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Mitigated Transfer Line Leaks that Result in Surface Pools and Spray Leaks 
Into Pits 

1.0 INTRODUCTION AND PURPOSE 

This report documents the estimated mitigated consequences of waste transfer leaks 
inside a clean out box (COB) or other confining structure (e.g. a valve pit). The COB is fitted 
with a supplemental enclosure and the pit is analyzed with cover blocks in place. The postulated 
20 gpm leak is assumed to be detected by the alarm system in the COB but, due to the small 
volume of the COB (approximately 50 gallons or 0.2 m’) it quickly overflows and a surface pool 
forms. Even after the transfer pump is shut off, there is a potentially large volume of waste 
material that could drain or siphon back through a connected waste slurry transfer pipe. The 
analyses of leaks inside a pit use the pit volume as an input parameter. 

USQD TF-97-0923 Rev. 1 determined that a USQ existed in the TWRS BIO Rev. 0 
because its evaluation of potential waste transfer leaks did not conservatively bound leaks in 
structures having a volume of less than 15 m’ which could overflow. K O ,  Justification for 
Continued Operation of Transfer Lines Having Structures with Less Volume Than the 241-A-A 
Valve Pit, HNF-2296 (€INF1998b) was written to document the consequences of a leak within a 
COB and to require supplemental covers for structures having a volume less than 15 m’. 
Mitigated Transfer Line Leaks that Result in Surface Pwl,  TWR-3738, Rev. 0, (Hey 1999) was 
written to address the potential for a greater drain back volume (Le,, length of connecting piping 
involved in the waste transfer) than was considered in HNF-2296. Transfer line structures less 
than 15 m3 volume but without supplemental covers have been identified. The purpose of the 
analysis of leaks in pits in this document is to determine the maximum size pit such that the 
consequences of a leak are within the current Authorization Basis. 

This report is an extension of the analyses reported inMitigated Transfer Line Leaks that 
Result in Surface Pwl ,  TWR-3738, Rev. 0, (Hey 1999b). That report analyzed four kinds of 
waste for a postulated 20 gpm leak at a Cleanout Box with a Supplemental Cover that prevented 
waste sprays directly into the atmosphere. ECN 605730 to Hey 1999b provided Appendix C, 
Consequence Calculations for Hypothetical 2 7,000-gallon Spill. Appendix C of TWR-373 8, 
Rev. OA is not included here because its methodology has been revised. However, Appendix C 
of TWR-3738, Rev. OA is still applicable to the 242-A Evaporator. 

The purpose of this analysis is to determine the conditions for which the radiological 
and toxicological consequences of a leak will be equal to or less than a set of specific limits. The 
first set of limits is the Radiological Risk Evaluation Guidelines (REGS) provided in Tank Waste 
Remediation System Final Safely Analysis Report, HNF-SD-WM-SAR-067, Revision 1, Table 
3.4.1-1 (”F-1999). A second set of limits is in the current Authorization Basis (AB) for the 
River Protection Project (RRF’). These limits are applied to leaks resulting in surface pools and 
are reported in Calculation Notes for Surface Leak Resulting in Pool, TKW FSAR Accident 
Analysis, WHC-SD-WM-CN-049, Rev. 0-B (Jones 1998). A third set of limits is also part of the 
current AB and applies only to spray leaks of AWF waste in valve pits or from overground waste 
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transfer lines. The third set is provided in Table "F-SD-WM-BIO-001 REV 1 ofFSAR 
Transition Spray Leak Analysis, Rev. 0, HNF-5147 (Ryan 1999). 

In the first set of cases for leaks postulated inside a Cleanout Box, the results define the 
longest length of transfer pipe that could drain back to the COB and not exceed the consequences 
in Jones 1998. A second set of cases was run to define the longest length of transfer pipe that 
could drain back to the COB and not exceed the Radiological Risk Evaluation Guidelines. In the 
cases for leaks inside pits with cover blocks, the results define the largest pit volume that would 
not exceed the consequences in Ryan 1999. A second set of pit leak cases was run to define the 
largest pit volume that would not exceed the Radiological Risk Evaluation Guidelines. 

This analysis considers the following liquidlsolids content (%) and waste compositions: 

67/33 AWF 67/33 DST 67/33 SST 
9515 AWF 9515 DST 9515 SST 

Jones (1998) also evaluated this scenario for the 67133 AWF waste, but with a shorter 
pipe length, hence smaller potential drain back volume. The Jones (1998) results are part of the 
authorization basis (AB) for waste transfers ("F 1998b). The Radiological Risk Evaluation 
Guidelines (REGs), the Safety Basis in Jones (1998), and the Safety Basis in Ryan (1999) are 
shown below. 

Table 1-1. Criteria for Accident Analysis 

To show that the net consequences of a larger leak in a COB are no greater than that 
previously analyzed in Jones (1998) or in the REGs, justifiable yet different assumptions are 
made with respect to release mechanisms. The most important of these is that the splash and 
splatter release mechanism as previously assumed can be mitigated by a Supplemental Cover 
that is placed over the COB. The splash and splatter release mechanism is also effectively 
mitigated by the pit cover blocks. Another refinement is that the atmospheric dispersion of 
aerosols released from the Supplemental Cover is analyzed separately from the atmospheric 
dispersion of aerosols due to entrainment from the pool surface due to wind. Previously, the 
atmospheric dispersion coefficients used for entrainment was based on a 1 m/s wind speed 
whereas the entrainment rate was based on a 5 m/s wind speed. In addition, the dependence of 
the aerosol entrainment on pool diameter is taken into account. Previously, a pool diameter of 
200 m was assumed. 

With these revised methods, this analysis determines for each waste composition the 
length of transfer line that could completely drain through the COB within 24 hours onto the 
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ground yet have consequences within the Authorization Basis or the REGS. The pit analysis 
determines for each waste composition the maximum pit volume that could release all its aerosol 
into the environment within one hour of leak initiation. 

For the pit analyses, the pit cover blocks are effective in mitigating sprays, splash, and 
splatter in the confined volume such that there is no direct release into the environment. Instead, 
the aerosols generated from the aforementioned processes are assumed to be released from the 
pit at the quasi-equilibrium concentration of 0.1 gram per cubic meter. The aerosol is assumed to 
be released in one hour, so workers are exposed to the entire release. 

It is important to note that currently two kinds of evaluations are used to provide a 
bounding analysis of mitigated waste transfer leak scenarios. One is an analysis which 
maximizes the unconfined spill so that the extent of gamma-ray exposure and entrainment due to 
wind across the pool can be assessed. The other is an analysis which maximizes the confinement 
volume (e.g. a valve pit) so that the extent of greater aerosol leakage can be assessed. The 
former analysis identifies the limiting leak quantity and associated controls while the latter 
analysis identifies the limiting confinement and associated controls. The COB analyses in this 
document addresses the situation where confinement or Supplemental Cover volume is minimal 
and the extent of the surface pool is maximized. The pit analyses in this document address leaks 
into pits. The reports Calculation Notes for Surface Leak Resulting in Pool, TUTU FSAR 
Accident Analysis, WHC-SD-WM-CN-049, Rev. 0 (Hall 1996a), Hall 1996b, Hall 1996c and 
RevisedSprqv Leak Calculations for Project W-058, "F-2542, Rev. 0 (Van Keuren 1998) 
address large pits (e.g. 75 m3) for various waste compositions. 

Application of this analysis to other leak scenarios requires judicious treatment. In order 
to avoid a misapplication, one should carefidly understand the means of mitigation discussed in 
Section 2.0, the representative accidents discussed in Section 3.0, the limiting leak quantities into 
COBS (both 1 hr and 24 hr) identified in Section 5.0, and the limiting pit volumes for 1 hr and 24 
hours identified in Section 5.0. As long as the scenario in question meets those conditions, the 
consequences reported here will be bounding. 

The first accident represented here is a 20 gpm waste transfer leak occurring within a 
small (50 gallon or about 7 f t3)  enclosure (viz. Cleanout Box). The COB has a Supplemental 
Cover, a 1.2 m3 enclosure. Leak detection is accomplished by an engineered safety feature. The 
leak alarm is assumed to occur essentially instantaneously. Evacuation of affected personnel is 
assumed to be completed one hour after leak initiation. The leak rate due to drainage of 
connected piping is conservatively assumed to be the same as the pumped leak rate (20 gpm). 
Abatement measures are taken to prevent dry entrainment from the exposed surface of the spill. 

The second accident represented here is a transfer leak occurring within a large 
Confinement such as a valve pit. The pit has cover blocks in place. The entire pit volume is 
assumed to be displaced within a short time frame (Le., 1 hr) into the environment at an aerosol 
concentration of 0.1 g/m3. It is assumed that the pit confines the entire leak such that there is no 
surface pool. 

3 



TWR-3738, Rev. 1 

2.0 MEANS OF MITIGATION 

This analysis provides conservative dose estimates for leaks during waste transfer 
operations with mitigation controls. The mitigation credited in this analysis include engineered 
barriers and administrative controls. Transfer operations without this mitigation may not be 
bounded by these results. These controls are: 

With the exception of wind induced entrainment from soil, all sources of aerosol 
generation (e.g., liquid spray, splatter and splashing) are confined (see Limiting 
Control for Operation 3.1 . l ,  Administrative Control 5.22 in Tank Waste Remediufion 
System Technical Safety Requirements, HNF-SD-WM-TSR-006 [HNF 1998a], and 
Justificationfor Confinued Operation of Transfer Lines Having Sfrucfures with Less 
Volume 7han fhe 241-A-A Valve Pi f ,  HNF-2296 [HNF 1998b1). The confinement 
system attributes specifically credited are as follows: 
- The outer confinement naturally “breathes” in order to equalize internal pressure 

with the environment but openings are limited to prevent the free flow of wind 
through the confinement. 
The confinement can fill up with liquids and overflow but it does not release 
liquids at any significant pressure. 
The geometry is such that a release of liquid waste does not result in an 
unconfined free-fall of liquids by more than a few inches. 

- 
- 

Preventative configuration controls prevent high volume leaks (i.e., >20 gpm) (see 
Administrative Control 5.12 in HNF 1998a). 

Leak detection is credited for initiating transfer pump shutdown and evacuation of 
onsite personnel (see Limiting Control for Operation 3.1.3 in HNF 1998a). 

Evacuation of onsite personnel within one hour of surface spill formation is credited 
to limit their exposure to radiation fields and aerosol entrained from surface waste 
spills (see Administrative Control 5.14 in HNF 1998a). 

Dry entrainment is prevented by emergency response procedures for leakage 
containment and removal (see Administrative Control 5.14 in HNF 1998a). 

Transfer pump shutdown is credited for limiting the total surface waste spill volume, 
including drainback, to acceptable public exposure levels (see Limiting Control for 
Operation 3.1 .3  in HNF 1998a). 
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3.0 ACCIDENT ANALYSIS METHODOLOGY 

This analysis applies accident analysis methods similar to that used in the analyses of 
leaks and sprays in HNF 1999, Zank Waste Remedialion System Final Safe9 Analysis Report, 
and supporting Calculation Notes. The general approach used for these kinds of analyses are 
summarized in the following sections. Section 4.0 presents the details of analysis methodology 
that is specific to the cases analyzed herein. 

3.1 RADIOLOGICAL HAZARD 

The total onsite dose can include inhalation and gamma rays from shine and skyshine 
The total offsite dose is the sum of inhalation and ingestion pathways. Usually the dominant 
exposure pathway is inhalation. For the inhalation and ingestion pathways 
WHC-SD-WM-SARR-016 (Van Keuren 1996a) describes the individual dose as: 

Inhalation: D& = Q x x/Q x R x OF x ULDi,h (Eq. 1) 

Ingestion: Din, = Q x x/Q x ULDi., (Eq. 2) 

where: 
Dj,,h = dose due to inhalation (Sv) 
D,, = dose due to ingestion (Sv) 
Q = source term (L), 
x/Q = atmospheric diffusion coefficient (s/m3), 
R = breathing rate (3.3E-04 m3/sec for 12-hour exposure, 2.7E-04 m3/sec for 24-hour) 

(WHC-SD-WM-SARR-016 [Van Keuren 1996a1, the higher breathing rate is used 
herein for leaks in cleanout boxes). 

OF = onsite occupancy factor (1.0 for the analyses herein) (WHC-SD-WM-SARR-016 

ULDid = inhalation unit liter dose (Sv/L), 
ULD,., = ingestion (sv-~~/s-L) .  

[Van Keuren 1996a]), 

The source term, Q, is the amount of radioactive material released to the environment. 
The initial source term is the amount of radioactive material driven airborne at the accident 
source. The initial respirable source term, a subset of the initial source term, is the amount of 
radioactive material driven airborne at the accident source that can be inhaled. Lesser source 
terms are determined by applying filtration or deposition factors to the initial source term. 

For the analyses herein, the methodology accounts for the fact that different atmospheric 
conditions are conservative for the two release mechanisms, wind-driven release from the 
Supplemental Cover and wind-driven wet entrainment from the waste pool. The equations 
below are used to incorporate these two effects. 

Dinh [(Q X X1Q)sc + (Q x ~ l Q ) w ]  x R x ULDid (Eq. 3) 
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Ding = [(Q x X/Q)sc + (Q x xlQ)wl X ULDinh (Eq. 4) 

where: 
subscript sc denotes the Q and x/Q product for release from the Supplemental Cover 
subscript wr denotes the Q and x/Q product for release due to wet-entrainment from the 
pool. 

In the cases for leaks within a pit and no surface pool, equations one and two above apply 
and the xlQ values are for low wind speeds (Le. the same as used for [xlQ]=). 

The airborne source term is typically estimated by the following five-component linear 
equation: 

Q = M A R x D R x A R F x R F x L P F  (Eq. 5 )  

where: 
Q = Airborne Source Term, 

MAR = Material-at-Risk, 
DR = Damage Ratio, 
ARF = Airborne Release Fraction, 

RF = Respirable Fraction, and 
LPF = Leak Path Factor. 

The initial source term and initial respirable source term are products of the first three 
factors and first four factors, respectively. A depleted source term after a subsequent stage of 
deposition or filtration is a product of the initial source term multiplied by the leak path factor of 
the specific stage. 

3.2 MATERIALAT-RISK (MAR) 

The material-at-risk is the amount of radionuclides available to be acted on by a given 
physical stress. For tank farm facilities, the MAR is taken to be the maximum quantity of 
radionuclide present or reasonably anticipated in each location. In the analyses herein for leaks 
inside COBS, there are two materials-at-risk. These are the quantity ofwaste leaked onto the soil 
and the quantity of waste released from the Supplemental Cover. 

3.3 DAMAGE RATIO (DR) 

The damage ratio is the fraction of the MAR actually impacted by the accident-generated 
conditions. The DR is estimated based upon engineering analysis of the response of structural 
materials and materials-of-construction for containment to the type and level of stresdforce 

6 



TWR-3738, Rev. 1 

generated by the event. Standard engineering approximations are typically used. These 
approximations often include a degree of conservatism due to simplification of phenomena to 
obtain a useable model, but the purpose of the approximation is to obtain, to the degree possible, 
a realistic understanding of potential effects. For the analyses herein, the DR is unity. 

3.4 AIRBORNE RELEASE FRACTION ( A M )  

The ARF is the coefficient used to estimate the amount of a radioactive material 
suspended in air as an aerosol and available for transport due to a physical stress from a specific 
accident. For discrete events, the ARF is a fraction of the material affected. 

The A R F s  used in the following analyses are taken from DOE (1994) which are based 
primarily upon experimentally measured values for the specific material (e.g., plutonium, 
uranium, mixed fission products) or surrogates subjected to the particular type of stress under 
controlled conditions. Attention is given to the parameters, if known, that may have a significant 
influence upon suspension by the specific mechanism and the uncertainty in the measurement as 
indicated by the variability of the results. 

It is important to note that the experiments discussed in DOE (1994) evaluate release 
phenomena holistically. No attempt is made to precisely characterize total airborne material in 
terms of individual mechanisms acting within an overall given release. 

3.5 RESPIRABLE FRACTION (RF) 

The RF is the fraction of airborne radionuclides as particles that can be transported 
through air and inhaled into the human respiratory system and is commonly assumed to include 
particles IO-pm Aerodynamic Equivalent Diameter (AED) and less. The principal emphasis in 
this document is directed toward the potential downwind hazard to the populations at some 
distance from the point of source term generation. The product of the ARF and RF are 
frequently presented as RRF, the respirable release fraction. For the analyses herein, the RRF 
values will be used. 

3.6 LEAK PATH FACTOR (LPF) 

The LPF is the fraction of the radionuclides in the aerosol transported through some 
confinement deposition or filtration mechanism. The LPF is a calculated or standard value based 
upon (1) established relationships between size of the particulate material, airborne transport 
mechanisms, and losses by depositions mechanisms, or (2) specified filtration efficiencies. For 
the analyses herein, the LPF is unity for waste leaked to form a pool on the soil. The derivation 
for an LPF for aerosols generated by splash, splatter, and spray inside the Supplemental Cover is 
described in sections 4.3.1 and 4.3.2. Based on the sections above, the source term, Q, for the 
analyses herein becomes the following: 
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Q = MAR x RRF x LPF (Eq. 6) 

3.7 TOXICOLOGICAL ANALYSIS 

The methodology that is used to calculate the toxicological exposure consequences is 
documented in WHC-SD-WM-SARR-011 (Van Keuren 1996b). In this method, the released 
quantity (or release rate) is multiplied by the appropriate sum-of-fraction multiplier, MSOF. from 
Table 3-8 of WHC-SD-WM-SARR-011 (Van Keuren 1996b). MSOF values are dependent on the 
type of release (puff-type or continuous), the waste material released, and the event frequency. 
The following equation is used for the analyses herein: 

SOF = Q x MSOF (Eq. 7) 

where: 
SOF = denotes the sum of toxicological exposure fractions for each toxic chemical as 

compared to its exposure criteria, 
Q = quantity released in units of L/s, 

M ~ O F  = sum-of-fraction multiplier in units of L-’ or SlL. 

Toxicological consequences can also be estimated using an airborne release rate using the 
equation: 

SOF Q * ARR * MSOF (Eq. 8) 

where: 
Q = respirable source term (L) 

ARR = airborne release rate (Us) 
MSOF = sum-of-fraction multiplier ( s L )  

3.8 EXPOSURE DURATIONS 

For unmitigated events, onsite individuals are assumed to be exposed to accidental 
releases for 12 hours. The basis for this is that a crew may be required to work an extended shift 
which may be as long as 12 hours. Offsite individuals are assumed to be exposed to accidental 
releases for 24 hours. Offsite consequences consider ingestion for 24 hours after the release as 
well as inhalation. Mitigated exposure durations depend upon the timing of the control used 
(e.g., accident detection, evacuation). For the mitigated accidents analyzed herein, the onsite 
individual is assumed to be exposed for one hour. This is conservatively based on the time 
required to acknowledge the leak alarm (30 min.) plus the time required to evacuate the affected 
area. 
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3.9 lUSK EVALUATION GUIDELINES 

For “Anticipated” events, the risk guidelines are 5 mSv onsite and 1 mSv offsite. Toxic 
chemical risk guidelines require the SOF consequences to be less than 1. 

3.10 ATMOSPHERIC DISPERSION 

The Gaussian straight-line continuous plume model is employed for calculating 
atmospheric diffusion. The method assumes a ground level release and the concentration is 
calculated at the lateral centerline of the plume. Normally for safety analysis purposes, the xlQ 
is chosen to represent “near” worst case conditions of wind speed, direction, atmospheric 
stability, and receptor location. “Near” worst case is usually defined as the combination which is 
bounding 95% of the time for all sectors or 99.5% of the time in any given sector. Since the 
xlQ’ is inversely proportional to wind speed, a low wind speed condition is worse. 

Specific values are used to calculate the dose component for release from the 
Supplemental Cover represented as (Q x X / Q ) ~ ~  in Equation 3. The xlQSc values assume 1.1 m/s 
wind speed and Class F conditions taken from Van Keuren (1996a) and shown in Table 3-1. 

For an extended release duration (e.g., 24-hour release), Van Keuren (1996a) 
recommends use of a logarithmic interpolation between the plume meander xlQ and the chronic 
annual average xlQ for the onsite and offsite radiological calculations. For a desired timet, the 
logarithmic interpolation method for xlQ(t) for the offsite receptor is given by: 

x I Q o ~ =  loy (Eqn. 9A) 

where y = y(t) = a - [blc] x [log(2) - log(t)] and 
a = log (2.12E-05) 

c = log (2 hr) - log (8760 hr) 
t = extended release time (hours). 

b = log (2.12E-05) ~ log (1.24E-07) 

The logarithmic interpolation for x/Q(t) for the onsite receptor is given by: 

xIQon = loy (Eqn. 9B) 

where y and c are the same as above, but 
a =  log (1.13E-02) 
b = log (1.13E-02)- log (4.03E-4) 

The table below provides atmospheric dispersion coefficients for various durations 
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Receptor Description xlQ Wm3) 

Table 3-1. Atmospheric Dispersion Coefficients (xlQ). 

‘Value used to interpolate for other dispersion coefficients. 

Stability Class and Wind 
Speed 

On-Site (100 m any direction) 

Off-Site (8,760 m north to near river bank) 

7.5lE-4 D @, 9.8 m / s  

4.92E-7 D @, 9.8 m / s  
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Inhalation 
ULD (SvL) 

5.6E+5 

3.11 UNIT LITER DOSES AND ACTIVITIES 

The RPP transfer pumps can potentially pump any waste within the RPP with a 
maximum solid content of 33 percent (liquid content 67%). The analyses herein assume two 
values of solids concentrations, 33% and 5%, for the three types of waste, AWF, DST, and SST. 
The ULD values are taken from Van Keuren (1996a). Each of the waste types contain several 
radionuclides that contribute to the ULDs. The Cs-137 concentration provides an effective 
indicator of the relative gamma emissions for the purpose of shine and skyshine analysis. 

24hr Ingestion Cs-137 Concentration 
ULD (Sv-m3/s-L) (BqL) 

2.7E+O 9.13E+10 

Gamma = V I  V,fx Cs / C$,f x 65.9 mrhr x C (Eqn. 10) 

8.6E3+4 

1.8E+5 

where: 
C 
V volume of pool (gal) 
V,f 
Cs 
Cs,f 

conversion from mr (milli-rem) to Sv (Sievert) 

volume of reference pool (1200 gal) 
Cs-137 activity in specified waste (BqL) 
Cs-137 activity in reference waste (BqL) 

4.9E-1 8.85E+10 

2.OE-1 5.90E+ 10 

The ULDs and Cs-137 concentrations for the six wastes analyzed herein are shown in the 
table below. 

Table 3-3. TWRS Waste Composite Unit Liter Doses and 
Activity Concentrations (from Hey 1999a) 

Waste Composition 
(percent liquidslsolids) 

I AWF67133 

I AWF 9515 

1 DST 67/33 

DST 9515 

SST 67/33 

SST 9515 

3,2E+4 I 8.9E-2 

1.4E+O 

3.12 SUM OF FRACTIONS MULTIPLIER 

The SOF multipliers depend upon the accident frequency selection. For most accidents the 
frequency is identified to be "Anticipated." The SOF multipliers for the wastes analyzed herein 
are calculated from data taken from Van Keuren (1996b) and shown below. 
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Waste Form Onsite 
AWF 67/33 1.26E4 
AWF 9515 1.04E4 
DST 67/33 1.26E4 
DST 9515 1.04E4 
SST 67/33 1.96E4 
SST 9515 l . l l E 4  

4.0 SOURCE TERM 

There are two sources of exposure in these analyses. One is the direct gamma-ray 
exposure to those in the vicinity of a surface pool in the cases of leaks resulting in surface pools. 
The other is the transport of aerosols downwind. Leaks which remain confined under shielded 
cover blocks will not produce a significant gamma-ray exposure. Leaks that overflow their 
confinement or remain confined but without significant shielding (e.g., clean out boxes) will 
expose nearby onsite personnel to gamma radiation. Transport of aerosols downwind causes 
exposure to onsite and offsite personnel. 

Offsite 
6.83El 
1.75E1 
6.83E1 
1.75E1 
3.64El 
1.23E1 

4.1 LEAK VOLUME 

One transfer control currently relied upon to mitigate the consequences of a leak is a 
transfer pump shutdown. However, after the pump is turned off the leak may continue because 
there is still the potential to drain back and/or siphon waste contained in piping at higher 
elevations than the leak location. The leak rate should never exceed the level achieved when the 
pump was running (Le., 20 gpm), but for conservatism it is not assumed to be less. In these 
analyses of leaks in COBS, the drain leak is assumed Lo be identical to the pumped leak rate (20 
gpm). 

The COB analysis assumes that the transfer lines are constructed of 3 in schedule 40 pipe 
which holds a liquid volume of 0.384 gaVft. The longest length oftransfer pipe currently under 
consideration is 27,776 A (HNF 1998cb). This analysis conservatively assumes that 100% of the 
contents of an assumed length of 3 inch schedule 40 pipe drains back through the leak at a rate 
of 20 gpm. This analysis is conservative for transfer lines of smaller inside diameter. 

The total leak volume for COB cases includes the amount leaked before leak detection 
and pump shutdown (i.e. 20 gpm for 30 minutes) and the drain back volume. It is slightly 
conservative to assume that no waste remains confined (Le. ignore the 50 gallon holdup in the 
COB) and that all waste contributes to a surface pool. Consistent with this assumption is that 
there is no significant volume leaked prior to leak detection, or that leak detection is practically 
instantaneous. In the case of the COB, it is assumed that the leak detector is 2 inches above the 
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floor. This corresponds to a volume of about 5 gallons, so leak detection should occur in about 
15 seconds (5 gaV20 gallmin x 60 s/min). 

For the cases of leaks inside pits, the confinement structure is large and there is a 
significant leak volume needed for leak detection. Additionally, a leak rate much lower than 
20 gpm is sufficient to saturate the pit volume with aerosol. Therefore, rapid leak detection is 
not assured. However, consequences are calculated conservatively by assuming that 100% of the 
pit volume is displaced to the environment within 1 hour. Therefore, as long as the leak remains 
confined, neither leak detection or onsite worker evacuation is credited. For additional analyses, 
the reader may also refer to the mitigated leak scenario analyzed in Hall (1996~) which was done 
for the 241-Ap valve pit. 

There are two leak quantities to consider. The first is for the onsite MEI.  Hidher 
exposure is limited to one hour. The second is for the offsite ME1 whose exposure period is 24 
hours. For simplicity, doses for the 1 hr and 24 hr exposures are conservatively calculated for 
the maximum pool dimensions obtained at 1 and 24 hours, respectively. For the leaks in a COB, 
the onsite ME1 is exposed to the aerosols from the SC and the surface pool and the gamma from 
the pool during one hour. The offsite ME1 is exposed to the 600 gal pumped out plus the drain 
back quantity within 24 hours. For the pit leak cases, both the onsite and offsite ME1 exposure 
period is less than one hour. 

4.2 GAMMA-RAY EXPOSURE 

For the COB leak cases, a conservative gamma-ray exposure estimate is made assuming 
an idealistic case of a circular pool with an onsite receptor located 100 m from its center. This 
approach is typical of most TWRS FSAR supporting analyses (Hall 1996a, Hall 1996b, Van 
Vleet 1997) and meets the definition of onsite maximum exposed individual @ E I )  in HhF- 
PRO-517. Of course, the actual spill shape would depend upon local soil elevations and 
conditions 

The area of the source depends upon the amount of spreading assumed. Even in the ideal 
case of a perfectly flat area, this would be a hnction of waste viscosity, surface porosity and 
moisture content, ambient temperature, etc. A spreading factor of 8.7 fi-' has been used in a 
number of TWRS FSAR supporting analyses (Hall 1996a, Van Vleet 1997). This spreading 
factor was calculated by dividing the surface area of contaminated soil by the estimated spill 
volume of an actual event The event occurred at Hanford S farm in 1973 where an estimated 
8,600 gal of liquid waste spilled onto10,OOO A'of soil surface (ARH-2977 RD 1974). The depth 
of soil contamination varied between 2 in and 18 in, 

It is typically assumed that there is no immediate infiltration into the soil due to the 
possibility of ice or salt formation when a saturated waste solution comes into contact with a 
colder environment. The presence of blacktop or concrete surfaces could also promote formation 
of a surface pool. This is a conservative assumption because assuming the waste infiltrates the 
soil reduces the gamma-ray shine by approximately a factor of 4 (assuming a void fraction of 
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0.4). Due to the fact that the exact location of the leak can not be predicted, nor can the ambient 
or surface condition be known. no credit for infiltration is taken. 

4.3 EXPOSURE DUE TO INHALATION OF RESPIRABLE AEROSOLS 

Respirable sized liquid aerosols can be created any time liquid drops are exposed to shear 
forces. The types of releases that have typically been considered for waste transfers have been 
categorized as a spray, splash and splatter, or entrainment due to wind. The latter case is actually 
based on measurements from ponds experiencing wave action which is another form of splash 
and splatter. The dominant mechanism by far is a spray. All such analyses of unmitigated spray 
releases of Hanford tank waste directly into the environment yield unacceptable results. These 
analyses are very conservative. They usually assume maximum pressures, a viscosity equal to 
that of water, optimum crack widths, and take no credit for plugging due to suspended solids. 
Nevertheless, it is difficult to prove these optimal conditions can not exist. Hence it has already 
been concluded that a spray release directly into the atmosphere must always be prevented or 
mitigated by a confinement barrier. See Section 2.0. 

4.3.1 Aerosol Generation Due to Splashing and Splattering 

TWRS AB supporting analyses have also made use of a splashlsplatter source term to 
represent liquid waste falling onto a surface out in the open. Hall (1996a) makes use of a 
respirable release fraction (RRF) of4E-5 taken from Section 3.2.3.2 ofDOE (1994) which is the 
recommended value for slurries based on a 1 liter sample dropped from a height of 3 m. Jones 
(1998) used a RRF of SE-7 taken from the same reference but for a 1 L UNH solution dropped 
from a height of 1 m. Himes (1997) uses an Archimedes relationship to calculate the respirable 
aerosol from a falling vertical jet of liquid from height H. Although the application of these 
values yield small aerosol quantities in comparison to an open spray, it can become a dominant 
factor when the spray release is mitigated. 

DOE (1994) referenced measurements are based on one liter or smaller samples and the 
trend is a decrease in the release fraction for an increase in sample size. It is very conservative to 
use these values when applying them to large volume releases such as the several thousand 
gallon releases typically considered in waste transfer consequence analysis. 

When mitigation is provided such that these splash and splatter releases occur within a 
confinement, it is more accurate to base the release on the aerosol escaping the confinement as 
opposed to the aerosol generation rate. In the event that a confinement overflows, its physical 
orientation must not allow waste material to spill freely from a height and splatter against the 
waste below. In Hanford waste transfers, the various pits with cover blocks and boxes with 
supplemental covers as described in HNF-2329 ("F 1997) meet this criterion. 

Waste overflowing a pit or box and running down a short vertical wall section should not 
cause the aerosol fractions observed in Mishima's referenced liquid drop studies. Instead, it is 
proposed that the multitude of aerosol generating mechanisms which occur within such a 
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confinement be represented by a value more representative of the quantity escaping the 
confinement. This is the approach taken in Hall (1996~) which provides a bounding analysis for 
very large confinement structures. 

4.3.2 Aerosol Release from Confinement 

An aerosol generator inside a confined space does not have to be efficient in order to 
saturate the confined volume with aerosols. Such an aerosol generator could result from the 
splash and splatter of a low velocity stream of waste impacting a wall or piece of equipment 
Both the aerosol concentration and particle size distribution are highly transient values. 

When the aerosol is generated inside a confined volume, the source term is better defined 
by the release rate of aerosols from the confinement, rather than the generation rate within the 
confinement. This is because there are a number of depletion mechanisms occurring which 
remove aerosols from the air. The more important mechanisms are gravitational settling, 
coagulation, condensation, and inertial impaction. 

The approach taken in many TWRS AB supporting analyses is to base the source term on 
the volume of air displaced or vented from the confinement and assume that the escaping air 
contains a quasi-equilibrium respirable aerosol concentration of 100 mg/m3 (Hall 1996a, Jones 
1998, Hall 1996b, Van Keuren 1998). The displaced volumes have typically been calculated to 
be 35-40% ofthe total due to thermodynamic effects plus the volume of leakage collected in the 
confinement. This latter volume is based on either the product of leak rate and leak duration, or 
half of the confinement volume (assuming the source of aerosol generation is covered at that 
point). Additionally, venting due to natural breathing effects (Le., wind) is a consideration. 
Typically, 100% ofthe confinement volume is assumed to be displaced as a conservative 
representation of all of these effects. This creates perhaps a counter intuitive result that the 
larger the confinement, the larger the dose consequence. Larger confinement volumes do not 
necessarily result in larger doses because one would expect an increased opportunity for aerosol 
depletion. However, for simplicity this characteristic is ignored. 

4.3.2.1 Aerosol Release from Supplemental Cover 

Figure 1 shows a standard supplemental COB enclosure. The volume of this structure is 
1.2 m3. Surface wind would tend to sweep out aerosols suspended within the enclosure. The 
higher the wind speed, the higher the release. However, the atmospheric diffusion coefficient is 
inversely proportional to wind speed and effectively compensates the increase in release rate 
such that downwind aerosol concentration remains unchanged. The side walls of the enclosure 
are approximately one inch off the ground. A volumetric exchange rate of5.9 voVhr is 
calculated in Appendix A for this enclosure under low wind speed conditions. For conservatism 
this analysis assumes a volumetric release rate of 6 voVhr of aerosol laden air. The escaping air 
is assumed to have an aerosol concentration of 100 mg/m3. The duration of this release is 
expected to last until 100% of the transfer line has drained back through the leak at a rate of 20 
gpm. To ensure a conservative estimate of the release, the total release duration, T,, is calculated 
with the following equation. 
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T, (min) = T. + T, + Vd20 + TS (Eqn. 11) 

where: 
T, 
T, 
Vd 
T,, 
TI 

= time for leak detection and alarm (0 sec) 
= time required for pump shut down (30 min) 
= volume of waste in assumed length of pipe (gal) 
= time for Supplemental Cover to release one volume of aerosol (10 min), and 
= is limited to 1440 min (24 hours). 

4.3.2.2 Aerosol Release from Pits 

The waste transfer structures identified to have a volume less than IS m3 but not fitted with 
supplemental covers have been described as typical concrete valve pits with interlocking 
concrete cover blocks and shield plugs held in place by gravity. The externals walls of the pits 
have also been described as straight walled and not exceeding a height of more than a couple of 
feet. This description of the confinement structure meets the three-part criteria listed in Section 
2.0, Means of Mitigation. Therefore no supplemental cover is required because the valve pit 
with cover blocks and shield plugs in place already provides the necessary confinement fimction 
in order for consequences to remain bounded by the results reported in here. 

As long as the cover blocks and shield plugs are free to float upwards, the internal pressure 
within the valve pit cannot exceed 2-3 psig because this is the pressure due to the weight of the 
cover block (e.g., 2 feet high x140 lb./144 in2 = 2 Ib/inz). The efficiency of a liquid jet at that 
pressure to generate aerosol is very low and negligible in comparison to the wet entrainment 
rates assumed in the analysis. Even if the cover blocks were mechanically restrained, a 3 inch- 
gap % inch wide could easily accommodate a 20 gpm flow rate at 3 psi. Since no special means 
are available to seal the cover blocks against any significant pressure differential (i.e., > 3 psi), 
the cracks around the perimeter of the cover blocks are more than sufficient to accommodate the 
leak without resulting in a high pressure spray. 

The exterior walls of a concrete valve pit are typically perpendicular to the ground, do not 
have a lip or flange, and are usually one to two feet above grade. Should the pit overflow, the 
waste would exit the cracks in the perimeter of the cover blocks or shield plug, run across to the 
edge of the valve pit, and down its side onto the ground. This scenario is very much different 
from the configuration discussed in Section 3.2.3.2 of Mishima's liquid drop studies. These 
studies involved the dropping of liter quantities of UNH and other solutions onto a hard surface 
from one or more meters in height. The intent of these studies was to quantify the source term of 
the subsequent splattering of the liquid onto the floor. This characterization of what would 
happen in the event a valve pit overflowed is unnecessarily conservative when the geometry of 
the pit does not create the situation where a free fall could occur. As long as this is the case, then 
the aerosol releases considered here conservatively represent the consequences of a leak within a 
small volume structure. 
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The tops of pits are slightly above grade but the cover blocks are seated within the walls. 
Thus, surface wind would not impinge directly on joints or spaces. A leak inside a pit could 
generate aerosols which could then be released by the combined effects of displacement by 
leaking waste and heating of pit air. Similar to the approach with COB leaks, a simple approach 
to aerosol release is used. The air escaping the pit is assumed to contain a quasi-equilibrium 
concentration of aerosol (0.1 gram/m3). It is hrther assumed that the entire volume of it air is 
released within 1 hour irrespective of the pit volume or leak rate. For example, a 10 rn pit 
would release 1 gram within 1 hour. Thus both the onsite and offsite MEI’s are exposed to the 
entire release quantity within a short amount of time. 

P .  

Figure 1. Standard Supplemental COB Enclosure 
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4.3.3 Aerosol Entrainment from Waste Material Exposed to Wind 

Because of their small volumes, leaks within COBS are. assumed to lead to surface pools. 
Aerosols generated from wind induced entrainment have also been considered in TWRS AB 
supporting analyses (Hall 1996a, Jones 1998, Hall 1996b, Van VIeet 1997). The consensus of 
these analyses is that entrainment would be worse once the spill had dried. But for the one hour 
onsite ME1 exposure period considered in the mitigated analysis, it is safe to assume that wet 
conditions characterize the spill. What is more difficult to assign is the entrainment rate 
appropriate for such conditions. The value used in the above referenced analyses is 2E-10 
kg/m2-s. This value was intended to be conservative for the low wind speed gQ applied in the 
dose estimate. It is conservative in that it actually represents wave action occurring in ponds of 
water with a wind speed of 5 m / s  and a fetch of 200 m. 

Aerosol generated from wind induced entrainment is evaluated more rigorously herein 
using the method previously reported in Refined Consequence Anahsis of Subsurface Leaksfrom 
TWRS Facilities that Result in a Surface Pool, TWR-3958, Rev. 1 (Hey 1999). Estimated mass 
release rates (MRR) from large outdoor ponds are provided in Figure 3-8 ofMishima (1994) as a 
function ofwind speed and wind blown distance across the pond (Le., fetch). A least squares fit 
to the data yielded the following equation 

b f R 1 ? = 2 . I 4 x ] 0 - ’ ~ F ~ ~ - ~ ~ ~  (Eqn. 12) 

where: 
MRR mass release rate in kg/m2-s 
u wind speed in d s ,  
F fetch in meters. 

The maximum deviation between Equation 12 and the data in Figure 3-8 of Mishima 
(1994) isk12% (Hey1999). 

In the COB analyses herein, the fetch is taken to be the pool diameter, D. Note that 
Equation 12 predicts that the MRR is proportional to wind speed raised to the power of 3.762 
Thus, high wind speed conditions are predicted to yield much higher mass release rates, a 
conclusion that agrees with intuition. However, a higher wind speed also results in greater 
dispersion and would tend to lower downwind aerosol concentrations. Hence, an optimum wind 
speed exists such that downwind concentrations are at their worst. In order to select a wind 
speed which is both relatively frequent and representative of an optimal range of entrainment and 
dispersion conditions, a 95 percentile was chosen of the combined function of MRR * xlQ. 
Utilizing the Hanford 200 Area joint frequency (i.e,, meteorological) data, analysis showed this 
condition to be represented by a wind speed of 9.8 m / s  and Pasquill stability class D. In other 
words, for wind/surface entrainment conditions, a wind speed of 9.8 m / s  and Pasquill D stability 
class yields a downwind aerosol concentration which is bounding 95 percent of the time. This 
approach provides approximately the same degree of conservatism as the 99.5 percent sector xlQ 
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typically used in accident analyses for releases independent of wind speed. For hrther 
information on this approach, the reader should refer to Hey (1999). 

Using a wind speed of 9.8 d s ,  Equation 12 is evaluated for a pool diameter D in meters 
as follows: 

MRR = 2.14E-15 x D x 5358 (Eqn 13) 
= 1.147E-11 x D  kg/m2-s 

The data presented in Mishima (1994) actually represents wave action occurring in ponds 
of water. This phenomenon is not expected to occur in a relatively small waste spill as compared 
to a pond. However, it does represent the best available data at this time and the MRR predicted 
from its use should be a conservative mathematical representation of the TWRS waste spill 
scenario. Wet entrainment is assumed to occur for the duration of the pipe leak. 

AAer the leak is stopped the pond could be assumed to become static and, without 
mitigation measures, dry out. TWRS AB analyses have also considered dry entrainment (Jones 
1998, Hall 1996b, Van Vleet 1997). All three analyses use a RRF=8.4E-5 from DOE Section 
3.2.4.4 (1994) which is applied to the entire spill quantity. Jones (1998) does not include dry 
entrainment in offsite doses because emergency response procedures are credited with leakage 
containment and removal (see Section 2.0). The same control is assumed in this mitigated 
analysis and dry entrainment is not included in any onsite or offsite dose consequence. 

5.0 CONSEQUENCE ANALYSIS AND CONCLUSIONS 

5.1 MAXIMUM TRANSFER PIPE LENGTHS FOR LEAKS IN CLEANOUT BOXES 

This analysis estimates the radiological and toxicological consequences for the six wastes 
listed in Section I ,  namely AWF 67/33, AWF 9515, DST 67/33, DST 9515, SST 67133, and SST 
9515. The cases analyzed determine the longest length oftransfer pipe for which the radiological 
and toxicological consequences will be equal to or less than the consequences reported in Jones 
(1998) or in the REGS. 

5.1.1 Maximum Pipe Lengths for Consequences Less than in Jones (1998) 

The radiological and toxicological dose calculation methodology described in Section 3 
was used. The individual case calculations were performed with the aid of spreadsheets that are 
included in Appendix B. To find the longest pipe length for each of the six wastes, an iterative 
solution process was used. A trial pipe length was selected and inserted in the spreadsheet. In 
addition, a preliminary value for the total leak duration was selected. This value was typically 2 
hours and determines the offsite XlQ value from Equation 9. The spreadsheet calculates the 
resulting consequences including a key parameter, the total leak time corresponding to the input 
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Waste Type Pipe 
LiquidSolid Length 

Reference 610 
(Jones 1998) (2,000) 
AWF 67/33 3.400 

m (feet) 

pipe length as shown in Equation 1 I .  A time value less than this total release time is inserted 
into Equation 9 and a new case is run with the resulting new value of offsite x/Q. After about 5 
iterations, the consequences reach one of the limits from Jones 1998 (as shown in Table 5-1). At 
this point, the total leak time is evaluated with respect to the input time for the x/Q calculation. 
Convergence is obtained when the time value input to Equation 9 for offsite x/Q is less than the 
resulting total leak time from Equation 11. For example, for the case of AWF 67/33 waste, the 
leak time was about 4.1 hours and the time value for XlQ was 4.0 hours. In all cases, a maximum 
time of 12 hours was used for determining the offsite XlQ value even when leak durations were 
much longer (up to the maximum of 24 hours). This helps ensure that the results are 
conservative. 

Spill Onsite Offsite Onsite Offsite 
Volume Dose Dose Toxicological Toxicological 
L (gal) sv  s v  
5,300 5.lE-3 6.6E-6 1.4E-1 7.SE-4 

(1,400) 
19.000 4.3E-3 6.6E-6 2.OE-3 1.7E-5 

The results for all wastes are summarized below. The table compares the consequences 
to Calculation Notes for Surface Leak Resulting in Pool, TKRS FSAR Accident Ana&sis, WHC- 
SD-WM-CN-049, Rev. 0-B (Jones 1998). 

AWF 9515 

DST 67/33 

Table 5-1. Maximum Pipe Lengths for 20 gpm COB Leak 
with Consequences within Present Authorization Basis 

(1 I,OOO) (4,900) 

(75,000) (29,000) 
23,000 110,000 1.5E-3 4.SE-6 1.6E-3 3.1E-5 

17,000 83,000 1.7E-3 6.6E-6 2.OE-3 8.2E-5 

DST 9515 

SST 67/33 

(SS,OOO) (22,000) 
23,000 110,000 8.5E-4 1.7E-6 1.6E-3 3.1E-5 

(75,000) (29,000) 
23.000 1 10,000 1.OE-3 4.3E-6 3.1E-3 6.4E-5 

SST95IS I 23,000 I 110,000 I 4.1E-4 I l . lE-6 I 1.7E-3 2.2E-5 
(75,000) I ( 29,000) I 

From the table above it is seen that the limiting criterion is the offsite dose. The onsite 
dose is close to the limit for AWF 67/33 (4.3 versus 5.1) but far from the limit for SST 9515 
(4.1E-4 versus 5.1E-3). The toxicological consequences are far from the limits (about a factor of 
9 or more). Four ofthe six wastes are within the criteria in Jones 1998 for connecting 3-inch 
schedule 40 pipe lengths of 75,000 feet (14.2 miles). This length is far greater than any in 
current designs. A 75,000 foot-length corresponds to a drainback volume of 28,800 gallons 
which is the maximum amount that can be leaked in 24 hours at a leak rate of 20 gpm (20 gpm x 
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24 hr x 60 midhr). Thus, longer pipe lengths do not increase the consequences at 24 hours for 
the offsite MEI. 

The 20 gpm leak of AWF 67/33 waste which has the highest Unit Liter Dose values is 
acceptable for pipe length up to about 11,000 feet. The limiting criterion for the AWF 67/33 
waste is the dose to the offsite MEI, 6.6E-6 Sv in Jones 1998. This length is likely to bound the 
longest transfer pipe length identified up to the present with the exception of the Replacement 
Cross-Site Transfer System (CSTS) which has a length of about 6.5 miles. For the 11,000 foot- 
length to be limiting, the pipe would have to either slope along its entire length back to the leak 
site or be capable of inducing a siphon from the destination tank. This makes the possibility of 
such a case very improbable. 

The 20 gpm leak of DST 67/33 waste (which has the next highest Unit Liter Dose values) 
is acceptable for pipe length up to about 55,000 feet. Its limiting criterion is also the dose to the 
offsite MEI, 6.6E-6 Sv. This length is likely to bound the longest transfer pipe length identified 
up to the present including the RCSTS. For the 55,000 foot-length to be limiting, the pipe would 
have to either slope along its entire length back to the leak site or be capable of inducing a siphon 
from the destination tank. This makes such a case very improbable. 

It should be noted that the above results for leaks in clean-out boxes are not necessarily 
limited to cases where the transfer pump is shut off within 30 minutes. If the leak volume is 
limited to that represented by the pipe length which could drain back, then transfer pump shut off 
could occur later and still have consequences bounded by those reported above. 

Some detailed results for the limiting case of AWF 67/33 waste are shown below in 
Table 5-2. The table lists the radiological and toxicological consequences by pathway. It is seen 
that the radiological consequences are due mostly to the release from the Supplemental Cover 
(“SupCover” in Table 5-2). The spreadsheets for all cases are included in Appendix B. 
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Table 5-2. Details of Analysis for 20 gpm AWF 67/33 Leak in Cleanout Box 

*Gamma = (Shine+Skyshine for Reference Leak)x(Ratio of Leak Volumes)x(Ratio of Cs 137 Activities) 

File:TWR3738Rev113738R I AWP67 

5.1.2 Maximum Pipe Lengths for Consequences Less than REGs 

Two additional cases for leaks into COBS were run to determine the longest transfer pipe 
length for which the consequences will be within the REGs. Only the cases for AWF 67/33 and 
DST 67/33 needed to be run because these were the only cases restricted by Jones (1998) to a 
transfer pipe length less than 75,000 feet. The same analysis process using spreadsheets as 
described in section 5 .1 .1  was used. The results for all wastes are summarized below. 
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SST 67/33 

SST 9515 

Table 5-3. Maximum Pipe Lengths for 20 gpm COB Leak Consequences within REGs 

23,000 110,000 1.OE-3 4.3E-6 3.1E-3 6.4E-5 

23,000 110,000 4.1E-4 l.lE-6 1.7E-3 2.2E-5 
(75,000) (29,000) 

(75,000) (29,000) 

From the table above it is seen that all six waste types are within the REGs for the longest 
transfer pipe length of 75,000 feet (14.2 miles). This length is far greater than any in current 
designs. A 75,000 foot-length corresponds to a drainback volume of 28,800 gallons which is the 
maximum amount that can be leaked in 24 hours at a leak rate of 20 gpm (20 gpm x 24 hr x 60 
midhr). Thus, longer pipe lengths do not increase the consequences at 24 hours for the offsite 
ME1 

As in section 5.1.1, it should be noted that the above results for leaks in clean-out boxes 
are not necessarily limited to cases where the transfer pump is shut off within 30 minutes. If the 
leak volume is limited to that represented by the pipe length which could drain back, then 
transfer pump shut off could occur later and still have consequences bounded by those reported 
above. 

5.2 MAXIMUM VOLUMES FOR LEAKS IN PITS 

This analysis estimates the radiological and toxicological consequences for the six wastes 
listed in Section 1. The analyses were performed using as criteria the onsite and offsite 
radiological and toxicological doses for Anticipated Events in the REGs and the limits in Ryan 
(1999). The cases analyzed determine the largest pit volume for which the radiological and 
toxicological consequences will be equal to or less than the the REGs or, for the case of AWF 
waste, less than the consequences allowed by the Authorization Basis which is based on Ryan 
(1 999). 
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WasteType I Pit I Maximum I Onsite I Offsite I Onsite 

The radiological and toxicological dose calculation methodology described in Section 3 
was used. The individual case calculations were performed with the aid of spreadsheets that are 
included in Appendix B. To find the maximum pit volume for each of the six wastes, a simple 
iterative solution process was used. A trial pit volume was selected and inserted in the 
spreadsheet. After about 3 iterations, the consequences reach one of the limits. The spreadsheets 
for all cases are provided in Appendix B. 

Offsite 

5.2.1 Maximum Pit Volumes for AWF Waste Leak Consequences Less than the AB 

LiquidISoiid 

Ryan (1 999) 
AWF 67/33 

AWF 9515 

The results for the two AWF cases run against the limits in Ryan (1999) are summarized 
in Table 5-4 below. 

Volume Spill Volume Dose Dose Toxicological Toxicological 

NA NA 4.1E-2 3.7E-5 8.1E-2 4.2E-4 
91 91,000 4.1E-2 3.5E-5 2.3E-2 1.2E-4 

m3 (it’ ) L (gal) s v  s v  

(3,200) (24,000) 
390 390,000 2.7E-2 2.3E-5 8.1E-2 1.4E-4 

(1 4,000) (1 00,000) 

Table 5-4. Maximum Pit Volumes for AWF Waste Leak Consequences Less than the 
Authorization Basis 

It is seen from the table above that the dose to the onsite ME1 is limiting for a leak of 
AWF 67/33 into a pit. In contrast, the onsite toxicological dose is limiting for a leak of AWF 
9515 into a pit. These results are due to the assumption that the entire pit air volume is released 
within one hour and no additional release occurs. The pit volumes above may be compared to 
the volume of the largest pit in use today, the 241-AP pit with a volume of 74.9 m3 (DOE 1991, 
Himes 1997). The maximum pit volumes for AWF wastes are significantly larger than 74.9 m3 
(24 1 -AP). 

It should be noted that the above results for leaks within pits are not sensitive to any 
particular leak rate assumption. If the spill volume is limited to that represented by the pit 
volume, then any pit leak rate scenario will have consequences bounded by those reported above. 
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SST 9515 

5.2.2 Maximum Pit Volumes for Consequences Less than the REGs 

A second set of cases were run to determine the largest pit volume for which the 
consequences will be within the REGs. The same analysis process using spreadsheets as 
described in section 5.2.1 was used. The results for all cases are summarized below. 

290 290,000 5.OE-3 4.3E-6 6.4E-2 7.1E-5 
(1 0,000) (76,000) 

It is seen from the table above that the dose to the onsite ME1 is limiting for pit leaks. 
This is due to the assumption that the entire pit air volume is released within one hour and no 
additional release occurs. The pit volumes above may be compared to the volume of the largest 
pit in use today, the 241-AP pit with a volume of 74.9 m3 (DOE 1991, Himes 1997). The 
maximum pit volumes for AWF 67/33 (1 1 m3) and DST 67/33 (35 m’) are significantly smaller 
than 74.9 m’ (241-AP). However, it is possible to transfer the DST waste through lines that do 
not have pits with volumes larger than 35 m’. 

It should be noted that the above results for leaks within pits are not sensitive to any 
particular leak rate assumption. If the spill volume is limited to that represented by the pit 
volume, then any pit leak rate scenario will have consequences bounded by those reported above. 

5.3 CONCLUSIONS 

As stated in Section 1 .O, two kinds of evaluations are needed to provide a bounding 
analysis of mitigated waste transfer leak scenarios. One is a spill resulting in a surface pool from 
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which gamma-ray exposure and entrainment due to wind occurs. The other is a leak into a 
confinement structure such as a valve pit which results in the release of aerosols as the pit air is 
displaced. Acceptable means of mitigation are identified in Section 2.0. 

5.3.1 Leaks in Cleanout Boxes that form a Surface Pool 

For leaks into a COB that form a surface pool, onsite exposure is limited via leak 
detection and emergency response actions to evacuate onsite personnel within 1 hour. Offsite 
exposure could increase even after transfer pump shutdown due to continued leakage as long as 
the transfer pipe continues to drain. The length of pipe which could drain completely yet still 
have offsite consequences which are bounded by Jones 1998 is reported in Table 5-1 assuming 
the transfer pipe is 3-inch schedule 40 pipe. Although the calculation assumed transfer pump 
shutdown occurred 30 minutes after onset of leakage, this timing is not critical as long as the 
total volume spilled remains below the spill volume reported in Table 5-1. The primary 
differences between this analysis and Jones 1998 is the use of a consistent wind speed for both 
entrainment and atmospheric dispersion as discussed in Section 4.3.3, and the elimination of the 
splashhplatter source term (see Section 4.3.2). The two wastes that are most restrictive in terms 
of allowable transfer pipe length in comparison to the Jones (1998) data are AWF 67/33 and 
DST 67/33 with maximum lengths of 11,000 feet and 55,000 feet, respectively (see Table 5-1). 
For 20 gpm leaks into a COB, all six waste types have consequences within the REGS for pipe 
lengths up to 75,000 feet, which corresponds to the total volume that can be drained in a 24-hour 
period at 20 gpm (see Table 5-3). 

5.3.2 Leaks in Pits 

For the leak in a pit, the pit volume is the critical parameter which defines exposure. 
Since the pit is not air tight, aerosols can escape via a number of processes. This aerosol release 
is simplistically assumed to be directly proportional to the pit volume. Leak detection, leak rates 
and transfer pump shutdown are not critical to onsite and offsite exposure because the entire pit 
volume is assumed to be displaced in less than an hour. The analysis assumes that the pit does 
not overflow. This would be true as long as the spill volume remains less then the pit volume. 
In the event a pit did overflow, a pressurized spray would not be generated due to the uplifting of 
the cover blocks as discussed in Section 4.3.2.2. Also, aerosol generation through a splash and 
splatter mechanism would not be expected due to the “near grade” top of the pit and geometry 
not conducive to a free fall spill. This is also discussed in Section 4.3.2.2. 

The Safety Basis that provides the current Authorization Basis for AWF wastes is 
provided in FSAR Trunsition Spruy Leuk Anulysis, Rev. 0, HNF-5 147 (Ryan 1999). The AWF 
67/33 and AWF 95/5 waste are at the limits in Ryan (1999) for pit volumes of 91 and 390 m3, 
respectively, which are larger than the largest pit (74.9 m3). These results are provided in Table 
5-4. 

The DST 95/5, SST 67/33, and SST 95/5 wastes are all within the REGs for leaks in pits 
larger than 74.9 m3. The DST 67/33 waste is within the REGs for a pit volume of 35 m3. The 
AWF 67/33 waste is within the REG limits for a pit volume of 1 lm3. Leaks into pits with 
consequences which are bounded by the REGs are reported in Table 5-5. 
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In 4 out of 6 cases (AWF 67/33, AWF 95/5, DST 67/33, and SST 67/33) the bounding pit 
volume is less than the bounding surface pool volume. Hence, this same bounding surface pool 
volume leaked into the bounding pit would result in an overtlow. However, this would not affect 
onsite consequences because assuming a 20 gpm leak even the smallest bounding pit (1 1 m’) 
would take longer than 2 hours to fill, by which time the onsite worker would be evacuated. 
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APPENDIX A - Calculation of Volumetric Air Exchange Rate for COB 

An approximate air exchange rate is calculated for a supplementary cover having the 
dimensions shown in Figure 1 .  The premise of this calculation is that wind will blow in an 
opening on one side ofthe enclosure, mix thoroughly with the air inside the enclosure, and exit 
the opposite side through a similar opening. The opening shown in Figure 1 has an area A of 
0.0277 mz (-43 in2) and the enclosure volume V is 1.2 m’. 

An approximate ground level wind speed is calculated using a power law formula (Hanna 
1982): 

u = U,O(dlO)P 

where z is height in meters and U I O  is the observed wind speed at a height of 10 m. The power 
factor p is taken to represent class F wind speed for rural conditions and is assigned a value of 
0.55. Using this formula for an observed 10 m wind speed of 0.89 m / s ,  a wind speed of 0.0707 
m / s  is calculated for height of 0.1 m. This should conservatively represent the wind speed at the 
face of the enclosure opening which is approximately one inch above the ground. 

The flow rate through the enclosure under these conditions is given by the formula: 

w = u A  
= (0.0707 m/s)(0.0277 mz) 
= 0.00196 m3/s 

The volume exchange rate is then: 

R = w N  
= (0.00196 m’/s)/(l.2 m’) 
= 0,00163 vol/s 
= 5.9 vol/hr 
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APPENDIX B - Spreadsheet Consequence Calculations 

The following pages include spreadsheet results representing various waste compositions, 
pit volumes and transfer line lengths. Unit liter doses, toxic sum of fractions, and 
Bremsstrahlung gamma-ray spectra for Sr-90 were taken from Van Keuren (1996a, 1996b). 
Onsite exposures due to material entrainment from a surface pool use the xlQ based on a wind 
speed of 9.8 m / s  and Class D conditions for conservatism in the aerosol entrained by wind acting 
on the surface pool. The release rate per unit area is based on a correlation that is a hnction of 
wind speed and pool diameter (for the fetch). Exposures due to material released from a 
Supplemental Cover on the Cleanout Box use for conservatism a plume meander corrected xlQ 
for a wind speed of 1 m/s  and Class F conditions. 

Gamma-ray shine doses are derived using the ratio ofthe pool volume to the 1,200 gal 
spill assumed in the reference case. The MicroshieldTM and MicroskyshineTM output files for the 
reference case are provided in Appendix C. This is appropriate since the onsite ME1 distance is 
far enough (i.e., 100 m) to cause the relationship between source quantity and dose to be 
approximately linear. Gamma-ray shine doses are also ratioed by the Cs-137 pool inventory 
against the base case inventory since 0 - 1 3 7  dominates the gamma-ray shine dose. 
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Waste Type 
AWF Liquids 
AWF Solids 
67/33 Composite 

Extremely Unlikely 

Onsite Offsite Onsite Offsite Onsite Offsite 
1.OE+04 8.4E+00 7.5E+02 8.4€+00 2.1E+02 6.2E-01 
1.8E+04 1.9E+02 3.3E+03 1.5E+01 6.3€+02 2.8€+00 
1.3E+04 6.8E+01 1.6E+03 1 IE+Ol 35E+02 13E+00 

Anticipated Frequency Unlikely Frequency Frequency 

Waste Cs-I37 Activitv lBolLI 

light activity 3 3E-04 
24-hr average 3 3E-04 

I X - T - ,  
~. 

Time (hr)= 4 124E-07 
Note LA rate X/Q = 1.3%-05 
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Soil Density 

Leak flow rate 2.00E+01 gpm 
Time for leak detector alarm O.OOE+OO min 
Time to trfr pump shutdown 3.00E+01 min 
Pumped spill volume 6 00E+02 gal 
Drainback pipe length 1.12E+04 ft 
Pipe ID 3.07E+00 in 
Drainback volume 4 30E+03 gal 
Drainback leak rate 2.00E+01 gpm 
Total spill volume in 24hours 4.90E+03 gal 
Total spill duration(max=24hr) 2.45E+02 min 

1 hr surface pool spill volume 1.20E+03 gal 
Spreading factor 8.70E+00 ft-1 
Pool area 1.40E+03 ft2 
Pool radius 2.11E+01 ft 
Wet resuspension flux 
Aerosol release rate from wet resuspension 
Aerosol released from 1 hr wet resuspension 
Wind Fnt rainment to Offs ;le R e c w  
24 hr surface pool volume 4.90E+03 gal 
Spreading factor 8.70E+00 R-I 
Pool area 5.70E+03 ft2 
Pool radius 4.26E+01 ft 
Wet resuspension flux 
Aerosol release rate from wet resuspension 
Aerosol released from 24 hr wet resuspension 

Qnsl@ Remm 

~ l e r n e n i a y  Co ver 

67/33 AWF Waste and 20 gpm Leak 
Pipe Length (feet) 11,200 0 
File TWR3738Hevl13738RlAWF67 

Source Term 

Confined volume 
Confined volume exchange rate 
Confined volume aerosol concentration 

Parameter IEnglish Units 
Waste Densitv I 

4.23E+01 ft3 

" 
1.6 kg/L 

I85E+04 L 
i47E+04 s 

I54E+00 m3 

l30E+02 m2 
i.43E+00 m 
1.47E-10 kg/m2-s 
137E-08 Lis 
4.92E-05 L 

85E+01 m3 

i.30E+02 m2 
.30E+01 m 

2.98E-10 kgim2-s 
1.13E-07 L/s 
3 75E-03 L 

.20E+00 m3/vol 
;.00E+00 volihr 
.00E+02 mg/m3 
143E-07 Lis 
5 14E-04 L 
!.19E-03 L 

1.57E-07 L/s 
!.56E-07 L/s 
5.64E-04 L 
1.19E-02 L 

Basis 
Past BIO practice 

given 
given 
given 

given 
given 

4.08E+00 hi 

Past BIO practice 

Based on TWR-3958 
eqn 4-1 & 9 8 misec 
msite evac. control 

'as1 BIO practice 

3ased on TWR-3958 
?qn 4-1 8.9 8 rnisec 
.eakage containment 
& removal control 
imiting assumption 
easonable assumption 
easonable assumption 

6 00E+01 minutes 
2 55E+02 minutes I 
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Pathway 
Inhalation 
Ingestion 
Gamma-ray 
Total 
Anticipated Guideline 

Onsite ME1 EDE (Sv) Offsite ME1 EDE (Sv) 
3 26E-03 6.51E-06 

NA 9 60E-08 
102E-03 NA 
4.28E-03 6 60E-06 
5.00E-03 100E-03 
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Consequences 
Radiological 

Toxicological 

Receptor Conseq. Guideline Rev 0-B' 
Onsite 4.3E-03 5.0E-03 5 ~ 1  E-03 
Offsite 6.6E-06 1 .OE-03 6 6E-06 
Onsite 2.0E-03 I.OE+OO 1.4E-01 
Offsite 1 7 ~ - n 5  I w+nn 7 5 F . m  

File TWR3738Revl13738RlAWFBi 

File TWR3738Revl13738RlAWF67 
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Inhalation 
Ingestion 
(Sv-m"3/s 

Waste Type 
AWF Liquids 
AWF Solids 
9 3 5  Composite 

AWF Continuous Release SOF Multipliers (s1L) 
I I I I Extrernelv Unlikelv I 

(SV1L) L) 
1.4E+03 9.2E-02 
17E+06 8.1E+00 
8 6E+04 4 9E-01 

Waste Type 
AWF Liquids 
AWF Solids 
9515 Composite 

I ~ ~, 
Anticipated Frequency Unlikely Frequency Frequency 

Onsite Offsite Onsite Offsite Onsite Offsite 
1 .OE+04 8.4E+00 7.5E+02 8.4E+00 2.lE+O2 6.2E-01 
1.8E+04 1.9E+02 3.3E+03 1.5E+01 6.3E+02 2.8E+OO 
1 .OE+04 1 7E+01 8 8E+02 8 7E+00 2.3E+02 7.3E-01 

Onsite [ Offsite 
9 5 %  9.8rnis.TWR-3958 I 7.57E-04 I 4.92E-07 
99.5% lm/s.TWR-3738 I 3.41E-02 I 7.07E-06 

Logarithmic Interpolated ChilQ 2 12E 05 
Time (hr)= 12 124E-07 

x/Q = 7.07E-06 

Cs-137 Activity for this waste 
Cs-137 Activity, Ref. DST 9515 
Gamma Multiplier for this waste 

18.85Ec10 
I5.90E+10 
I 1.50E+00 

B-7 
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24-hr average 
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TWR-3738, Rev. 1 

FileWR3738Rev11373BRlAWF95 

Source Term 
Parameter English Units 
Waste Density 
Soil Density 

Leak flow rate 2.00E+01 gpm 
Time for leak detector alarm O.OOE+OO min 
Time to trfr pump shutdown 3,00E+01 min 
Pumped spill volume 6.00E+02 gal 
Drainback pipe length 7.50E+04 fl 
Pipe ID 3.07E+00 in 
Drainback volume 2.88E+04 gal 
Drainback leak rate 2.00E+01 gpm 
Total spill volume in 24hours 2.88E+04 gal 
Total spill duration(max=24hr) 1.44E+03 min 

1 hr surface pool spill volume 1.20E+03 gal 

Pool area 1.40E+03 ft2 
Spreading factor ~ . ~ O E + O O  n - i  

Pool radius 2.11t+01 n 
Wet resuspension flux 
Aerosol release rate from wet resuspension 
Aerosol released from 1 hr wet resuspension 

24 hr surface pool volume 2.88E+04 gal 
Spreading factor ~ . ~ O E + O O  n - i  
Pool area 3 .35~+04  n2 
Pool radius 1.03E+02 ft 
Wet resuspension flux 
Aerosol release rate from wet resuspension 
Aerosol released from 24 hr wet resuspension 

IV Cover 
Confined volume 4.23E+01 ft3 
Confined volume exchange rate 
Confined volume aerosol concentration 
Aerosol release rate from confined volume 
Aerosol release from 1 hr confined volume release 
Aerosol release from 24 hr confined volume release 

Peak 1 hr aerosol release rate 
Peak 24 hr aerosol release rate 
Total 1 hr aerosol release 
Total 24 hr aerosol release 

P 

letric Units 
1.40E+00 kg/L 

1.6 kg/l 

I .09E+05 L 
3.64E+04 s 

%.54E+00 m3 

I .30E+02 m2 
3.43E+OO m 
1.47E-10 kg/m2-s 
1.37E-08 Lis 
4.92E-05 L 

I .09E+02 m3 

3.12E+03 m2 
3.15E+01 m 
7.22E-I0 kg/m2-s 
1 61E-06 Us 
139E-01 L 

I .20E+00 m3/vol 
j.OOE+OO vollhr 
I .00E+02 rng/m3 
1.43E-07 L/s 
5.14E-04 L 
1.23E-02 L 

1.57E-07 L/s 
1.75E-06 Lis 
5.64E-04 L 
1.51E-01 L 

hsis 
last 810 practice 

liven 
liven 
liven 

liven 
liven 

2.40E+01 hi 

last BIO practice 

lased on TWR-3958 
?qn 4-1 & 9.8 rn/sec 
lnsite evac. control 

last BIO Dractice 

lased on TWR-3958 
'qn 4-1 & 9.8 m/sec 
eakage containment 
P removal control 
miting assumption 
?asonable assumption 
?asonable assumption 

3.00E+01 minutes 
1.44E+03 minutes I 
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TWR-3738, Rev. 1 

95/51 AWF Waste and 20 gpm Leak 
One hour leak quantity = 1,200 gal Total time 2.40E+01 hours 
24 hour leak quantity = 28.800 gal 1.44E+03 minutes 
Transfer Line Length = 75,000 ft 14.2 miles 12 hr for X/Q 

Radiological Consequences 
Pathway 
Inhalation 5.01 E-04 4 43E-06 
Ingestion 7.66E-08 
Gamma-ray 9.89E-04 
Total 1.49E-03 4.51 E-06 
AnticiDated Guideline 5.00E-03 1.00E-03 

Line vol 28801 gallons 

Toxicological Consequences 
Pathway Ionsite ME1 (SOF) loffsite ME1 (SOF) 
Inhalation I 163E-03 I I 3 06E-05 I 
Guideline 1 100E+00 I I 1 00E+00 I 
File TWR3738Revl13738RlAWF95 

Inhalation Dose-Ratio of SC Release to Wind Entrainment I 
Offsite Receptor, 24 hr 1.31 I Onsite Receptor,lhour I I 470.51 
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TWR-3738, Rev. 1 

Consequences 
Radiological 

Toxicological 

Receptor Conseq. Guideline Rev 0.6% 
Onsite 1.49E-03 5.00E-03 5.10E-03 
Offsite 4.51 E-06 1.00E-03 6.60E-06 
Onsite 1.63E-03 1.00E+00 1 40E-01 
Offsite 3.06E-05 1 00E+00 7 50E-04 

'Gamma = (Shine+Skyshine for Reference Leak)x(Ralio of Leak Volumes)x(Ralio of G I 3 7  Activities) 

Toxicological Consequences I 
Location SupCover IWetResus 

Initial Rates (Us) 
I 

24 hour Rates (Us) 
SupCoverIWetResus Rate (Us) SOF Mult SOF 

I I I I I I I 
Offsite 
File TWR3738Rev113738RlAWF95 

143E-071 137E-081 143E-071 161E-061 1 75E-061 1 75E+01 I 3 06E-05 

Onsite 
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Waste Type 
DST Liquids 
DST Solids 
67/33 Composite 

67/33 DST Waste 20 gpm Leak 
File TWR3738Rev1/3738Rl OST67 

DST Radiological Unit Liter Doses 
Ingestion 

Inhalation (Sv-mA3/s- 

Extremely Unlikely 

Onsite Offsite Onsite Offsite Onsite Offsite 
1.OE+04 8.4E+00 7.5E+02 8.4E+00 2.1E+02 6.2E-01 
1.8E+04 1.9E+02 3.3E+03 1.5E+01 6.3E+02 2.8E+00 
1.3€+04 I 6.8E+01 1.6E+03 I I. IE+OI 3.5E+02 I 1.3E+00 

Anticipated Frequency Unlikely Frequency Frequency 

DST Solids 5.3E+05 4.8E-01 

I Onsite I Offsite 
95%. 9.8m/s.TWR-3958 I 7.57E-04 I 4.92E-07 
99.5%. lrn/s,TWR-3738 I 3.41E-02 I 7.07E-06 

Cs-137 Activity for this waste I5.90E+10 
Cs-I37 Activity, Ref. DST 95/5 I5.90E+10 
Gamma Multiplier for this waste I 1.00E+00 

light activity 
24-hr average 

3.3E-04 
3.3E-04 

Logarithmic Interpolated x/Q 2 12E-05 
Time (hr)= 12 124E-07 
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24 hr surface pool volume 
Spreading factor 
Pool area 
Pool radius 
Wet resuspension flux 

67/33 DST Waste 20 gpm Leak 

2.17€+04 gal 
~ . ~ O E + O O  n - i  
2 .53~+04  n2 
8.97€+01 ft 

Pipe Length (feet) 
File:TWR3738Rev1/3738R1 DST67 
Source Term 
Parameter 
Waste Density 
Soil Density 

Leak flow rate 
Time for leak detector alarm 
Time to trfr pump shutdown 
Pumped spill volume 
Drainback pipe length 
Pipe ID 
Drainback volume 
Drainback leak rate 
Total spill volume in 24hours 
Total spill duration(max=24hr) 

1 hr surface pool spill volume 
Spreading factor 
Pool area 
Pool radius 
Wet resuspension flux 
Aerosol release rate from wet resuspen! 

R e C d Q C  

taw Cover 
Confined volume 
Confined volume exchange rate 
Confined volume aerosol concentration 

55,000.0 

4.23~+01 n3 

inglish Units 

200E+01 gpm 
0 OOE+OO min 
300E+01 min 
6 00E+02 gal 
5 5 a ~ + o 4  ft 
3 07E+00 in 
2 11 E+04 gal 
2 00E+01 gpm 
2 17E+04 gal 
109E+03 min 

120E+03 gal 

140E+03 ft2 
8 ~ O E + O O  n - i  

2 IIE+OI n 

1 

fletric Units 
1.40E+00 kg/L 

1.6 kgiL 

3.22E+04 L 
$.52E+04 s 

1.54E+00 m3 

I30E+02 m2 
5 43E+00 m 
1.47E-10 kg/m2-s 
1.37E-08 U s  
4.92E-05 L 

3.22E+01 m3 

!.35E+03 m2 
?.74E+01 m 
6.27E-I0 kg/m2-s 
1.05E-06 l i s  
9.10E-02 L 

I .20E+00 m3ivol 
j.OOE+OO volihr 
I .00E+02 mgim3 
1.43E-07 L/s 
5.14E-04 I 
9.39E-03 L 

1.57E-07 L/s 
1.20E-06 L/s 
5 64E-04 L 
1.00E-01 L 

asis 
ast BIO practice 

iven 
iven 
iven 

iven 
iven 

I.81E+01 hr 

ast BIO practice 

ased on TWR-3958 
:qn 4-1 8. 9.8 m/sec 
nsite evac. control 

ast BIO practice 

ased on TWR-3958 
qn 4-1 8 9.8 m/sec 
eakage containment 
k removal control 
niting assumption 
lasonable assumption 
:asonable assumption 

i.OOE+OI minutes 
.1OE+03 I minutes 
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TWR-3738. Rev. 1 

Pathway 
Inhalation 
Ingestion 
Gamma-ray 
Total 
Anticipated Guideline 

Onsite ME1 EDE (Sv) Offsite ME1 EDE (Sv) 
1.04E-03 6.57E-06 

NA 2 27E-08 
6.59E-04 NA 
1.70E-03 6 59E-06 
5.00E-03 1.00E-03 
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TWR-3738, Rev. 1 

Consequences 
Radiological 

Toxicological 

Receptor Conseq. Guideline Rev 0-6' 
Onsite 170E-03 5.00E-03 5.10E-03 
Offsite 6.59E-06 1.00E-03 6.60E-06 
Onsite 1.98E-03 l.OOE+OO 1.40E-01 
Offsite 8.17E-05 l.OOE+OO 7.50E-04 

Onsite Inhalation 

aource ierms oy Iviecnanism(L) 

SupCover IWetResusl Gamma XIQ(sIm3) BR(m3Is) ULD(SvIL) Dose(Sv) 
I 4.92E-051 7.57E-04 3.30E-04 1.79E+05 2.20E-06 

Totall I I I 1.70E-03 

File WR3738RevlI3738R1 OST67 

9.39E-03 NA 7.07E-06 3.30E-04 
Ingestion 9.1 OE-02 4.92E-07 

9.39E-03 7.07E-06 
Total 

9-14 

1.79E+05 3.92E-06 
2.04E-01 9.13E-09 
2.04E-01 1.35E-08 

6.59E-06 



TWR-3738. Rev. 1 

DST Solids 
9% Composite 

95/5 DST Waste 20 gpm Leak 
F11e lWR3738Rev113738Rl DST95 

5.3E+05 4.8E-01 
3.2E+04 8.9E-02 

DST Radiological Unit Liter Doses 
I I I Ingestion I 

Waste Type 
DST Liquids 
DST Solids 
95/5 Composite 

I I Inhalation I (Sv-mA3/sl 

Onsite Offsite Onsite Offsite Onsite Offsite 
1 .OE+04 8.4E+00 7.5E+02 8.4E+00 2.1E+02 6.2E-01 
1.8E+04 1.9E+02 3.3E+03 1.5E+01 6.3E+02 2.8E+00 
1 .OE+04 1.7E+01 8.8E+02 8.7E+00 2.3E+02 7.3E-01 

Waste Type I (SV/L) I L) 
DST Liquids I 6.1E+03 I 6.8E-02 

DST Continuous Release SOF Multipliers (s/L) 
I I I I Extremelv Unlikelv 1 
I I Anticipated Freauencv I Unlikelv Freauencv I Freauencv ’ I 

AtmosDheric DisDersion Coefficients fWQl Waste Cs-137 Activitv IBoILI 
I ~I 

I Onsite I Offsite 
95%. 9.8m/s,TWR-3958 I 7.57E-04 I 4.92E-07 
99.5% lm/s,TWR-3738 I 3.41E-02 I 7.07E-06 

Breathina Rates f m 3 M  
I 

light activity 3.3E-04 
24-hr average 3.3E-04 

, % - - ~ - ,  ~~~~ ~~ ~~~ ~~~~~~~~ 

Logarithmic Interpolated WQ 2 12E-05 
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Soil Density 

Leak flow rate 2.00E+01 gpm 
Time for leak detector alarm O.OOE+OO min 
Time to trfr pump shutdown 3.00E+01 min 
Pumped spill volume 6.00E+02 gal 

Pipe ID 3.07E+00 in 
Drainback volume 2.88E+04 gal 
Drainback leak rate 2.00E+01 gpm 
Total spill volume in 24hours 2.88E+04 gal 
Total spill duration(max=24hr) 1.44E+03 min 

1 hr surface pool spill volume 1.20E+03 gal 

Pool area 1.40E+03 ft2 
Pool radius 2.11E+01 ft 
Wet resuspension flux 
Aerosol release rate from wet resuspension 
Aerosol released from 1 hr wet resuspension 

24 hr surface pool volume 2.88E+04 gal 

Pool area 3.35E+04 ft2 

Drainback pipe length 7 .50~+04 n 

Spreading factor ~ . ~ O E + O O  n-i 

Spreading factor ~ . ~ O E + O O  n-i 

Pool radius I . o ~ E + o ~  n 
Wet resuspension flux 
Aerosol release rate from wet resuspension 
Aerosol released from 24 hr wet resuspension 

Cover 
Confined volume 4 .23~+01 n3 
Confined volume exchange rate 
Confined volume aerosol concentration 
Aerosol release rate from confined volume 
Aerosol release from 1 hr confined volume release 
Aerosol release from 24 hr confined volume release 

Peak 1 hr aerosol release rate 

95/5 DST Waste 20 gpm Leak 
Pipe Length (feet) 75,000 0 
File TWR3738Rev1/3738RI DST95 
Source Term 
Parameter IEnglish Units 
Waste Density I 

letric Units 
I .40E+00 kglL 

1.6 kglL 

I .09E+05 L 
l.64E+04 s 

1.54E+00 m3 

I .30E+02 m2 
;.43E+00 m 
1.47E-I0 kg/m2-s 
1.37E-08 Lls 
4.92E-05 L 

I .09E+O2 m3 

1.12E+03 m2 
l 15E+01 m 
7.22E-10 kg/m2-s 
1.61 E-06 L/s 
139E-01 L 

.20E+00 m3lvol 
i.OOE+OO vollhr 
I .00E+02 mg/m3 
1.43E-07 L/s 
5.14E-04 L 
1.23E-02 L 

1.57E-07 L/s 
1.75E-06 L/s 
5.64E-04 L 
1.51E-01 L 

ksis 
'ast BIO practice 

liven 
liven 
liven 

liven 
liven 

2.40E+01 hi 

'ast BIO practice 

lased on TWR-3958 
eqn 4-1 8 9.8 m/sec 
insite evac. control 

'ast BIO Dractice 

lased on TWR-3958 
!qn 4-1 & 9.8 m/sec 
.eakage containment 
3 removal control 
miting assumption 
easonable assumption 
easonable assumption 

?.00E+01 minutes 
1.44E+03 I minutes 
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Pathway 
Inhalation 
Ingestion 
Gamma-ray 
Total 
Anticipated Guideline 

Onsite ME1 EDE (Sv) Offsite ME1 EDE (Sv) 
1.87E-04 1 &E-06 

NA 1.38E-08 
6.59E-04 NA 
8.46E-04 1.67E-06 
5.00E-03 1.00E-03 

Toxicological Consequences 
Pathway Ionsite ME1 (SOF) ]Offsite ME1 (SOF) 
Inhalation I 163E-03 I I 3 06E 05 I 
Guideline I 100E+00 I I 1 OOE+OO I 
File lWR3738Rev113738Rl DST95 

Inhalation Dose-Ratio of SC Release to Wind Entrainment 

Offsite Receptor, 24 hr 1.31 
Onsite Receptor.1 hour I I 470.51 I 
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TWR-3738, Rev. 1 

Consequences 
Radiological 

Toxicological 

9515 DST Waste 20 gpm Leak 
Summary of Results Pipe Length (feet) 75,000.0 

Receptor Conseq. Guideline Rev 0-6' 
Onsite 8.46E-04 5 00E-03 5.10E-03 
Offsite 1.67E-06 1.00E-03 6.60E-06 
Onsite 1.63E-03 1 00E+00 1.40E-01 
Offsite 3.06E-05 l.OOE+OO 7.50E-04 

File TWR3738Rev113738R105795 

*Gamma = (Shine+Skyshine for Reference Leak)x(Ratio of Leak Volurnes)x(Ratio of Cs137 Activities) 

File TWR3738Rev113738Rl DST95 
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Waste Type 
SST Liquids 
SST Solids 
67/33 Composite 

67/33 SST Waste 20 gpm Leak 
File TWR3738Rev113738R1 SST67 

SST Radiological Unit Liter Doses 
Ingestion 

Inhalation (Sv-mA3/s 

Extremely Unlikely 

Onsite Offsite Onsite Offsite Onsite Offsite 
9.6E+03 8.OE+00 7.5E+02 8.OE+00 2.OE+02 WE-01 
4.OE+04 9.4Et01 2.1E+04 3.3E+01 1.OE+03 1.7E+OI 
2.OE+04 3.6E+01 7.4E+03 1.6E+01 4.6E+02 6.2E+00 

Anticipated Frequency Unlikely Frequency Frequency 

Waste Type I (SV/L) I L) 
SST Liauids I 1.1E+04 I WE-02 

I Onsite I Offsite 
95%, 9.8m/s.lWR-3958 I 7.57E-04 I 4.92E-07 
99.5% lm/s.TWR-3738 I 3.41E-02 I 7.07E-06 

SST Solids I 2.2E+05 I 4.1E+00 
67/33 Composite I 8.OE+04 I 1.4E+00 

Cs-137 Activity for this waste I4.77E+10 
Cs-I37 Activity. Ref. DST 95/5 I5.90E+10 
Gamma Multiplier for this waste I 8.08E-01 

light activity 
24-hi average 

3.3E-04 
3.3E-04 

Logarithmic Interpolated X/Q 2 12E-05 
Time (hr)= 12 124E-07 

WQ * 7.07E-06 
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TWR-3738. Rev. I 

Soil Density 

Leak flow rate 
Time for leak detector alarm 
Time to trfr pump shutdown 
Pumped spill volume 
Drainback pipe length 
Pipe ID 
Drainback volume 
Drainback leak rate 
Total spill volume in 24hours 
Total spill duration(max=24hr) 

1 hr surface pool spill volume 
Spreading factor 
Pool area 
Pool radius 
Wet resuspension flux 
Aerosol release rate from wet resuspensi 
Aerosol released from 1 hr wet resuspen 

Recentar 

67/33 SST Waste 20 gpm Leak 

COVeL 
Confined volume 
Confined volume exchange rate 
Confined volume aerosol concentration 

Pipe Length (feet) 
File:TWR3738Revl/3738Rl SST67 

~.Z~E+OI n3 

Source Term 
Parameter 
Waste Densitv 

75,000.0 

Snglish Units 

2.00E+01 gpm 
O.OOE+OO min 
3.00E+01 min 
6.00E+02 gal 
7.50E+04 R 
3.07E+00 in 
2.88E+04 gal 
2.00E+01 gpm 
2.88E+04 gal 
1.44E+03 min 

1.20E+03 gal 
~ . ~ O E + O O  n-i 
i . ~ o E + o ~  n2 
2.11E+01 ft 

1 

i n  

2.88E+04 gal 
~ . ~ O E + O O  n-i 
3 .35~+04 n2 
I.O~E+OZ n 

Aetric Units 
1.40E+00 kg/L 

1.6 kg/L 

1.09E+05 L 
3.64E+04 s 

1.54E+00 m3 

130E+02 m2 
5.43E+00 m 
1.47E-I0 kgim2-s 
1 37E-08 L/s 
4.92E-05 L 

1.09E+02 m3 

3.12E+03 m2 
3 15E+01 m 
7.22E-10 kgim2-s 
1.61 E-06 L/s 
1.39E-01 L 

I .20E+OO m3ivol 
j.OOE+OO vol/hr 
I .00E+02 mgim3 
1.43E-07 L/s 
5.14E-04 L 
1.23E-02 L 

1.57E-07 Us 
1.75E-06 L/s 
5.64E-04 L 
1.51E-01 L 

WlS 
'ast BIO practice 

jiven 
given 
given 

given 
given 

2.40E+01 hr 

'ast BIO practice 

3ased on WR-3958 
eqn 4-1 & 9.8 m/sec 
insite evac. control 

'as1 BIO practice 

3ased on TWR-3958 
!qn 4-1 & 9.8 m/sec 
~eakage containment 
& removal control 
miting assumption 
easonable assumption 
easonable assumption 

G.OOE+OI minutes 
1.44E+03 I minutes 
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TWR-3738, Rev. 1 

Pa in * a y 
Inna.aiion I 464F-L.4 

IOns ieMF CDC Sw 

67/33 SST Waste 20 gpm Leak 
One hour leak quantity = 1,200 gal Total time 2 40E+01 hours 
24 hour leak quantity = 28 800 gal 144E+03 minutes 
Transfer Line Length = 75,000 fl 14 2 miles 12 hr for X/Q 

Radioloaical Conseauences 
Line vol 28801 gallons 

Offsilc MCI C 3 t  Sv 
4 l l F - 3 6  

Ingestion 
Gamma-ray 
Total 
Anticbated Guideline 

NA 
5.33E-04 
9.97E-04 
5.00E-03 

2 16E-07 
NA 

4.32E-06 
1 OOF-03 

Toxicological Consequences 
Pathway Ionsite ME1 (SOF) loffsite ME1 (SOF) 
Inhalation I 307E-03 I I 6 37E-05 I 
Guideline I 100E+00 I I 1 00E+00 I 
File lWR3738Rev113738RI SST67 

Receptor.1 hour I I 470 51 I 
Receptor, 24 hr 1 1.31 

B-2 1 



TWR-3738, Rev. 1 

67/33 SST Waste 20 gpm Leak 
Summary of Results Pipe Length (feet) 75,000.0 

I Toxicological I Onsite I 3.07E-03 I 1 .ooE+nn 1 1 . 4 0 ~ - 0  
Offsite I 6 37E-05 I 1 nnF+nn I 7 5n~-n4 I 

File WR3738Revl13738RISST67 

'Gamma = (Shine+Skyshine for Reference Leak)x(Ratio of Leak Volumes)x(Ratlo of Cs137 Activities) 

File WR3738Rev113738RlSST67 
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TWR-3738, Rev. 1 

SST Solids 
95/51 Composite 

9515 SST Waste 20 gpm Leak 
File TWR3738Rev113738RlSST95 

SST Radiological Unit Liter Doses 

I ingestion 
Inhalation (Sv-mA3/s 

2.2E+05 4.1 E+OO 
2.1E+04 2.5E-01 

Waste Type (SV/L) L) 
SST Liquids I l . lE+04 I 5.2E-02 

Waste Type 
SST Liquids 
SST Solids 
9515 Composite 

Extremely Unlikely 

Onsite I Offsite Onsite I Offsite Onsite 1 Offsite 
9.6€+03 8.OE+00 7.5E+02 8.OE+00 2.OE+02 6 .E-01 
4.OE+04 9.4E+01 2.1E+04 3.3E+01 1.OE+03 1.7E+01 
1.1E+04 1.2E+01 1 ?3E+03 9.3E+00 2.4E+02 1.4E+00 

Anticipated Frequency Unlikely Frequency Frequency 

SST Continuous Release SOF Multioliers ls/I i 

I Onsite I Offsite 
95%, 9.8m/s,TWR-3958 I 7.57E-04 I 4.92E-07 
99.5%. lm/s,TWR-3738 I 3.41E-02 I 7.07E-06 

Cs-I37 Activity for this waste 2.59E+lO 
5.90E+10 Cs-137 Activity, Ref. DST 9515 I Gamma Multiplier for this waste 4.39E-01 

Breathing Rates (m3/s) 
light activity 3.3E-04 
24-hr average 3.3E-04 

Logarithmic Interpolated XIQ 2.12E-05 
)Time fhrl= 12 1.24E-071 
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Aerosol released from 1 hr wet resuspension 

24 hr surface pool volume 2.88E+04 gal 
Spreading factor 8.70E+00 fi-I 
Pool area 3,35E+04 f12 
Pool radius 1.03E+02 ft 
Wet resuspension flux 
Aerosol release rate from wet resuspension 
Aerosol released from 24 hr wet resuspension 

from Suoolementarv Cover 
Confined volume 4.23€+01 ft3 
Confined volume exchange rate 
Confined volume aerosol concentration 
Aerosol release rate from confined volume 
Aerosol release from 1 hr confined volume release 
Aerosol release from 24 hr confined volume release 

Peak 1 hr aerosol release rate 
Peak 24 hr aerosol release rate 
Total 1 hr aerosol release 
Total 24 hr aerosol release 

Summaw of Rei- 

9515 SST Waste 20 gpm Leak 
Pipe Length (feet) 
File:TWR3738Revl/3738R1 SST95 
Source Term 
Parameter 
Waste Densitv 
Soil Density 

Leak flow rate 
Time for leak detector alarm 
Time to trfr pump shutdown 
Pumped spill volume 
Drainback pipe length 
Pipe ID 
Drainback volume 
Drainback leak rate 
Total spill volume in 24hours 
Total spill duration(max-24hr) 

1 hr surface pool spill volume 
Spreading factor 
Pool area 
Pool radius 
Wet resuspension flux 
Aerosol release rate from wet resuspens 

75,000.0 

'ngllsh Units 

2 00E+01 gpm 
0 00E+00 min 
300E+01 min 
6 00E+02 gal 
7 50E+04 ft 
3 07E+00 in 
2 88E+04 gal 
2 00E+01 gpm 
2 88E+04 gal 
144E+03 min 

120E+03 gal 

1 40E+03 f12 
8 ~OE+OO n I 

2 11E+O1 ft 

1 

. 
1.6 kgil 

.09E+05 L 
I64E+04 s 

1.54E+00 m3 

.30E+02 m2 
i 43E+00 m 
1.47E-I0 kg/m2-s 
1.37E-08 L/s 
4.92E-05 L 

.09E+02 m3 

:.12E+03 m2 
~ 15E+01 m 
7~22E-I0 kg/m2-s 
1.61 E-06 Lis 
1.39E-01 L 

.20E+00 mYvol 
t.OOE+OO vol/hr 
.00E+02 mg/rn3 
1.43E-07 Lis 
5.14E-04 L 
I .23E-02 L 

I .57E-07 Lis 
1.75E-06 Lis 
5.64E-04 L 
I.51E-01 L 

w 
'ast BIO Practice 

liven 
liven 
liven 

liven 
liven 

2.40E+01 hr 

last El0 practice 

lased on TWR-3958 
?qn 4-1 & 9.8 m/sec 
nsite evac. control 

'ast BIO practice 

'ased on TWR-3958 
qn 4-1 & 9.8 m/sec 
eakage containment 
L removal control 
miting assumption 
:asonable assumption 
?asonable assumption 

j.OOE+OI minutes 
I .44E+03 I minutes 

B-24 

File:TWR3738Revl/3738R1


TWR-3738, Rev. 1 

Pathway 
Inhalation 
Ingestion 
Gamma-ray 
Total 
Anticipated Guideline 

Onsite ME1 EDE (Sv) Offsite ME1 EDE (Sv) 
1.24E-04 1.10E-06 

NA 3 96E-08 
2.89E-04 NA 
4.14E-04 1.14E-06 
5.00E-03 1.00E-03 
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9515 SST Waste 20 gpm Leak 
Summary of Results 

Conseq,ences 
Rad o og.cal 

Toxicological 

Pipe Length (feet) 75,000.0 

Fiie.WR3738RevlI3738Rl SST95 

File TWR3738Rev113738Rl SST95 
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AWF Liquids 
AWF Solids 
67/33 Composite 

1.4E+03 9.2E-02 
1.7E+06 8.1E+00 
5.6E+05 2.7E+00 

Extremely Unlikely 

Waste Type Onsite Offsite Onsite Offsite Onsite Offsite 

AWF Solids 1.8E+04 1.9E+02 3.3E+03 1.5E+01 6,3E+02 2.8E+00 

Anticipated Frequency Unlikely Frequency Frequency 

AWF Liquids 1.OE+04 8.4E+00 7.5E+02 8.4E+00 2.1E+02 6.2E-01 

67/33 Composite 1.3E+04 6.8E+01 1.6E+03 l . lE+Ol  3.5E+02 1.3E+00 - 

95%. 9 8m/s,TWR-3958 
99 5%. Im/s,TWR-3738 
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7 57E-04 4 92E-07 
3 41 E-02 7.07E-06 

light activity 
24-hr average 

3 3E-04 Time (hr)= 12 124E-07 
3 3E-04 Note LA rate W Q =  707E-06 
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e ReceQtPr 
24 hr surface pool volume 
Spreading factor 
Pool area 
Pool radius 
Wet resuspension flux 

67/33 AWF Waste and 20 gpm Leak 

2 88E+04 gal 
8 70E+00 ft-I 
3 35E+04 ft2 
103E+02 ft 

Pipe Length (feet) 
File:lWR3738Rev113738R1 AWF67 
Source Term 
Parameter 
Waste Density 
Soil Density 

Leak flow rate 
Time for leak detector alarm 
Time to trfr pump shutdown 
Pumped spill volume 
Drainback pipe length 
Pipe ID 
Drainback volume 
Drainback leak rate 
Total spill volume in 24hours 
Total spill duration(max=24hr) 

1 hr surface pool spill volume 
Spreading factor 
Pool area 
Pool radius 
Wet resuspension flux 
Aerosol release rate from wet resuspensic 

Onsite &.G&QC 

75,000.0 

:nolish Units 

2.00E+01 gpm 
O.OOE+OO min 
3.00E+01 min 
6.00E+02 gal 
7.50E+04 ft 
3.07E+00 in 
2.88E+04 gal 
2.00E+01 gpm 
2.88E+04 gal 
1.44E+03 min 

1.20E+03 gal 
8.70E+00 ft-I 
1.40E+03 ft2 
2.11E+01 ft 

letric Units 
1.40E+00 kglL 

1.6 kg/L 

1.09E+05 L 
3.64E+04 s 

1.54E+00 m3 

1.30E+02 m2 
j.43E+00 m 
1.47E-10 kg/m2-s 
1.37E-08 Lis 
4.92E-05 L 

1.09E+02 m3 

3.12E+03 m2 
3.15E+01 m 
7.22E-10 kg/m2-s 
1.61E-06 L/s 
1.39E-01 L 

I .20E+00 m3/vol 
j.OOE+OO vollhr 
I .00E+02 mgim3 
1.43E-07 LIS 
5.14E-04 L 
1.23E-02 L 

1.57E-07 Lis 
1.75E-06 L/s 
5.64E-04 L 
1.51E-01 L 

has 
last E l 0  practice 

iven 
iven 
iven 

iven 
iven 

2.40E+01 hr 

'ast E l 0  practice 

,ased on TWR-3958 
?qn 4-1 & 9.8 m/sec 
nsite evac. control 

'ast E l0 practice 

ased on TWR-3958 
qn 4-1 8 9 8 m/sec 
eakage containment 
1 removal control 
niting assumption 
asonable assumplion 

asonable assumpllon 

5 00E+01 minutes 
144E+03 I minutes 
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Pathway Onsite ME1 EDE (Sv) Offsite ME1 EDE (Sv) 
Inhalation 3.26E-03 2.88E-05 
Ingestion NA 4.25E-07 
Gamma-ray 1.02E-03 NA 
Total 4.28E-03 2.93E-05 
Anticipated Guideline 5.00E-03 1.00E-03 

~ 

Pathway Onsite ME1 (SOF) 
Inhalation 1.98E-03 I 
Guideline l.OOE+OO I 
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Offsite ME1 (SOF) 
1.20E-04 I 
l.OOE+OO I 
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- 
Consequences Receptor Conseq. Guideline Rev 0-B' 

Radiological Onsite 4.3E-03 5.0E-03 5.1 E-03 
Offsite 2.9E-05 1 .OE-03 6.6E-06 

Toxicological Onsite 2.0E-03 l.OE+OO 1.4E-01 
Offsite 1.2E-04 l.OE+OO 7.5E-04 

67/33 AWF Waste and 20 gpm Leak 
Summary of Results Pipe Length (feet) 75,000.0 

Toxicological Consequences 1 

Location SupCover IWetResus SupCoverlWetResus Rate (L/s) SOF Mult SOF 
Onsite 143E-071 137E-08 157E-07 126E+04 198E-03 

I I 

Initial Rates (Lk)  24 hour Rates (L/s) 

Offsite 143E-071 137E-081 143E-071 161E-061 175E-061 6 83E+011 120E-04 
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Waste Type 
DST Liquids 
DST Solids 
67/33 Composite 

Ingestion 
Inhalation (Sv-mA3/s 

6.1E+03 6.8E-02 
5.3E+05 4.8E-01 
1.8E+05 2.OE-01 

(SV/L) L) 

Waste Type 
DST Liquids 
DST Solids 

67/33 Composite 

Breathing Rates (17131s) 
lliaht activitv I 3.3E-04 1 

Extremely Unlikely 

Onsite Offsite Onsite Offsite Onsite Offsite 
1.OE+04 8.4E+00 7.5E+02 8.4E+00 2.1E+02 6.2E-01 
1.8E+04 1.9E+02 3.3E+03 1.5E+01 6.3E+02 2.8E+00 

1.3E+04 6.8E+01 1.6€+03 I . IE+OI 3.5E+02 1.3E+00 

Anticipated Frequency Unlikely Frequency Frequency 

- 
24-hr average 3.3E-04 

- ~~ 

95% 9.8m/s,TWR-3958 I 7.57E-04 I4.92E-07 
99.5%. lm/s.TWR-3738 I 3.41E-02 1 7.07E-06 

Logarithmic Interpolated X I Q  2 12E-05 
Time (hr)= 12 124E-07 

X / Q =  7.07E-06 

~ . . - . . .- . . . . _, . - . .. . ._ . . _ _  ._ -. - - - . - 
Cs-137 Activity, Ref. DST 95/5 
Gamma Miiltinlier for this waste 

I 5.90E+10 
I 1 nnF+nn 
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Waste Density 
Soil Density 

Leak flow rate 
Time for leak detector alarm 
Time to trfr pump shutdown 
Pumped spill volume 
Drainback pipe length 
Pipe ID 
Drainback volume 
Drainback leak rate 
Total spill volume in 24hours 
Total spill duration(max=24hr) 
p 
1 hr surface pool spill volume 
Spreading factor 
Pool area 
Pool radius 
Wet resuspension flux 
Aerosol release rate from wet re: 

67/33 DST Waste 20 gpm Leak 
Pipe Length (feet) 75.000.0 
File:TWR3738Revl/3738Rl DST67 

24 hr surface pool volume 
Spreading factor 
Pool area 
Pool radius 
Wet resuspension flux 

Source Term 
I Parameter 

2 88E+04 gal 
8 70E+00 ft-1 
3 35E+04 f12 
103E+02 fl 

lnolish Units 

2.00€+01 gpm 
O.OOE+OO min 
3.00E+01 min 
6.00E+02 gal 
7.50E+04 ft 
3.07E+00 in 
2.88E+04 gal 
2.00E+01 gpm 
2.88E+04 gal 
1.44E+03 min 
ltnr 
1.20E+03 gal 
8.70E+00 fl-I 
1.40E+03 f12 
2.11E+01 fl 

spension 

letric Units 
1.40E+00 kg/L 

1.6 kg/L 

1.09€+05 L 
3.64E+04 s 

1.54E+00 m3 

1.30E+02 m2 
?.43E+00 m 
1.47E-10 kg/m2-s 
1.37E-08 L/s 
4.92E-05 L 

1.09E+O2 m3 

3.12E+03 m2 
3.15E+01 m 
7.22E-10 kglm2-s 
1.61 E-06 L/s 
1.39E-01 L 

1.20E+00 m3/vol 
j.00€+00 vol/hr 
1.00E+02 mglm3 
1.43E-07 LIS 
5.14E-04 L 
1.23E-02 L 

1.57E-07 L/s 
1.75E-06 L/s 
5.64E-04 L 
1.51E-01 L 

&E& 
'ast BIO Dractice 

given 
given 
liven 

given 
given 

2.40E+01 hr 

'ast BIO practice 

3ased on TWR-3958 
eqn 4-1 & 9.8 m/sec 
m i t e  evac. control 

'ast BID practice 

3ased on TWR-3958 
?qn 4-1 8.9 8 m/sec 
.eakage containment 
& removal control 
imiting assumption 
easonable assumptio 
easonable assumptio 

6 00E+01 minutes 
144E+03 I minutes 
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Pathway Onsite ME1 EDE (Sv) 
Inhalation 1.04E-03 
Ingestion NA 
Gamma-ray 6.59E-04 
Total 1.70E-03 
Anticipated Guid 5.00E-03 

Offsite ME1 EDE (Sv) 
9.19E-06 
3.17E-08 

NA 
9.22E-06 
1.00E-03 

B-33 

Pathway Onsite ME1 (SOF) 
Inhalation 1.98E-03 1 
Guideline l.OOE+OO I 

Offsite ME1 (SOF) 
1.20E-04 I 
1 .OOE+OO I 
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Consequences Receptor Conseq. Guideline 
Radiological Onsite 1.70E-03 5.00E-03 

Offsite 9.22E-06 1.00E-03 
Toxicological Onsite 1.98E-03 1 .OOE+OO 

Offsite 1.20E-04 l.OOE+OO 

67/33 DST Waste 20 gpm Leak 
Summary of Results Pip 

Rev 0-B* 
5.10E-03 
6.60E-06 
1.40E-01 
7.50E-04 

igth (feet) 75,000.0 

File:TWR3738Rev1/3738Rl DST67 

File:~R3738Revl/3738Rl DST67 
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txtremely Unlikely 

Waste Type Onsite I Offsite Onsite I Offsite Onsite I Offsite 
AWF Liquids 1.000E+04 8.400E+00 7.5E+02 8.4E+00 2.1E+02 6.2E-01 ' 
AWF Solids 1.800E+04 1.900E+02 3.3E+03 1.5E+01 6.3E+02 2.8E+00 
67/33 Composite 1.264E+04 6.833E+01 1.6E+03 l . lE+Ol  3.5E+02 1.3E+00 

Anticipated Frequency Unlikely Frequency Frequency 

~ 

67/33 AWF Waste/20 gpm Leak for Limiting Pit Size-HNF5147 
File TWR3738RevliPIT3738Rl C 

Onsite Offsite 
95%. 9.8m/s,TWR-3958 7.57E-04 4.92E-07 
99.5%, lm/s.TWR-3738 3.41E-02 2.83E-05 

Radiological Unit Liter Doses 
Ingestion 

In halation [ Sv-mA3/s- 

Cs-137 Activity for this waste [ 9.13€+10 
Cs-137 Activity, Ref. DST 95/5 I 5.90E+10 
Gamma Multiplier for this waste I 1.55E+00 

Waste Type (SV/L) 
AWF Liquids 1.400E+03 9.200E-02 
AWF Solids 1.700E+06 8.100E+00 I 67/33 Composite 5.619E+05 2.735E+00 

light activity 
24-hr average 

3 3E-04 
3.3E-04 Note LA rate 
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L - 
Waste Density 
Soil Density 

Leak flow rate 2.00E+01 gpm 
Time for leak detector alarm 3.00E+01 min 
Time to trfr pump shutdown 3.00E+01 min 
Pumped spill volume 1.20E+03 gal 
Drainback pipe length O.OOE+OO ft 
Pipe ID 3.07E+00 in 
Drainback volume O.OOE+OO gal 
Drainback leak rate 2.00E+01 gpm 
Total spill volume in 24hours 1.20E+03 gal 
Total spill duration(max=24hr) 6.00E+01 min 

1 hr surface pool spill volume O.OOE+OO gal 
Spreading factor 8.70E+00 ft-I 
Pool area O.OOE+OO ff2 
Pool radius O.OOE+OO ft 
Wet resuspension flux 
Aerosol release rate from wet resuspension 
Aerosol released from 1 hr wet resuspension 

24 hr surface pool volume O.OOE+OO gal 
Spreading factor 8.70E+00 f f - I  
Pool area O.OOE+OO ft2 
Pool radius O.OOE+OO ft 
Wet resuspension flux 
Aerosol release rate from wet resuspension 
Aerosol released from 24 hr wet resuspension 
Rdease from P h  
Pit internal volume 3.20E+03 ft3 
Confined volume aerosol concentration 
Confined volume aerosol concentration 
Aerosol release rate from confined volume 
Onsite aerosol release from pit 
Pit aerosol release in 24 hr 
P 
Peak Onsite aerosol release rate from pit 
Peak 24 hr release rate (pit) 
Total Onsite aerosol release 
Total 24 hr aerosol release . 

67/33 AWF WasteMO gpm Leak for Limiting Pit Size-HNF5147 
Pipe Length (feet) 0.0 Pit Vol. 3.20E+03 feet3 
File:lWR3738Revl/PIT3738Rl C 9O.l 
Source Term 
Parameter Enalish Units Metric Units 

1.40E+00 kg/L 
1.6 kg/L 

7.57E+01 L/min 

4.54E+03 L 

7.57E+01 L/min 
4.54E+03 L 
3.60E+03 s 

O.OOE+OO m3 

O.OOE+OO m2 
O.OOE+OO m 
O.OOE+OO kg/m2-s 
O.OOE+OO L/s 
O.OOE+OO L 

D.OOE+OO m3 

D.OOE+OO m2 
D.OOE+OO m 
3.00E+00 kg/m2-s 
3.00E+00 L/s 
3.00E+00 L 

3.06E+01 m3 
7.14E-05 L/m3 
1.00E-01 gim3 
1.80E-06 L/s 
6.47E-03 L 
6.47E-03 L 

1.80E-06 L/s 
1.80E-06 Lis 
6.47E-03 L 
6.47E-03 L 

n3 

iasls 
last BIO practice 

liven 
nput parameter 
liven 
4 54E+00 m3 
liven 
liven 

4.54E+00 m3 
1.00E+00 hr 

'ast 810 practice 

lased on TWR-3958 
?qn 4-1 8 9.8 m/sec 
Insite evac. control 

last BIO practice 

lased on TWR-3958 
qn 4-1 8 9.8 m/sec 
eakage containment 
3, removal control 
?put parameter 

iuasi-equilibrium Cancen- 

tration(PNL-4154) 
6 00E+01 minutes 
144E+03 minutes 
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Pathway Onsite ME1 ED€ (Sv) 
Inhalation 4 09E-02 
Ingestion NA 
Gamma-ray 0 OOE+00 
Total 4 09E-02 
Anticipated Guideline 5 00E-03 

Offsite ME1 EDE (Sv) 
3 40E-05 
5 01 E-07 

NA 
3 45E-05 
100E-03 

Toxicological Consequences 
Pathway (Onsite ME1 (SOF) (Offsite ME1 (SOF) 
Inhalation I 227E-02 I I 123E-04 1 
Giiirlpline I I nnF+nn I I I nnF+nn I 
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Consequences 
Radiological 

Toxicological 

67/33 AWF Waste/ZO gpm Leak for Limiting Pit Size-HNF5147 
Summary of Results Pit Volume (ft3) 3.20E+03 

Receptor Conseq. Guideline Rev 0-6' HNF-5147 
Onsite 4.lE-02 5.0E-03 5.lE-03 4.1E-02 
Offsite 3.4E-05 1 .OE-03 6.6E-06 3.7E-05 
Onsite 2.3E-02 l.OE+OO 1.4E-01 
Offsite 1.2E-04 l.OE+OO 7 5E-04 

File:lWR3738Revl/PIT3738Rl C 
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Waste Type 
AWF Liquids 
AWF Solids 
9515 Composite 

95/5 AWF Waste120 gpm Leak for Limiting Pit Size-HNF5147 
File TWR3738RevliPIT3738RiC 

txtrernely Unlikely 
Anticipated Frequency Unlikely Frequency Frequency 

Onsite I Offsite Onsite I Offsite Onsite I Offsite 
1.000€+04 8.400E+00 7.5E+02 8.4E+00 2.1E+02 6.2E-01 
1.800E+04 1.900E+02 3.3E+03 1.5E+01 6.3E+02 2.8Ec00 
1.040E+04 1.748E+01 8.8E+02 8.7E+00 2.3E+02 7.3E-01 

Radiological Unit Liter Doses c Ingestion 
In halation (Sv-rn"3is- 

Waste Type (SViL) 
AWF Liquids 1.400E+03 9.200E-02 I 95/53 Composite 8.633€+04 4.924E-01 
AWF Solids 1.700E+06 8.100E+00 

Breathing Rates (m3/s) 
light activity 3 3E-04 
24-hr average 3 3E-04 Note LA rate 
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Soil Density 
I pak Fva/!&m 
Leak flow rate 2.00E+01 gprn 
Time for leak detector alarm 3.00E+01 min 
Time to trfr pump shutdown 3.00E+01 min 
Pumped spill volume 1.20E+03 gal 
Drainback pipe length O.OOE+OO ft 
Pipe ID 3.07E+00 in 
Drainback volume O.OOE+OO gal 
Drainback leak rate 2.00E+01 gpm 
Total spill volume in 24hours 1.20E+03 gal 
Total spill duration(max=24hr) 6.00E+01 rnin 
NO Wind Fnfr- ReceptQc 
1 hr surface pool spill volume O.OOE+OO gal 
Spreading factor 8.70E+00 ft-1 
Pool area O.OOE+OO ft2 
Pool radius 0 00E+00 ft 
Wet resuspension flux 
Aerosol release rate from wet resuspension 
Aerosol released from 1 hr wet resuspension 

9515 AWF Waste/20 gpm Leak for Limiting Pit Size-HNF5147 
Pipe Length (feet) 0.0 Pit Vol. 1.39E+04 feet3 

24 hr surface pool volume O.OOE+OO gal 
Spreading factor 8.70E+00 ft-1 
Pool area O.OOE+OO ft2 
Pool radius O.OOE+OO fl 
Wet resuspension flux 
Aerosol release rate from wet resuspension 
Aerosol released from 24 hr wet resuspension 
&/ease from PIt 
Pit internal volume 1.39E+04 f13 
Confined volume aerosol concentration 
Confined volume aerosol concentration 
Aerosol release rate from confined volume 
Onsite aerosol release from pit 
Pit aerosol release in 24 hr 

Peak Onsite aerosol release rate from pit 
Peak 24 hr release rate (pit) 
Total Onsite aerosol release 
Total 24 hr aerosol release 

P 

File:TWR3738Rev1/PIT3738R 1 C 392. 
ISource Term 
Parameter English Units 
Waste Density 

vletric Units 
1.40E+00 kq/L - 

1.6 kg/L 

7.57E+01 L/min 

4.54€+03 L 

7.57E+01 L/min 
4.54E+03 L 
3.60E+03 s 

O.OOE+OO m3 

O.OOE+OO m2 
O.OOE+OO m 
O.OOE+OO kg/m2-s 
O.OOE+OO L/s 
O.OOE+OO L 

0.00€+00 m3 

O.OOE+OO m2 
O.OOE+OO m 
0.00€+00 kgim2-s 
O.OOE+OO L/s 
O.OOE+OO L 

3.93E+02 m3 
7.14E-05 L/m3 
1.00E-01 g/m3 
7.79E-06 Lls 
2.80E-02 L 
2.80E-02 L 

7.79E-06 Lis 
7.79E-06 L/s 
2.80E-02 L 
2.80E-02 L 

n3 

w 
'ast BIO practice 

liven 
nput parametei 
p e n  
4 54E+OO m3 
liven 
liven 

4.54E+00 m3 
1.00E+00 hr 

'ast BIO practice 

3ased on TWR-3958 
eqn 4-1 & 9.8 mkec 
insite evac. control 

'ast BIO practice 

lased on TWR-3958 
'qn 4-1 8 9 8 m/sec 
eakage containment 
S removal control 
?put parameter 

luasi-equilibrium Concen- 
tration(PNL-4154) 

6 00E+01 minutes 
144E+03 minutes 
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Ingestion 

Total 
Anticioated Guideline 

Gamma-ray 

95/5 AWF Waste/20 gpm Leak for Limiting Pit Size-HNF5147 
Pumped leak quantity = 1,200 gal Total time 1 00E+00 hours 
24 hour leak quantity = 1,200 gal 6 00E+01 minutes 
Transfer Line Length = O f t  0 0 miles 1 hrforX/Q 
Valve pit volume = 392 6 m3 

NA 

2 72E-02 
5 00E-03 

0 OOE+OO 

Radiological Consequences 
Pathway Ionsite ME1 EDE (Sv) ]Offsite ME1 EDE (Sv) 
Inhalation I 2.72E-02 I I 2.26E-05 I 

3.91 E-07 
NA 

2.30E-05 
1.00E-03 

Toxicological Consequences 
Pathway Ionsite ME1 (SOF) loffsite ME1 (SOF) 
Inhalation 1 8.10E-02 I I 1.36E-04 I 
Guideline 1 l.OOE+OO I I l.OOE+OO I I 
File:lWR3738RevliPIT3738Rl C 
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Consequences Receptor Conseq. Guideline Rev 0-B* 
Radiological Onsite 2.7E-02 5.0E-03 5.1 E-03 

Offsite 2.3E-05 1.0E-03 6.6E-06 
Toxicological Onsite 8.1E-02 l.OE+OO 1.4E-01 

Offsite 1.4E-04 I.OE+OO 7.5E-04 

9515 AWF Waste120 gpm Leak for Limiting Pit Size-HNF5147 
Summary of Results Pit Volume (ft3) 1.39E+04 

m3 392.6 
FSAR'. 

1.8E-03 
1.0E-06 

~~ ~~ 

Initial Rates (Lls) 24 hour Rates (Lls) 
Location Pit 1 WetResus Pit IWetResus Rate (Lls) SOF Mult SOF 

Onsite 7 79E-061 0 00E+00 7 79E-06 1 04E+04 8 10E-02 
I I 

_ _ _ _ _ _ _ _  

File TWR3738RevllPIT3738Rl C 

'Gamma = (Shine+Skyshine for Reference Leak)x(Ratio of Leak Volumes)x(Ratio of Cs l37  Activities) 

IToxicological Consequences 

I I I I I I I 
Offsite I 7.79E-061 0.00E+001 7.79E-061 O.OOE+OOl 7.79E-061 1.75E+01 I 1.36E-04 

File:lWR3738Revl/PIT3738Rl C 

B-42 

File:lWR3738Revl/PIT3738Rl


TWR-3738, Rev. 1 

Ingestion 
Inhalation (Sv-rnA3/s- 

AWF Liquids 1 400E+03 9 200E-02 
AWF Solids 1 700E+06 8 100E+00 

Waste Type (SV/L) L) 

b//33 c ornoosite 5 6F+OF, 2 7E+O0 

txtremely Unlikely 

Waste Type Onsite Offsite Onsite Offsite Onsite Offsite 
AWF Liquids 1.000E+04 8.400E+00 7.5E+02 8.4E+00 2.1Ec02 6.2E-01 . 
AWF Solids 1.800E+04 1.900E+02 3.3E+03 1.5E+01 6.3Ec02 2.8E+00 

Anticipated Frequency Unlikely Frequency Frequency 

67/33 Composite 1.3E+04 6.8E+01 1.6E+03 l . lE+OI 3.5E+02 1.5E+00 

Atmospheric Dispersion Coefficients (X/Q) 

95%. 9.8rn/s.TWR-3958 I 7.57E-04 I 4.92E-07 
I Onsite I Offsite 

99 5%, lm/s,TWR-3738 I 3 41E-02 I 2.83E-05 
For 1 hour For 1 hour 

Breathing Rates (m31s) 
blight activity I 3.3E-04 1 

Waste Cs-137 Activity (Bq/L) 

I i - h r  averaae I 3.3E-04 INote LA rate 

B-43 
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File:~R3738RevliPIT3738R1C 11.08 m3 
Source Term 
Parameter English Units Metric Units Basis 
Waste Density 1.40E+00 kg/L Past BIO practice 
Soil Density 1.6 kglL 
I eak Fvab.&.m 
Leak flow rate 2.00E+01 gpm 7.57€+01 Llmin given 
Time for leak detector alarm 3.00E+01 min Input parameter 
Time to trfr pump shutdown 3.00E+01 min given 
Pumped spill volume 1.20E+03 gal 4.54E+03 L 4.54E+00 m3 
Drainback pipe length O.OOE+OO fl given 
Pipe ID 3.07E+00 in given 
Drainback volume O.OOE+OO gal 
Drainback leak rate 2.00E+01 gpm 7.57E+01 Limit- 
Total spill volume in 24hours 1.20E+O3 gal 4.54E+03 L 4.54E+00 m3 
Total spill duration(max=24hr) 6.00€+01 min 3.60E+03 s 1.00E+00 hr 

1 hr surface pool spill volume O.OOE+OO gal O.OOE+OO m3 
Spreading factor 8.70E+00 fl-I Past BIO practice 
Pool area O.OOE+OO f12 O.OOE+OO m2 
Pool radius O.OOE+OO ft O.OOE+OO m 
Wet resuspension flux O.OOE+OO kg/m2-s Based on TWR-3958 
Aerosol release rate from wet resuspension eqn 4-1 8 9.8 misec 
Aerosol released from 1 hr wet resuspension 

24 hr surface pool volume O.OOE+OO gal O.OOE+OO m3 
Spreading factor 8.70E+00 fl-I Past BIO practice 
Pool area O.OOE+OO f12 O.OOE+OO m2 
Pool radius O.OOE+OO fl O.OOE+OO m 
Wet resuspension flux O.OOE+OO kglm2-s Based on TWR-3958 
Aerosol release rate from wet resuspension O.OOE+OO L/s 
Aerosol released from 24 hr wet resuspension O,OOE+OO L Leakage containment 

. 

O.OOE+OO Lis 
O.OOE+OO L onsite evac. control 

Offsite Rx&.x 

eqn 4-1 8 9.8 rnlsec 

& removal control e from PIt 

Pipe Length (feet) 0.0 Pit Vol. 3.91Ec02 

Pit internal volume 3.91E+02 f13 I . I IE+OI  m3 
Confined volume aerosol concentration 
Confined volume aerosol concentration 
Aerosol release rate from confined volume 
Onsite aerosol release from pit 
Pit aerosol release in 24 hr 

Peak Onsite aerosol release rate from pit 
Peak 24 hr release rate (pit) 
Total Onsite aerosol release 
Total 24 hr aerosol release 

7.14E-05 Llm3 
1.00E-01 g/m3 
2.20E-07 L/s 
7.91E-04 L 
7.91E-04 L 

2.20E-07 Lls 
2.20E-07 Lis 
7.91E-04 L 
7.91E-04 L 

P 

feet3 

Input parameter 

Quasi-equilibrium Concen- 

tration(PNL-4154) 
6.00E+01 minutes 
144E+03 minutes 
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Pathway 
Inhalation 
Ingestion 
Gamma-ray 
Total 
Anticipated Guideline 

Onsite ME1 EDE (Sv) Offsite ME1 EDE (Sv) 
5.00E-03 4 15E-06 

NA 6.12E-08 
O.OOE+OO NA 
5.00E-03 4.21E-06 
5.00E-03 1.00E-03 

Toxicoloaical Conseauences 
Pathway 
Inhalation 
Guideline 

Onsite ME1 (SOF) Offsite ME1 (SOF) 
2.78E-03 I 1.50E-05 I 
1.00E+00 I l.OOE+OO I 
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Consequences Receptor Conseq. Guideline Rev 0-B* 
Radiological Onsite 5.0E-03 5.OE-03 5.lE-03 

Offsite 4.2E-06 1 .OE-03 6.6E-06 
Toxicological Onsite 2.8E-03 I.OE+OO 1.4E-01 

Offsite 1.5E-05 1 .OE+OO 7.5E-04 

67/33 AWF Waste/20 gpm Leak for Limiting Pit Size 
Summary of Results Pit Volume (ft3) 3.91E+02 

HNF-5147 
4.1 E-02 
3.7E-05 

File:iWR3738Revl/PIT3738Rl C 
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Waste Type 
AWF Liquids 
AWF Solids 
9 9 5  CornDosite 

95/5 AWF Waste/20 gpm Leak for Limiting Pit Size 

Anticipated Frequency Unlikely Frequency Frequency 
Onsite I Offsite Onsite I Offsite Onsite I Offsite 

1.000E+04 8.400€+00 7.5E+02 8.4Ec00 2.1 E+02 6.2E-01 
1.800E+04 1.900E+02 3.3E+03 1.5Ec01 6.3E+02 2.8E+00 
1.040E+04 1.748E+01 8,8E+02 8,7E+00 2 . 3 ~ + 0 2  7.3E-01 

File:lWR3738RevliPIT3738Rl C 

_I 

24-hr average 3.3E-04 

Radiological Unit Liter Doses 
Ingestion 

Inhalation (Sv-rnA3/s- 

Note LA rate 

Waste Type (SVlL) 
AWF Liquids 1.400E+03 9.200E-02 
AWF Solids 1.700E+06 8.100E+00 I 95/5 Composite 8.633E+04 4.924E-01 

Continuous Release SOF Multipliers (s lL )  
I I I I txtrernely Unlikely 

Atmospheric Dispersion Coefficients (X/Q) 
I I Onsite I Offsite I . . ~~~ 

95%. 9.8m/s,TWR-3958 I 7.57E-04 I 4.92E-07 
99.5%, lm/s,TWR-3738 I 3.41502 I 2.83E-05 

For 1 hour For 1 hour 
Breathina Rates lrn31sl 

llioht activitv I 3 3E-04 I 

Waste Cs-137 Activity (Bq/L) 

B-41 
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Soil Density 

Leak flow rate 2.00E+01 gpm 
Time for leak detector alarm 3.00€+01 min 
Time to trfr pump shutdown 3.00E+01 min 
Pumped spill volume 1.20E+03 gal 
Drainback pipe length O.OOE+OO ft 
Pipe ID 3.07€+00 in 
Drainback volume O.OOE+OO gal 
Drainback leak rate 2.00E+01 gpm 
Total spill volume in 24hours 1.20E+03 gal 
Total spill duration(max=24hr) 6.00E+01 min 
A!C Wind F o f r V  
1 hr surface pool spill volume O.OOE+OO gal 
Spreading factor 8.70E+00 ft-1 
Pool area O.OOE+OO ft2 
Pool radius O.OOE+OO ft 
Wet resuspension flux 
Aerosol release rate from wet resuspension 
Aerosol released from 1 hr wet resuspension 
NO Wind FnfraiumaUg Offsite R e c e o u  
24 hr surface pool volume O.OOE+OO gal 
Spreading factor 8.70E+00 ft-1 
Pool area O.OOE+OO ft2 
Pool radius O.OOE+OO ft 
Wet resuspension flux 
Aerosol release rate from wet resuspension 
Aerosol released from 24 hr wet resuspension 

95/5 AWF Waste/20 gpm Leak for Limiting Pit Size 
Pipe Length (feet) 0 0  Pit Vol 2 55E+03 feet3 
File:lWR3738Revl iPIT3738Rl C 72 

]Source Term 
English Units 

Total 24 hr aerosol release 

detric Units 
1.40E+00 kq/L . 

1.6 kg/L 

7.57E+01 L/min 

4.54E+03 L 

7.57E+01 Limin 
4.54E+03 L 
3.60E+03 s 

O.OOE+OO m3 

O.OOE+OO m2 
O.OOE+OO m 
O.OOE+OO kg/m2-s 
O.OOE+OO L/s 
O.OOE+OO L 

O.OOE+OO m3 

O.OOE+OO m2 
O.OOE+OO m 
O.OOE+OO kg/m2-s 
O.OOE+OO L/s 
O.OOE+OO L 

721E+01 m3 
7 14E-05 Llm3 
100E-01 g/m3 
143E-06 L/s 
5 15E-03 L 
5 15E-03 L 

143E-06 Lis 
143E-06 L/s 
5 15E-03 L 
5 15E-03 L 

w 
'ast BIO practice 

iven 
iput parameter 
iven 
1.54E+00 m3 
iven 
iven 

1.54E+00 m3 
1.00E+00 hr 

'ast BIO practice 

ased on TWR-3958 
?qn 4-1 & 9.8 m/sec 
nsite evac. control 

ast BIO practice 

ased on TWR-3958 
qn 4-1 & 9 8 m/sec 
eakage containment 
1 removal control 
iput parameter 

uasi-equilibrium Concen- 

tration(PNL-4154) 
5 00E+01 minutes 
144E+03 minutes 
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Pathway 
Inhalation 
Ingestion 
Gamma-ray 
Total 
Anticipated Guideline 

95/5 AWF Waste/20 gpm Leak for Limiting Pit Size 

Onsite ME1 EDE (Sv) Offsite ME1 EDE (Sv) 
5.00E-03 4.15E-06 

NA 7.1 8E-08 
0.00E+00 NA 
5.00E-03 4.22E-06 
5.00E-03 1.00E-03 

Pumped leak quantity = 
24 hour leak quantity = 
Transfer Line Length = 
Valve pit volume = 

Pathway 
Inhalation 
Guideline 

1,200 gal Total time l.OOE+OO hours 
1,200 gal 6.00E+01 minutes 

o n  0.0 miles 1 hrforX/Q 
72.1 rn3 

Onsite ME1 (SOF) (Offsite ME1 (SOF) 
1.49E-02 I I 2.50E-05 I 
1.00E+00 I I 1 .OOE+OO 1 
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Consequences Receptor Conseq. Guideline 
Radiological Onsite 5.OE-03 5.0E-03 

Offsite 4.2E-06 1.0E-03 
Toxicological Onsite 1.5E-02 1.0€+00 

Offsite 2.5E-05 I.OE+OO 

Rev 0-8. HNF-5147 
5.1E-03 4.1 E-02 
6.6E-06 3.7E-05 
1.4E-01 
7.5E-04 

Fiie.lWR3738Revl iPIT3738Rl C 
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Anticipated 
Frequency Unlikely Frequency 

Waste Type Onsite Offsite Onsite Offsite 

DST Solids 1.8E+04 1.9E+02 3,3E+03 1.5E+01 
67/33Composite 1.3E+04 I ~ .~E+o I  1.6E+03 I I.IE+OI 

DST Liquids 1 .OE+04 8.4E+00 7.5E+02 8.4E+00 

67/33 DST Waste/20 gpm Leak for Limiting Pit Size 
File:lWR3738Revl/PIT3738Rl B 

Extremely Unlikely 
Frequency 

Onsite Offsite 

6.3E+02 2.8E+00 
3.5€+02 I 1.3E+00 

2.1 E+02 6.2E-01 

DST Radiological Unit Liter Doses 
I lnaestion I 

Inhalation (Sv-mA3/s 

DST Solids 5.3E+05 4.8E-01 

Atmospheric Dispersion Coefficients (X/Q) Waste Cs-137 Activity (Bq/L) 

. . .  
Breathing Rates (11131s) 

B-5 1 
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67/33 DST Waste/20 gpm Leak for Limiting Pit Size 
Pipe Length (feet) 0.0 Pit Vol. 1.24E+03 feet3 
File:TWR3738Revl/PIT3738Rl B 3 

)Source Term 
Parameter English Units 
Waste Density 
Soil Density 
I eak F v a b & a  
Leak flow rate 2.00E+01 gpm 
Time for leak detector alarm 3.00E+01 min 
Time to trfr pump shutdown 3.00E+01 min 
Pumped spill volume 1.20E+03 gal 
Drainback pipe length O.OOE+OO ft 
Pipe ID 3.07E+00 in 
Drainback volume O.OOE+OO gal 
Drainback leak rate 2.00E+01 gpm 
Total spill volume in 24hours 1.20E+03 gal 
Total spill duration(max=24hr) 6.00E+01 min 
NO Wind F&iuu?md to Onsite .&B& 
1 hr surface pool spill volume O.OOE+OO gal 

Pool area O.OOE+OO ft2 
Pool radius O.OOE+OO ft 
Wet resuspension flux 
Aerosol release rate from wet resuspension 
Aerosol released from 1 hr wet resuspension 
fG Wind F P  
24 hr surface pool volume O.OOE+OO gal 

Pool area O.OOE+OO ft2 
Pool radius O.OOE+OO ft 
Wet resuspension flux 
Aerosol release rate from wet resuspension 
Aerosol released from 24 hr wet resuspension 

Pit internal volume 1.24E+03 ft3 
Confined volume aerosol concentration 
Confined volume aerosol concentration 
Aerosol release rate from confined volume 
Onsite aerosol release from pit 
Pit aerosol release in 24 hr 

Peak Onsite aerosol release rate from pit 
Peak 24 hr release rate (pit) 
Total Onsite aerosol release 

Spreading factor 8.70E+00 ft-I 

Spreading factor 8.70E+00 ft-1 

from Pit 

P 

Total 24 hr aerosol release 

Metric Units 
1.40E+00 kglL 

1.6 kg/L 

7.57E+01 Llmin 

4.54E+03 L 

7.57E+01 Llmin 
4.54E+03 L 
3.60E+03 s 

O.OOE+OO m3 

O.OOE+OO m2 
O.OOE+OO m 
O.OOE+OO kg/m2-s 
O.OOE+OO L/s 
O.OOE+OO L 

O.OOE+OO m3 

O.OOE+OO m2 
O.OOE+OO m 
O.OOE+OO kglm2-s 
O.OOE+OO Lls 
O.OOE+OO L 

3.50E+01 m3 
7.14E-05 Llm3 
1.00E-01 g/m3 
6.94E-07 L/s 
2.50E-03 L 
2.50E-03 L 

6.94E-07 L/s 
6.94E-07 L/s 
2.50E-03 L 
2.50E-03 L 

'ast 810 practice 

iven 
iput parametei 
iven 
1.54E+00 m3 
iven 
iven 

1.54E+00 m3 
1.00E+00 hr 

'ast BIO Dractice 

ased on TWR-3958 
?qn 4-1 & 9.8 m/sec 
nsite evac. control 

ast BIO practice 

ased on TWR-3958 
qn 4-1 8.9 8 m/sec 
eakage containment 
L removal control 
iput parameter 

uasi-equilibrium Concen- 

tration(PNL-4154) 
3 00E+01 minutes 
1.44E+03 minutes 

B-52 

File:TWR3738Revl/PIT3738Rl


TWR-3738, Rev. 1 

Pathway Onsite ME1 EDE (Sv) 
Inhalation 5 04E-03 
Ingestion NA 
Gamma-ray 0 00E+00 
Total 5 04E-03 
Anticipated Guide1 5 00E-03 

Offsite ME1 EDE (Sv) 
4 18E-06 
144E-08 

NA 
4 19E-06 
100E-03 

Pathway 
Inhalation 
Guideline 

B-53 

Onsite ME1 (SOF) 

l.OOE+OO I l.OOE+OO 1 
Offsite ME1 (SOF) 

8.78E-03 I 4.75E-05 I 



TWR-3738, Rev. 1 

, ~ ~ -  ~~~ ~ ~ 

~ ~~~~~ ~~~ ~~~~~~ ~ ~~~~~~ 

Initial Rates (Lls) 
Location Pit IWetResus 

Onsite 6.94E-071 O.OOE+OO 
I 

67/33 DST Waste120 gpm Leak for Limiting Pit Size 
Summary of Results Pit Volume (ft3) 1.24E+03 

File:lWR3738Revl/PIT3738Rl B 

24 hour Rates (L1s) 
Pit IWetResus Rate (Lk )  SOF Mult SOF 

6.94E-07 1.26E+04 8.78E-03 
I 

'Gamma = (Shine+Skyshine for Reference Leak)x(Ratio of Leak Volurnes)x(Ratio of Cs137 Activities) 

IToxicolooical Conseouences I I I I I I 

I 

Offsite I 6 94E-071 0 00E+00) 6 94E-071 0 00Et001 6 94E-071 6 83E-01 I 4 75E-05 
F eTWR3738Revl  P T3738RlB 
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Waste Type 
DST Liquids 
DST Solids 
9515 Composite 

Anticipated txtremely Unlikely 
Frequency Unlikely Frequency Frequency 

Onsite Offsite Onsite Offsite Onsite Offsite 
1.OE+04 8.4E+00 7.5E+02 8.4E+00 2.1E+02 6.2E-01 
1.8E+04 1.9E+02 3.3E+03 1.5E+01 6.3E+02 2.8E+00 
1.OE+04 1.7E+01 8.8Et.02 8.7E+00 2.3E+02 7.3E-01 

Atmospheric Dispersion Coefficients (XlQ) 
I I Onsite I Offsite I 
9 %  9 8mls.TWRI 7 57E-04 I 4 92E-07 
99 5%, lrn/s.TWRI 3 41E-02 I 2.&3E-05 

For 1 hour Eor 1 hour 

Waste Cs-137 Activity (BqlL) 

. , ,.,, , ,.. .,,,. 
Breathing Rates (m3/s) 
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95/5 DST Waste/20 gpm Leak for Limiting Pit Size 
Pipe Length (feet) 0.0 Pit Vol. 6.71E+03 feet3 
File:~R3738RevllPIT3738Rl B 191 

)Source Term 

Waste Density 
Soil Density 

Leak flow rate 2.00E+01 gpm 
Time for leak detector alarm 3.00E+01 min 
Time to trfr pump shutdown 3.00E+01 min 
Pumped spill volume 1.20E+03 gal 
Drainback pipe length O.OOE+OO fl 
Pipe ID 3.07E+00 in 
Drainback volume O.OOE+OO gal 
Drainback leak rate 2.00E+01 gpm 
Total spill volume in 24hours 1.20E+03 gal 
Total spill duration(max=24hr) 6.00E+01 min 

1 hr surface pool spill volume O.OOE+OO gal 

Pool area O.OOE+OO ft2 
Pool radius O.OOE+OO fl 
Wet resuspension flux 
Aerosol release rate from wet resuspension 
Aerosol released from 1 hr wet resuspension 

24 hr surface pool volume O.OOE+OO gal 
Spreading factor 8.70E+00 fl-I 
Pool area O.OOE+OO ft2 
Pool radius O.OOE+OO ft 
Wet resuspension flux 
Aerosol release rate from wet resuspension 
Aerosol released from 24 hr wet resuspension 

Pit internal volume 6.71E+03 A3 
Confined volume aerosol concentration 
Confined volume aerosol concentration 
Aerosol release rate from confined volume 
Onsite aerosol release from pit 
Pit aerosol release in 24 hr 

Peak Onsite aerosol release rate from pit 
Peak 24 hr release rate (pit) 
Total Onsite aerosol release 
Total 24 hr aerosol release 

t to Onsite Rec- 

Spreading factor 8.70E+00 ft-1 

e from Pit 

P 

1.40E+00 kg/L 
1.6 kglL 

7 57E+01 L/min 

4.54E+03 L 

7.57E+01 L/min 
4.54E+03 L 
3.60E+03 s 

O.OOE+OO m3 

O.OOE+OO m2 
O.OOE+OO m 
O.OOE+OO kg/m2-s 
O.OOE+OO Lls 
O.OOE+OO L 

O.OOE+OO m3 

O.OOE+OO m2 
O.OOE+OO m 
O.OOE+OO kg/m2-s 
0.00E+00 L/s 
O.OOE+OO L 

1.90E+02 m3 
7.14E-05 L/m3 
1.00E-01 g/m3 
3.77E-06 L/s 
1.36E-02 L 
1.36E-02 L 

3.77E-06 L/s 
3.77E-06 LIS 
1.36E-02 L 
1.36E-02 L 

n3 

bski 
'ast BIO Dractice 

iiven 
iput parameter 
iven 
4.54E+00 m3 
iiven 
iiven 

4.54E+00 m3 
1.00E+00 hr 

last BIO practice 

lased on TWR-3958 
?qn 4-1 8. 9.8 m/sec 
'nsite evac. control 

last BIO Dractice 

lased on TWR-3958 
qn 4-1 8. 9 8 m/sec 
eakage containment 
5 removal control 
iput parameter 

luasi-equilibrium Concen- 
tration(PNL-4154) 

6 00E+01 minutes 
144E+03 minutes 
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Pathway 
Inhalation 
Ingestion 
Gamma-ray 
Total 
Anticipated Guide1 

Onsite ME1 EDE (Sv) Offsite ME1 EDE (Sv; 
4.93E-03 4.09E-06 

NA 3.40E-08 
O.OOE+OO NA 
4.93E-03 4.13E-06 
5.00E-03 1 .OOE-03 

B-57 

Pathway 
Inhalation 
Guideline 

Onsite ME1 (SOF) 
3.92E-02 1 6.59E-05 I 
1 .OOE+OO I 

Offsite ME1 (SOF) 

1 .OOE+OO I 
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95/5 DST WastelZO gpm Leak for Limiting Pit Size 
Summary of Results Pit Volume (ft3) 6.71 E+03 

File:lWR3738Revl/PIT3738Rl B 

File:lWR3738Revl/PIT3738R1 B 
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Waste Type I 

SST Liquids 
SST Solids 
67/33 Composite 

67/33 SST Waste120 gpm Leak for Limiting Pit Size 

txtremely Unlikely 
Anticipated Frequency Unlikely Frequency Frequency 

Onsite Offsite Onsite Offsite Onsite Offsite 
9.6E+03 8.OE+00 7.5€+02 8.OE+00 2.OE+02 6.2E-01 
4.OE+04 9.4€+01 2.1E+04 3.3Ec01 1.OE+03 1.7€+01 
2.0E+04 3.6E+01 7.4E+03 1.6€+01 4.6E+02 6.2E+00 

Fiie.TWR3738RevliPIT3738Rl C 

Onsite Offsite 
95%. 9 8mls,TWR-3958 7 57E-04 4 92E-07 
99 5%, lm/s,TWR-3738 3 41E-02 2.83E-05 

SST Radiological Unit Liter Doses 
Ingestion 

Inhalation fSv-m"3/s- 

Cs-I37 Activity for this waste 
Cs-I37 Activity, Ref DST 95/5 
Gamma Multiplier for this waste 

4 77E+10 
5 90E+10 
8 08E-01 

Waste Type (Sv1-J LI 
SST L qL ds I 11E-04 I 52E-02 

ISST Solids I 2.2E+05 I 4.1E+00 I 
3 Compos.te I 8OE-04 I 14E-00 

Breathing Rates (m3/s) 
light activity 
24-hr average 
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Soil Density 
I w k  FvaL~atm 
Leak flow rate 2.00E+01 gpm 
Time for leak detector alarm 3.00E+01 min 
Time to trfr pump shutdown 3.00E+01 min 
Pumped spill volume 1.20E+03 gal 
Drainback pipe length O.OOE+OO ft 
Pipe ID 3.07E+00 in 
Drainback volume O.OOE+OO gal 
Drainback leak rate 2.00E+01 gpm 
Total spill volume in 24hours 1.20E+03 gal 
Total spill duration(max=24hr) 6.00E+01 min 

1 hr surface pool spill volume O.OOE+OO gal 
Spreading factor 8.70E+00 ft-I 
Pool area O.OOE+OO ft2 
Pool radius O.OOE+OO ft 
Wet resuspension flux 
Aerosol release rate from wet resuspension 
Aerosol released from 1 hr wet resuspension 

Receptar 

t to Offsite &ce&.c 

67/33 SST Waste/20 gpm Leak for Limiting Pit Size 
Pipe Length (feet) 0.0 Pit Vol. 2.75E+03 feet3 
File:lWR3738Revl iPIT3738Rl C 77 

ISource Term 
Parameter English Units 
Waste Density 

Metric Units 
1.40E+00 kg/L 

1.6 kg/L 

7.57E+01 L/min 

4.54E+03 L 

7.57E+01 L/min 
4.54E+03 L 
3.60E+03 s 

O.OOE+OO m3 

O.OOE+OO m2 
O.OOE+OO m 
O.OOE+OO kg/m2-s 
O.OOE+OO L/s 
O.OOE+OO L 

O.OOE+OO m3 

O.OOE+OO m2 
O.OOE+OO m 
0.00Ec00 kg/m2-s 
O.OOE+OO L/s 
O.OOE+OO L 

7.78E+01 m3 
7 14E-05 L/m3 
1.00E-01 g/m3 
1.54E-06 L/s 
5.56E-03 L 
5.56E-03 L 

1.54E-06 Lis 
1.54E-06 L/s 
5.56E-03 L 
5.56E-03 L 

n3 

iasls 
'ast BIO practice 

liven 
iput parameter 
iven 
4 54E+00 m3 
iven 
iven 

4.54E+00 m3 
1.00E+00 hr 

last BIO practice 

lased on TWR-3958 
?qn 4-1 & 9.8 mlsec 
nsite evac. control 

'ast BIO practice 

ased on TWR-3958 
qn 4-1 & 9 8 m/sec 
eakage containment 
L removal control 
iput parameter 

uasi-equilibrium Concen 
tration(PNL-4154) 

5 00E+01 minutes 
144E+03 minutes 
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Pathway 
Inhalation 
Ingestion 
Gamma-ray 
Total 
Anticipated Guideline 

Onsite ME1 €DE (Sv) Offsite ME1 EDE (Sv) 
5.00E-03 4.15E-06 

NA 2.1 8E-07 
O.OOE+OO NA 
5.00E-03 4.37E-06 
5.00E-03 1.00E-03 

Toxicoloaical Conseauences - 
Pathway Ionsite ME1 (SOF) loffsite ME1 (SOF) 
Inhalatinn I 303E-02 I I 5 62E-05 I ~~ . . . . ._ .- .. . . . ._ 

Guideline I l.OOE+OO I I 1.00E+00 I 
File TWR3738RevliPIT373BRl C 
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Consequences 
Radiological 

Toxicological 

67/33 SST Wastel20 gpm Leak for Limiting Pit Size 
Summary of Results Pit Volume (ft3) 2 75E+03 

rn3 77 R 

Receptor Conseq. Guideline Rev 0-B* HNF-5147 
Onsite 5.OE-03 5.0E-03 5.1E-03 4.1E-02 
Offsite 4.4E-06 1.OE-03 6.6E-06 3.7E-05 
Onsite 3.0E-02 I.OE+OO 1.4E-01 
Offsite 5.6E-05 1 .OE+OO 7.5E-04 

Toxicological Consequences 
Initial Rates (Lls) 

Location Pit 1 WetResus 
Onsite 1.54E-061 0.00€+00 

I 

File:lWR3738RevliPIT3738Rl C 

24 hour Rates (Lls) 
Pit IWetResus Rate (Lls) SOF Mult SOF 

1.54E-06 1.96E+04 3.03E-02 
I 

*Gamma = (Shine+Skyshine for Reference Leak)x(Ratio of Leak Volumes)x(Ratio of Cs137 Activities) 

I I I I 1 I I 
Offsite 1 1 s4E-061 O.OOE+OO( 1.54E-061 0.00E+001 1.54E-061 3.64E+01 I 5.62E-05 

File:lWR3738Revl/PlT3738Rl C 
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SST Solids 
9515 Composite 

9515 SST Waste/20 gpm Leak for Limiting Pit Size 
File TWR3738RevllPIT3738RI B 

2.2E+05 4.1E+00 
2.iE+04 2.5E-01 

SST Radiological Unit Liter Doses 

I Ingestion 
Inhalation fSv-mA3/s 

SST Solids 
9515 Composite 

Waste Type (SV/L) L) 
SST Liquids I 1.1E+04 5.2E-02 

4.OE+04 9.4E+01 2.1E+04 3.3E+01 1.OE+03 1.7E+01 
1.1E+04 1.2E+01 1.8E+03 9.3E+00 2.4E+02 1.4E+00 

Cs-I37 Activity for this waste 
Cs-I37 Activity, Ref. DST 95/5 
Gamma Multiplier for this waste 

SST Continuous Release SOF Multipliers (s/L) 
I I Anticipated I I Extremely Unlikely I 

2.59E+10 
5.90E+10 
4.39E-01 

I I Freauencv I Unlikelv Freauencv I Freauencv ~ I 
Waste Type Onsite Offsite Onsite Offsite Onsite Offsite 
SST Liquids I 9.6E+03 8.OE+00 I 7.5E+02 8.OE+00 I 2.OE+02 6.2E-01 

Atmospheric Dispersion Coefficients (X/Q) 

Breathing Rates (rn31s) 
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Soil Density 

Leak flow rate 2.00E+01 gpm 
Time for leak detector alarm 3.00E+01 min 
Time to trfr pump shutdown 3.00E+01 min 
Pumped spill volume 1.20E+03 gal 
Drainback pipe length O.OOE+OO ft 
Pipe ID 3.07E+00 in 
Drainback volume O.OOE+OO gal 
Drainback leak rate 2.00E+01 gpm 
Total spill volume in 24hours 1.20E+03 gal 
Total spill duration(max=24hr) 6.00E+01 min 

1 hr surface pool spill volume O.OOE+OO gal 
Spreading factor 8.70E+00 fi-1 
Pool area O.OOE+OO ft2 
Pool radius 0.00E+00 ft 
Wet resuspension flux 
Aerosol release rate from wet resuspension 
Aerosol released from 1 hr wet resuspension 
!YO W FntrainmaLb Off& !3eca&c 
24 hr surface pool volume O.OOE+OO gal 
Spreading factor 8.70E+00 ft-1 
Pool area O.OOE+OO ft2 
Pool radius O.OOE+OO ft 
Wet resuspension flux 
Aerosol release rate from wet resuspension 
Aerosol released from 24 hr wet resuspension 

9515 SST Waste120 gpm Leak for Limiting Pit Size 

ISource Term 
Parameter English Units 
Waste Densitv 

detric Units 
1.40E+00 kg/L 

1.6 kg/L 

7.57E+01 L/min 

4.54E+03 L 

7.57E+01 L/min 
4.54E+03 L 
3.60E+03 s 

O.OOE+OO m3 

0.00€+00 m2 
O.OOE+OO m 
O.OOE+OO kg/m2-s 
O.OOE+OO L/s 
0.00E+00 L 

O.OOE+OO m3 

O.OOE+OO m2 
O.OOE+OO m 
O.OOE+OO kg/m2-s 
O.OOE+OO Lls 
O.OOE+OO L 

2.90E+02 m3 
7.14E-05 L/m3 
1.00E-01 glm3 
5.75E-06 L/s 
2.07E-02 L 
2.07E-02 L 

5.75E-06 LIS 
5.75E-06 LIS 
2.07E-02 L 
2.07E-02 L 

asis 
ast BIO practice 

iven 
iput parameter 
iven 
1.54E+00 m3 
iven 
iven 

1.54E+00 m3 
I.OOE+OO hr 

ast BIO practice 

ased on TWR-3958 
!qn 4-1 8. 9.8 m/sec 
nsite evac. control 

ast BIO oractice 

ased on TWR-3958 
qn 4-1 8 9.8 m/sec 
Sakage containment 
1, removal control 
iput parameter 

uasi-equilibrium Concen- 

tration(PNL-4154) 
5 00E+01 minutes 
I44E+03 minutes 

B-64 



TWR-3738, Rev. 1 

Pathway 
Inhalation 
Ingestion 
Gamma-ray 
Total 
AnticlDated Guide1 

Onsite ME1 EDE (Sv) Offsite ME1 EDE (Sv) 
5 00E-03 4 15E-06 

NA 149E-07 
0 00E+00 NA 
5 00E-03 4 30E-06 
5 00E-03 100E-03 

Pathway 
Inhalation 
Guideline 

B-65 
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9515 SST Waste120 gpm Leak for Limiting Pit Size 
Summary of Results Pit Volume (ft3) 1.02E+04 

File:lWR3738Revl/PIT3738Rl B 
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APPENDIX C - Base Case Microshield"' and Microskyshine" Calculations for DST 95/5 
Waste Spill 
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Materlai at Risk 4.54E+03 L 

061 Gamma Producfng Isatopes (Ea) 
I C  0-60 Sr-90 CI-137 Eu-154 Eu-155 
I 7.OOE+Og 4.60€+09 5.90€+10 4.20€+07 0 

1.50€+07 5.2OE+10 S.WE+lO 3.00E+08 0 
7.40E+06 6.97€+09 5.90€+10 6.49€+07 O.WE+OO 

Pool Isotopic Inventory (CQ 

I Isotope co-60 Sr-90 cs-I 37 tu-I54 Eu-155 
9.08E-01 8.55E+02 7.24t+03 6.74t90 O.OOE+OO 

inergy Spectra far 1 4 1  of Giveti isotopes 
Photons pef Sewnd 

MeV Cc-60 Sr-90 Cr-137 Eu-154 Eo-155 
~ 

0.015 
0.025 
0.035 
0.045 
0.055 
0365 
0.075 

0.095 
0.15 
0.25 
0.35 
0.475 
0.65 
0.825 

I 
1.225 
1.475 
1.7 
1.9 
2.1 

. 0.085 

7.80E+08 
4.00E+08 
Z.~CIE+OB 
1,80E+08 
1.40E+08 
l.lOE+OB 
8.90€+07 
7.40E+07 
6.30€+07 
3.30E+08 
1.30E+08 
6.80Ec07 

6.04E+06 3.50€+07 
1.40€+07 
9.80€+06 

7.4OE+lO 5.50€+06 
2.10€+06 
5.30€+05 
1.40€+05 
1.5CE+04 

5.50E+07 

2.3 8.30E+Ol 
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. 
0.015 6.67E+11 0 6,6708651 1 0 0 0 
0.025 3.42E+11 0 3.42095Ed 1 0 0 0 
0.035 -+I1 0 2222)81E+11 0 0 0 
0.045 1.54H11 0 1.53394351 1 0 0 0 
0.055 1.20E+ll 0 1.19733€+11 0 0 0 
0.065 9.41!310 0 S4078iE2182 0 0 0 
0.075 . ' . 7.81HlO 0 76118187568 0 0 0 
0.085 8.3-10 0 BJ287760WDo 0 0 0 
0.095 5.39E+10 0 538709837M 0 0 0 
0.15 3.83€+?1 0 2.82228511 0 1.00857E+ll 0 

0.35 5.8DE+10 0 5901141081 1 0 0 0 
0.475 6.49E+10 0 47038081081 0 17853423616 0 
0.65 2.28€+14 5480143.2 28933324324 227992E+14 0 0 
0.825 1.18E+11 0 11973329730 0 1.03814E+ll 0 

1 7.92E+10 0 838133081 1 0 70853227784 0 
1225 1.64E+11 67192000WO 4703808108 0 92241228135 0 
1.475 1.80€+08 0 1785999469 0 0 0 

1.7 Q.24€+09 0 4 53276054.1 0 8784811M3 0 
1.6 l.ME+OB 0 119733297.3 0 0 0 
2.1 1.28E+07 0 1282aw.57 0 0 0 
2.3 7.10€+64 0 70984.74054 0 0 0 

0.25 , 128E+11 0 1.11181Rll ' 0 17021460886 0 
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MicroSkyshlne 

(Nuclear Fi Radiological Safety Analysts - 1.16-007) 
F i le  Ref: 

Run: 9:12 a.m. By : 
: December 21. 1998 Checked: 

I--III-uI-..l 

Date: ‘// ;;g; ’ 

CASE: 1.200 gal S p i l l  o f  95/5 DST Waste 

GEOMETRY: ‘Vertical cyl inder  a rea  source behind a wall 

DIMENSIONS (meters) : 

Distance between wall and de tec tor  ........... X 80. 
Depth of source behind wall .................. Y 1. 
Offset o f  de t ec to r  ........................... 2 0 .  
Depth of dose polnt  .......................... H 1. 
Distance between center  o f  source and wall ... R1 20. 
Thickness of cover s l a b  ..................... : T l  0. 
Thickness of second sh ie ld  ................... T2 0. 
Radius o f  source ............................. W 6.43 
Helght o f  source L 0.035052 ............................. 

INTEGRATION PARAHETERS: 

Number o f  Radial Segments ..................... M 5 
Number o f  Circumferential Segments.. ......... .N 5 
Number of Vertical Segments.. ................. C 5 
Quadrature Order. ........................... 16 

MATERIAL DENSITIES (g/cc) : 

Ambient a i r :  .0012 

Materi a1 Cover Slab lower Shield Volume Source 

Air 
Water 
Concrete 1.4 
Iron 
Lead 
Zirconium 
Ut-anla 

. - - ---- ---- ---------- -------____- ----_____--__ 

Buildup f a c t o r  based on:  CONCRETE. 
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Page 2 

CASE: 1,200 gal  Spill o f  95/5 DST Waste 
SOURCE NUCLIDES: 

Source was entered by energy groups. 

RESULTS: 

Group Energy 

1 1.70 
2 1.48 
3 1.23 
4 1 .oo 
5 .82 
.6 .65 
7 

# (mev) ----- ------ 

8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

TOTALS: 

Activity 
(photons/sec) 

9.240e+09 
1.800e+09 
1.640e+ll 
7.920e+10 
1.160e+ll 
2.280et14 

Dose rate 

5.615e-20 2.139e-03 
5.508e-20 4.088e-04 
6.129e-20 4.14%-02 
6.192e-20 2.022e-02 
5.904e-20 2.824e-02 
6.083e-20 5.719et01 

Dose rads/p rint oton (WW ----------- 
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M i c r o s h i e l d  4.00 - S e r i a l  Y4.00-00128 
Westinghouse Hanford Company 

Page : 1 F i l e  Ref: 
00s F i l e :  DST-POOL.MS4 Date: -1-1- 
Run Date: December 21, 1998 By : 
Run Time: 9:16 a.m. Monday Checked: 
Durat ion:  0:OO:Ol 

Case T i t l e :  1,200 g a l  S p i l l  o f  9 5 / 5  DST Waste 

GEOMETRY 8 - Cy l i nde r  Volume - 
cent imeters 

Dose p o i n t  coord ina te  X: 10000.0 
Dose p o i n t  coo rd ina te  Y: 100.0 
Dose p o i n t  coo rd ina te  2: 0.0 

C y l i n d e r  he igh t :  3.5052 
C y l i n d e r  rad ius :  643.0 

A i r  Gap: 96.4948 
Side Clad: 8000.0 

End Shields 
f e e t  and inches 

328.0 1 .o 
3 .O 3.4 
0.0 .o 
0.0 1.4 

, 21.0 1.1 
3.0 2.0 

262.0 5.6 

Source Volume: 4.55286et6 cn'3 160.783 cu ft. 277833. cu i n .  

MATERIAL DENSITIES (g/cm"3) 
M a t e r i a l  Source A i r  Gap Side Clad Immersion 

A i r  0.00122 0.00122 
Concrete 1.4 1.4 

S h f e l d  S h i e l d  S h i e l d  

BUILDUP 
Method: Bu i ldup Fac tor  Tables 

The m a t e r i a l  r e fe rence  i s  Source 

INTEGRATION PARAMETERS 
Quadrature Order 

Radi a1 10 
C i r c u m f e r e n t i a l  10 
A x i a l  (a long 2 )  10 

SOURCE WAS ENTERED AS ENERGIES ONLY 
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Page : 2 
WS File: DST-POOL.MS4 
Run Date: December 21. 1998 
Run Time: 9:16 a.m. Monday 
T i t l e  : 1,200 gal Spill o f  95/5 DST Waste 
11111-- 

Energy 

0.65 
0.825 
1 .o 

. 1.225 
1.475 
1.7 

(MeV) 

,ILI~--LII=------P~~I----~ RESULTS ----- 
Activity Energy Fluence Rate 

2.280~014 1.164et003 4.429et003 
1.160e+011 9.25le-001 3.104e+000 
7.920et010 9.045e-001 2.756et000 
1.640et011 2.735~000 7.573e+000 
1.800et009 4.237e-002 1.081e-001 
9.240et009 2.823e-001 6.B07e-001 

(photons/sec ) (MeV/sq cm/sec) 
No Buildup With Buildup 

Exposure Rate In  Air 

No Buildup With Buildup 
2.261e+000 8.599e+000 
1.753e-003 5.882e-003 
1.667e-003 5.081e-003 
4.842e-003 1.34Oe-002 
7.161e-005 1.827e-004 
4.585e-004 1.106e-003 

(Whr) 

TOTAL: 2.284et014 1.169etOa 3 .443et003 2 .269et000 8.624e+00d 
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APPENDM D - Record of Review, Peer Review and HEDOP Review 
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Preparation and Review of Manual “F-2353 
Calculation Notes Desk Instruction 43, Rev. 0 

Page 8 o f 8  
Effective Date June 10,1999 

ATTACHMENT C 

CHECKLIST FOR TECHNLCAL PEER REVIEW 

Previous reviews are wmplete and cover the analysis, up to the scope of this 
review. with no gaps. 
Problem is completely defined. 
Accident scenarios are developed in a clear and logical manner. 
Necessary assumptions are explicitly stated and supported. 
Computer codes and data files are documented. 
Data used in calculations are explicitly stated. 
Data were checked for consistency with original source information 85 
applicable. 
Mathematical derivations were checked including dimensional consistencyof 
ESUlts .  

Models are appropriate and were used within their established range of validity 
or adequate justification was provided for use outside their established range of 
validity. 
Spreadsheet results and all hand calculations were verified. 
Software input is correct and consistent with the document reviewed. 
Software output is consistent with the input and with the results reported in the 
document reviewed. 
Limitdcnteridguidelines applied to the analysis results are appropriate and 
referenced. Limitsicriteridguidelines were checked against references. 
Safety margins are consistent with good engineering practices. 
Conclusions are consistent with analytical results and applicabte limits. 
Results and conclusions address all points in the purpose. 
The document wasprepared in accordance with “F-2353, Section 4.3, 
Attachment B, “Calculation Note Format and Preparation Instructions”. 

Concurrence 

ah\,, C.var\i kc. u LCrJ $CV, L w i l g y  
Reviewer (Printed Name and@gnature) Date 
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Preparatioti atid Review of Manual  HNF-2353 
Calcitlatioir Notes Desk Instruction 4.3, Rev. 0 

Page 8 o f 8  
Effective Date June 10,1999 

ATTACHMENT C 

Previous reviews are complete and cover the analysis, up to the scope of this 
review, with no gaps. 
Problem is completely defined. 
Accident scenarios are developed in a clear and logical manner. 
Necessary assumptions are explicitly stated and supported. 
Computer codes and data files are documented. 
Data used in calculations are explicitly stated. 
Data were checked for consistency with original source information as 
applicable. 
Mathematical derivations n t r e  checked including dimensional consistency of 
results. 
Models are appropriate and were used within their established r a n g  of validity 
or adequate justification was provided for use outside their established range of 
validity. 
Spreadsheet results and all hand calculations were verified. 
Software input is correct and consistent with the document reviewed. 
Software output is consistent with the input and with the results reported in the 
document rcvicwed. 
Limits/cri teri~~uidelines applied to the analysis results are appropriate and 
referenced. Limitsicriteriaiguidelines were checked against references. 
Safety margins are consistent with good engineering practices. 
Conclusions are consistent with analytical results and applicable limits. 
Results and conclusions address all points in the purpose. 
The document \vas prepared in accordance with HNF-235;> Section 4.3, 
Attachment B, "Calculation Note Format and Preparation Instructions". 

Con c LI rre ti cc 

'a CkrJ C' v b ~  :d k<:br~c li \ )".( b L I c , , . ~ - .  ~~ 

Reviewer (Printed Name and Si&naturc) Date 
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