.923 185 10TECH/RE
C-952 3 NO 2.726 2.942 189 RSI-W/RET
C-956 3 NO 2.577 2.781 174 RSI-A/RET
C-957 3 NO 2.774  2.994 245 RESERVE

c-958 3 NO 2.769 2.988 187 RSI-A/RET
c-96 2 YES 2.804 2.784 201 10TECH/RE
C-960 3 NO 2.701 2.915 182 RSI-A/RET
C-961 3 NO 2.62 2.828 187 RESERVE

c-962 3 YES 2.646 2.856 190 RESERVE

C-963 3 NO 2.732 2.948 179 RSI-A/RET
C-965 3 NO 2.691 2.904 179 10TECH/RE
C-966 3 NO 2.624 2.832 216 RESERVE

C-968 3 NO 2.685 2.898 187 RSI-A/RET
C-969 3 NO 2.718 2.933 182 RSI-A/RET
C-970 3 NO 2.749 2.967 194 RESERVE

c-971 3 NO 2.693 2.906 181 10TECH/RE
c-972 3 NO 2.723 2.939 175 10TECH/RE
C-973 3 NO 2.691 2.904 176 RSI-A/RET
C-974 3 NO 2.717 2.932 181 RESERVE
€-975 3 NO 2.693 2.906 184 RESERVE
C-976 3 NO 2.696 2.91 186 RSI-A/RET
c-977 3 NO 2.761 2.98 184 RESERVE
C-978 3 NO 2.555 2.757 185 RSI-A/RET
c-979 3 YES 2.666 2.877 184 RSI-A/RET
c-98 2 NO 2.817 2.842 135 10TECH/RE
C-980 3 NO 2,609 2.816 185 RSI-A/RET
c-981 3 NO 2.279 2.46 168 10TECH/RE
c-983 3 NO 2.336 2.521 168 10TECH/RE
C-984 3 NO 2.599 2.805 191 RSI-A/RET
C-985 3 NO 2.628 2.836 200 10TECH/RE
C-986 3 NO 2.231 2.408 179 RSI-A/RET

C-25
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c-987 3 NO 2.75  2.968 190 RESERVE
€-988 3 NO 2.738 2.955 196 IOTECH/RE
C-989 3 NO 2.661 2.872 200 RSI-A/RET
C-990 3 NO 2.722 2.938 193 RSI-A/RET
C-991 3 NO 2.733 2.949 185 RESERVE
C-992 3 NO 2.656 2.866 183 RSI-A/RET
C-993 3 NO 2.746 2.964 195 RESERVE
C-994 3 NO 2.542 2.743 183 RESERVE
C-996 3 NO 2.487 2.684 182 IOTECH/RE
c-997 3 NO 2.727 2.943 194 T0TECH/RE
C-998 3 NO 2.75  2.968 200 RESERVE
C-999 3 NO 2.714 2.929 194 RSI-A/RET

C-26
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DON'T SAY IT --- write It! DATE:January 29, 1996

TOFET R ey A3-34 FROM: Mario M. Pg@%@'

Telephone: 372-0036

cc: L. 1. Covey S6-70
J. R. Brehm A2-25
MMP/LB

SUBJECT: verification of EDS "Gram Salt/cc® Field

At your request, hand calculations were used to determine the basis for the
number listed in the "gram salt” EDS field. This field is actually "gram
salt/cc®, but field length 1imits the amount of characters shown. From the
investigation it was determined that the subject number is the net weight of
the material within the cesium capsule divided by the internal volume of the
inner capsule (in grams/cubic centimeter).

Please note the material at questiom includes all radioactive and inert
materials and does not represent the grams of CsCl per cubic centimeter.

An example calculation is as follows:
For capsule C-1180, taken at random:

The net weight of salt for capsule C-1180 is 8.770 kg as indicated by both the
data base and run book #81-49. The EDS uses 926.6 cc as the internal volume
consistently among all capsule checked (10 taken at random, data attached).
The following discussion validates the number within the tolerances of the
capsule.

Hence for capsule C-1180 87709 salt/926.6cc= 2.850 g/cc which is consistent
with the EDS output (attached)

Capsyle Internal Volume:

The net weight of capsule salt is not in dispute, however the internal volume
gf the inner capsule, specifically Type III capsules, requires further
iscussion.

Nominal Case:

The capsule internal volume (type III) can be determined from the current
drawing H-2-66760, Rev 12. "Cs Inner Capsule Assembly & Details" and tubing
specifications. HNominally, the capsule outer diameter is 2.255" with a wall
thickness of 0.136%. Hence the inner diameter is nominally 1.983". The
height of the space occupied only by salt inside the inner capsule was
determined to be 18.025 inches, neglecting the capsule ring. This is the
height of the "usable” volume and is determined as follows:

A-3000-723 (01/95) GEF014
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Overall inner capsule tubing height {(no endcaps) 18.125 in.
Height occupied by top cap disk, ring <1.00 in.>
Bottom endcap overlap <0.100 in.>
Net height of usable volume 18.025 in.

Capsule Ring Volume

Some additional capsule internal volume can be attributed to the space
encompassed by the inner capsule ring. This ring was used to seal against the
tilt-pour nozzles during the manufacturing process. This volume diameter of
this volume is nominally 1.740 in. and has a height of 0.50 in. The diameter
widens to accept the an O-ring. This widened area, or 0-ring seat area, is
essentially filled by the O-ring. Therefore, the nominal 1.740 in diameter
can be used to estimate the volume attributable to the inner capsule ring.

The internal volume of a type III capsule can therefore be calculated as
follows:

Usable Volume: 1/4(1.983):x 18.025 = 55.67 in> = 912.3 cc
Ring Volume : =/4(1.740)%x 0.50 =~ _ 1,19 in*® = _19.5 cc
Total Volume = T 56.86 in® = 931.8 cc

Other volume considerations:

Additional capsule internal volume can be attributed to the space between the
sintered disk and the endcap, areas around the sintered disk, and around the
0-ring. These have been neglected in this discussion.

Effect of capsule tolerances on volume:

The inner capsule diameter can vary significantly. Type III capsule
specifications allow for 0.012 in tolerance in wall thickness and the OD of
the capsule by 0.01 inches. The inner diameter, therefore could vary from
1.949 to 2.017 inches. Using the same calculations as above, neglecting the
tolerances of the other components (ring, sintered disc, O—ringa, and the
space between the sintered disk and the endcap. The volume of the capsule
could vary from 900.7 cc and 963.3 cc. Under these considerations, average
internal volume is 932 cc, however the use of 926.6 cc in the EDS system is
still reasonable.

Attachements (2)

A-3000-723 (U1/95) GEFO14
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Outer Capsule ID: C-1180
Inner Capsule ID: C-1257
Production #: 81-49
Calibration Date: 8/06/81
Capsule Type: 3
Double Capsule: NO
Capsule Age: 173
Gross Wt.: 8.770

Net Wt.: 2.641 4

Tare Wt.: 6.129

Melter Location: 1
Pour Temperature: 745
Pour Date: 8/05/81

Pool Cell Date: 8/07/81
PC Location: 6-2-D-03

Original KCi: 62
Original Wattage: 299
Curies per gram: 17
Wattage Decayed: 214
Watt Decay Date: 1/15/96
KCi Decayed: 45

KCi Decay Date: 1/15/96

Wattage per gram 81
Gram Salt: 2.8

Remarks: DOE/ TD BE SHIPPED
Remarks2:

QC Initials: TWT

0P Initijals: KP8
Destination: RESERVE
Date Shipped:

Date Updated: 5/04/95
DSI Number: DSI 15
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Ten "Type 3" Cesium Capsules

Outer Capsule 1D Capsule Type NetWt.

C-1000
C-1001
€-1002
C-1003
C-1004
C-1005
C-1008
C-1007
C-1008
C-1009

3

W W W W W WL W W

2.720
2.288
2.353
1.858
2.311
2.708
2.689
2.719
2.673
2.700

HNF-SD-WM-TI-733 REV 1

Gram Salt
2.935
2.469
2538
2.005
2.494
2.923
2.902
2.934
2.885
2.914

926.52 ,
926.56 Jm—"
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APPENDIX D - WESF Hazardous Material Inventory Estimate

This appendix contains:

1.

Internal memorandum from L. I. Covey to B. E. Hey, "Technically Reviewed
WESF Radioactive Inventory Estimates," dated March 20, 1996, Westinghouse
Hanford Company, Richland, WA.

Internal memorandum from L. I. Covey to B. E. Hey, "WESF Chemical
Inventory," dated April 30, 1996, Westinghouse Hanford Company, Richland,
WA.

D-1
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Westinghouse Internal
Hanford Company Memo
From: WESF Engineering 16E20-96-054
Phane: 372-0296  $6-70

Date: March 20, 1996

Subject: TECHNICALLY REVIEWED WESF RADIOACTIVE INVENTORY ESTIMATES

To: B. E. Hey A3-34

cc: J. R. Brehm A2-25
K. A. Jennings-Mills S4-70
L. E. Johnson A2-25
D. S. Leach A3-34
J. L. Pennock $4-70
LIC/LB

Reference: Memorandum, J. W. Gehrke to D. K. Smith, "B Plant Transition
Engineering Radioactive Inventory and Material Status (RIMS),"
16D20-96-JWG-004, dated January 10, 1996.

The purpose of this report is_to provide the current "maximum" estimate of
strontium (*°Sr) and cesium ( Cs), inventories i the WESF facility.
Inventorjes presented in curies ~'Cs or curies %Sr do not include daughters
barium {"*'Ba) or yttrium (°°¥). Although curie values are changing due to
radioactive decay, only the capsule values in the WESF Radiological
Inventory table (Attachment) have been decayed.

If you have any questions, please call me on 372-0296.

e,
~ c:.jj ( e
I

. Covey, Engineer
WESF Engineering

Lm?ﬂ ZB‘?"DJ

Technical Reviewer

L. D. Brist, Engineer
WESF Engineering

pan

Attachment

Hanford Operations and Engineering Contgacsor for the US Department of Energy
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16E20-96-054

Attachment
Page 1 of 2
WESF RADIOLOGICAL INVENTORY
LOCATION SYSTEM/COMPONENTS Max ¥7Cs Max *°sr
WESF K-3 Filter { East HEPA Filter "8 480 Ci 35,000 Ci
West HEPA Filter '8 480 Ci 35,000 Ci
K-3 Duct 2
100% s 5,100 Ci 0 Ci
100%_ 7Osr 0 Ci 200,000 Ci
10% 13;c.c., 90% s 510 Ci 180,000 Ci
85% ""cs, 15% “sr 4,400 Ci 30,000 Ci

WESF Hot Cells

Process Cell A ?

{Unknown isoptopic mix of
Cs and Sr)

Drum waste - assume
maximum of 10 drums at 2
R/hr {(or material
equivalent to 10 drums).

Process Cell B 3 2 kCi 20 kCi
Process Cell € 3 2 kCi 20 kCi
Process Cell D/E * 20 kCi 0 kCi
Process Cell F

(temporary storage of 3

Maximum 1imit will be

Returned to WESF

Suspect Cs Capsules 4 determined by the ISB.
WESF Pool Cells Capsules currently store in | 49,875 kCi | 22,554 kCi
Pool Cells 3, 4, 5, 6, and
7 °. (Capsule can also be
store in Pool Cell 1 and
12.)
Capsules to be 51 Cs Capsules 2,008 kCi 0 kCi

WESF Truck Port

30 (max) bags of low Tevel
solid waste ®'®

Max dose readings of
50 mR/hr {mixed Cs and
Sr)

TK-100

Collection tank

Negligible contamination
¢5ring normal operations

T RHO-L0- 1033, PK-3 vent

lation Systems Evaluation Waste Encapsula’

Cion and Storage Facility;» These

curies estimates are based on the existing changeout limit of 40 R/hr readings in the filters.

2. RHC-CD-1033, “K-3 Ventilation Systems Evaluation Waste Encepsulation and Storage Facility;" Curie

estimates were based on radiation readings taken in 1980.

Since the isotopic split is not known, curie

estimates for all 137Cs, all 90Sr, and potential isotopic splits are given.

3. The WESF hot cells were shutdoun in the mid 1980's and some of the process equipment was removed. No

documented inventory estimates are known.

obtained in D/E cell.

In approximetely 1992, dose measurements of 3500 R/hr were
This is approximately 10,000 curies Cs at 1 meter, unshietded.

It will be assumed

that there are 20,000 curies of cesium in D/E cell; 20,000 curies Sr in B/C plus 10% of the Cs quantity in

D/E Cell.

A Cell was originally design for manned entry and is cleaner than B, C, and D/E cetls.
contaminated by packaging waste in the cell.
B Plant Cetl & were approximately 2 R/hr.
Cell contamination Will be assumed to be mixed Cs and Sr.

more drums.

D-4

G cell inventery is negligible except when capsules are in the cell.

A Cell has been

Sample dose rates for random drums moved from A tell to
There are 5 drums in A Cell and material for approximately 5



_ 16E20-96-054
HNF-SD-WM-TI-733 REV 1 Attachment

Page 2 of 2

4. WESF Encgpsulation Database System (QC verified) decayed to January 15, 1996. Three cesium capsules
are temporarily stored in F cell (116 kCi Cs). Inner cepsule numbers: C-1636, C-1596, and outer capsule
number C-287. The capsule timit for F Cell is in SD-SM-SAR-005, section 6.8.1.7.

5. WESF Encapsulation Datsbase System (QC verified) decayed to January 15, 1996.

6. The maximum dose rates are approximately 20 to 25 mR/hr. The average dose rates are approximately 10
mR/hr. The maximum dose rates occur when material (rags, protective ciathing, etc.) comes from the "hot"
maniputator shop and usually only consists of one or two bags. Bagged material is stored until
approximately 20 bags have accumuieted and is then transported to 212B.

7. Radiation readings showed negtigibie contamination in the tanks except for small spots of 20 mR/nr.

8. The maximum values indicated in the table are what is expected during normal operations and do not
include potential accident conditions.

D-5
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Westinghouse Internal
Hanford Company Memo
From: WESF Engineering 16E20-96-086
Phone: 372-0296  $6-70

Date: April 30, 1996

Subject: WESF CHEMICAL INVENTORY

To: B. E. Hey A3-34
cc: J. R. Brehm A2-25
K. A. Jennings-Mills 54-70
L. E. Johnson AZ-25
J. L. Pennock S4-70
LIC/LB

The purpose of this letter is to provide the current and maximum estimate of
chemical inventories in the WESF facility. Attached is the March 1996
Occupational Safety and Health Administration (OSHA)/Emergency Planning and
Community Right-to-Know Act (EPCRA) Inventory 1ist. The column with the
heading "Local Name" contains reference numbers which correspond to
descriptions of the product contained in the last page of the attachment.

The only non-typical househeld chemicals contained at the facility are
trisodium phosphate, sodium nitrate, and jon exchange resin. Below is a
description of each and the expected maximum quantity.

. Trisodium phosphate is used to decontaminate equipment. It is received
dry (max 500 pounds) and used as a decontaminating agent when mixed
with water and heated. A normal concentration consists of 20 pounds of
crystal per 600 gallons water (0.4 wt%). The maximum concentration of
the mixture is not expected to exceed 1 wt¥.

. Sodium nitrate is added to sumps in areas were deionized water is used
to ensure the solution is conductive. It is received dry and Tess than
10 pounds are typically stored in the facility. A normal solution
consists of less than 2 table spoons added to 8 fluid ounces of water.
No more than 20 bottles of this solutien is expected to be stored in
the facility.

. Ion exchange resin is used to maintain the pool cell water quality.
The existing system contains less than 8 cubic feet with a maximum of
50 cubic feet contained within the facility.

The quantities of any other chemicals used during past processing are
present only in residual quantities in the inactive transfer lines.

Hanford Operations and Engineering Contractor for the US Department of Energy

D-6



B. E. Hey HNF-SD-WM-TI-733 REV 1 16E20-96-086
Page 2 of 2
April 30, 1996

1f you have any questions, please call me on 372-02896.

G{;\, \3 (,\h'/z
L. 1. Covey,~Engineer
WESF Engineering

Lwﬂ }ng/

Technical Reviewer
L. D. Brist, Engineer
WESF Engineering

Attachment
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16E20-96-086

ATTACHMENT

OSHA/EPCRA INVENTORY

Consisting of 7 pages
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'MARCH 1996

WESF
OSHA/EPCRA INVENTORY

THE FOLLOWING ATTACHED
INVENTORY IS ACCURATE AND TRUE
TO THE BEST OF MY KNOWLEDGE FOR
DATA COLLECTION FORMS PAGE

72 THRU 4, , AND INVENTORY
SUPPLEMENT SHEETS PAGE -
THRU o .

G.A. EARMAN LHo 54 3-15-94
Person Obtaining Inventory Payroll Number Date
0/
UZ\// 84470 3 /a5 /4l
* Supervisor's Signature Payroll Number Date

Postit FaxNotg 7671 [DsZlag /g  Tasly

Ty Prect— "o e £

CosOept. |

Phone #

Phone ¢ 2’0;45-

Y 272-0550 [*
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Many of the products Tisted are household cleaning products.

~N o o &

window cleaner

window cleaner

resin used in the ion exchange column to maintain pool cell water
quality Tocated in pool cell 1l1. This exact resin may not be used in
the future. But any resin used must be strong acid (hydrogen form),
strong base (hydroxide form), and be low C1°.

toilet bowl cleaner sometimes used when decontaminating.

NaNO; is the formula for sodium nitrate.

floor cleaner

Na;PO, is the formula for trisodium phosphate. This product is received
in crystal form and mixed with water and typically heated for a
decontaminating agent. A 0.4 wt% mixture is the typical concentration
used with a maximum of a 1 wt¥ solution. A full tank batch is 600
gallons. (a good degreaser or "soap")

kitty Titter type absorbent

kitty litter type absorbent

a sealer used before waxing after the floor has been striped

glass cleaner

degreaser

lubricant used during wire pulls

floor wax

solvent alcechol

all purpose cleaner

all purpose cleaner

laundry soap
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APPENDIX E - Pool Cell Building Structural Evaluation
For Drain Accident Thermal Conditions

This appendix contains:
1. Internal Memorandum from Ray Vollert to B. E. Hey dated March 18, 1996,

"WESF Pool Cell building Structural Evaluation for Drain Accident Thermal
Conditions," 74E30-96-FRV-019, Westinghouse Hanford Company, Richland, WA.
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Westinghouse Internal
Hanford Company Memo
From: TWRS Design Basis Equipment Engineering 74E30-96-FRV-019

Phone: 376-9842 H5-09
Date: March 18, 1996

Subject: WESF POOL CELL BUILDING STRUCTURAL EVALUATION FOR DRAIN ACCIDENT
THERMAL CONDITIONS

To: B. E. Hey A3-34
cc: W. W. Jenkins S2-24

K. A. Jennings-Mills S4-70

L. E. Johnson A2-25

K. V. Scott H5-52

FRV File/LB

References: 1) Reporf, Fauske & Associates for WHC, Thermal Analyses of
Hypothetical WESF Pool Drain Accidents (Draft), February
1996.

2) ACI-216, American Concrete Institute Committee 216,
Standard Method for Determining Fire Endurance of
Concrete and Masonry Construction Assemblies (Draft),
Detroit, Michigan, 1995.

3) Book, American Standards for Testing Materials,
Chapter E 119, Standard Fire Test, Philadelphia,
Pennsylvania, 1982,

The results of the Thermal Analyses of Hypothetical Waste Encapsulation and
Storage Facility Pool Drain Accidents (Reference 1) have been reviewed. The
purpose is to assess the potential structural effects of temperature
conditions predicted for the capsule storage reinforced concrete pool cell
building. Specifically, for the four cell drain analysis cases, estimates of
whether the structure could be expected to continue to confine radioactive
releases from potentially failed capsules, and for how long.

The thermal analyses (Reference 1, Table 5-4) predicts maximum temperatures
in the pool cell floor to be 648° C for the most severe case, and 230° C for
the least severe. The approach for assessing the possible structural effects
was to compare the predicted temperature histories in the cells and building
to structural temperatures that would be the result of fire exposure. The
fire endurance of the pool cell building was preliminarily evaluated. The
estimates whether the structure could continue to provide confinement were
made based on these results.

This assessment, based on fire endurance, of the pool cell structural

effects due to the hypothetical elevated temperatures in the pool cell

building was made using the American Concrete Institute {ACI) 216 method for
determining fire endurance of concrete (Reference 2).

Hanfard Operations and Engineerng tor for the US Departmant of Enargy
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B. E. Hey 74E30-96-FRV-019
Page 2
March 18, 1996

Generally, the pool cell building walls are 12 inch thick reinforced
concrete. There is 3/4 inch minimum concrete cover on the reinforcing steetl.
Based on these values, the minimum fire endurance for the building,
according to ACI 216, is 4 hours. Also, according to ACI 216, concrete
compressive strength is quickly lost above 350° C, and the yield strength of
the reinforcing steel reduces significantly above 400° C. ACI 216 provides
American Society for Testing and Materials E 119 (Reference 3) standard fire
test conditions (temperatures) within concrete slabs. These data show that
after 1 hour fire test time the temperature is 350° C about 1 to 1-1/2 inch
in from the fire exposed surface. For this assessment it is presumed that if
the pool cell wall temperatures approach this value, the structure will
quickly exceed its fire endurance, and could no longer be relied upon to
provide confinement.

The thermal analyses results for Case 1, all pool cells drained and no
heating, ventilating and air conditioning operation, show that the
temperature throughout the interior of the pool cell building reaches 350° C
in 5 days. In this event, it is estimated that the structure would pot
continue to provide confinement.

The thermal analyses results for the remaining 3 cases show the temperature
throughout the building to remain considerably below 350° C. Therefore, for
those cases as predicted, it is estimated that the building would continue
to maintain its fire endurance, and provide confinement indefinitely.
However, the predicted elevated temperatures, in these 3 cases, for the
structure in many locations would degrade the concrete properties. There
could be visible structural distress due to degraded concrete properties and
temperature gradients. The ability of the building to withstand wind and
seismic loads could eventually be greatly reduced. These factors would
impede the necessary recovery operatijons.

T VLhs—

F. R. VYollert, Principal Engineer
THWRS Design Basis Equipment Engineering

lar
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APPENDIX F - Ionizing Energy Absorbed by Water for Hydrogen Calculation

This appendix contains:

1. Internal Memorandum from Karl Hillesland to B. E. Hey dated March 13,
1996, "Energy Absorbed in the Water of a Maximally Loaded WESF Capsule
Storage Pool," 8M730-KEH-96-002, Westinghouse Hanford Company, Richland,

WA.
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Wastinghouse Internal
Hanford Company Memo
From: Nuclear Physics and Shielding 8M730-KEH-96-002
Phone: 373-4078 HO-35

Date: March 13, 1996

Subject: ENERGY ABSORBED IN THE WATER OF A MAXIMALLY LOADED WESF CAPSULE
STORAGE POOL

To: B. E. Hey A3-34
cc: J. R. Brehm A2-25

d. Greenborg HO-35
A. L. Ramble A3-38%

*w/o attachment
KEH File/LB

References: 1. L. L. Carter, "Certification of MCNP Version 4A for WHC
Computer Platforms", SD-MP-SWD-30001, Rev. 7, dated
January 26, 1995.

2. B. E. Hey, "Supporting Calculations and Assumptions for
Use in WESF Interim Safety Basis®, WHC-SD-WM-TI-733,
DRAFT, dated February 16, 1996.

3. Internal Memo, K. E. Hitlesland to J. M. Siemer, "Dose
Rate Calculations Near the WESF Facility Due to Loss of
Water In the Capsule Storage Pools", dated November 29,
1994.

4. F. A. Schmittroth, "Conversion of ORIGEN2 to the Sun
Workstations," WHC-SD-NR-SWD-006, Rev. 1, August 1994.

5. E. Browne, and R. B. Firestone, "Table of Radioactive
Isotopes", John Wiley & Sons, Inc., New York, New York,
1986.

1.0 PURPOSE

The amount of gamma energy absorbed in the water of a maximally loaded WESF
capsule storage pool has been calculated to be 1.33E+17 MeV/s {21 kW). This
information will be used to determine the amount of hydrogen generated in
the pool water due to radiolysis.

2.0 METHODOLOGY

The MCNP computer code (Reference 1) was used to calculate the amount of

gamma energy absorbed in the WESF capsule storage pool water using an fé
(energy deposition) tally.

Hanford O and ing Ce for the US D of Energy
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B. E. Hey 8M730-KEH-96-002
Page 2
February 13, 1996

3.0 SOURCE

The total source activity is 28.6 MCi of Cs-137 (Reference 2). This
corresponds to 663 cesium capsules with an average activity of 39.19 kCi
plus and additional 10 percent safety margin. Only the .662 MeV gamma of
the Cs/Ba decay was considered. Beta and lower energy gamma (x-ray)
radiations, constituting approximately 30 percent of the total energy
produced, are assumed to be absorbed within the capsule, and are therefore
neglected from this analysis.

4.0 GEOMETRY

The MCNP input file is provided in Attachment 1. The MCNP model was
developed from a model used in a previous analysis (Reference 3). The pools
are 18 ft (5.48 m) deep and are separated from one another by 15 ft (4.57 m)
high walls. The width of the pool is 4 ft 5 in (135 cm). The capsules are
each 20.8 in (52.8 cm) tall, and sit approximately 8.2 in (20.8 cm) off the
bottom of the pool in three separate racks. The water is 13 ft (3.96 m)
deep. Concrete was modeled with a density of 2.35 g/cc, and water at 1.0

g/ecc.

The capsules consist of CsCl salt encased in steel. They were modeled with
an outside diameter of 2.6 in (6.7 cm), and a height of 20.8 in (52.8 cm).
The thickness of steel at each end of the capsule was modeled as 0.79 in (2
cm), and the side thickness as .24 in (0.6 cm), including both inner and
outer capsules. The thicknesses of the steel are based on dimensions given
in Reference 2. The model assumed 2.5 kg CsC1 and 5.9 kg 316 SST in each
capsule, corresponding to the averages given by the Encapsulation Database
System (EDS) maintained by WESF engineering.

Each pool contains racks for storing the capsules in arrays of 13 x 17, 13 x
21 and 13 x 13 capsules. This amounts to 663 capsules in a maximally loaded
pool. The capsules are spaced at 3.75 in (9.5 cm) intervals within each
rack.
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B. E. Hey 8M730-KEH-96-002
Page 3

February 13, 1996

5.0 RESULTS

Table 1 below shows the average amount of gamma energy absorbed in each
material per .662 MeV gamma emitted.

Table 1. Gamma Energg Absorbed in Each Material for a .662 MeV Photon

Material Energy Uncertainty'
Absorbed
(MeV)
cesium chloride salt .257 .76 %
steel casing .241 .83 %
water .148 1.4 %
concrete .020 5.4 %

This is the one standard deviation statistical uncertainty given by MCNP.
For 28.6 MCi of Cs-137 this amounts to a total of 1.33E17 MeV/s (21 kW)
absorbed in the water, based on a .946 branching ratio for decay from Cs-137
to Ba-137m (ORIGENZ database, Reference 4) and a .901 abundance of the .662
MeV gamma in the decay of Ba-137m (Reference 5)}.

6.0 ARCHIVAL

The input and output files are stored with this report on a DOS formatted

3.5 inch floppy. The MCNP input and output file names are heat.inp and
heat.out respectively. Attachment 1 is a source listing of the MCNP input

file
e / .
K. E. Hillesland, Engineer Concurrence:

Nuclear Physics and Shielding éy Greenborg, Manager
11p

Attachment

F-5
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8M730-KEH-96-002
ATTACHMENT 1
Page 1 of 10

MCNP Input File Listing

WESF Facility, 13 feet of water in pool 7
¢ Energy absorption calculation
-0,0012 -3 -514 6 -7 210
-1.0000 -3 -5 46 -7 -210

VAoV RNRNVMURNRNVVIVNNUGUUINRNVWNUTRNN AR VNN UNNUVRNAVNRNORNNRN VBRI SW AU i o alla o

-1.0000 -7 6 18 -19 307 -308 $ 13
-2.3500 -31 298 -44 33 274 -28
-1.0000 -7 6 18 -19 306 -307 $ 12
-1.0000 -7 6 18 -19 305 -306 $ 11
-2.3500 -31 298 -44 33 273 -274
-2.3500 17 -18 -3 & -7 306 -308
-2.3500 19 -20 -3 6 -7 306 -308
-1.0000 -7 &6 18 -19 304 -305 %
-2.3500 17 -18 -3 6 -7 305 -306
-2.3500 19 -20 -3 6 -7 305 -306
-1.0000 -7 6 18 -19 303 -304 $
-2.3500 -31 298 -44 33 272 -273
-2.3500 17 -18 -3 6 -7 304 -305
-2,3500 19 -20 -3 6 -7 304 -305
-1,0000 -7 6 18 -19 302 -303 $
-2.3500 17 -18 -3 6 -7 303 -304
-2.3500 19 -20 -3 6 -7 303 -304
-1.0000 -7 6 18 -19 301 -302 %
-2.3500 -31 298 -44 33 271 -272
-2.3500 17 -18 -3 6 -7 302 -303
-2.3500 19 -20 -3 6 -7 302 -303
-1.0000 -7 6 18 -19 300 -301 %
-2,3500 17 -18 -3 6 -7 301 -302
-2.3500 19 -20 -3 6 -7 301 -302
-1.0000 -7 6 18 -19 M771 #772 #773 299 -300 $ 5
-2.3500 -31 298 -44 33 7 -271

-2, 3500 17 -18 -3 6 -7 300 -301

-2.3 19 -20 -3 6 -7 300 -301

-1, 0 (205'-206 209) 211 u=5

-1.0 211 w

-B.40 205 ZlJﬂ -209 (204:-207:208) u=5 $ Steel casing
-1.0000 -7 6 18 -19 ¥77% #772 #773 298 299 $4
-2.3500 17 -18 -3 6 -7 299 -300

-2,3500 19 -20 -3 6 -7 299 -300

-1.0 (205:-206:209) 212 -211 u=5

-1.0 212 -211 u=b

-2.16 -204 207 -208 u=5 $ Cscl

-1.0000 -7 6 18 -19 #771 K772 W773 297 -298 % 3
-2.3500 17 ~18 -3 6 -7 298 -299

-2.3500 19 -20 -3 6 -7 298 -29%9

-1.0 (205:-206:209) 213 -212 u=5

-1.0 213 -212 u=6

-1.0000 -7 6 18 -19 #7711 #4772 #773 296 -297 8 2
-2.3500 17 -18 -3 6 -7 297 -298

-2,3500 19 -20 -3 6 -7 297 -298

-1.D0 {205:-206:209) 214 -213 u=5

-1.0 214 -213 u=4

-1.0000 1 -7 6 18 -19 ¥#771 #772 #7713 -296 $ 1
-2.3500 17 -18 -3 6 -7 1 -297

-2.3500 19 -20 -3 6 -7 1 -297

0 (205:-206:209) -214 u=5

~214 usd

-0.0012 -3 1 -7 6 20 -271 210

0

o

~

L

-1.0000 -3 1 -7 620 -21 -210
-0.0012 -3 1 -7 6 22 -23 210
-1.0000 -3 1 -7 6 22 -23 -210
-0.0012 -3 1 -7 6 24 -25 210
-1.0000 -3 1 -7 6 24 -25 -210
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-0.0012
-0.0012
-0.0012
-0.0012
-0.0012
-0.0012
-0,0012

HNF-SD-WM-TI-733 R

V1 8M730-KEH-96-002
ATTACHMENT 1
Page 2 of 10

-31-7626-27 210
~31 -7 626 -27 -210
-31 30 28 -29 33 -32
35 -36 -34 38 40 -41
37 -31 -34 38 -41 40
3-316-7-274

(43 -41 34 -29 35 -36 )(44
(34 -41 43 -29 37 -31 )(44
<46 47 -50 38 -49 48
-52 48 46 -45 38 -51
-55 38 53 -40 54 -49
40 -49 31 -41 38 -50
5-8-31-76
9-10-31-76
11-12-316-7
-316-713 -14

“16 15 -3 16 -7

17 -18 -3 6 -7 308

19 -20 -3 6 -7 308

21 -22 -316 -7

23 -24 -316 -7

-26 25 -316 -7

2
-6 -31 34 2 -44 40
2 -1 -7 6 -44 63
28 -20 -30 2 33 -32
29 -31 -50 2 33 -41
=37 36 -34 38 40 -41
~35 2 38 -34 40 -41
(36 -37 -29 34 43 -41 )(28 :44 )
(34 -35 2 -29 43 -41 )(44 28)
53 -40 -49 31 55 -50
(-52 2 -51 38 45 -40 (80 :-79 :78 :-31 )
52 -54 53 -40 -55 38
<55 51 -40 46 -52 &1
§5 -50 -53 46 -49 61
-48 61 -46 47 38 -30
63 -4 -3116 -7
38 -61 -50 2 -53 62
(-126 2 -64 )(58 :56 :-62 :-57 )
~29 28 -43 32 -31 2
70 -33 7 -50 2 -31
-53 46 52 -49 -55 38
(71 -31 6 -63 -50 53 )(+7 :-70 ))(40 =55 )
-48 61 46 -45 -51 38
€63 -71 6 -63 -50 53 )(-7 :-70 3)(40 :55 )
((53 -63 & -50 2 -61 )(40 :51 ))(-7 :-70 )
-45 -51 38 53 -61 2
48 72 -74 -73 57 -38
-T7 -75 76 48 57 -38
79 -80 31 -78 45 -40
-82 -80 81 31 50 -54
-84 85 83 -86 -56 50
-87 31 88 -80 50 -56
-80 90 -89 31 -58 41
(-99 91 -95 103 64 -107 )(58 :56 :-62 :-57 )
(-100 92 104 -96 64 -107 (99 :-91 :-103 :95 >
€-93 -107 64 >(100 :96 :-104 :-92 )
(-94 64 -107 ) 93
(-93 107 -108 (-57 :58 :56 :-62 :59 ))

114 :-115 :56 :-62 :116 )

-0.0012
-0.0012

-2.3500

(-94 -108 107 > 93

108 -69 -93

€108 -69 -94 ) 93

((64 -69 -65 Y( 9% 3)(-107 )

-109 110 47 -50 59 -111

112 110 -113 -50 5¢ -111

109 -112 -111 59 -50 110

C(((50 -56 -49 2 -41 62 )(B2 :-31 'SO =31 N
84 :-83 ))(87 :-88 :-31 :80 ))(-11

€C((50 -56 -49 2 -41 62 )(B2 :-81 '&D =31 )
:84 :-83 ))(87 :-88 :-31 :80 )){119

(((57 -38 -4?82 62 -41)(-72 :T3 74 =48 1)

77 =76 175 (U

C((57 -38 -49 2 62 -41 )(-T2 :73 :74 :-48 ))
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-487.68

-548.64

22.86 0Old model 15' 9" deep pits
-30.48 $ 15' deep pits

0.0000

266.7

0.0000

662.94

674.94



n

BURRRABABIA

px 271.78
pn
pz
By
py
Py
Py
pr 223.52
23
PY
2%
pr
px
pPX

px  -1289.56
c/2 297.18 656.58 5000
c/z 297.18 656.58 10000
px  1383.92
px 1883.92
py 2552.3
py 3052.3
py -1239.14
-1739.14
pz  200.0000
pz  15000.0000
py -7.62
px 312.42
Pz 1224.28
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8M730-KEH-96-002
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¢ 705
705

<

i
771

8

35

pz 51.154

ps 52.83

px  123.925
tally surfaces

px 403

00 -414.025
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$ top of pins

34.6163 1128.6100 -466.8250
tr772  269.4580 1128.6100 -466.8250
tr773  504.2990 1128.6100 -466.8250

MA?ER[ALS drdrlrdedbededrded i
8000

.21
7000 79
8000 - 4407
14000 -.2157
20000 -.1306
26000 -.0788
13000 ~.0607
12000 -.0376
19000 -.0066
11000 -.0182
22000 - .004%
1000 -.0031
25000 ~.0013
15000 - .000%
16000 -.0009
26000 1.0
14000 .2813
8000 6556
13000 0123
26000 0084
20000 -0149
12000 -0103
19000 -0022
11000 .0034
1000 -0116

1000 1 8000 1
55000 1 17000 1

SOURCE W#idus
28.6MCi Cs * 3.7e10 dis/Ci * .94 Ba/Cs * .901(abundance) = 9.02e17

cel=d1

$0 air rumber fraction

N

$0 concrete weight fraction
$si

$Ca
$Fe
$AL
Sig

$fe iron
$5i hanford seil number fraction

$uater
$Cscl

pos=4.75% 4.75 0 axs=0 D 1 ext=d3

rad dé erg 66166 wg

t=1

rad db erg .66166 wgt=9.02e17

End Cs rack

771:201¢4 © 0):205
771:201(6 0 0):205
771:201(9 0 1) :205
01¢%2 0 0):205
01¢15 0 0):205
01¢18 0 D):205
01¢4 1 0):205
H 01(6 1 D):ZDS

01{12 1 D):205
01¢15 1 0):205
771:201(18 1 0):205
771:201¢4 2 0):205
771:201(6 2 0):205
771:201(9 2 0):205
771:201¢12 2 0):205
771:201¢15 2 0):205
771:201018 2 0):205
771:20104 3 0):205
771:201¢6 3 0):205
01¢9 3 0):205
01¢12 3 0):205
01¢15 3 0):205
01(18 3 0):205
01¢4 4 0):205
2201(6 4 0):205
771:201¢9 4 0):205
771:201¢12 4 03:205
771:201¢15 4 0):205
771:201(18 4 0):205

771:201¢5 0 0):205

771:201¢7 0 0):205  771:201(8 0 0):205
771:201¢10 0 0):205 771:201¢11 0 0):205
771:201¢13 0 03:205 771:209(¢14 0 0):205
771:201¢16 D 0):205 771:201(17 0 0):205
771:201¢19 0 0):205 771:201(20 0 0):205
771:201(5 1 0):205

771:201¢7 1 0):205 771:201(B 1 0):205
771:201€10 1 0):205 771:201¢11 1 0):205
771:200¢13 1 0):205 771:201(14 1 0):205
771:201€16 1 0>:205 771:201¢17 1 0):205
771:201¢19 1 0):205 771:201(20 1 0):205
T71:201¢5 2 0):205

771:201¢7 2 0):205 771:201(8 2 0):205
771:201¢10 2 0):205  771:201(11 2 0);205
771:201€13 2 0):205 771:201(14 2 0):205
771:201€16 2 0):205 771:201(17 2 0):205
771:201(19 2 05:205 771:201(20 2 0):205
771:201¢5 3 0):205

771:201¢7 3 0):205 771:201(8 3 0):205
771:201¢10 3 0):205 771:201(¢11 3 0):205
771:200¢13 3 0):205 771:201(14 3 0):205
771201016 3 0) 205 771:201(17 3 0):205
771:201¢19 3 0):205 771:201(20 3 0):205

771:201¢5 & 0):205

771:201¢7 4 0):205 771:201(8 4 0):205
771:201¢10 4 0):205 771:201(11 4 0):205
771:201(13 4 0):205 771:201¢14 4 0):205
771:201€16 4 0):205 771:201(17 4 0
T71:201¢19 & 0>:205 771:201¢20 4 0):205
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7

771:201¢4 7 0)z205
771:201¢6 7 0):205
771:201(9 7 0):205
771:201(12 7 0):205
771:201(15 7 0):205
771:201¢18 7 03:205
m

1¢6 8 0):205
1¢9 8 0):205
112 8 0):205
1(15 8 0):205

)

44 1¢12 9 D) 205
771:201¢15 9 0):205
771:201¢18 9 0):205
771:201(4 10 0):205
771:201¢(6 10 0):205
771:201(9 10 0):205

77 112 10 0):20
7 115 10 0)3:205
77 1(18 10 0):205
v 1¢4 11 0):205

:201¢(6 11 0):205

1(12 11 0):205
01¢15 11 0):205
0118 11 0):205
01¢4 12 0):205

771:201(6 12 0):205
771:201(9 12 0):205
771:201012 12 9):205
771:201(15 12 0):205
771:201¢18 12 0):205
Niddle Rack
772:202¢(0 0 0):205
772: 205

772 202(15 0 0):205
772:202(18 D 0):205
;205

77

772:202(12 1 0) 205
T72:202¢15 1 0):205
772:202(18 1 0):205
772:202¢0 2 0):205
772:202(3 2 0):205
772:202¢(6 2 0):205
772:202(9 2 0):205
772:202¢
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771:201¢5 5 0):205

T71:201(7 5 0):205 771:201(8 5 0):205
771:201€10 5 0):205  771:201¢11 5 0):205
771:201(13 5 0):205 771:201(14 5 0):205
771:201¢16 5 0):205 771:201¢17 5 0):205
771:201C19 5 0):205 771:201¢20 5 0):205
771:201(5 6 0):205

771:201(7 & 0):205 771:201(8 6 0):205
771:201¢10 6 0):205 771:201(11 6 0):205
771:201¢13 6 0):205 771:201(14 6 0):205
771:201¢16 6 0):205 771:201(17 6 0):205
205 771:201(20 6 0):205

771:201¢19 6 0):

771:201(¢5 7 0):205

771:201(7 7 0):205 771:201(8 7 0):205
771:201€10 7 0):205 771:201(11 7 0):205
T71:201€13 7 0):205 771:201(14 7 0):205
T71:2001€16 7 1):205 771:201(17 7 0):205
771:201¢19 7 0):205 771:201(20 7 0):205
771:201¢5 8 0):205

771:201(¢7 8 0):205 771:201(8 8 0):205
771:201¢€10 8 0):205 771:201(11 8 0):205
771:201¢13 8 0):205 771:201¢14 8 0):205
771:201016 8 0):205 771:201(17 8 0):205
771:201¢19 8 0):205 771:201¢20 8 0):205
771:201¢5 9 0):205

771:201€7 9 0):205 771:201(8 9 0):205
771:201(10 9 0):205 771:201(11 9 03:205
771:201€13 9 0):205 771:201¢14 9 0):205
771:201¢16 9 0):205 771:201(17 9 0):205
771:201(19 9 0):205 771:201(20 9 0);205
771:201¢5 10 0):205

771:201¢7 10 0):205 771:201(8 10 0):205
771:201¢10 10 0):205 771:201¢11 10 0):205
771:209¢13 10 0):205 771:20%¢14 10 0):205
771:209¢16 10 0):205 771:201(17 10 0):205
7713201¢19 10 0):205 771:201(20 10 0):205
771:200¢5 11 0):205

771:200¢7 11 0):205 771:201(8 11 0):205
771:201¢10 11 0):205 771:201¢11 11 0):205
771:201¢13 11 0):205 771:201¢14 11 0):205
771:201¢18 11 0):205 771:201(17 11 0):205
771:201¢19 11 0):205 771:201(20 11 0):205
771:204¢5 12 052205

774:201¢7 12 0):205 771:201(8 12 0):205
771:201¢10 12 0):205 771:201(11 12 0):205
771:201¢13 12 0):205 771:201(14 12 0):205
771:201¢16 12 0):205 771:201(17 12 0):205
771:201€19 12 0):205 771:201¢20 12 0):205

772:202¢1 0 0):205 772:202(2 0 0):205
772:202¢4 0 0):205 772:202(5 0 0):205
772:202(7 0 0):205 772:202(8 ¢ 03:205
772:202¢10 0 0):205 772:202¢11 0 0):205
772:202¢13 0 0):205 772:202(14 0 0):205
772:202¢16 0 0):205 772:202¢17 0 0):205
205 772:202¢20 0 0):205

772:202¢19 0 0):

772:202¢1 1 0):205 772:202(2 1 0):205
772:202¢4 1 0):205  772:202(5 1 0):205
T72:202¢7 1 0):205 772:202(8 1 0):205
772:202¢10 1 0):205 772:202¢11 1 0):205
772:202(13 1 0):205 772:202(14 1 0):205
772:202¢16 1 0):205 772:202(17 1 0):205
772:202¢19 1 0):205 772:202(20 1 0):205
772:202¢1 2 0):205 772:202(2 2 0):205
772:202¢4 2 0):205 772:202(5 2 0):205
772:202¢7 2 0):;205 772:202¢8 2 0):205
772:202(10 2 0):205 772:202(11 2 0):205
772:202¢13 2 0):205 772:202(14 2 0):20
772:202¢16 2 0):205 772:202(17 2 0
772:202¢19 2 0):205 772:202(20 2 0):205
772:202¢1 3 0):205 - 772:202(2 3 0) 205
772:202¢4 3 0):205 772:202(5 3 0):205
772:202(7 3 0):205 772:202(8 3 0):205
772:202¢10 3 0):205 772:202(11 3 0);205
772:202(13 3 0):205 772:202(14 3 0):205
772:202¢16 3 0):205 772:202(17 3 0):205
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c

772:202(18 3 0):205
772:202(0 4 0):205
772:202(3 4 0):
772:202(6 4 0):
T72:202(9 4 0):
772:202¢12 4 0):
772:202¢(15 4 0):
772:202¢18 4 0):
772:202¢0 5 0)
772:202(3 5 0)
772:202¢(6 5 0)

772:202(12 6 0).205
772:202¢15 6 0):205

02(9 7 0):205
02(12 7 0):205
02¢15 7 0):205
02¢18 7 0):205
02(0 & 0):205
02(3 8 0):205
02(6 B 0):205
772:202(9 8 0):205
772:202¢12 8 0):205
772:202¢15 & 0):205
772:202(18 8 0):205
772:202¢(0 9 0):205
772:202(3 9 0):205
772:202¢6 9 0):205
772:202(9 9 0):205
772:202¢12 9 0):205
772:202¢15 9 0):205
772:202(18 9 0):205
772;202(D 10 0):205
772:202¢3 10 0):205
772:202(6 10 0):205
772:202(9 10 0):205

772:202(12 10 0):205 772:202¢13 1
772:202¢15 10 0):205 772:202¢16 1
772:202¢18 10 0):205 772:202¢1% 1

772:202(0 11 0):205
772:202¢3 11 0):205
772:202(6 11 0):205
T72:202¢(% 11 0):205

772:202(12 11 0):205 772:202(13 1
772:202(15 11 0):205 772:202¢16 1
772:202¢18 11 0);205 772:202¢19 1

772:202¢0 12 0):205
772:202¢3 12 0):205
772:202¢6 12 0):205
772:202(9 12 0):205

772:202(12 12 0):205 772:202¢13 1
772:202¢15 12 0):205 772:202¢16 12
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772:202¢19 3 0):205 772:202(20 3 0):205
772:202¢1 4 0):205 772:202(2 4 0):205
772:202(4 4 0):205 772:202(5 4 0):205
772:202(7 4 0):205 772:202(8 4 0):205
772:202(10 4 0):205 772:202¢11 4 0):205
:202¢13 4 0):205 772:202¢14 4 0):205
2016 4 0):205 772:202(37 4 0

1202¢19 4 0):205  772:202(20 4 0):205
772 202(1 S 0):205 772:202(2 5 0):205
772:202¢4 S 05 772:202(5 5 0):205
772:202(7 5 0):205 772:202(8 5 0):205
7T2:202¢10 5 0):205 772:202¢11 5 0):205

772:202¢13 5 0):205 772:202(14 5 0):205

772:202¢16 5 0):205 772:202¢17 5 0):205

772:202¢19 5 0):205 772:202¢20 5 0):205
772:202¢1 6 0):205 772:202(2 6 0):205
772:202¢4 6 0):205 772:202(5 6 0):205
772:202(7 6 0):205 772:202(8 & 0):205
772:202¢10 & 0):205 772:202(11 6 0):205

T72:202(13 6 0):205 772:202(14 6 0):205

772:202¢16 6 0):205 772:202(17 6 0):205

772:202¢19 6 §):205 772:202(20 6 0):205
772 202(1 7 0z 205 772:202(2 7 0):205

02¢4 7 0): 772:202(5 7 0):205

772 202(7 7 0): 205 772:202(8 7 0):205
7?"212202(10 7 0): 205 772:202¢11 7 0): 205
05

772:202¢16 205
T72:202¢19 T 0):205 TTZ 202(20 7 0): 205

772:202¢1 8 0):205 772:202(2 8 0):205
772:202(4 8 0):205 772:202(5 8 0):205
772:202(7 8 0):205 772:202(8 3 0):205
772:202¢10 8 0):205 772:202(1% 8 0):205
772:202¢13 8 0):205 772:202(14 8 0):205
772:202¢16 8 0):205 772:202(17 8 0):205
772:202¢19 8 0):205 772:202(20 8 0):205
772:202¢1 9 0):205 772:202(2 @ 0):205
772:202¢4 9 0):205 772:202(5 9 D):205
772:202(7 9 0):205 772:202(8 9 0):205
772 202(10 9 0):205 772:202¢11 9 0):205
02¢13 9 0):205 772:202(14 % 0):205
772 202(16 9 0):205 772:202(17 9 0):205
772:202¢19 9 0):205 772:202¢20 9 0):205
772:202¢1 10 0):205 772:202(2 10 0):205
772:202¢4 10 0):205 772:202¢5 10 0):205
772:202¢7 10 0):205 772:202¢8 10 0):205
772:202¢10 10 0):205 772:202(11 10 0):205
0 0):205 772:202(14 10 0):205
D 0):205 772:202(17 10 0):205
0 0);205 772:202(20 10 0):205
772:202(1 11 0):205 772:202¢2 11 0):205
772:202¢4 11 0):205 772:202¢5 11 0):205
772:202(7 11 0):205 772;202(8 11 0):205
772:202¢10 11 0):205  772:202¢11 11 0):205
10):205 772:202(146 11 0):205
10):205 772:202(17 11 0):205
1.0):205 772:202(¢20 11 0):205
772:202¢% 12 03:205 772:202(2 12 0):205
772:202(4 12 0):205 772:202(5 12 0):205
772:202(7 12 0):205  772:202¢8 12 0):205
T72:202¢10 12 0):205 772:202(11 12 0):205
2 0):205 772:202(14 12 0):205
0):205 772:202(17 12 0):205

772:202(18 12 0):205 772:202(1% 12 0):205 772:202(20 12 0):205

sr_rack

773:203¢(0 0 0):205
773:203(3 0 0):205
773:203(6 0 0):205
773:203¢9 0 0):205
773:203(12 0 0):205
773:203(0 1 0):205
773:203(3 1 0):205
773:203¢6 1 0):205
773:203(9 1 0):205
773:203(12 1 0):205
773:203¢(0 2 0):205

773:203(1 0 0):205 773:203(2 0 0):205
773:203(4 0 0):205 773:203¢5 0 0):205
773:203(7 0 0):205 773:203¢8 0 0):205
773:203(10 0 0):205 773:203(11 0 0):205

773:203¢1 1 0):205 773:203(2 1 0):205
773:203(4 1 0):205 773:203(5 1 0):205
773:203(7 1 0):205 773:203¢(8 1 0):205
773:203¢10 1 0):205 773:203¢11 1 0):205

773:203(1 2 0):205 773:203(2 2 0):205
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TT3:203¢4 2 0):205 773:203(5 2 0):205
773:203(7 2 0):205 773:203(8 2 0):205
773:203(10 2 0):205 773:203¢11 2 0):205

773:203¢1 3 0):205 773:203(2 3 0):205
773:203(4 3 0):205 773:203(5 3 0):205
773:203¢7 3 0):205 773:203(8 3 0):205
773:203¢10 3 0):205 773:203¢11 3 0):205

773:203(1 4 0):205 773:203(2 4 0):205
773:203C4 4 0):205 773:203(5 4 0):205
773:203(7 4 0):205 773:203(8 & 0):205
773:203¢10 4 0):205 773:203(11 4 0):205

773:203(1 5 0):205 773:203(2 5 0):205
773:203¢4 5 0):205 773:203(5 5 0):205
773:203(¢7 5 0):205 773:203(8 5 0):205
773:203¢10 5 0):205 773:203¢11 5 0):205

773:203(1 6 0):205 773:203(2 6 0):205
773:203(4 6 0):205 773:203(5 6 0);205
773:203(7 6 0):205 773;203(8 6 0):205
773:203(10 6 0):205 773:203(11 6 0):205

773:203(1 7 0):205 773:203(2 7 0):205
773:203(4 7 0):205 773:203(5 7 0):205
773:203(7 7 03:205 773:203(8 7 0):205
773:203¢10 7 03:205 773:203(11 7 0):205

773:203(1 8 0):205 773:203(2 8 0):205
773:203C4 8 0):205 773:203¢5 8 0):205
773:203(7 8 03:205 773:203(8 8 0):205
773:203¢10 8 0):205 773:203¢11 B 0):205

773:203(1 9 0):205 773:203(2 9 0):205
773:203(4 9 0):205 773:203(5 9 0):205
773:203(7 9 0):205 773:203(8 9 0):205
773:203(10 9 03:205 773:203(11 9 0):205

773:203¢1 10 0):205 773:203(2
773:203¢4 10 0):205 773:203(5
773:203t6 10 773:203(7 10 0):205 773:203(¢8 10 0):205

773:203(9 10 773:203¢10 10 0):205 773:203¢11 10 0):205

773:203(12 10

773:203¢1 11 0):205 773:203¢2 11 0):205
773:203¢4 11 03:205 773:203¢5 11 0):205
773:203(7 11 0):205 773:203(8 11 0):205
773:203¢10 11 03:205 773:203¢11 11 0):205

773:203¢1 12 0):205 773:203(2 12 0):205
773:203C4 12 0):205 773:203(5 12 0
773:203(7 12 0y:205 773:203(8 12 0):205

773:203(10 12 0):205 773:203(11 12 Cl) 205

773 203(12 12 0):205
1 &62r
2,00 50.8
Q2.7

1301 2 302 3 303 4 304 5 305 & 306 7
1 1917 11 1111 11 11
1
1
750 749 4B 747 T46 T45 744 T43 742 TA1
r F P P r r r r r_r
740 739 738 737 736 735 734 733 732 731
r r r r r r T r r T
730 729 728 727 726 725 724 723 722 721
rr.r_r.r F T F T _F
720 719 718 717 716 205 715 714 713 712 7H1
r r r r r r r r r r r
710 709 708 707 706 705 704 703 702 709
F r r r

8 308 9 309 10 310 11 311
1

1
12 13 1!. 15 16 17 1& 19 20
1 8r
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21 22 23 26 25 26 27 28 29 30

19r
31 32 33 34 35 36 37 38 39
LI IR N N H A R T |
42 44 47 48 49 50
1 1 i1 1 1
51 53 55 57 58 59 60
1 1 Tt 1 11
61 62 63 &4 65 66 &9 70
11 1 1 11 1 1
71 72 73 T T5 76 77 78 79 BO
11 1 1 1 & & 4 0 &4
81 82 83 B4 B85 86 88
¢ 90 0 0 & 4
93 94 95 96 97 98 99 100
2 4 2 4 2 4 2 4
101 102 103 104 105 106 107 109 110
L 4 4 b & & & 4 4
111 112 13 114 115 116 117
4 6 0 0 0 0 0

201 202 203
1 1

7 772 773
12r
900

Q

Mev absorbed in watel
(701 702 705 706 707 710 711 712 715 716 717 720 722
723 727 730 734 737 T4l Th4 749 748 731)

1
MeV absorbed in steel casing
721

1
Mev absorbed in CsCl
205

1
MeV absorbed in concrete

(750 747 745 745 743 742 738 739 740 735 736

731 732 733 728 729 724 725 726 T1B T19 V13 714

NeV absorbed in dirt
(57 58 64 65 66)
1

MeV absiorbed in other water
(301 302 303 304 305 306 308 309 310 311)
1

nps 10000
print 10 126 150 160 170
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CHECKLIST FOR INDEPENDENT TECHNICAL REVIEW
DOCUMENT REVIEWED Fnergy Absorbed ia thelaterofa Mavmall, Loaded WESF

Capsote

Storage ot

AUTHOR(S) K E é/ilesla d

I.

I1.

II1.

1v.

v
()
()

)

N

Method(s) of Review

[nput data checked for accuracy

Independent calculation performed

( ) Hand calculation

( ) Alternate computer code:

Comparison to experiment or previous resulis
Alternate method (define)

Checklist (either check or enter NA if not applied)

(v) Task completely defined

() Activity consistent with task specification

(v') Necessary assumptions explicitly stated and supported

(+’}) Resources properly identified and referenced

(v) Resource documentation appropriate for this application

(v) Input data explicitly stated

(~) Input data verified to be consistent with original source

( Geometric model adequate representation of actual geometry

(v/) Material properties appropriate and reasonable

(v} Mathematical derivations checked including dimensional consistency

(v) Hand calculations checked for errors

{~) Assumptions explicitly stated and justified

{+) Computer software appropriate for task and used within range of
validity

(¥a) Use of resource outside range of established validity is justified

{v-) Software runstreams correct and consistent with results

{v) Software output consistent with input

(M4) Results consistent with applicable previous experimental or
analytical findings

(v") Results and conclusions address all points and are consistent with
task requirements and/or established Timits or criteria

(¥A) Conclusions consistent with analytical results and established
Timits

(v') \Uncertainty assesment appropriate and reasonable

( ) Other (define)

Comments:

reviewer: A Eppbpan paze._|2 March \q44

R
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APPENDIX G - Shielding Calculations

This appendix contains:

1.

10.

11.

12.

13.

Internal Memorandum from Karl Hillesland to J. M. Siemer dated November
29, 1994, "Dose Rate Calculations Near the WESF Facility Due to Loss of
Water 1in the Capsule Storage Pools," KEH-8D150-94-001, Westinghouse
Hanford Company, Richland, WA.

Internal Memorandum from Karl Hillesland to B. E. Hey dated February 13,
1996, "Dose Rate in the WESF Capsule Storage Control Room Due to Loss of
Water in a Maximally Loaded Pool," 8M730-KEH-96-001, Westinghouse Hanford
Company, Richland, WA.

Internal Memorandum from Karl Hillesland to B. E. Hey dated June 3, 1996,
"Dose Rates Due to Partial and Complete Loss of Water in a Maximally
Loaded WESF Capsule Storage Pool," 8M730-KEH-96-003, Westinghouse Hanford
Company, Richland, WA.

MicroShield 4.00 output entitled "1 Ci Cs-137, Dist.=4m, Shield=20in
Normal Concrete," DOS File 4M20IN.MS4. Used to estimate exposure above K-
3 Filter Pit.

MicroShield 4.00 output entitled "1 Ci Cs-137, Dist.=4m, Shield=24in
Normal Concrete,” DOS File 4M24IN.MS4. Used to estimate exposure above TK-
100 Pit.

MicroShield 4.00 output entitled "Dose Rate Outside Hot Cell w/ 24
Capsules,” DOS File HCWALL.MS4. Used to estimate exposure outside hot
cell containing 24 capsules.

MicroShield 4.00 output entitled "Dose Rate Above Capsule Storage Pool
with 156 in Water," DOS File POOL156.MS4. Used to estimate exposure above
capsule storage pool with 156 in water level.

MicroShield 4.00 output entitled "Dose Rate Above Capsule Storage Pool
with 110 in Water," DOS File POOL110.MS4. Used to estimate exposure above
capsule storage pool with 110 in water level.

MicroShield 4.00 output entitled "Dose Rate Above Capsule Storage Pool
with 100 in Water," DOS File POOL100.MS4. Used to estimate exposure above
capsule storage pool with 100 in water level.

MicroShield 4.00 output entitled "Dose Rate Above Capsule Storage Pool
with 95 in Water," DOS File POOL95.MS4. Used to estimate exposure above
capsule storage pool with 95 in water level.

MicroShield 4.00 output entitled "Dose Rate Above Capsule Storage Pool
with 64 in Water," DOS File POOL64.MS4. Used to estimate exposure above
capsule storage pool with 64 in water level.

MicroShield 4.00 output entitled "Dose Rate Above Capsule Storage Pool
with 36 in Water," DOS File POOL36.MS4. Used to estimate exposure above
capsule storage pool with 36 in water level.

MicroShield 4.00 output entitled "Dose Rate Above Capsule Storage Pool

G-1



14.

15.

16.

17.

18.

HNF-SD-WM-TI-733 REV 1

with 28 in Water,” DOS File POOL28.MS4. Used to estimate exposure above
capsule storage pool with 28 in water level.

MicroShield 4.00 output entitled "Dose Rate Above Capsule Storage Pool
with no water," DOS File POOLDRY.MS4. Used to estimate exposure above
capsule storage pool with no water.

MicroShield 4.00 output entitled "Dose Rate Above Capsule Storage Pool
with no water and coverblocks in place," DOS File DRAINP.MS4. \Used to
estimate exposure above drained capsule storage pool with coverblocks in
place.

MicroShield 4.00 output entitled "Contact Dose Rate from 3 ft Sphere
Containing 1 Ci Cs-137," DOS File BAGWASTE.MS4. Used to estimate curie
content of 3 ft diameter waste bag containing equivalent shielding content
of carbon at 0.113 g/cc (i.e., 100 1b bag).

Requesting DSI to Jennifer Stewart from Tom Gainey for K-3 filter dose
calculation.

Internal Memorandum from P. D. Rittmann to B. E. Hey dated October 22,

1996, "Estimated Dose Rates for the K3 Filters," Fluor Daniel Northwest,
Inc., Richland, WA.

G-2
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Westinghouse - Internal
Hanford Company Memo
From: Criticality and Radiological Analyses

Phone: 376-9236 H4-64

Date: November 29, 1994

Subject: DOSE RATE CALCULATIONS NEAR THE WESF FACILITY DUE TO LOSS OF WATER
IN THE CAPSULE STORAGE POOLS

To: J. M. Siemer H4-66
cc: - J. W, Daughtry Ha-64 J. D. Guberski R2-06
<Bu B Hey=s T He64 7 A. L. Ramble H4-68
J. P. Hinckley H4-66 J. €. Van Keuren H4-64

Reference: L. L. Carter, Certification of MCNP Version 4A for the WHC
Computer Platforms, ECN-186710, SD-MP-SWD-30001, Rev. 6,
January 1994,

1.0 SUMMARY

The WESF capsule storage pools contain a large inventory of cesium and
strontium capsules submersed in water. The water acts as an important
radiation shield. Dose Rates have been calculated using MCNP (Reference 1)
in the event that all the water in the WESF capsule storage pools is Tost
and the concrete cover blocks are removed. The analysis assumed 55.1 MCi of
cesium-137. Strontium capsules were not included in the analysis, as they
would not contribute appreciably to dose rates outside the capsule storage
area. Two spatial distributions of the source were considered. One
calculation assumed all cesium capsules were concentrated towards the center
pools. The second calculation assumed the capsules were evenly dispersed
amongst all eleven storage pools. Dose rates as a function of distance from
the WESF capsule storage area are reported in Table 1. Dose rates in some
adjoining sections of the WESF facility are reported in Table 2 and Figure
3.

2.0 GEOMETRY

Only the area of the WESF facility where the storage pools reside was
modeled. This includes the pool area, truck port, and the portion of the
second floor above the pool area. Figure 1 shows the MCNP model used with
the first and second floor ceilings removed for illustrative purposes. The
dimensions of the model, including the building, capsules, and storage
racks, come from the drawings 1isted in Attachment B. Attachment C is a
sampie MCNP input file listing.

Hanford O i and i ing Cy for 1ha US D of Energy
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Because the model assumes that the cell cover blocks are removed, and there
is no water in the pool cells, the primary shielding in terms of dose rates
outside the complex is the first floor walls and ceiling. Figure 2 shows
various dimensions of the complex. The walls are generally 30.5 cm (1 ft)
thick concrete. The ceilings were modeled as 10.1 ¢m (4 in) concrete. The
remainder of the building to the east would provide shielding, and was
conservatively Teft out of the model.

The outside dimensions of each cesium capsule are 6.7 cm {2.6 in) OD x 52.8
cm (20.8 in) length. The capsule itself is made from 316 stainless steel,
and is filled with a cesium chloride salt. The total steel thickness at
each end of the capsule is 2.0 cm (.8 in), and the total steel thickness at
the sides is .6 cm (.24 in).

Each pool has three storage racks for holding the capsules, two cesium racks
and one strontium rack. A cesium rack is a 21 x 13 grid measuring 200 cm x
127 cm (6 ft 7 in x 4 ft 2 in). A strontium rack is a 13 x 13 grid
measuring 124 c¢m x 127 cm (4 ft 1 in x 4 ft 2 in). The west and center
racks of each pool are cesium racks. The eastern rack of each pool is a
strontium rack. The four western most rows of the west cesium rack in each
pool are left empty. Although generally restricted to cesium racks, cesium
capsules are occasionally placed in strontium racks.

Rather than modeling each capsule within a rack, each rack and its capsules
were modeled as a box. The box had dimensions reflecting that of a filled
rack. The material of the box was conservatively left void. This setup was
necessary because of the unpredictability in how the capsules might be
arranged in the racks.

Because the pools are below ground level, the primary source of dose rates
to people outside the facility will be due to scattering from air

(skyshine). Air was ?ode1ed as 79% nitrogen, 21% oxygen by atom fraction at
a density of 1200 g/m” (STP).

In order to study the effect of meteorology, separate calculations were done
using 100% humidity. At 25° C (77° F), 100 kPa (1 atm), 100% relative
humidity, there is approximately 24 g water per cubic meter of dry air. The
calculations included the following scenarios: 1) the air of the entire
area at 100% humidity, 2) a column of 100% humidity air out to a radius of
50 m, 3) a layer of 100% humidity air starting at 50 m elevation (cloud
layer).

3.0 SOURCE

The source term consisted of 1370 cesium capsules, amounting to 55.1 MCi of
cesium-137 as of 11/1/94. The total curies for this model was based on a
total curie content of 51.7 MCi for 1328 uncut cesium capsules as of 4/1/96
as given by the Encapsulation Database System (see attachment A). It was
assumed that the 42 cut capsules would have the average curie content of the
uncut 1328 capsules if they were to be re-encapsulated. The 55.1 MCi comes
from multiplying the 51.7 MCi by a weighing factor of 1370/1328 to include

G-4
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the contents of the cut capsules in the total inventory, and reverse
decaying the inventory at 4/1/96 to an inventory at 11/1/94.

The capsules were distributed in two different configurations amongst the
pools. One calculation put all the capsules possible in poois 5 and 6 (663
in each) with the remainder divided evenly amongst rack 2 of pools 4 and 7
(center rack used for conservatism). The second calculation divided the
1370 capsules evenly amongst cesium racks in all eleven pools.

The beta particles and low energy bremsstrahlung photons produced by
strontium-90 will not penetrate the concrete walls and ceiling of the
facility well enough to contribute appreciably to dose rates outside of the
capsule storage area. For this reason, the strontium capsules were left out
of the analysis.

4.0 RESULTS

Dose rates out to 200 m from the WESF capsule storage area are shown in
Table 1. The numbers reported are the highest dose rates calculated in any
compass direction for a given distance from the WESF capsule storage area,
excluding to the east where the remainder of the WESF facility is located.
Dose rates were taken at 5 m and 10 m from the external walls of the capsule
storage area and truck port. Oose rates were also taken 50 m, 100 m, and
200 m, measured from the center of the storage area. Table 2 and Figure 3
show dose rates in adjoining sections of the WESF facility.

A number of different scenarios were investigated to find the effects of

extreme meteorological conditions on dose rates. There were no significant
changes in dose rates observed in any of the scenarios investigated.

Table 1. Upper Bound Dose Rates Qutside the WESF Facility

Distance from WESF capsule storage 5m 10 50 100 200
area, in meters

Dose rates (Sv/hr) for capsules in .4 .4 1 .04 .008
center pools

Dose rates (Sv/hr) for capsules evenly | .4 4 .1 .04 .007
distributed amongst all pools
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Table 2.

HNF-SD-WM-TI-733 REV 1

Dose Rates in Adjoining Sections of

KEH-8D150-94-001

the WESF Facility

Dose rates (Sv/hr) for
capsules in center

Dose rates (Sv/hr) for
capsules evenly

area (second floor)

pools distributed amongst
all pools
truck port/capsule 9 30
storage area door
capsule storage area 6 17
north door to outside
changing room door 50 40
west end of canyon .04 5
{second floor)
west end of maintenance |5 50

X 4 Hlte

K. E. HiTlesTand, Rotational Engineer
Criticality and Radiological Analyses

Attachments

A

Concurrence: /A/&sz\.

Y/ J. W. Daughtry 7

Manager
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TOTAL NUMBER OF CESILM AND STRONTIUM CAPSULES EXPECTED AT HANFORD:

CESIUM STRONTIUH
WESF 1041* WESF 601
ARECO 25
10TECH 22% + THE FOLLOWING CUT CAPSULES
PHL 33

1328 ORNL-CUT 28

PNL-CUT 5

+ THE FOLLOWING CUT CAPSULES 634
ORRL-CUT 37
PNL-CUT 5

1370

INTACT CESIUM CAPSULES ARE EXPECTED 10 BE RETURNED TO HANFORD BY MID-FYS6.
TIME-FRAME FOR RETURN OF CUT CAPSULES FROM ORNL AND PNL NOT KNOWN.

CESIUM CAPSULES

Total MCi

INTACT CESIUM CAPSULES (1328) 51.7%%
STRONTIUM CAPSULES -

Total MCi

INTACT STRONTIUM CAPSULES (601) 22.4%*

*INVENTORY INCLUDES 5 SHIPMENTS FROM IOTECH

**DECAYED TO 4/01/96 KPB (per EDS)

10/05/94
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ATTACHMENT B. Drawing List

"Architectural, First Floor Plan, Area 3".
"Architectural, Second Fioor Pian®.

"Architectural, Door Schedule & Details, Interior Room
"Structural, Capsule Storage Rack, Plan. Sections &

"Structural, Sections, Area 2",
"Structural, Foundation & Floor Plan, Area 3".

"Structural, Sections, Area 3“.

, "Cs Inner Capsule, Assembly & Details".
, "Cs Outer Capsule, Assembly & Details".
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ATTACHMENT C. MCNP Input for Capsules in Center Pool Cells

WESF Facility

-0.0012 -3 -5 14 6 -7 #7111 4712 #4713
~0.0012 1 -3 -7 6 8 -9 #T21 W722 ¥723
-0.0012 1 -3 -7 6 10 -11 #731 w732 #733
-0.0092 -3 16 -7 12 =13 #7541 ¥T4L2 #TL3

CEAR AN

=53 46 52 -49 -55 3

(71 -31 6 -63 -50 53 I(=T 2270 )X40 55 )
-48 61 46 -45 -51 3

{(61 =71 6 -63 -50 53 X(-7 :-70 )I(40 :55 )
((S3 -63 6 -50 2 -61 )(40 51 (-7 :-70 )
=45 -51 38 53 -61 2

48 72 -74 -73 57 -38

-77 -75 76 48 57 -38

7% -BO 31 -78 45 -40

-82 -80 81 31 50 -56

-B4 85 83 -B6 -56 50

-87 31 88 -80 S0 -56

-80 90 -89 31 -58 41

(-99 91 -95 103 &4 -107 )(S8 :56 :-62 :-57 )
(-100 92 104 -96 64 -107 (99 :-91 :-103 :95 )
¢-93 -107 64 H(100 :96 :-104 :-92 )

(-9% 64 -107 ) 93

(-93 107 -108 (-57 :58 :56 :-62 :59 )

(114 :-115 156 :-62 :136 )

1
1
1
i
1 -0.0012 -3 1 -7 6 14 -15 #751 #4752 4753
1 -0.0012 -3 1 -7 6 16 -17 ¥761 4752 #763
1 -0.0012 -3 1 -7 6 1B -19 #771 4772 4773
1 -0.0012 -3 1 -7 620 -Z) #781 #782 #783
1 -0.0012 -3 1 -7 6 22 -23 4791 4792 #7193
10 1 -0.0012 -3 1-7 624 -25 #B01 #802 #B03
1 1 -0.0012 -3 1 -7 626 -27 #B11 ¥B12 #813
12 1 -0.0012 -31 30 28 -29 33 -32
13 1 -0.0092 35 -36 -34 38 40 -41
14 4 -0.0012 37 -31 -34 38 -41 40
15 1 -0.0012 3 -316 -7 -27 4
16 1\ -0.0012 (43 -41 34 -29 35 -36 (44 :28 )
171 -0.0012 (34 -41 &3 -29 37 -31 )44 28 )
18 1 -0.0012 -46 47 -50 38 -49 48
19 1 -D.0092 -52 48 46 -4S 3B -51
20 1 -0.0012 -55 38 53 -40 54 -49
21 1 -0.0092 40 -4% 31 -41 38 -50
22 2 -2.3500 5-8-31-76
23 2 -2.3500 9-10-31-76
2% 2 -2.3500 11 -12-316 -7
25 2 316 -713 4%
% 2 615 316 -7
7 2 17 -18-316 -7
8 2 19 20 -3 16 -7
29 2 21 .22 -316 -7
0 2 23 24 -316-7
31 2 2625316 -7
2 2 27 -4k 6 -7 -31 1
33 2 3177 28 2 44 33
%2 6 <31 34 2 -4b 40
s 2 2 -1 -7 6 -44 &3
% 2 28 -29 -30 2 33 -3
37 2 29 -31 -50 2 33 -4
s 2 -37 36 -34 38 40 -41
2 -35 2 38 -34 40 -41
2 2 (36 -37 -29 34 &3 -41 )(28 144 )
w2 (34 -35 2 29 43 -41 H(4b 128 )
71 53 -4D -49 31 55 -50
w2 (-52 2 -51 38 45 40 (B0 :-79 :78 :-31)
w2 52 -54 53 -40 -55 3
0 2 55 51 -40 46 -52 61
51 2 55 -50 -53 46 -49 61
53 2 48 81 -46 47 38 -S5O
55 2 63 -4 -31 16 -7
57 4 38 -41 -50 2 -53 62
8 4 (-126 2 -64 (5B :56 :-62 :-57 )
9 2 -29 28 -43 32 -31 2
] 70 -33 7 -50 2 -31
2
2
z
&
&
4
1
1
1
1
i
1
]
1
1
1
i
1

81 1 -0.0012 (-94 -108 107 3 93

82 1 -0.0012 108 -69 -93

a3 1 -0.0012 (108 -6% -54 ) 93

84 1 -0.0012 ((64 -69 -65 )( §4 ))(-107
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-0.0012
-0.0012
-2.3500
-2.3500

-85

-2.3500
(-85 86

86

2 ~

47
47
&7

((-58 41 -49 2
(-59 49 57 -58
(-59 49 57 -58
(62 -47
(62 -
(62 -

-49

=49 6
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-109 110 47 -50 59 -111

112 110 -113 -50 59 -14i

109 -112 -111 59 -50 110

({50 -56 -49 2 -41 62 )(B2 :-8) :80 :-31 ))
B4 :-83 ))(B7 :-88 :-31 :B0 ))(-119 )

({C(50 56 -49 2 -41 62 )(82 :-81 :80 :-31 ))
:B4 :-83 ))(B7 :-88 :-31 :80 ){1§ )

(((57 -38 -49 2 62 -41 (72 :73 :74 :-48 )}
1-76 375 ))(118 )

(((57 =38 49 2 62 -41 )(-72 :73 :74 :-48 ))
276 375 ))(-118 )
{(-58 41 -49 2 -56 57 )(-31 :80 :89 :-90 ))(-117 )
-56 57 )(-31 :80 :B9 :-90 1117
-56 62 )(-121 )

<56 62 )(121 )

61 -50 38 )(120 )

-50 38 )(-120 )

=50 110 59 -111 (120 >
-50 110 59 -111 )(~120 )
-2.3500 (113 -114 -50 110 5% 111 )(-125 )

€113 -114 -50 110 59 -111 (125 )
-56 50 62 -114 59 -111
(115 -110 111 59 62 -114 )(124 )
(115 -110 -111 59 62 -114 )(-124 )
(111 -116 62 -1%4 -56 115 )(-123 )
(111 -116 62 -114 -56 115 (123 )
(-126 64 -107 )( 65 )
(107 -108 -65 H( 94 )

-108 -126 ¥ 65 )
~69 =65 )( 94 )

108 -126 )( 65 )
702 704 -705
702 704 -705

702
702

107
(108
(-69
~703
-703
-703
-703
-703
~703
-703
-703
-703
-703
-703
-703
-703
-703
~703
-708
-703
703
-703
-701 700 -703
~706 700 -703
-701 700 -703
~701 700 -703
-706 700 -703
-701 700 -703
=701 700 -703
-706 700 -703
-701 70D -703
-701 700 -703
-706 700 -703
-701 700 -703
-701 700 -703
-706 700 -703 702
-2 169 :126
pz -487.68
pr  -548.64
pz  22.8%
py 0.0000
py 266.7
px  0.0000
pr 562.9
py 297.18
py 431.8
pr 462.28
Py 596.9
py 627.38
py 762.0000
py 192.48

trels711
trels792
trel=713
trel=721
trel=722
trel=223
trel=731
trels732
trei=733
trel=7el
trel=742
trel=743
trel=751
trels752
trel=75%
trel=761
trcl=762
trel=763
trel=771
trel=772
trel=773
trel=781
trel=782
trel=783
trel=791
trels792
trel=793
trei=801
trel=802
trei=B03
trel=811
trel=812
trel=813
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927.1
957.58
1092.2

56,58 20000
30000, 0000
-143.51
30.48
-697.23
-361.95

~1289.56

297.18 656,58 5000
297,18 656,58 10000
1383

1883.92

2552.3

3052.3

-1239.14

~1739.,14
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107 pr  200.0000
108 pz  15000.0000
109 pr -7.62
110 px 312.42
m Pz 1224.28
112 py 30.48
113 py 478.18
114 py 708.48
15 px  281.94
16 pr  1235.71
17 py 2039.61
118 px  -274.32
119 px  368.68
120 py -723.9
121 pz 481.33
123 pz  1229.9%95
124 px 297,
125 py &93.33
126 c/z 297.18 656.58 30000
700 px -0,1
701 px 200,125
702 pY -0.1
703 py 122.655
704 pz -0.1
708 pz 51.154
70 px 123,925
¢ tally surfaces
1000 px
1001 P -110 359,40
1002 p 110 953.76

tr711 34.8163 71,9725 -466.8250

tr712  269.4580 71.9725 -466,8250

tr713  504.2990 71.9725 -466.8250

tr721  34.6163 303.1130 -466.8250

tr722 269.4580 303.1130 -466.8250
tr723  504.2990 303.1130 -465.8250
tr73t 34,6163 468.2130 -466.8250

tr732  269.4580 458.2130 -456,8250
1r733  304.2990 458.2130 -466,8250
tr7el  34.6183 635.3130 -486.8250

tr742  269.4580 633.3130 -466.8250
tr743  504.2990 633,3130 -446,8250
tr751 34.6163 798.4130 -466,8250

tr752 269.4580 798.4130 -466.8250
tr753  504.2990 798.4130 -486,8250
761 34.6763 943.5130 -466.8250

tr762 269.4580 953.5130 -446.8250
tr763  504.2990 963.5130 -466.8250
7t 34,6163 1128.6100 -466.8250
1772 269.4580 1128.6100 -466.8250
773 504.2990 1128.6100 -466.8250
tr781  34.6163 1293.710D -466.8250
tr782 269.4580 1293.7100 -466.8250
tr783  504.2990 1293.7100 -466.8250
1799 34.6163 1458.81D1 -466.8250
1792 269.4580 1458.8101 -466.8250
tr793  504.2990 1458.8101 -466,8250
tr801 34.5163 1623.9100 -466.8250
tr802 269.4580 1623.910D -466.8250
tre03 504.2990 1623.9100 -466,8250
811 34.6163 1789.0100 -466.8250
tr812 269.4580 1789.0100 -446.8250
tr813  504.2990 1789.0100 -466.8250

P
55.1 MCi C€s * 3.7e10 dps/Ci * .95 Bal37m/Cs = 1.94e18 dps Bai37m
Bal37m * .9 p/dis = 1.75e18 p/s

1.75e18 p/s
ERRERSRRNORA AN
Computing relative probabilities that a given phaton will come
from a given rack.
Two center pools will have sil the Cs capsules it can hold,
with Cs capsules also occupying Sr racks,
rack 1: 221 rack 2: 273 rack 3: 169 Total: 663
The remainder will be split between two poals:
C1370 Cs capsules - 2%663)/2 = 22 in each pool
putting them all in rack 2.

nnnnnnnnnnnnnnn§
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P L L

sdef celzdl wgt=1.75e18 erg=.662
x fecel d3 y fcel &5 2 d6
scl  CELL twhwessnsxnens
si1 L 742 75 7S2 753 761 762 763 TT2
c probabiiity = number of capsules in the rack
spl 22 221 273 169 221 273 189 22
SC3 X ARNERNRRRNANAARRNS
ds3 s 31 30 31 32 30 31 32 3
sc30 First Cs rack, first four rows left empty
si30 72.7164 234.7402
sp30 DI
sc31 Second Ts rack
si31 269.459 459.581
sp31 01
sc32 Se rack
sil2 504,300 628.222
sp32
Py L )

ds5 s 56 S5 55 35 56 S6 56 57

scS4  Pool &y

siS4 633,314 755.966
spS4 01

¢35 Pool 5 Y

si55 798,414 921.066
sp5S

sc56 Pool 6 ¥

si56 963.514 1CB6.166
spS6 01

se57 Pool 7 Y

si57  1128.611 1251.263
sp57

o
P A T
$i6  -466.B24 <415.573

01

spb

e MATERIALS whéwesawwew

L] 8016.50 .21 $0 air number fraction
7014.50 .79 N

m2 8016.50 -.4407 $0 concrete welght fraction
14000.50 -.2157 35§

20000.50 -.1308 $Ca
26000.55 -.0783 SFe
13027.50 -.0607 sat
12000.50 -.0376 $My
19000.50 -.0066 K
131023.50 -.0182 $Na
22000.50 -.0049% ST
1001.50 -.0031 SH
25055,50 -.0013 $Mn
15031.50 -.0009 P
16032.50 -.0009 $s
26000.55 1.0 SFe iron
14000.50 2813 $si hanford soit number fraction
806,50 .4556 b
13027.50 .0123 SAL
26000.55 .0084 SFe
20000.50 .014¥9 sCa
12000.50 .0103 SMg
19000.50 .0Q22 K
11023.50 .0034 SNa
1001.50 .0116 SH
c ans{/ans<6.1.1-1991 fluence-to-dose,photons(mrem/hr/(p/em**2/5)
ded log .01 .015 .02 .03 .04 .05
.06 .08 .10 .15 .20 .30
.40 .50 .60 .BO 1,0 1.5
2.0 3.0 4.0 5.0 5.0 8.0
10

.12,
dfo log 2.232e-5 5.652e-5 8.568e-5 1.1B4e-4 1.314e-4 1.382e-4
1.440¢-4 1.624e-4 1.919e~4 2.797e-4 3.708e-4 5.616e-4
7.416u-4 9.1440-4 1.076e-3 1.379e-3 1.656e-3 2.246e-3
2.7584¢-3 3.672e¢-3 4.500e-3 5.292¢-3 6.0120-3 7.4BBe-3
8.8920+3 1.040e-2

2

phys:p 11

prdmp ] -24013

imp:p

c 1 2 3 4 5 &6 7 8 9 10
1 &r

c 112 13 % 15 16 17 18 19 20

v
c 21 22 23 26 25 26 27 28 29 30

G-17
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19r
c 31 32 33 34 35 36 37T 38 3¢9
18r
3 42 44 47 4B 4% 50
1 1 1 1 1 1
c st 53 55 57 58 359 &0
1 1 1 1 1 1
3 61 62 63 44 65 66 6 70
1 1 1 1 1 1 1
< 7Y 72 T3 T4 TS 76 77 78 79 8O
L D T I T SN ) 9
c B1 82 83 84 B85 86 88
8 4 4 %5 4 4 4
c 93 94 95 96 97 98 99 100
2 4 2 & 2 4 4
c 101 102 103 104 105 106 107 109 110
2 - 4 4 6
c 111 112 113 114 115 116 17
4 10 8 4 1
c 711 712 713 721 722 723 731 732 733
c 71.1 7LZ 743 751 752 753 761 762 763
1 8
c m 772 773 781 782 783 791 792 793
1 8r
e 801 802 803 811 812 813
1 5¢
e 9c0

{chk Dose inside pool area
21

fsé -5 7 -2 -13 -14 -15 -16 -7 -18 -19
fcl4  Dose just above pools

fi4:p 15

fs14  -12 -18 -14 -15 ~16 =17 -18 -19
fc24 Dose in doorway

f2d:p &9 70671 72 73 7% 75

fc34  Jose in each pool

f34;p 34567

febd  Dose in maintenance area

fi4zp B5 B6

fsbd -1000

fc52  5m North/Scuth

f52:p 99 103

552 -38 50

fc54  5m North/Scuth

Skip 76

fs54  -38 50 58

fcé2  5m North/Scuth Center
f62:p 9P 103

fs62 -67

fcéh  5m North/South Center
t64:p 76

fsbh -6 7 58

fe72  5m West/East

$72:p 91 95

1572 41 -40

fe76 5m West/East

f7e:p 7

(]

fs74 41 -40 -57

B2 Sm West/East Center
91 95

182:p

1s82 17 -14

fcB4  5m West/East Center
184z 76

€384 17 -14 -57
fc92  10m North/South
92:p 100 104

fs92  -38 50

fc94 10m Ncrth/Sou!h

194:p 77

fs94  -38 50 58

fc1D2  10m North,/South Center
f102:p 100 104

£s102 -6 7

fc104  10m North/South Center
£106:p 77

5104 -6 7 58
fc112  10m West/East
fH2:p 92 95



nps
ctme

41 -40

"10m West/East
7

41 -40 -57

10m West/East Center
92 9

17 -6

10m West/East Center
7

17 -4 -57
S0m N, W

93

107 ~1001 1002

1620 3.14%a6 1.571eb 1.571e6
50m S, €
93

107 1001 -1002
1220 3.14106 1.571e6 1.57126
S0m

78
1.267e10
100m N, W

94

107 -1001_1002
1220 6.28306 3.141e6 3.141e6
100m 5, E

9%

107 1001 -1002

1620 6.283¢6 3.141eb 3.141¢6
100m

79

200m N, W

5

107 -1001 1002
1e20 1.25747 5,28306 6,283e8
ZODII $, E

107 1001 -1002
120 1.257e7 6.283e6 6.283e6
200m

84
10000000
360
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Westinghouse v Internal
Hanford Company Memo
From: Nuclear Physics and Shielding 8M730-KEH-96-001
Phone: 373-4078 HO-35

Date: February 13, 1996

Subject: DOSE RATE IN THE WESF CAPSULE STORAGE CONTROL RGOM DUE TO LOSS OF
WATER IN A MAXIMALLY LOADED POOL

To:
cc: J. R. Brehm A2-25
J. Greenborg HO-35
A. L. Ramble A3-38*

*w/o attachment
KEH File/LB

Refarences: 1. DSI, B. E. Hey to K. E. Hillesland, "Work Scope for
Additional Shine Calculations for Postulated WESF
Capsule Storage Area Loss of Water Accident”, dated
December 21, 1995.

2. L. L. Carter, "Certification of MCNP Version 4A for WHC
Computer Platforms"”, SD-MP-~-SWD-30001, Rev. 7, dated
January 26, 1995.

3. Internal Memo, K. E. Hillesland to J. M, Siemer, "Dose
Rate Calculations Near the WESF Facility Due to Loss of
Water In the Capsule Storage Pools", dated November 29,
1994.

4. B. E. Hey, "Supporting Calculations and Assumptions for
Use in WESF Interim Safety Basis", WHC-SD-WM-TI-733,
DRAFT, dated January 16, 1996.

1.0 SUMMARY

In the event that water is inadvertently drained from a WESF capsule storage
pool, it will be necessary for an operator to enter the control room to
correct the situation. The purpose of this analysis is to determine the
water level at which access to the control room is restricted by dose rates
in excess of 100 rem/hr. This water level was calculated to be less than
three feet (91 cm) above the top of the capsules.

MCNP (Ref. 2) calculations indicate that an inadvertent drain of a maximally
toaded WESF pool to a water level three feet (91 cm) above the top of the
capsules will result in dose rates less than 1.2 rem/hr in the operating
gallery and instrument shop. The 1.2 rem/hr is the dose rate at the air
lock as calculated by MCNP (Ref. 2), thus representing an upper bound on
dose rates in the control room for this water level.

Hanford O and Engh 9 S for tha US of Enwrgy
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2.0 GEOMETRY

The control room is currently located about eight feet west of the capsule
storage area, just west of the air lock. The dose rate at the air lock door
will represent a conservative upper bound on dose rates in the control room
and any other rooms outside of the capsule storage area on the first floor.
Lower dose rates in the control room and other first floor rooms are due to
separation by greater distance and one or more concrete/cinder block walls.

The MCNP model was develaped from a model used in a previous analysis (Ref.
3). Figures 1 and 2 show dimensions used in the MCNP model. The pools in
the capsule storage area are 18 ft (5.48 m) deep and are separated from one
another by 15 ft (4.57 m) high walls. The capsules are each 20.8 in (52.8
cm) tall, and sit approximately 8.2 in (20.8 cm) off the bottom of the pool
in three separate racks. This model assumes there is three feet of water
above the top of the capsules. The air lock door is 6 ft 3 in (1.9 m) from
the edge of the pool. - Concrete was modeled with a density of 2.35 g/cc, and
water at 1.0 g/cc.

7
219

WATER LEVEL

18

3

13.7

CAPSULE ARRAYS  20.8°
82 3

Figure 1 Elevation View of WESF Pool 7 and Airlock Doorway

The capsules consist of CsCl salt encased in steel. They were modeled with
an outside diameter of 2.6 in (6.7 cm), and a height of 20.8 in (52.8 cm).

6-21



HNF-SD-WM-TI-733 REV 1

B. E. Hey 8M730-KEH-96-001
Page 3
February 13, 1996

POCL 7 45 ] ”

!
o = VY.
-

—

POOL &

Figure 2 Plan View of WESF Pool 7 and Airlock Doorway

The thickness of steel at each end of the capsule was modeled as 0.79 in (2
cm), and the side thickness as .24 in (0.6 cm). The model assumed 2.5 kg
CsC1 and 5.9 kg 316 SST in each capsule, corresponding to the averages given
by the Encapsulation Database System (EDS) maintained by WESF engineering.

Each pool contains racks for storing the capsules in arrays of 13 x 17, 13 x
21 and 13 x 13 capsules. This amounts to 663 capsules in a maximally loaded
pool. The capsules are spaced at 3.75 in (9.5 cm) intervals within each
rack. For this scenario, capsules were placed in pool 7, the pool nearest
the air lock door.

3.0 SOURCE

The total source activity is 28,6 MCi of Cs-137 (References 1 and 4). This
corresponds to 663 cesium capsules with an average activity of 39.19 kCi
plus an additional 10% safety margin. Only the .662 MeV gamma of the Cs/Ba
decay was considered, as it is assumed to be the dominant contributor to
dose rate.

4,0 RESULTS
The dose rate at the air lock door was calculated to be 1.2 rem/hr. As
mentioned in section 2 above, the dose rate at the air lock door bounds dose

rates in the control room and all other rooms outside of the capsule storage
area on the first floor.
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The statistical uncertainty for the dose rate calculation is 3.5%. This is
a measure of the precision of the Monte Carlo calculation. Other
uncertainties are in the material compositions and densities, physical
dimensions, source activity, and simplifying assumptions made for the
source.

5.0 ARCHIVAL
The input and output files are stored with this report on the network drive
\\WHC276\KE_HILLE\ under subdirectory \PROJECTS\WESF. The MCNP input and

output file names are 3feet.inp and 3feet.outp respectively. Attacment 1 is
a source listing of the MCNP input filae.

}7/6 MW Concurrence :\/\/‘é

K. E. Hillesland, Engineer
Nuclear Physics and Shielding (3) Greenborg, Manaqgfj

Tp

Attachment
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MCNP Input File Listing

WESF Facility, 3 feet of water above capsules in pool 7
Dose points for the NE door

c

A Vs Vs AVN VU WA VWA NN UG VR U VWT AT NNV RN R VINNR W RN N VIN SRR VIV N N W UTRI U G U U @ U e U el V=

-0.0012 -3 -5146-7210
-3 -546-7-210
1-3-768-9210

1-3-768-9-210

1-3-7610-11 210
1-3-7610-11 -210
-316-712-13 210
-3 16 -7 12 -13 -210
-31 -7 6114 -15 210
31761 -15 -210
-3t -7 616 <17 210
=3 17616 -17 -210
-3 17 6 18 -19 30!

-7 6 18 -19 307 -308 $ 13
-31 298 -44 33 274 -28
-7 618 -19 306 -307 ¢ 12
-7 6 18 +19 305 -306 $
<31 298 -44 33 273 -274
17 -18 -3 6 -7 306 -308
19 -20 -3 6 -7 306 -308
-7 618 <19 304 -305 $ 10
17 -18 -3 6 -7 305 -306
19 -20 -3 6 -7 305 -306
-7 618 -19 303 -304 $ 9
-31 298 -44 33 272 -273
17 -18 -3 4 -7 304 -305
19 -20 -3 6 -7 304 -305
-7 618 -19 302 -303 %8
17 -18 -3 6 -7 303 -304
19 -20 -3 6 -7 303 -304
-7 618 <19 301 -302% 7
-31 298 -44 33 271 -272
37 -18 -3 6 -7 302 -303
19 -20 -3 6 -7 302 -303
-7 618 -19 300 -301 $ 6
17 -18 -3 6 -7 301 -302
19 -20¢ -3 6 -7 301 -302
-7 6 18 -19 ¥771 #4772 ¥773 299 -300 3 §
-31 298 -44 33 7 -27
17 -18 -3 6 -7 300 -301
0 19 -20 -3 & -7 300 -301
1.0 (205:-206:209) 211 u=5
-1.0 211 usé
-8.40 -205 206 -209 (204:-207:208) u=5 § Steel casing
-1.0000 -7 6 18 -19 #771 #4772 #773 298 -299 $ &
-2.3500 17 -18 -3 6 -7 299 -300
-2.3500 19 -20 -3 6 -7 299 -300
=1,0 (205:-206:209) 212 -211 u=5
-1.0 212 -211 uz4
-2.16 -204 207 -208 u=5 $ Cs
~1.0000 -7 6 18 -19 #7771 ¥7T72 ﬂTZ 297 -298 $ 3
-2.3500 17 -18 -3 6 -7 298 -299
-2.3500 19 -20 -3 6 -7 298 -299
-1.0 (205:-206:209) 213 -212 u=5
~1.0 213 -212 us4
-1.0000 -7 6 18 -19 #7701 #772 #7173 296 -297 $ 2
-2.3500 17 -18 -3 6 -7 297 -298
-2.3500 19 -20 -3 6 -7 297 -298
-1.0 (2053-206:209) 214 -213 u=5 *
~1.0 214 -213 u=4
-1.0000 1 -7 6 18 -19 #771 #772 #773 -296 8 1
~2.3500 17 -18 -3 6 -7 1 -297
-2.3500 1% -20 -3 6 -7 1 -297
-1.0 (ZDE'-ZM 209) -214 us5
~1.0 -214 us4
-0. DO1Z -31-7 620 -2t 210
-1.0000 -3 1 -7 6 20 -21 -210
-0.0012 -3 1 -7 6 22 -23 210
-1.0000 -3 1 -7 6 22 -23 -210
-0.0012 -3 1 -7 & 24 -25 210
-1.0000 -3 1 -7 6 24 -25 -210

=
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-3 1-7626-27 210

-3 4 -7626-27 -210

-31 30 28 -29 33 -32

35 -38 -34 38 4D -4\

37 -31 -34 38 -41 40

3-316-7 274

(43 -41 34 -29 35 -36 )(44 :28 )
(36 -41 43 -29 37 -31 H(44 :28)
-46 47 -50 3B -49 48

=52 48 46 -45 38 -51

-55 38 53 -40 54 -49

40 -49 31 -41 38 -50
5-8-31-76

9-10-31-76

11 12 -316 -7

<16 15 -3 1 6 -7
17 -18 -3 6 -7 308
19 -20 -3 6 -7 308
21 -22 -3 16 -7
2% -24 <316 -7
~26 25 -3 16 -7
27 -46 6 -7 -311
-298 7 -2B 2 -44 33
-6 -31 34 2 ~44 40
2 -1 -7 6 -44 63

28 -29 -30 2 33 -32

29 -31 -50 2 33 -41

-37 36 -34 38 40 -41

+35 2 38 ~34 40 -41

(36 -37 29 34 43 -41 )(28 44 )

(34 =35 2 -29 43 -41 )(44 28 )

53 -40 -49 31 55 -50

(-52 2 -51 38 45 -40 )(BO :-79 :78 :-31 )
52 -54 53 -40 -35 3

=55 51 -40 46 -52 61

55 -50 -53 46 -49 61

-48 61 -46 47 38 -50

63 «4 -31 16 -7

38 -61 -50 2 -53 62

€-126 2 -64 )(5B 156 :-62 :-57 )

-29 28 -43 32 -31 2

70 -337 -50 2 -39

~53 46 52 -4% -55 38

€(71 -31 6 -63 -50 53 ){-7 z-70 ))(40 155 )
<48 61 46 -45 -51 38

(61 -71 6 -63 -50 53 )(-7 :-70 ))(40 355 )
((53 -63 6 -50 2 -61 )40 :51 XX(-7 :-70 )
-45 -51 38 53 -61 2

48 72 -74 -73 57 -38

-77 -75 76 48 57 -38

79 -80 31 -78 45 -40

-82 -80 81 31 50 -56

-84 85 83 -85 -56 50

-87 31 88 -80 50 -56

-80 90 -B9 31 -58 41

€-99 91 -95 103 64 -107 (58 :56 :-62 :-57 )
(-100 92 104 -96 64 -107 )(99 ;:-91 :-103 :95 )
(-93 -107 64 (100 :96 :-104 :-92 )

(-94 64 -107 ) 93

¢-93 107 -108 (-57 :58 :56 :-62 :59 ))

2
15 :56 :-62 :116 )

€-94 -108 107 ) 93

108 -69 -93

(108 -69 -96 ) 93

(66 -69 -65 )( 94 ))( 107 )

-109 110 &7 -5G 59 -

112 110 -113 -50 59 111

109 -112 -111 59 -50 110

C(((50 -56 -49 2 -49 62 )(82 :-81 :80 :-31))
B4 :-83 )3(87 :-88 :-31 :80 N(-119)

€(C(50 -56 -49 2 -41 62 »(B2 -81 '80 =31 )N
384 :-83 ))(B7 :-88 :-31 :80 ))(119 )

({57 -3B -49 2 62 -41 X(-72 :73 :T4 :-48 )}
=76 375 ))(118 )

(((S57 -3B -49 2 62 -41 )(-72 :73 :74 :-48 )
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89 :-90 »)(-117 )

89 :-90 N7

-2.3500 ((-SB 41 -49 2 -56 57 )(-31 :80
-2.3500 ((-58 41 -49 2 -56 57 }(-31 :80

-2.3500 (-59 49 57 -58 -56 62 )(-121)
-2.3500 (-39 49 57 -58 -56 62 (121 )
-2.3500 (62 -47 -49 61 -50 38 (120 )

(-48 :77 :-76 :75 ))(-118 )

2
2
2
2
2

97
98
99
100
101

~2.3500 (62 -47 -49 61 -50 38 )(-120 )

F4

102

(113 -114 -50 110 59 -111 )(-125 )
(113 -114 -50 110 59 -111 (125 )

-56 50 62 -114 59 -111

-2.3500 (62 -47 -50 110 59 -111 3(120 )
~2.3500 (62 -47 -50 110 59 -111 )(-120 )

-2
-2
-0

2
I3
2
2
1

103
104
105
106
107

o

0464444444444446 R e N L A ey
LernnnnnnnninnnnnsTsnnnnnnannnnnng
S AN IN NN A 1N WA ST AN A AN A A AN S i
rnmninnninninnninng L ennnnnnnninnnnn s
Nenmnnnmnnnnnnnine N snninnnnnnnnnnn.g
CF AN AN A N A N 1N 10 A N D A IR R A A I
AemmnAannnnnenrne L snnnnnannnnnnnes b
B N

~ ot
5.'455555555555554f455555555555554

:13 0:0
13 0:0

1
4
5
5
5
5
5
5
5
5
$
3
5
5
S
4
1
4
5
5
5
H
5
5
S
5
5
5
5
5
H
4

108 -126 )( 45 )
)

(108 -69 -65 )( 94
(-69 108 -126 )(

o Q

o

€115 -110 -111 59 62 -114 (124 )

(115 <110 =111 59 62 -114 )(-124 )

€111 =116 62 -114 -56 115 )(-123 )

(111 -116 62 -114 -56 115 (123 )
0012 (-126 &4 -107 )( 65 )

h h

M TSI TN LT T SN NN AN NN AN AN
"
WP I T I TS T T LT T TN NN NN AN N

o =3

9012 (107 -108 -65 X 94 )

Q2012 (107 -

-0.9012
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~ ~
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o o
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22.856 Old model 16 9 deep pits
-30.48 $ 15' deep pits

0.0000
297.18 656.58 20000
30000, 0000
~143.51
30.48
-697.23
-361.95
447.04
-177.8
-269.24
228.6
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c/z 297.18 656.58 5000
c/z 297.18 656.58 10000
px  1383.92
px 1::3.;2
2552..
:; 3052.3
py =-1239.14
py -173%.1%
pz 200.0000
pz 150000000

Pz 51.15%

8M730-KEH-96-001
ATTACHMENT 1
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705
708

[
1000

tri

771
tr772
w7l

pz 52.83
123.925

tally surfaces
px 403

00 -414.025

HNF-SD-WM-TI-733 REV 1

$ top of pins

34.6163 112B.6100 -466.8250

269.4580 1128.6100 -

466.8250

S04.2990 1128.5100 -466.8250

mede p
c MATERIALS *onsmaokwnss

m2

13-

EX)

0o

def

[
sit L

8000 .21
7000 .
8000 ~.4407
14000 -.2157
20000 -.130&
26000 -.0788
13000 -.0607
12000 -.0376
19000 -.0066
11000 -.0182
22000 -.0049
1000 -.0031
25000 -.0013
15000 -.0009
16000 -.0009
26000 1.0
14000 .2813
8000 .6556
13000 -0123
26000 -0084

20000 L0149
12000 .0103
19000 0022
11000 .0034
1000 .01

1000 1 8000 1

55000 1 17000 1

SOURCE wewweaw
28.6MCi Cs * 3.7e10 dis/Ci * .94 Ba/Cs * ,901(abundance) = 9.02e17

cel=dl

30 afr number fraction

SN

soiconcrete weight fraction
3s

3Ca
$Fe

$Fe iron
$8i hanford soil number fraction

Suater
$csCl

pos=4_75 4.75 0 axs=0 0 1 ext=d3
rad d4 erg .66166 wgt=9.02e17

End Cs rack

771:201¢4 0 0):205
771:201(6 0 0):205
771:201(9 D 0):205
771:201(12 0 0):205
771:201(15 0 0):205
771:201¢18 9 0):205
771:201(4 1 0):2D5
771:201(6 1 0):205
771:201(¢2 1 0):205
771:201¢12 1 0):205
T71:201(15 1 0):205
771:201(18 1 0):205
774:20%(4 2 0):205
771:201¢6 2 0):205
771:201(9 2 0):205
771:201(12 2 0):205
771:201(15 2 0):205
771:201(18 2 0):205
771:201¢4 3 0):205
771:201¢6 3 0):205
771:201(9 3 0):205
771:201¢12 3 0):205
771:201(15 3 0):205
771:201¢18 3 0):205
771:201¢4 & 0):205
771:201¢6 4 0):205
771:201(9 4 0):205
771:201(12 4 0):205
T71:201¢15 4 0):205
771:201(18 4 0):205
T71:209¢4 S 0):205
T71:201¢6 5 0):205

771:201(5 0 0):205

771:201(7 0 0Y:205  771:201(8 0 0):205
T71:201¢10 0 0):205 771:201(11 D 0):205
771:20%(13 0 0):205 771:201(14 0 0):205
771:209(16 0 0):205 771:201(17 0 0):205
771:209¢19 0 0):205  771:201(¢20 0 0):205
771:201¢5 1 0):205

T71:201(7 1 0):205 771:207(8 1 0):205
771:201¢10 1 0):205 771:201¢11 1 0):205
771:201(13 1 0):205 771:201¢14 1 0):205
771:201(16 1 033205 779:201¢17 1 0):205
771:201(19 1 0):205 771:201(20 1 0):205
771:207(5 2 0):205

771:201(7 2 0):205 771:201(8 2 0):205
771:201¢10 2 0):205 771:201¢11 2 0):205
771:201(93 2 0):205 771:201(14 2 0):205
T71:201(16 2 0):205 771:201(17 2 0):205
771:201¢19 2 0):205 771:201(20 2 0):205
771:201¢5 3 0):205

771:201(7 3 0):205 771:201(8 3 0):205
771:201¢10 3 033205 773:201C11 3 0):205
771:201¢13 3 0):205 771:201(14 3 0):205
771:201(16 3 0):205 771:201(17 3 0):205
771:201¢19 3 0):205 771:201(20 3 0):205
771:201(5 4 0):205

771:203(7 4 0):205 7¥71:203(8 4 0):205
771:201¢10 4 0):205 771:201(11 4 0):205
771:201€13 4 0):205 771:201(14 4 0):205
771:201(16 4 0):205 771:201¢17 4 0):205
T71:201¢19 4 0):205 771:201(20 4 03:205
771:201¢5 5 0):205

771:201(7 5 0):205 771:201(8 5 0):205
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771:201(9 5 0):205 771:201(10 5 0):205 771:201(11 5 0):205

771:201012 5 0):205 771:201¢13 5 03:205 771:201¢14 5 0):205

771:201(15 5 09:205 779:201(16 5 0):205 771:201(17 5 0):205

771:201¢18 5 ©):205 771:201(¢19 5 0):205 771:201(20 5 0):205
771:201¢5 6 0):205

771:201(4 6 0):205 3:

771:201(6 6 0):205 01(7 6 0):205 771:201(8 6 0):205
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Westinghouse Internal
Hanford Company Memo
From: Criticality and Shielding 8M730-KEH-96-003
Phone: 373-4078 HO-35

Date: June 3, 1996

Subject: DOSE RATES DUE TO PARTIAL AND COMPLETE LOSS OF WATER IN A
MAXIMALLY LOADED WESF CAPSULE STORAGE POOL

To: 8. E. Hey A3-34
cc: J. Greenborg HO-35
A. L. Ramble A3-38*

*w/o attachment
KEH File/LB

References: 1. L. L. Carter, "Certification of MCNP Version 4A for WHC
Computer Platforms", SD-MP-SWD-30001, Rev. 7, dated
January 26, 1995.

2. B. E. Hey, "Supporting Calculations and Assumptions for
Use in WESF Interim Safety Basis", WHC-SD-WM-TI-733,
DRAFT, dated February 16, 1996.

3. F. A. Schmittroth, "Conversion of ORIGEN2 to the Sun
Workstations,” WHC-SD-NR-~SWD-006, Rev. 1, August 1994.

4. E. Browne, and R. B. Firestone, "Table of Radioactive
Isotopes", John Wiley & Sons, Inc., New York, New York,
1986.

5. Internal Memo, K. E. Hillesland to J. M. Siemer, "Dose
Rate Calculations Near the WESF Facility Due to Loss of
Water In the Capsule Storage Pools", dated November 29,
1994,

1.0 SUMMARY

Dose rates due to partial and complete drainage of a maximally loaded
capsule storage pool have been calculated using the MCNP computer code
(Reference 1). Dose rates at the north and northeast (airlock) door as well
as 18 ft over the center of the pool cell fleor for both complete drainage
and drainage to a 3 ft (91 cm) water level are given in Table 1.
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Table 1. Dose Rates for a Dry Pool and 3 ft Water Level

Condition Location Dose Rate
{rem/hr)

Water Level at 3 ft 18 ft Over Center of Pool 17,000 (3%)
Cell Floor
Airlock Door 240 (4%)
Just Outside of North Door 27 {9%)

Dry Pool 18 ft Over Center of Pool 57,000 (3%)
Cell Floor
Airlock Door 970 (3%)
Just Outside of North Door 110 (7%)

"This is the one standard deviation statistical uncertainty given by MCNP.
2.0 SOURCE

The total source activity is 28.6 MCi of Cs-137 (Reference 2). This
corresponds to 663 cesium capsules with an average activity of 39.19 kCi as
of 12/31/95 plus an additional 10% safety margin. Only the .662 MeV gamma
of the Cs/Ba decay was considered. The branching ratio for decay from Cs-
137 to Ba-137m is .946 (ORIGEN2 database, Reference 3). The abundance of
the .662 MeV gamma in the decay of Ba-137m is .901 (Reference 4). Thus, the
total number of .662 MeV photons per second is:

(28.6 MCi)(3.7E+10 s7'Ci7")(.946)(.901) = 9.02E+17 s

Beta and lower energy gamma (x-ray) radiations, constituting approximately
30% of the total energy produced, are assumed to be absorbed within the
capsule, and are therefore neglected from this analysis.

3.0 GEOMETRY

The MCNP input file is provided in Attachment 1. The MCNP model was
developed from a model used in a previous analysis (Reference 5). The pools
are 18 ft (5.48 m) deep and are separated from one another by 15 ft (4.57 m)
high walls. The width of the pool is 4 ft 5 in (135 cm). The capsules are
each 20.8 in (52.8 cm) tall, and sit approximately 8.2 in (20.8 cm) off the
bottom of the pool in three separate racks. When the water level is at 3 ft
(91.4 cm) above the bottom of the pool, there is 7.0 in (17.8 cm) of water
above the top of the capsules. Concrete was modeled with a density of 2.35
g/cc, and water at 1.0 g/cc.

The bottom of both the airlock and north door are 18 ft (5.48 m) above the
pool cell floor. The center of the airlock door is 5.4 m east and 19.1 cm
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south of the center of pool 7 on the east wall. The center of the north
door is 4.6 m east and 8.5 m north of the center of pool 7.

The capsules consist of CsC1 salt encased in steel. They were modeled with
an outside diameter of 2.6 in (6.7 cm), and a height of 20.8 in (52.8 cm).
The thickness of steel at each end of the capsule was modeled as 0.79 in (2
cm), and the side thickness as .24 in (0.6 cm), including both inner and
outer capsules. The thicknesses of the steel are based on dimensions given
in Reference 2. The model assumed 2.5 kg CsC1 and 5.9 kg 316 SST in each
capsule, corresponding to the averages given by the Encapsulation Database
System (EDS) maintained by WESF engineering.

Each pool contains racks for storing the capsules in arrays of 13 x 17, 13 x
21 and 13 x 13 capsules. This amounts to 663 capsules in a maximally Joaded
pool. The capsules are spaced at 3.75 in (9.5 cm) intervals within each
rack. In this analysis, the capsules were placed in pool 7. Pool! 7 is both
the pool nearest the airlock door and the pool currently used for capsule
storage closest to the north wall.

4.0 RESULTS

Tabte 1 above shows the dose rates calculated for both a dry pool and a pool
with a water level at 3 ft (91.4 cm).

6.0 ARCHIVAL

The input and output files are stored on floppy with this report in the 1996
Tetterbook. The MCNP input and output file names for the three foot water
level are i3feet and oc3feet respectively. The MCNP input and output file
names for the empty pool are iempty and ocempty respectively. Attacment 1
is a source listing of the i3feet input file with additional internal
documentation. The iempty file was created from the i3feet file by changing
all cells containing water into air in pool 7, and changing all importances
in cell 7 to one.

X ¢ gl \
Concurrence:

K. E. Hillesland, Engineer
Criticality and Shielding &3} Greenborg, Manager

1p
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MCNP Input File Listing

WESF facility, 3 feet of water in pool 7

c

c

€

<

nnnnnnnn

aac0on o

o o a o e & o o o a

n

o

o o n o

o

#1 Air in pool 1
1 -0.001200 -3 -5 1 4 6 -7 210
#301 wWater in pool 1
301 5 -1.00000 -3 -5 4 6 -7 -210
#2 Air in pool 2
2 1 -0.007200 t -3 -7 6 8 -9 210
#302 Water in pool 2
302 5 1

-1. 1-3-768-9-210
#3 Air in pool 3
3 1 ~0.001200 1 -3 -7 6 10 -11 210
#303 Water in pool 3
5 1.00000 1 -3 -7 6 10 -11 -210
#4 Air in pool &
4 1

-0.001200 -3 1 6 -7 12 -13 210
#304 Water in ponl 3
H .00000 -3 1 6 -7 12 -13 -210
ﬁ Air in pool 5
5 1 -0.001200 -3 1 -7 & 14 -15 210
#305 Hater in pool §
05 -1.00000 -3 1 -7 6 14 -15 -210
#5 A\r in pool 8
3 1 -0.001200 -3 1 -7 6 16 -17 210
#306 Hater in pool 6
-1.00000 -3 1 -7 6 16 -17 -210
#7 Alr in pool 7
7 1 -0.001200 -3 1 -7 6 18 -19 309

NOTE: Cells below With -309 may not appesr in geometry.
surface 309 s top of water in cell 7

All of cells number 700-799 correspond to pool 7

751 5 -1.00000 -7 6 18 -19 307 -308 -309
#750 East uall nf pool 7, 5th imp cell

750 2 .35000 -31 295 ~4é 33 274 -28
#749 12th unter 'Illp cell in pool 7

5 000 7615 -19 306 -307 -309

#748 ch uner 1np cell in pool 7

748 +1.00000 -7 6 18 -19 305 -306 -300
#747T East wall of poal 7, 4th imp region

%T 2 -2.35000 -31 298 -44 33 273 -274
#7466 S wall of pool 7, 11th imp cell

T46 2 -2.35000 17 -18 -3 6 -7 306 -308
#745 N well of pool 7

2 -2.35000 19 -20 3 6 -7 306 -308

#744 10th water imp cell in pool 7

44 H -1.00000 -7 & 18 ~19 304 -305 -309
#743 5 wall of pool 7 10th imp cell

743 2 -2.35000 17 -18 -3 6 -7 305 -306
#742 N wall of pool 7

742 2 -2.35000 19 20 -3 6 -7 305 -306

#41 9th water imp celi in pool 7

T4t -1.00000 T ] 18 ~19 303 -304 -309
#740 E wall of pool 7, 3rd imp cell

T40 2 -2.35000 -31 298 -“ 33 e -273
#739 s wall of pool 7, 9th imp ¢

739 ~2.35000 17 -18 -3 6 7 304 -305
#738 N uall of pool 7, 8th imp cell

738 2 -2.35000 19 —20 3 6 -7 306 -305
#737 8th water mp cell in pool 7

737 5 -1.00000 -7 & 18 -19 302 -303 -309
#736 S wall of pool 7, Bth imp cell

736 2 -2.35000 18 -3 6 7 303 -304
#735 N wall of ponl 7. Bth imp reg

35 2 2.35000 19 -20 -3 & 7303 -304

#734 7th uater Inp cell Tn pool 7

734 0000 76 15 19 301 -302 -309
#733 E uall nf pool 7, 2

733 35000 51 29! -Uo 33 2N -272

#732 S wall of pool 7, 7th imp cell

32 2 -2.35000 17 18 -3 6 -7 302 -303
#731 R wall uf pool 7, Tth imp repfon

31 2 2.35000 19 -20 -3 & -7 302 -303
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#730 6th water imp cell in pool
-1.00000 -7 6 18 19 300 -301 -309
ﬂ29 s wall of pool 7, 6th imp cel
729 2 35000 17 -18 -3 6 7 301 -302
#728 N wall of pool 7, 6th imp r
2 -2.3 19 -20 -3 6 7 301 -302
#727 5th wat ilvp cell in pool 7
7 S 1.00000 -7 6 18 - 19 299 -300 #77T1 #772 #4773
#726 E wall of pool 7, E imp ¢
+35000 -31 298 44 37-2m

#725 S wall of pool 7, 5th imp cell
785 2 -2.35000 17 -18 -3 6 -7 300 -301

#724 N wall of pool 7, S5th imp cell
724 2 ~2.35000 19 -20 -3 6 -7 300 -301

#723 Voater in pool 7 array, filled regions, top imp region
723 5 -1.00000 (205 :-206 :209 )211 u=5

#722 Jater in pool 7 array, empty regions, top imp region
722 5 ~1.00000 211 u=4

#721 Capsule steel casing
71 -8.40000 -205 206 -209 (204 :-207 :208 ) u=5
#720 4th water imp cell in poal 7
720 5 ~1.00000 -7 6 18 -19 298 -299 ¥771 ¥772 #IT3
#7159 3 wall of pool 7, 4th imp cell
000

#718 N wall of pool 7, 4th imp cell
2 -2,35000 19 -20 -3 6 -7 299 -300
#717 Water in poal 7 array, filled regions, &th region
5 1.00000 (205 :-206 :209 )212 -211 u=5
#716 Water in pool 7 array, emty regions, 4th region
5 1.00000 212 -211
CsCl source call
[} -2.16000 -204 207 -208 u=S
#715 3rd water imp cell in pool 7
5 =1.00000 -7 6 18 -19 297 -298 477V ¥772 #773

#714 S wall of pool 7, 3rd imp cell
7% 2 -2.35000 17 -18 -3 6 -7 298 -299
¥#713 N wall of pool 7, 3rd imp cell
713 2 -2.35000 19 -20 -3 6 -7 298 -299
#712 Water in pool 7 array, filled regions, 3nd region
712 5 ~1.00000 (205 :-206 :209 )213 -212 5
#711 Water in pool 7 array, empty regfons, 3nd region
™m 5 -1.00000 213 -212 u=4
#710 2nd water imp cell in pool 7
710 5 -1.00000 -7 6 18 -19 296 -297 #77) #772 #773
#709 S wall of pool 7, 2nd imp cell
709 2 -2,35000 17 -18 -3 6 -7 297 -298
ﬂoa N wall of pool 7, 2nd imp cell
2 -2.35000 19 -20 -3 6 -7 297 -298

t707 Water in pool 7 array, filled regions, 2nd region
5 -1.00000 (205 :-206 :209 )214 -213 u=5
#706 Water in pool 7 array, empty regions, 2nd region

706 5 ~1.00000 214 -213 u=é
#705 Bottom water imp cell in 7

705 5 -1.00000 1 -7 6 18 -19 -296 #771 ¥772 W773
#704 S wall of peotl 7, bottom imp cell

704 2 -2.35000 17 -18 -3 6 -7 1 -297

#703 N wall of pool 7, bottom imp cell
3 2 -2.35000 19 -20 -3 6 -7 1 -297
#702 Water in pool 7 array, filled regions, bottom region
5 -1.00000 (205 :-206 :209 )-214 u=5
#7071 Yater in pool 7 array, empty regions, bottom region
70 5 +~1.00000 -214 wu=é
#8 Air in pool B
8 1 -0.001200 -3 1 -7 6 20 -21 210
#308 Water n pool 8
308 5 =1,00000 -3 1 -7 6 20 -21 -210
#9 Air in pool 9
-0.001200 -3 1 -7 6 22 -23 210
ﬁ09 Water in pool 9
5 -1.00000 -3 1 -7 6 22 -23 -210
#10 Alr in pool 10
10 -0.001200 -3 1 -7 6 24 -25 210
#310 Hater in poal 10
310 -1.00000 -3 9 -7 6 24 -25 -210
#11 A\r in pool 11
1 -0.001200 -3 1 -7 6 26 -27 210
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#311 Uater in pool 1
1.00000 -3 1 -7 6 26 -27 -210
#12 Trumltmn aisle
1 -0.001200 -31 30 28 -29 33 -32
#15 Air W of pools

1 -0.001200 35 36 -34 38 40 -41
ﬂ'lL Below grating W of pool
14 1 -0.001200 37 -31 -36 38 -41 40
Air above pools
15 1 -0.001200 3 -31 6 -7 -27 4

sottm air N of pools

1 0.001200 (43 -41 34 -29 35 -36 )(44 :28 )
Top air N af pools
17 1 -0 001200 (34 -41 43 -29 37 -31 )(44 :28 )
#18 Truck pert

1

-0.001200 -46 47 -50 38 -49 48
#19 Unchr mezzanine

-0.001200 -52 48 46 -45 38 -51
nuzamne air
20

1 -0.001200 ~55 38 53 -40 54 -49
#21 Air in WESF capsule storage area
21 1 -0.001200 40 -49 31 -41 38 -S0
#22 Watl between pools 1 and 2
22 2 -2.35000 5 -8 -3 1 -7 &
#23 Uall between pools 2 and 3
23 2 -2.35000 9 -10 3 1-76
#24 wall between pools 3 end
24 2 -2.35000 11 -12 3 16 -7
#25 wall between pools 4 and 5
25 2 -2.35000 -3 1 6 7 13 -4
#26 wall between pools 5 and
26 2 -2.35000 -16 15 '3 16 -7
#27 W wall of pool 7, top portion
27 2 -2.35000 17 -18 -3 6 -7 308
#28 E uaLI. of pool 7, top cell
28 “2.. JSUDO 19 -20 -3 & -7 308
#29 uall between pools 8 and
29 2 -2.35000 21 -22 316 -7
#30 wali between pools 9 10
30 2 -2.35000 23 24-3167
31 wall between pools 10 and 11
3 -2.35000 -26 25 -3 16 -7
32 uall between pools 11 and 12
32 2 -2.35000 27 -“ 6 -7 -311
#33 Bottom of pool 7 E wal
33 2 -2.35000 2987 -28 2 -44 33
34 2 -2.35000 -6 -31 34 2 -44 40
#35 Bottam of pools
35 2 -2.35000 2 -1 -7 6 -44 63
#36 Concrete bottom of transition aiste
36 2 -2.35000 28 -29 -30 2 33 -32
#37 East wall of transition aisle
37 2 -2.35000 29 -31 -50 2 33 -41
#38 Horiz conc W of pools
38 2 -2.35000 -37 36 -34 38 40 -41
#39 Bottom of area west of pools
39 2 2.35000 -35 2 38 -34 40 -41
#.2 Top concrete N of pools
&2 2 -2.350f 0(36 <37 -29 34 43 -41 )(28 :44 )
#44 Bottom concrete N of pools
4 2 +2.35000 (34 -35 2 -29 43 -41 )(44 :28 )
#47 SE correr of capsule storage area
A7 1 -0.001200 53 -40 -49 3% 55 -50
48 2 -2.35000 (-52 2 -51 38 45 -40 )(80 :-79 :78 :-31 )
#.9 mezzenine floor
49 2 -2.35000 52 -54 53 -40 -55 38
S0 2 -2.35000 -55 51 -40 &6 -52 &1
#51 SE wall of capsule storage area
51 2 -2.35000 55 -50 -53 46 -49 &1
#53 Floor of truck port
53 2 -2.35000 -48 61 -46 47 38 -50
#55 South wall of pools
55 2 -2.35000 63 4-31 16 -7

57 Grund beneath truck po
-1,50000 33 '61 '50 2 -53 62
‘58 (Mtslde ground
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58 4 -1.50000
59 2 -2.35000
] 2 -2.35000
#1 S wall of mezzanine
61 2 -2.35000
#62 floor at $ end of
62 2 ~2.35000
63 2 -2.35000
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(=126 2 -64 (58 :56 :-62 :-57 )
-29 28 -43 32 -31 2
70 -337-50 2 -3

-53 46 52 -49 -55 38
cagsule storage area
(71 -31 6 -63 -50 53 )(-7 :-70 ))(40 :55 )
=48 61 46 -45 -51 38

063 Ground beneath S end of capsule storage area
4

-1.50000

{81 =71 6 -63 -50 53 )(-7 :-70 ))(40 :55 )

#64 Ground beneath S end of capsule storage are

65 4 -1.50000
4 -1.50000
#69 Tr\;ck door

1]
((53 -63 6 -50 2 61 340 :51 ))(-7 :-70 )
-45 -51 38 53 -61 2

-0.001200 ‘8 72 -7h -73 57 -38

*70 NW door of truck
7 1 1200

1 -0 001200
#72 € door of truck
72

port
?I -0. 001200

3 -0.001200
#74 Airlock door
1 -0,001200
#75 North door
.001200
#76 Outslde nr
76 1 -0.001200
#77 Outside air
77 -0.001200
air
~0 001200
-0 001200
air

-0.001200

3
B
;

-0.001200
air
-0.001200
air
-0.001200
air
-0.001200
air
-0.001200
air
-0.001200

#88 outside air
88 2 -2.35000

77 -75 76 48 57 -38
79 -80 31 -78 45 -40

-82 -8¢ 81 31 50 -56
-84 B5 83 -86 -56 50

-87 31 88 -80 50 -56

-80 90 -89 31 -58 41

(-99 91 -95 103 64 -107 (58 :56 :-62 :-57 )
(-100 92 104 -96 &4 -107 )(99 :-91 :-103 :95 )
(=93 -107 64 )(100 :96 :-104 :-92 )

(-94 64 -107 )93

93 10"(‘ 108 (-57 :58 :56 :-62 :59 )

-115 156 :-62

(-9 -108 107 )93

108 -69 -93

(108 <69 -9% )93

((64 -69 -65 )(%% 3)(-107 )
-109 110 47 -50 59 -111
112 110 -113 -50 59 -111
109 -112 -111 59 -50 110

#93 East wall, west imp cell

93 2 -2.35000

(50 -56 -49 2 -41 62 )(8B2 :-81 :80 :-31))

(-85 :86 :B4 :-83 ))(87 :-88 :-31 :80 ))(-119 )

#94 East watl, east i
2 £2.35000

mp cell
€C((50 -56 -49 2 -41 62 )(B2 :-81 :80 :-31 ))

(-85 :86 :84 :-83 ))(87 :-88 :-31 :80 ))(119)
#95 W wall, E imp region

%5 2 -2.35000
(-48 277 :-76

(57 -38 -49 2 62 -41 )(-T2 173 174 :-4B )
375 )18 )

#96 W wall, W imp region

96 2 -2.35000
(-48 77 :-76
#97 N wall, S imp
2

egion
97 -2. 35000
#98 N wall, N imp region
98 2

-2.35000

(((57 -38 -49 2 62 -41 )(-72 :73 :74 :-48 ))
175 ))(-118 )

(( 58 41 -49 2 -56 57 )(-31 :80 :89 :-90 ))(-117 )
((-58 41 -49 2 -56 57 )(-31 :80 :89 :-90 1117

m ceiling, bottom imp cell

-2.35000
#100 ceilirg, top imp c
i) 2 -2.35000
#101 S wall, N imp reg
-2.35000

#102 S wall, S imp regio
2

-2.35000
0103 upper room walls
2 -2.35000

{-59 49 57 -58 -56 62 )(-121)
<- ;é 49 57 -58 -56 62 (121 )
222 =47 49 61 -50 38 )(120 )
(62 -47 -49 61 -50 38 >(-120 )
(82 -47 -50 110 59 -111 3¢120 )
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772 0 -701 700 -703 702 704 -705 trel=772
fills
c _ ¥773 Sr rack
73 0 -706 700 -703 702 704 -705 trel=773
fills3
©  #900 Outside world
900 0 -2 :69 :126

c #1 bottom of pools
1 pz -487.68000
2 pT -548. 64000
c 3 pr  22.86 Old model 16 9% deep pits
3 pz -30.480000
4 [ 0.0000000
5 Py 266.70000
6 px 0.0000000
7 px 662.94000
271 Px 94
2n2 px 674.94000
273 A 680.94000
274 P . 94!
8 pY 297. 18000
9 Py 431.80000
10 Py 462.28000
1" PY 596.90000
12 Py 627.38000
13 PY 762.00000
in Py 792.48000
15 py 927.10000
16 pY 957.58000
¢  #17 S wall of pool 7
7 PY 1092,2000
c  #18 N wall of pool 7
18 oy 1122.56800
19 Py 1257.3000
20 Py 1287,7800
21 PY 1422.4000
22 Py 14528800
23 Py 1587.5000
24 pYy 1617.9800
25 pY 1752.6000
26 Py 1783.0800
27 Py 1917.7000
28 px £93.42000
29 px 784,86000
30 Pz -411.48000
3 p2 60.950000
32 py 1865.6300
33 (2% -113.03000
34 X -30.4300l
35 pz -495.30000
36 Pz -121.92000
37 Pz -91.440000
38 px -259.08000
40 PY ~142.24000
41 (2% 2026.9200
43 PY 1896.1100
44 PY 1948.1800
45 PY ~162.56000
46 (2% -330. 20000
47 23 ~708. 66000
48 pz 15.240000
2 476,25000
c #50 E wall, W side
px 853.44000
S1 px 287.02000
52 pz 297.18000
53 Py -304.80000
54 pz 312.42000
307.34000
c #56 E wall, E side
56 px 883.92000
57 px. -289.56000
58 py 2052.3000
59 p2 486.41000
61 p2 -5.0800000
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62 Py -739.14000
& PY -50.800000
64 pz 0.0000000
65 ¢c/z 297.18000
69 pz 30000.000
70 pY - 143.51000
7 [+ 30.480000
72 PY ~697.23000
7 pY -361.95000
74 pz 447.04000
1] PY ~177.80000
76 PY -269.24000
w pz 228.60000
78 L 271.78000
P 180.34000

no Top of Airlock and N door
pz 274.32000
31 -693.42000
82 py -510.54000
83 pY 449.53000
84 PY 571.50000
85 P2 223.52000
pz 345.44000
!87 N side of Airlock door
1231.9000

PY
m S gide of Airlock door
aa 1109.9800

PY
#89 E side of N door
89

23 838,20000
90 W side of N door

pr 746.75000
91 pX -789.56000
92 -1289.5600
93 c/2 297.18000
94 </2 297.18000
95 P 1383, 9200
96 px 1883,9200
9 py 2552.3000
100 py 3052.3000
103 py -1239.1400
104 pY -1739.1400
107 23 200.00000
108 Pz 15000, 000
109 pY -7.6200000
110 pr 312.42000
m p2 1224,2800
112 Py 30.480000
13 py 678.18000
114 Py 708.48000
115 px 281.94000
16 pz 1235.7100
17 pY 2039.6100
18 px -274.32000
#119 E wall, center surf
119 X 86868000
120 py -723.90000
121 p2 481.33000
123 Pz 1229.9950
124 px 297.18000
125 Y £93.33000
126 e/ 297.18000
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656.58000 20000.000
656.58000 5000,0000
656,58000 10000.000

656.58000 30000.000

#200 +px surface of array elament

200 PR 9.5000000

#200 -py surfece of array element

201 pX 0.0000000

#202 +py surf of array element

202 4 9.5000000

py
#203 -py surf of array element

203 pY 0.0000000
#204 CsCl redius

204 e/ 4.7500000
#205 Capsule outer radius
205 c/z 4.7500000
#206 Bottom of capsule

206 pz 0.0000000
#207 Bottom of CsCl

4.7500000 2.7500000
4.7500000 3.3500000

G-44



207 2.0000000
c #208 Top of CsCl

208 pz 50.800000
c #209 Top of capsu e

209 52.800000
c #210-308 ulp surfaces

210 23 -121.92000

1 pz 40.000000

212 pz 28.000000

213 pz 16.000000

214 pz 4,0000000

29 1 pz -48,000000

297 1 pz -36.000000

298 1 pt -2, 000000

299 1 pz -12.000001

300 1 pz 0. 1000000

301 1 pz 12.000000

302 1 pz 24.000000

303 1 pz 36.000000

304 1 pz 48,000000

305 1 pz 60.000000

306 1 p2 72.000000

307 1 p2 84.000000

308 1 pz 91.440000
c #309 Water (evel

309 Pz -396.24000
c #701 -px of Arrays

700 px -0, 1000000
¢ #702 +px of CsClL Arrays

1 23 200.12500

c #703 -py of Arrays

02 PY -0.1000000
c #7104 +py of Arrays

3 py 122.65500

c ¥704 bottcln of arrays

704 -0 1000000
c 705 pz 51.10
c #705 top of arrnys

705 52.830000
c #706 +px ef Sr arrays

706 123.92500
¢ tally surfeces

1000 px 403.00000

1001 (741 331.47000
c trl is top ef capsules
trl 0 0 -414.0250

HNF-SD-WM-TI-733 REV 1

1189.9900 15.000000

e tr771 is transformetion for E Cz rack in pool 7

77

W Cs rack in

¢ tr773 is for Sr rack in pool 7
P73 504.2990 1128.6100 -466.8250

mode

c HA?ERIALS AR ARAR

mi

m2

LX)

34.6163 1128.6100 -466.8250
¢ tr772 is for

pool 7
tr772  269.4580 1128.6100 -466.8250

8000 .21 $0 air number fraction
7006 .79 ]
8000 - 4407 $0 concrete weight fraction
14000 -.2157 $si
20000 -.1306 $Ca
26000 -.0788 $Fe
13000 -.0607 $AL
12000 -.0376 SHg
19000 -.0066 $K
11000 -.0182 $ha
22000 -.0049 $Ti
1000 -.0031 SH
25000 -.0013 $¥n
15000 -.0009 4
16060 -.000% $5
26000 0 $Fe iron
14000 .2813 $51 hanford soil number fraction
8000 6556
13000 0123 $AL
00 R $Fe

8M730-KEH-96-003
ATTACHMENT 1
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12000 0103
19000 .0022
11000 -0034
1000 0116
1000 1 8000 1

28.6MC1 Cs ¥ 3.7e10 dis/Ci * .946 Ba/Cs * .901(abundance) = 9.02e17

celsdl

HNF-SD-WM-TI-733 REV 1

g

3K

$Na

SH
$uater
$CsCl

possd.75 4.75 0 axs=0 0 1 ext=dd
rad dé erg 66166 wgt=9.02817

End Cs rack

771:201(4 0 0):205
771:201(6 0 0):205
771:201(9 0 0):205
0):205

77 :

771:201(9 3 0).205
771:201(12 3 0):205
771:201(15 3 0):205
TT1:201(18 3 0):205
771:201(4 & 0):205
771:201(6 4 0):205
771:201(9 4 0):205
771:201(¢12 4 0):205
771:201(15 & 0):205
771:201(18 4 0):205
771:201C4 5 0):205
771:201¢6 5 0):205
771:201(9 5 0):205
771:201(12 5 033205
771:201¢15 5 0):205
771:201(18 5 0):205
771:201(4 6 0):205
771:201¢6 6 0):205
771:201¢9 6 0):205
771:201(12 6 0):205
771:201(15 6 0):205
771:201(18 6 0):205
771:201(4 7 0):205
771:201¢6 7 0):205
771:201¢9 7 0):205
771:201¢12 7 0):205

s :

01¢18 7 03:205
01(4 B 0):205
01¢6 B 0):205
01(9 8 0):205
G1¢12 8 D);205
01¢15 8 0):205
01(¢18 8 0):205
01¢(4 9 0):205
01(6 9 0):205
01(9 9 0):205
01(12 9 0):205
01¢15 9 0):205
771:201(18 9 0):205
771:201“ 10 0):205

77
771:201¢12 10 0) 205 771:201¢13 10 0):205 771:201(14 10 0):205

5
771:20%¢5 2 0):

771:201¢5 0 0):205

771:200(7 0 0):205 771:201¢(8 0 0):205
771:201¢10 © 0):205 771:201¢11 0 0):205
771:201(13 0 0):205 771:201(14 0 0):205
771:201(16 0 0):205 771:201¢17 0 0):205
771:201(19 0 0):205 77%3:201(20 0 0):205
771:201¢5 1 0):205

771:201(7 1 0):205 771:201(8 1 0):205
771:201€10 1 0)3205 771:201¢11 1 0):205
771:201(13 1 1):205 773:201(14 1 0):205
771:201¢16 1 0):205 771:201(17 1 0):205
771:201¢19 1 © ZDS 771:201(20 1 0):205

771:20%(7 2 0); 205 771:201(8 2 0):205
771:201(10 2 0):205 771:201(11 2 0):205
771:201(13 2 0):205 771:201(14 2 0):205
771:201(16 2 0):205 771:201¢17 2 0):205
771:201(19 2 0):205 771:201¢20 2 0):205
771:201¢5 3 0):205

771:200(7 3 0):205 771:201(¢8 3 0):;205
771:201€10 3 0):205 771:201¢11 3 0):205
771:201(13 3 0):205 771:201¢14 3 0):205
771:201(16 3 0):205 771:201¢17 3 0):205
771:201(19 3 0):205 771:201(20 3 0):205
771:201(5 4 0):205

771:201(7 4 0):205 771:201(8 4 0):205
771:201(10 4 0):205 771:201¢11 4 0):205
771:201(13 4 0):205 771:201¢14 4 0):205
T71:201(16 4 0)3205 771:201(17 4 0):205
T71:201¢19 4 0):205 771:201(20 4 0):205
771:201(¢5 5 0):205

771:1201¢(7 5 0):205 771:201(8 S 0):205
771:201(10 5 0):205 771:201(11 5 0):205
771:201(13 5 0):205 771:201(14 5 0):205
771:201(16 5 0):205 771:201(17 5 0):205
771:201¢19 5 0):205 771:201(20 5 0):205
771:201(5 6 0):205

771:200(7 6 0):205 771:201(8 6 0):205
771;201(10 6 0):205 771:201(11 6 0):205
771:201(13 6 0):205 771:201(14 6 0);:205
771:201¢16 6 0):205 7T71:201(17 6 0):205
T71:201(19 6 0):205 771:207(20 6 0):205
771:201(5 7 0):205

771:200(7 7 0):1205 771:201¢B 7 0):205
771:209(10 7 0):205 771:201¢11 7 0):205
T71:201(13 7 0):205 771:201(14 7 0):205
771:20116 7 0):205 771:201(17 7 0):205
771:201(19 7 0):205 771:201(20 7 0):205
771:201¢5 8 0):205

771:201(7 8 0):205 771:201(¢8 8 0):205
771:201(10 8 0):205 771:201(11 8 0):205
771:201(13 8 0):205 771:201(14 & 0):205
771:209¢16 B 0):205 771:201(17 8 0):205
771:201¢19 8 0):205 771:201(20 8 0):205
771:201¢5 9 0):205

771:201(7 9 0):205 771:201(8 9 0):205
771:201¢10 9 0):205 771:201(11 9 0):205
771:201¢13 9 0):205 771:201(14 9 0):205
771:201(16 9 0):205 771:201(17 & 03:205
T71:209€19 9 0):205 771:201(20 9 0):205
771:201¢5 10 0):205

771:201¢7 10 0):205 771:201(8 10 0):205
771:201¢10 10 D)2205 771:207(11 10 0):205

G-46

8M730-KEH-96-003

ATTACHMENT 1
Page 9 of 13



HNF-SD-WM-TI-733 REV 1

771:201¢15 10 0):205 771:201¢16 10 0):205 771:201¢17 10 0):205
771:201¢18 10 0>:205 771:201¢19 10 0):205 771:201¢20 10 0):205
771:201¢4 11 0):205 779:201(5 11 0):205

771:201¢6 11 033205  771:201(7 11 0):205  771:209¢8 11 0):205
771:201¢9 11 §):205 771:201¢10 11 032205 771:201¢11 11 0):205
771:201¢12 11 0):205 771:201¢13 11 0):205 771:201¢14 11 0):205
7713201015 11 0):205 771:201¢16 11 0):205 771:201(17 11 0):205
771:201¢18 11 03:205 771:201(19 11 0):205 771:201(20 11 0):205
771:201(4 12 0):205 771: 201(5 12 0):205

L4 201(12 12 0) 205 771: :201¢13 12 0) 205 771:201(14 12 0):205
771:203(15 12 03:205 771:201(16 12 0):205 771:201(17 12 0):205
771:201¢18 12 03:205 771:201(19 12 0):205 771:201(20 12 0);205

Middle Reck

772:202(0 0 0):205
772:202(3 0 0):205
772:202(6 0 0):205
772:202(9 0 0):205
772:202(12 0 0):205
772:202(15 0 0):205
772:202(18 0 0);205
772:202¢0 1 0):205
772:202¢3 1 0):205
772:202(6 1 0):205
772:202(9 1 0):205
0):205

N

S

N
BAN

Y

=1

n

o
(SIS Y]

772:202(12 2
772:202(15 2 0
772:202(18 2 0):205
772:202(0 3 0):205
772:202¢3 3 0):205
772:202¢6 3 0):205
772:202(9 3 0):205
772:202(12 3 0):205
772:202¢15 3 05:205
772:202(18 3 0);205
772:202¢0 4 0):205
772:202(3 4 0):205
T72:202(6 4 0):205
772:202(9 & 0):205
TT2:202¢12 4 0):205
772:202C15 & 0):205
772:202(18 4 0):205
772:202(0 5 0):205
772:202(3 5 0):205
T72:202¢6 S 0):205
772:202(9 5 0):205
772:202(12 5 0):205
772:202(15 5 0):205
772:202¢18 5 0):205
772:202(0 6 0):205
772:202(3 6 0):205
T72:202(6 6 0)2205
772:202(9 6 0):205
772:202(12 6 D):205
772:202¢15 6 0):205
772:202¢18 6 0):205
772:202(0 7 0):205
772:202(¢3 7 0):205
772:202(6 7 0):205
772:202(9 7 0):205
772:202¢12 7 0):205
772:202¢15 7 0):205
772:202¢18 7 0):205
772:202¢D 8 0):205
772:202(3 8 0):205
772:202(6 8 0):205
772:202(9 8 0):205
T72:202¢12 8 0):205

712:202(1 0 0):205 772: 202(2 0 0): 205
772:202(4 0 0):

772:202(7 0 0):

772:202¢10 0 0); :
772:202(13 0 0):205 772:202(146 O 0):205
772:202(16 0 0):205 772:202(17 0 0):205
772:202¢19 0 0):205 772:202(20 0 0):205

772:202¢1 1 0):205 772:202(2 1 0):205
772:202¢4 1 0):205 772:;202(5 1 0):205
772:202(7 1 0):205 772:202(8 1 0):205
772:202¢10 1 0):205 772:202(11 1 0):205
772:202¢13 1 0):205 772:202(14 1 0):20%
T72:202¢16 1 0):205 772:202(17 1 0):205
772:202¢19 1 0):205 772:202(20 1 0) 205
772:202(1 2 0):20% 772:202(2 2 0):20!
772:202¢4 2 0):205 772:202¢5 2 0 '205
772:202(7 2 0):205 772:202(8 2 0):205
772:202¢10 2 0):205 772:202(11 2 0):205
772:202¢13 2 0):205 772:202(14 2 0):205
772:202¢16 2 0):205 772:202(17 2 0):205
772:202(19 2 0);205 772:202(20 2 0):205
772:202¢1 3 0):205 772:202(2 3 0):205
772:202¢4 3 0):205 772:202(5 3 0):205
772:202(7 3 0):205 772:202(8 3 0):205
772:202¢10 3 0):205 772:202¢11 3 0):205
772:202¢13 3 0):205 772:202(¢14 3 0):205
772:202(16 3 0):205 772:202¢17 3 03:205
772:202(19 3 0);205 772:202(20 3 0):205
T72:202(1 4 0):205 772:202(2 4 0):205
772:202(4 4 0):205 772:202(5 4 0):205
772:202(7 & 0):205 772:202(8 4 0):205
772:202(10 4 0):205 772:202(11 4 0):205
772:202¢13 4 0):205 772:202¢14 4 0):205
T72:202(16 4 0):205 772:202(17 4 0):205
7723 202(19 4 0):205  772:202(20 4 0):205
772:202(1 5 0):205 772:202(2 5 0):205
772:202(k 5 0):205 772:202¢5 5 0):205

772:202(10 5 0):205 721 202¢11 5 0) 205
772:202¢13 5 0):205 772:202(1% 5 0):205
772:202¢16 5 0):205 772; 202(17 5 0): ZDS
772:202(19 5 0):205 772:202(20 5 0):205

772:202¢1 & 0):205 772:202¢2 6 0):

772:202Ck & 0):205 772:202¢5 6 0):

0):
6

772:202(7 6 0):205 772:202¢8 &

772:202(10 & 0):205 772:202(11

772:202(13 6 0):205 772:202(14 &
T72:202¢16 & 0):205 772:202(17 &
772:202(19 6 0):205 772:202(20 6
772:202¢1 7 0):205 772:202(2 7 0):
772:202(4 7 0):205 772:202(5 7 0):
772:202(7 7 0):205 772:202(8 7 0
772:202¢10 7 0):205 772:202(11 7
772:202(13 7 0):205 772:202(14 7 0)'205

772:202(7 B 0): :205 772 202¢8 8 0):205
772:202¢10 8 0):205 772:202(11 8 0):205
772:202(13 8 0):205 772:202(14 8 0):205
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c

HNF-SD-WM-TI-733 REV 1

772:202¢(15 8 0):205 772:202(16 8
772:202(¢18 B 0):205 772:202(1% 8
772:202¢0 9 0):205 772:202(1 9 0):
772;202(3 9 0):205 772:202(4 9 0):
772:202(6 9 0):205 772:202(7 % 0):
772:202(9 9 0):205 772: 202(10 9 0):
T2:202(12 9 0):205
772:202¢15 9 0): 205
772:202(18 9 0):2
772:202¢0 10 0
772:202(3 10 0
7723202(6 10 0
772:202(9 10 0):205
772:202(12 10 0):205
772:202¢15 10 0):205 m 202¢16 10 5 772:202(17 10 0):205
772:202¢18 10 0):205 772:202¢19 10 0):205 772:202(20 10 0):205
772:202¢0 11 0):205 772:202¢1 11 0):205 772:202(2 11 0):205
772:202(3 11 0):205 772:202¢4 11 0):205 772:202(5 11 0):205
T72:202(6 11 0):205 772:202(7 11 0):205 772:202(8 11 0):205
772:202¢9 11 0):205 772:202¢10 11 0):205 772:202¢11 11 0):205
772:202(12 11 0):205 772:1202¢13 11 0):205 772:202(14 11 0):205
772:202(15 41 0):205 772:202(16 11 0):205 772:202(17 11 0):205
T2:202(18 11 0):205 772:202¢1% 11 0):205 772:202¢20 11 0):205
772:202(¢0 12 0):205 772:202(1 12 0);205 772:202¢(2 12 0):205
T72:202¢3 12 0):205 772:202¢4 12 0):205 772:202¢5 12 0):205
772:202(6 12 0):205 772:202(7 12 0):205 772:202¢(8 12 0);205
772:202(¢9 12 0):205 772:202(10 12 0):205 772:202(11 12 0):205
772:202¢12 12 0):205 772:202(13 12 0)1205 772:202(14 12 0):205
772:202¢15 12 0)2205 772:202(16 12 0):205 772:202(17 12 0):205
772:202¢18 12 0)2205 772:202¢19 12 0):205 772:202(20 12 0):205
Sr_rack
773:203(0 0 0):205 773:203(1 0 0):205 773:203(2 0 0): 205
773:203¢3 0 0):205 773:203(4 0 0):205 773:203¢5 0 0):
773 203¢6 0 0):205 773:203(7 0 0):205 773:203¢3 0 0): 205

772 202¢11 9 0) 205
772:202(14 9 0):205
772:202(17 9 03:205
772:202¢20 9 0):205
772:202(2 10 0):205
772:202(5 10 0):205
772:202(8 10 0):205

772:202¢14 10 0):205

773:203(9 0 0):205
773:203(12 0 0):205
773:203(0 1 0):205
773:203(3 1 0):205
773:203(¢6 1 0):205
773:203¢9 1 0):205
773:203(¢12 1 0):205
773:203¢0 2 0):205
773:203(3 2 03205
773:203¢6 2 1):205
773:203(9 2 0):205
773:203(12 2 0):205
773:203(0 3 0):205
773:203(3 3 0):205
773:203(6 3 0):205
773:203(% 3 0):205
775:203(12 3 0):205
T73:203(0 4 0);205

773:203(9 4 0):205
773:203(12 4 071205

773:203¢12 5 0):205
773:203¢0 6 0):205
773:203(3 6 0):205
T73:203¢6 6 0):205
773:203¢9 6 0):205
773:203¢(12 6 0):205
773:203(0 7 0):205
773:203(3 7 0):205
T73:203(6 7 0):205
773:203(%9 7 0):205
773;203¢12 7 0):205
773:203(0 B 0):205
773:203(3 8 0):205
773:203(6 8 0):205
773:203(9 8 0):205
773:203¢12 8 0):205

773:203¢10 0 0):205 773:203(11 0 0):205

773:203¢1 1 0):205 773:203(2 1 0):205
773:203¢4 1 0):205 773:203¢5 1 0):205
773:203(7 1 0):205 773:203¢8 1 0):205
773:203(10 1 0):205 773:203¢11 1 0):205

773:203¢1 2 0):205 773:203(2 2 0):205

773 203(6 2 0):205 773:203¢5 2 0):205
203(7 2 0):205 773:203¢8 2 0):205

773 203(10 2 0):205 773:203(11 2 0):205

773:203(1 3 0):205 773:203¢2 3 0):205
773:203(4 3 0):205 773:203¢5 3 0):205
773:203(7 3 0):205 773:203(8 3 0):205
773:203(10 3 0):205 773:203(11 3 0):205

773:203(1 4 0):205 773:203¢2 4 0):205
773:203C4 4 0):205 773:203(5 4 0) 205
773:203(7 4 0):205 773:203(8 4 0):205
773:203¢10 4 0):205 773:203(11 4 0):205

773:203¢3 5 0):205 773:203(2 5 0):205
773:203(4 5 0):205 773:203¢5 5 0):205
773:203(7 5 0):205 773:203¢(8 5 0):205
773:203(10 5 0):205 773:203¢11 5 0):

773:203(1 6 0):205 773:203(2 6 0):205
773:203(4 6 0):205 773:203¢(5 6 0):205
773:203(7 & 0):205 773:203(8 6 0):205
773:203¢10 6 0):205 773:203(11 6 0):205

773:203¢1 7 0):205 773:203(2 7 0):205
T73:203¢4 7 0):205 773:203¢5 7 0):205
773:203(7 7 0):205 773:203(8 7 1):205
773:203¢10 7 0):205 773:203¢11 7 0):205

773:203(1 8 0):205 773:203(2 8 0):205
773:203(4 8 0):205 773:203(5 8 0):205
773:203(7 8 0):205 773:203(B B 0):205
773:203(10 8 0):205 773:203(11 8 0):205

o~

05
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spl
si3
si4

<
deQ

dfo

HNF-SD-WM-TI-733 REV 1

773:203(0 9 0):205 773:203(1 9 0):205 773:203(2 9 0):205
T73:203¢3 9 0):205 773:203(¢4 9 0):205 773:203(5 9 0):205
773:203(6 9 0):205 773:203(7 9 0):205 773:203(8 9 0>:205
773:203(9 9 0):205 773:203(¢10 9 0):205 773:203(11 9 0):205
773:203¢12 9 0):205

773:203(D 10 03:205 773:203¢1 10 0):205 773:203(2 10 0):205
773:203¢3 10 0):205 773:203(5 10 0):205
773:203(¢6 10 0):205 773 ): 773:203¢8 10 0):205
773:203¢9 10 0):205 773:203¢10 10 0):205 773:203(11 10 0):205
773:203¢12 10 0):;205

773:203¢0 11 0):205 773:203(1 11 0):205 773:203¢2 11 0):205
773:203(3 11 0):205 773:203(4 11 0):205 773:203¢5 11 0):205
775:203(6 11 0):205 773:203¢7 11 0):205 773:203¢(8 11 0):205
773:203¢9 11 0):205 773:203¢10 11 0):205 773:203(11 11 0):205
773:203(12 11 0):205

773:203(0 12 0):205 773:203(1 12 0):205 773:203(2 12 0):205
773:203(3 12 0):205 773:203¢4 12 0):205 773:203(5 12 0):205
773:203(6 12 0):205 773:203(7 12 0):205 773:203(8 12 0):205
773:203(9 12 0):205 773:203¢10 12 0):205 773:203¢11 12 0):205
773:203¢12 12 0):205

1 662r

2.00 50.8

02.75

snsi/ans-6.1.1-1591 f!uence-to-dose,photom(mrem/hr/(p/cm"‘Z/s)
leg .01 .015 .02 .03 .04 .

.06 .08 .10 .15 .20 30
.40 .50 .60 .80 1.0 1.5
2.0 3.0 4.0 5.0 6.0 8,0
10, 12.
log 2.232e-5 5.652e-5 8.568e-5 1.18ke-4 1.314e-4 1,382e-4

1.440e-4 1.624e-4 1.919e-4 2.797e-4 3.708e-4 5.6%16e-4
7.416e-4 9.1440-4 1.0760-3 1.379¢-3 1.656e-3 2,246e-3
2.758¢-3 3.672¢-3 4.500e-3 5.292e-3 6.012e-3 7.488e-3
8, ﬁ92e 3 1.040e-2
i

] -ZMJ 13

1301 2 302 3 303 4 304 5 305 6 306 7

0 00 00 OO0 O0C 00 O1

71

1
T30 749 T4B 747 746 745 Thb 743 T42 741
r.r ¢ _r _r_r_r_r_r_ v
740 739 738 737 736 735 734 733 732 731

F r r r r r r_r r._T
730 729 728 727 726 725 T24 T23 722 721

r r rJm r r F_F P T
720 719 718 717 716 205 715 714 73 712 711
Smor P or r rAm o or o r ror
710 709 708 707 706705706703 702 701

S5m r Sm,oor roror
8 3089309 10 310 1 311
0o 00 00 0
12 13 1415 16 17 18 19 20
1 8r
21 22 23 26 25 26 27 28 9 M0
19r
31 32 33 3% 35 36 37 38 39
1 1.00 1 0 1.1 1
42 44 47 48 49 50
1 1 t 1 1 1
51 53 55 S7 58 59 60
1 1 1 11 1
61 62 63 64 65 66 69 70
LU T R B | 1 1
TN 72 73 74 75 76 77 78 79 80
1 9 1 1 1 & 4 4 0 4
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CHECKLIST FOR INDEPENDENT TECHNICAL REVIEW

DOCUMENT REVIEWED Dose RATes due to Partia & Gompecrs loxss P WA TR 1y
4 MAYIMALY toAD WESE CAPIu\> Crotac fool ~ abed 32 P4y 006
RUTHOR(S)__ Fare &, Hiflasfaud

1. Method(s) of Review

(>¢) Input data checked for accuracy
{ ) Independent calculation performed
(%) Hand calculation of Inpur Acrivii?
) Alternate computer code:
{ ) Comparison to experiment or previous resulis
{ ) Alternate method (define)

I1I. Checklist (either check or enter NA if not applied)

(¥C) Task completely defined

(9 Activity consistent with task specification

() Necessary assumptions explicitly stated and supported

() Resources properly identified and referenced

(%) Resource documentation appropriate for this application

(X) Input data explicitly stated

(>} Input data verified to be consistent with original source

(>) Geometric model adequate representation of actual geometry

(¥} Material properties appropriate and reasonable

(¥X) Mathematical derivations checked including dimensional consistency

(<) Hand calculations checked for errors

(><) Assumptions explicitly stated and justified

(%) COm?user software appropriate for task and used within range of
validity

(M%) Use of resource outside range of established validity is justified

(;é) Software runstreams correct and consistent with results

(7<) Software output consistent with input

(A) Results consistent with applicable previous experimental or
analytical findings

(%) Results and conclusions address all points and are consistent with
task requirements and/or established limits or criteria

(R) C$nc}usions consistent with analytical results and established

imits
(A) Uncertainty assesment appropriate and reasonable
( ) Other (define)

II1I. Comments:

MNP Cove Tupus (oridus e Som C'Iprgw4upvcm€uﬂ¢ Zrom

IV.  REVIEWER: ¢ M@.UMDATEJW/??g
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/(::3 - /:;/7%V~ F% "

Microshield 4.00 - Serial #4.00~00128
Westinghouse Hanford Company

Page : 1 File Ref:

DOS*File: 4M20IN.MS4 Date: __ ] 7
Run Date: April 19, 1995 By: _
Run Time: 9:35 a.m. Friday Checked:

Duratien: 0:00:01
Case Title: 1 Ci Cs-137, Dist.=4m, Shield=20in Normal Concrate

GEOMETRY 1 - Point

centimeters feet and inches
Dose point coordinate X: 400.0 13.0 1.5
Dose point coordinate Y: 0.0 0.0 .0
Dose point coordinate Z: 0.0 0.0 .0
Shield 1: 50.8 1.0 8.0
Alr Gap: 349.2 11.0 5.5

MATERIAL DENSITIES (g/cm”3)

Material Shield 1 Air Gap
Slab

Air 0.00122

Concrete 2.35

BUILDUP
Method: Buildup Factor Tables
The material reference is Shield 1

INTEGRATION PARAMETERS
Case solved analytically.

SOURCE NUCLIDES

Nuclide Nuclide
Ba-137m 9.4594e-001 Cs-137 9.9994e-001
RESULTS
Energy Activity Energy Fluence Rate Exposure Rate In Air
(MeV) (photons/sec ) (MeV/8q cm/sec) (mR/hr)

No Buildup With Buildup No Buildup With Buildup
0.6616 3.149e+010 9.8168-001 2.561e+001 1.903e-003 4.965e-002

TOTAL: 3.149e+010 9.816e-001 2.561e+001 1.903e-003 4.965e-002

*D0S  MS-D0S is a trademark of the Microsoft Corporation.
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MicroShield 4.00 - Serial #4.00-00128
Westinghouse Hanford Company
Page 11 File Ref:
DOS File: 4M2{fIN.MS4 Date: __ 7 ] __
Run Date: April 19, 1996 By:
Run Time: 9:36 a.m. Friday Checked:

Duration: 0:00:01
case Title: 1 ci Cs-137, Dist.=4m, Shield=24in Normal Concrete

GEOMETRY 1 - Point

centimeters feet and inches
Dose point coordinate X: 400.0 13.0 1.5
Dose point coordinate ¥Y: 0.0 0.0 .0
Dose point coordinate 2z: 0.0 0.0 .0
Shield 1: 60.96 2.0 .0
Alr Gap: 339.04 11.0 1.5

MATERIAL DENSITIES (g/cm"3)

Material shield 1 Air Gap
Slab
Air 0.00122
Concrete 2.38
BUILDUP

Method: Buildup Factor Tables
The material reference is Shield 1

INTEGRATION PARAMETERS
Case solved analytically.

SOURCE NUCLIDES

Nuclide Nuclide
Ba-137m 9.45%4e-001 C8-137 9.9994e~001
RESULTS
Energy Activity Energy Fluence Rate Exposure Rate In Air
{MeV) {photons/sec ) (MeV/sq cm/sec) (mR/hr)

No Buildup With Buildup No Buildup With Buildup
0.6616 3.14%e+010 1.551e-001 5.403e+000 3.006e~-004 1.047e-002

TOTAL: 3.149e+010 1.551e-001 5.403e+000 3.006e-004 1.047e-002
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Dorc Afc SR oy Celf ~y P Cagnty

MicroShield 4.00 - Serial #4.00-00128
Westinghouse Hanford Company

Page : 1 File Ref:
DOS File: HCWALL.MS4 Date: __ [/ [
Run Date: June 18, 1996 By:
Run Time: 2:23 p.m. Tuesday Checked:

Duration: 0:00:01
case Title: Dose Rate Through Hot Cell Wall with 24 CsCl Capsules
GEOMETRY 1 -~ Point

centimeters feet and inches
Dose point coordinate X: 200.0 6.0 6.7
Dose point coordinate Y: 0.0 0.0 .0
Dose point coordinate 2: 0.0 0.0 .0
Shield 1: 88.9 2.0 11.0
Air Gap: 11.1 9 3.0 7.7
/

L EE R O S /4
MATERIAL DENSITIES (g/cm”3)

Material Shield 1 Air Gap
8lab

Air 0.00122

Concrete

3.76
ﬁ\ Hfft\ 0(!.—- 1At I.I(I

UILDUP
Method: Buildup Factor Tables
The material reference is Shield 1

INTEGRATION PARAMETERS
Case solved analytically.

SOURCE NUCLIDES

Nuclide )
Ba-137m  9.4080@+005 : 2« equnty ¥ Ts K C S, .
RESULTS
Energy Activity Energy Fluence Rate Exposure Rate In Air
(MaV) (photons/=sec ) (MeV/8q cm/sec) (mR/hr)
No Buildup With Buildup No Buildup With Buildup
0.6 3.132e+016 6.985e-002 1.297e+001 1.363e~-004 2.532e-002

TOTAL: 3.132e+016 6.985-002 1.297e+001 1.363e-004 2.532e-002
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Pool af J56 in toved

MicroShield 4.0¢ - Serial #4.00-00128
Westinghousie Hanford Company
Page 51 File Ref:
DOS File: POOL156.MS4 Date: _ / [/
Run Date: July 19, 1996 By:
Run Time: 2:55 p.m. Friday Checked:

Duration: 0:00:05

Case Title: Dose Rate Above Capsule Storage Pool with 156 in Water

GEOMETRY 11 - Rectangular Volume

centimeters feet and inches

Dose point coordinate X: 528.32 17.0 .
Dose point coordinate Y: 198.12 6.0 6.0
Dose point coordinate 3z: 60.96 2.0 .0
Rectangular volume width : 121.92 4.0 .0
Rectangular volume length: 52.832 1.0 8.8
Rectangular volume height: 640.08 21.0 .0
Shield 1: 323.088 10.0 7.2
Alr Gap: 152.4 5.0 .0

Source Volume: 4.12293e+6 cm™3 145.6 cu ft. 251597. cu in.

MATERIAL DENSITIES (g/cm”3)

Material Source Shield 1 Alr Gap
shield Slab
Air 0.00122
Water 1.0
CsCl Array 2.1
BUILDUP

Method: Buildup Factor Tables
The material reference is Shield 1

INTEGRATION PARAMETERS
Quadrature Order

X Direction 10
Y Direction 10
2 Direction 10

SOURCE NUCLIDES
Nuclide curies pci/em=3 Nuclide curies
Ba-137m  2.9324e+007 7.1125e+006 cs-137 3.0998e+007

G-55

pCisem*3
7.5185e+006



HNF-SD-WM-TI-733 REV 1

Page : 2

DOS File: POOL156.MS4

Run Date: July 19, 1996
Run Time: 2:55 p.m. Friday

Title : Dose Rate Above Capsule Storage Pool with 156 in Water
RESULTS
Energy Activity Energy Fluence Rate Exposure Rate In Air
(MeV) {photons/sec ) (Mev/sg cm/sec) (mR/hr)

No Buildup With Buildup No Buildup With Buildup
0.6616 9.763e+017 7.534e-003 2.289e+000 1.461e-005 4.438e-003

TOTAL: 9.763e+017 7.534e~-003 2.289e+000 1.461e-005 4.438e-003
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Microshield 4.00 - Serial #4.00-00128
wWastinghouse Hanford Company

Page s 1 File Ref:
DOS File: POOL110.MS4 Date: _ [/ [/
Run Date: July 19, 1996 By:
Run Time: 3:03 p.m. Friday Checked:

Duration: 0:00:04
Case Title: Dose Rate Above Capsule Storage Pool with 110 in Water

GEOMETRY 11 - Rectangular Volume

centimeters feet and inches

Dose point coordinate X: 528.32 17.0 4.0
Dose point coordinate Y: 320.04 10.0 6.0
Dose point coordinate z: 60.96 2.0 .0
Rectangular volume width : 121.92 4.0 .0
Rectangular volume length: 52.832 1.0 8.8
Rectangular volume height: 640.08 21.0 .0
Shield 1: 206.248 6.0 9.2

Air Gap: 269.24 8.0 10.0

Source Volume: 4.12293e+6 cm”3 145.6 cu ft. 251597. cu in.

MATERIAL DENSITIES (g/cm”3)

Material Source Shield 1 Alr Gap
Shield Slab

Air 0.00122

Water 1.0

CsCl Array 2.1

BUILDUP
Method: Buildup Factor Tables
The material reference is Shield 1

INTEGRATION PARAMETERS
Quadrature Order

X Direction 10
Y Direction 10
Z Direction 10

SOURCE NUCLIDES
Nuclide curies uCifem™3 Nuclide curies uci/em=3
Ba-137m  2.9324e+007 7.1125e+006 cg-137 3.0998e+007 7.5185e+006

G-57
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Page : 2
DOS File: POOL110.MS4
Run Date: July 19, 1996
Run Time: 3:03 p.m. Friday
Title : Dose Rate Above Capsule Storage Pool with 110 in water
RESULTS
Energy Activity Energy Fluence Rate Exposure Rate In Air
(MeV) (photons/sec ) (MeV/sq cm/sec) {(mR/hr)
No Buildup With Buildup No Buildup With Buildup
0.6616 9.763e+017 2.113e+002 2.945e+004 4.097e-001 5.709e+001
TOTAL: 9.763e+017 2.113e+002 2.945e+004 4.097e-001 5.709e+001
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Microshield 4.00 - Serial #4.00-00128
Westinghouse Hanford Company

Page HED File Ref:
DQGS File: POOL1:00.MS4 Date:
Run Date: July 19, 1996 By:
Run Time: 2:58 p.m. Friday Checked:

Duration: 0:00:04

case Title: Dose Rate Above Capsule Storage Pool with 100 in Water

GEOMETRY 11 - Rectangular Volume

centimeters feet and inches

Dose point coordinate X: 528.32 17.0 4.0
Dose point coordinate Y: 320.04 10.0 6.0
Dose point coordinate z: 60.96 2.0 .0
Rectangular volume width : 121.92 4.0 .0
Rectangular volume length: 52.832 1.0 8.8
Rectangular volume height: 640.08 21.0 .0
Shield 1: 180.848 5.0 11.2

Alr Gap: 294.64 9.0 8.0

Source Volume: 4.12293e+6 cm”3 145.6 cu ft. 251597. cu in.

MATERIAL DENSITIES (g/cm”3)

Material Source Shield 1 Air Gap
Shield Slab

Air 0.00122

Water 1.0

CsCl Array 2.1

BUILDUP
Method: Buildup Factor Tables
The material reference is Shield 1

INTEGRATION PARAMETERS
Quadrature Order

X Direction 10
Y Direction 10
2 Direction 10

SOURCE NUCLIDES
Nuclide curies pucifem=3 Nuclide curies
Ba-137m 2.9324e+007 7.1125e+006 Ca-137 3.0998e+007

uci/em~3
7.5185e+006
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Page : 2

DOS File: POOL100.MS4

Run Date: July 19, 1996

Run Time: 2:58 p.m. Friday

Title : Dose Rate Above Capsule Storage Pool with 100 in Water

RESULTS
Energy Activity Energy Fluence Rate Exposure Rate In Air
(MeV) (photons/sec ) (MeV/sq cn/sec) (nR/hr)

No Buildup With Buildup No Buildup With Buildup
0.6616 9.763e+017 1.976e+003 2.209e+005 3.830e+000 4.282e+002

TOTAL: 9.763e+017 1.976e+003 2.209e+005 3.830e+000 4.282e+002
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7%u / ot 5 In Le,»a/

Microshield 4.00 - Serial #4.00-00128
Westinghouse Hanford Company

Page s 1 File Ref:
DOS File: POOL95.MS4 Date: __ /. [
Run Date: July 19, 1996 By:
Run Time: 2:54 p.m. Friday Checked:

Duration: 0:00:04
Case Title: Dose Rate Above Capsule Storage Pool with 95 in wWater

GEOMETRY 11 - Rectangular Volume

centimeters feet and inches

Dosae point coordinate X: 528.32 17.0 4.0
Dose point coordinate Y: 198.12 6.0 6.0
Dose point ccordinate 3z: 60.96 2.0 .0
Ractangular volume width : 121.92 4.0 .0
Rectangular volume length: 52.832 1.0 8.8
Rectangular volume height: 640.08 21.0 .0
Shield 1: 168.148 5.0 6.2

Alir Gap: 307.34 10.0 1.0

Source Volume: 4.12293e+6 cm™3 145.6 cu ft. 251597. cu in.

MATERIAL DENSITIES (g/cm”3)

Material Source Shield 1 Air Gap
Shield Slab

Alr 0.00122

Water 1.0

CsCl Array 2.1

BUILDUP
Method: Buildup Factor Tables
The material reference is Shield 1

INTEGRATION PARAMETERS
Quadrature Order

X Direction 10
Y Direction 10
Z Direction 10

SOURCE NUCLIDES
Nuclide curies pci/com*3 Nuclide curies pcifcm”3
Ba-137m 2.9324e+007 7.1125e+006 Ca-137 3.0998e+007 7.5185e+006

G-61
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Page t 2

DOS File: POOL95.MS4

Run Date: July 19, 1996

Run Time: 2:54 p.m. Friday

Title : Dose Rate Above Capsule Storage Pool with 95 in Water

RESULTS
Energy Activity Energy Fluence Rate Exposure Rate In Air
(MeV) (photons/sec ) (MeV/sq cm/sec) (mR/hr)

No Buildup With Buildup No Buildup With Buildup
0.6616 9.763e+017 5.805e+003  5.717e+005 1.125e4001 1.108e+003

TOTAL: 9.763e+017 5.805e+003 5.717e+005 1.125e+001 1.108e+003

G-62
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Microshield 4.00 - Serial #4.00-00128
Westinghouse Hanford Company

Page : 1 File Ref:

DOS File: POOL64.MS4 Date: __/ [
Run Date: July 19, 1996 By:

Run Time: 3:25 p.m. Friday Checked:

Duration: 0:00:04

Case Title: Dose Rate Above Capsule Storage Pool with 64 in water

GEOMETRY 11 - Rectangular Volume

centimeters feet and inches

Dose point coordinate X: 528.132 17.0 4.0
Dose point coordinate Y: 320.04 10.0 6.0
Dose point coordinate 2Z: 60.96 2.0 .0
Rectangular volume width : 121.92 4.0 .0
Rectangular volume length: 52.832 1.0 8.8
Rectangular volume height: 640,08 21.0 .0
Shield 1: 89.408 2.0 11.2

Air Gap: 386.08 12.0 8.0

Source Voluma: 4.12293e+6 cm"3 145.6 cu ft. 251597. cu in.

MATERIAL DENSITIES (g/cm”3)

Material Source Shield 1 Air cap
Shield Slab
Air 0.00122
Water 1.0
CsCl Array 2.1
BUILDUP

Method: Buildup Factor Tables
The material reference is Shield 1

INTEGRATION PARAMETERS
Quadrature Order

X Direction 10
Y Direction 10
Z Direction 10

SOURCE NUCLIDES
uCi/em”~3 Nuclide
7.1125e+006 C8-137

curies
3.0998e+007

curies
2.9324e+007

Nuclide
Ba-137m

puci/em*3
7.5185e+006

6-63
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Page : 2

DOS File: POOL64.MS4

Run Date: July 19, 1996

Run Time: 3:25 p.m. Friday

Title : Dosa Rate Above Capsule Storage Pool with 64 in Water
RESULTS
Energy Activity Energy Fluence Rate Exposure Rate In Air
{MeV) (photons/sec ) (MeV/sq cm/sec) (mR/hr)

No Buildup With Buildup No Buildup With Buildup
0.6616 9.763e+017 6.521e+006  2.399e+008 1.264e+004 4.650e+005

TOTAL: 9.763e+017 6.521e+006 2.399e+008 1.264e+004 4.,650e+005



HNF-SD-WM-TI-733 REV 1

Pod ot T in Lesl

MicroShield 4.00 -~ Serial #4.00-00128
Westinghouse Hanford Company

Page : 1 File Ref:
DOS File: POOL36.MS54 Date: ___/ [
Run Date: July 19, 1996 By:
Run Time: 3:19 p.m. Friday Checked:
Duration: 0:00:04
Case Title: Dose Rate Above Capsule Storage Pool with 36 in Water
GEOMETRY 11 - Rectangular Volume
centimeters feat and inches
Dose point coordinate X: 528.32 17.0 4.0
Dose point coordinate Y: 320.04 10.0 6.0
Dose point coordinate 2z: 60.96 2.0 .0
Rectangular volume width : 121.92 4.0 .0
Rectangular volume length: 52.832 1.0 8.8
Rectangular volume height: 640,08 21.0 .0
Shield 1: 17.78 0.0 7.0
Air Gap: 457.708 15.0 .2
Source Volume: 4.12293e+6 cm"3 145.6 cu ft. 251597. cu in.
MATERIAL DENSITIES (g/cm™3)
Material Source shield 1 Air Gap
Shield Slab
Air 0.00122
Water 1.0
CsCl Array 2.1
BUILDUP
Method: Buildup Factor Tables
The material reference is sShield 1
INTEGRATION PARAMETERS
Quadrature Order
X Direction 10
Y Direction 10
Z Direction 10
SOURCE NUCLIDES
Nuclide curies ucCifem*3 Nuclide curies uci/em*3
Ba-=137m 2.9324e+007 7.1125e+006 Cs-137 3.0998e+007 7.5185e+006

G-65
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Page )

DOS File: POOL36.MS4

Run Date: July 19, 1596

Run Time: 3:19 p.m. Friday

Title : Dose Rate Above Capsule Storage Pool with 36 in Water

RESULTS
Energy Activity Energy Fluence Rate Exposure Rate In Air
(MeV) (photons/sec ) (MeV/sq cm/sec) (mR/hr)

No Buildup With Buildup No Buildup With Buildup
0.6616 9.763e+017 4.061e+009 2.544e+010 7.873e+0086 4.933e+007

TOTAL: 9.763e+017 4.061e+009 2.544e+010 7.873e+006 4.933e+007

G-66
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MicroShield 4.00 - Serial #4.00-00128
Westinghouse Hanford Company

Page : 1 File Ref:
DOS File: POOL28.MS4 pate: __7 [
Run Date: July 19, 1996 BY:
Run Time: 3:21 p.m. Friday Checked:
Duration: 0:00:05
Case Title: Dose Rate Above Capsule Storage Pool with 28 in Water
GEOMETRY 11 ~ Rectangular Volume
centimeters feet and inches
Dose point coordinate X: 528.32 17.0 4.0
Dose point coordinate Y: 320.04 10.0 6.0
Dose point coordinate Zz: 60.96 2.0 .0
Rectangular volume width : 121.92 4.0 .0
Rectangular volume length: 52.832 1.0 8.8
Rectangular volume height: 640.08 21.0 .0
Air Gap: 475.488 15.0 7.2
Source Volume: 4.12293e+6 cm”3 145.6 cu ft. 251597. cu in.

MATERIAL DENSITIES (g/cm“3)
Material Source Air Gap
Shield
Air 0.00122
CsCl Array 2.1

BUILDUP
Method: Buildup Factor Tables
The material reference is Source

kkkkhkhhkh CAUTION *hkhkhhkhkhh

This buildup reference material is a mixed material with a high atomic
number element (55). Buildup Factors less than and somewhat greater
than 36 keV may be incorrect. Please understand your results!

e de de de J e e o ofe o de de e e A e v e o gk e e e e e e ok

INTEGRATION PARAMETERS
Quadrature Order

X Direction 10
Y Direction 10
Z Direction 10

. SOURCE NUCLIDES
Nuclide curies pCi/em”3 Nuclide curies
Ba-137m 2.9324e+007 7.1125e+006 Cs8-137 3.0998e+007

G-67
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Page !

DOS File: POOL28.MS4

Run Date: July 19, 1996

Run Time: 3:21 p.m. Friday

Title : Dose Rate Above Capsule Storage Pool with 28 in wWater

RESULTS
Energy Activity Energy Fluence Rate Exposure Rate In Air
(MeV) {photons/sec ) (MeV/sq cnm/sec) (mR/hr)

No Buildup With Buildup No Buildup With Buildup
0.6616 9.763e+017 2.039e+010 4.261e+010 3.952e+007 8.260e+007

TOTAL: 9.763e+017 2.039e+010 4.261e+010 3.952e+007 8.260e+007

G-68
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Pool  Dry

MicroShield 4.00 - Serial #4.00-00128
Westinghouse Hanford Company

Page 3 1 File Ref:
DOS File: POOLDRY.MS4 Date: — 7/ [/ —
Run Date: July 19, 1996 By:
Run Time: 3:23 p.m. Friday Checked:

Duration: 0:00:05
Case Title: Dose Rate Above Capsule Storage Pool with 0 in Water
GEOMETRY 11 - Rectangular Volume

centimeters feet and inches

Dose point coordinate X: 528.32 17.0 4.0
Dose point coordinate Y: 320.04 10.0 6.0
Dose point coordinate Z: 60.96 2.0 .0
Rectangular volume width : 121.92 4.0 .0
Rectangular volume length: 52.832 1.0 8.8
Rectangqular volume height: 640.08 21.0 .0
Air cGap: 475.488 15.0 7.2

Source Volume: 4.12293e+6 cm”3 145.6 cu ft. 251597. cu in.

MATERIAL DENSITIES (g/cm"3)
Material Source Air Gap
Shield
Air 0.00122
Dry CsCl Rck 1.4

BUILDUP
Method: Buildup Factor Tables
The material reference is Source

INTEGRATION PARAMETERS
Quadrature Order

X Direction 10
Y Direction 10
Z Direction 10

SOURCE NUCLIDES
Nuclide curies ucifem~3 Nuclide curies uCi/cm~3
Ba-137m  2.9324e+007 7.1125e+006 Cs-137 3.0998e+007 7.5185e+006

RESULTS
Energy Activity Energy Fluence Rate Exposure Rate In Air
{MeV) (photons/sec ) (MeV/sgq cm/sec) (mR/hr)

No Buildup With Buildup No Buildup With Buildup
0.6616 9.763e+017 3.183e+010 6.101e+010 6.170e+007 1.183e+008

TOTAL: 9.763e+017 3.183e+010 6.101e+010 6.170e+007 1.183e+008

6-69
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Microshield 4.00 - Serial #4.00-00128
Westinghouse Hanford Company

Page : 1 File Ref:
DOS File: DRAINP.MS4 pate: — 7 7
Run Date: June 18, 1996 By:
Run Time: 2:19 p.m. Tuesday Checked:

Duration: 0:00:01
Case Title: Dose Rate Above Drained Pool Cell Containing 715 CsCl Caps.

GEOMETRY 1 - Point

centimeters feet and inches
Dose point coordinate X: 457.2 15.0 .0
Dose point coordinate Y¥: 0.0 0.0 .0
Dose point coordinate Z: 0.0 0.0 .0
Shield 1: 76.2 2.0 6.0
Air Gap: 381.0 12.0 6.0

N30 Ml coveblich
MATERIAL DENSITIES (g/cm”3)

Material Shield 1 Air Gap
Slab
Air 0.00122
Concrete 3.76 <«
- Figh .a...»zj Geeridl
BUILDUP

Method: Buildup Factor Tables
The material reference is Shield 1

INTEGRATION PARAMETERS
Case solved analytically.

SOURCE NUCLIDES

Nuclide
Ba-137m  2.8000e+007 = S apile X 1ra KC /oy, 0w,
RESULTS
Enerqgy Activity Energy Fluence Rate Exposure Rate In Air
(MeV} {photons/sec ) (MeV/sq cm/sec) (mR/hr)
No Buildup With Buildup No Buildup With Buildup
0.6 8.322e+017 1.832e+001 2,.567e+003 3.576e-002 5.010e+000

TOTAL: 9.322e+017 1.832e+001 2.567e+003 3.576e~-002 5.010e+000

G-70
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Microshield 4.00 - Serial #4.00-00128
Westinghouse Hanford Company

Page 1 File Ref:
DOS File: BAGWASTE.MS4 Date: __/_ j_
Run Date: October 28, 1996 By:
Run Time: 9:56 a.m. Monday Checked:

Duration: 0:00:05
Case Title: Contact Dose Rate from 3 ft Sphere Containing 1 ¢i Cs-137

GEOMETRY 6 -~ Sphere Volume

centimeters feet and inches
Dose point coordinate X: 48.26 1.0 7.0
Dose point coordinate Y: 0.0 0.0 .0
Dose point coordinate Z2: 0.0 0.0 .0
Sphere radius: 45.72 1.0 6.0
Alr Gap: 2.54 0.0 1.0

Source Volume: 400320. cm~3 14.1372 cu ft. 24429, cu in.

MATERTAL DENSITIES (g/cm”3)

Material Source Transition Air Gap
Shield Shiela
Air 0.00122 0.00122
Carbon 0.113
BUILDUP

Method: Buildup Factor Tables
The material reference is Source

INTEGRATION PARAMETERS
Quadrature Order
Radial
Angle 20

SOURCE NUCLIDES
Nuclide curies pcifem3 Nuclide curies pci/com*3
Ba~137nm 9.4594e-0012 2.3630e+000 Cs-137 9.9994e-001 2,4978e+000

RESULTS
Energy Activity Energy Fluence Rate Exposure Rate In Air
(MeV) (photons/sec ) (MeV/sq cm/sec) (mR/hr)

No Buildup With Buildup No Buildup With Buildup
0.6616 3.149e+010 7.369e+005 9.395e+005 1.429e+003 1.821e+003

TOTAL: 3.149e+010 7.369e+005 9.395e+005 1.429e+003 1.821e+003
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DON'T SAY IT --- write It! DATE: 7/1/96

TO: Jennifer Stewart FROM: Tom Gainey
Telephone: 373-0964

cc: Lori Covey

SUBJECT: K3 Filter Radiation Detector

Per request 1 have estimated the distance of the radiation detector from the
first HEPA bank of the K3 filter. The radiation detectors are placed within
the K3 filter pit (225BB) alongside the K3 filter. Drawing H-2-99454 Sheet 1,
shows the penetrations for the radiation detectors to be 6' from each end,

5' 2% down from the cover blocks, and 6" from the pit wall. Drawing H-2-99442
Sheet 1, shows the filter assembly as it is installed in the pit. I scaied,
and drew in the location of the radiation detector, then using the measurable
distances, calculated the distance from the detector to the center of the
first HEPA filter bank. This distance is 39.4" (see attached sketch)
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WESF K3 FILTER RADIATION DETECTOR LocATioN
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FLUOR DANIEL NORTHWEST, INC.
INTEROFFICE CORRESPONDENCE

TO: B. E. Hey DATE: October 22, 1996

LOCATION: A3-34 REFERENCE:  "ISO-PC Version 1.98 - User’s
Guide", WHC-SD-WM-UM-
030, Rev 0, May, 1995.

FROM: P. D. Rittmann Pﬁ/Q

LOCATION: HO-31 CLIENT:

EXTENSION: 376-8715 SUBJECT: Estimated Dose Rates for the
K3 Filters

oc: PDR-File/LB

The K3 HEPA filters will have two radiation detectors located in the cells near the filter banks. The
purpose of this memo is to report estimates of the dose rates expected on the detector nearest the
filters for an assumed activity loading of either 18,000 curies of Sr-90 or 240 curies of Cs-137.

The ISO-PC program was used for the calculations. The first stage of 6 HEPA filters was assamed to
be the radiation source. The second stage will have very little activity compared to the first stage.
The radiation detector is assumed to be positioned 6 inches (15.24 cm) to the side and 20 inches

(50.8 cm) in front of the filter bank. This position estimate comes from drawings H-2-99442 and
H-2-99454. The 6 HEPA filters comprising the filter bank are assumed to have 6 inch gaps between
them, so that the filter stage is 4.5 feet (137.16 cm) wide and 7 feet (213.36 cm) tall.

The HEPA filter bank is assumed to be 11.5 inches (29.21 cm) thick, and have a density of
0.125 g/cc. The filter material is modelled as concrete with this low density. In addition, a thin
layer of iron was used to represent the filter enclosure. The iron has a density of 7.86 g/cc and is
1/16 inch (0.16 cm) thick. The material used for computation of the buildup factor is concrete.

To estimate the dose rates to the side of the rectangular source, the source width was doubled and
increased by 1 foot (30.48 cm) to give a total width of 10 feet (304.8 cm). The source strength was
increased by the factor 10/9 to account for the extra foot of width. A second case was run using just
the one foot width and a source activity of 1/10 the total. The dose rate from the one foot case was
subtracted from the dose rate for the 10 foot case to give the final answer. The ISO-PC input file is
attached for reference.
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B. E. Hey
October 22, 1996
Page 2
Exposure Rates from ISO-PC
10 foot width 1 foot width Difference
Sr-90 98.8 R/h 17.8 R/h 81.0R/h
Cs-137 81.2 R/ 143 R/h 66.9 R/h

The 81-90 source is 18,000 Ci Sr-90 and 18,000 Ci Y-90,
The Cs~137 source is 240 Ci Cs-137 and 227 Ci Ba-137m.

If you have any questions about these calculations, please call.
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ATTACHMENT: ISO-PC INPUT FILE

0 2 Dose Rates at the WESF K3 Filter Radiation Detector

51-90 -- Full Virtual Width

&lInput IGeom= 10, SLTH= 213.36, Y= 304.80, T= 29.21,0.16,
X= 80, NShld=2, JBuf= 1, NTheta= 31, NPsi= 35,
SFact= 20000, Weight(82)=1,0,1 &
Metal 9 7.86

1 Media 16 0.125

Sr-90 -- Portion to be Subtracted

&lnput Y= 30.48, SFact= 2000, Next=4 &

Cs-137 -- Full Virtual Width

&Input Y= 304.80, SFact= 266.667,
Weight(82)= 3*0, Weight(335)= 1,0.946 &

Cs-137 - Portion to be Subtracted

&lInput Y= 30.48, SFact= 26.667 &

This is the End of the Filter Cases !!

&lnput Next=6 &

The filter array is 7 feet by 4.5 feet.
The detector is 6 inches to the side and 20 inches ahead of the filters.

G-76



HNF-SD-WM-TI-733 REV 1

PEER REVIEW CHECKLIST

Document Reviewed: Interoffice Correspondence from P.D. Rittmann to B.E. Hey,

"Estimated Dose Rates for the K3 Filters", October 22, 1996

Scope of Review:  Use of ISO-PC

[-’i[][]

1 1
A 1
M [
(11
(11
(11
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M
[11
(11
(47

11

111
111
1101

1A

1101

111

(111
(1A

Signature:

Necessary assumptions explicitly stated and supported.
Computer codes and data files identified in document.
Data used in calculations explicitly stated in document.

Data checked for consistency with original source information as
applicable.

Mathematical derivations checked including dimensional consistency
of results.

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

Hand calculations (including spreadsheets) checked for errors.

Software input correct and consistent with descriptions in the
document.

Software output consistent with input and with results reported in the
document.

Limits/criteria/guidelines applied to analysis results are appropriate
and referenced. Limits/criteria/guidelines checked against references.
Safety margins consistent with good engineering practices.

Conclusions consistent with analytical results and applicable limits.
Results and conclusions address all points required in the problem
statement.

Review calculations, comments, and/or notes are attached.

Document approved by: Harvey J. Goldberg, PhD CHP

l o /'L,: c o
wodis] Rl Date: ! CJt b
l /

W
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APPENDIX H - Supporting Calculations for Storage Pool Drain Accidents
This appendix contains:
1. Requesting DSI.

2. Calculation entitled "WESF Capsule Storage Pool - Dranage and Evaporation
Calculations," by D. L. Scott dated 3/4/96.

3. Peer review checklist.

4. Internal Memorandum from J. E. Kelley to B. E. Hey dated May 15, 1996,
"Drain Pipe Rupture Frequency at WESF," 8M400-JEK-96010, Westinghouse
Hanford Company, Richland, WA.

5. WESF capsule storage pool sump volume calculations.
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DON'T SAY IT --- Write It! DATE:February 6, 1996

TO:Dave L. Scott FROM:Brit E. Hey

Telephone: 37s-2921

cc: J. R. Brehm

L. 1. Covey
W. R. Shannon
BEH/LB

SUBJECT: Technical Review and Supporting Calculations for WESF ISB

As discussed with you earlier today, please find attached a February 6, 1996
draft of WHC-SD-WM-TI-733 entitled “Supporting Calculations and Assumptions
for Use in WESF ISB." Of particular need is a technical review of Section
2.2.4 "Capsule Failure Criteria” of this document in order to ensure its
validity prior to the completion of dependent work. This review is needed by
February 9, 1996.

A second request derives from an action item assigned to me during a recent
WESF status meeting. We would like to know how long it would take for a
single WESF capsule storage pool to drain down to the level where capsules
would become uncovered. This drain down could occur via the steam jet pump
system or via a hypothetical break and gravity drain through the pool drain
line system. Mr. Wayne Shannon (372-0273) is the cognizant engineer for this
system and should be able to provide you the information you need.

The charge code for this task is KW4C5. Please let me know if you have any
questions.

Attachment (D. L. Scott only)
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File Name: WESFPool Page 1 of 4

Date: 3-4-96
Author: D. L. Scott

WESF CAPSULE STORAGE POOL----DRAINAGE AND EVAPORATION
CALCULATIONS

To document and perform these calculations version 4.0 of Mathcad for windows was used.

GIVEN: A typical WESF capsule storage pool is 21'-8" long x 4'-5" wide per H-2-66421, Normal
water depth is 156" = 13' per H-2-66422 Section 2. Each pool cell Is provided with a 2" Sch. 10S
stainless steel water removal pipe extending from an open end 1/2" above the pool cell fioor,

through the pool celi liner (3' from cell floor to centerline of pipe, see Detail IV of H-2-67019) and wall
into the pipe tunnel. From there the pipe extends horizontally 7.5' to the exterior wall, then

vertically up 9’ where it penetrates the pipe tunnel ceiling. The waste water removal pipe in the pipe
tunnel is all welded pipe having no valves or flanged connections. If the waste water removal pipe
were to rupture in the pipe tunnel, the pool cell would be in jeopardy of draining down to the 3' level.
If the waste water removal pipe were to rupture above the pipe tunnel ceiling, the pool cell would not
be jeopardy of draining. The pipe rupture would be above the water level in the pool cell.

DETERMINE: 1) How long it would take for a single WESF capsule storage pool to drain down to
the level where capsules would become uncovered. This drain down could occur via the steam jet
pump system or via a hypothetical break and gravity drain through the drain line system.

2) How long it would take to evaporate the water out starting at a normal pool level of 13'.

2" Sch 168 pipe

Cross section of WESF le storage pool

p
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Page 2 of 4
CALCULATIONS:

Since the pool is at atmospheric pressure, Equation 4-21 of Crowl, D.A. and Louvar, J.F, Chemicat
Process Safely: Fundamentals with Applications, applies. It gives the time t for a vessel to empty
to the level of the leak,

N

1 v
ti=——[—1| {2-ghyn
o\ A EhL

where C, is a discharge coefficient. For a short section of pipe attached to the vessel, the
suggested guideline value is 0.81.

C, =081
W:=4417f  width of pool
L:=21751 length of pool

Ay is the inside cross sectional area of the vessel, A :=W-L A, =%6.07 -

Adis the inside cross sectional area of the 2" Sch 10S pipe, A =0.02538-f% (Crane, p.

B-16)
g Is the gravitational accelaration constant of the earth, g=32.174- fl
sec
and hy_is the head of liquid in the vessel above the leak.
For ease of calculation, the ime equation will be expressed as a function of hy.
- 1 Ay
thpi = 2By, hp = LR,2R0 130
Co8 A
depth vectorin ft correspanding time vectorin hr
b
_ﬁ_ 3600-sec
1
12 ]
3]
4
S
6
7
o
D |
10| <—— time in hours required to drain down
11 to the 2 drain pipe
E
13 <~ time in hours required to drain the pool
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Page 3 of 4

Time Required to Jet out Liquid

B Plant engineers say that the pool water can be jetted out with a steam jet ejector at a rate of
approximately 1-inch of pool depth per minute. When the liquid level arrives at 148 inch level,
however, an interlock device shuts steam off almost instantaneously. Thus, the interlock must fail
in order to jet all the liguid out of the pool cell.

.y
10-11-(12%]
L =2+ time needad to jet out 10 ft of water

oo
min
13-11-(123)

—--——= =26hr  time needed to jet out 13 ft of water
m
l—

min

Check: From H-2-66986 Shest 4, the steam jet is listed at 75 gpm for 100 psig steam.

Q=758 Q =601.563 x
min hr
Aglof

tio g t10=1.597 hr
Ayl3f

g t 13 =2.076+r

Since the jet rate depends on steam pressure, and the steam pressure is usually less than 100
psig, | recommend that the former values be accepted; i.e., 2 hrs down to 10 f; 2.8 hrs down to
13 ft.

Time Required to Evaporate Pool Water

Assume there is no heat loss through the side walls and bottom of the pool. Iis postulated that
the once-through cooling system for the pool is lost. Next, the water Is heated by decay heat
from the capsules from an assumed temperature of 100 F ta boiling, 212 F.

H, 100F = 67.974}31—'3.1.U enthalpy of liquid water at 100 F from steam tables

Hyoor = 180407~B1T_hU enthalpy of liquid water at 212 F from steam tables
er . BTU o
AH vap 970.3»T latent heat of vaporization of water at 212 F

AH yota1 = Hya12F — Hx100F + 8H vap

8H g = 1.082:10° -B_“)TH total heat added per Ib of water
ﬁ3
Y %100F = 001613«E specific volume of liquid water at 100 F
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Page 4 of 4
Ay131t
m, -
Vx100F
M) = 7.743-10* “1b total mass of water in the pool
Ay10R
mqn = —
Vx100F
m = 5.956* 10" b mass of 10 ft of water in the pool
s BTU .
P = 150-kW P=5118:10" -—— energy given up by capsules plus 10% per Table
hr 5 of WHC 1996 (WHC-SD-WM-T1-733 draft)
AH tota1 I otal
tg s ————
P
t a1 =163.744 <hr t it =6.823 «day time required to evaporate all the water in the pool
assuming no heat loss (adiabatic process)
O
10 P
t10=125.957 hr t ) =5.248day time required to evaporate 10 ft of water in the pool
assuming no heat loss (adiabatic process)
REFERENCES

Crane, 198'2, Flow of Fluids through Valves, Fittings, and Pipe, Technical Paper No. 410, Crane
Company, New York, New York.

Crowl, D.A. and Louvar, J.F, Chemical P Safety: Fundi tals with Applicati
Prentice Hall, Englewood Cliffs, New Jersey, 1990.

Steam Tables, 1967, Combustion Engineering, Inc., Windsor, Connecticut.

WHC 1996, Supporting Calculations and Assumptions for use in WESF ISB,
WHC-SD-WM-TI-733, DRAFT, Westinghouse Hanford Company, Richland, Washington.
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PEER REVIEW CHECKLIST
Document Reviewed: WESF CAPSULE STORAGE POOL--DRAINAGE AND EVAPORATION

(1t

CALCULATIONS

Author: David L. Scott

Date: February 29, 1996

of Review: Mathcad calculations dated February 29, 1996

Previous reviews complete and cover analysis, up to scope of
this review, with no gaps.

Problem completely defined.

Accident scenarios developed in a clear and logical manner.
Necessary assumptions explicitly stated and supported.
Computer codes and data files documented.

Data used in calculations explicitly stated in document.
Data checked for consistency with original source information
as applicable.

Mathematical derivations checked including dimensional
consistency of results.

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

Hand calculations checked for errors. Spreadsheet results
should be treated exactly the same as hand calculations.
Software input correct and consistent with document reviewed.
Software output consistent with input and with results
reported in document reviewed.

Limits/criteria/guidelines applied to analysis results are
appropriate and referenced, Limits/criteria/guidelines
checked against references.

[vj/[ 111 Safety margins consistent with good engineering practices.
[vf/[ 111 Conclusions consistent with analytical results and applicable
Timits.
[v{/[ 111 Results and conclusions address all points required in the
problem statement.
[I1L01 [uT’ Format consistent with appropriate NRC Regulatory Guide or
other standards
(10114 Review calculations, comments, and/or notes are attached.
LIT111 Document approved.
st Hall —Badh Thall sl /9t
Reviewer (Printed Name and Signature) Date
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Westinghouse Internal
Hanford Company Memo
From: Consequence Analysis 8M400-JEK-96010
Phone: 376-9219 A3-34

Date: May 15, 1996
Subject: DRAIN PIPE RUPTURE FREQUENCY AT WESF

To: B. E. Hey A3-34

cc: T. B. Powers A3-34
JEK LB

References: (1) WHC-CM-4-46, "Nonreactor Facility Safety Analysis
Manual,” Rev. 4, April, 1996, Westinghouse Hanford
Company, Richland, Washington.

{2) WSRC TR-93-262, "Savannah River Site Generic Data Base
Development (U)," C. H. Blanton, S. A. Eide, Westinghouse
Savannah River Company, Savannah River Site, Aiken, SC
29808, June, 1993.

(3) NUREG-75/014, “An Assessment of Accident Risks in
U.S. Commercial Nuclear Power Plants,” NRC, 1975.

Per a discussion with B. E. Hey and J. E. Kelly, an assessment was requested
of the potential failure mode of the Waste Encapsulation and Storage
Facility drain line described. It was assumed that such an assessment could
be made by comparison to historical pipe failure data. Also requested is a
conservative estimate of the failure frequency of that portion of the drain
line at the three foot level. Altogether, there are five drain lines coming
from five active pool cells. As discussed earlier, the drain line pressure
is limited to ten feet of water head, a maximum temperature of 45° C., and
is rarely ever used. The drain line has been in operation for approximately
20 years. The plant staff has stated that only de-ionized water has been
put in this pipe and that water quality has been maintained over the
operating lifetime. No attempt has been made to retrieve pipe weld
inspection and continuous quality records. Their availability is unknown.

Historical data has been found for pipe rupture. A pipe rupture for a pipe
less than three inches in diameter is assessed at 1.0E-09/hr by Reference 3.
Note, this reference is not in terms of feet. However, using 8760 hours in
year ylelds a frequency of B.8E-06/yr. A pipe leak would have a more
probable failure rate. No failure mode for pipe leakage is mentioned in
this data base. Reference 2 assessed a pipe rupture at 1.0E-10/hr-ft and
3.0E-09/hr-ft for leakage. The Westinghouse Savannah River Company (WSRC)
data base is the latest document available at Hanford. There are five pool
cells with a ten foot drain 1ine that would drain the pool cells if
ruptured. Therefore, for 50 feet of pipe, the failure rate is 5.0E-09/hr
(50 x 1.0E-10). Multiplying 5.0E-08/hr by 8760 hours per year yields

4 .4E-05/yr as the failure rate to compare to Reference 1 and would lead to
an extremely unlikely event. However, the two data bases are not that much
different in their results. The above failure rates are listed for a water
system. It is not clear whether that means under pressure or not. The pipe
of interest is under static head. If we reduced the failure rate by an

Hanford O snd Enginaeri for the US D of Energy
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Mr. B. E. Hey 8M400-JEK-96010
May 15, 1996

order of magnitude to account for something we are not sure of, we would
sti17 be in the same category. I do not have a reference for some NRC work
done several years ago on crack growth. The theory was that a rupture began
with a crack that took time to develop into a rupture. The WSRC document
has pipe leakage with a failure rate of 3.0E-09/hr-ft. It is unclear what
the difference is in a leak and a rupture. If we use the leak rate, we
obtain 1.3E-03/yr for the leak. In the case of the leak, we assume that we
would need a leak detector to detect a leak before break and mitigate before
it ruptures. Probe type leak detectors have a failure rate of 5.3E-06/hr or
4.6E-02 probability for a year. Multiplying the two together (1.3E-03/yr x
4.6E-02) would yield 5.98E-05/yr.

Data was reviewed in a 21 year old data base and compared to a three year
old data base. Very little difference was found in the two data bases. One
order of magnitude in the failure rate was gained by using the newer data
base. The newer data base sub-heading was titled "Water System Recommended
Generic Fatlure Rates.® No data base that would lower the failure rate more
could be found.

If you have any questions, please call me on 376-9219.

9e. K

J. E. Kelly, P.E.
Fellow Engineer
Risk Analysis Team

gir
Attachment
Concurrence:
7 Date J //S/PQ

. S. Leach, Manage
Consequence Analysis

H-10



HNF-SD-WM-TI-733 REV 1

ATTACHMENT
to

8M400-JEK-96010




HNF-SD-WM-TI-733 REV 1

SAFETY ANALYS1S AND NUCLEAR Manual WHC-CM-6-32
ENGINEERING WORK PROCEDURES Section WP-6.2

Appendix A, REV 1
TECHNICAL PEER REVIEWS AND Page A-1 of A-1
HANFORD ENVIRONMENTAL DOSE Effective Date May 1, 1996

OVERVIEW PANEL REVIEWS

CHECKLIST FOR PEER REVIEW

SrV DHTED
. . xar Torn NELLY T FRIT
Document Reviewed: Xfr;/f; Sops rrriED g n FoRE s RE
- Scope of Review: - g LEaEY AT pESE
Treps CAL Ly n OF LEZTTER

Yes No NA
[TT1[A* Previous reviews complete and cover analysis, up to scope of
this review, with no gaps. -
[101] Problem completely defined.
an 1101 Accident scenarios developed in a clear and logical manner.
[11] Necessary assumptions explicitly stated and supported.
101 K Computer codes and data files documented.
XI[1] {K] Data used in calculations explicitly stated in document.
Keicl Data checked for consistency with original source information
as applicable.
x111f1 Mathematical derivations checked including dimensional
consistency of results.
Xirirl Models appropriate and used within range of validity or use
outside range of established validity justified.
L1l ] Hand calculations checked for errors. Spreadsheet results
should be treated exactly the same as hand calculations.
[103 01 Software input correct and consistent with document reviewed.
[11] g;ﬂ Software output consistent with input and with results

reported in document reviewed.

[] Limits/criteria/guidelines applied to analysis results are
appropriate and referenced. Limits/criteria/guidelines
checked against references.

S
—
-

JI1[1] Safety -margins consistent with good engineering practices.
X1 L1101} Conclusions consistent with analytical results and applicable
Timits.

Xritl Results and conclusions address all points required in the
problem statement.

(18104 Format consistent with appropriate NRC Regulatory Guide or
other standards

[] [X1 * Review calculations, comments, and/or notes are attached.

;)O (111 Document approved.

Tooits 2, FoniLS @/ Aéggg %/44;
Reviewer (Printed Name and Signature) ’ Date

* Any calculations, comments, or notes generated as part of this review should
be signed, dated and attachad to this checklist. Such material should be
Tlabeled and recorded in such a manner as to be intelligible to a technically
qualified third party.
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FIGURE 6.1.1 WESF Pool Cell Typical Sump Arrangement
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APPENDIX I - Statistical Analysis of Capsule Power Distribution

This appendix contains:

Internal Memorandum from Milton Shultz to Brit Hey dated March 20, 1996,
"Statistical Analysis of Strontium and Cesium Capsule Power Data in
Support of Hypothetical Pool Drain Accident Analysis" 8M400-MVS-96006,

Westinghouse Hanford Company, Richland, WA.

1.

2. Peer review checklist.
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Westinghouse Internal

Hanford Company Memo

From: Consequence Analysis 8M400-MVS-926006

Phone: 376-2215 A3-34

Date: March 20, 1996

Subject: STATISTICAL ANALYSIS OF STRONTIUM AND CESIUM CAPSULE POWER DATA IN
SUPPORT OF HYPOTHETICAL POOL DRAIN ACCIDENT ANALYSIS

To: Brit Hey

cc: MVS: File/LB

The attached statistical analyses was performed to support
the Hypothetical Pool Drain Analysis for WESF. This memo is
intended to be included as part of the documentation
contained in that analysis.

Prepared by:

y iy ) Pl o 32y
Milton Shultz, Sr. Principal Engineer e
Risk Assessment Team of Consequence Analysis Group

mvs

Attachment

Concurrence:

[A.:( Zjd/&(/ vate 2/R// %

Dirk Leach, Manager
Consequence Analysis

Hanford O and ing Ce for the US of Energy
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STATISTICAL ANALYSIS OF STRONTIUM AND CESIUM CAPSULE POWER DATE IN SUPPORT OF
HYPOTHETICAL POOL DRAIN ACCIDENT ANALYSIS

PREPARED BY: MILTON V. SHULTZ

RISK ANALYSIS TEAM
MARCH 20, 1996
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8M400-MVS-96006
MARCH 20, 1996

Title

Statistical Analysis of Strontium and Cesium Capsule Power data in Support of
Hypothetical Pool Drain Accident Analysis

Purpose

An analysis of a hypethetical pool drain accident has been performed for the
current pool storage of Cesium (Cs) and Strontium (Sr) capsules at the WESF
storage facility. This analysis is being performed to determine the
probability that the 110 percent power assumption used to calculate heatup in
accident model may be noncenservative due to the random nature of capsule
selection for storage in a given pool.

Methodolo

This analysis is divided into two parts. The first part deals with the Cs
capsules and the second with the Sr capsules. This was done because the (s
capsule power distribution is much narrower than the Sr power distribution and
lends itself to a simpler solution.

The approach used in the Cs capsule case is a simple comparison of average
power for the total population with the average power of the 494 highest power
capsules. The Sr capsule analysis uses a statistical approach to determine
the Standard Error of The Mean to quantify the probability that a random
sample of 169 capsules will have an average power that exceeds the average of
all Sr capsules by more than 10 percent.

Assumptions
Sr Capsule Data Assumptions

In order to answer this question using a simple statistical calculation, the
condition that the population has the characteristics of a normal (sometimes
referred to a "bell curve") distribution has to be validated. In many cases
it is possible to verify that the population is normally distributed simply by
knowing the data source; such as the case for measured heights of adults
1iving in the United States. In the case of the Sr capsule power data, such a
"a priori" determination is not possible. However, a simple way of observing
the data distribution character is to plot the data as a histogram and compare
the shape of the histogram with the shape of a Normal Distribution curve.

Figure 1 shows the Sr capsule data divided into 40 "bins" and plotted against
a Normal Distribution curve. In this case it is apparent that there is some
deviation from Normal Distribution character. By contrast, the Cs data shown
in Figure 2, has a higher degree of conformance to the shape of a Normal
Distribution. However, the Sr capsule power data, in general, does fit the
character of a Normal Distribution. The shape of the histogram does show a
significant cencentration of low power data and a small concentration of data

1-7
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8M400-MVS-96006
MARCH 20, 1996

at powers at the high end of the distribution. This condition will tend to
result in higher probabilities of lower averages of random samples than would
be expected if the histogram shape more closely approximated a Normal
Distribution. It appears that if the excess low power data points could be
transferred to the "valley" near the higher power data concentration on the
right side of the histogram, a histogram with a high degree of conformity to a
Normal Distribution would be obtained. Therefore, the assumption of a Normal
Distribution characteristic of the Sr data is considered valid for the
purposes of this analysis and possibly conservative. However, no attempt was
made to quantify this conservatism.

Input Data

The quantity of Cs and Sr capsules is based on the rack loading assumptions
contained in the pool drain accident analysis.

The measured powers of the Cs and Sr capsules contained in Appendix B of WHC-
SD-WM-TI-733, "Supporting Calculations and Assumptions for Use in WESF ISB,"
dated January, 1996, B.E. Hey author, were used in this statistical analysis.
Statistical summaries for the Cs and Sr capsule power data are shown in Tables
1 and 2. The summaries were obtained using the statistical analysis package
STATGRAPHICS Plus, Version 6.0, run on an IBM PC. Standard statistical
calculation techniques are used in the program.

Calculations
Analysis of the Cs Capsules

A simplistic approach was taken for the Cs capsules. The sample data was
sorted in descending order and the first 494 powers were averaged using
Quattro Pro, Version 4.0, (input data set shown in Table 3). The average was
computed by summing the 494 powers and dividing by 494. The average power of
all Cs capsules is 188.22 watts. The average of the highest 494 capsules is
204.76 watts. A power level 10 percent greater than the all capsules average
is 207.42 watts. Therefore by comparison, there is a zero percent probability
that a random sample of 494 Cs capsules will have an average power 10 percent
greater than the all Cs capsule average.

Analysis of the Sr Capsules

One of the standard problems that statistical analysis is asked to solve is
what is the probability that the mean of a sample of a given size will be
within a specified range of the true mean of the population from which the
sample was taken?

In order to provide an answer to the question of probability of accuracy of

estimate, a value is calculated called the standard error of the mean (SEM).
The formula for this value is

1-8
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8M400-MVS-96006
MARCH 20, 1996

SEM = population standard deviation / square root of the sample size.

The SEM represents the size of the deviation necessary to represent one
standard deviation on the Standard Normal Distribution curve,

In the case of the Sr capsules, with a population standard deviation of 130.41
and a sample size of 169, the standard error is 10.03. Therefore one standard
deviation of error for this sample size is 10.03 watts.

The question to be answered for the Sr capsules is what is the probability of
obtaining an average power from a random sample of 169 capsules that is more
than 10 percent higher than the population average? This is most directly
answered by determining the probability that the average power does not differ
greater than ten percent from the population average.

To do this, take ten percent of the population average for the Sr capsules of
254.35 watts (25.44) and divide by the standard error (10.03). This gives a
value of 2.54 standard deviations.

Utilizing standard statistical tables (Reference 2) (copy attached as table
4), 2.54 standard deviations translates to a standard normal distribution
value of 0.989 or 98.9 percent of the area under the curve. Therefore, there
is a 98.9 percent probability that the average power level of random sample of
169 capsules will not vary more than 10 percent from the population average.
Another way of stating this is that there is only a 0.55 percent probability
that the average power of a random sample of 169 Sr capsules will exceed the
population average power level by 10 percent and a 0.55 percent probability
that the average power of a random sample will be greater than 10 percent
below than the population average. This is because standard norma) statistics
are two sided, that is, the probability takes into account powers exceeding
the average as well as powers less than the average. If only values that are
greater than 110 percent of the population average are of concern, the
probability of exceedance (one minus the calculated non exceedance
probability) is divided by two.

Stated most simply, there is a 99.45 percent probability that a random sample
of 169 Sr capsules will not have an average power that exceeds the population
average power by 10 percent.

Results

There is a zero percent probability that a random sample of 494 Cs capsules
will have an average power 10 percent greater than the all CS capsule average.

There is a 99.45 percent probability that a random sample of 169 Sr capsules

will not have an average power that exceeds the population average power by 10
percent.
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8M400-MVS-96006
MARCH 20, 1996

Conclusions

There is a zero percent likelihood that a random sample of 494 Cs capsules
will have an average power 10 percent higher than the average power for all
the Cs capsules. There is a 0.55 percent probability that the average power
for a random sample of 169 Sr capsules will exceed the average power of the
total number of Sr capsules.

It should be noted that if the sample sizes are increased, the probability of
exceedance will become even smaller and if the sample size is decreased the
exceedance probability increases.

References

WHC-SD-WM-TI-733, "“Supporting Calculations and Assumptions for Use in WESF
ISB," dated January, 1996, B.E. Hey

Basic Statistics for Business and Economics, Paul G. Hoel and Raymond J.
Jessen, John Wiley & Sons, Inc., 1971
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Table 1
Statistical Summary for Cs Data

Variable: CS Wattage
Sample size 1328.
Average 188.218294
Median 187.4321
Mode 205.5917
Geometric mean 187.477581
Variance 279.531103
Standard deviation 16.719184
Standard error 0.458792
Minimum 122.9859
Max imum 255.2294
Range 132.2435
Lower quartiie 177.36945
Upper quartile 197.7707
Interquartile range 20.40125
Skewness 0.279161
Standardized skewness 4.153149
Kurtosis 1.248526
Standardized kurtosis 9.287333
Coeff. of variation 8.882869

Sum

249953 .8949
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8M400-MVS-96006
MARCH 20, 1996

Table 2

Statistical Summary for Sr Data
Variable: SR_Wattage
Sample size 600.
Average 254.352682
Median 248.84715
Mode 60.35498
Geometric mean 217.076163
Variance 17006.613122
Standard deviation 130.409406
Standard error 5.323942
Minimum 28.84859
Maximum 614.8839
Range 586.03531
Lower quartile 152.54495
Upper quartile 317.2243
Interquartile range 164.67935
Skewness 0.431616
Standardized skewness 4.31616
Kurtosis -0.595524

Standardized kurtosis -2.977618
Coeff. of variation §1.271095
Sum 152611.60949




Average = 204.76 watts
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Table 3

8M400-MVS-96006
MARCH 20, 1996

Quattro Pro Spreadsheet of 494 Highest Cs Capsules Power

[capsule #[Watts _ [capsule # |untts Capsule # [watts

'€-1076 255.2294[C-33 220.1431{C-1198 212.3558|
Cc-1729 250.6785|C-303 220.1069/C-16856 211.7879]
C-906 269.8119]C-393 219.6422|C-68 211.778,
|C-887 247.0379/C-753 219.4364(C-941 211.7558|
C-1715 265.8586/c-1182 . 2847 C-148 211.3829)
C-957 244.9011/C-91 .2598/C-135 211.1927
C-1522 | 243.3938c-136 -0602)c-332 | 211.126]
C-1138 262.3256/c-139 4274 C-38 211.1147|
C-829 241.4501|C- 1692 218.3568/C-248 211.0758)
C-901 240.3343|C-143 218.2642/C-1773 211.0623
C-778 237.2837|C-52 218.2381 C-397 211.0348)
C-896 | 236.567|C-1400 218, 1962|C-263 210.9796
c-850 | 236.4208]c-128 218.1649)c-78 210.9613
c-392 236,2515)C-65 217.9976]c-69 ~210.8609)
Toaroe | 235.312a[c 1176 | 217.7827]c 1693 | 210.7572]
=775 234.9833(c-301 217.6171/C-1497 210,869
C-774 234.2166(C-1092 17.5573|C-80 210.6472]
c-105 230,7829/C-137 16.9721/C-46 210.5438]
C-1082 | 230.0811)c-1690 16.9139/c-325 210,4522]
C-1703 _ | 229.8137|c-127 216.7686|c-521 210,4335
c-1157 228.5211]c-966 216.3292/C-689 210.2359
C-208 228.4087|C-271 215.9168(C-246 210.168
c-209 227.7896/C-203 .9079/C-240 209.9736
C-394 227.2922|c-138 8964 (C-1652 209.906!'
‘C-244 226.8933(C-326 .4389|C-204 209.8945
c-314 226.699|C-493 .3317|C-264 209.8795
C-316 226.6%9[C-379 215.3187/c-71 ~209.7677]
c-1735 226.5748[C- 1677 5.2647(C-66 209.5792
1g-1753 226,49011C-495 4.7876|C-334 209.562{
c-131 226.29. 2)/C-1052 4.6872\C-182 209.216&
c-12¢ 226.2309|C-1180 4.5442(C-1159 209.0832
c-350 225.4398|c-1057 4.5074(C-408 208.9538
c-306 225.3555|C-489 214,2585|C-82 208.8819
C-315 225.2173|c-796 214.1513|C-662 208.8046|
C-269 225.15/C-1131 214.1131]C-1529 208.5684|
349 756488910398 | 214.0953|C- 1718 | 208.5666|
C-1184 224.38441C-270 214.0852|C-858 _208.4214
071689 | 224.0566(C-760 213.9697(c-36 ~208,4039)
1051 | 223.8716]c-83 213.7316]c-339 208.3856)
|C-351 223.8097|C-494 213.6994(C-1402 208.3079
C-894 223.4578|C-396 213,.6875(C-1688 208.1989
c29 | 273.3342]c-686 213.559%(c-1166 | 207.9993]
C-1734 223.0345/C-1716 13,2915/C-340 207.7786|
28| 221.9078lc-35 13.0183]C-673 207.7537|
c-492 221.3849{C-265 12.8642|C-205 2077471
C-47 220.7531jC-255 12.675(C-245 207.7046
c-31 220.4366/C-211 212, 6307]c- 1766 | 2075539
lc-1676 | 220.2834]c-452 212.4812)c-406_ | |207.5348|
c-1071 220.2521](:-2 66 212.4572{C-841 207.4692
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Capsule # [Watts Capsule #|vatts  [capsule #[vatts
c-410 207.3319]c-1725 203.6378]c-1146 201,0667|
c-213 207.2445/C-1050 203.5653]C-1005 201,0658|
C-1093 | 207.2248[c-146 203.5611|C-1805 201.0543
€-801 207.2147[c-1685 203,4626]C-190 200,9948)
c-897 | 207.1811[c-160 203.3727|c-176 200,9335
C-1062 | 207.1205]c-158 203,3721¢-1007 200,9229
c-210 207.0639]c-15 203.3703]c-162 2008989
c-1769 206.9077|c-76 203.3653|C-1068

c-118 206.8473]C-296 203.3037]c-768

C-487___ | 206.818; 203.2458]c-100

c-319 | 206.585 203.22761c-295

c-782 206.455 203.1339C-1804

Cc-1038 206,2938[c-147 203.1175[c-729

C-411 206,2506]c-63 203.0956]c-1491

c-409 205,9803[c-1148 203.0716/c-239

c-700 205,9554[c-550 203.0584[c-938 |

c-1061 205.9013[c-1706 202.9217]C-163

c-30 205.6028|c-400 202.816]c- 1091 2004799
c-58 205,5917|c-1089 202.8126/c-293 200.4707]
c-119 205,5917|¢-531 202.798[C-294 200,4707
c-57 205.5717|c-318 202. 7444 [C-1161 200.4634
c-322 205,5744[c-1137 202.6802|C-1096 2004185
c-1705 203.5571[c-1054 202.6302[C-44 200.3912
c-1183 | 205.3505]c-275 2003804
c-226 205, 2301]c-34; 200.3604
c-1179 205 .2068|C-295 200.2485|
c-120 204..964|C-268 2001348/
c-218 | 204.8557[c-1067 202,589ic-42 200.1007]
c-523 204.7329C-43 202.548]C-1173 2000941
c-1247 204.7003|c-157 200.0861
c-1727 204 .6426]c-179 200,084
c-1733 204 .6426|c-336 _200.0624
c-79¢ 204.6262|C-159 202, 2943[C-43 200.0281
c-121 204.5873]C-948 202.2148)C-998 260.0278
c-297 204 .5315]C-48 202.2045C-1243 199.9835|
c-199 204 .4549(C-79 202.0314C-1582 199.9619)
€-225 204 .4549(C- 164 201.977]c-989 199.9563
c-1700 204.4148]C-114 201.938[C-41 199.9487|
c-898 2044064 ]C-200 201.865]C-201 199.8901
c-234 204.3257/C-781 201,8092]c-985 199.8755
c-15 204.3097/C-142 201.7232|c- 1008 199.7797
c-1731 204. 2403 ]C- 1691 201,5738c-1125 199.6522]
c-936 204.2185/C-189 201.4466/C-933 199.6142|
c-1055 204.13841C-798 201.4082[C-104___ | 199.6013
1325 | 204.1332[c-338 201.372[c-1156 199.5932]
c-178 203.9818[c-96 201.3426/C-235 199.5668
c-13 203.9786C- 187 201.3175/C-291 199.4623
c-788 | 203.9708ic-502 201.305|c- 1245 199.334
c-212 203.9249|c-1072 201.3018]c-238 1991789
C-483 | 203.8446[C-1095 201.2973[c-552 199.1613
c-780 | 203.8343[C-1025 201.2936[c-12684 1990887
C-228 | 203.B227[c-156 201.2794|C-484 199.0611|
c-1255 203_8214[c-473 201.2453|c-685 199.04
c-233 203.6798]c- 1246 201.1382]c-236 198.9

8M400-MVS-96006

MARCH 20, 1996
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|Capsule # |Watts Capsule # |Watts Capsule ¥ [Watts
c-86 198, 9511[C-1253 196.5915/|C~1172 19.
C-476 198.8511[C-1144 196.5409|c- 1653 194.
c-1177 198.8018|c-151 196.5125[C-899 194.
C-530 198.7378(¢-152 196.4492|C-1006 194,
C-1181 198.7425[c-1126 196.432/C-993 194 .
c-242 | 198.6957]C-1100 196.4144|C-1376 194.
c-1048 198.6546[c-1034 196.4098/c-1240 19%.
|C-659 98.6191|C-1154 196.3975/C-1427 194
ic-870 98.4355/C-988 196.2415/C-1460 194.5315
|C-1533 98.3744|C-1086 196.21471C-832 194.5309,
C-85 98.3373/C~188 196. 1362(C-1560 194.5137
C-852 98.3529|C-95 196.1276/C-934 194.4761
C-256 198.3098(c-1207 196.1058)c-997 194 .4678
C-1030 198.2892(c-32 196.0225[c-905 194.4247
C-1068 198.2859(C-230 196.0078,C-267 1944133
C-1000 198.2452(c-1075 196.0002/C- 1432 194.3871
C-1026 198.2177[c-376 195.991C-457 194.3707,
C-387 198. 1921]c- 800 195.9515/C-283 194.3534
€-1170 98.19|c-1399 195.9476{C-999 194 .2431
c-1078 198.0871/c-1296 195.8273|C-725 194.1978|
C-932 197.9753[C-1634 195.7629|c-1335

c-1111 197.8164[c-1732 195.7549C- 1551

c-380 197.7952[C-440 95.74[C-460

C-1249 197.7462[C- 1698 195.6564 [C-447

C-1740 197.7516:C-1772 195.6151{C-1162

c-202 197.592|c-280 195.5938/c-416

C-320 97.591|C-1227 195.509/c-908

c-732 197.6801(C-742 1954787 C-1070

c-1121 197.6485(c-762 195.4748/C-826

c-1326 197.5997(c-1288 195.4645 [C-1405

C-838 197,5559(c-1251 195.4491/C-970

C-48 197.4312/C-174 195.398|c-232 1938766
C-377 95.3799|c-324 193.8748
C-401 95,3796/C- 1049 193.8513
C-547 95.3568/C- 1165 93.8224
c-1231 97.2965|c-737 95 .33891c-1081 93.7948
C-1751 197.2534/C- 1009 95.3374)C-1028 93. 7111
€-430 97.24951C-144 95.3101/C-183 | _193.4862
c-1205 97.2460,C-793 195,301 |c-154 93,6599
c-739 97.2265|C-1140 195.2708C-1297 93.5873]
C-414 97.1813/C-185 195.2328/C-1155

C-403 197.1707/C-1088 95.2114|€-85¢

C-1097 197.1294|C-892 95,1935 C-276

C-682 197.1181/c-1279 95.1727|c- 155

C-1401 197.1109iC-1778 95.1122]c-663

C-1027 196.9177]c-27: 95.0418]C-1646

C-181 196.8736/c-15. 94.9912/C-175

C-1640 196.8359]c-21 194.9745 |C-637

C-1325 196.8012/c-273 194.974(C-904

c-186 196.7978/c-1169 194.9292|C-741

€-1807 196.7948/€-537 194.8787/C-1758

C-1266 196.6513|c-802 194.8322|c-1036

C-166 196.6486(C-1426 194.824(C-869

c-1120 196.6055]c-913 194.8052(C-769
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capsule ¥ [Watts Capsule # [Watts capsule # [yatts |

C-243 193.0538
C-247 192.989
C-$00 192.9766
C-1403 192.9566
C-1398 192.918
C-1136 192.9124

C-1252 192.9115
C-1003 192.8352

C-990 192.8339)
c-1273 192.8576|
£-691 192.8437|
c-231 192.8432|
C-813 192.8302
C-14%0 192.8088
c-287 192.8014
C-1323 192.724
C-580 192.7146
C-427 192.7028|

C-1455 192.6916)
C-1143 192.6911

C-525 192.6907|
C-1625 192.6705
C-733 192.5256|
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An entry in the table is the propo-tion under the entire
curve which is between z := 0 ond a positive value
of z. Areas for negative volues of z are obtained by
symmetry,
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PEER REVIEW CHECKLIST

Document Reviewed: Statistical Analysis of Strontium and Cesium Capsule Power Data in

Author:
Date:

Support of Hypothetical Pool Drain Analysis
Milton Shultz
March 19, 1996

Scope of Review: Content and Technical Adequacy
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COMMENTS:

Problem completely defined.

Accident scenarios developed in a clear and logical manner.
Necessary assumptions explicitly stated and supported.
Computer codes and data files documented.

Data used In calculations explicltly stated in document.

Data checked for consistency with original source information as applicable,

Mathematical derivations checked including dimensional consistency of results.

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

Hand calcutations checked for errors. Spreadsheet results should be treated exactly the same
as hand calculations.

Software input correct and consi with d t reviewed
Software output consistent with input and with results reported in document reviewed.

Limits/criteria/guidelines applied to lysis results are appropriate and referenced.
Limits/criteria/guidelines checked against references.

Safety margins consistent with good engineering practices.
Condlusions consistent with analytical results and applicable limits.
Results and conclusions address all points required in the problem statement.

Review calculations, comments, and/or notes are attached.

Document approved.

Jorp £ Keel T Sadesl K/vaq Y3/ 9 ¢

Reviewer (Printed Name ard Signature) Date
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APPENDIX J - Hanford Site Boundary Definitions and Guidance

This appendix contains:

1.

DOE Letter from Walter B. Scott to Contractors, Richland, Washington dated
September 26, 1995, "Clarification of Hanford Site Boundaries for Current
and Future Use in Safety Analyses."

DOE Letter from P. W. Kruger to Contractors, Richland, Washington dated
March 5, 1996, "Further Discussion on Previous Site Boundary Memorandum."

CC:mail message from Brad Evans to L. E. Johnson w/r to site boundary.

J-1
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Department of Energy RECEIVED
Richland Operations Offics
P.0. Box 550 SEP 271995
Richland, Washington 99352
SEP. 25 1995 ' AL RAMBLE

Contractors, Richland, Washington

Director
Pacific Northwest Laboratory

President
Westinghouse Hanford Company

Gentlemen:

CLARIFICATION OF HANFORD SITE BOUNDARIES FOR CURRENT AND FUTURE USE IN SAFETY
ANALYSES .

As 1 result of recent activity in updating facility safety analyses, the
Jocation of the site boundary has become an issue. This memorandum is
intended to discuss and clarify the current Jocation of the site boundary,
application of that information in performing safety analyses, and

. considerations for future changes to the site boundary.

The Hanford Site boundary has changed without recognition and, therefore, has
not been incorporated into all facility safety analyses. Historically, the
Hanford Site boundary was recognized as the "fence Tine" which surrounded the
site inclusive of the East side of Rattlesnake Mountain and land North of the
Columbia River. This was intersected by Highway 240 and the Columbia River.
RL controlled river access along the 100 Area, and Highway 240 was limited to
transient use. As a result, these locations were considered onsite Tocations
for safety analyses purposes. There has been no change in the status of
Highway 240; however, RL no Jonger controls access to any portion of the
river. The result is a de facto change in the site boundary.

The rationale for consideration of these two boundary issues, highway 240 and
the river, differ. Since RL controls the land on either side of the highway
it would be considered a throughway, with public usage considered transient,
and part of the site for safety analysis purposes. This is consistent with
the Department of Transportation {DOT) interpretation of similar situations.
This a)so holds true for Route 4 South up to the Wye Barricade. The river,
although a transportation route, also servas as a recreational arez similar to
the Richland City Park. Usage is not controlled by DOE, nor does it fit the
DOT view of the highway as strictly being a throughway. Therefore, the river
must be viewed as a tecation of the public for safety analysis purposes.

what_are the implications for current facilitv safety analyses? It requires
an Unreviewed Safety Question {USQ) determination for facilities whose
accident scenario risks to the public may increase due to this change. This
does not mean facilities must automatically be upgraded to 1imit a newly
recognized risk. The USQ process allows any newly identified risk to be

J-3
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Contractors B SEP. 25 1955

aither controlled to within the current authorization basis, or RL may approve
the new risk. When making these decisions, consideration should be given to
the fact that this is not an inhabited population center, and usage is
variable and transient. Decisions should also take into consideration public
use of the Hanford Site North of the river, resulting from land management
agreements between RL, Federal, and State Wildlife agencies. The State agency
allows virtual unlimited public access, while the Federal agency allows no
access, thus presenting two completely different levels of concern.

what_are the implications for future land use? As consideration is given to
releasing portions of the Hanford Site for public use, the impact to current
facility authorization and safety bases must be a major factor. The USQ
process provides a method for facilities to identify increased risk from
proposed activities. The cost impact, as incremental shrinking of the site
involving multiple facilities occurs, may be considerable. However, if
increased risks ensue, and are not identified prior to boundary changes, after
the fact controls may be untenable. Additionally, future facility cleanup
activities, many of which are currently unknown, may temporarily increase
risks to any nearby public and may not be feasible if those risks are
unacceptable. The Emergency Preparedness Program may also be challenged as
previously relied upon buffer zones shrink. The land use identified for the
released areas will impact the density of the population that could be
affected, and the type of environmental concerns that will exist.

In summary, there may be weaknesses in current facility authorization bases
that need to be addressed, and future VYand use planning needs to consider
safety and cost impacts to beth the public and DOE. [f you have any questions
on this subject, please contact Mark Jackson, of my staff, on 376-3246.

Sincerely,

WSt

Walter B. Scott, Director
Quality, Safety, and Health
QSH:MW . Programs Division

cc: A. L. Ramble, WHC
P. J. Pelto, PNL
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pacific Horthwest National Laboratory

President
‘estinghouse Hanford Company

Gentlemen:
FURTHER DISCUSSIOH ON PREVIOUS SITE BOUNDARY MEMORANDUM

This memorandum is intended to address three points of confusion stemming from
the previous correspondence, dated September 26, 1995, titled "Clarification
of Hanford Site Boundaries for Current and Future Use in Safety Analysis,”

which presented a discussion on site boundary as it applies to nuclear safety
documents.

First the intent was not to create new policy, but rather point out existing
requirements. The definition presented was based on DOE-STD-3009-%4,

Preparation Guide for U.S. DOE Nonreactor Nuclear Facility Safety Analysis
Reports (SARs), which defines site boundary as:

"A well-marked boundary of the property over which the owner and operator

can exercise strict control without the aid of outside authorities. {DOE
6430.1A]

For the purpose of implementing this Standard, the LCOE site boundary is a
geographic boundary within which public access is controlled and
activities are governed by DOE and its contractors, and not by local
authorities. A public road traversing a DOE site is considered to be
within the DOE site boundary if, when necessary, DOE or the site
contractor has the capability to control the road during accident or
energency conditions."

The memorandum was distributed to enable line organizations to identify
possible Unreviewed Safety Questions (USQ) situations they may have
overlooked, based upon this additional information. This should be
accomplished as a coordinated effort involving both contractor and RL line
organization personnel. It should be noted that RL does not have the
jurisdiction to physically clear the Columbia River. Remember, if a USQ is
identified, it does not automatically mean facilities must be upgraded to
1imit a newly recognized risk. Instead, when a determination is positive, the
UsQ process allows RL to fulfill its responsibility by either requiring the
contractor to control the risk to within the current authorization basis, or
approve the new risk.
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Secondly, it has come to our attention there may be some confusion over the
examples used. The intent of comparing Poute 240 and the Columbia River

Was to show they represent two different situations and, as such, should not
be viewed the same. Consideration for public use of Route 240 cannot be
neglected in safety analyses and, in fact, has already been addressed.

It, therefore, does not pose the same potential USQ concern as does the river,

Finally, this discussion, and use of the site boundary, is intended only for
the purposes of nuclear safety documentation, and may not be applicable to
other uses such as legal or environmental regulations and restrictions.

If you have zny questions concerning this matter, please contact

Mr. Mark Jackson, of the Quality, Safety, and Health Programs Division, at
376-3246. .

and Health

T
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[94) From: C B (Brad) Evans at ~WHC166 3/28/96 12:15PM (2654 bytes: 1 1ln)

To: L E (Safety Analysis) Johnson at -BCS78

cc: Gary R Franz at ~WHC89, Emil J Krejci at -WHC186, Alan L Ramble at ~WHCSS,
Donna M Busche at ~WHC161

Subject: "Ref '§ite Boundary

e e e e Message Contents «———-w-—rm-

This letter is information from RL clarifying that public access in
the Columbia River is no longer within the jurisdiction of RL. Any
assumptions made in the existing authorization basis (AB) documents,
either explicit or implicit, of such jurisdiction in the event of an
accident, are invalid as of September 1995. New analyses should
consider the near bank of the river as the eastern boundary of
unrestricted public access.

AB documents that were initially screened for this change are
unaffected. Otherwise, the memo should initiate a determination of a
reportable discovery of a condition that represents a potential USQ
per WHC-CM-1-5, Section 7.1 and a subsequent USQ evaluation per
Section 7.3.

There has been no such change of jurisdiction with respect to Hwy 240.
The letter states that this public access route is adequately
addressed in the existing AB documents and no action in this regard is
required. I confirmed this interpretation with Mark Jackson of QSH.

Brad Evans
Nuclear Safety Programs

Reply Separator

Subject: Site Boundary
Author: L E (Safety Analysis) Johnson at ~BCS78
Date: 3/28/96 10:54 AM

Brad,

I assume you are aware of the recent site boundary memo issued by
Kruger at RL. Can I assume that this is clear direction from RL to
treat the Columbia river as the site boundary? Also, my
interpretation is that we should consider consequences to the public
aleng route 240, but not consider it to be the site boundary. It
sounds to me like we could limit the duration of exposure based on our
ability to remove the public within certain period of time. I'm
looking to you for some clarification and direction on this matter.
How soon can we get something? The WESF ISB needs to resolve this
quickly.

Thanks,

Larry

J-8
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APPENDIX K - Fluid Hydraulics Calculations for WESF Emergency Makeup Water
This appendix contains:

1. Engineering Analysis caiculation from David W. Mertz dated 10/1/96.
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ENGINEERING ANALYSIS

Page 1 of &
Document Number: WHC-SD-WM-TI-733

Document Title: Supporting Calculations and Assumptijons for use in Waste

Encapsulation and Storage Facility (WESF) Basis for Interim
Operation (810) 7

Originator:_David W. Mertz //z'w?/7/,/ L//Z&Vé Date [,24 /%6

N
Checker: R. D. Brown £ LD (A poetan Date /& r/?c

Subject: Hydraulic Flow Analysis for Backup Cooling Water Supply Sources to
the WESF Pool Cells

INTRODUCTION

The purpose of this analysis is to determine the approximate flowrate that can
be expected from three separate water sources which could be used to supply
backup cooling water to WESF the pool cells. Each source would be used
individually to supply water at a given supply pressure, and discharge the
water at atmospheric pressure through a single fixed emergency cooling water
supply pipe located on the North side of the WESF capsule storage area. A
standard 2-1/2" fire hose will be used to route the water from the source to
the supply pipe. The supply pipe is a 2-1/2" schedule 40 pipe which is fitted
with a 2-1/2" fire hose connection. The supply pipe will route the backup
cooling water to pool cell #12.

DISCUSSION
The three separate water sources mentioned above are as follows:

1. Raw Water - connection will be made by fire hose to fire hydrant R3-B,
located to the South of building 225B. Supply pressure at this hydrant
is approximately 100 psi.

2. Sanitary Water - connection will be made by fire hose to fire hydrant
8-B, located to the Northeast of building 225B. Supply pressure at this
hydrant is approximately 80 psi.

3. Deep Well Pumps - connection will be made by fire hose to the Emergency
Deep Well Pump discharge piping located in building 282-BA.  Supply
pressure from the deep well pumps is approximately 30 psi.

REFERENCES

a. Flow of Fluids through valves, fittings and pipe, Crane, Technical Paper
No. 410, 23" printing - 1986

b. Hydraulic Handbook, Fairbanks Morse Pump Corp. 12*' edition
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ASSUMPTIONS

a. The given supply pressures are the static pressures. Flowrate will be
calculated based on the pressure differential between the given pressure
and atmospheric pressure.

b. Pipe internal diameter is the same as hose internal diameter .

c. Based on flowrate data from previous flow testing on the raw water
system, the flowrate can be estimated to be at Teast 250 gallons per
minute (GPM). Assume this number for all three water sources,

initially. 0
d. Water temperature is 60°F.
e. Hose couplings will not be considered when determining friction lass.
SOLUTION

Governing equation is as follows:

1
AP = I.’]‘l‘%xlo—;%—wane, page 3-4, Equation 3-14

where K

P
Q

resistance coeff'icient0 5
density of water at 60°F (1b/ft”)
flowrate (GPM)

d = internal diameter of the piping components (in.)
A® = differential pressure between initial supply pressure and final

STEP 1:

STEP 2:

pressure (psi)

Determine Reynolds Number (R)) using the estimated flowrate in
assumption c, above.

Rezs'o.G ?%;“

where & = viscosity of water at 60°F {centipoise, cp)

Ro= 0.6 250 (L2.31)

2.5 (1Y)
R_= 2.86% x\oF

<
Determine friction factor (f)

From Crane, page A-25, the friction factor is approximately 0.0195
based on the Reynolds Number which was calculated using an
estimated flowrate of 250 GPM.

K-4
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Determine the value of the resistance coefficient (K) for each
camponent of the piping system

A. 2-1/2" diameter supply pipe (€ Feex To=AL)
==L —%;— Crane, page 3-4, equation 3-15

where L = pipe or hose length (ft)
D = internal pipe or hose diameter (ft)

Y= ©.019¢%

o.209 K= 0.47

B. 2-1/2" diameter 90° elbows (3 total)

K = 30f, Crane, page A-29, where f, = the friction factor
"~ in the fully turbulent region of the diagram.
From Crane, page A-25, the frictjon factor for
completely turbulent flow in a 2-1/2 diameter
pipe is approximately 0.0183.
Note: Although flow.through the pipe is not
completely turbulent, flow through the elbow

will be.
K= (3)30(c.01%3) K= 1.5
C. Exit loss
K =1.00 Crane, page A-29 k= |.oco
D. 2-1/2" diameter rubber lined fire hose.

From Hydraulic Handbook, a multiplier is used to convert the
friction factor of standard carbon steel pipe found to other
various piping materials. The multiplier for rubber lined
hose is 0.72 as shown on page 62. From Crane, page A-25,
the friction factor was found to be 0.0195.

Hose lengths will be 300 feet and 600 feet. Calculate the K
value for a 300 foot length of hose and a 600 foot length of
hose.

1. 300 feet

. 300 = 20.25
K= o.o1as(072) 5,53 = eo2es

K-5
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2. 600 feet

K= 0.0195 (6.72) Lo K= 4&0.50
0.208 -

STEP 3: Find K., for each of the three water sources

Raw Water, Kioa = Ky + Ky + Ky + Ksp,

Ho? . &% (.LSt Loux 40. 50 \LTM_:_ 4£3. 62

Sanitary Water, K., = K3y + Kgg + K3 + Kapt

Voo™ ©ATY LS00+ 2028 W .7 2337
Deep well Pumps, K. ., = Kgy + Ky + Ky + Kgpy
K'nn-= O &7+l bSrlody 2025 \LTOT = 22.37
STEP 4: Calculate the estimated flowre;tes from each source.

A. Raw Water
Ae= t.1avxte ——ﬁg— SeLving FoR & GIVES

Q= «\JAP(:L*‘\ - \/lao (2.5)* O
ey xio® 362 (L23D 119X IS
IR = 2#36em]

B. Sanitary Water

,\/?o (2.5 N
R < 2706 2.3 1799%x107F

|Q@= 345 6em|
C.. Deep Well Pumps

N
Q = \/30(a 5}
23,17 (62.3) 107

= 2w aem|
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CONCLUSION

From Crane, page A-25, a higher Reynolds Number corresponds to a Jower
friction factor until the flow is completely turbulent. Since the raw water
and sanitary water calculated flowrates are greater than the estimated
flowrate used in the Reynolds Number calculation, this means that the friction
factor would be lower and would result in a higher calculated flowrate. The
deep well pump calculated flowrate is less than the estimated flowrate,
therefore, the friction factor will be higher, which will result in less
flowrate. However, the difference between the friction factor obtained by
using an estimated flowrate versus the friction factor using the calculated
flowrate is minimal, and will not significantly affect the deep well pump
flowrate results.
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1. Peer review checklists.

2. HEDOP review checklists.
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Author: David L. Scott HNF-SD-WM-TI-733 REV 1

Date: Fsbruary 29, 1996
Filename: CsCllLoad
CHECK CALCULATIONS ON WESF CESIUM CHLORIDE
CAPSULES--LOAD FACTORS

To perform these calculations version 4.0 of Mathcad for windows was used.

Page 1 of 8

The load factor of a cestum chloride inner capsule is defined as the mass of CsCli sait (plus
impurities) in grams divided by the internal volume of the inner capsule.

In Supporting Calculations and A ptions for Use in WESF 1SB, WHC-SD-WM-TI-733, Table 8,
load factors are listed along with "number of capsules exceeding.”

Calculations for inner capsules (dimensions are from Table 7 of WHC-SD-WM-733)

D, :=2.250-in nominal outer diamster of inner capsule (this value is
from type 3 capsule drawing)
t  :=0.136-in nominal wall thickness of inner capsule
h:=19.725-in height of inner capsule
te:=04-in cap thickness of inner capsule
2
V inner25C ;:?M‘i’)_,(h_ 21,

Vinner2sc = 58.154 «in’  inside volume of inner capsule at 25 5C

v ¢ =952.971 remd®

inner25

Temperature vector in °C and CsCl densily vector in gmlcm3 are

430 2.89
482 288
538 2.87?5 405
593 284 457
649 2.82 513
704 276 s68
760 2.69 624
T, =| 816 posair =| 264 |5 aT ::(T—c-—2_5)) AT =| ¢19
871 2.56 | °m 735
927 2.51 791
982 246 846
1038 2.40 002
1093 235 957
1149 230 Lo1310°
1204 2.25
i 1.068-10°
1.124-10°
1.179-10°
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rgg = 1.921 10% the mean coefficient of thermal expansion of 318 stainless steel
provided in WHC-SD-WM-TI-733

VinnerT = V inner2sC (1 + 3% st 871

975.213
978.069
981.144
984.165
987.24
VinnerT =| 990261 |om’
993.337 _ N
996.412 P LFinmer = V inmer TP CsCIT
999.433 v inner25C |
1.003+10°
1.006+10° 2957
1.009-10° :z:‘;’
N :
1012410 2933
1.015:10° 2021
1.018-10° P LFinner — | 2.868 ._g_n%
om
2.804
276
2685
264
2.596
2.54
2.495
2449
2.403

These values of load factor for inner capsules are identical to those shown in Table 8 of
WHC-SD-WM-TI-733.

Data was keyed into ASCII files named LOAD.dat for foad factor data; PERCENT dat for "percent
exceeding” data; and NUMBER dat for "number of capsules exceeding” data. These data files
must be in the Mathcad directory; eg., C:\winmcad\PERCENT.dat. The data files were then

read into MathCad as shown on Page 3. The data was obtained from Table 6 of
WHC-SD-WM-TI-733.
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i 20,23 Page 3 of 8
L, :=READ(LOAD) P, :=READ(PERCENT) NO, :=READ(NUMBER)
L 99.9
995 1.327-10°
;4 97.4 1321410°
25 95.1 1.293-10°
255 pe 923 1.263-16°
L=l2¢ 888 1.226-10°
265 85 NO=1) 179108
. 80.2
752 1.133.10°
275
28 68.2 1.065-10°
285 56 999
29 424 906
295 27 744
3 137 563
205 8.8 359
1 5 182
215 31 117
12 ak 66
325 06 11
- 04 23
34 03 8
35 02 5
26 02 4
137 | 01 3
3
1

Cubic spline interpolation methods were used to obtain "in between" values of P. The MathCad
interp function uses only scalar values so these were calculated one at a time for each load
factor shown above in the rho| giqner vector.

vs 1= cspline(L, P)

interp(vs,L,P,2.957) =24 816
interp(vs,L,P,2.956) =25.126
interp(vs,L.,P,2.955) =25.436
interp(vs,L,P,2.933) =32.347
interp(vs,L,P,2.921) =36.088
interp(vs,L,P,2.868) = 51.226
imterp(vs,L,P,2.804) =67.395
interp(vs,L,P,2.760) =74.111

interp(vs,L,P,2.685) =81.79

interp(vs,L,P,2.640) =86.111
interp(vs,L,,P,2.596) =89.069
interp(vs,L,P,2.540) =92.951
interp(vs, L., P,2.495) =95.309
interp(vs,1,,P,2.449) = 96.661
interp{vs,L,P,2.403) =97.364
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1400
nn
1344
1316
1288
1260
1232
1204
176
1148
1120
1092
1064
1036
1008
980
952
924
296
868
40
12
784
156
728
N()i 700
B Y 3
644
616
588
560
532
504
476
448
420
3n
364
336
308
280
252
224
196
168
140
12
R4
56
28

lIIl|IIIIIIIlllllllll[llIlIIIllllIIIIIIIIIIIIIII!M

N
S T S Y T S (N O N e e A [ T ) T Y A I

N\,

AN

TTTTTITTTT T ITTITTITITTF

AN

FrT T T T T T T TP T T T T I T T T T T T U P T I T

IS sl

fo

Llad b Ll L Ly )y v e b e i bbb by
6 8 101214 16 1820 2224 26 28 30 32 34 36 38 40 4244 46 48 50 52 54 56 58 60 6264 66 68 70 7274 76 TE 80 82 84 86 88 90 92 94 96 TN

i

<
N

A plot of percent P vs number NO shows that a linear relationship exists between the two variables.
The slope and intercept of the line are then calculated along with the correlation coefficient.

m ;= slope(P,NO) b .= intercept(P, NO) ¢ =¢om(P,NO)
m=13.28 b =0.058 c=1

To facilitate subsequent calcualtions the equation of the line is written in function form as

NO(P) :=m-P+b
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Page 5 of 8
Now the interpolated values of P (calculated on page 3) will be used to calculate NO (rounded of to
the nearest whole number) as follows:
NO(24.816) =330
NO(25.126) =334
NO(25.436) =338
NO(32.347) =430
NO(36.088) =479
NO(51.226) =680
NO(67.395) =895
NO(74.111) =984

NO(81.79) = 1.086-10°

NO(86.111) =1.144-10°
NO(89.069) =1.183-10°
NO(92.951) =1.23410°
NO(95.309) = 1.266-10°
NO(96.661) = 1.284+10°
NO(97.364) =1.293-10°

The calculated values of NO are very close (not more than a difference of 3) to the values shown in
Table 8 of WHC-SD-WM-TI-733.

Calculations for outer capsules (dimensions are from Table 7 of WHC-SD-WM-T1-733)

D g, 22.625in nominal outer diameter of outer capsule
ty =0.136in nominat wall thickness of outer capsule
h, =20.775:in helght of outer capsule

t,-=04in cap thickness of outer capsule

Do 2tyl .
V outer2sC | ® _—_T““ (h o-21g)| inside volume of outer capsule at25 C

V outer2sc = 86.86 i’
1457.10°

- 103 eem3
V uter2sc = 1423107 <cm s
1.461+10

V outerT ‘:[Vourensc‘(‘ + 3'asst'AT‘,»] 1.465-10°
1.47-10°
1.475:10°

- o3
V outerT = 1.479-10° |°™

1.484-10°
1.488-10%
1.493+10°
1.497-10°
1.502-10°
1.506+10°
1.511-10°
1.516+10°
1.52:10°
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oD 2 Page 6 of 8
Virm2sc = Toh volume occupled by inner capsule at 25 C

1315+10°
1.319:10°
1.323-10°

VinoT = V inn2sc (1 + 3w o AT} 132710

1.331-10°

V inm25¢ =78.428in°

_ 3 3
V in2sc = 1.28510° wem

inT = 1 335107
134:10°

1.344:10°
1.348-10°
1.352:10°
1.356+10°
1.36:10°

1.364-10°
1.36810°
1.373-10°

141.401
141.815

— 142.261
V annulusT = (V outerT = V innTl 142.699

143.145
V annutusT =| 143.583 -om® volume of annular
space between inner
capsule and outer
144.474 capsule including
144912 space between end

145.358 caps
145.796
146.242
146.68
147.126
147564 |

144.029

L-11



HNF-SD-WM-TI-733 REV 1

Page 7 of 8
N
o = T (V innerT + V annutusT) In WHC-SD-WM-T1-733, pag 12,
V inner25¢C change equation 2 to read as shown at
left; ie., Vinner25c.00t Vouter25c-
3.386 PR
3.384
3.383 Spot check calculation at 430 C:
3.358 _2.89(575.213 + 141.404)
3.345 om P LFouter430C T osmen
PLFouter = | 3.284 | )
3011 | ™ P LFouter430C = 3.386
3.161 which identical to value shown in tho| Fouter
3.074 vector shown at left
3.023
2972
2,908
2856
2.804
2751

These values of outer capsule load factor are lower than those in Table 8 of WHC-SD-WM-TI-733
by a difference of about 0.02 gm/cc as shown by a check of the first three values:

3.406 - 3.386 =0.02
3.404 - 3384 =0.02
3.403 - 3.383 =002

and the last two values  2.820- 2.804 =0.016
2.767 - 2.751 =0.016

Cubic spline interpolation methods were than used to abtain "in between" values of P. The
MathCad interp function uses only scalar values so these were calculated one at a time for each
load factor shown above in the rho gyt vector.

vs = cspline(L,P)

interp(vs,L,P,3.386) =0.32 interp(vs,1.,P,3.074) =6.917

interp(vs,[.,P,3.384) =0.322 interp(vs,L,P,3.023) =10.764
interp(vs,L,P,3.383) =0.324 interp(vs,L.,P,2.972) =20.335
interp(vs,L,P,3,358) =0.357 interp(vs,L,P,2.908) = 40.043
interp(vs,L,P,3.345) =0.372 interp(vs, 1., P,2.856) =54.409
interp(vs, ., P,3.284) =0.405 interp(vs,1.,P,2.804) =67.395
interp(vs,L,P,3.211) =1.403 interp(vs,L,P,2.751) =75.094

interp(vs,L,P,3.161) =2.795
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Now the interpolated values of P (calculated above on page 7) are used to calculate NO (rounded
of to the nearest whole number) as follows:

NO(0.320) =4 NO(6.917) =92
NO(0.322) =4 NO(10.764) = 143
NO(0.324) =4 NO(20.335) =270
KO(0.357) =5 NO(40.043) =532
NO(0.372) =5 NO(54.409) =723
NO(0.405) =5 NO(67.395) =895
NO(1.403) =19 NO(75.094) =997

NO(2.795) =37

Most of these values for NO are slightly higher than those reported in WHC-SD-WM-TI-733,
Table 8.

Calculation of Mass of CsCl Spilled

A good estimate of the mass spilled, My, at any temperature T is given by the equation

M7 =V innerasc NP avglF - N0 ¢sCrT (Y inmerT * V anmulusT) 1

where N is the "number of capsules exceeding”,
P avgLF is the average load factor of failed outer capsules,
pescit s the density of CsCl plus impurities at temperature T, and
the other variables are as described previously.

The values for p avgll Were not calculated here but the author was satisfied that they were
calculated correctly. The author is also satisfied that the values of M were also calculated
comectly.
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Peer Reviewer Notes by Paul D. Rittmann, PhD CHP January 17, 1997

The ISCST3 program (EPA-454/B-95-003a, "User's Guide for the Industrial Source
Complex (ISC3) Dispersion Models", September 1995) was used to compute time-
integrated air concentrations near the 296-B stack.

The ISCST3 building downwash model requires input of the building height and
width in 36 wind directions. The values used are listed in the table below.

Building Height and Width in 36 Wind Transport Directions

Wind Vector | Height, m | Width, m || Wind Vector | Height, m | Width, m
10° 12.2 20 190° 2.0 20
20° 12.2 20 200° 2.0 20
30° 12.2 20 210° 2.0 20
40° 12.2 20 220° 2.0 20
50° 16.0 20 230° 2.0 20
60° 16.0 20 240° 2.0 20
70° 16.0 20 250° 2.0 20
80° 7.6 20 260° 2.0 20
90° 7.6 20 270° 2.0 20
100° 7.6 20 280° 2.0 20
110° 12.2 20 290° 2.0 20
120° 12.2 20 300° 2.0 20
130° 12.2 20 310° 2.0 20
140° 12.2 20 320° 12.2 20
150° 12.2 20 330° 12.2 20
160° 12.2 20 340° 12.2 20
170° 2.0 20 350° 12.2 20
180° 2.0 20 360° 12.2 20

"Wind Vector" directions are measured clockwise from north, so that 90°

is east and 180° is south.

Hourly data collected in the 200 East Area during 1992, 1993, 1994, and 1995
was used. Results are summarized in the table below. These are the worst-
case values for ground level releases from each area. The ISCST3 input file
is also listed below. The results are comparable to those shown in the
document .

Page 1 of 2
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Air Concentrations

Compass Zone

X/Q' (sec/m?)

I
11
111
v
v

8.03x10°°
1.00x107
5.99x10°°
8.03x107°
5.68x10°°

Note:
These are based
ISCST3 Tooks th
find the worst

on 1 hour averages.
rough the data to
hour.

STARTING
TITLEONE
MODELOPT
AVERTIME
POLLUTID
FLAGPOLE
RUNORNOT
FINISHED

STARTING
LOCATION

SRCPARAM
BUILDHGT
BUILDWID
SRCGROUP
FINISHED

STARTING
GRIDPOLR

GRIDPOLR
FINISHED

STARTING
INPUTFIL
ANEMHGHT
SURFDATA
UAIRDATA
FINISHED

STARTING
RECTABLE
MAXTABLE
FINISHED

ISCST3 Input Data File

Emissions from 296-B-1

0 Stack Near WESF

MSGPRO CONC RURAL GRDRIS

1
Unknown
2.0

RUN

Exhaust1 POINT 0.0
22000 cfm g/sec  ht,m

0.0 0.0
temp®k m/sec diem,m

Exhaust1 1.0 22.86 273.0  11.62

1.067
Exhaust1 4%12.2 3*16.0 3*%7.6 6%12.2 15%2.0 5*%12.2

Exhaust1 36%20.0
ALL
Polarl STA
DIST 100.0
GDIR 36
Polar1 END

EPA92-95.2E
10.0

200.0 300.0 1000.0
10.0 10.0

67656 1992  Hanford-200
67656 1992  Hanford-200
ALLAVE FIRST
ALLAVE 36
Page 2 of 2
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CHECKLIST FOR INDEPENDENT TECHNICAL REVIEW

DOCUMENT REVIEWED

NUMBER:_WHC-SD-WM-TI-733, Rev 1

TITLE:Supporting Calculations and Assumptions for Use in WESF Safety
Analysis (Only revision to Sections 2.2.4.2.2, 2.2.4.2.3, & 2.2.4.2.5
reviewed herein)

AUTHOR(s): B. E. Hey / P. D. Rittmann

I. Method(s) of Review

(NA) Input data checked for accuracy
( X) Independent calculation performed
( X) Hand calculation
( ) Alternate computer code:
( X) Comparison to experiment or previous vesults
( X) Alternate method (define)_Methodology of Wilson & lLamb 1989

IT. Checklist (either check or enter NA if not applied)

Task completely defined

Activity consistent with task specification

Necessary assumptions explicitly stated and supported

Resources properly identified and referenced

Resource documentation appropriate for this application

Input data explicitly stated

Input data verified to be consistent with original source

Geometric model adequate representation of actual geometry

Material properties appropriate and reasonable

Mathematical derivations checked including dimensional consistency

Hand calculations checked for errors

Assumptions explicitly stated and justified

Computer software appropriate for task and used within range of

validity

Use of resource outside range of established validity is justified

Software runstreams correct and consistent with results

Software output consistent with input

Results consistent with applicable previous experimental or

analytical findings

Results and conclusions address all points and are consistent with

task requirements and/or established Timits or criteria

( X) Conclusions consistent with analytical results and established
Timits

(NA) Uncertainty assesment appropriate and reasonable

( ) Other (define)
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II1. Comments:_The model was originally developed and checked against
experimental data for release from the top op a building. This
was a stack release at a height commensurate with the adjacent
buildings. Any effect that this difference would have would tend
to decrease the integrated concentration and thus this extention
of _the range of validity of the model will lead to conservative
results.
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When slight differences arose between my hand calculations and
the results in the document were always more conservative. These
differences were small encugh that I felt that they were probably
due_to roundoff and it would not be worth the effort to pursue
their resolution. ,,

v REVIEWER:%W,%MZOM _ DATE:_12 February 1997
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Pacific Northwest National Laboratory

Operated by Battelle for the U.S. Department of Energy

February 18, 1997

Ms. Kathleen Jennings-Mills
Babcock & Wilcox Hanford Co.
Senior Principal Engineer
WESF Baseline Control

200 East/MO-029/MS# S6-51
Richland, WA 99352

Dear Ms. Jennings-Mills:

Subject: Technical Review of the Waste Encapsulation and Storage Facility Stack Release
Analysis

Attached is the completed Review and Comment Record (RCR) for the technical review of
the waste encapsulation and storage facility stack release analysis document, WHC-SD-WM-
TI-733, Revision 1, Supporting Calculations and Assumptions for Use in WESF Safety
Analysis.

PNNL’s review was limited to the analysis methodology and assumptions used to model a
stack release from the WESF. The GXQ computer code revision 4C and the results of the
GXQ revision 4C analysis were not validated.

Please call me if you have any questions or if I can be of further assistance.

Jay/C. Lavender

JCL/sm
Attachment
cc: LI Covey, B&W

JR Brehm, FDNW
BE Hey, FDNW

Battelle Boulevard m P.0. Box 999 w Richland, WA 99352
Telephone 509/372-4241 ® Email jc_lavender@pnl.gov ® Fax 509/375-2370
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Project Title/Work Order

Supporting Calculations and Assumptions for Use in WESF Safety

EDT No. N/A

ECN No. 632064

Analysis

Text Text Only Attach./ EDT/ECN
Name MSIN | With All Appendix Only

Attach. Only

J. R. Brehm A2-25 X

L. D. Brist S6-51 X

L. I. Covey (5 copies) $6-51 X

B. E. Hey A3-34 X

K. A. Jennings-Mills S6-51 X

L. E. Johnson A2-25 X

A. B. Rau (2 copies) A2-25 X

Central Files (Orig + 2) —+8=04 A3-88 X

Docket Files (2 Copies) H5-36 X
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