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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.g.,
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 1ikely 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
tank. 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.

Both double-shell tanks and double-contained receiver tanks may receive
steam jet waste transfers. A double-shell tank was chosen to be analyzed
since it has a potentially larger headspace (allowing for more particulates in
a release). Lesser consequences would be calculated for a double-contained
receiver tank, given the reduced headspace available.

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 located, prior operational history has shown that a scenario such as
this is 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=nRT).

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).

C Saturated steam is injected into the tank headspace (not into the
waste.)
D The steam introduced into the headspace mixes perfectly with the

headspace air. The heat released from the steam is assumed to be
absorbed uniformly by the headspace constituents.

E The saturated steam flow rate, mdot, introduced into the tank
headspace is 2,400 Tbm/hr (0.667 1bm/sec) from IVF-Chapter 3-07 in
Appendix A. This flow rate is considered to bound steam jet
transfers from the two facilities identified with steam intrusion
potential, 242-A Evaporator (200E) and PFP (200W).

F The saturated steam pressure is 90 psig (~105 psia) from
IVF-Chapter 3-07 in Appendix A. Facilities using process steam
have equipment (pressure reducing valves, etc.) to ensure that the
steam used for a particular process is at the correct pressure
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(e.g., 90 psig for the 242 Evaporator and 50 psig for PFP). The
higher steam pressure would heat up the headspace gases faster
(the enthalpy of 225 psig steam is higher than 90 psig steam)
resulting in less than a 5% increase in the 15 minute averaged
flow rate.

The saturated steam is introduced into a partially full
double-shell tank. The headspace volume, vol,,, is calculated
here:

vol, = (1.406 * lOiga]) - {waste depth) * (2750 gal/in)
(1.406 * 10°gal) - (212 in) * (2750 gal/in)
823,200 gal = 110,000 ft*

The headspace air temperature (T,.) is assumed to be initially at
150 °F (610 °R).

The double-shell tank is assumed to be passively ventilated (i.e.,
ventilation system is shutdown) with HEPA filters installed in the
ventilation system. No credit is taken for the HEPA filters in
mitigating the release, but the radioactive and toxic material
previously trapped by the HEPA filters is included in the release.

Initial pressure inside tank headspace (P, ) is atmospheric at
14.7 psia.

To obtain the value of the flow coefficient for the amount of gas
that will leave the tank through the unfiltered in-leakage
pathways the following modified Darcy equation is used

(Crane, eq. 3-20):
Nvent = Cvd VAP pair

W

vent
Cud
AP

norm Pair

.5
#3 |atm tb
vd
sec £t3

c,y =87.7 —
where:
_ _ 3
W,one =100 cfm = 1.67 s
AP =2 in. WG =0.0049 atm

norm

0, =0.073 12 at 80 F
£t
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Credit is taken for flow out a ventilation duct pathway during the
pressurization by doubling the vent coefficient.

The atmosphere in the headspace during the accident is treated as
an ideal gas comprised of air and steam with the following
properties (Cengel and Boles, 1994):
The density of the air in the headspace, rho,;., is a
function of the headspace temperature, headspace pressure
and the number of moles of air left in the headspace.
cp,;, = 0.235 BTU/1b -°F

mw

2ir = 28.97 1b,/1bmole
The steam introduced into the headspace also treated as an ideal
gas with the following properties (Cengel and Boles, 1994):

The density of the steam, rho, .., is a function of the
headspace temperature, headspace pressure and the number of
moles Teft in the headspace. Treating steam as an ideal gas
over estimates the density by less than 2% at the initial
temperature and under estimates the density by 6% at the
maximum transient temperature as compared to the actual
steam tables.

CPgteam = 0-44 BTU/1b -°F

mwW = 18.015 1b,/1bmole

steam

Mass and number of moles of air initially in the headspace:

m. = p.. (150°F) _vol
ST L (07065 1b/Ft%) (1710 x 10° £t3)]
= 7,160 1b
n_. =m,;./ mW
. Zay‘1bmjmb1es

Standard steam tables are used to find enthalpy of saturated steam
(Cengel and Boles, 1994).

hy(90 psig) = 1188.8 BTU/1b,
hy(150 F)

n

1126.1 BTU/1b,

A constant heat addition from the steam is assumed, calculated as
shown:
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Aqreleased from steam ~ Msteam (hg @105 psia) hgdlSOF))
= dbn Btu _ Bty
(0.667 3 ) (1188.8 5, 1126.1 1bm)
=41.8 B
. s

Q The universal gas constant, R" = 0.73023 (ft3 atm)/(1bmole-"R).

1.4  METHODOLOGY AND ANALYSIS TECHNIQUES

Using the assumptions described in Section 1.3, the dynamic behavior of
the steam intrusion into the tank headspace is analyzed using the ideal gas
Taw and the principles of conservation of energy and mass. During each time
step in the calculation, the intruded steam adds mass and energy to the totals
within headspace. Mass and energy are also lost from the headspace via the
venting. At each time interval, dt, a new temperature and pressure of the
tank headspace is calculated to determine the net change in the heat and mass
within the headspace. The calculation continues until an equilibrium
temperature and pressure is reached where the mass and energy of the steam
flow into the tank is equal to the mass and energy flow out the vent system.

Analysis starts with the following initial headspace conditions (IVF-
Chapter 3-07). The initial headspace temperature, T ., is used as a reference
for calculating the energy flow in and out of the tank.

Tpe = 150°F
P.s = 14.7 psia
mhs = mair + msteam

7,160 1b, + 0 b,

The calculation process uses the conditions from previous step to calculate
the new conditions in the following steps:

Step 1: Calculate the properties of the mixture of air and steam in
the tank headspace for the present conditions.

mmix(t) = mair(t) + msteam(t)

mix(t) = mmix(t) / VO]hs

Cpmix(t) = [cPair mair(t) + CPsteam msteam(t)] / mmix(t)

rho

nmix(t) = mair(t)/mwair + msteam(t)/mwsteam
Step 2: Calculate the mass fraction of steam and air, mf; in the
headspace.
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ail‘(t) = mair(t) /mmix(t)

steam(t) = msteam(t) / mmix(t)

mf
mf

Step 3: Calculate the flow of the headspace mixture out the vent
paths.

flow,. (t) = ¢4 [ press(t) rho, (t) ]0'E

Step 4: Determine the mass of air and steam in the headspace for the
next time interval.

m (tedt) = m (t) - [Flow,,(t) rho, (t) mf,. (t)] dt

(t) + mdot dt

eam

- [? ow

vent

msteam(t+dt) = msteam

(t) rho.. (t) mf.._ (t)] dt

mix steam

Step 5: Determine the new headspace temperature resulting from the
addition of steam into the headspace and the lost of energy
by the venting gas mixture. The energy in the system is

referenced to the initial temperature in the headspace.
Quene () = (T, (t)-150°F) flow, . (t) rho . (t) cpy,(t)
Ths(t+dt) = Ths(t) + [qsteam - qvent(t)] dt / [mmix(t) Cprnix(t)]

Step 6: Finally the new pressure in the headspace using the ideal
gas equation and the new headspace conditions:

Phs(t) = Rgas nmix(t) Ths(t) / VO]hs

These six steps are repeated for each new time interval for the Tength
of the transient.

1.4.1 Analysis Results

The analysis results (Appendix E) show that for assumed steam parameters
and tank conditions, the tank headspace is pressurized. Table C-1 gives the
temperature, pressure and flow rates predicted for this accident. There is
sufficient pressure to challenge the ventilation filter HEPA filters.

After the HEPA filters fail, the steam flow into the tank is assumed to
continue until the headspace is filled with steam and the temperature and
pressure reach an equilibrium. At this condition, the mass and energy flow
out the ventilation system matches the input flow by definition.

When the steam supply is finally shut-off upon the discovery of upset
steam flow, the steam in the steam-filled headspace would begin to condenses
to water. With the steam condensation, the pressure in the tank would
decrease, potentially creating a negative pressure in the tank. However,
because the length of time of the accident, the tanks walls and dome should be
near the same temperature as the headspace gas at the end of the accident.
Head loss from a passive tank by conduction through the covering soil is very
sTow allowing the headspace pressure easily remain equalized with the
atmospheric pressure.

12 of 18



HNF-SD-WM-CN-044 REV 2

1.5 RADIOLOGICAL AND TOXICOLOGICAL SOURCE TERM

To conservatively calculate the dose consequences from this accident
scenario, the entire volume of contaminated air that was initially present in
the headspace of a half-full tank (Vo = 3.1 x 10 m® of air) is assumed to be
vented directly to the atmosphere wif%out being filtered. This is a
conservative value since analysis shows that Tess than 4% of the headspace air
is vented prior to the 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 half-full tank scenario
was conservatively chosen as the example used for this analysis because the
accident consequence was more severe for this scenario than for a tank full of
waste. The consequences calculated for the empty tank were similar to those
for the half-full tank. The results of these analyses are included in the
tables in Appendix F.

The part1t10n fraction used to determine the amount of contamination in
the headspace air is 1.0 x 107°. This is the value for agitated 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:

Vs X (partition fraction) = Amount of respirable material released
(3.1 x 10° W) (1.0 x 10°%) = 3.1 x 107

Converting to Titers,
(3.1 x 107 m)(1,000 L/m) = 3.1 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 (Van Vleet 1996).

The conservative release fraction used to determine the amount of waste
released from the HEPA filter rupture is 1.0 x 10°2. 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
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to a sizeable steam flow (or very humid atmosphere), allowing less to be
released in a rupture event.

The amount of respirable material released from the HEPA filter rupture:

Qla DST 0.0009790 L (Appendix F)
Qlb AWF  0.005618 L (Appendix F)

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:

QZa Q1a
3.1 x 102 L +9.79x10*L =3.2x 102 1L

It is assumed that the airborne source term both entrained in the
headspace and present on the HEPA filters is made up of DST liquids. 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
total respirable amount of waste produced dur1ng venting of the headspace air
and the HEPA filter rupture (i.e., 3.21 x 102 L}. This ensures that
toxicological consequences are developed conservatively for both the onsite
and offsite receptor.

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)
0.07 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
Methodology section of the TWRS FSAR contains additional details concerning
the receptor locations.
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The following onsite and offsite x/Q's are from Van Keuren 1996a.
Onsite - The x/Q' for the acute release is 3.4 X 1072 s/m3
The x/Q' for the 2-hour release is 1.13 X 10°% s/m®
The x/Q' for the chronic release is 4.03 X 10 s/m’
0ffsite - The x/Q' for the acute release is 2.8 X 107 s/m3
The x/Q' for the 2-hour release is 2.12 X 107 s/m’
The x/Q' for the chronic release is 1.24 X 107 s/m®

The x/Q' values for releases greater than 2 hours but less than 1 year (8760
hrs) are determined using Togarithmic interpolation.

109(1)2»)1: - log(%)x_m _ _log(2) - log(x)
1og(l) - 1og(1) Tog(2) - Log(8760)
o 2-hr 8760~hr

Thus, for x equal to some time greater than 2 hours but less than 8760 hrs,
the equation can be solved for the (x/Q') “hre This value is what is used in
the calculation. See Appendix F for the ¥ime periods and interpolated x/Q'
values.

Breathing Rate (BR)

3.3 x 10 m®/s 1light activity breathing rate is used to calculate

consequences to both the onsite and offsite receptors (Van Keuren

1996a) .

Amount of Material Released (Q)

Q=3.2x107%1L.

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 _)‘7 (s/m3) x R [m3/s] x ULD,[Sv/L]
Q

Inhalation Dose:

D (Sv) = (3.2 x 1072 L)(7.51 x 1073 s/m)(3.3 x 107 m*/s)(6.1 x 10® Sv/L)

n

D (Sv) = 4.838 x 10™ Sv
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Offsite Consequences-
D (Sv) =Q (L) x Q_ (s/m3) x({ R [m3/s] x ULD,[Sv/L]) + ULD,[Sv-m3/s-L])

D (Sv) = (3 2 x 10, 2 1)(1.13 x 107 s/m*)[(3.3 x 10™* m®/s)(6.1 x 10° Sv/L) +
0.068 Sv-m /s L]

D (Sv) = 7.279 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]). The worst constituents, toxicologically, reported in the
preceding reference include corrosives and irritants such as ammonia and
tributyl phosphate. This event is 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 1.0 x 104 s/L (DST
liquids) / 2.6 s/m3 (DST vapor space).

The sum-of-fraction value for the offsite receptor is 8.4 s/L (DST
liquids) / 2.3 x 107 3 s/m3 (DST vapor space).

Quantity Released

The gquantity of mater1a1 released was calculated previously to be a
total of 3.2 x 107 L.

1.7.2 Calculations

By directly multiplying the sum-of-fraction value by the waste release
rate divided by the time it takes to vent 95% of the headspace gases to the
atmosphere, the toxicological consequences can be calculated for both the
onsite and offsite receptors. The following are for the average flow rate
example. The results of the maximum flow rate are included in Appendix F.
HEPA filter consequence for the half-full tank:

Onsite - Calculation: [9.79 X 107 L/(335 min x 60 s/min)1(1.0 x
10°/L) = 4.87 x 107

Offsite - Ca]cu1at1on [9.79 x 107 L/(335 min x 60 s/min)]1(8.4 L)
=4.1x 107
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Headspace release consequence for the half-full tank:

Onsite - Ca]cu]at1on [3.116 x 10° 2 L/(335 min X 60 s/min)]
(1.0 X 10*s/L) = 1.6 x 1072

Offsite - Ca]cu]at1on (3 116 x 107% L / 335 min X 60 s/min) (8.4 s/L)
= 1.302 x 107

Gas release consequence for the half-full tank:

Onsite -  Calculation: (3.1 X 10° m® / 335 min X 60 s/min)(2.6 s/m’)
=4.01 X 10

Offsite - Ca]cu]ation (3 1X10°m / 335 min X 60 s/min)
(2.3 X 107 s/m®) = 3.54 X 107

1.8 RESULTS
1.8.1 Radiological

The onsite radiological dose consequence value (4.9 x 107 Sv) is shown
to be below the risk guidelines for an anticipated accident (5.0 x 1073 Sv) as
provided in WHC-CM-4-46, Rev. 1.

The offsite radiological dose consequence value (7.6 x 1077 Sv) 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 4.2 x 10°" as a fraction of the risk guidelines. Similarly,
the exposure to the offsite receptor is calculated to be 3.7 x 104, as a
fraction of the risk guidelines. The values for both the onsite and offsite
receptors are below the risk gu1de11nes (<1) Even when the maximum flow rate
is used, the onsite exposure is 9.1 X 107" as a function of the risk
gu1de11nes

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.

The radiological dose consequences for the both the onsite and offsite
receptors are below the risk guidelines (Tables in Appendix F).

The toxicological exposure consequences show that the values for both
the onsite and offsite receptors are below the risk guidelines (Tables in
Appendix F).

Table 1.9-1 is a summary of the accident consequences as developed in

the calculation note for a double-shell tank with average flow. Other
consequences are calculated in a similar fashion and are presented in Appendix
F.
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Table 1.9-1. Summary of Accident Consequences

Consequenses
Accident Radiological (Sv) Toxicological
Onsite Offsite Onsite Offsite

Steam intrusion 4.9%10% | 7.6 X107 | 4.2x10" | 3.7 X 10"
from interfacing
facilities
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Information Validation Form

Tracking # [VF-Chapter 3207

Name of Originator 1 | Organization or feam 2 Qata
Grant ¥. Ryan (376-3il4) ° Chapter 3- Accident June 25, 1996
. Analysis- Steam
Pressurization
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Statement of Probiem
ACCIDENT SCIMNARIO DESCRIPTION

A Tiquid wasta trans7er to gither a double-shell tank or OCRT is initiated from a
facility (e.g., 242-A fvaporator, 2¢4-iR Vault, or Z Plant) using a stzam jet is the
notive forca to move the liquid. After the wasta has been trans7arred, the stzam jet
is not shut off and pure staam is routed to headspace of the recsiving tank.

In the scenario analyzed, 30 osig saturated steam is exhaustad into the headspaca
of.a full double~shell tank at a ilow rate of 2,400 1b/hr. The radiological and
toxicological dose consequences,.if any, associatad with the accident scznario are to
be calcuiated.

S Calculations will also be nerformed to determine if a vacuum can be drawn on the
double-shell tank aftar the steam has been shut-off and the staam filled atmosphere
condensas to water compietaly.

ASSUMPTIONS USED FOR PRESSURIZATION PORTION OF SCINARIO

1. The saturatad staam is introduced into a full double-shell tank with available
hezdspace modelled is 2 nemispners with a radius of 37.5 ft. This is cansidered
a cansarvative geometry sincz it sligntly overestimates the availaple staam
sxpansion volume.

4

2. Headspace air temperature is initially at 150°F.

3. Headspace pressure initially at 14.7 psia.

4. Tank is under passive ventilation during wastz trans?ar (i.2., no active
ventilation).
5. Saturated steam 7low rata introducad into the tank headspacz is Z,400 lbm/hr.

This is the 7low rate associatad #ith a staam jet transfer from 244-AR VYault to
the tank farms and is considered to %ound staam jet transfers from I-?lant (PFPY,
222-5 Laboratory, 242-A tvaporator, PUREX, and 7-?lant. Thesa are all the knaown
Jocations where staam may acc2ss the tanks (both doubie-shell and OCATs).

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

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

ASSUMPTIONS USED FOR VACUUM PORTION OF SCENARIO

1. The tank wall temperature is assumed ta be constant at 50°F. This value is lower
than the headspacs air temperature (i.s., 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

BEST AVALABLE COPY

A-4
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Information Validation Form

Tracking # IVF-Chaprar 3-08

Name of Originator | 1 Organization or Team 2 Date 3
Grant W. Ryan (376-3114) Chapter 3- Accident June 28. 1996

Analysis- Steam

Pragsurization

Statement of Problem

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

Sor tank 241-4W-102. at a ventilation flowratz of 100 cfm a vacuum of 2 incnes
water gauge is achievable. Size of the vent header for this tank is 12 inches.

z "="*"‘=-"'""zr"'—‘.:v7ra..= Pt e e RS
ig agmiauanta®™ Size of che vent neader for this tank is &
178146

inches.

EXPLICITLY concur with or deny (by inciuding aporcoriata docimentation) the issumotions
made above. to provice a documentadie inTormation scurcs.

This informaTion was obtained {rom Scott Piercs on Friday. Jume 28. 1996 atT aoout
10:20 a.a.

¢

Altarnatives Consaquencas to Altarnatives

5 N/A ' § N/A

Decision Reached Basis for Decision

7 3

Date Reguested Sent To Data Reguested 3y

9 June 28. 1996 10 R. Tucker. Project 11 June 28. 1996
Siles
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Altarnatives

Consaquencas to Alternatives

S N/A 5 N/A
Decision Reached Basis for Qecision
7 3

Date Requested Sent To
3 June 25, 1996

Files

10 R. Tucker, Projesct

Data Requestad 3y

11 June 28, 1996 (eartier
responsa would be
aporeciatad}

Responsa #1

12

Response #2

13

Attachments (List)

14

Referencas (List) 1S

Responder #1 Name ind Signature

6 RrTecxar )r7 -

fesponger #2 Name and Signature

17

POC: Filed:

Routed:

Further Action Required (i.2., AML, Senior Management Attsntion, atc.)

18
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Responsa 21 T4Y=TX DLAT Vensi(acion Sgstlm 8 aws Qir Frem noth ¢ha Taul é and
the 20ak Simurbanensiy. Dve 40 415, [& (S nat posiisle o enfurt Flow rate
From bl foak (43¢l A pruicu aF LAZ rognd s ArttS taken am Fhe favk
VocLmm ;\ﬂ;—v(vo- shows a Mdemal Voctovm ,F =08 77 ¢ RE kol TAKE
12 o4TLY. :

Response #2

13

Attachments (ListT) References (List) IS5

14

Responger #1 Name snd Signature Responcer #2 Name ang Signature
16 R2Tucke 1P TH 17

POC: Ziled: Joutad:

Further AcTion Requirsg (1.2,. RML. Semor Management Atiantion. 3tc.)

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.
1-222S-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.
[-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 is 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-S-DCRT caused by sending when tank 15-1 is Tow

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 Results 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
- 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 biock 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
DCRT due to increased PFP causing evolution
concentrations in DCRT of toxic gases due to
atmosphere heating tank
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APPENDIX C
WASTE TANK HEADSPACE GAS VENT FLOW DURATION
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Table C-1. Waste Tank Headspace Gas Vent Flow Duration

Case Maximum Maximum Maximum Time to Vent
Headspace Headspace Headspace 95% of the
Pressure Temperature | Gas Flow original

(15 minute headspace
average) gas

psia F Ft3/min min

Nominal 3.3 292 732 335

Increased steam 3.5 319 751 325

temperature from

90 F to 225 F

Double steam flow [ 7.2 293 974 197

from 0.677 1b/sec

to 1.333 1b/sec

Increase in 3.3 292 733 560

headspace volume

equivalent to

tank with 10 in.

waste.

Decrease in 3.3 292 703 113

headspace volume

equivalent to

tank with 410 in.

waste.

Double the outlet | 7.2 292 491 391

flow resistance

Half the outlet 1.2 291 981 305

flow resistance
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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 liquid 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 Targest numbers, and is therefore
considered bounding. The sample analyses indicated the following:

. ALC operations —-Observed B7es partition fractions ranged from 1.02 x
107 to 2.49 x 107

¢ Tank waste transfer operat1ons — Observed s partition fractions
ranged from 1.02 x 10" to 5.25 x 10

e Static tank waste cong1t1ons —-Observed B7es 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 liquid waste agitation conditions would be bounded by a
partition fraction of 107", which is the number used in this accident analysis.

For an unagitated tank liquid waste scenario (i.e., long-term passive ventilation),
statlc waste conditions, the above information indicates a partition fraction of about 1 x
107"

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
CALCULATION NOTES FOR STEAM INTRUSION
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Calculation Notes for Steam Intrusion

Ralph Crowe

Safety Analysis and Risk Assessment
Specialty Engineering

Fluor Daniel Nortwest, Inc.
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This report was written in MathCad Plus 6.0 Professional Edition (Maftsoft 1995) . The following constants
and equations were used as a part of the calculation.

Constants R gas  8.31434-10% I R g = 073023+ 12T
. N gas ™ kg_mole-K gas ~ o Ib_mole'R
vy [ PM
Pead BT R Ib b
y / MW e = 18.015- b ol mw 4, =28.97 5 mole
. . BTU
Steam Flow into tank, P gteam = 105-psi Tsteam - 331.7F  hgear, - 1188.8 b
(IVF Chapter 3-07)
BTU
T atm .~ 150-F hgtm @ H26.1--
Ib k
Mass ,and energy steam_flow ;- 0.667-— steam_flow =0.303~ i
flow into tank, - sec sec
(IVF Chapter 3-07)
BTU
heat_in = 61 steam— N atm)-steamiﬂow heat_in = 41.8 jarr heat_in = 44.1 kW
Time to heat 560 ft of schedule 40 10" pipe
Weight of pipe per foot, . Ib . ] - BTU
W ipe .= 40.48 — Specific heat of pipe, cp 4jpe =011 —
(Crane page B-17) pipe ft (Holman 1990) R 2 1b-F
BTU .\, i) :
Heat of vaporizationat  h g :=950-—— (w P‘P5> (560-11)-(ep P‘Pe). T -T =11.9 *min
240 F (Crane) steam_flow-h ( steam a"“) )
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Initial tank conditions
P 4ip :=1-atm T ajr := 150-F + 460-R
P air = 101.3-kPa T air =338.9:K
b kg

Pajr =P gas(P air> T air> MW ajr P air = 0.065— P air = 1.042°—
fi m

Headspace volume head_space( waste_depth) := 187976 ft° waste_depth-2750-gi—:]

hsv := head_space(212-in) hsy =1.10-10%#° hsv =3.1+10°%m?

Vent modeling

3

ft
normal vent flow conditions Q= 100‘m—in AP :=2-in_H20 T yent :=80-F + 460-R
(IVF Chapter 3-07)
Q 3
Pvent =P as(l'a‘m~Tvent’mWair OV S e f - ft
[ J’m cv: ,z-m_HZO-p vent = 100.0 i
b
P vent =0-073°—
ft p=0-psi, 0.01-psi.. 2-psi
Exhaust Flow vs Headspace Pressure
600 T T T
. . G
0 fatmib) 05 RS .
cv =877 | 5! <
sec | g3 | €
y / 2 200
\ H - o
5]
0 4 '1 s
Pressure {psia)
Initialize calculational variables
Number of moles na - P ajrhsv n e =247.0
in the headspace AT R oo T iy air :

Initial mass of air m gir = 7.16°10%1b

. m i - hsvep
in headspace air P air
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60-time
-

dump(n,time,x,q,hs,c d,stm)s 8t

¢ 15-60
OX 15¢~ _5t

R gage—0.73023

cp ir—0.23

CP ggm+ 0.44

mw gi.— 28,97
MW gtoam«— 18.015

for iel.n

St
X0 Xio1,0t g
Mmix=X_ 1,3+ Xi_1,4

M mix
hs

rtho i

Xi_1,3%Pairt Xi_1 4P stm

P mix*+
m mix

Xi_s o Xio4

MW air MW gteam

X ,5'_‘:d'i'{xi_1,z>l’«/rh°mix'(xi_1v2‘ 1>":Jrh°mix'<1 _ Xi-l,l)]
xi‘5~5t

i-1,3\ T Ths

N mix—

+ stm-8t

5
i~1,4 hs

__><
%
_><
]
b
=}
s
e
£
[}
-1
3
><.
3
=
o
=S
3

=Xt T
: »7 P mix ™M mix
1 mix R gasX; 1
i,27 hs
X3
[ A rara——
»1 MW air D mix

Q‘,,s'xij‘ ifczmx 15>%i_tox 15,5 i~ tox 15,7,0))'5‘
Xig— X1t 1560
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Xg.9:=0 time Xg 17
B P air

X0.2 = 2 pressure Xg3

X 4:=0 mass of steam Xg 5=
in headspace

Xy 6:=0 volume of headspace gas Xg 7'=
vented per unit time

Xp 570 15 minute average X save

headspace flow

Calculate transient

b\" BTU\"!
stm = steamfﬂow-<g> hs :=hsv-ft3 q:= heatﬁin-( >

sec
15:n

time —
T time

time := 500 i

n.= n

X =X gave x :=dump n,time,x,q,hs,cd,stm>
3
max(tox) = 732.0-m X, 'R - 460-R =291.8-F

m3

max(tox) = 0.345- X, 'R =417.7°K

sec

Exhaust Flow
1500 T

(xn 2= 1>-atm =3.3*psi

(xn 2= 1>-atm =22.5°kPa

headspace
temperature

T air
R

_ Pajrhsv mw 5,

total mass of air

0 vent flow

0 volume of headspace
gas vented per
unit time

=X

3\-1
220 " Ib [ ft
Cq:=2-cv almﬂ3 o

ﬂ3
X g
1.8 sec

o 335
j .—ﬂoor(r—tim;

X; 7 =5.07"%

loxi =

Vent flow (cfm)

time (minutes)
— total flow
headspace gas flow
15 min averaged headspace gas flow
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Graphs Number of Moles in Headspace Head Space Temperature
300 T T T T 300 T T T T
&
« E
2 g
&
150 | | | |
TOU 700 300 00
time (minutes) time (minutes)
— vapor space
- - steam
— total
(%, 31 % >-Ib
3! b
tho, -~ % tho, = 0.0405
~ b
P i=x yatm p gas("n,z'atm’xn,rR’mW steam> = 0-040'?
Head Space Pressure Head Space Vapor density
4 T T T T 0.07 T T T T
= e
s &
& 2
i g
Z 5
& g

o | | | |

0.04

300

time (minutes)
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Increased steam inlet temperature

. / N A
25. i | {BTU\
Pstm - 225-psi q (120089~ h o |-steam flow:| .| q=49.9
| b J = | sec |
Tem 392-F \ ) Y
time 15
time 500 no ! i 1.n > 150
1 time
. 73
X Xgave X dump(n,tlme,x,q,hs,cd,stm/\ tox, 7xi,3'sec
( to: )*7509'ﬁ3 x_ -R—- 460-R =319.1F X 1)-atm = 3.5°psi j =1l 325
max( tox 9 nR- A (n,l_ ) 5 eps: i :=floor{n-c—
m3
max(tox) = 0.354-; X, R =4328K (xmz - 1)-atm =24.2+kPa Xj 7 =5.29%
Exhaust Flow 15 Minute Averaged Exhaust Flow
1500 T T T T 800 T T T T
600
1000 = £
£ 2
2 g 400
z 2
3 =
500 _ Z
5
200
0 j I LT P
100 200 300 400 0 ! | !
100 200 300 L)

time (minutes) time (minutes)
me
— total flow
- - headspace gas flow
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Increased steam flow

/
[\t /BTUN ! /Mg
hs  hsv-ft 3 stm - 2-steam_flow-: - q: 2-heat in-| ——-| ‘w‘ Ib ;“ﬁs\‘\
\sec) - \SCC/ cd -2eov fatm—, |
\ / \ ol ft° \sec/
A A
ti 15-
time 500 S T T >N 150
1 time
ﬂ3
g N
X . Xgaye X dump(\n,nme,x,q,hs,c d»Stm/J tm(i - xi:s'sec
= -ﬂ3 R - 460-R =292.6~ =7.2+psi ji= 197
max(tox) =974.5 v X, yR- 60-R = .6°F é“)z— l)atm =7.2+psi j :=floor n'm
m3
max(tox) =0.460--S—eE x“J'R =418.1'K (xn’z- l)atm =50.0*kPa X; 7 =5.01%
1 inute A t Fl
Exhaust Flow 1000 5 Minute Averaged Exhaust Flow
2000 T T T T f ' ' '
1500 — g
£ 5
z 2
z 3 500 -
£ 1000 - E
H =
= =
E
so0f- -
0y T Fo——m oo 500 4
time (minutes} time (minutes)
— total flow

- = headspace gas flow

STM_INTR.MCD E-9




HNF-SD-WM-CN-044, Rev. 2

Increased headspace volume

\
/!
hs headispau:e(IO»in}ﬂ3 stm steamiﬂow-\:sé—c]
\\ /
. time )
time 800 n 1 i -1.n
P ,iphs £ i
air 1S 10 MW 45,
X Xsave

0.3 Rgas'Tair Ib

3

ft
max(tox) = 732.7—
min

m
max(tox) 20.346-EE x“71~R =417.5°K

Exhaust Flow

1500 T T T

1000

Vent flow (¢fim)

500

time (minutes)
— total flow
- - headspace gas flow

STM_INTR.MCD

X, 'R - 460-R =291.5°F

X - dump(n,time,x,q,hs,c d,stm\
\ /

(x" 2= 1>-atm =3.3+psi

<x“ - 1)-atm =22.5°kPa

ﬂ3

tox; X g sec

L 560
j :=floor n'ti_me>

X, 7 =5.12%

15 Minute Averaged Exhaust Flow

800 T T T
. 600 4
£
S
8
g
g w0yt 4
=
]
E
i
5
200 —
| | )
Y 200 300

time (minutes)

o0 0
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Decreased headspace volume

S\ 1 A,
R b} . {BTUY
hs  head_space(410-in)-ft 3 stm steam_ﬂow»( | q :heat m-( 1 cg
\sec) =\ sec |
N/ N/
. time X 15n
time © 200 n i 1l.n - =158.0
1 time
3
P oiphs 7 mw 55,
X

X X . X —dump/n,time,x,q,hs,c ,stm)
save 0.3 Rgas'Tair b \ d J

3

ft
max(tox ) = 709.6 o X, 1'R—460-R =292.3F (xn'z - l)-atm =3.3+psi

m?
max(tox) =0.335—

‘R =417.9+
o< L 9K

(xn 2= l)»atm =22.6"kPa

Exhaust Flow

i { a3y

i ﬁ \
~2-cv |atm- - |
N isec/

v '/

e

tox; Xivs‘serc

. 113
] A_ﬂoor<n m)

xj)7=5.00'%

15 Minute Averaged Exhaust Flow

800 T : .
1500 , T ,

600 4
£
_ 1000 g
E 8
s d

£ 4 40| N
£ 2
500 i )
5

200 _

Tt | ! |
0% £ Tow 50 0 0 50 00 150 700

time (minutes)
— total flow
- - headspace gas flow
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Increase the outlet flow resistance

hs . head space(212:in)-ft 3

HNF-SD-WM-CN-044, Rev. 2

,
/b !
stm - steam_flow:|

- | se

\

. time .
time 600 n 1 i l.n
3
P ajphs-ft7 mw 5
X X X PO
save 0.3 Rgas'Tair Ib

ﬁl
max(tox) =491.2——
min

3

m
max(tox) =0.232—
sec

Exhaust Flow

1000

X, 'R - 460-R =292.4-F

x, R =418.0°K

Vent flow (¢fim)

-y

7 200 LUy
time {minutes)

— total flow

- - headspace gas flow

STM_INTR.MCD

original headspace (cfm)

E-12

(xn 2= l)-atm =7.2*psi

(x“ - l>~atm =49.7+kPa

600

400

200

. [BTU\! L )

heat_in-| - cq -ove jatme——!

\ sec’/ TS sec

\ / A
15n
time

x - dump(n,time,x,q,hs,c 4, stm) tox,

N ")

15 Minute Averaged Exhaust Flow

200 300

time (minutes)




HNF-SD-WM-CN-044, Rev. 2

Decrease the outlet flow resistance

/b, ! BTU\ ! j [\
hs  head_space(212-in)-ft 3 stm steam_flow-: \ q ~heat_in-| -~ \) cq: 4ov ‘\‘extmﬁ—)»'E |
\sec — | sec ] A 7 sec/,’ |
time 15
time 400 n i 1.n > 150
1 time
P air'hs'ﬁ3 mw gip ﬁ3
X Xgave Xg 3 . X dump(n,time,x,q,hs,c d,stm\ toX; “X; g
’ R gas'T air 1b N J i .8 gec
(t ):9812-ﬂ3 x_ -R-460-R =290.6°F X 1)-atm = 1.2+psi j=fl 305
max(tox 2= R X (n,Z_ ) 2+psi j:=floor{n-fc
m
max(tox) = 0.463 X, 'R =417.0K (x“— 1)-atm =8.1°kPa Xj.7 =4.94%
Exhaust Flow 1000 15 Minute Averaged Exhaust Flow
1500 T T T
T T T
£
. 1000 — <
£ B ]
g " g
B \ g 500 —
z R =
B . E
“ sl . B )
. 5
o | | Tty e 0 | | |
g T0U 200 300 0 00 200 300

time (minutes) time (minutes)
— total flow

- - headspace gas flow
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Steam Properties at 150 F and 290 F (steam tables)
. B s
T 150-F | 460-R P 3.72- N .
0 | 0 psi ho - 11261 v 96973
. . BTU 3
Ty 290-F | 460-R Py 18psi hy -1187.14- i L 1-27.293 i

Comparison of the density using the ideal gas law with the steam tables for:

150 F 290 F
P /P ,T g, mw \\31 v p Py, T{,mw R
gasit 0:7 0 steam, 0 —0.7% gas( Ll - steam) 1 ——0.1 9%
1

Lo
Heat capacity for water (Cengel and Boles, 1994, Table A-2E)

BTU Ib_mole
T ::(7.700 0.02552-10°2-T + 0.07781-10°5.T2 _ 0.1472-10°%- >—-*—
°p stm(T) + + 00T 1b_mole-R 18.015-1b

Check of cp of the steam against steam tables

. To . T hj-hg —044.BTU
Pstm|\ |+ Psim\ R~ BTU T1-Tg) TBK

=045 BR

N N7

Heat capacity for air (Cengel and Boles, 1994, Table A-2E)

BTU 1b_mole
. = . _2. N _5. 2_ . _9. L
cp AT : (6.7131- 0.02609-10""-T + 0.03540-10">-T" - 0.8082-10 T3> T mols R 28.97 T

BTU
Ib-R
Definition of some units for MathCad
Ib_mole=1 F=R kPa=10%Pa KkI=10%joule
kg . gm _ .
kg_mole=—="1b_mole C=K in_H20=g-1.——1-in
Ib em®
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APPENDIX F
CONSEQUENCE CALCULATION FOR STEAM INTRUSION
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HNF-SD-WM-CN-044 REV 2

This appendix includes three sets of data and the associated consequence
calculations. The first set is for the full tank, the second for the half-
full tank, and the third for the empty tank. The example calculations shown
in the body of the narrative in Sections 1.5 through 1.9 are for the half-full
tank release, at an average flow rate.

Each consequence calculation set presented here includes two pages. The
first page of data, and the second page of the calculation results. The
calculational methods are described in the preceding sections of the
calculational note. These calculations use data from Appendix E.
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HNF-SD-WM-CN-044 REV 2

HALF-FULL TANK SCENARIO

Data and Parameters

Ventilation System Releases WHC-SD-WM-CN-054, Rev. 0
Q= 0.000979 L DST
Q= 0.005618 L AWF

Headspace Particulate Loading
Q= 0.03116 L DST
Q= 003116 L AWF
Partition Fraction = 1.00E-08 WHC-SD-WM-SAR-065, Rev. 0, pg 3.4-225
Headspace Volume
Volpsr = 3.1E+03 m® Tank level 538 m

Volgpr =  3.1E+03 m®
Duration and Maximum Flow
t= 5 mi 20100 s
Flow nay =

%/Q Values (s/m®) WHC-SD-WM-SARR-016, Rev. 2
Acute PM Chronic Log. Int.

Onsite] 3.41E-02 1.13E-02 4.03E-04 7.51E-03

Offsite] 2.83E-05 2.12E-05 1.24E-07 1.13E-05

Breathing Rate

BR= 3.30E-04 m/s Standard man doing light activity
Unit Liter Doses (ULDs) WHC-SD-WM-SARR-037, Rev. 0
fnhalation Ingestion
(SviL) (Svm¥sL)
DST Liquids| 6.10E+03 0.07
DST Solids] 5.30E+05 0.48
AWF Liquids| 1.40E+03 0.09
AWF Solids| 1.70E+06 8.10
Continuous Release Sum-of-Fractions (SOFs) WHC-5D-WM-SARR-011, Rev. 2
DST Solids DST Liquids Vapor Space
(siL) (s/m®)
10" to 10
Onsite] 1.8E+04 1.0E+04 2.6E+00,
Offsite] 1.9E+02 8.4E+00 2.3E-03
102 to 107
Onsite] 3.3E+03 7.5E+02 3.3E-01
Offsite] 1.5E+01 8.4E+00 2.3E-03
10%10 10°

Onsite] 6.3E+02 2.1E+02 7.1E-02
Offsite] 2.8E+00 6.2E-01 2.8E-04
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HALF-FULL TANK SCENARIO

Radiological Consequences

HEPA Particulate Total
DST Onsite 1.5E-05 4.7E-04 4.9E-04
Offsite 2.3E-08 7.3E-07 7.6E-07
AWF Onsite 2.0E-05 1.1E-04 1.3E-04
Offsite 3.5E-08 1.9E-07 2.3E-07
Toxicological Exposures
HEPA Particulate Gases Total
10™ to 10°
DST Average Flow Onsite 49E-04 16E-02 4.0E-01 4.2E-01
Offsite 41E-07 1.3E-05 3.6E-04 3.7E-04
DST Maximum Flow Onsite 49E-04 1.6E-02 9.0E-01 9.1E-01
Offsite 41E-07 1.3E-05 7.9E-04 8.1E-04
AWF Average Flow Onsite 2.8E-03 1.6E-02 4.0E-01 4.2E-01
Offsite 2.3E-06 1.3E-05 36E-04 3.7E-04
AWF Maximum Flow Onsite 2.8E-03 1.6E-02 9.0E-01 9.2E-01
Offsite 2.3E-06 1.3E-05 7.9E-04 B8.1E-04
10210 10
DST Average Flow Onsite 3.7E-05 1.2E-03 5.1E-02 5.2E-02
Offsite 41E-07 1.3E-05 3.6E-04 3.7E-04
DST Maximum Flow Onsite 3.7E-05 1.2E-03 1.1E-01 1.2E-01
Offsite 4.1E-07 1.3E-05 7.9E-04 8.1E-04
AWF Average Flow Onsite 2.1E-04 1.2E-03 §&.1E-02 5.3E-02
Offsite 2.3E-06 1.3E-05 3.6E-04 3.7E-04
AWF Maximum Flow Onsite 2.1E-04 1.2E-03 1.1E-01 1.2E-01
Offsite 2.3E-06 1.3E-05 709E-04 B8.1E-04
10“to 10°
DST Average Flow Onsite 1.0E-05 3.3E-04 1.1E-02 1.1E-02
Offsite 3.0E-08 9.6E-07 4.3E-05 4.4E-05
DST Maximum Flow Onsite 1.0E-05 3.3E-04 24E-02 2.5E-02
Offsite 3.0E-08 9.6E-07 9.7E-05 9.8E-05
AWF Average Flow Onsite 5.9E-05 3.3E-04 1.1E-02 1.1E-02
Offsite 1.7E-07 9.6E-07 4.3E-05 4.5E-05
AWF Maximum Flow Onsite 5.9E-05 3.3E-04 24E-02 2.5E-02
Offsite 1.7E-07 9.6E-07 9.7E-05 9.8E-05
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EMPTY TANK SCENARIO
Data and Parameters
Ventilation System Releases

WHC-SD-WM-CN-054, Rev. 0

WHC-SD-WM-SAR-065, Rev. 0, pg 3.4-225

0.25 m

WHC-SD-WM-SARR-0186, Rev. 2

Q= 0.000979 L DST
Qq,= 0.005618 L AWF
Headspace Particulate Loading
Q,,= 0.052188 L DST
Q,, = 0.052188 L AWF
Partition Fraction = 1.00E-08
Headspace Volume
Volbsr = 5.2E+03 m® Tank level
Volgwe = 5.2E+03 m®
Duration
; 33600 s
FloW nax
+/Q Values (s/m®)
Acute PM Chronic Log. Int.
Onsite] 3.41E-02 1.13E-02 4.03E-04 6.12E-03
Offsite] 2.83E-05 2.12E-05 1.24E-07 8.24E-06
Breathing Rate
BR= 3.30E-04 m%s

Unit Liter Doses (ULDs)

Inhalation Ingestion
(SviL) (svm¥sL)
DST Liquidsf 6.10E+03 0.07]
DST Solids} 5.30E+05 0.48
AWF Liquids| 1.40E+03 0.09
AWF Solids] 1.70E+06 8.10
Continuous Release Sum-of-Fractions (SOFs)
DST Solids  DST Liquids Vapor Space
(sil) (s/m®)
10" to 10°
Onsite] 1.8E+04 1.0E+04 2.6E+00|
Offsite] 1.9E+02 8.4E+00 2.3E-03
10210 10
Onsite] 3.3E+03 7.5E+02 3.3E-01
Offsite}] 1.5E+01 8.4E+00 2.3E-03
10%1010°
Onsite] 6.3E+02 2.1E+02 7.1E-02
Offsite] 2.8E+00 6.2E-01 2.8E-04
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EMPTY TANK SCENARIO

Radiological Consequences

HEPA Particulate Total
DST Onsite 12E-05 6.4E-04 6.6E-04
Offsite 1.7E-08 9.0E-07 9.1E-07
AWF Onsite 16E-05 1.5E-04 1.6E-04
Offsite 2.6E-08 24E-07 26E-07
Toxicological Exposures
HEPA Particulate Gases Total
10" to 10°
DST Average Flow Onsite 2.9E-04 16E-02 4.0E-01 4.2E-01
Offsite 24E-07 1.3E-05 3.6E-04 3.7E-04
DST Maximum Flow Onsite 2.9E-04 16E-02 9.0E-01 9.2E-01
Offsite 2.4E-07 1.3E-05 8.0E-04 B8.1E-04
AWF Average Flow Onsite 1.7E-03 1.6E-02 4.0E-01 4.2E-01
Offsite 1.4E-06 1.3E-05 3.6E-04 3.7E-04
AWF Maximum Flow Onsite 1.7€-03 1.6E-02 9.0E-01 9.2E-01
Offsite 1.4E-06 1.3E-05 B8.0E-04 8.1E-04
107 to 10°
DST Average Flow Onsite 2.2E-05 1.2E-03 51E-02 5.2E-02
Offsite 2.4E-07 1.3E-05 3.6E-04 3.7E-04
DST Maximum Flow Onsite 2.2E-05 1.2E-03 1.1E-01 1.2E-01
Offsite 24E-07 1.3E-05 B8.0E-04 B8.1E-04
AWF Average Flow Onsite 1.36-04 12E-03 S5.1E-02 5.3E-02
Offsite 14E-06 1.3E-05 3.6E-04 3.7E-04
AWF Maximum Flow Onsite 1.3E-04 1.2E-03 1.1E-01 1.2E-01
Offsite 1.4E-06 1.3E-05 B8.0E-04 8.1E-04
10*to 10°
DST Average Flow Onsite 6.1E-06 3.3E-04 1.1E-02 1.1E-02
Offsite 1.8E-08 9.6E-07 4.3E-05 4.4E-05
DST Maximum Flow Onsite 6.1E-06 3.3E-04 2.5E-02 2.5E-02
Offsite 1.8E-08 9.6E-07 9.7E-05 9.8E-05
AWF Average Flow Onsite 3.5E-05 3.3E-04 1.1E-02 1.1E-02
Offsite 1.0E-07 9.6E-07 4.3E-05 4.5E-05
AWF Maximum Flow Onsite 3.5E-05 3.3E-04 2.5E-02 2.5E-02
Offsite 1.0E-07 8.6E-07 9.7E-05 9.8E-05
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FULL TANK SCENARIO

Data and Parameters

Ventilation System Releases

WHC-SD-WM-CN-054, Rev. 0

WHC-SD-WM-SAR-065, Rev. 0, pg 3.4-225

1041 m

WHC-SD-WM-SARR-016, Rev. 2

Qq, = 0.000979 L DST
Qq, = 0.005618 L AWF
Headspace Particulate Loading
Q= 0.010548 L DST
Qz, = 0.010548 L AWF
Partition Fraction = 1.00E-08
Headspace Volume
Volpsy = 1.1E+03 m® Tank level
Volar = 1.1E+03 m®
Duration and Maximum Flow
6780 s
1/Q Values (s/m®)
Acute PM Chronic Leg. Int,

Onsite
Offsite

3.41E-02 1.13E-02 4.03E-04 1.16E-02

2.83E-05 2.12E-05 1.24E-07 2.20E-05

Breathing Rate

BR= 3.30E-04 m%s
Unit Liter Doses (ULDs)
Inhalation Ingestion
(SviL) (Svm¥sL)
DST Liquids] 6.10E+03 0.07
DST Solids] 5.30E+05 0.48
AWF Liquids] 1.40E+03 0.09
AWF Solids| 1.70E+06 8.10
Continuous Release Sum-of-Fractions (SOFs)
DST Solids DST Liquids Vapor Space
(s/L) (s/m®)
10" to 10
Onsite] 1.8E+04 1.0E+04 26E+00
Offsite] 1.9E+02 8.4E+00 2.3E-03
107t0 10
Onsite] 3.3E+03 7.5E+02 3.3E-01
Offsite] 1.5E+01 8.4E+00 2.3E-03
10 to 10°®
Onsite] 6.3E+02 2.1E+02 7.1E-02
Offsite} 2.8E+00 6.2E-01 2.8E-04
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FULL TANK SCENARIO

HNF-8D-WM-CN-044 REV 2

Radiological Consequences

HEPA Particulate Total
DST Onsite 2.3E-05 25E-04 27E-04
Offsite 4.5E-08 4.8E-07 5.3E-07
AWF Onsite 3.0E-05 56E-05 8.6E-05
Offsite 6.8E-08 1.3E-07 2.0E-07
Toxicological Exposures
HEPA Particulate Gases Total
10" to 10°
DST Average Flow Onsite 14E-03 1.6E-02 4.0E-01 4.2E-01
Offsite 1.2E-06 1.3E-05 3.6E-04 3.7E-04
DST Maximum Flow Onsite 1.4E-03 1.6E-02 8.7E-01 8.9E-01
Offsite 1.2E-06 1.3E-05 7.7E-04 7.8E-04
AWF Average Flow Onsite 8.3E-03 1.6E-02 4.0E-01 4.3E-01
Offsite 7.0E-06 1.3E-05 3.6E-04 3.3E-04
AWF Maximum Flow Onsite 8.3E-03 1.6E-02 8.7E-01 8.9E-01
Offsite 7.0E-06 1.3E-05 7.7E-04 7.9E-04
107 to 10°
DST Average Flow Onsite 1.1E-04 12E-03 51E-02 5.3E-02
Offsite 1.2E-06 1.3E-05 3.6E-04 3.7E-04
DST Maximum Flow Onsite 1.1E-04 1.2E-03 1.1E-01 1.1E-01
Offsite 1.2E-06 1.3E-05 7.7E-04 7.8E-04
AWF Average Flow Onsite 6.2E-04 1.2E-03 51E-02 5.3E-02
Offsite 7.0E-06 1.3E-05 3.6E-04 3.8E-04
AWF Maximum Flow Onsite 6.2E-04 1.2E-03 1.1E-01 1.1E-01
Offsite 7.0E-06 1.3E-05 7.7E-04 7.9E-04
10% 10 10°
DST Average Flow Onsite 3.0E-05 3.3E-04 11E-02 1.1E-02
Offsite 9.0E-08 9.6E-07 4.4E-05 4.5E-05
DST Maximum Flow Onsite 3.0E-05 3.3E-04 24E-02 2.4E-02
Offsite 9.0E-08 96E-07 9.4E-05 9.5E-05
AWF Average Flow Onsite 1.7E-04 3.3E-04 1.1E-02 1.2E-02
Offsite 5.1E-07 9.6E-07 4.4E-05 4.5E-05
AWF Maximum Flow Onsite 1.7E-04 3.3E-04 24E-02 24E-02
Offsite 5.1E-07 9.6E-07 9.4E-05 9.5E-05
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HNF-SD-SNF-CN-0144 REV 2
CHECKLIST FOR PEER REVIEW

Document Reviewed: calculation Notes that Support Accident Scenario and Consequence Development for the

Steam Intrusion from Interfacing Systems Accident

Scope of Review: Entire document

Yes No NA
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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.

Safety margins consistent with good engineering practices.
Conclusions consistent with analytical results and applicable
Timits.

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

Format consistent with appropriate NRC Regulatory Guide or other
standards

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

Document approved.
Robert Marusich ‘Z&M)* M WVM 02/21/199%

Reviewer (Printed Name and"S1gnature) 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 Tabeled and recorded in such a manner as to be
intelligible to a technically qualified third party.
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HEDOP REVIEW CHECKLIST
for
Radiological and Nonradiological Release Calculations

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

Calculation Notes That Support Accident Scenario and Consequence Development for the
Steam Intrusion from Interfacing Systems Accident, G.W. Ryan and R.J. Van Vleet,
HNF-SD-WM-CN-044 Rev 2, February 1997

Submitted by: R.J. Van Vleet Date Submitted: 2/21/97

Scope of Review: entire document

YES _ NO* N/A

[J []1 1. Adetailed technical review and approval of the environmental
transport and dose calculation portion of the analysis has
been performed and documented.

[1 [ 1] 2. Detailed technical review(s) and approval(s) of scenario and
release determinations have been performed and documented.
[1] [ 1T 3. HEDOP-approved code(s) were used.
[] 4. Receptor Tocations were selected according to HEDOP
recommendations.
1 5. A1l applicable environmental pathways and code options were

included and are appropriate for the calculations.

Hanford site data were used.

Model adjustments external to the computer program were
justified and performed correctly.

The analysis is consistent with HEDOP recommendations.
Supporting notes, calculations, comments, comment resolutions,
or other information is attached. (Use the "Page 1 of X" page
numbering format and sign and date each added page.)
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M [ 10. Approval is granted on behalf of the Hanford Environmental
Dose Overview Panel.

* AT1 "NO" responses must be explained and use of nonstandard methods justified.

Tnes AN 27/'5" 92

pproved Reviewer (Printed Name and Stynature) Date

DA,

HEDOP-A|

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