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Response to RAI 15.3 dated 8-25-2014.

¢ The GSTR response to RAI No. 15.3 provided a volume-averaged fuel lemperature of 423.2

degrees C, The NRC staff confirmatory analysis caiciidated a significanlly lower volums
averaged {uel temperature. In order for NRC siatf to fully understand the GSTR fuel
temperalure, provide an exptanation of the Juel elerment nodal stneclure and a description ¢f
the nodal fue! temperature calculations for the fuel temperatures reported. Describe what
valua of the fuel temperature Is used for the reiease naction calculation usad in the MHA
anatysis. {page 13}

Upon further investigation it has been determined that 423.2°C is too high for the volume-averaged fuel
temperature in the hot rod of the limiting core configuration (LCC). The analysis provided by CSM for
the maximum fuel temperature in the hot rod of the LCC showed a maximum temperature of 556.2°C.
This number was compared to data from the Safety Analysis Report (SAR) of McClellan Nuclear
Radiation Center (MNRC). The MNRC SAR showed a maximum fuel temperature of 631°C and an
average fuel temperature of 341°C for the hot rod. Taking this data and using a ratio to the USGS TRIGA
Reactor LCC hot rod maximum temperature of 556.2°C we have calculated an average fuel temperature
for the hot rod in the LCC of 300.6°C. This value of 300.6°C will be used in the maximum hypothetical
accident (MHA) analysis below.

The GSTR response assumed a § minute decay of the releasad invenlory associated with

shutdown and fuel movement. However, NUREG-1537, Part 2, Chapter 13, Accldent

Analysis, MHA, page 13-5, stataes that “All fission products in the gap are released rapidly.” As

such, the 5 minute decay goes nat appear consistent with the guidance in NUREG-1537.

;arovid;ase} revised analysis to corect the 3 minute delay or justify why no change is needed.
ge

The 5 minute decay was a conservative estimate of the time it would take to remove a fuel element
from the reactor core. By including the 5 minute decay the MHA was more credible. Nevertheless, the
MHA has been reanalyzed without the 5 minute decay. This analysis is below.

e The NRC siaff has completed confirmalory anatysis of the MHA .res:;Its using

HOTSPOT 2.0_7.2. and was unable o reproduce the GSTR dose results for the atmospheric
release sceaario at the Emergency Assembly Area and the Building 21 East Entrance using
the assumptions stated in the response (0 RAl No. 15.3 (see shaded area in the attached
Table 1, of this RAI, for NRC staff confirmatory calculations). Provide details of the total
effective dase equivalent (YEDE) dose caloulations at these locslions. [page 22)

The reanalyzed MHA below has all the input parameters used for the HOTSPOT analysis.



The following sections will replace the sections given in the original SAR for the USGS.

13.2 Accident Initiating Events and Scenarios, Accident Analysis, and Determination of Consequences
13.2.1 Maximum Hypothetical Accident (MHA)
13.2.1.1 Accident Initiating Events and Scenarios

A single fuel element could fail at any time during normal reactor operation or while the reactor is
shutdown due to a manufacturing defect, corrosion, or handling damage. This type of accident is very
infrequent, based on many years of operating experience with TRIGA® fuel, and such a failure would not
normally incorporate all of the necessary operating assumptions required to obtain a worst-case fuel-
failure scenario. Historically, TRIGA fuel failures have shown very small fission product releases.

For the GSTR, the MHA has been required to be the cladding rupture of one highly irradiated fuel
element followed by the instantaneous release of the noble gas and halogen fission products into the
air. For the GSTR, with three different possible fuel types, a 12 wt% fuel element was chosen as the
irradiated element since it contains the most *°*U and the highest inventory of fission products. The
failed fuel element was assumed to have been operated at the highest core power density in the limiting
core configuration (LCC) for the extremely conservative continuous period of one year at 1 MW, which is
realistically not possible. This results in all of the halogens and noble gases (except Kr-85) reaching their
saturated activities.

This is the most severe accident and is analyzed to determine the limiting or bounding potential
radiation doses to the reactor staff and to the general public in the unrestricted area. A less severe, but
more credible accident, involving this same single element having a cladding failure in water will also be
analyzed. This latter accident more correctly falls into the mishandling or malfunction of fuel accident
category and will be addressed there.

During the lifetime of the GSTR, fuel within the core may be moved to new positions or removed. Fuel
elements are moved only during periods when the reactor is shutdown. Also, the GSTR is very rarely
operated continuously at 1 MW for a period longer than 12 hours, and never for a period of one year.,
Nevertheless, this extremely conservative MHA has been analyzed for the GSTR,

The following scenario has been chosen for analysis:

* A 12 wt% fuel element was chosen as the irradiated element since it contains the most *°U and
the highest inventory of fission products. The failed fuel element was assumed to have been
operated at the highest core power density for a continuous period of one year at 1 MW in the
limiting core configuration resulting in 22.21 kW (22.18 kW + 0.03 kW uncertainty) in the
element. This results in all of the halogens and noble gases (except Kr-85) reaching their
saturated activities. Operating the reactor at 1 MW produces the fission product poison Xe-135,
which depresses the neutron flux and power production in the “hot rod.” The power production
assumed in the “hot rod” is therefore very conservative. The element is removed from the core
instantaneously after the irradiation ends and brought into the reactor bay air. This scenario
assumes that the released noble gas and halogen fission products instantly and uniformly mix
with the reactor room air. The fission products that have been released to the reactor room air
are then exhausted at the stack ventilation rate of 800 cfm (3.78 x 10° cm®sec™), through the



emergency exhaust stack with no filtration taken into account. The air is assumed to be
discharged at 6 meters (19.69 feet) above ground, at the exit of the exhaust stack. The reactor
room free volume is assumed to be 3.1 x 108 cubic centimeters. The exhaust system takes 15.6
minutes to expel one reactor room volume of air (3.84 room changes per hour). The time to
discharge 95% of the fission product gases from the reactor room is 47 minutes, but this analysis
conservatively assumes that all fission product gases are released instantaneously in a single
pulse discharge. Similarly, it is conservatively assumed that the gas concentration in the reactor
bay undergoes no dilution during the maximum assumed stay time of 5 minutes. These
multiplied conservatisms make this scenario highly unrealistic.

13.2.1.2 Accident Analysis and Determination of Consequences

It is assumed that the GSTR is fueled in the limiting core configuration shown in Figure 13.1, and that the
reactor has operated continuously at 1 MW for a period of one year. Thus, all halogens and all noble
gases (except Kr-85) are at their saturation activity. The highest-power density fuel element fails and
releases the noble gases and halogens to the gap between the cladding and the fuel. This highest-
power-density element has a conservative power density of 22.18 kW 1 0.03 kW. For this analysis a
worst case scenario will be assumed and the element has a conservative power density of 22.21 kW.
The fission product inventory of halogen and noble gases are given in Tabie 13.1 for this element. The
inventory assumes a saturated activity is present and is based upon the fission yield for each isotope.
The saturated activities in Table 13.1 were calculated from Oregon State University’s (OSU) fission
product inventory for the same MHA scenario by multiplying OSU’s number by the ratio of the highest
power density element at the GSTR (22.21 kW) to the highest power density element in the OSU analysis
{15.9 kw) [1].

Considerable effort has been expended to measure and define the fission product release fractions for
TRIGA® fuels. Data on this aspect of fuel performance are reported. Using these data, GA developed a
conservative correlation for fission product release to be

[-134x10%]
| (T+273) -

P

e=15x107+ 3.6x 107 exp’

(13.1)
At an average fuel temperature of 300.6 °C, this release fraction is 1.53 x 10”. This assumed fuel
temperature (300.6 °C) is the expected volume averaged fuel temperature in the limiting pin for the LCC
and will produce a conservative estimate for the fission product release.
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Figure 13.1 Limiting core configuration layout

Once the fission products are released to the cladding gap, this activity is released when the cladding
catastrophically fails. If the release is in air (MHA), then this activity is released directly into the reactor
bay air. If the release occurs in the pool water, then the fission products must migrate through the water
before being released to the reactor bay air. Once released into the reactor bay air, a further reduction
of the halogen activity will occur due to plateout on the surfaces of the bay.

The fraction (w) of the fission product inventory released from a single fuel element that reaches the
reactor room air and, subsequently, the atmosphere in the unrestricted environment is:

w=efgh, (13.2)
where:

e = the fraction released from the fuel to the fuel-cladding gap (1.53x10°);

f = the fraction released from the fuel-cladding gap to the reactor bay air (if no water is present),
or to the pool water (if water is present);

g = the fraction released from the pool water to the reactor bay air (g=1.0 when no water is in
the pool); and

h = the fraction released from the reactor room air to the outside unrestricted environment, due
to plateout in the reactor bay.




Table 13.1
Saturated and Decay Corrected Activities for Highest Power Density 12 wt% Fuel Element

Isotope Half Life Asci:\l;irt?/tfcdi)
{
Br-82 353h
Br-83 2.4h
Br-84m 6.0 min
Br-84 31.8 min
Br-85 2.87 min
Br-86 55.5 sec
Br-87 55.9 sec
Total Bromine
1-131 8.02d
1-132 2.28h
[-133 20.8h
1-134 52.6 min
1-135 6.57 h
1-136 83.4 sec
Total lodine
Kr-83m 1.86 h
Kr-85m 4.48h
Kr-85 10.76 yr
Kr-87 76.2 min
Kr-88 2.84 h
Kr-89 3.15 min
Total Krypton
‘Xe-131m 11.9d
Xe-133m 2.19d
Xe-133 5.24d
Xe-135m 15.3 min
Xe-135 9.1h
Xe-137 3.82 min
Xe-138 14.1 min
Total Xenon
Total Halogens
Total Noble Gases




For the accident where the cladding failure occurs in air, it is very conservatively assumed that 25% of
the halogens released to the cladding gap are eventually available for release from the reactor bay to
the outside environment. This value is based on historical usage and recommendations. It uses a 50%
release of the halogens from the gap to the air with a natural reduction factor of 50% due to plateout in
the reactor bay. Combining the 50% release from the gap with the 50% plateout results in the 25% total
release. However, this value appears to be quite conservative, as some references quote a 1.7% release
from the gap rather than 50%. In the reactor bay it is conservatively assumed that 50% of the halogens
released to the cladding gap are released into the reactor bay.

For the accident in air, 100% of the noble gases are assumed to be available for release to the reactor
bay and later the unrestricted environment.

For the accident in water, it is assumed that 95% of the halogens released from the cladding gap remain
in the water and are removed by the demineralizer. A small fraction, 5%, of the halogens is assumed to
escape from the water to the reactor room air. Combining this with the 50% release from the gap to the
water, the result is that 2.5% of the halogens in the gap are released to the reactor room. Again, 50% of
these plateout in the reactor bay before release to the outside environment. Thus a total of 1.25% of
the halogens is available for release to the outside environment. For the noble gases released under
water, 100% are assumed to be available for release to the unrestricted environment.

The experiences at Three Mile Island, along with recent experiments, indicate that the 50% halogen
release fraction is much too large. Possibly as little as 0.06% of the iodine reaching the cladding gap may
be released into the reactor bay due in part to a large amount of the elemental iodine reacting with
cesium to form Csl, a compound much less volatile and more water soluble than elemental iodine.

The very conservative values for these various release fractions (see Equation 13.2) are given in Tables
13.2 and 13.3.

Table 13.2
Release Fraction Components
f f g g
Fission product No pool With pool No pool With pool h
water Water water water
Noble gas 1.0 1.0 1.0 1.0 1.0
Halogens 0.5 0.5 1.0 0.05 0.5
Table 13.3
Total Release Fraction
. w to the reactor w to the reactor w to the w to the
Fission . .
product bay . bay environment e.nvnronment
No pool water With pool water No pool water With pool water
Noble gas 1.53E-5 1.53E-5 1.53 E-5 1.53 E-5
Halogens 7.63E-6 3.81E-7 3.81E-6 191€E-7




For the GSTR, the prevailing wind is from the west, blowing to the east. The minimum distance to the
unrestricted environment (475 m) is to the north, the minimum distance to the nearest public residence
(640 m) is to the north, and a public school is about 720 m to the east. To be conservative it was
assumed that the wind is blowing from west to east and all recipients are east.

The DOE HOTSPOT computer code version 2.07.2 was used for areas outside of the reactor bay,
assuming uniform dispersion with ICRP 30 dose conversion factors. The HotSpot Health Physics Code
was created for use for safety-analysis of DOE facilities handling nuclear material. Additionally, HotSpot
provides emergency response personnel and emergency planners with a fast, field-portable set of
software tools for evaluating incidents involving atmospheric releases of mixed isotopes of radioactive
material. HotSpot incorporates Federal Guidance Reports 11, 12, and 13 (FGR-11, FGR-12, FGR-13) Dose
Conversion Factors (DCFs) for inhalation, submersion, and ground shine. The results of the Hotspot
analyses are provided in Table 13.6.

Furthermore, for calculations beyond the reactor bay, it was conservatively assumed that all of the
fission products were released to the unrestricted area by a discharge pulse, which would maximize the
dose rate to persons exposed to the plume during the accident. Calculations inside the reactor bay
assumed uniform distribution of the released fission products within the >3.1 x 10® cc volume of the bay.

It was also assumed that the receptor breathing rate was 3.33 E-4 m3sec™® (NRC “light work” rate) and
that the longest isotope retention category was applicable.

Calculations for personnel inside the reactor bay conservatively assumed that all of the fission product
gases were released instantly and uniformiy distributed within the reactor bay. The exposures for

- personnel in the reactor room for short stay-times were calculated by conservatively assuming that the
fission product concentration was constant for that time period. The short stay time is conservatively
estimated to be no longer than 5 minutes because the GSTR has a small facility and a worker could
briskly walk from one end of the reactor bay to the other within 30 seconds; leaving at least 4 minutes
to finish any emergency necessary tasks. A more realistic non-conservative stay time for a worker in the
reactor bay would be 2 minutes. The isotope concentrations in terms of DAC values and DAC-Hr
exposures during a 2-minute stay time are given in Table 13.4 below. Values for 5 minute stay times are
2.5 times higher than the 2 minute stay time values since the fission product gas concentration is
assumed to be constant during this exposure period.

Since a stochastic exposure of 2000 DAC-Hr results in a TEDE of 5000 mrem, the TEDE in mrem can be
calculated by

TEDE = (DAC-Hr)*5000/2000. (13.3)
Since a non-stochastic exposure of 1 annual limit on intake (AL} gives a CDE of 50,000 mrem for the
target organ (thyroid for radioiodine) the dose received to the thyroid of a person standing in the
reactor room can be calculated by

CDE = 3.33E-4*t*C/ALI*50000, (13.4)

where:

3.33E-4 = the NRC “light work” breathing rate with units of m?sec™;



t = the time exposed to the radionuclide;

ALl = the occupational inhalation limit for the specified isotope from 10 CFR 20 Appendix B;

and C = the concentration of the radionuclide in uCi/m>.

Table 13.4
Concentrations and Exposures from Gaseous Fission Product Releases
Y ol ol TR Bt RN L Rl Byl L
isotope Saturutedl Activity reactor bay | environment CrR ZO. in reactor bay | for 2 minute stay tu.Reac!or Ream environment | inreactor bay f?' 2 minute stay
<y Air NO POOL NO POOL Appendix no pool water [time, no pool water| Air WITH POOL WITH POOL (with pool time, WITH POOL
WATER (mCi}| WATER (mCi) BluCi/mi} (# DACs) WATER (mCi) WATER (mCi} | water} {# DACs) WATER
B8r-82 023 011 2 DOE-06 0.36 0.01 0.01 0.01 0.02 0.00
Br-83 079 0.39 3 0OE-05 0.08 000 0.04 0.02 000 0.00
Br-84m 0.03 0.01 1.00E-07 0.96 003 0.00 0.00 0.05 0.00
Br-84 1.47 074 2.00E-05 D.24 0.01 ©.07 004 0.01 0.00
Br-85 194 0.97 1.00E-07 62.56 2.09 010 0.05 3.13 o.10
Br-86 280 1.00E-07 93.50 3.12 014
8r-87 376 . 1.00E-07 121.34 4.04 0.18 - -
Total Bromine 11.11 223 - 279.05 9.30 0.56 o1l 321 0.11
1131 4.25 213 7.00€-08 685.78 22.86 021 01t 34.29 .14
1-132 6.34 3.17 3.00£-06 6.82 0.23 0.32 0.16 0.34 001
i-133 9.86 4.93 1.00E-07 317.97 10.60 0.49 0.25 15.90 0.53
t-134 1157 579 2.00E-05 1.87 0.06 0.58 0.29 009 0.00
i-135 9.62 481 7.0CE-07 4434 148 0.48 0.24 2.22 0.07
1-136 9.29 - 1.00E-07 289.75 9.99 0.46 -

Total iodine 50.94 2082 - 1356.52 45.22 2.55 1.04 5284 1.76
Kr-83m 158 158 1.00E-02 000 0.00 1.58 158 000 ©.00
Kr-85m 3.88 388 2.00E-05 0.63 0.02 3.88 3.88 0.63 0.02

Kr-85 0.25 0.25 1.00E-04 0.0t 0.00 0.25 0.25 0.01 0.00

Kr-87 752 7.52 5.00E-06 4.85 0.16 7.52 7.52 4.85 0.16

Kr-88 10.53 10.53 2.00E-06 16.98 0.57 10.53 10.53 16.98 0.57

Kr-89 13.92 13.92 1.00E-07 448.94 14.96 13.92 13.92 448.94 1496

Total Krypton 37.67 3767 - 471.40 15.71 37.67 37.67 471.40 1571

Xe-131m .16 0.16 4.00E-04 0.00 0.00 0.16 016 0.00 0.00

Xe-133m 0.48 048 1.00¢-04 0.02 2.00 0.48 0.48 0.02 0.00

Xe-133 19.14 1914 1.00£-04 062 0.02 19.14 19.14 0.62 002

Xe-135m 2.96 2.96 9.00E-C6 1.06 0.04 2.96 296 106 0.04

Xe-135 19.25 19.25 1.00E-05 621 0.21 19.25 19.25 621 021

Xe-137 18.20 18.20 1 .00E-07 587.12 19.57 18.20 18.20 587.12 1957

Xe-138 1991 1991 4.00E-06 16.05 0.54 19.91 1991 16.05 0.54

Total Xenon 80.09 80.09 - 611.08 20.37 80.09 80.09 611.08 20.37

Total Halogens 62.05 23.05 1635.58 54.52 3.10 115 56.05 187

Total Noble Gases 1172.77 117.77 1082.48 36.08 117.77 117.77 108248 36.08

Total Exposure for 2

minute stay time - 20.60 - 3795

{mrem)

A summary of the the CDEyy0ig and TEDE for 2- minute and 5-minute stay times in the reactor bay are
shown in Table 13.5. As seen in Table 13.5 the TEDE and CDE for a 5 minute stay time in the
conservative scenario where the fission products are released directly into the reactor bay air do not
exceed the 10 CFR 20 occupational dose limits. The reactor staff finds this analysis to be acceptable to
show that the GSTR is operating within 10 CFR 20 limits as the MHA is a highly conservative and a
postulated scenario that has no actual credibility of occurring.




Table 13.5

Occupational CDErpyroiq and TEDE in the Reactor Room Following a Single Element Failure in Air and

Water

2 1097 227 55 95

5 2742 566 137 237

The results of the HOTSPOT code version 2.07.2 calculations for the two scenarios (no water vs water in
reactor tank) are shown in Table 13.6. As seen from the table, no water in the reactor gives the highest
doses to the general public at any distance, as is expected since there is no capture of fission products
by the water. The scenario with water in the reactor tank gives the lowest doses at any given distance
since the capture and retention of fission products in the water is significant. In all cases, doses for the
general public and occupational workers are well below the annual dose limits specified by 10 CFR 20.
The reactor staff finds this analysis to be acceptable to show that the GSTR is operating within 10 CFR 20
limits as the MHA is a highly conservative and a postulated scenario that has no actual credibility of
occurring. For our model we used the following inputs:

Atmospheric Dispersion Models: General plume model,

Mixture of isotopes from Table 13.4, when requested the D categorization for the Br isotopes
was used. Br-86, Br-87, and |-136 were not used in the calculation. It was assumed that those
isotopes would not cause a significant dose as their half lives are too short (<84 sec) compared
to the relative time it would take to travel out of the reactor bay and into the environment,
Release height of 0 m for a ground release,

A 10-meter wind speed of 3.84 m/s (average from Chapter 2 of the Safety Analysis Report),
Wind is blowing from the west to the east,

The ambient environment is moderately stable (F),

Terrain is standard,

Wind reference height is 10 m,

Sample time is 10 min,

Source geometry is simple,

Include ground shine,

The non-respirable deposition velocity is 8 cm/sec,

The holdup time is 0 min,

DCF library used was the FGR-11 corresponding to ICRP 30 series,

The breathing rate is 3.33e-4 m’/s,

Distances used are 11 m, 32 m, 49 m, 100 m, 175 m, 200 m, 250 m, 475 m, 640 m, and 720 m,
And all distances are on the plume center line for a conservative dose estimate at each location.



Table 13.6

Radiation Doses to Members of the General Public Following a Single Element Failure

Building 15 south

11 26 27 0.0 0.0
door
EMBTEENcY 32 6.8 3.1 3.1e-8 3.7¢-8
assembly area
Building 21 east
entrance (West 49 21 2.2 1.6e-7 1.9e-7
of Building 15)
Average of
eastern 100 19 1.3 1.6e-7 1.9e-7
intersections
BUiRing 36wesk | 4 8.2 0.51 7.3e-8 8.8e-8
entrance
- 200 6.4 0.40 5.8e-8 7.0e-8
- 250 4.3 0.26 4.0e-8 4.8e-8
Nearest
Unrestricted 475 1.3 0.075 1.2e-8 1.5e-8
Location
Residence 640 0.71 0.042 7.3e-9 8.8e-9
School 720 0.57 0.033 5.9e-9 7.1e-9
References

[1] Oregon State University TRIGA Reactor, “Safety Analysis Report,” Oregon State University, Oregon,

Rep. ML0714304582, 2004.




Question 28 from RAI letter dated August 25, 2014:

28.

The GSTR Safety Analysis Report (SAR), Section 13.2.6.2, discusses limitations on the
release of iodine isotopes due to a failed fueled experiment. The SAR states that the
limit of 1.5 curies of iodine isotopes, as specified in GSTR Technical Specification

{TS) 14.3.8.2, is acceptable because it is bounded by the maximum hypothetical
accident (MHA) analysis, which provides an iodine inventory, as identified in the MHA
analysis, of approximately 5413 curies (GSTR SAR Table 13.1).

Based on its review of your May 17, 2013, response to RAl 15.3, the NRC staff noted
that the amount of iodine released in the MHA scenario was 83.53 millicuries {Table
13.4]. This occurs because the iodine isotope release inventory is modified by the
temperature dependent release fraction of the fuel. The 83.53 millicuries is much less
than 1.5 curies assaciated with the fueled expeariment as described in GSTR TS
14.3.8.2. Additionally, the MHA assumes an atmospheric release to the reactor bay.
The GSTR SAR does not identify whether a failed fueled experiment occurs in the same
jocation, or if it has the potential to occur in the laboratory area or in transit with greater
radiological consequences. As such, our review has determined that the basis for the
limit of 1.5 curies of iodine isotopes can not be substantiated.

NUREG-1537, “Guidelines for Preparing and Reviewing Applications for the Licensing of
Non-Power Reactors,” Chapter 13, “Accident Analysis,” Section 13.2, “Accident Analysis
and Determination of Consequences,” provides detailed guidance on evaluating the
potential consequences of a failed fueled experiment. The following information is
requested:

28.1. Provide the initial conditions and assumptions for the failed fuel experiment
accident;

28.2. Define the limitation of the fueled content of the fueled experiment including any
structural or containment requirements;

28.3. Provide the limiting source term for the failed fueled experiment (e.g., iodine,
krypton, xenon);

28.4. identify the possible locations where the failed fuel experiment could occur, and
release pathways to the facility and environment (e.g., incore, experiment station,
laboratories, eic.);

28.5. Provide the inventory of isotopes from a failed fueled experiment assuming a 100
percent release of gaseous isotopes;

28.6. Explain how the failed fueled experiment source term is bounded by the MHA, or
provide a comprehensive analysis that demonstrates acceptable compliance with
10 CFR Part 20, “Standards for Protection Against Radiation”; this analysis shall
include consideration of the limiting location of the release, the effect of
ventilation from the location, occupancy factors, how conditions required to
comply with the ahalysis (e.g.. temperature, exposure limits, decay times, etc.)
will be imposed on operatars (e.g., technical specifications, procedures,
administrative controls, etc.), and the resulting dose te occupational workers and
the public at ali appropriaie locations; and,

28.7. Provide updated TSs, and bases, as appropriate.
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Response to RAl Question 28:

28.1 The initial conditions for this analysis are:

a. A sample of fissile material has been irradiated for a sufficiently long time to build up 1.5 Ci of
the isotopes | through *°I in the sample at the time of reactor shutdown. The sample is doubly
encapsulated with the inner capsule enclosed in a metal, airtight container that is loaded into an
irradiation facility that is either leak resistant or has a 20+ feet column of water above the sample
container. The sample is not unloaded from the irradiation facility until at least 5 minutes of decay have
occurred. This is extremely conservative relative to what experiment constraints would actually be
applied by the USGS Reactor Operations Committee. As an example, the only HEU irradiation
authorized at the facility currently requires the sample to be in a quartz ampoule that is sealed inside an
aluminum Swagelok-capped tube and a decay time of at least 12 hours prior to unloading the sample
from the irradiation facility.

28.2 The fissile material in the sample container is of a mass such that the irradiation time and neutron
flux will not exceed a total ***| through ***| quantity of 1.5 Ci. The sample will be contained in an airtight
metal container. The sample is not unloaded from the irradiation facility until at least 5 minutes of decay
have occurred. This is an extremely conservative decay time assumption.

28.3 The source term for the sample, at the end of the 5-minute decay, is given in the second column of
Table 28.1.

28.4 The worst case location for the fueled experiment failure is in the air in the reactor bay. Samples of
this type are unloaded from the reactor and allowed to decay in a shielded storage location in the
reactor bay before they are given to their respective researcher. Added decay time will reduce the
consequences of a container leak. Intentional (non-accident) opening of such a sample container will be
done in a HEPA-filtered fume hood.

28.5 The isotopic inventory is given in Table 28.1.
28.6 A comprehensive analysis of this release is given in the following pages.
28.7 No revision to the T.S. or its basis is required.

This accident assumes a metal, airtight, sealed container leak occurs in air. It is very conservatively
assumed that 100% of halogen gases leak out of the container and 50% of the halogens released
through the leak are eventually available for release from the reactor bay to the outside environment.
This 50% reduction factor is due to plateout on surfaces in the reactor bay. We also assume that 100%
of the noble gases are released to the reactor bay and later to the unrestricted environment.

For the GSTR, the prevailing wind is from the west, blowing to the east. The minimum distance to the
unrestricted environment (475 m) is to the north, the minimum distance to the nearest public residence
(640 m) is to the north, and a public school is about 720 m to the east. To be conservative it was
assumed that the wind is blowing from west to east and all recipients are east.

The DOE HotSpot Health Physics Code version 2.07 was used to evaluate doses in areas outside of the
reactor bay, assuming uniform dispersion with ICRP 30 dose conversion factors. HotSpot was created for
use for safety-analysis of DOE facilities handling nuclear material. HotSpot provides emergency response
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personnel and emergency planners with a fast, field-portable set of software tools for evaluating
incidents involving atmospheric releases of mixed isotopes of radioactive material.

Table 28.1 5-Minute Decay Activities and Exposures for Fueled Experiment

Isotope

Br-82

Br-83

Br-84m

Br-84

Br-85

Br-86

Br-87

Total Bromine

(-131

1-132

1-133

I-134

1-135

1-136

Total lodine

Kr-83m

Kr-85m

Kr-85

Kr-87

Kr-88

Kr-89

Total Krypton

Xe-131m

Xe-133m

Xe-133

Xe-135m

Xe-135

Xe-137

Xe-138

Total Xenon

Total Halogens

Total Noble Gases

Total DAC-hr for
2-minute stay
time (mrem)

Activity (Ci)
after 5 min
decay

Released Released DAC | DACvalue DAC-Hr
Activity to Activity to from 10 of diluted | exposure for 2
reactor | environment CFR 20 activity in minute stay
bay air (mCi) | Appendix | reactor bay time

{mCi) B(uCi/ml) (# DACs)
4.02 4.02 | 2.00E-06 6.49 0.22
13.73 13.73 { 3.00E-05 1.48 0.05
0.30 0.30 | 1.00E-07 9.63 0.32
23.51 23.51 | 2.00E-05 3.79 0.13
10.34 10.34 | 1.00E-07 333.53 11.12
1.22 - | 1.00E-07 39.37 1.31
1.63 - | 1.00E-07 52.48 1.75
54,75 51.90 - 446.76 14.89
75.79 75.79 | 2.00E-08 12223.75 407.46
110.22 110.22 | 3.00E-06 118.52 3.95
175.26 175.26 | 1.00E-07 5653.64 188.45
193.19 193.19 | 2.00€-05 31.16 1.04
170.07 170.07 | 7.00E-07 783.73 26.12
13.70 - | 1.00E-07 441.87 14.73
738.22 724.53 - 19252.66 641.76
27.26 27.26 | 1.00E-02 0.01 0.00
68.27 68.27 | 2.00E-05 11.01 0.37
4.45 445 | 1.00E-04 0.14 0.00
128.18 128.18 | 5.00E-06 82.69 2.76
183.94 183.94 | 2.00E-06 296.68 9.89
82.60 82.60 | 1.00€-07 2664.47 88.82
494,70 494.70 - 3055.01 101.83
2.81 2.81 | 4.00E-04 0.02 0.00
8.58 8.58 | 1.00E-04 0.28 0.01
341.08 341.08 | 1.00E-04 11.00 0.37
42.12 42.12 | 9.00E-06 15.10 0.50
340.97 340.97 | 1.00E-05 109.99 3.67
131.01 131.01 | 1.00E-07 4226.15 140.87
277.59 277.59 | 4.00E-06 223.86 7.46
1144.16 1144.16 - 4586.40 152.88
792,97 776.42 - 19699.42 656.65
1638.86 1638.86 - 7641.41 254.71
911.36




HOTSPOT incorporates Federal Guidance Reports 11, 12, and 13 (FGR-11, FGR-12, FGR-13) Dose
Conversion Factors (DCFs) for inhalation, submersion, and ground shine. The resuits of the Hotspot
analyses are provided in Table 28.3.

For calculations beyond the reactor bay, it was conservatively assumed that all of the fission product
gases were released to the unrestricted area by a discharge pulse, which would maximize the dose rate
to persons exposed to the plume during the accident. Calculations inside the reactor bay assumed
uniform distribution of the released fission products within a 3.1 x 10% cc volume of the bay. It was
assumed that the receptor breathing rate was 3.33 E-4 m*sec™ (NRC “light work” rate) and that the
longest isotope retention category was applicable.

Calculations for personnel inside the reactor bay conservatively assumed that all of the fission product
gases were released instantly and uniformly distributed in the bay. The exposures for personnel in the
reactor room for short stay-times were calculated by conservatively assuming that the fission product
concentration was constant for that time period. The short stay time is conservatively estimated to be 2
minutes because the GSTR bay is small and walking from one end of the reactor bay to the other can
easily be done in 12 seconds. The isotope concentrations in terms of DAC values and DAC-Hr exposures
during a 2-minute stay time are given in Table 28.4 below. Since a stochastic exposure of 2000 DAC-Hr
results in a TEDE of 5000 mrem, the TEDE in mrem can be calculated by:

TEDE = (DAC-Hr)*5000/2000. (28.1)

Since a non-stochastic exposure of 1 annual limit on intake (ALl) gives a CDE of 50,000 mrem for the
target organ (thyroid for radioiodine) the dose received to the thyroid of a person standing in the
reactor room is calculated by:
CDE = 3.33E-4*t*C/AL*50000, (28.2)

where:

3.33E-4 = the NRC “light work” breathing rate with units of m’sec;

t = the time exposed to the radionuclide;

ALl = the occupational inhalation limit for the specified isotope from 10 CFR 20 Appendix B;

and C = the concentration of the radionuclide in uCi/m3.

A summary of the CDEy,iq and TEDE for 2- minute stay time in the reactor bay are shown in Table 28.2.

The reactor staff finds this analysis to be acceptable to show that the GSTR is operating within 10 CFR 20

limits as the accident scenario is a highly conservative and a postulated scenario that has no actual

credibility of occurring.

Table 28.2 Staff Doses for 2-minute Stay Time
TEDE (mrem) 2300

CDEhyroia (mrem) 14638

The results of the HOTSPOT code version 2.07 are shown in Table 28.3. In all cases, doses for the general
public and occupational workers are well below the annual dose limits specified by 10 CFR 20. The
reactor staff finds this analysis to be acceptable to show that the GSTR is operating within 10 CFR 20
fimits as the postulated scenario is very conservative and has no actual credibility of occurring. For the
HOTSPOT model we used the following inputs:

¢ Atmospheric Dispersion Models: General plume model,

® Release height of 6.4 m, at the exhaust stack height,
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A 10-meter wind speed of 3.84 m/s (average from Chapter 2 of the Safety Analysis Report),
Wind is blowing from the west to the east,

Mixture of isotopes from Table 28.1, when requested the D categorization for the Br isotopes
was used. Br-86, Br-87, and 1-136 were not used in the calculation. It was assumed that those
isotopes would not cause a significant dose as their half-lives are too short (<84 sec) compared
to the relative time it would take to travel out of the reactor bay and into the environment.

¢ The ambient environment is moderately stable (F),
e Terrain is standard,
e Wind reference heightis 10 m,
e Sample time is 10 min,
* Source geometry is simple,
¢ Include ground shine,
e The non-respirable deposition velocity is 8 cm/sec,
¢ The holdup time is 0 min,
o DCF library used was the FGR-11 corresponding to ICRP 30 series,
e The breathing rate is 3.33e-4 m%/s,
e Alldistances are on the plume center line for a conservative dose estimate at each location, and
s All receptors are conservatively assumed to be downwind and on the plume centerline.
Table 28.3 Exposures from Gaseous Fission Product Releases
Location Distance (m) CDEvhyroia (mrem) | TEDE (mrem)
Building 15 south entrance door 11 0 0
Emergency assembly area 32 0 0
Buildi
u! !ng 21 east entrance (West of 49 26 e6 11e.7
Building 15)
Average of eastern intersections 100 2.4 0.1
Building 16, closest entrance 175 22 0.94
Plume centerline 200 27 11
Plume centerline 250 30 1.3
Nearest Unrestricted Location 475 21 0.88
Residence 640 14 0.6
School 720 12 0.51
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