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CALCULATION NOTES THAT SUPPORT ACCIDENT SCENARIO AND CONSEQUENCE DEVELOPMENT
FOR THE STEAM INTRUSION FROM INTERFACING SYSTEMS ACCIDENT

1.0 INTRODUCTION AND PURPOSE

This document supports the development and presentation of the following
accident scenario in the TWRS Final Safety Analysis Report (FSAR):

Steam Intrusion From Interfacing Systems.

The calculations needed to quantify the risk associated with this
accident scenario are included in the following sections to aid in the
understanding of this accident scenario. :

Information validation forms citing assumptions that were approved for
use specifically in this analysis are included in Appendix A. Copies of these
forms are also on file with TWRS Project Files.

Calculations performed in this document, in general, are expressed in
traditional (English) units to aid understanding of the accident scenario and
related parameters. -

1.1 ACCIDENT SCENARIO DESCRIPTION

The hazard analysis performed for the tank farms identified operations
at interfacing facilities or systems that may impact tank farm operations.
This document investigates steam jet transfers from interfacing facilities.
Potential accident causes and conditions relating to steam jet waste transfers
are documented in Appendix B.

It is postulated that the introduction of raw steam (at the end of a
waste transfer) into a waste storage tank may increase the tank headspace
pressure and result in an aerosol release through unfiltered pathways (e.q.,
cover blocks, and capped risers). Additionally, if the differential pressure
in the tank is shown to be approximately 10" water gauge, HEPA filter rupture
is considered to occur and the quantity of waste from a HEPA filter rupture
should be added to the inventory released from the headspace air. An accident
scenario such as this may potentially result in significant onsite
consequences.

Interfacing facilities or systems that could potentially impact tank
farms by the use of a steam jet include Z-Plant (PFP), 222-S Laboratory, 242-A
Evaporator, PUREX, and T-Plant. The 244-AR Vault is not considered an
interfacing facility (since it is a TWRS facility) but the potential flowrate
of steam from this facility to tank farms was considered to be bounding in
this analysis (see Assumptions, Section 1.3). This is considered appropriate
since steam has not been physically blanked-off to this facility and future
transfers of waste out of this facility will most Tlikely be initiated by the
steam jet transfer method. Performing the analysis in this manner allows
maximum flexibility in future operations.

. In the scenario analyzed, a liquid waste transfer to a double-shell tank
is initiated from a process facility (e.g., the 242-A Evaporator) using a
steam jet as the motive force to move the Tiquid. After the waste has been
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transferred, the steam jet is not shut off (as a result of operator error or
equipment failure) and pure steam is routed to the headspace of the receiving
fank. It is assumed that 90 psig saturated steam is exhausted into the
headspace of a full double-shell tank at a flow rate of 2,400 1b,/hr.

It is understood that in order to send raw steam to the tank from a
steam jet transfer, a significant period of time may be needed to heat up the
transfer pipe. to a temperature that would allow steam to be exhausted into the
headspace. Until the transfer pipe is thermally heated to support steam flow,
the steam is expected to condense in the 1ine and only water would reach the
tank. This condensation is expected to scrub the transfer line so that when
steam reaches the headspace it is not contaminated. In the scenario analyzed
it is assumed that this time period has Tapsed and steam is ‘being -exhausted
into the tank headspace. The time period discussed has not been calculated
since it is situation specific and at a minimum is a function of initial pipe
temperature, soil temperature, and length of pipe involved.

As a second part of this accident scenario, the tank dome is assumed to
be filled with steam. After the discovery of the steam Teak, the steam source
is shut-off and the steam in the headspace condenses to water.

Due to the subsequent condensation of steam in the headspace it is
important to know what the required inflow to the tank would need to be to not
create a vacuum and possibly cause damage to the tank structure. This
analysis for the double-shell tank scenario is provided.

1.2 ACCIDENT FREQUENCY DEVELOPMENT

The prior operational history of the tank farms was the single factor
considered when a frequency of anticipated was qualitatively assigned to this
accident scenario. Although no written documentation of previous incidents
could be Tocated, prior operational history has shown that a scenario such as
this has occurred and is still possible today (due to the use of steam jets
for transferring waste).

The frequency of this accident will diminish as the use of steam Jets
from process facilities is further limited due to ongoing and future
decontamination and decommissioning activities.

The consequences associated with this accident scenario are compared to
the risk acceptance guidelines for anticipated accidents as provided in
WHC-CM-4-46, Rev. 1.

1.3 ASSUMPTIONS

The following assumptions are considered in the analysis of this
accident scenario:

A The saturated steam in this accident scenario is assumed to behave
as an ideal gas, so ideal gas relationships hold (i.e., PV=nR'T).

B The injection of steam into the tank headspace is conservatively
assumed to be adiabatic (i.e., no heat transfer to the tank walls
or waste surface).
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Saturated steam is injected into the tank headspace (not into the
waste.) ‘

The steam introduced into the headspace mixes perfectly with the
headspace air.

The saturated steam flow rate introduced into the tank headspace
is 2,400 1bm/hr (0.667 1b,/sec). This is the steam flow rate
associated with a steam jet waste transfer from the 244-AR Vault
to the tank farms and is considered to bound steam jet transfers
from Z-Plant (PFP), 222-S Laboratory, 242-A Evaporator, PUREX, and
T-Plant. These are all the known locations (i.e., interfacing
facilities or systems) that have the -ability to send -steam to the
tanks (both double-shell and DCRTs).

This corresponds to a molar flow rate of:

Ngtean = /M ¢onn

= (0.667 1b,/sec)/(18 1b,/1bmole) = 0.037 Ibmole/sec
In 10 seconds, n.,, = 0.37 Tbmole.

Higher flow rates may be possible, but will only serve to
pressurize the headspace faster than the scenario analyzed.

The saturated steam pressure is 90 psig (~105 psia).

Steam is generated by powerhouses in the 200 East and 200 West
Areas and exits at a nominal stagnation pressure of 225 psig.

Each facility using process steam has the required equipment
(pressure reducing valves, etc.) to ensure that the steam used for
a particular process is at the correct pressure (e.g., 90 psig).
The use of a higher steam pressure in this analysis would only
serve to heat up the headspace air faster (the enthalpy of 225
psig steam is slightly higher than 90 psig steam) and ultimately
pressurize the tank faster.

The saturated steam is introduced into a full double-shell tank
with the available headspace modelled as a hemisphere with a
radius of 37.5 ft. This is considered a conservative geometry
since it sTightly overestimates the available steam expansion
volume (and ultimately, the condensation surface area). The
headspace volume is calculated here:

Vophere = 4.1890r%

Vienisphere = [4.189¢(37.5 ft)3]/2

Vis = Voemisphere = 1.10 x 10° 3

The headspace air temperature (Tys) is assumed to be initially at
150 °F (610 °R).
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The double-shell tank is assumed to be passively ventilated (i.e.,
ventilation system is shutdown) with HEPA filters installed in the
ventilation system.

Initial pressure inside tank headspace (Pys) is atmospheric at
14,7 psia.

To obtain the value of the flow coefficient for the amount of air

that will Teave the tank through the unfiltered in-leakage
pathways the following equation is used (modified Darcy equation):

Nvent= k \/ZT

k = ernt
AP, oo
where W, =100 cfm

AP, =2 in. HG

k = (100 ft*/min)/[(2 in WG)(0.0361 1b/in® WG)(144 in%/Ft2)]™>
k = 31.01 ft*/16°%-min (0.517 £t*/1b%-sec)

No credit is taken for flow out a ventilation duct pathway during
the pressurization.

For air (values assumed to be constant):
Pairarsoer = 0.065275 1b/Ft3

v = 0.1714 BTU/1b, -°F

MW = 29 1b,/Tbmole

C

For steam (values assumed to be constant):

Psteanats.7 psia = 00373 1b/ft3

c, = 0.36 BTU/1b,-°F

M4 = 18 1b,/1bmole

The values for the density and specific heat of air and the
specific heat of steam will decrease with increasing temperature,

so assuming that these remain constant as the headspace
temperature increases is a conservative assumption.
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N Moles of air initially in the headspace:
air = (Paivarsoor) (Vis) /My,
where Vg = 1.10 x 10° ft3
MHg ;. = 29 1b,/Tbmole
Ngir(0) = [(0.065275 1b/ft%)(1.10 x 10° £t*)]/29 1b,/Tbmole
N,in(0) = 2.4759 x 10% Tbmoles

n

0 Standard steam tables are used to find enthalpies.
Mg 250 psig -105 psiay = 1188.1 BTU/1b, (interpolated)
hg 14.7 psia = 1150.4 BTU/1b,
hyg a14.7 psia = 970.3 BTU/1b,

P A constant heat addition from the steam is assumed, calculated as

shown:
Astlsased from st:aam(t) = mst:eam(hg 950 psig (~105 psia) ~ _hg ©14.7 ps.ia)
Aqreleased from st:eam( t) = (0.667 .me/s) {(1188.1 Btu/lbm - 1150.4 B[:u/lbm)
queleased from steam (t) =25.15 BCU/S

In 10 seconds, AQ,, ..0ed from steam = 251.5 Btu

Q The heat released from the steam is assumed to be absorbed by the
headspace constituents. Initially, only air is present in the
headspace but after first time interval both air and steam are
present in the headspace.

stlaased from stsam( t) = Qabsorn d by head: consti (&)

To calculate the temperature of the headspace constituents after
each time interval heat addition, the following equation is
developed:

Z AQ added in pravious intervals + AQ&bsczbed by headspace constituents
[ma.ir () 'cvaiz‘A Tus ()] [1-3(8)] + [msteam( t) .cvsteam'A Tst:ea.m] [y(£)]

where y(t) = molar percentage of steam in the headspace

Understanding that the steam present in the headspace will not be
able to absorb any heat introduced by the incoming steam (since
Al eam = 0), this component is disregarded when calculating AT
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Solving the equation for AT, gives:

E Qadded in previous intervnls"' AQabsorbed by HS air ( t)

ATys(E) = (1, () -C, og] [Ty (£))]
where c, ;. = 0.1714%’;?—17
m

y(t) = molar percentage of steam in atmosphere

R The percentage of steam in thé'headspace~is~ca1cu1ated and tracked
at each time interval by the equation:

% Steam in HS (t) = Steam (t) lbmoles/(Air(t) + Steam (t)) 1bmoles
S The universal gas constant, R* = 1545.33 ft-1b,/Tbmole-°R.

1.4 METHODOLOGY AND ANALYSIS TECHNIQUES

Considering the assumptions described in Section 1.3, the steam
introduction into the tank headspace is analyzed using the jdeal gas law and
thermodynamic principles. During each 10 second time interval steam (i.e.,
mass and energy) is added to the headspace which increases both the
temperature and pressure of the tank headspace. At each interval, the new
temperature and pressure of the tank headspace is calculated to determine the
amount of heat and headspace constituents (air and steam) that are vented
through unfiltered pathways.

Analysis starts with the initial headspace conditions.
At t = 0:

Tys(0) = 150°F

Pys(0) = 14.7 psia
' (0) +n

n(0) = 0)

Nair steam(

2.4759 x 10° tbmoles + O Tbmoles

At t = 10 sec (time elapsed, 10 seconds), reference Table C-1 in
Appendix C, the process of analysis can be described in the following 10
steps:

Step 1: Determine the 1bmoles of steam that have been added to the
tank headspace.

Norean(10) = 0.37 Tbmoles
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Step 2: Calculate the total Tbmoles present in the headspace after
this time interval.
Neorar (10) = 2.4759 x 10% Tbmoles + 0.37 Tbmoles
= 2.4796 x 10% 1bmoles
Step 3: Determine the percentage of steam in the tank headspace (the

percentage of air in the headspace can be found after the
steam value is known).

% Steam in HS (10) = Steam (10) Tbmoles /[Air(t) + Steam-(t)] Tbmoles

% Steam in HS (10) = 0.37 1bmoles/(2.4796 x 10? Tbmoles)

% Steam in HS (10) = 1.4922 x 10° (0.149 %)
% Air in HS (10) = 99.85 %

Step 4:

Determine the amount of heat added to the headspace during
this time interval.

AQ|'eleased from steam(lo) = 251.5 BTU.

Since

E AQreleased from steam ( t) = E AQa.bsorbsd by headspace constituents ( t)

E AQrsleased from smaam( t) = E AQabsorbsd by headspace constituents ( t) = 251.5 BTU
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Step 5: Determine the temperature difference and new temperature in
the tank headspace as a result of the heat addition from the
steam,

ATHs(t) = Z: Qadded in previous intervals® AQabsorbed by HS a_it(t)

My, (8) *Cy o] L=y (EN) T

Btu
where c, ,;, = 0.1714m

y(t) = molar percentage of steam in atmosphere

AT,(10) = (0 + 251.5 BTU)/[(2.4759 x 10° 1bmolese29 1b /1bmoles)
(0.1714 BTU/1b,-"F) (0.9985)]

AT, (10) = 0.20 °F
New headspace temperature is found from:
t
Tus(®) = Tys inieial *+ [ATus(t)
where Tyc initial = 150 °F

Tys(10) = 150.20 °F

°

Step 6: Determine the new pressure in the headspace (Pys(10)) using
the ideal gas equation:

PV =nR'T

ity = Lar®) * Muea(D)] R Tyg(2)

Vheadspace

Pys(10) = (2.4796 x 107 lbmoles)(1545.33 ft-1b,/Tbmole-°R)(150.20+460
[1.10 x 10° ft3]
Pus(10) = 2.126 x 10° 1b/ft? (14.76 1b/in?)
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Step 7: Determine the unfiltered flow out of the tank through the

in-leakage pathways, using the equation shown in the
assumptions section.

w(t) = [k/AP(E)] At

w(t) = [k (Pys (€} = Py jnirsar) (1441n%/FE2)] * 10 sec

fti

where k = 0,517 ————
1b°:S-gec

= [(0.517 ft*/1b%3sec)=[(14.76 psia - 14.7 psia)+144 in?/Ft?)°-5]+10 sec
W(10) = 15.20 ft3 i
Roundoff error in the calculation of P.s(10), as shown here,

produces a value slightly smaller than the value shown in
Table C-1 [W(10) = 15.39 fts].

Step 8: Using the percentages of steam and air in the headspace, the
amount of each can be determined from the vented flow.

() [y (£} ] 1P renn]

Ansbeam( t) = MW N
stoam
where pgioom = 0.0373 i‘__zti

_ 'Zbl"
Moo = 18 Ibmole

y(t) = molar percentage of steam in headspace

= (15.39 ft° « 1.4922 x 10 « 0.0373 1b,/ft%)/(18 1b,/1bmoles)

= 4,76 x 107 1bmoles steam released
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By the same method, the remaining flow is made up of air.

[W()] [1-y(£)] [Pyl
Mw,

air

Anait (t) =

where p,;, = 0.065275f1—:3

29 1b,

MWaix = Ibmole

y(t) = molar percentage of steam in headspace

' (15.40 ft® » 0.9985 « 0.065275 1b,/ft%) /(29 ibm/1bmo1es)

= 3.46 x 1072 1bmoles air released

Step 9: Determine the new molar quantities of both air and steam
that are present in the tank headspace at the start of the
next time interval.

The quantity of air remaining in the headspace is the
quantity that was in the headspace minus the amount that
escaped through the unfiltered pathways.

nai:(t + At) = nait(t) - Anaiz(t)

where n,; (0) = 2.4759x 10% lbmoles

For this interval,

R, (t + At) = (2.4759 x 102 - 0.0346) Ibmoles
n,;, (t + At) =2.4756 x 102 Ibmoles

Similarly for steam,
nsteam(t + At) = Z nsl:eam(t) - Ansbeam(t)

where ng,..,(0) = 0 Ibmoles
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For this interval,

Rgpoan (€ + At) = [(0 + 0.37) - 4.76 x 1075] 1bmoles

Dgpoan (€ + At) = 0.37 lbmoles

Step 10: Determine the amount of heat vented with the flow out of the
tank headspace.

Q=mcAT
AQyontoa(t) = (AR (£) “Miysr*Cuasr* Algroan () “MWyyonn* Cyatoan)
- [ Tyg () = Tygingesad
A Queneea(10) = [(3.46 x 107 Tbmoless29 1b,/1bmoles0.1714 BTU/Tb,~°F)+
(4.76 x 10 Tbmoles+18 1b,/1bmole«0.36 BTU/1b,-°F)]*(150.20-150°F)
A Qoneeq(10) = 3.45 x 1072 BTU

Each 10 second time interval is analyzed in a similar manner. This
analysis is documented in Table C-1 of Appendix C, with each column described.

1.4.1 Analysis Results

The analysis (Table C-1 of Appendix C) shows that at the assumed steam
parameters and tank conditions, pressurization of the tank headspace is
possible. As shown in Table C-1, by the time that the headspace will not
support additional steam (Tys = 212 °F) the pressure in the dome increases to
approximately 17 psia (~64 inches water gauge). This is sufficient pressure
to fail the HEPA filters that are in the shutdown ventilation system.

After the HEPA filters fail, the steam flow into the tank is assumed to
continue until the headspace is filled with steam. The pressuré in the
headspace after the HEPA filters fail is assumed to equalize with the outside
environment to a pressure slightly above atmospheric. A value for the
equalized pressure is not calculated but assumed to be 15.0 psia.

After the discovery of tank conditions (steam filled headspace), the
steam supply is shut-off and the steam in the headspace condenses to water.
Due to the condensation of .steam in_the headspace, a vacuum in the tank will
be created. The peak vacuum in the headspace is analyzed by finding out how

much steam is present in the headspace immediately after condensation starts
to occur.

Entropy changes- are used to determine the quantity (and quality) of
steam that remains after condensation starts. This method is used in this
analysis since the process being analyzed is considered similar to a power
cycle process of either steam being expanded through a turbine or being
condensed in a condenser.
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Ih this portion of the accident scenario, the tank atmospheric
conditions are conservatively assumed to be at 65 °F. Higher headspace
temperatures will result in less condensation (and less vacuum).

The following values are obtained from.standard steam tables:
Seaztz o¢ = 1.7566 BTU/1b,—°R

Staes o = 0.065 BTU/1b-°R

Stgaes o = 2.01475 BTU/1b -°R

Quantity (and quality) of the steam is found by:

X = (Sga212 oF = Staes o) /Seques of
X = 0.8396] (84% steam, 16% water)

If, prior to condensation, the mass of steam in the headspace is assumed
to be equal to 1 (i.e., m, = 1), then the mass of steam after condensation is
ms, = 0.84.

From the ideal gas law,
P4/Py = my/mg,
P, = 15.0 psia, as discussed above.

P,, the pressure (actually a vacuum) after condensation starts is
ca]cu]a%ed to be 12.6 psia. This vacuum is not expected to cause damage to
the tank since it is not a closed system and equalization to atmospheric
conditions should be easily achievable. Information presented in Marusich
(1996) shows that the dome can withstand vacuums of up to -5 psig (in this
case, P, could safely approach 10 psia). It is known from the pressurization
portion of the accident that the ventilation pathway is open and the
unfiltered in-leakage pathways are still available to equalize the pressure.

An alternate analysis is provided in Appendix E that treats the steam
condensation as a heat conduction problem. The required air inflow to the
tank is calculated be approximately 273 cfm to prevent the tank dome from
experiencing vacuum conditions (negative pressure). This flow can be easily
provided by the available ventilation pathways in the tank invelved in the
accident or from the inflow from other tanks on the ventilation system which
are not affected by this accident. This analysis is consistent with
information presented in Marusich (1996) regarding worst case vacuum from
cooling of the dome space due to water spraydown of saturated water vapor
(i.e., steam).

1.5 RADIOLOGICAL AND TOXICOLOGICAL SOURCE TERM

To conservatively calculate the dose consequences from this accident
scenario, the entire volume of coptaminated air that was initially present in
the headspace (Vys = 1.10 x 10° ft° of air) is assumed to be vented directly to
the_atmosphere without being filtered. This is a conservative value since
analysis shows that less than 4% of the headspace air is vented prior to the
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assumed HEPA filter rupture. Subsequent releases from the headspace volume
are assumed to be comprised of "clean" steam and are not quantified or
considered in the dose calculation.

The partition fraction used to determine the amount of contamination in
the headspace air is 1.0 x 10°°. This is the value for waste storage tanks
under active ventilation and is based on information that has been published
in RHO-RE-SA-216, Characterization of Airborne Radionuclide Particulates in
Ventilated Liquid Waste Tanks. This is considered to be a conservative value
since a major assumption in this analysis is that the tank is under passive
ventilation, although this value would account for any material that may have
been suspended from the waste transfer that occurred prior to the start of
this accident scenario. From the same reference, -a partition-fraction of
1.0 x 107 can be inferred for use with passively ventilated tanks.

Calculating the amount of respirable material released from the
headspace air:

Vys X (partition fraction) = Amount of respirable material released
(1.1 x 16° £t3)(1.0 x 10°%) = 1.1 x 10°% £t
Converting to liters,
(1.1 x 10 £t3)(0.028317 n’/ft%) = 3.1149 x 107 n®
(3.1149 x 10 w’)(1,000 L/m®) = 3.1149 x 1072 L.

Additionally, since it is possible to pressurize the tank headspace to a
point that would rupture contaminated HEPA filters present in the shutdown
ventilation system, this quantity is added to the total released. For
consistency between various analyses, the values for HEPA filter release
amounts are taken from standard information that has been developed
specifically for this FSAR effort. Charts that include the information used
are included in Appendix D.

The conservative release fraction used to determine the amount of waste
released from the HEPA filter rupture is 1.0 x 107°. This value is based on
information presented in DOE-HDBK-3010-94, Airborne Release Fractions/Rates
and Respirable Fractions for Nonreactor Nuclear Facilities and is intended to
be applied to HEPA filter media with no enclosure or for which the enclosure
has been totally destroyed and the filter media widely scattered and impacted.
This is not typically a foreseeable condition in this accident scenario. This
value is considered to be conservative for this reason and the fact that the
filter media would 1ikely be at least moist (if not soggy) from being exposed
to a sizeable steam flow (or very humid atmosphere), allowing Tess to be
released in a rupture event.

The amount of respirable material released from the HEPA filter rupture:
9.79 x 10°* L (Appendix D)
The resulting airborne source term in the accident scenario was

determined by adding the fractions released from the vented headspace air
and the HEPA filter rupture. This total is:
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3.1149 x 102 L +9.79 x 10% L = 3.21 x 102 L

It is assumed that the airborne source term both entrained in the
headspace and present on the HEPA filters is made up of DST Tliquids. A1l of
the resulting airborne source term is conservatively assumed to be released in
a short period time such that this is considered an acute release.

Appropriate dispersion coefficients and breathing rates are applied to develop
the radiological consequences (Van Keuren 1996a).

Toxicological consequences are calculated using as a peak release, the
respirable amount of waste produced during the HEPA filter rupture. This
ensures that toxicelogical consequences are developed conservatively for both
the onsite and offsite receptor.

° .

There are no radiological or toxicological consequences associated with
the steam condensation/vacuum portion of the accident scenario.

1.6 CALCULATED RADIOLOGICAL DOSES

The methodology that is used to calculate radiological dose consequences
is documented in WHC-SD-WM-SARR-016, Rev. 2, Tank Waste Compositions and
Atmospheric Dispersion Coefficients for use in ASA Consequence Assessments and
WHC-SD-WM-SARR-037, Rev. 0, Development of Radiological Concentrations and
Unit Liter Doses for TWRS FSAR Radiological Consequence Calculations.

1.6.1 Input Data
Unit Liter Doses (ULDs)

The ULDs for this analysis are taken from WHC-SD-WM-SARR-037, Rev. 0,
Development of Radiological Concentrations and Unit Liter Doses for TWRS FSAR

Radiological Consequence Calculations.

ULD,
ULD,

6.1 x 10° Sv/L (inhalation dose)
0.068 Sv-m’/s-L (ingestion dose)

()

Dispersion Coefficients (x/Q's)

The onsite receptor is chosen to be at a distance of 100 m and the
offsite receptor is chosen to be at a distance of 8,760 m to the North. The
MethodoTogy section of the TWRS FSAR contains additional details concerning
the receptor locations.

Onsite - The x/Q' for the acute release is 3.41 x 1072 s/nF (Van
Keuren 1996a).

Offsite - The x/Q' for the acute release is 2.83 x 107 s/m® (Van
Keuren 1996a).

Breathing Rate (BR)
3.3 x 10 m/s light activity breathing rate is used to calculate
iggsequences to both the onsite and offsite receptors (Van Keuren
6a).
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Amount of Material Released (Q)
Q=3.21 x 102 L.
Using the formula presented on page 4-4 of Van Keuren (1996a) and
modifications for a 24 hour ingestion dose to the offsite receptor from Cowley
et al. (1996), the radiological dose consequences can be calculated.

1,6.2 Calculations

Onsite Consequences:
D (sv) =Q (L) x £ (s/m®) x R [m3/5] x ULD,[Sv/L]
Q

Inhalation Dose:
D (Sv) = (3.21 x 10 L)(3.41 x 107%s/m’)(3.3 x 10" m/s) (6.1 x 10° Sv/L)
D (Sv) = 2.2 x 103 sv

0ffsite Consequences:
D (Sv) =0Q (L) x .;L/ (s/m3) x({ R [m3/s] x ULD,{Sv/L]) + ULD,[Sv-m3/s-L1)

D (Sv) =  (3.21 x 1072 L)(2.83 x 105s/m*)[(3.3 x 10" m’/s) (6.1 x 10° Sv/L) +

0.068 Sv-m’/s-L]
D (Sv) = 1.89 x 107 Sv

1.7 CALCULATED TOXICOLOGICAL DOSES

The methodology that is used to calculate toxicological exposure
consequences is documented in WHC-SD-WM-SARR-011, Rev. 2, Toxic Chemical
Considerations for Tank Farm Releases.
1.7.1 Input Data

The probability of this unmitigated accident scenario is anticipated
(see Section 1.2) and the waste has the same constituents as DST liquids (Van
Keuren [1996b]). This event is considered to be a puff-type release to both
the onsite and .offsite receptors. . Sum-of-fraction values are extracted from
Van Keuren (1996b) to determine the toxicological consequences.

Sum-of-Fraction Values from Van Keuren (1996b)

The sum-of-fraction value for the onsite receptor is 2.9 x 10%/L.

The sum-of-fraction value for the offsite receptor is 3.4 x 107%/L.
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Quantity Released '

The quantity of material released was calculated previously to be a
total of 3.21 x 107 L. Conservatively, this total amount is assumed to
be released in a puff over a very short period of time (less than 3.5
seconds). :

1.7.2 Calculations

By directly multiplying the sum-of-fraction value by the waste release
rate, the toxicological consequences can be calculated for both the onsite and
offsite receptors.

Onsite -  Calculation: (3.21 x 1072 L)(2.9 x 10%/L) = 9.3 x 10",
Offsite - Calculation: (3.21 x 107 L)(3.4 x 10°%/L) = 1.1 x 107,

1.8 RESULTS
1.8.1 Radiological

The onsite radiclogical dose consequence value (2.2 x 1073 Sv) ig shown
to be below the risk guidelines for an anticipated accident (5.0 x 10 Sv) as
provided in WHC-CM-4-46, Rev. 1.

The offsite radiological dose consequence value (1.9 x 107 S{l is shown
to be below the risk guidelines for an anticipated accident (1 x 10 Sv) as
provided in WHC-CM-4-46, Rev. 1.

1.8.2 Toxicological

As a result of this accident the exposure to the onsite receptor is
calculated to be 9.3 x 10" as a fraction of the risk guidelines. §imi1ar1y,
the exposure to the offsite receptor is calculated to be 1.1 x 10° , as a '
fraction of the risk guidelines. The value for the offsite receptor is below
the risk guidelines (<1), conversely, the value for the onsite receptor
exceeds the risk guidelines. This is due mainly to the sudden release of HEPA
filter contents during the pressurization of the tank headspace.

1.9 CONCLUSIONS

Analysis of this accident scenario shows that a pressurization of the
tank headspace is.possible which.could result in.a total release of the
headspace contents along with the contents of ruptured HEPA filters. After
the headspace is filled with steam and the steam source is shut-off analysis
shows that the vacuum created in the headspace from condensing steam will not
reach a Tevel that will cause damage to the tank structure (since it is not a
closed system).

The radiological dose éonsequences for the both the onsite and offsite
receptors are below the risk guidelines (Table 1.9-1).
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The toxicological exposure consequences show that the value for the
offsite receptor is below the risk guidelines. Conversely, the value for the
onsite receptor exceeds the risk guidelines. This is due mainly to the sudden
release of HEPA filter contents during the pressurization of the tank
headspace.
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APPENDIX A
INFORMATION VALIDATION FORMS
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Information Validation Form
Tracking # IVF-Chapter 3-07

Name of Originator 1 { Organization or Team 2 Date 3
Grant W. Ryan (376-5114) Chapter 3- Accident June 25, 1996

Analysis- Steam

Pressurization
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Statement of Problem
ACCIDENT SCENARIO DESCRIPTION

A Tiquid waste transfer to either a double-shell tank or DCRT is initiated from a
facility (e.g., 242-A Evaporator, 244-AR Vault, or Z Plant) using a steam jet as the
motive force to move the liquid. After the waste has been transferred, the steam jet -
is not shut off and pure steam is routed to headspace of the receiving tank.

In the scenario analyzed, 90 psig saturated steam is exhausted into the headspace
of a full double-shell tank at a flow rate of 2,400 b /hr. The radiclogical and
toxicological dose consequences, if any, associated with the accident scenario are to
be calculated. .

Calculations will also be performed to determine if a vacuum can be drawn on the
double-shell tank after the steam has been shut-off and the steam filled atmosphere
condenses to water completely.

ASSUMPTIONS USED FOR PRESSURIZATION PORTION OF SCENARIO
1. The saturated steam is introduced into a full double-shell tank with available
headspace modelied as a hemisphere with a radius of 37.5 ft. This is considered

a conservative geometry since it slightly overestimates the available steam

expansion volume.

2. Headspace air temperature is'initially at 150°F.
3. Headspace pressure initially at 14.7 psia.

4. Tank is under passive ventilation during waste transfer (i.e., no active
ventilation).

5. Saturated steam flow rate introduced into the tank headspace is 2,400 1bm/hr.
This is the flow rate associated with a steam jet transfer from 244-AR Vault to
the tank farms and is considered to bound steam jet transfers from Z-Plant (PFP),
222-5 Laboratory, 242-A Evaporator, PUREX, and T-Plant. These are all the known
locations where steam may access the tanks (both double-shell and DCRTs).

6. Saturated steam pressure is 90 psig (~105 psia).

7. Saturated steam is injected into the headspace (not into the waste.)

ASSUMPTIONS USED FOR VACUUM PORTION OF SCENARIO

1. The tank wall temperature is assumed to be constant at 50°F. This value is Tower
than the headspace afr temperature (i.e., 150°F) assumed in the pressurization
portion of the accident scenario to ensure that the situation is modelled
conservatively,

EXPLICITLY concur with or deny (by including appropriate documentation) the assumption

made above.

REFERENCES

N/A
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Alternatives Consequences to Alternatives

5 N/A 6 N/A

Decision Reached Basis for Decisjon

7 8

Date Requested Sent To Date Requested By

9 June 25, 1996 10 R. Tucker, Project 11 June 28, 1996 (earlier

Files

response would be
appreciated)

Response #1

12

Response #2

13

Attachments (List)

14

References (List) 15

Responder #1 Name and Signature

16 RrTveker o /rr L

Responder #2 Name and Signature

17

POC: Filed:

Routed:

Further Action Required (i.e., RML, Senior Management Attention, etc.)
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Information Validation Form

Tracking # IVE-Chapter 3-08
Name of Originator 1 | Organization or Team 2 Date 3
Grant W. Ryan (376-5114) Chapter 3- Accident June 28, 1996
. Analysis- Steam
Pressurization

Statement of Problem

For the steam pressurization accident, the following information may be used in the
analysis: .

For tank 241-AW-102, at a ventilation flowrate of 100 cfm a vacuum of 2 inches
water gauge is achievable. Size of the vent header for this tank is 12 inches.
For-—BERT-244=Fi-—~at~aventilati
nehes—water—gauge is-achievable® Size of the vent header for this tank is 4
inches. /8046 -
EXPLICITLY concur with or deny (by including appropriate documentation) the assumptions
made above, to provide a documentable information source.
REFERENCES

This information wa§ obtained from Scott Pierce on Friday. June 28, 1996 at about
10:20 a.m.

4

Alternatives Consequences to Alternatives

5 N/A 6 N/A

Decision Reached Basis for Decision

7 8

Date Requested 7 Sent To Date Requested By

9 June 28, 1996 . 10 R. Tucker, Project 11 June 28, 1996
Files
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Response #1  QyY-7Tx o crl Ve,,&il«éion_; FSECm draws alr from both the Vaul t and
bhe taak Simurtangousiy . Dve 10 bhiS, 't 1S pot possisle ¥omeasure Flaws rate
From he FoaX tself, A revew oF Lhe rognd S hettS takin o the tank
Voctwm howerts shows o niemel Vagioim o f =o.5 7 € REwOR-TARES
12 _p4rCLY. ) :

Response #2

13

Attachments (List) . References (List) 15

14

Responder #1 Name and Signature Responder #2 Name and Signature
16 R-PTyckee 1ulP T M 17

POC: Filed: Routed:

Further Action Required (i.e., RML, Senior Management Attention, etc.)

18
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APPENDIX B
HAZARD ANALYSIS RESULTS FOR INTERFACING FACILITIES THAT USE STEAM JETS
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Table B-1. Hazard Analysis Results for Interfacing Facilities That
Use Steam Jets (2 sheets).

1D Hazardous Condition Cause Rep
Acc

1-242A-6-CM | Release (steam) of aerosols to Human error - Steam 32
P-A the atmosphere through unsealed |block valve

cracks in the cover blocks due inadvertently left

to over pressurization of the opened.

receiver tank.
1-242A-2-CM | Release to the atmosphere Steam block valves 32X
P-B through unsealed cracks in the inadvertently opened or

cover blocks due to over Teft open

pressurization of the receiver

tank.
[-2228-1-LV | Release (steam) of aerosols and Human Error - Failing 32X
L-A entrained particulates to to shut off steam after

atmosphere through ventilation TK-102 is empty

due to over pressurization of

244-S-DCRT caused by sending

Jjust steam to tank farm.
1-2225-2-PR | Release (steam) of aerosols and Steam reducer valve 32X
S-A particulates to atmosphere fails open.

through ventilation due to over

pressurization of 244-S DCRT

caused by sending just steam to

tank farm.
I-PUREX-1-L | Release of aerosols from 105AW Human Error - Failure 32X
VL-A through cracks in the cover to shut off steam jet

block due to pressurizing 105AW when U-3 1is empty.

from transfer of steam.
I-PUREX-3-L | Release of aerosols from 105AW Human Error - Failure 32X
VL-A through cracks in the cover to shut off steam jet

block due to pressurizing 105AW when U-3 is empty.

from transfer of steam.
I-TPLANT-2- | Release (steam) of aerosols and Human Error - Steam 32X
CMP-A entrained particulates to block valve

atmosphere through ventilation inadvertently opened or

due to over pressurization of failure to close valve

244-5-DCRT caused by sending when tank 15-1 is low

just steam to tank farm.
XS-02-FLOWO | Release of aerosols and Human error (failure to | 32X
2 particulate from DCRT shut off steam jet at

ventilation filter due to completion of transfer)

transfer of steam from PFP steam |which causes DCRT

Jet into DCRT headspace ventilation filter

failure
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Table B-1. Hazard Analysis Resulis for Interfacing Facilities That
Use Steam Jets (2 sheets).

1D Hazardous Condition Cause Rep

Acc
I-PFP-2-TMP | Release (steam) of aerosols and | Failure of steam 32X
-B entrained particulate from reducer

244-TX ventilation system due to
saturating HEPAs with steam due
to failure of steam reducer
which sends higher pressure
steam to steam jet, gassing it
out and sends steam to 244-TX.

I-PUREX-2-P | Release (steam) of aerosols and Steam Reducer fails 32X
RS-A particulates through cracks in
the cover block from the
receiver tank due to tank
pressurization from sending
steam caused by steam reducer
failure which gasses out the
steam jet and sends just steam.

I-PUREX-4-P | Release of aerosols and Steam Reducer fails 32X
RS-A particulates through cracks in

the cover block from the
receiver tank due to tank
pressurization from sending
steam caused by steam reducer
failure which gasses out the
steam jet and sends just steam.

XS-03-PRESO | Release of toxic vapors from Transfer of steam from | 32X

5 DCRT due to increased PFP causing evolution
concentrations in DCRT of toxic gases due to
atmosphere heating tank
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APPENDIX C
TABULATED ANALYSIS RESULTS AND CALCULATIONS
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A DESCRIPTION OF THE COLUMNS OF THE WORKSHEET:
END TIME (SEC)

Each time interval of 10 seconds is evaluated.

STEAM ADDED (PMOLE')
After t = 0, a constant addition of 0.37 1bmoles (in 10 seconds) of
steam is added.

AIR IN HS (PMOLE)
The initial 1bmoles of air in the headspace at each time interval, after
deducting the amount of air vented in the previous time interval. Uses
equation:

D (E+ At) =mn,; (£) - An,,, (&)

where n,; (0)= 2.4759 x 10? lbmoles

STEAM IN HS (PMOLE)

The amount of steam added in the time interval plus the amount added in
the previous time intervals minus the amount of steam vented. Uses
equation:

nstea.m(t + At) = E nsteam(t) - Anst:eam(t)
where ng,...(0) = 0 lbmoles
% AIR IN HS

At each time interval,

(LBMOLES AIR (t))/(LBMOLES AIR (t) + LBMOLES STEAM (t)) x 100

% STEAM IN HS
At each time interval,

(LBMOLES STEAM (t))/(LBMOLES AIR (t) + LBMOLES STEAM (t)) x 100

'PMOLE is equivalent to LBMOLE.
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HEAT ADDED TO HS (BTU)

The heat added to the headspace in 10 seconds plus the heat added in the
previous time steps.

E Qadded in previous incazvals"' AQa.bsozbed by HS air ( t)
TOTAL HEAT IN HS (BTU)

A summation of the total heat added from the HEAT ADDED TO HS (BTU)
column minus the amount of heat vented.

E Qadded in previous intervals™ AQabsoz’bed by HS air (t) - Agvantsd( t)

DELTA TEMP IN HS (°F)

The delta T, calculated after each steam addition to the headspace.
Uses equation:

AT, (&) = z Qadded in previous intervals™ Aansozbed by HS air (z)
i M5 (€) ey o3, ] T(1-y(£))]

Btu

where ¢, ,;. = 0.1714 15, F

y{t) = molar percentage of steam in yatmosphere

TEMP IN HS (°F)

The headspace temperature is the initial temp (150 °F) plus the
integrated quantity of all the temperatures. Uses equation:

t
Tus(t) = Tys inieial * IATHS(t)

where  Tyginieia = 150 °F
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PRESS. IN HS (PSIA)

This column evaluates the time interval pressure due to the steam
addition. Uses equation:

PV=nRT

P(t) = [nair(t) * nsteam(t)] R* T"s(t)
H
y Vheadspace

where R = 1545.33 ft- 'lb‘ﬂbmo]e-"R
= 1.10 x 10°
Hs(t) temperature in degrees Rankine

FLOW OUT OF HS (FT*3)

The quantity of air and steam escaping the tank headspace in each time
interval. Uses equation:

w(t) = [k/AP(E)] At

W(E) = [k (Pys(t) = Pyg 1nieiar) (144 ID2/FEZ) ] » 10 sec

£t

where k =0.517 —=>
1b°%-5~gec

AIR VENTED (PMOLE)

Calculates the flow of air out of the tank in each time interval. Uses

equation:
An,, (t) = 8] [11\;,,’,::” [Pas)
where p,;,. = 1 tb3
. = 291by

2t ~ “Thmole

y(t) = molar percentage of steam in headspace
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STEAM VENTED (PHOLE)

Calculates the flow of steam out of the tank in each time interval.
Uses equation:

[W(E)] [y (£)] [P spoaml
MW,

steam

Ansteélm ( t) =

where pg ... = 0.0373 ?'ui

£3

MW, =18 ——lbm
steam = % Tpmole

y(t) = molar percentage of steam in headspace

HEAT VENTED (BTU)

Calculates the amount of heat vented in the incremental '
pressure/temperature increase for each time interval. Uses equation:

Q=mcAT
AQvented( €)= (Anair () 'MWair°cv air +Ana:sam( £) My,

'steam"Cy stoam)

[Ths () - Tugingrsanl
RUNNING TOTAL OF UNFILTERED HS VENTED (FT~3)

Summary of total (ft%) headspace atmosphere release after each time
interval.
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APPENDIX D
PARTITION FRACTION DISCUSSION AND HEPA FILTER RELEASE AMOUNTS
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Development of Headspace Partition Fraction

Radioactive material is carried from the tank waste material into the
tank headspace atmosphere through several physical processes. Only a fraction
(the partition fraction) of the waste constituents in a tank will migrate to
the headspace atmosphere. The partition fraction is the ratio of tank
headspace radioactivity concentration to the concentration in that tank's
solid or Tiquid waste, whichever is used as the basis.

Kimura and Lindsey (1987) report on the ratio of activity concentration
in tank headspace samples to activity concentration in tank Tiquid waste
material samples taken from DSTs during ALC operation, during waste transfer
operations, and during static conditions. The characterization effort focused
on cesium because it is prevalent in nearly all of the tank waste analyzed,
producing the largest numbers, and is therefore considered bounding. The
sample analyses indicated the following:

e ALC operations — Observed B7Cg partition fractions ranged
from 1.02 x 10 to 2.49 x 10

* Tank waste transfer operations — Observed “7Cs Partitioﬁ
fractions ranged from 1.02 x 10" to 5.25 x 107"

*  Static tank waste conditions — Observed "'Cs partition
fractions ranged from about 1.00 x 107" to 6.9 x 107",

The results indicate the partition fraction for DST and AWF tanks during
operations that result in worst-case 1liquid waste agitation conditions would
be bounded by a partition fraction of 10, which is the number used in this
accident analysis.

For an unagitated tank 1iquid waste scenario (i.e., long-term passive

ventilation), static waste conditiops, the above information indicates a
partition fraction of about 1 x 1077,

References
Kimura and Lindsey, 1987, Characterization of Airborne Radionuclide

Particulates in Ventilated Liquid Waste Tanks, Rockwell Hanford
Operations, Richland, Washington.
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APPENDIX E
HEADSPACE STEAM CONDENSATION TREATED AS A CONDUCTION PROBLEM
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HEADSPACE STEAM CONDENSATION TREATED AS A CONDUCTION PROBLEM

The tank dome is filled with steam. After discovery of the steam leak, the
steam source is shut-off. The steam present in the headspace condenses to
water.
For conduction heat flow: Qhemisphere =27 KkAT [(rior )7 (re-rs)]
In the analysis the subscript i is used to describe the inside tank bulk
conditions. The subscript 0 refers to the outside wall conditions. For
simplicity, as in the pressurization portion of the accident scenario, the
tank dome is modelled as a hemisphere, with no heat transfer to or from the
waste surface. This is conservative since it 'slightly overestimates the dome
surface area.
ATl calculations are taken at time = 0 minutes.
The following variables are defined:

r; = 37.5 ft (tank dome inside radius)

Y, = 38.75 ft (tank dome outside radius)

T;{0) = 212 °F (headspace temperature)

To(0) = 50 °F (outside temperature remains constant)

P;(0) = 0.0373 b/t (steam density @ 14.7 psia)

k = 0.5 BTU/hrefie°F (conductivity of concrete)

v; = 1.1 x 10° £t (tank dome modelled as hemisphere)

m= (9;(0))*(v;) = 4.1 x 10° 1b,

]

Chemisphers = 2 T K AT [(rior,)/(r-r;)] = 5.92 x 10° BTU/hr (164.3 BTU/sec)

The heat of vaporization (hgg) is determined from standard steam tables
to be:

heg = 970.3 BTU/Tb,

In one minute at this heat transfer rate, water condenses in the amount
of mass m_. :

Me = (Quenispnera/Neg) *60 s/min = 10.16 1b /min

The associated volume reduction due to condensation is ve.

Ve = M/p;(0) = 272.39 ft?

Thus a volume inflow rate of approximately 273 cfm is required to ensure
that pressure in the dome does not become negative. This flow can be easily
provided by the available ventilation pathways in the tank involved in the
accident or from the inflow from other tanks on the ventilation system which
are not affected by this accident.
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APPENDIX F
PEER REVIEW AND HEDOP REVIEW CHECKLISTS
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CHECKLIST FOR PEER REVIEW

Document Reviewed: WHC-SD-WM-CN-044, Rev. 0, Calculation Notes That Support

Accident Scenario and Consequence Development for the
Steam Intrusion From Interfacing Systems Accident.

Scope of Review: Entire document.

<
@
g
=
c
==

*

L e L L T TR R Y >

X111

X1l

BT
PLLIL]
ST
11 >
TPl

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 Togical 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/quidelines 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.

Format consistent with appropriate NRC Regulatery Guide or
other standards :

Review calculations, comments, and/or notes are attached.

Document approved. - -
Beett D, Ropcd éﬂ/jﬁwy/ N7/ YiA

Reviewer (

Printed Name afd Signatur®) 7 Date

* Any calculations, comments, or notes generated as part of this review should
be signed, dated and attached to this checklist. Such material should be

labeled and recorded in such a m
qualified third party.

anner as to be intelligible to a technically
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HEDOP REVIEW CHECKLIST

or
Radiological and Nonradiclogical Release Calculations

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

WHC-SD-WM~CN-044, Rev. 0, Calculation Notes That Support Accident Scenario and
Consequence Development for the Steam Intrusion From Interfacing Systems
Accident.

Submitted by: Grant W. Ryan Date Submitted: 7/16/96

Scope of Review: Radiological and Toxicological Ca]cﬁ]ations.;

YES NO* _N/A

B4~ [1 [1 1. Adetailed technical review and approval of the
environmental transport and dose calculation portion of
. ' the analysis has been performed and documented.
ExL ['1 [1 2. Detailed technical review(s) and approval(s) of scenario
and release determinations havé. been performed and
documented.

[T [1 F;q\ 3. HEDOP-approved code(s) were used.

(1] [1 %0 4. Receptor locations were selected according to HEDOP
recommendations.

[T [1 D4 5. All applicable environmental pathways and code options
were included and are appropriate for the calculations.

<L [1 [ ] 6. Hanford site data were used.

[1 [1 B4, 7. Model adjustments external to the computer program were
Justified and performed correctly.

qu [ [ 1 8. The analysis is consistent with HEDOP recommendations.

1 [>d 9. Supporting notes, calculations, comments, comment

resalutions, or other information is attached. (Use the
"Page 1 of X" page numbering format and sign and date
each added page.) ~

Approval is granted on behalf of the Hanford
Environmental Dose Overview Panel. -

B4 L1 10

* A1l “NO responées must be explained and use of nonstandard methods

Justified.
DA Hiwes ’% 7%3/96

N

HEDOP-Approved Reviewer (Printed Name and Signature) : Date

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