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A.1 LICENSING ACTION HISTORY

MIDWEST FUEL REPROCESSING PLANT AND MORRIS OPERATION

Completion Date 4/1/72 to 4/1/73

Action License No. Date
Provisional Construction Permit for the MFRP 12/28/67 CPCSF-3 Dec. 28, 1967
to 7/1/70
State of lllinois, Sanitary Water Board, Industrial 1968-EA-626 Sept. 23, 1968
Wastewater Containment & Discharge Permit
(Evaporation Pond)
State of lllinois, Sanitary Water Board, Sanitary Sewage | 1968-EA-627 Sept. 23, 1968
Treatment Facilities, Waste Stabilization Lagoons and
Chlorination Permit
Order Extending Provisional Construction Permit CPCSF-3 June 10, 1970
Completion Date from 7/1//70 to 7/1/71
Order Extending Provisional Construction Permit CPCSF-3 June 17, 1971
Completion Date from 7/1/71 to 4/1/72
Registration Radiation Installation, State of lllinois Dept. Aug. 6, 1971
of Public Health
USAEC, Source Material License SNM-1281 Dec. 27, 1971
USAEC, Special Nuclear Materials License SNM-1265 Dec. 27, 1971
Order Extending Provisional Construction Permit CPCSF-3 March 28, 1972

of Water Pollution Control, (Process Sewer System)

State of lllinois, Environmental Protection Agency, Div. 1973-EA-53-OP Jan. 4, 1973
of Water Pollution Control, Evaporation Pond Permit
State of lllinois, Environmental Protection Agency, Div. 1973-EA-248-OP Feb. 13, 1973

USAEC, Materials License Removal, Expiration Date SNM-1265 March 9, 1973
3/31/74

Order Extending Provisional Construction Permit CPCSF-3 March 30, 1973 to
Completion April 1, 1974
State of lllinois, Environmental Protection Agency, Div. 063-806-AAC June 12, 1973 to
of Air Pollution Control NEDM-21845 April 18, 1981
State of lllinois, Pollution Control Board, NO, Variance PCB73-512 March 7, 1974

lllinois Environmental Protection Agency, Water Pollution

1974-EA-665-OP

April 18, 1974 to

Health, Radioactive Material License

Control Permit, Evaporation Pond Permit April 18, 1979
USNRC, Materials License Revision & Reissued, SNM-1265 Aug. 23, 1974 to
Expiration date 8/31/79 Aug. 31, 1979
Facility License for Possession Only (Terminates CSF-2 Aug. 23, 1974
CPCSF-3), Expiration Date 5/22/75

Order Authorizing Dismantling of Facility to Render CSF-2 Nov. 21, 1974
Inoperable

Order Terminating Facility License for Possession Only | CSF-2 Nov. 26, 1974
lllinois Dept. of Public Health, Division of Radiological IL-00329-01 July 28, 1975 to

August 31, 1979
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National Pollutant Discharge, Elimination System
(NPDES) Permit

Action License No. Date
USNRC, Materials License Revised & Reissued for SNM-1265 Dec. 3, 1975
Increased Capacity of Facility Expiration date 8/31/79
USNRC, License Reissued, Expiration date 8/31/79 SNM-1281 Dec. 3, 1975
U.S. Environmental Protection Agency, Region V, IL-000-2887 June 2, 1976

(Terminated by
request 1/31/77)

lllinois Environmental Protection Agency Effluent
Irrigation System Permit

1976-EB-408-1

Sept. 17, 1976

lllinois Dept. of Public Health, Division of Radiological
Health, Radioactive Materials License to August 31,
1977

IL-00329-01

July 26, 1976

lllinois Environmental Protection Agency, Effluent
Irrigation System Permit to Construct, Own and Operate

1976-EB-408-1
(supersedes 1976-

Sept. 17, 1976

Safety Radioactive Materials License. Replaces IL
00329-01

EB-408)
lllinois Dept. of Public Health, Division of Radiological IL-00329-01 Aug. 14, 1980
Health, Radioactive Material License, to August 31, 1984
USNRC, Consolidated Safety Analysis accepted SNM-1265 Apr. 29, 1977
lllinois Dept. of Public Health, Division of Radiological IL-00329-01 Aug. 29, 1977
Health, Radioactive Materials License to August 31,
1978
lllinois Environmental Protection Agency, Air Pollution 063-806-AAE April 26, 1978
Control Permit Gaseous Effluent to April 18, 1981
lllinois Dept. of Public Health, Division of Radiological IL-00329-01 Aug. 14, 1980
Health, Radioactive Material License to August 31, 1984
USNRC, Authorizes LaCrosse fuel SNM-1265 Nov. 17, 1978
USNRC, Application for renewal SNM-1265 Feb. 27, 1979
USNRC, Terminated SNM-1281 by combining with SNM-1265 Apr. 10, 1979
SNM-1265, and recognizes Operation Specifications
lllinois Environmental Protection 1979-E0-4660 May 11, 1979
Agency Water Pollution Control Permit, Evaporation (supersedes 1974-
Pond to May 1984 EA-665-OP)
lllinois Dept. of Public Health, Division of Radiological IL-000329-01 Aug. 10, 1979
Health, Radioactive Materials License to August 31,
1980
lllinois Environmental Protection, Agency Air Pollution 063-806-AAE Jan. 14, 1981
Control Permit, Gaseous Effluent to April 17, 1986 to
April 17, 1986
USNRC, Renewal of SNM-1265 under Part 72 (see SNM-2500 May 4, 1982
Application for Renewal, February 27, 1979) to May 31,
2002
lllinois Department of Nuclear Safety, Division of Nuclear | IL-01427 August 9, 1989
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Action License No. Date

U.S. Environmental Protection Agency, Region V, IL-000-2887 March 31, 1997
National Pollutant Discharge, Elimination System
(NPDES) Permit ILO002887 terminated.

lllinois Department of Nuclear Safety, Division of Nuclear | IL-01427 December 24, 2001
Safety Radioactive Materials License. Terminates IL-
01427 by removing all IDNS licensed material from site.

USNRC, Renewal of SNM-2500 under Part 72 (see SNM-2500 December 21, 2004
Application for Renewal, May 22, 2000) to May 31, 2022
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A.2 REFERENCE PUBLICATIONS

The following publications and documents have been previously submitted to USAEC and

USNRC in licensing actions as noted below.

Docket Information? Date® Title or Subject Docket

(GE document - no 11/66 Design and Analysis - Midwest Fuel 50-268

number) Recovery Plant

NEDO-14503 4/71 MFRP Technical Specifications 50-268
(Proposed)

NEDO-14504 6/71 Applicants Environmental Report - 50-268
Midwest Fuel Recovery Plant

NEDO-14506 7171 Midwest Fuel Recovery Plant Emergency 50-268
Plan

NEDO-10178 12/70 Final Safety Analysis Report - Midwest 50-268
Fuel Recovery Plant

NEDO-10178-1 through 7171 Response to USAEC questions and 50-268

NEDO-10178-17 Amendments through 36

Letter: 4/74 License SNM-1265, Docket 70-1308 70-1308

B. F. Judson (GE) to H. J. Request to Increase Storage Capacity

Larson, Director, Div. of w/Preliminary Safety Evaluation Report

Materials and Fuel Cycle

Facility Licensing, USNRC

NEDO-20825 3/75 Safety Evaluation Report for Morris 70-1308
Operation Fuel Storage Expansion

P&RS 74766' 4/75 Fuel Storage System Design Report 70-1308

P&RS 74766" Supplement  5/75 Supplement 1 to Fuel Storage System 70-1308

1 Design Report

(None)? 5/75 Criticality Safety Basis for the MFRP 70-1308
Project-1 Fuel Storage Baskets

NEDO-20776 1/75 Fuel Recovery Operation Quality 70-1308
Assurance Plan

NEDO-20969 8/75 Operating Experience - Irradiated Fuel 70-1308
Storage - GE Morris Operation

NEDO-20825-1 9/75 Response to NRC Staff Questions 70-1308

NEDO-21326-1 177 Consolidated Safety Analysis Report 70-1308

NEDO-21326-2 (basic issue)®

NEDO-21326-1A 4/77 Incorporate changes and correction re 70-1308

NEDO-21326-2A USNRC REVIEW

NEDO-21326-2A1 a4/77 Incorporate Proposed Operating 70-1308
Specifications

NEDO-21326-1A2 8/77 Incorporate new geological information 70-1308

NEDO-21326-2A2 and appendices

NEDO-21326-1a3 2/78 Minor changes, corrections 70-1308

NEDO-213262a3

NEDO-21326-2a4 1/79 Incorporate Operating Specifications 70-1308
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NEDO-21326-c 1/79 General revision - license renewal 70-1308
application
a8 General Electric publication number unless noted otherwise
b Month/year
REFERENCES
1. Programmed & Remote Systems Corp., St. Paul, Minn. (job Number)
2. Battelle Pacific Northwest Laboratories, Richland, Wash.
3. B-series revisions not related to existing plant.
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A.3 ESTIMATION OF GROUND-LEVEL RADIATION DOSE RATES
FOR STACK EMISSION OF RADIOACTIVE MATERIALS'
(CONTINUOUS RELEASES)

ABSTRACT

A method of estimating ground-level radiation dose rates corresponding to given stack emission
rates of radioactive materials is described. The method considers external dose from both beta
and gamma sources, internal dose from inhalation of ground-level concentrations of the material
and possible ingestion of agricultural products.

The method relates emission rate (in curies/sec, Ci/sec) to an average annual dose and is
suited for application to standard tabulations of meteorological data on wind speed and wind
direction frequencies.

The method assumes that the normal Gaussian diffusion equations describe the dispersion of
the plume. Situations where topographic or nearby manmade structures could cause significant
downwash of the plume are not considered. Special calculations should be used for such
situations.

1.0 INTRODUCTION

Continuous emission of radioactive airborne material, as from a stack, is commonly controlled
on the basis of not exceeding a stipulated annual average dose to any person in the plant
environs. Operationally, control is on the emission rate. Therefore, it is of interest to know what
factors apply to convert emission rate (usually in Ci/sec) to annual dose (usually in mRem).
Following is a method calculating this relationship.

2.0 METEOROLOGICAL FACTORS

The most significant meteorological factor in determining annual average dose is how often the
plume is transported in any given direction; i.e., the wind direction frequency, or wind rose.
Long-term average wind data (climatology) are usually tabulated in terms of direction sectors
rather than point-by-point directions. That is, the sixteen (sometimes eight) standard compass
directions encompassing an angular direction of 22-1/2 degrees each are used. This method of
calculating dose rate from a continuous stack emission (plume) is suited to application of this
normal climatological summary of wind frequency.

The air concentration per unit amount released at any point (x, y, z) in the cloud at any instant is
given by Watson and Gamertsfelder? as

GE HITACHI NUCLEAR ENERGY AMERICAS, LLC PAGE DATE 6/30/20 Page

SNM-2500 CSAR Appendix A.3 REVISION 15 1



Morris Operation
HITACHI Consolidated Safety Analysis Report

B PR O B B () i
(bl ) e

where:

(X) = Average air concentration (Ci/m? or pCi/cc);

Qo = Release rate (Ci/sec);

,Zh = Average wind speed at height of emission (m/sec);

c = Standard deviation of cloud width in horizontal y-direction and vertical z-
direction (m);

t = Time after release (seconds) and is equal to the downwind distance divided by
the average wind speed (x/(;h)) ;

(Q/QO) = Correction for cloud depletion due to deposition and is the fraction of initial

amount released which is present at downwind distance X (= (ﬁh)(t))

e (2 BB ouf - <>}

Vd = Deposition "velocity" (m/sec) (see Table C-1 for values of this parameter);
Ho = Average wind speed at ground level (m/sec); and
exp[] = Function which is a power of "e".

This equation does not take into account the depletion of the radioactive content of the cloud by
radioactive decay of the isotope of concern. With this taken into account, the equation
becomes:
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Lo ((m)(aﬁ(b(zh )] pl[ﬁj - (zaﬂ% oA (2

where:

exp(-11) = Radioactive decay function.

Equation (C-2) describes air concentrations at locations sufficiently close to the point of elevated
release that the plume has not reached ground level. Where air concentrations at ground level
are of interest, this equation requires modifications of some kind. Specific instances of
appropriate modifications for different varieties of dose are discussed later.

It is considered a reasonable approximation to assume that throughout the year all the plumes
which travel anywhere within a given sector direction do not have a skewed frequency
distribution within the sector. Then, the average cloud concentration in the sector is found by
integrating Equation (C-2) in the cross-wind direction and dividing by the sector width:

0

[ (x)ay
(%) g = _OOT (C-3)

where:

Ox = Sector width.

Equation (C-3) cannot be integrated since the interrelationship between the variables oy, oz, and
,Zh with respect to their average values is not generally known. However, for any specific

combination of wind speed and stability, at a given downwind distance all these variables are
known and can be treated as constants, The integration can then be performed. Thus, the
average concentration in the sector for all occurrences of any specific condition is given by:

™ ((ﬂ)(eff(az)(;h )J ool (5] & oot c-4

where:
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(x)iwg = Average concentration for the ith condition;

0

Angle of sector = n/8 radians for 1/16 sector or 11-1/2°; and

Downwind distance and is , .

x
1l

Thus, the average cloud is seen to have a uniform concentration cross-wind or horizontally and
a concentration distribution vertically which is of the Gaussian form. The standard deviation in
the vertical direction is as described by Watson and Gamertsfelder:?

ol = a[l - exp(—kztz)] +bt (stable case) (C-5)
()
o= EEa— (neutral and unstable case) (C-6)
where:
a, b, k2 = Diffusion constants; and

C: Suttons's vertical diffusion coefficient.

For values of the above constants, see Table C-2 and Figures C-1, C-2, C-3, and C-4.

Table C-1
DEPOSITION VELOCITIES

(K_dj (@)
Hy

Condition Particulates Halogens
Very Stable 1.5x10* 2.4 x103
Moderately Stable 2.2 x10% 3.4x10°3
Neutral 3x10% 4.6 x 103
Unstable 6 x 10* 8x103

@ Ratio of deposition “velocity” to wind speed -- multiply by ground wind speed (/_10) to obtain
deposition “velocity."
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Table C-2
DIFFUSION COEFFICIENTS

Constants Very Stable Moderately Neutral
Stable

a(m?) 34 97 --
b(m?/sec) 0.025 0.33 -
K?(sec?) 8.8 x 10% 2.5x10% --

B 0.016 0.016 --

m 1.6 1.6 --
Cz(u=1mls) - - 0.15
Cz(u=5mls) - - 0.12
Cz(u =10m/s) - - 0.11
n - - 0.25

Unstable

0.30
0.26
0.24
0.20

The degree of atmospheric stability is defined here in terms of the standard dry adiabatic
temperature lapse rate of -1 °C per 100 meter increase in elevation (-5.4 °F per 1000 feet). This
is taken as a convenient reference point for defining the four classes of stability:

very stable >+15°C

moderately stable >-0.5°C but<+1.5°C

neutral >-1.5°C but<-0.5°C

unstable <-1.5°C
GE HITACHI NUCLEAR ENERGY AMERICAS, LLC PAGE DATE 6/30/20 Page
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Figure C-1 Vertical Cloud Width — Very Stable
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Figure C-2. Vertical Cloud Width - Stable
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Figure C-3. Vertical Cloud Width — Neutral Stability.
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Figure C-4. Vertical Cloud Width - Unstable
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3.0 RADIOLOGICAL FACTORS

Four different varieties of ground level radiation exposure are consequential to stack emission of
radioactive materials. These are:

1. External radiation to persons on the ground who are not in the plume but who receive
radiation (principally gamma radiation) from the plume. This is the case for persons
located near the stack.

2. External radiation to persons on the ground and in the plume (gamma and beta
radiation). This is pertinent only at distances where the plume has reached the ground.

3. Internal radiation exposure to persons in the plume as a consequence of inhalation.

4. Internal radiation exposure from ingestion of agricultural products affected by deposition
of radioactive materials on vegetation.

Each type of exposure is considered separately below.
3.1 External Dose (Gamma)
The ground-level gamma dose rate from an elevated plume of radioactive materials having a

distribution as given in Equation (C-4) may be considered as the sum of the dose rates from all
the points in the plume. The source strength of each point is (X) dV and the total source is:

S = T(X)dV (C-7)

where:

dv. = dxdydz and is an incremental volume of the cloud which may be considered
as a point source. Since the integration is carried out to infinity in the z-
direction, the entire cloud is included so that the "reflection" effect, if any, is
accounted for in the calculation.

The flux from a point source considering buildup in the air is given by Glasstone?:

BS —ul
0= (( Jexp (2 i )) (photons/m?/sec) (C-8)
4xT
where:
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B = Buildup factor = 1 + KuT;
K = (”_ﬂ”j , where  is total absorption coefficient and pa is energy
Ha

absorption coefficient;

T = Distance from source and is equal to (xf + ! +le) in the coordinate

system used; and x1, y1, z1, are coordinates of point at ground level relative
to incremental volume of cloud.

The gamma dose rate from a flux of a given energy (E) from Glasstone is
(D.R.)y =(5x10°)0Eu,(mR / hr), (C-9)

so that the total dose rate from the plume at any point is found by combining Equations (C-7),
(C-8), and (C-9):

10°Ey )% _
(D.R.);/:((SX 4EE”“)M(B(X)CX1;(2 ”T)de (MR/Ar)  (C-10)

After substituting (X);vg for (X) the average dose rate for the ith meteorological condition can be

found. This equation is the gamma dose rate either for a person immersed in the cloud at (x, v,
z) or at some point outside the cloud.

Solution of Equation (C-10) requires use of numerical techniques. As Equation (C-10) is written
it assumes a monoenergetic source. For a mixture of isotopes, it is proper to perform the
calculation for each gamma energy present and considering its abundance. Since p and y, are
energy dependent and appear in an exponential term care must be exercised if an average
energy is to be used.

The total gamma dose in the year at any point is found by determining the total dose at that
point from all plumes traveling in all directions. That is, the dose at any point from plumes
traveling in all sixteen directions are added to give a total dose from all plumes in all directions.
At each step in the summation, the dose is calculated by multiplying dose rate (in mR/h) during
any meteorological condition by the annual frequency (in hours) of that condition.
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The dose so calculated may be taken as the annual average dose rate in air, milliroentgens per
year. Conversion of this into annual doses absorbed by individuals requires that time of
occupancy, local shielding (if any) and other factors be taken into account.

3.2 External Dose (Beta )

The range of B particles in air is only a few meters. Hence, for 3 calculations, a cloud of material
released via a stack and which expands to large dimensions at downwind distances where the
cloud has reached ground level, is frequently considered an "infinite" cloud. In such a cloud, the
air dose rate is calculated by assuming that the rate of energy release per unit volume in the
cloud is equal to the rate of absorption in that volume (no buildup). The body is considered a
small volume within the flux in the cloud and therefore causes no perturbation in the flux.

B flux incident on the human body comes from one direction only, so that the air dose rate at the
surface of the body is only one-half of that in the air. In addition, the cloud is not infinite since
the ground represents a boundary to the cloud, such that at the ground the cloud is a
hemisphere of "infinite" radius but approaches the "infinite" cloud at some height above ground
equal to the range of the 3 in air. Thus the dose rate varies across the body (vertically) and so
an average value of 0.64 for the actual dose rate compared to the "infinite" cloud calculations is
used*:

(D.R.);=053x10°(X)E (mRad/hr) (C-11)

After substituting (X)’

e for (X) the average beta dose rate for the ith meteorological condition
can be found. Since the range of betas in air is quite short, the annual total beta dose in a given
direction is the sum of the dose rates (in mRad/h) during each ith condition accompanied by
wind blowing in that direction weighted by the annual frequency (in hours) of occurrence.
Conversion of this dose into a dose delivered to persons requires adjustments to take into

account the shielding effect of clothing.

In the discussion of beta dose rates, the air concentration designated by Equation (C-4) is used.
Equation (C-4) is not correct in describing the plume after it has diffused to ground level. The
ground represents a barrier to vertical (downward) diffusion. Accordingly, some treat the ground
as a perfect reflector, and estimate near-ground-level concentrations on the basis of doubling
those otherwise calculated. Whether this is done, or some other factor or method is used to
account for this boundary effect, Equation (C-4) needs an appropriate adjustment.

3.3 Internal Dose From Inhalation
Internal dose from inhalation may be related directly to an annual average ground-level air

concentration. The average air concentration at ground level is as given in Equation (C-4) for
any specific meteorological condition. The annual average concentration is the sum of the
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average during each meteorological condition weighted by its frequency of occurrence. This
weighted concentration may then be compared with the value given in 10CFR20, Appendix B,
Table Il (which is equivalent to an annual dose limit in 10CFR20.1301) for the isotope of
interest, or the value of the mixture, if several isotopes are examined.

Some isotopes, and their values, are not listed in 10CFR20. For these, the values can be
calculated from ICRP®.

In the discussion of internal dose rates, the air concentration designated by Equation (C-4) is
used. Equation (C-4) is not correct in describing the plume after it has diffused to ground level.
The ground represents a barrier to vertical (downward) diffusion. Accordingly, some treat the
ground as a perfect reflector, and estimate near-ground-level concentrations on the basis of
doubling those otherwise calculated. Whether this is done, or some other factor or method is
used to account for this boundary effect. Equation (C-4) needs an appropriate adjustment.

3.4 Internal Dose From Ingestion

Radioactive materials, which deposit on vegetation and on the ground can cause radiation dose
from consumption of agricultural products. For certain food chains, concentration effects exist.
One such radioisotope is 1-131; the appropriate chain is air-pasture-cow-milk-infant thyroid. On
the other hand, the value for I-131 in air is based on exposure via the air-lung-thyroid route. The
milk exposure mode is far more limiting. That is, the thyroid dose from breathing air of any
given I-131 content is much less than the thyroid dose (to an infant) drinking milk solely from
cows feeding from pastures exposed to the same air. This is a result of a brief deposition of
iodine on pasture grass, concentration due to the large area of grass eaten by the cow, and
relatively efficient transfer to the milk. This effect must be considered when relating an emission
rate for iodine to an environmental dose where there are cows involved. Current U.S. practice,
in context of USAEC licenses associated with stack emission, assigns a reconcentration factor
of 700 to 1-131. Thus, for example, the value for I-131 in 10CFR20 is 2 x 10 uCi/cc for
inhalation considerations, but is 2 x 108700 or 1.9 x 10" uCi/cc for ingestion consideration for
a baby with an assumed 2 gram thyroid drinking 1 liter of milk per day.

Other isotopes besides I-131 are associated with food chain concentration effects, but less
dramatic than those for I-131. In the case of those isotopes for which data are not available on
the "reconcentration factor," an estimate of its value may be obtained by consideration of known
differences between the isotope and iodine. Three factors may be distinguished:

(1) Effective radioactive half life on pasture relative to I-131. This determines the quantity
existing on the pasture at equilibrium. That is, an isotope with an effective half life twice as
long as I-131 would have twice as much on the pasture at equilibrium, all else being equal.
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(2)

Deposition rate. This determines the rate at which material is deposited on the pasture.
This effect may be compared in terms of the deposition "velocity" - wind speed ratio given
in Table C-1.

Biological transferal. This accounts for the biological difference in terms of portion of
material taken into the body, which reaches the critical body organ via the intake modes of
inhalation and ingestion. That is, such a difference exists for almost all isotopes and is a
part of the reconcentration effect; but this difference varies from one isotope to the other
and will affect the "reconcentration factor" differently in each case. For example, from
ICRP* a 0.3 fraction of I1-131 reaches the thyroid (critical organ) if ingested compared to
0.23 if inhaled. This is a factor of 1.3. For Sr-89, a 0.21 fraction reaches bone (critical
organ) via ingestion compared to 0.28 via inhalation. This is a factor of 0.75. Thus the
"reconcentration factor" for Sr-89 should be 0.75/1/3 or 0.58 times that for I-131 as far as
this effect is concerned. In the case of the milk chain, biological transfer within the cow
must also be considered. Watson and Gamertsfelder' estimate the I-131/Sr-90 ratio to be
10 for transfer into the milk.

4.0 ENGINEERING FACTORS

From Equations (C-3) and (C-9) it is evident that the dose rate is significantly affected by the
height of the plume above ground level. This height is made up of the physical stack height plus
plume rise due to exit velocity and buoyancy. Many formulae are available to calculate the
plume rise. The method used here is the Holland formula® as modified by Moses®.

e c( 15(Vs)d + 4x105Qh] | (C-13)
Hy,
where:
Vs = Exit velocity (meters/sec);
d = Stack diameter (Meters);
Qn = Heat emission of effluent (cal/sec);
,Zh = Wind speed at stack exit (meters/sec); and
c = Correction factor from Moses.
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In proposing the correction factor "c" in the plume rise formula, Moses used data from an
experimental stack at Argonne with a diameter of about 1.5 feet and from a stack at Duisburg,
Germany, which has a diameter of 3.5 meters. His conclusions are that a value of 3 for the
correction factor is proper for large stacks with appreciable buoyancy whereas a factor of 2 is
recommended for small stacks with modest buoyancy. In applying the Moses correction to
individual situations, a linear interpolation is made from the actual stack diameter compared to

those from which data were obtained (see Figure C-5).
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Figure C-5. Holland Plume Rise Formula Correction Factor

5.0 CONCLUSION

A method of estimating annual dose rates from a given continuous stack emission rate has been
described. It has been assumed that the standard Gaussian diffusion equations describe the
plume dispersion. Situations where topographic or nearby manmade structures could cause
significant downwash of the plume were not considered. Special calculations should be used
for such situations.

At locations where operation of a facility includes a need to estimate environmental effects of
normal operation airborne releases, the method described here may be used. Generally,
environmental monitoring is contemplated so that data provided therefrom, when measurable
guantities are released, may be used to modify estimates appropriately.
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A.4 ESTIMATION OF GROUND-LEVEL RADIATION DOSES FROM
RELEASE OF AIRBORNE RADIOACTIVE MATERIALS'

ABSTRACT

A method of estimating ground-level radiation doses corresponding to a release of airborne
radioactive materials is described. The method considers external dose from both, beta and
gamma sources, internal dose from inhalation of ground level concentrations of the material and
external dose as a result of fallout from the cloud.

The method relates quantity released (in curies) to a dose for various meteorological conditions,
types of materials released, and for short-term or prolonged release periods.

The method assumes that normal Gaussian diffusion equations describe the dispersion of the
cloud. Situations where topographic or nearby manmade structures could have significant
effects on the cloud are not considered. Special calculations should be used for such situations.

1.0 INTRODUCTION

The calculation of ground-level radiation doses from a cloud of airborne materials such as
assumed in reactor accident analysis may be divided into two general parts. The first part
involves the atmospheric transport and dilution of the cloud by the wind. This results in a
calculated integrated air concentration? in the cloud at some dose point of interest. The second
part of the analysis is the conversion of air concentration to radiation dose of interest.

The sources of radiation usually considered in reactor accident analysis are (a) the noble gases
and their external whole-body dose effect, (b) the halogens and the resulting thyroid dose from
inhalation, (c) volatile solids (cesium, rubidium, selenium, arsenic, antimony, molybdenum, and
tellurium) resulting in lung dose from inhalation, and (d) bone dose from inhalation of the
nonvolatile solids (all others). The whole-body dose from fallout of materials is also usually
calculated.

Various meteorological conditions are generally examined in such analyses to give a spectrum
of radiological effects during the poor diffusion conditions of inversion and the better diffusion
conditions of lapse or unstable. For example, very stable and moderately stable, each at a wind
speed of 1 m/sec (2 mph), neutral conditions at wind speeds of 1 and 5 m/sec (10 mph), and
unstable conditions at wind speeds of 1 and 5 m/sec may be used.

20 ATMOSPHERIC DIFFUSION MODEL
In the calculation of the transport and dilution of an airborne cloud, the time period of release of

the cloud is very significant. This is so, primarily because the wind does not tend to remain fixed
direction-wise, but rather it meanders and fluctuates to a considerable extent. Thus, if a cloud is
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formed during a long release period, portions of it will tend to be transported in different
directions. On the other hand, if the cloud is formed from an explosive release or "puff" it will all
tend to be transported in the same direction. This variability of the wind refers principally to the
horizontal changes as opposed to vertical changes, since the former is often very significant
while the latter is much more subdued.

A means of describing dilution for a cloud released over a long period of time (say several
hours) has been suggested by Simpson3. If the total release is viewed as successive shorter-
term releases (but not puffs) during which the average wind direction is reasonably constant
(although short-term fluctuations may exist) then the dilution of these shorter-term releases may
be calculated with presently available methods. The net dilution at any given point would then
be the sum of the dilution for each incremental cloud transported in the various average
directions (some additional discussion is given on this point under Section 4.0, Application of
Methods).

The calculation of the dilution or integrated air concentration in a cloud for a unit release of
material transported in a given direction is usually described by the Gaussian equation*:

(X)((m(aﬁ?q)(zh)] "“zaj%ﬂ% &0

where:
X) = Integrated air concentration (Ci-sec/m3 or pCi-sec/cc);
Q = Quantity released (Ci);
/_lh = Average wind speed at height of release or effective height if cloud rise
occurs (m/sec);
c = Standard deviation of cloud width in horizontal y-direction and vertical z-
direction (m);
t = Time after release (sec) and is equal to the downward distance divided by
the average wind speed X =+ u, ;
Q/Qo = Correction for cloud depletion due to deposition and is the fraction of initial
amount released which is present at downwind distance x (x = p,t);
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z
t exp(_ 2)
— 2
e ()
My ) VTN 0.

V4 = Deposition "velocity" (m/sec) (see Table C-1) for values of this parameter);
;0 = Average wind speed at ground level (m/sec); and

exp[]= Function which is a power of "e"; and

Y,z = Horizontal and vertical distance from cloud centerline; y = 0 and z = 0 gives

cloud centerline concentration and z = h (height of release) gives ground
level concentration. The cloud centerline is assumed transported downwind
at the same height as the release height.

Equation (D-1) does not take into account the depletion of the radioactive content of the cloud
by radioactive decay of the isotope of concern. With this taken into account, the equation
becomes:

) z* y2 0
X)=| —— —— | = —At D-2
(X [Zﬂayaz,uh]eXplz 205 20'i O exp[ ] ( )
where:
exp [-At] = Radioactive decay function.

Equation (D-2) describes air concentration in a cloud which is not restrained in its expansion
and dilution. This is the case for an elevated cloud which has not expanded enough to reach
ground level. For cases where the cloud has reached ground level some modification of
Equation (D-2) is needed. In the case of a ground-level release, Equation (D-2) is generally
multiplied by two.

It can be seen from Equation (D-2) that the important parameters to be calculated are oy and o-.
As indicated previously, the scale of horizontal wind variation changes considerably with time so
that two methods of calculating oy are used, one for the puff release period and the other for the
prolonged period. In the case of o, only one method of calculation is employed since the
vertical wind fluctuations are not as strongly time dependent.

For the puff release case, the standard deviation of cloud width in the horizontal and vertical
directions has been described* by Equations (D-3) and (D-4):
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C‘Z,Xz_n
o, =— 5 , and (D-3)
ol = a[l—exp(—kztz)] +bt (D-4)
where:
a,k? b,n, Cy=

Diffusion coefficients dependent on wind speed and atmospheric
stability (see Table D-1 for recommended values).
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TABLE D-1
VALUES FOR VARIABLES

Atmospheric Stability?

Variable Height of Wind Very Stable Moderately Neutral Unstable
Release Speed Stable
(meters) (m/sec)
(Vd/ﬁo) -- -- 0 0 0 0
Noble Gases
(I{,/Uo) -- -- 0.0024 0.0034 0.0046 0.0080
Halogens
(Vd/ﬁo) -- -- 0.00015 0.00022 0.00030 0.00060
Particulates
R all -- 6.37 8.146 10.6 17.66
a all - 34 97 -- --
b all -- 0.025 0.33 -- --
K2 all -- 0.0088 0.00025 -- --
n =0.0 -- 0.3 0.3 0.25 0.20
n >0.0 -- 0.4 0.4 0.25 0.20
Cy =0.0 1-3 0.18 0.18 0.21 0.35
Cy =0.0 4-7 0.18 0.18 0.15 0.30
Cy =0.0 >7 0.18 0.18 0.14 0.28
Cy >0.0 1-3 0.18 0.18 0.15 0.30
Cy >0.0 4-7 0.18 0.18 0.12 0.26
Cy >0.0 >7 0.18 0.18 0.1 0.24
C. =0.0 1-3 -- -- 0.17 0.35
C: =0.0 4-7 -- -- 0.14 0.30
C: =0.0 >7 -- -- 0.13 0.28
C. >0.0 1-3 -- -- 0.15 0.30
C: >0.0 4-7 -- -- 0.12 0.26
C: >0.0 >7 -- -- 0.1 0.24

a8  The degree of atmospheric stability is defined here in terms of the standard dry adiabatic
vertical temperature lapse rate of -1 °C per 100 meter increase in elevation (-5.4 °F per
1000 feet). This is taken as a convenient reference point for defining the four classes of
stability:

very stable >+1.5°C
moderately stable >-0.5°Cbut<+1.5°C
neutral >-1.5°Cbut<-0.5°C
unstable <-15°C
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In the case of the prolonged release, the vertical standard deviation is described by Equation
(D-4) but the horizontal deviation is described® by Equation (D-5):

ol = At — Aa[l—exp(—Lﬂ , (D-5)
. (04
where:
Aa = Diffusion coefficients;
and
A = 13 +232.5 (cu, );
o = %; and
2(09yh)
c0 = Standard deviation of horizontal wind direction variation during release.

The distinction between what is a puff release and what is a prolonged release is arbitrarily set
at 30 minutes. That is, releases of less than 30-minute duration are considered puff releases
and above that are prolonged releases.

3.0 RADIATION DOSE MODEL

Three different varieties of ground-level radiation exposure are consequential to a release of
radioactive materials. These are:

1.  External radiation to persons on the ground from the cloud as it passes by. (This may
be gamma-only dose for an elevated cloud, or beta and gamma dose from a ground-
level cloud.)

2. Internal radiation exposure to persons in the cloud as a consequence of inhalation.

3. External radiation to persons on the ground from fallout on the ground after passage of
the cloud.

Each type of exposure is considered separately below.

3.1 External Passing Cloud Dose (Gamma)
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The ground-level gamma dose rate from a cloud of radioactive materials having a distribution as
given in Equation (D-2) may be considered as the sum of the dose rates from all the points in
the cloud. The source strength of each point is (X)dV and the total source is

s=[oar (0-6)

where:
dv. = dx dy dz, and is an incremental volume of the cloud which may be
considered as a point source. The integration is theoretically carried out to
infinity to include the entire cloud.

The flux from a point source, considering buildup in the air is given by Glasstone®:

B —uT
¢= m/) (photons/m?/sec) (D-7)
4T
where:
B = Buildup factor = 1 + KuT;
K = A7 B \yhere M is total absorption coefficient and pa is energy absorption
H,
coefficient (see Figure D-1)
2 2 2
T = Distance from source and is equal to V1 721 *Z i the coordinate system
used; and x1, y1, z1, are coordinates of point at ground-level relative to
incremental volume of cloud.
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Figure D-1. Gamma Radiation Absorption Coefficients and Buildup Constants for Air (STP)
The gamma dose rate from a flux of a given energy (E) from Glasstone® is
(D.R.)y = 1.4 x 10" 6Epa (rad/sec), (D-8)

so that the total dose from the cloud at any point is found by combining Equations (D-2), (D-7),
and (D-8).

_ 14x10 " Ep, TB(X)exp(—,uT)

av
= = (rad) (D-9)

(D)y

—o
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HITACHI

Solution of Equation (D-9) requires use of numerical techniques. As the equation is written it
assumes a monoenergetic source. For a mixture of isotopes, it is proper to perform the
calculation for each gamma energy present considering its abundance. Since p and ya are
energy dependent and appear in an exponential term, care must be exercised if an average
energy is to be used. See Table D-2 for the typical noble gases of interest in reactor accident
analyses.

TABLE D-2
RADIOBIOLOGICAL FACTORS -- NOBLE GASES

Isotope Disintegration Gammas Emitted
Name Half-Life Number Energy

Noble Gases
Kr-83m 1.86 h 1 0.032

2 0.009
Kr-85m 44h 1 0.15

2 0.305
Kr-85 10.76 y 1 0.522
Kr-87 76 m 1 2.05

2 2.57

3 0.847

4 0.347
Kr-88 2.8h 1 2.4

2 2.21

3 0.19

4 1.55

5 0.85

6 0.17

7 0.02
Xe-131m 12d 1 0.164
Xe-133m 2.3m 1 0.233
Xe-133 5.27d 1 0.081
Xe-135m 16 m 1 0.53
Xe-135 9.2h 1 0.604

2 0.36

3 0.244
Xe-138 14 m 1 0.42
Particulate Daughters?
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Isotope Disintegration Gammas Emitted
Name Half-Life Number Enerqy

Rb-88 18 m 0.91
1.28
1.85

2.18

A WN -

4.2

0.14
0.19
0.23
0.41
0.46
0.55
0.87
1.01
1.43
10 2.21
11 2.62
12 3.34

Cs-138 32.2m

OCONOGOPRRWN-O

a Significant particulate daughters only
3.2 External Dose (Beta j3)

The range of 3 particles in air is only a few meters. Hence, for 8 calculations, a cloud of
material, which expands to fairly large dimensions (say >20 meters or 60 feet) at downwind
distances is frequently considered an "infinite" cloud. In such a cloud, the air dose rate is
calculated assuming that the rate of energy release per unit volume in the cloud is equal to the
rate of absorption in that volume (no buildup). The body is considered a small volume within the
flux in the cloud, and therefore, causes no perturbation in the flux.

B flux incident on the human body comes from one direction only, so that the air dose rate at the
surface of the body is only one half of that in the air. In addition, the cloud is not infinite since
the ground represents a boundary to the cloud, such that at the ground the cloud is a
hemisphere of "infinite" radius but approaches the "infinite" cloud at some height above ground
equal to the range of the B in air. Thus, the dose rate varies across the body (vertically) and so
an average value of 0.64 for the actual dose rate compared to the "infinite" cloud calculation is
used from Taylor’. Thus the B dose is given by:

(D),=015X)E  (rad) (D-10)
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3.3 Internal Dose from Inhalation

Internal dose from inhalation may be related directly to ground-level air concentration. The air
concentration at ground level is as given in Equation (D-2) for any specific meteorological
condition. The dose due to inhalation of the cloud is calculated by first, determining the quantity
inhaled and then, multiplying by the conversion factor of dose per unit amount inhaled. The
Quantity inhaled (Qi) is calculated from

Qi = 230(X) (MCi), (D-11)
where 230 is taken as the standard average breathing rate from ICRP? in cc/sec.

The dose conversion factor (k) for a unit amount inhaled is calculated from ICRP®. In ICRP the
permissible body burden (q), which is equivalent to a permissible dose rate (weekly, quarterly,
yearly dose rate) for each isotope is given. Considering the effective half-life of the isotope in
the critical organ (or other organ) permits calculation of the lifetime dose to the organ. Since the
permissible body burden (q) refers to total quantity in the body, some factor to account for the
fraction of total burden, which is in an organ or interest must be applied. This factor is given as
(f2) by ICRP. Additionally, to convert quantity breathed to quantity deposited in the organ of
interest, an additional factor (fa) from ICRP is used. Thus the dose from inhalation (D;) is
calculated from

t
D =230(X —12_ (Rem), D-12
; (X)42)e 5603 (Rem) (D-12)
where:
q = Quantity (uCi) in total body equivalent to a dose rate of Y Rem/week (from
ICRP);
LT Mean life of isotope in organ; and
0.693
e = K Rem/uCi inhaled
o 0.693 g '

Values for the factor k are given in Tables D-3, D-4, and D-5 for the halogen, volatile solid, and
nonvolatile solid mixtures. In the case of the halogens and nonvolatile solids, if they are
assumed to be soluble, the thyroid and bone are the critical organs, respectively. If the volatile
solids are assumed insoluble then the lung is the critical organ.

3.4 Fallout Dose (Gamma Dose)
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The fallout dose (Dx) is almost entirely due to the halogens because of their larger assumed
release fraction and the larger deposition velocity assigned to them. Fallout dose is calculated
by determining the deposition (Ci/m?), and multiplying by the dose rate conversion factor (R
rad/h per Ci/m?), and integrating over the decay during the time of dose received:

l_efﬂ.t'
D, =(X)VdR( 2 j (rad). (D-13)
where:
(X)Va = The deposition (curies/m?);
R = Dose rate conversion factor;
A = Decay constant of the isotope; and
t' = Dose period.

Values of the dose rate conversion factor (R) are given® in Figure D-2 for the various gamma
energies. Since these values are for an infinite plane source and the cloud size and deposition
pattern is not always infinite, a correction factor must be applied in some cases. The correction
factor? is given in Figure D-3.
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Figure D-2. Gamma Dose Rate at One Meter Height Above Smooth Infinite Plane Source of One Curie Per Square
Meter.
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Figure D-3. Ratio of Gamma Dose from Finite Pattern to Infinite Plane Dose.

TABLE D-3
RADIOBIOLOGICAL FACTORS -- HALOGEN RADIOISOTOPES
Isotope Eff E, Es Exp k
Name Half-Life? Half-Life® (MeV) (MeV) (MeV)© (Rem/uCi)?
*1-131 8.05d 7.0d 0.39 0.191 0.23 1.6
*1-132 23h 23h 1.992 0.434 0.65 4.5x102
*1-133 21h 21h 0.444 0.45 0.14 4.0x10"
*I-134 53m 53 m 1.27 0.6 - 2.6x102
*I-135 6.7 h 6.7h 1.54 0.308 0.066 1.3x107

a8 Radioactive half-life

b Effective half-life in the thyroid from ICRP

¢ Effective energy in the thyroid from ICRP

*d Dose per uCi inhaled based on IAEA recommended values in IAEA Safety Series No. 7.

TABLE D-4
RADIOBIOLOGICAL FACTORS -- VOLATILE SOLID RADIOISOTOPES
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Isotope
Name Half-Life?
*Mo-99 66 h
*Te-127m 105d
*Te-127 9.3h
*Te-131 25 m
*Te-132 78 h
*Cs-134 21y
*Cs-137 30y

Radioactive half-life

Effective half-life in the lung from ICRP
¢ Effective energy in the lung from ICRP

Eff
Half-Life®

66 h
105d
9.3h
25m
78 h
120 d
138 d

E,
(MeV)

0.24
0.0885

0.475
0.231
1.41

0

Ep
(MeV)

0.376
0
0.23
0.577
0.073
0.52
0.192

Ey
(MeV)°

0.45
0.083
0.24
0.73
0.13
0.074
0.192

k
(Rem/pCi)d

2.6x107
1.7x10"
4.6x1073

6.4x1072
5.6x10"
4.6x10"

*d Dose per uCi inhaled based on IAEA recommended values in IAEA Safety Series No. 7.

RADIOBIOLOGICAL FACTORS -- NONVOLATILE SOLID RADIOISOTOPES

Isotope
Name Half-Life?
*Sr-89 50.4d
*Sr-90 28y
*Sr-91 9.7 h
*Y-90 64.2 h
*Y-91 59d
*Zr-95 65d
*Nb-95m 90 h
*Nb-95 35d
*Ru-103 40d
*Ru-106 1.0y
*Rh-105 36 h
*Ba-140 12.8d
*La-140 40.2 m
*Ce-141 32.5d
*Ce-143 33 h
*Ce-144 285d
*Pr-143 13.7d
*Nd-147 11.1d
*Pm-147 27y
*Pm-149 53 h
*Pu-240 6.7x10% y

2 Radioactive half-life

Eff
Half-Life®

504d
17.53y
9.7h
64.2 h
59d
59.5d
59.5d
33.8d
24d
15d
1.39d
10.7d
1.68 d
31d
1.33d
243 d
13.7d
11.1d
570d
2.2d
1.95x10% y

TABLE D-5
E, Ep
(MeV) (MeV)
0 0.487
0 0.2
0.845 0.523
-- 0.73
0.551 0
0.733 0.127
0.235 0
0.745 0.053
0.473 0.08
-- 0.013
0.032 0.183
0.237 0.268
2.1 0.495
0.097 0.163
0.344 0.355
0.043 0.087
0 0.311
0.286 0.228
-- 0.074
0.285 0.35
0.011 0

Exy
(MeV)°

0.49
1.1
3.3
4.4
2.9

0.57
3.8

0.36

0.43

0.013

0.86
1.5
2.7

0.17
2.2
1.3
1.6
1.2

0.22
1.9

0.88

k
(Rem/pCi)d

4x10"
36
5.0x103
2.6x102
3.3x10"
5.5x102

1.2x1072
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b Effective half-life in the thyroid from ICRP
¢ Effective energy in the thyroid from ICRP
*d Dose per uCiinhaled based on IAEA recommended values in IAEA Safety Series No. 7.

4.0 APPLICATION OF METHODS

In utilizing the methods of calculation described here, several factors are of significance. These
are discussed in the following paragraphs.

4.1 Height of Release
From Equation (D-2) it is evident that the dose is significantly affected by the height of the cloud
above ground level. In case of stack releases this height is made up of the physical stack height

plus cloud rise due to exit velocity and buoyancy. Many formulae are available to calculate the
cloud rise. The method used here is the Holland formula’ as modified by Moses°.

(15V.d + _4x10‘5Qh)

AH = ¢ , (D-14)
H,
where:
AH = Cloud rise (m);
Vs = Exit velocity (m/sec);
Qn = Heat emission of effluent (cal/sec);
u, = Wind speed at stack exit (m/sec);
c = Correction factor from Moses; and
d = Stack diameter (m);

In proposing the correction factor "c" in the plume rise formula, Moses used data from an
experimental stack at Argonne with a diameter of about 1.5 feet and from a stack at Duisburg,
Germany which has a diameter of 3.5 meters. His conclusions are that a value of 3 for the
correction factor is proper for large stacks with appreciable buoyancy, whereas a factor of 2 is
recommended for small stacks with modest buoyancy. In applying the Moses correction to
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individual situations a linear interpolation is made from the actual stack diameter compared to
those from which data were obtained (see Figure D.4).

STACK DIAMETER (feet)

0 | ! ] 1 ! | ! ] |
20 21 2.2 23 24 25 26 27 28 29 3

CORRECTION FACTOR
Figure D-4. Holland Plume Rise Formula Correction Factor

4.2 Prolonged Release

For calculations of air concentration in the prolonged-release case the application of two
parameters is significant. These parameters are the duration of persistent wind direction during
which transport in the same direction is likely, and the second is the wind fluctuation as
measured by o during the persistent direction. This latter parameter is of particular interest
since it is not generally available in standard meteorological data. It is suggested that since,
theoretically, any duration of persistence is possible as is any value of o, x,, that a probabilistic

approach be used in the choice of these parameters.
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Wind direction persistence data have been summarized by the Weather Bureau for several
locations. The data are partially shown in Table D-6 for ten locations including valley, desert,
coastal, and lake-shore locations. These data do not differentiate between stability conditions or
wind speed (see Table D-7 for typical wind speed frequencies). However, the distribution of
various periods of persistent wind direction is indicated. From these data the amount of
persistence applicable to an analysis can be chosen on the basis of the probability level deemed
appropriate.

Subsequent to choosing a period of persistent wind direction, a representative value of agﬁh

must be selected. A sample of the distribution of this parameter for three time periods is given
in Figure D-5. These data are solely for daily periods of inversion observed during an entire
year. Additionally, these data are the minimum values observed in each 24-hour day during the
time increment indicated. It is considered that a similar analysis for non-inversion conditions
(neutral or unstable) would not be markedly different from the one described. Therefore, use of
these data would seem to give a reasonable indication of the over-all distribution of the
parameter desired.

4.3 Cloud Depletion

In Equation (D-2) it will be observed that there is a term accounting for depletion of the cloud
contents due to prior deposition on the ground. Within this equation is inclusion of the effect of
vertical wind speed variations (wind shear). This is used primarily in calculations for elevated
release of a cloud where a significant vertical shear may exist. The ratio of wind speed at any
height compared to the ground level speed is calculated using a logarithmic profile as in
Equation (D-15).
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Uo:U;,u , (D-15)
R
where:
h = Height of cloud centerline (release height); and
R = Constant dependent on stability (see Table D-1).

44  Sample Calculation

A sample calculation is described for purposes of completing the discussion of the methods
presented here.

Assumptions:
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1. Quantities of materials released are:

A. Noble gases - 1 curie Ey 0.65 MeV,

A

1x10*sec™, and
B. Halogens - 1 curie I-131.

2. Release period of 2 hrs.

3. Release height is 100 m (stack height).

4. Meteorological conditions are:
A. Inversion (moderately stable);

B. Wind speed at release height - 1 m/sec or 2 mph (about 12% chance of this for
any one hour, from Table D-7);

C. Wind direction is persistent during release (50% chance of this from Table D-6);
and

D. 09;_1,1 = 0.1 radian-meters/sec (30% chance of this value or lower during 0-2 mph
wind speed).

5. Radiation effects to be calculated:
A. Dose point 1600 m (1 mile) downwind; and
B. Passing cloud, lifetime thyroid and fallout doses to be estimated for a person
standing at ground level under the cloud centerline during total time of cloud
passage (2 hrs).

Calculations:

1.  Using Equation (D-2) for the noble gases:

X) = 1.5 x 10-® uCi-sec/cc at 1600 m,
oy = 140 m, and
Oz = 25 m.

2. Integration of Equation (D-9)'"" gives a passing cloud dose of 1.0 x 10 rad.
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3. Using Equation (D-2) for the halogens at 1600 m:

(X) 1.5 x 108 uCi-sec/cc,
oy = 140 m, and
Oz 25 m.

From Equation (D-11):
Q = 230x1.5x10%=23.45x 10° pCiinhaled.
From Table D-3:

(k) for I-131 = 1.48 Rem/uCi inhaled
Therefore, the lifetime thyroid dose is:
Di = 345x10%x1.48=5.1x10°Rem.

From Equation (D-13):

l—e ™
D, = (X)VE,R¥,

where:
(X) = 1.5x108 pCi-sec/cc (or Ci-sec/m®);
Vg = 3.4x10° m/sec (Table D-1);

7.0 rad/h per Ci/m? (Figure D-2; and

R
220093 0693 445 107 sec! (Table D-3).
t,  805x86,400

Therefore;

—7200%9 9x1077
7 (1 —e )

D, =15x10"%x34x107 x X ~
3600 99x10

=  7.1x107 rad.
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TABLE D-6
WIND DIRECTION PERSISTENCE
(One Sector = 22 1/2 degrees)

Frequency of Duration in Hours?

Longest Longest #
Hours®
Station Direction® 50% 10% 1% 0.1%  #Hours In Any

Direction
Augusta, Georgia W 2 3 8 13 18 W 18
Birmingham, Alabama S 2 4 9 16 16 SSE 20
Chicago, lllinois SSW 2 5 12 21 22 NNE 25
Little Rock, Arkansas SSwW 2 4 9 17 28 SSE 28
Phoenix, Arizona E 2 3 6 9 12 E 12
Rochester, New York WSW 2 6 13 23 28 WSW 28
Salt Lake City, Utah SSE 2 4 7 13 15 S 17
San Diego, California NW 2 6 12 16 17 WNW 33
Tampa, Florida ENE 2 3 7 13 14 SSW 18
Yakima, Washington W 2 5 8 14 17 WNW 19
Average -- 2 4 9 15 -- -- --

@  The numbers should be read as follows: Augusta, Georgia (1) 50% of the hours are the
beginning of a wind direction persistence period of at least 2 hours duration; 50% of less
than 2 hours duration; (2) 10% of the hours are the beginning of a wind persistence period
of at least 3 hours duration; 90% of less than 3 hours; (3) 1% of the hours are the
beginning of a wind direction persistence period of at least 8 hours duration; 99% of less
than 8 hours, etc. The data are standard Weather Bureau hourly observations (one
observation per hour) so no time periods less than one hour are distinguishable, i.e., 100%
of the hours are beginning of a wind direction persistence period of at least 1 hour.
Persistence of direction is defined as within a sector of 22 1/2 degrees are centered on
direction indicated.

b Direction examined is the one showing greatest frequency of persistent winds.

¢ Longest number of hours observed may not be same direction as direction showing most
frequency of persistent winds.
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TABLE D-7
WIND SPEED FREQUENCY®=
(From U.S. Weather Bureau Data)

Wind Speed (mph)

Site 0-3° 4-7 8-12 13-18 19-24 25
Albany, New York 23 24 27 21 4 1
Chicago, lllinois 7 26 36 25 5 1
Jacksonville, Florida 10 33 35 18 3 1
Kansas City, Missouri 7 25 37 25 6 1
Los Angeles, California 28 33 27 11 1 1
Miami, Florida 14 30 34 20 2 1
New York, New York 6 15 30 31 12 5
Philadelphia, Pennsylvania 11 27 35 21 5 1
Springfield, Missouri 4 13 34 32 13 4
Tulsa, Oklahoma 9 24 34 26 7 1
Average 12 25 33 23 6 1

@  Frequency of total time is represented, e.g., Albany, New York, 24% of the time the wind
speed is 4 - 7 mph, etc.

The data used are referred to as ground-level wind measurements with actual height of
measurement varied from about 20 feet to 95 feet.

5.0 CONCLUSION

A method of estimating ground-level doses from a cloud of airborne radioactive materials has
been described and a sample calculation is included for completeness. It has been assumed
that the standard Gaussian diffusion equations describe the cloud dispersion. Situations where
topographic or nearby manmade structures could have significant effects on the cloud were not
considered. Special calculations should be used for such situations.

At locations where contemplated construction or operation of a facility includes a need to
estimate environmental effects, the method described here may be used. Generally, the
method lends itself to simple hand calculations. The exception is the passing-cloud dose
calculation, which requires numerical integration. A digital computer program can perform such
integrations and is recommended.

6.0 REFERENCES

' Originally Appendix D, NEDO-10178, Safety Analysis Report, Midwest Recovery Plant,
Morris, lllinois (Docket 50-268). Figure numbers, table numbers, and other identification
within this appendix are those of the original document.
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A digital computer program was used for this calculation.
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A.5 ATMOSPHERIC DIFFUSION CALCULATIONS

The atmospheric diffusion methods reported by Comply were used as a basis for these
calculations.

Comply has four screening levels. In Level 1, the simplest level, only the quantity of radioactive
material possessed during the monitoring period is entered. The calculations are based on
generic parameters. Level 4 produces a more representative dose estimate by providing for
more complete treatment of air dispersion by requiring site-specific information. GEMO
demonstrates compliance at Level 4.

Using this method the maximum off-site whole dose rate for GE-MO the past five years was
calculated to be the following:

2009 6.5 x 10-7 mRem/year
2008 2.4 x 10-7 mRem/year
2007 3.9 x 10-7 mRem/year
2006 2.5 x 10-7 mRem/year
2005 3.3 x 10-7 mRem/year
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A.6 FLOOD POTENTIAL - ELEVATION/DISCHARGE CURVE
DES PLAINES AND KANKAKEE RIVERS

The following is a summary of an analysis of the Morris Operation (GEH-MO) site, and its
vicinity, for susceptibility to severe flooding at flow rates of up to 600,000 cf/s. This study was
originally performed as a result of a question asked by USAEC during evaluation of NEDO-
10178, Safety Analysis Report - Midwest Fuel Recovery Plant, dated December 1970.

The Harza Engineering Company of Chicago, lllinois was engaged to develop preliminary water
level-discharge rating curves for discharges up to 600,000 cfs as specified in USAEC questions,
even though the maximum flood of record at the site is less than 100,000 cfs. (See figure A.6-1)
No studies were made to determine the discharge for the maximum probable flood at the site.
However, as shown by the preliminary analysis, even at the discharge rating of 600,000 cfs, the
maximum water level is still below the plant site elevation of 530 ft. (mean sea level). Thus,
there will be no serious flood effects of safety significance at the GEH-MO.

530 —

COMPUTED WATER SURFACE

WATER SURFACE ELEVATION AT UPPER POOL (ft}

SPILLWAY GATE CONT30L

! | 1 I 1
[ 100 200 . 300 400 500 600

500

DISCHARGE IN THOUSANDS OF CUBIC FEET PER SECOND
Figure A.6-1. Dresden Lock and Dam, Upper Pool — Preliminary Water Level Discharge Rating Curve.
The hydraulic analyses performed to determine the water levels for extreme and intermediate
discharges were based on available topographic and hydraulic information. The analyses were
limited to river and overbank cross sections in the vicinity of the plant site.
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Method of Analysis. The direct step method was used for computing water surface profiles for
selected discharges, floodway geometry and roughness coefficient. Computations were
executed on an IBM 1130 computer using a Corps of Engineers program for computing water
surface profiles. This program, used for 6 to 8 years, has been used in evaluating other sites for
nuclear facilities.

Cross Sections. A total of 13 cross sections was selected in an 8-mile reach between the
Morris Highway Bridge (route 47) and the Dresden Lock and dam Pool as shown on Figure A.6-
2 attached. A section just upstream of the lock and dam passes through the plant site. At each
cross section, channel and overbank geometries were determined from lllinois Water Charts
prepared by the U.S. Army Corps of Engineers. Overbanks were described using USGS 7.5 ft.
quadrangles which have 5 ft. contour intervals except for one map which has 10 ft. contour
intervals. More refined definition of the overbank sections was not believed warranted for this
preliminary study. Points in the cross sections were described at each major break in the side
slope so that subareas computed by assuming trapezoidal sections would not differ from the
true areas by a significant amount.

Roughness Coefficients. Roughness coefficients were established from photo interpretations,
a reconnaissance of the area, and calibration runs of a recorded flood profile. The July 1957
flood profile for the study obtained from gage readings at Morris just below the Route 47 Bridge
and below the Dresden Dam was reproduced by estimating "n" values and determining the
backwater curves for the observed discharge. The "n" values were adjusted until a good
reproduction of the flood profile was obtained. Roughness coefficients of 0.070 for overbank
and 0.032 for the channel were determined from approximately 95,000 cfs discharge during the
1957 flood.

Starting Evaluation. For each selected discharge, critical depth was determined at the Morris
Bridge section. Water surface profiles were then determined up to the Dresden Pool section
starting from critical depth at the lower section. Start elevations were then determined by
extrapolation from the slope of the upstream water surface. Water surface profiles were again
computed using these starting elevations. Since the elevation change at the upstream section
was not great after recomputing the profiles (1.5 feet maximum) it was concluded that a new
starting elevation based on a new extrapolation would not materially affect the results.
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Figure A.6-2. GE-Morris Operation Site Study Reach.
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Water Surface Profiles. Water surface profiles were determined for four discharges:
cfs, 200,000 cfs, 400,000 cfs and 600,000 cfs. Below about 100,000 cfs the water surface just
above the dam is controlled by gate operations. Profiles for the four discharges are shown on

Figure A.6-3. The profiles are shown for the two starting elevations.

Rating Curve. The water surface elevations computed at the Dresden Pool section for the four

selected discharges were used to define the preliminary rating curve at the plant site.
Elevations for other discharge were interpolated between the computed values.
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Figure A.6-3. Water Surface Profiles from Morris Beidge to Dresden Lock and Dam.
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A.7 DECOMMISSIONING PLAN
A.7.1 INTRODUCTION
A.7.1.1 Purpose and Scope of Plan
This plan describes the method selected by GE for decommissioning of the GEH-MO site:

e The plan addresses GEH-MO decommissioning activities until the GEH-MO operating
license is terminated.

e The plan applies to the entire GEH-MO site and is independent of subsequent utilization of
the property.

e The plan considers what is currently technically feasible, assuming present regulations and
conditions.

e The plan allows for revision or replacement of concepts as more data are obtained and
improved technologies developed.

A.7.1.2 History of Operations

The GEH-MO facility was originally constructed to reprocess spent nuclear fuel and was named
Midwest Fuel Recovery Plant (MFRP). The MFRP configuration included two water-filled
storage basins - one for spent fuel storage prior to reprocessing and one for storage of high-
level waste.

Startup testing operations pursuant to the then existing terms of SNM-1265 resulted in the
contamination of certain process systems and canyon cells with unirradiated natural uranium
and its daughter products. Startup testing was discontinued in late 1974 and the terms of SNM-
1265 were changed to allow "storage only" of irradiated fuel.

Irradiated fuel was first received in early 1972 and receipts continued into 1989. Fuel storage
capacity was increased twice as the need arose. First, the original waste storage basin was
utilized by the addition of fuel storage racks in 1973. In 1975, removal of the original storage
baskets and racks and installation of higher density baskets with a supporting grid system in
both basins expanded capacity from approximately 100 tonnes to 750 tonnes.

The Low Activity Waste (LAW) Vault, Cladding Vault, Dry Chemical Vault (DCV), low-level
waste evaporator system and the plant ventilation system, including the air tunnel, sand filter,
exhaust blowers and stack are or were utilized in support of fuel storage operations. As a result,
these systems contain varying levels of fission /and activation product contamination from fuel
cladding leaks and reactor piping residue (crud) in addition to small quantities of unirradiated
natural uranium and its daughter products from the startup testing operations.
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A layaway program was initiated in February 1975 to place reprocessing equipment,
instruments and certain facilities in protective status to minimize deterioration. Concurrent with
fuel receipt and storage operations, procedures were developed and implemented to flush and
purge vessels and piping to "mothball" mechanical and electrical equipment. As of December
1978, all reprocessing equipment is in layaway status at the site except for the uncontaminated
fluorine production equipment, which was sold and has been removed.

In 1993, a decision was made to curtail further use of the three underground vaults and to
commence emptying and disposal of their contents. As of October 1996, all three vaults are
empty, dry and contain radioactivity only as contamination on the floors and walls.

The LAW Vault connecting piping has been removed or capped, and the vault is laid away.
There are no current plans for use of the LAW Vault. The DCV connecting piping has been
removed or capped, and the vault is laid away. There are no current plans for use of the DCV.
The Cladding Vault is empty, dry, has been cleaned, and contains only low-level residual
radioactive contamination on interior surfaces. CRA and CSF drains, which previously went to
the Cladding Vault have been capped. Stack drain has been routed to the stack condensate
system. This vault is being held available on a contingency basis.

A.7.2 PLAN ASSUMPTIONS AND BASES

A.7.21 Site Status

This decommissioning plan is based on the following assumptions:

o Off-site transfer of stored fuel will be completed by normal operating procedures rather than
as a part of decommissioning efforts.

e The decision to terminate licensed operations at the site will be made in the course of normal
(not emergency) business considerations.

e There is no plan for subsequent utilization of the site for nuclear activity requiring USNRC
licensing.

A.7.2.2 Performance Objectives

The primary objective of the plan is to decontaminate the site to a point where continued
USNRC licensing is no longer required. The following are supporting objectives:

¢ Reduce levels of residual contamination on exposed surfaces of site structures and
components to permit unrestricted use or:

a. Remove the contaminated surface from the site for authorized disposition.
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b.  Apply surface covering (paint, etc.) only if contamination levels are as low as can be
obtained by reasonable effort, or if such action is approved by regulatory authority.

e Remove piping, ducting and vessels for authorized salvage or disposal if their interior
surfaces cannot be ensured of meeting unrestricted release limits.

e Dispose of scrap, rubble and other waste materials from site clean-up operations in
accordance with applicable provisions of the Code of Federal Regulations, 10 CFR 72.130.
A.7.2.3 Other Considerations

Physical security requirements will be revised after the fuel has been shipped off-site. Access
control and other protective measures will be maintained pursuant to regulatory requirements.

A.7.3 PLANNED TASKS
A.7.3.1 Radiation Survey

The first step in the decommissioning plan will be to prepare a comprehensive contamination
survey of all site facilities, including the following:

Main building - all areas

LAW, Clad, and Dry Chemical Vaults

Other buildings - utility service, CSF, warehouses, shop/warehouse and administration
Grounds - walkways, asphalt driveways, gravel areas and ponds

The survey will determine the presence or absence of contamination and where present, the
level of smearable and fixed contamination for comparison to unrestricted release limits.
Samples of vault contents (if not empty) will be taken to determine bulk waste activity. The
results of this survey will be analyzed to determine those structures, equipment, soil and bulk
waste that are contaminated above unrestricted release limits and will establish the basis for
preparing the final details of the decommissioning plan.

A.7.3.2 Supplementary Systems

Supplementary systems and equipment with temporary or mobile features may be utilized for
special functions, such as aggressive surface decontamination, treatment of radioactive liquids,
retrieval of bulk contaminated wastes and packaging of consolidated residues. The types,
functions and amount of this equipment will be determined at the time of decommissioning.

A.7.3.3 Bulk Materials Removed
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A.7.3.3.1 Waste Vault Contents

Removal of LAW Vault contents is complete (except for radioactive contamination) as of
October 1996. The LAW Vault connecting piping has been removed or capped, and the vault is
laid away. There are no current plans for use of the LAW Vault.

The dry chemical vault (DCV) contained approximately 30,000 Ib. of solid materials including
alumina contaminated with unirradiated natural uranium. This material was retrieved from the
vault and has been shipped to a disposal facility. The DCV connecting piping has been
removed or capped, and the vault is laid away. There are no current plans for use of the DCV.

The Cladding Vault is empty, dry, has been cleaned, and contains only low-level residual
radioactive contamination on interior surfaces. CRA and CSF drains, which previously went to
the Cladding Vault have been capped. Stack drain has been routed to the stack condensate
system. This vault is being held available on a contingency basis.

A.7.3.3.2 Contaminated Equipment

Preparation of empty fuel storage baskets and grids for removal from the basin may include
vacuum cleaning and rinsing with water. After removal, cutting (with equipment such as a
plasma torch) in a controlled area will be done as needed to facilitate fitting the components into
containers for shipment to an off-site disposal facility. GEH-MO gained experience in basket
and rack decontamination and disposal as part of a storage capacity expansion project
undertaken in 1975. Underwater cutting using divers is an alternative that will be considered.

Also anticipated is removal of contaminated equipment is disposal of canyon vessels.
Consideration will be given to selling equipment contaminated with natural uranium to licensed
facilities or salvage operators. Otherwise, the equipment will be cut into appropriate sizes for
off-site burial. Most of the approximately 40 major canyon vessels were designed to be
remotely removable. Thus, the cutting operation for the vessels and equipment may be
performed in place or in a convenient location such as on top of the mechanical cell covers,
controlled ventilation and services are available in either case. Advanced planning will be
utilized to minimize equipment cutting. Internal residual contamination of the canyon vessels is
minimal due to the layaway flushing (described in Section A.7.1.2) that they received.

A.7.3.4. Residual Contamination Survey/Assessment

The contamination survey described in Section A.7.3.1 will be updated following the removal of
bulk materials as appropriate. The survey update will determine the location, level and type of
residual contamination. Subsequent assessments determine where additional decontamination
is required.

GE HITACHI NUCLEAR ENERGY AMERICAS, LLC PAGE DATE 6/30/20 Page

SNM-2500 CSAR Appendix A.7 REVISION 15 4



HITACHI Morris Operation

Consolidated Safety Analysis Report

Tests of proposed decontamination methods at this time will indicate modifications needed in
order to meet the performance objectives set forth in Section A.7.2.2 above.

A.7.3.5 System Decontamination and Dismantling

A.7.3.51 Fuel Receipt and Storage Facilities

The fuel receipt and storage facilities include the cask receiving area (CRA), decontamination
area (BDP), cask unloading pit, fuel storage basins 1 and 2, basin filter room, basin pump room
(BPR), basin chiller heat exchangers and associated structures. The plan for these areas is to:

e Remove basin water, remove stainless liner and piping and survey concrete surfaces for
contamination levels. Decontaminate concrete surfaces as required. Backfill basins and
provide a cover over them.

e Remove contaminated equipment and piping from the BPR, filter room and chiller room.

e Decontaminate imbedded piping and fill with grout.

¢ Remove cranes and other equipment (the cask crane may be used for loading off-site
shipments and removal may be deferred until later in the decommissioning work period).

e Decontaminate (or raze) the filter room and BPR structures.

e Decontaminate the concrete floor pads and other surfaces or remove surfaces if necessary
to achieve performance objectives.

e Decontaminate the CRA and BDP areas (these areas will be used for vehicle loading and
other needs during most of the decommissioning period and this task will be scheduled
later).

e Clean or package, as necessary, other contaminated structural components, walls, ceilings,
etc.

e Package and ship contaminated waste to off-site disposal facilities.

A.7.3.5.2 Canyon
The plan for the canyon cells is to:

e Remove all fixed piping (other than imbedded) and instrument and electric cables.

e Decontaminate all surfaces. Remove stainless cell liners if the performance objectives
(Section A.7.2.2) cannot be met with them in place.

e Decontaminate or package canyon cell covers and the canyon crane.

e Decontaminate imbedded piping and fill with grout.

e Leave the main building concrete structure including the canyon area in place after
decontamination.

e Package and ship contaminated waste to off-site disposal facilities.

GE HITACHI NUCLEAR ENERGY AMERICAS, LLC PAGE DATE 6/30/20 Page

SNM-2500 CSAR Appendix A.7 REVISION 15 5



HITACHI Morris Operation

Consolidated Safety Analysis Report

A.7.3.5.3 Other Main Building Areas

Several areas are not used for fuel storage operations. Other areas used during fuel storage
operations may be minimally contaminated. The plan for these areas is to:

Remove contaminated equipment.

Remove and package other contaminated items such as instruments, piping ducts, services.
Decontaminate area surfaces with techniques employed in the canyon cells.

Package and ship contaminated materials to off-site disposal facilities.

A.7.3.5.4 Waste Storage Vaults

It is anticipated that minimal contamination (principally natural uranium) remains in the DCV.
Assuming successful decontamination, the DCV will be backfilled with dirt and sealed, leaving
the concrete walls and liners intact.

Radioactive contamination in the LAW and Cladding Vault consists almost exclusively of
radiocobalt, radiocesium and radionickel. The plan for these vaults is to:

e Investigate the feasibility of further decontamination of inner walls.

e Backfill and seal the maintenance pit and off-gas cell openings, leaving the walls, inner tank
and liners intact.

e If residual contamination levels prove unacceptable, the inner tank/liner shall be removed
and shipped for burial or metal melt.

These structures will be decommissioned last permitting use of main building ventilation for the
majority of the decommissioning work. The plan for these structures is to:

e Flush the floor of the air tunnel. Route the flush solution to the radwaste system.

o Either fill the air tunnel with concrete over its entire length or decontaminate to acceptable
limits and fill. Seal the cell openings to the air tunnel.

e Remove the exhaust blowers and duct work located next to the sand filter.

Remove the contaminated sand and gravel from the sand filter as required. Package it and

ship it to an off-site disposal facility.

Decontaminate and backfill the sand filter concrete structure and seal the filter openings.

Decontaminate and backfill or package the horizontal duct between the sand filter and stack.

Decontaminate and cap (ground level and top) or dispose of the 300 ft. stack.

Package and ship contaminated materials to an off-site disposal facility.

A.7.3.5.6 Final Waste Removal

The remaining items to be considered are:
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e Decontaminate potentially contaminated underground piping and fill with grout or dig up and
package for disposal.

e Decontaminate special equipment used in decommissioning work and package for disposal.

e Package miscellaneous tools, which are no longer useful for disposal.

A.7.3.6 Final Survey

A comprehensive final survey similar to the initial one described in Section A.7.3.1 will be
performed. The survey report will include:

Description of scope and general procedures used in the survey.
Description of remaining contamination.

Results of survey for comparison with performance objectives.
Surveillance recommendations and future use restrictions.

A.7.3.7 Inspection and Acceptance
A final survey report will be submitted to the USNRC.

It is anticipated that the USNRC will terminate Materials License No. SNM-2500 and release the
facility for unrestricted use following their review and inspection.

A.7.4 PLAN ENVIRONMENTAL EFFECTS
A.7.41 Balancing of Effects

The decommissioning plan described in this document presents what is believed to be the most
balanced approach to limiting environmental effects as they relate to potential risks to the public
and site personnel. In summary, the approach involves evaluating each task of the plan at the
time of implementation, and making the final decision for disposition based on a comparison of
the alternatives below:

e Decontamination to unrestricted limits
e Removal to off-site disposal facilities
e Fixation and isolation

This approach ensures an optimization of effects.
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A.7.4.2 Conclusions

Dispersal of significant radioactivity as a result of the implementation of this plan is highly
unlikely. The main building ventilation system will be operated to provide normal filtration of
particulate and aerosol matter. There are no radioactive liquid effluents from the site during
normal license operations and there will be none during decommissioning activities.
Radioactive wastes will be disposed of by transporting to licensed repositories in approved
containers. Approved shipping practices shall be followed, thereby creating no significant
impact on the environment.

After the performance objectives of the plan have been attained, the site will be available for
unrestricted use with no impact on the environment.

A.7.5 RESOURCE REQUIREMENTS
A.7.51 Manpower Estimates

General Electric will carry out the specific tasks defined in Section A.7.3, utilizing Company
personnel, contractor personnel, or a combination of both. Table A.7-1 depicts cost estimates
for the various tasks using General Electric 2003 manpower rates for the on-site work. The
removal of vault bulk materials was assumed to be carried out by subcontractors.

In estimating manpower requirements, it is anticipated that total implementation of the
decommissioning plan will take 3 years. Some tasks will be performed in parallel but the
general sequence of tasks is that described in Section A.7.1.

A.7.5.2 Shipping and Disposal Costs

Shipping and burial cost estimates include 1996 costs of shipping containers (nonreusable),
transportation fees, and burial charges at a low-level waste disposal site. The cost estimate
includes weights and volumes of materials based on past experience of GEH-MO. The
transportation costs assume that the waste will be transported to specified out of state disposal
facilities.

Disposal of "clean" materials is not included in the costs shown in Table A.7-1 since
noncontaminated items are not addressed in this plan. (See Section A.7.2.2.)

A contingency of 25% of the decommissioning cost (Table A.7-1) was included in the total cost
shown.
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A.7.5.3 Certification of Financial Assurance

A payment surety bond was established to provide decommissioning financial assurance that
was submitted to the NRC by letter dated March 27, 2018, Subject: GEH/GNF-A Financial
Assurance of Decommissioning Funds — Surety Bonds. (ADAMS Accession Number
ML18087A172). Supplemental Riders to increase the bond amounts were submitted to the NRC
by letter dated March 19, 2019 Subject: GEH/GNF-A Financial Assurance of Decommissioning
Funds — Surety Bond Riders (ADAMS Accession Number ML19080A060).

In addition, GEH has established a Master Standby Trust Agreement with the Bank of New York
Mellon for the benefit of the NRC in the case of default or inability to direct decommissioning
activities by GEH. An amended standby trust agreement was submitted to the NRC by letter
dated April 5, 2018, Subject: GEH/GNF-A Financial Assurance of Decommissioning Funds —
Standby Trust Agreement Amendments”. (ADAMS Accession Number ML18096A036).
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A.8 AGING MANAGEMENT

This appendix provides a summarized description of the activities for managing the effects of
aging at GEH-MO. The evaluations of time-limited aging analyses (TLAAs) for the renewal
period are also presented.

An assessment of the GEH-MO inspection activities identified new and existing activities
necessary to provide reasonable assurance that Systems, Structures, and Components (SSC)
within the scope of license renewal will continue to perform their intended functions consistent
with the current licensing basis (CLB) for the renewal period. This section describes these aging
management activities.

This section also discusses the evaluation results for each of the applicable SSCs specific time-
limited aging analyses (TLAAs) performed for license renewal. The evaluations have
demonstrated that the analyses remain valid for the renewal period; the analyses have been
projected to the end of the renewal period; or that the effects of aging on the intended
function(s) will be adequately managed for the renewal period.

GEH-MO is an away from reactor ISFSI storing spent fuel under 10CFR72 license until such
time that the fuel may be shipped off-site for final disposition. The fuel storage basins at GE-MO
are designed for below grade storage. Accordingly, the exterior materials can withstand the
anticipated effects of "weathering" under normal conditions.

Structures, systems and components at GEH-MO that, while not performing a safety-related
function, but do perform a function that demonstrates compliance with NRC regulations on
environmental qualification, are identified in the CSAR, section 11, paragraph 11.3, as follows:

11.3 STRUCTURES, SYSTEMS, AND COMPONENTS IMPORTANT TO SAFETY
No credible event, planned discharge, or design basis accident at GEH-MO is identified
that would expose a member of the public to radiation in excess of limits specified in 10
CFR 72.104 or 10 CFR 72.106.

It is, therefore, the position of GEH-MO that the term "basic components" in the sense
defined by 10 CFR 21.3(a)(2) and 10 CFR 21.3 (m) is not applicable to GEH-MO.

However, "structures systems and components important to safety" as promulgated in 10
CFR 72.122, "Overall Requirements" are identified below.

a. Fuel storage basin (FSB) - concrete walls, floors, and expansion gate are principal
elements in protection of stored fuel, and in isolation of basin water from the
environment.
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b. Fuel storage basin - stainless steel liner forms a second element in fuel protection and
basin water isolation, facilitating decontamination.

c. Fuel storage system, including baskets and supporting grids is a principal element in
protection of stored fuel.

d. Steel expansion gate — Identified as Gate #4, along the south east corner of fuel basin
Il. The gate is constructed of reinforced concrete with a thickness of 8” and height and
width dimensions of 29'-6” and 5’-0”, respectively. The water side of the gate is lined
with 16-gauge stainless steel to prevent the reinforced concrete from coming into
contact with the water in the basin.

e. Unloading pit doorway guard - is designed to prevent a loaded fuel basket from being
tipped so that fuel bundles could fall into the cask-unloading pit. The unloading pit
doorway guard is an element in protection of fuel during movement of a loaded basket.

f.  Filter cell structure (FCS) - the concrete cell part of the basin pump room area provides
radiation shielding to reduce occupational exposure.

g. Fuel Storage Basin building — the steel structure that surrounds/protects the fuel
Basins.

h. Fuel Basket Grapple — Used to remove the fuel baskets from their storage location in
the fuel basin support grid.

i. Fuel Grapple — Used to remove the fuel bundles from the fuel baskets when they are in
the unloading pit.

j- Fuel Basin Crane — Crane utilized to move the full fuel baskets to the unloading pit.

k. Fuel Handling Crane — Crane used to remove the fuel bundles from the fuel storage
baskets and place into a cask.

I. Cask Crane — 125 Ton overhead crane used to lift a fully loaded cask from the
unloading pit and place cask onto transport vehicle.

m. Spent Fuel Cladding — Fuel in GE-MO basins are clad with SS or zircalloy cladding.

However, since these systems do contain the stored fuel or provide support functions, they have
been reviewed for aging management. These SSCs are organized in accordance with NUREG
1801 in Table 1 of this appendix.

STRUCTURES MONITORING AGING MANAGEMENT PROGRAM (AMP)

As identified in Table 1, SSCs involving concrete or structural steel, and necessitating periodic
examination, are inspected and monitored according to this Structures Monitoring AMP. AMP
elements are consistent with those in XI.S6 from NUREG 1801 Rev. 2 and are as follows:

Scope of Program — Inspection and monitoring of SSCs important to safety ensures there is no
loss of function. This is facilitated with periodic examinations and select monitoring in
accordance with this AMP. The SSCs identified during the AMR that are covered by this AMP
are denoted as “Structures Monitoring” in Table 1.

GE HITACHI NUCLEAR ENERGY AMERICAS, LLC PAGE DATE 6/30/20 Page

SNM-2500 CSAR Appendix A.8 REVISION 15 2




//— Morris Operation
'\y HITACHI Consolidated Safety Analysis Report

Preventative Actions — Preventative actions delineated in NUREG-1339 are not applicable to
the fuel basin building structure, as bolting used for construction does not form a pressure
boundary, is not a reactor internal component, and does not involve high strength >150ksi bolts.
Bolted connections used to construct the basin building structure are, however, inspected every
5 years by qualified personnel in accordance with SOP 16-17. Preventative actions for
inaccessible portions of concrete and liner structures include maintenance of water chemistry
within approved license specifications through continuous filtration and addition of ultra-pure
water (typically 0.056 umho/cm) as needed to maintain basin level (see Water Chemistry AMP).

Parameters Monitored or Inspected — For each structure / aging effect combination
designated as “Structures Monitoring” in Table 1, the following parameters are inspected:

Concrete Structures: loss of material, cracking, increase in porosity and permeability, loss of
foundation strength, and reduction in concrete anchor capacity due to local concrete
degradation.

Steel Structures including Galvanized Steel: loss of material due to corrosion of any kind.

Stainless Steel Basin Liner: evidence of bulging or depressions and leakage rate via leak
detection channels.

Structural Bolting: loose bolts, missing or loose nuts, and other conditions indicative of loss of
preload. Loss of material due to general, pitting, and crevice corrosion.

Ground Water Quality: Ground water chemistry (pH, chlorides, and
sulfates) are monitored periodically to assess its impact, if any, on below grade concrete
structures.

Detection of Aging Effects — Aging is detected by periodic visual inspections for each structure |
/ aging effect denoted in Table 1. Parameters are examined every 5 years by qualified

inspectors in accordance SOP 16-17. This SOP incorporates relevant sections of ACI 349.3R

and suggested parameters from the NUREG 1801, XI1.S6 AMP. Additionally, ground water

quality is periodically sampled to ensure a non-aggressive environment for inaccessible

concrete structuresics(Pci].

The purpose of the GEH-MO Inspection Activities is to:

1. Determine that no significant deterioration of the basin structure has occurred, such that it
can still perform its intended function, and

2. Confirm that no significant degradation of the fuel storage components in the basin has
occurred.
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The scope of the Basin Inspection / Monitoring Activities involves;

a) Triennial monitoring of ground water for chemical species that can deteriorate the basin
and filter structure inaccessible concretefea(pc2.

b) Annual visual broad inspections of exposed concrete and building structures housing
spent fuel.

c) 5-year visual inspections by qualified inspectors of exposed concrete and building
structures

d) Visual inspection of normally inaccessible components of the fuel storage system in the
event a basket is lifted in preparation for movement.

e) Continuous monitoring of the leak detection sump level

Visual inspections identify physical degradation of the exposed surfaces of the concrete
structures. Qualified inspectors examine the fuel storage basin concrete, building structure and
liner at 5-year intervals relative to the requirements of ACI 349.3R. These examinations are
supplemented with annual inspections by operations staff for deterioration of the concrete due to
loss of material, cracking or spalling, and steel building structures due to corrosion and coating
degeneration. A visual inspection of normally inaccessible components in the basin, baskets,
grid, basin liner, iffwhen they are moved will identify degradation of the material resulting from
corrosion. Inspections provide reasonable assurance that any degradation of the fuel storage
system is identified.

Monitoring and Trending — All SSCs covered by the Structures Monitoring AMP are non-safety
related as defined in 10CFR50.65. These structures have been ranked based on risk
significance and are monitored based on condition. Results from condition monitoring activities
are analyzed against predetermined goals annually in accordance with SOP 16-17.

Deficiencies are corrected commensurate with the associated safety significance and may
necessitate adjustments to monitoring frequency and/or implementation of trending for
structures with high risk significance.

The basin leak detection system continuously monitors the sump level via the Site
Instrumentation Monitoring System (SIMS) and constantly displays the level on a monitoring
screen. Alarms are triggered if the level exceeds pre-set values.

The eight NRC reviewed and approved ground water sampling wells at MO are used to monitor
for any potential leakage of basin water to the surrounding soil. The wells are sampled routinely
per SOP 16-102, Sample Well Analysis Compliance Test. In addition, at least 1 of 3 of the wells
positioned around the basin are used to monitor ground water for potential effects on below
grade concrete.

Acceptance Criteria - Table 2 summarizes acceptance criteria based on the type of inspection
and the associated structure.
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Corrective Actions - Visual inspection acceptance criteria are based on the absence of
indications that are signs of degradation. Engineering evaluations determine whether observed
deterioration of material condition is significant enough to compromise the ability of the SSC to
perform its intended function. Occurrence of degradation that is adverse to quality will be
entered into the Corrective Action System. Alarm panel response procedures identify the
various criteria for the different fuel storage system monitoring devices at GEH-MO and specify
any required corrective actions and responses.

Confirmation Process - The process of confirmation is controlled by the Morris quality program
and is consistent with the requirements of 10CFR72, Subpart G.

Administrative Controls — Administrative controls are governed by the Morris quality program.
This program implements controls that are consistent with the requirements of 10CFR72,
Subpart G.

Operating / Industry Experience - A review of the results of SOP 16-17, Fuel Storage System
Inspection, indicates that although there is some degradation visible in some of the painted
structures, there is no visible evidence that the concrete or stainless steel structures that are
accessible for inspection are degrading/degraded to any extent that would indicate their
functionality has in any way changed over the review period. The inspections have been
conducted by veteran operators, one of which has been employed at MO for over 40

years. Minor paint issues are addressed as they are observed and due to the humid conditions
in the area of the fuel pools. These minor issues are to be expected.

Regulatory information presented in NUREG-1522 and NUREG/CR-6927 was also reviewed to
ensure degradation parameters selected for the identified structures were consistent with the
published findings. This review concluded that the aging mechanisms described in NUREG-
1801 for fuel storage facilities do indeed cover the concrete and steel deteriorations noted in
NUREG-1522 and NUREG/CR-6927. It should also be noted that the concrete structures at
GEH-MO were designed and constructed in accordance with the applicable national standards,
specifically ACI 318-63, and meet conditions consistent with longevity as described by the Gall
Report.

WATER CHEMISTRY AMP

As identified in Table 1, SSCs constructed from stainless steel, and necessitating maintenance
of water chemistry, are maintained according to this Water Chemistry AMP. AMP elements are
consistent with those in XI.M2 from NUREG 1801 Rev. 2 and are as follows:

Scope —Maintenance of water chemistry in contact with stainless steel SSCs ensures there is
no material loss that would affect the functionality of structures important to safety. This is
facilitated by water replenishing / filtering systems in combination with periodic monitoring in
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accordance with this AMP. The stainless steel SSCs identified during the AMR that are
managed with this AMP are denoted as “Water Chemistry” in Table 1.

Preventative Actions — This AMP involves SOPs that specify limits for the total amount of
radioactivity and conductivity in the fuel basin water, sampling and analysis frequencies, and
corrective actions for control of water chemistry. Fuel Basin water chemistry is controlled to
minimize contaminant concentration thereby mitigating loss of material due to general, crevice,
and pitting corrosion and cracking caused by SCC. Water chemistry is maintained within
approved license specifications through continuous filtration and addition of ultra-pure water
(typically 0.056 umho/cm) as needed to maintain basin level.

Parameters Monitored / Inspected — Gross Beta and Conductivity

Detection of Aging Effects — Aging is mitigated by maintenance of basin water for structures in
Table 1 involving stainless steel by:

a) Continued analysis of fuel storage basin water quality in accordance with a Compliance
Test insuring conformity to license specifications.
b) Monthly sample analysis of water from the Basins using an independent lab.

Monitoring and Trending — Basin water radioactivity and conductivity is periodically recorded,
evaluated and trended in accordance with SOP 16-10.

Acceptance Criteria — Basin water has the following radioactivity and conductivity limits:

a) Conductivity must be <1.35 puMho/cm.
b) Basin water activity (gross beta) must be less than 0.02 uCi/mi

Corrective Actions — Non-compliant samples indicating conditions adverse to quality will be
entered into the Corrective Action System. Alarm panel response procedures identify the
various criteria for the different fuel storage system monitoring devices at GEH-MO and specify
any required corrective actions and responses.

Confirmation Process — The process of confirmation is controlled by the Morris quality
program and is consistent with the requirements of 10 CFR 72 Part G.

Administrative Controls — Administrative controls are governed by the Morris quality program.
This program implements controls that are consistent with the requirements of 10 CFR 72 Part
G.

Operating Experience - All SSC’s in the basin are 304 Stainless Steel. Per IAEA-TECDOC-
1012, “Durability of Spent Nuclear Fuels and Facility Components in Wet Storage”, SS wet
storage facility components have excellent histories of durability in periods approaching 40
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years provided that good water chemistry control is maintained. The GE-MO basin water
chemistry provides an excellent media for SS materials. Combining the basin liner coupon
examination, and the guidance from the IAEA Report, corrosion is minimal and should have little
or no impact on the basin liner or other stainless-steel components of the fuel storage (baskets
and supporting grid) system for the term of the license renewal. In addition, all of these
components have been in a static mode since the last fuel receipt in January 1989, so there
also hasn’t been any mechanical wear.

As shown in GE-MO 72.48 prepared February 16, 1996, conductivity is a more accurate way to
measure ultra-pure water quality than pH and a conductivity value of 2.5 ymho/cm was
established, corresponding to a pH of 4.5 to 9.0 in keeping with the reference license
specification. The 2004 GE-MO 72.48 lowers that value to 1.35 ymho/cm for the basin water,
equivalent to a pH value of 5.5 to 8.0. This change is in keeping with the requirements in
NUREG 1801, Chapter Il establishing a lower limit of 5.5 pH for water as non-aggressive to
concrete or stainless steel. This value is also representative of the typical GE-MO basin water
quality. Since March 1976 the average basin water conductivity has been 1.07 ymho/cm. There
are no sources for NaNo3 and Cl in the basin environment and values for these materials
repeatedly are below detectable limit. During a recent test, basin water makeup, cooling and
filtration were discontinued for a period of 50 days resulting in an actual conductivity increase to
1.22 pmho/cm. A conductivity value of 1.35 pmho/cm also provides a much lower tolerance for
ionic impurities allowing the elimination of NaNo3 and Cl measurements since values well below
5 ppm of either cause conductivity to significantly increase beyond 1.35 pmho/cm.

ANCILLARY EQUIPMENT IMPORTANT TO SAFETY

All cranes are maintained in compliance with the requirements specified in 10 CFR 1910.179
(OSHA) and tracked by our Preventive Maintenance (PM) program described in MOI 401. The
cranes are inspected, and routine maintenance items performed quarterly by on-site
Maintenance personnel per the manufacturers recommended schedule. Annually, an
independent inspection company performs a complete inspection, including non-destructive
testing, of all cranes and hoists on site.

All grapples and miscellaneous tooling used for moving fuel bundles or fuel baskets are laid
away. Each tool will undergo thorough inspection and testing to insure it complies with the
original manufacturers specifications prior to utilizing it for lifting any fuel bundle or basket.
When in use, these tools are only exposed to treated water described in the Water Chemistry
AMP.

FUEL BASIN LINER TLAAs
In June 1993, the fuel storage basin was inspected to confirm expectations of continued

structural integrity, as well as confirm the absence of microbe-induced corrosion (MIC). To
confirm and document the integrity of the liner, a routine inspection plan was developed in
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accordance with ASME Boiler and Pressure Vessel Code and other industry approved IVVI
procedures. The inspection plan included use of underwater TV cameras to inspect the basin
welds.

The results of this inspection showed, that based on high-resolution visual inspection and
surface examination, the basin liner is judged to have continued integrity, with no environmental
degradation associated with 20+ years of fuel storage. Also, considering the continuous
maintenance of high purity water flow in the fuel storage basins continued long-term service is
indicated.

The above is detailed in report GENE 689-013-0893, “Morris Fuel Recovery Center Fuel
Storage Basin Liner Visual Examination Summary Report”, dated September 1993.

Additionally, in 1994 an approximately 1.5” x 3.5” coupon was cut from the basin liner in the
cask unloading pit. This area then had a patch welded over it. The sample was sectioned for
optical metallography and scanning electron microscopy (SEM). Cross sectional views did not
find evidence of significant surface attack, and the maximum surface penetration was 0.4 mils.
SEM examination of the surface found oxide deposits, which is expected for a stainless steel
that has been exposed to a water environment for 20+ years. Chemical analysis of the deposits
determined the composition to be mostly iron oxide. No detrimental chemical species were
found. No evidence of MIC phenomena was observed.

The nominal liner wall thickness in the unloading pit is 0.125 inches. Assuming the degradation
occurred over 20 years and the corrosion rate remained constant, the liner would not be
penetrated for the foreseeable future.

See report number GENE-689-003-0494, “Morris Fuel Recovery Center Fuel Storage Basin
Liner Metallurgical Evaluation”; dated May 1994.

FUEL BUNDLE STORAGE

In broad, generic terms, the design and operation of the GEH-MO spent fuel pool is similar to a
spent fuel storage pool at a nuclear power plant and some aspects of the reference NUREGs
may be applicable, however, significant differences between GEH-MO basins and support
systems and a nuclear power plants fuel storage basins and the fuel stored in both must also be
taken into account. The GE-MO basins are below ground, in native bedrock, water level is
maintained at or below grade level. All stored fuel is held in GEH-MO unique stainless-steel
baskets (CSAR Section 5.0, [ 5.4.4.2) that are a “can” style container minus a lid, providing
individual support and additional containment and shielding for each fuel bundle. Fuel is not
routinely shuffled nor is new fuel added unlike the spent fuel pool in a nuclear power plant, (last
fuel moved was January 1989) and there are no plans to do so. The static state of the GEH-MO
fuel assures there are no mechanical or dynamic stresses placed on the fuel. The large basin
water volume and low decay heat input from the stored fuel provide an extended period of time
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to take corrective action in case of a malfunction of any of the basin support systems. In the
event of an earthquake or other extreme natural phenomena, sufficient makeup water is
available through either on-site or off-site means to maintain safe storage conditions.

Fuel stored at GEH-MO has reactor discharge dates that range from April 1970 through October
1986. The last fuel was received at GEH-MO in January 1989. Burnup rates range from a high
of 36.71 GWD/MTU to a low of 0.18 GWD/MTU, and an average burnup of 17.74 GWD/MTU.
Due to the robust design of the pool (CSAR Section 5.0, [ 5.5) and the time interval from reactor
discharge, there are no postulated events that would result in exposure to a member of the
public in excess of the limits of 10CFR72.104, as stated in the CSAR, Section 8.0, §8.1.1. The
condition of the fuel is monitored as part of routine activities conducted at GEH-MO through
basin water analysis and air quality monitoring. The design of the pool, and operational
requirements for the basin area assure a depth of water over the stored fuel, which provides for
extended passive heat dissipation capability. In May of 2004, a test was performed in to
demonstrate the water quality would be minimally affected if there were a total loss of the Basin
cooling and filtration systems. Results of the test revealed the conductivity approached
1.24pumho/cm, well below the license specification. Also demonstrated in the test was that heat
dissipation from the basin was adequate as the basin water temperature reached a mere 123°F.
Basin water level decreased to the 46’ 9” el., 9’ 6” above the upper most portion of the fuel
bundle, leaving an additional 6” before reaching the license limit of 9’ above the upper most part
of the fuel bundle.

In general, safe storage of the spent fuel is achieved by maintaining the integrity of the fuel
cladding through maintaining a high quality of basin water (CSAR Section 10.0, ] 10.4.5) and
substantiated by IAEA-TECDOC-1012, “Durability of Spent Nuclear Fuels and Facility
Components in Wet Storage”. Fuel cladding is designed to withstand a far more severe
environment in a reactor than in static storage at GEH-MO. The low temperature conditions,
removal of both particulate and ionized impurities from the basin water, and absence of
chemical materials provides high water clarity, limits corrosion and maintains radiation exposure
rates in the vicinity of the basin as low as reasonably achievable. The cladding provides an
effective primary barrier to the escape of fission or activation products from stored fuel. The
basin water is an effective secondary barrier for the confinement of the small amounts of
radioactive materials that may be released from the spent fuel.

The GEH-MO radiation protection program is previously established in the current approved
revision of the GEH-MO Consolidated Safety Analysis Report (CSAR) Section 7.0, Radiation
Protection. Subsection 7.7, Estimated Man-Rem Off Site Dose Assessment, specifies the
current approved environmental monitoring program. Under normal operating conditions, Kr-85
provides essentially all the exposure from the GEH-MO ventilation exhaust stack. The sum of
the values for annual whole-body exposure due to inhalation and skin dose out to a radius of 50
miles gives a total of less than 2 x 10 man-Rem/yr whole body and less than 0.12 man-Rem
skin dose. Routine air samples continue to show that exhaust emissions are below detectable
limit, as follows:
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Vent Supply Stack Inlet
Alpha (uCi/ml) 3.0x 10"®* MDA (~3x10-%)
Beta (uCi/ml) 6.0 x 10" MDA (~3x10"°)

The vent supply is air intake to the facility and stack inlet is air being released to the exhaust
stack.

There are no planned or unplanned releases of liquid wastes from the site boundaries.

Analysis of postulated accidents including the causes of such events, consequences, and the
ability of GEH-MO to cope with each are previously established in the CSAR, Section 8.0,
Accident Safety Analysis. The Structures, Systems, and Components (SSCs) Important to
Safety are described in Section 11.0, Quality Assurance. Both have been in the CSAR since
the original Part 50 license, SNM-1265 was issued for GEH-MO and were included during the
1979 license renewal application and subsequent issue of the current Part 72 license SNM-2500
in 1982. As such, both are considered part of the original licensing basis for Morris Operation.
Given the robust design of the Morris pool and the passive nature of the SSCs Important to
Safety, no scenario involving a support system would result in an exposure to the public in
excess of the criteria established in 10CRF72.104.

The current approved safety basis for the Morris facility as defined in the CSAR, designated
items important to safety (CSAR Section 11.0, sub-section 11.3) demonstrates that no accident
postulated (CSAR Section 8.0) will result in exceeding the limits of 10 CFR 72.104 and 10 CFR
100.20 to demonstrate protection of the public.

As shown in CSAR Sections 7.0 and 8.0, the low value of credible doses which could be
received from normal operating and credible accident releases are many orders of magnitude
below regulatory limits.

Unlike similar support systems at a nuclear power plant, the combination of the GEH-MO
radiation safety program, accident analysis and functional classification of equipment
demonstrates that failure of a SSC supporting fuel storage basin operation will not cause an
immediately reportable event. Ample time has been demonstrated for repair, temporary
substitution, or permanent replacement of any SSC to prevent any Technical Specification
violation and without exceeding any regulatory limits for radiation exposure is postulated.

Summary

Based on the reference information supplied in IAEA-TECDOC-1012, “Durability of Spent
Nuclear Fuels and Facility Components in Wet Storage”, and NUREG 1801, “Generic Aging
Lessons Learned (GALL) Report”, the effects of aging are minimal and will be adequately
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managed for the duration of the license period through the GE-MO Aging Management
Program.
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Aging Management Program Review
Table 1

1 STRUCTURES AND COMPONENT SUPPORTS

A5 Group 5 Structures (Fuel Storage Facility, Refueling Canal)

Structure and/or

Aging Effect /

Aging Management

Further

Item Link Component Material Environment Mechanism Program (AMP) Evaluation
ILA5. TP-25 | 1ll.A5-2 FSB/FCS Concrete | Any Cracking "Structures Monitoring" No
(T-03) Concrete environment due to expansion from
(accessible reaction with
areas): all aggregates
ILA5. TP-27 | Ill.LA5-4(T- | FSB/FCS Concrete | Ground Cracking; loss of "Structures Monitoring" No
05) Concrete water/soil bond; and loss of
(accessible material (spalling,
areas): below- scaling)
grade exterior; due to corrosion of
foundation embedded steel
ILA5.TP-23 | IIl.A5-6(T- | FSB/FCS Concrete | Air — outdoor Loss of material "Structures Monitoring" No
01) Concrete (spalling, scaling) and
(accessible cracking
areas): exterior due to freeze-thaw
above- and
below-grade;
foundation
ILA5.TP-24 | IIl.LA5-7(T- | FSB/FCS Concrete | Water — flowing | Increase in porosity “Structures Monitoring” No
02) Concrete and permeability; loss
(accessible of strength
areas): exterior due to leaching of
above- and calcium hydroxide and
below-grade; carbonation
foundation
ILA5.TP-26 | IIl.A5-9(T- | FSB/FCS Concrete | Air —indoor, Cracking; loss of "Structures Monitoring" No
04) Concrete uncontrolled or | bond; and loss of
(accessible Air — outdoor material (spalling,

areas): interior

scaling)
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and above-grade due to corrosion of
exterior embedded steel
Structure Aging Effect / Aging Man ment Program | Further
Item Link and/or Material Environment ging Ettec ging Wanageme ogra urtner
Mechanism (AMP) Evaluation
Component
HLAS.TP- | lllLA5- FSB/FCS Concrete | Any Cracking The concrete structures at No
204 2(T-03) Concrete environment due to expansion GEH-MO were designed and
(inaccessible from reaction with constructed in accordance with
areas): all aggregates ACIl 318-63 and meet
conditions for longevity as
described by the Gall Report.
Aggregates per ACI 318-63
conform with ASTM C33
“Specifications for Concrete
Aggregates” as referenced by
ASTM C295.
ILAS.TP- | lllLA5- FSB/FCS Concrete | Ground Cracking; loss of "Structures Monitoring" No
212 4(T-05) Concrete water/soil bond; and loss of
(inaccessible material (spalling,
areas): below- scaling)
grade exterior; due to corrosion of
foundation embedded steel
HLA5.TP- | lll.A5- FSB/FCS Concrete | Ground Increase in porosity "Structures Monitoring" No
29 5(T-07) Concrete water/soil and permeability;
(inaccessible cracking; loss of
areas): below- material (spalling,
grade exterior; scaling)
foundation
ILAS. TP- | lllLA5- FSB/FCS Concrete | Water — Increase in porosity N/A - There are no exterior N/A
67 7(T-02) Concrete flowing and permeability; loss | GEH-MO concrete structures
(inaccessible of strength in contact with untreated
areas): flowing water.
exterior
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above- and due to leaching of
below-grade; calcium hydroxide
foundation and carbonation
Item Link :rt:;iulztrure Material Environment Aging Effect/ Aging Management Program Further.
Mechanism (AMP) Evaluation
Component
HLAS.TP- | lIlLA5- FSB/FCS Concrete | Air —outdoor Loss of material N/A. There are no GEH-MO N/A
108 6(T-01) Concrete (spalling, scaling) and | inaccessible areas are subject
(inaccessible cracking to outdoor air.
areas): due to freeze-thaw
foundation
HLAS.TP- | lllLA5- FSB/FCS Concrete | Air —indoor, Reduction of strength | N/A. There are no GEH-MO N/A
114 1(T-10) Concrete: all uncontrolled and modulus concrete structures subject to
due to elevated temperatures above 150°F
temperature (>150°F
general; >200°F
local)
HLAS.TP- | lIlLA5- FSB/FCS Concrete | Soill Cracking and “Structures Monitoring” No
30 3(T-08) Concrete: all distortion
due to increased GEH-MO does not have a de-
stress levels from watering system.
settlement
HLA5.TP- | lIlLA5- FSB/FCS Concrete; | Water — Reduction of “Structures Monitoring” No
31 8(T-09) Concrete: porous flowing under | foundation strength
foundation; concrete foundation and cracking GEH-MO does not have a de-
subfoundation due to differential watering system.
settlement and
erosion of porous
concrete
subfoundation
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LAS.TP- | Ill.LAS- FSB/FCS Concrete | Air —indoor, Increase in porosity "Structures Monitoring" No
28 10(T-06) | Concrete: uncontrolled or | and permeability;
interior; Air — outdoor cracking; loss of
above-grade material (spalling,
exterior scaling)
due to aggressive
chemical attack
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Item Link :?:;;Ilztr'ure Material Environment Aging E_ffectl Aging Management Program Further_
Component Mechanism (AMP) Evaluation
p
ILAS.TP- High-strength | Low-alloy | Air —indoor, Cracking N/A. There are no GEH-MO N/A
300 structural steel, uncontrolled or | due to stress structures secured with High-
bolting actual Air — outdoor corrosion cracking strength (= 150 ksi) bolts.
measured
yield
strength =
150 ksi
ILA5.T-12 | lll.A5- Masonry Concrete | Air —indoor, Cracking N/A. There are no masonry N/A
11(T-12) | walls: all block uncontrolled or | due to restraint structures at GEH-MO.
Air — outdoor shrinkage, creep, and
aggressive
environment
IILA5.TP- Masonry Concrete | Air — outdoor Loss of material N/A. There are no masonry N/A
34 walls: all block (spalling, scaling) and | structures at GEH-MO.
cracking
due to freeze-thaw
IILA5.TP- I1.A5- FSB Building Steel Air — indoor, Loss of material “Structures Monitoring” No
302 12(T-11) | Steel uncontrolled or | due to corrosion
components: Air — outdoor
all structural
steel
ILA5.T-14 | lll.A5- FSB S-Steel Stainless | Treated water | Cracking "Water Chemistry" and “Structures | No, unless
13(T-14) | components: steel or Treated due to stress Monitoring” leakages
fuel pool liner, borated water | corrosion cracking; have been
Grapples, Loss of material Additionally, spent fuel pool water | detected
Doorway due to pitting and level is maintained in accordance through the
Guard, crevice corrosion with SOP 1-10 technical SFP liner
Expansion specifications and leakage from that cannot
Gate, Fuel the leak chase channels is be
Cladding monitored in accordance with SOP | accounted
1-27. TLAAs involving IVVI for from the
inspections and liner coupon leak chase
extractions provide additional channels
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support that water chemistry
control is effective at managing
aging effects.

Item Link aS:;ju/c;ure Material Environment :\nging Effectl Aging Management Program Further.
echanism (AMP) Evaluation
Component
IILA5.TP- FSB Building | Any Any Loss of preload "Structures Monitoring" No
261 Structural environment due to self-loosening
bolting
IILA5.TP- FSB Building | Steel Air — indoor, Loss of material "Structures Monitoring" No
248 Structural uncontrolled due to general, pitting
bolting and crevice corrosion
IILA5.TP- FSB Building Steel; Air — outdoor Loss of material "Structures Monitoring" No
274 Structural galvanized due to general,
bolting steel pitting, and crevice

corrosion
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Structures Monitoring

Table 2 — Acceptance Criteria

Concrete Surfaces

Concrete Embedments

Steel Structures

Stainless Steel Liner
(with Leak Detection)

Absence of leaching and chemical
attack

Concrete surface condition attributes
are met

Loss or degraded areas of coatings
less than or equal to 4,000 mm? (6
in.?) at one area

No increase in leakage rate
observed in leak-detection
system

Absence of abrasion, erosion, and
cavitation

Absence of corrosion of the exposed
embedded metal surfaces and
corrosion stains around the embedded
metal

Loss or degraded areas of coatings
less than or equal to 10,000 mm? (16
in.2) over the gross surface of the
structure

Absence of bulges or
depressions in liner plate —
related to aging not
construction

Popouts and voids less than 20 mm
(3/4 in.) in diameter or equivalent
surface area

Absence of detached embedments or
loose bolts

Basin Water Analysis:

- Gross beta < 0.02 pCi/mi
- Conductivity <1.35
pMho/cm.

Scaling less than 5 mm (3/16 in.) in
depth

Absence of indications of degradation
due to vibratory loads from piping and
equipment

Spalling less than 10 mm (3/8 in.) in
depth and 100 mm (4 in.) in any
dimension

Absence of any signs of corrosion in
the steel reinforcement or anchorage
components

Passive cracks less than 0.4 mm
(0.015in.) in maximum width (note 1)

Absence of excessive deflections,
settlements, or other physical
movements that can affect structural
performance

Monitoring Well Analysis (at least 1 of
3):
- Verification of non-aggressive
ground water or soil
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(pH > 5.5, chlorides < 500 ppm, or
sulfates <1500 ppm)

Notes:
1. passive cracks are defined as those having and absence of recent growth and an absence of other degradation mechanisms at the crack
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A.9 FUEL STORAGE SYSTEM HEAT TRANSFER

A.9.1 INTRODUCTION

In 2004 a physical test was performed in the GE Hitachi Morris Operation (GEH-MO) Fuel
Basins to determine how long the Basin Water could perform its safety function without the aid
of any support systems operating, and devoid of any License Specification infractions.

A.9.2 Initial Conditions
Prior to commencing the test, baseline temperature and conductivity readings were taken at

various locations in both fuel basins, transfer isle and unloading pit (see attached fuel basin
map). Data was also recorded at three different elevations in each of those locations.

Elevation' (feet) 45 35 25 5

Distance above
basin/transfer 23 6" 13 6” 36" n/a
isle floor

Distance above
unloading pit 45’ Not recorded 25’ 5
floor

1 Zero (0) foot elevation corresponds to the bottom of the unloading pit.

The initial readings revealed consistent results of equal temperature and similar conductivity at
all locations where data was taken. This indicates there is uniform mixing of basin water in all
locations. Numerically, the initial basin water temperature was 77°F with a mean conductivity
reading of 1.06 +0.05umho/cm.

The basin support systems, utilized to maintain basin water temperature and water quality, were
shut down. Specifically both basin evaporator chiller units and their respective chiller
(circulation) pumps and the basin filter system.

The Basin Leak detection system was left in operation so it could be monitored independently of
the ongoing basin study. To better simulate loss of all support systems the basin leak detection
system pump-out was realigned to a holding tank.

To guarantee there would be no violation of any license requirements, one of the plant
ventilation exhaust blowers was left in operation to insure there was positive air flow through the
sand filter and out the stack.
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A.9.3 Evaluation

For the purpose of this evaluation, figures have been provided depicting the elevations of
components within the fuel basin and the locations where conductivity and temperature
measurements were taken.

Additionally provided information include; bar graphs depicting basin conductivity, level and
temperature for the basin water at the beginning of the test and the last day of the test as well
as line graphs depicting same information for entire duration of test.

A.9.3.1 Fuel Basin Conductivity

For comparative purposes, all the conductivity readings for all locations were averaged to get
the mean conductivity for each day. The greatest variance observed between all locations
where data was taken was only 0.02umho/cm.

As basin water temperature increased conductivity decreased (from 1.06umho/cm) at an
average rate of 0.013uymho/cm per day for the first nineteen days down to 0.81umho/cm. For
the next twenty-one days, conductivity increased at an average rate of 0.012umho/cm per day.
During the final ten days of the test slightly less than a 0.02umho/cm per day increase in
conductivity was observed. The highest conductivity (1.23umho/cm) was measured on the
forty-ninth day, the day before the conclusion of the test. The average conductivity at the
conclusion of the test, day fifty, was 1.22uymho/cm.

A.9.3.2 Fuel Basin Level (See Figure 1 depicting various basin elevations)

At the start of the test, Basin level was recorded to be at the 50’el. which is the normal operating
level of the basin water. Level decreased about 0.1”/day for the first 6 days. The next 9 days
increased in even increments until the level was decreasing almost an inch a day. Level
continued decreasing slightly less than an inch per day for the next 16 days. For the final 19
days, basin level decreased slightly more than an inch per day. At the end of fifty days the final
basin water level was at the 46’ 9” elevation mark having dropped a total of 3’ 3”. The final level
was still more than six inches above the licensing requirement that the basin level cannot be
less than 9’ above the upper most portion of the fuel bundle.

A.9.3.3 Fuel Basin Temperature

Normal basin water temperature is maintained at 77°F+2° and basin temperature was 77°F at
the start of the test. During the first seven days, basin temperature increased at the rate of
three degrees a day. The next twelve days temperature in rose on the average of slightly over
one degree per day, followed by twenty one days where temperature was increasing a little less
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than one-half (0.5) degree daily. For the final ten days of the test there was no temperature
change and the basin remained at a constant 123°F.

A.9.4 Summary

A review of the data presented proves the GEH-MO Fuel Storage Basins can fulfill their
intended function of maintaining water conductivity and level without violation of any license
specifications for a minimum of fifty days without any support system in operation.

An important point to emphasize here is that basin temperature and conductivity readings,
without any support systems operating, were fairly consistent at all locations in the basin for a
particular day, throughout the entire testing period. This proves that there is a constant natural
circulation of basin water and all equipment in the basin is exposed to water of the same quality
and temperature.

The results also illustrate there is still a comfortable margin past the fifty day mark, upwards to
an additional ten days, before the basin water level would reach the license specification
elevation of 46’ 3”.
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Figure 1
Basin Water Elevations
for Condutivity Test
May—Jun 2004

Normal Waterline
EL. 50’

9’ Above Uppermost
Part of Fuel Bundle
EL. 46" 3"

Fuel Basin #1

Uppermost Part
Fuel ﬁ/ of Fuel Bundle

Basin #2 EL. 37" 37
Unloading Pit
Bottom of
B rr777777777) Fuel Basin
EL. 21" 6"
Uppermost part of Fuel
Bundle measured to the
top of the bail handle
6/2004 FCP
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Fuel Basin Map
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Basin Start/Finish Conductivity
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Basin Average Conductivity
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Elevation in Feet

Basin Start/Finish Level

May-04 Jun-04
5/5/04 6/24/04
Olevel 50.01 46.78
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Basin Elevation
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Basin Start/Finish Temperature
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Basin Average Temperature
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A.10 FUEL BASKET SYSTEM NUCLEAR DESIGN CRITERIA AND BASES

A.10.1 INTRODUCTION
The design criteria for the fuel basket system are as follows:

a. In determination of subcritical limits, the ket calculated for the most reactive credible
conditions shall be less than 0.95 at the 95% confidence level.

b. The initial k., value of fuel to be stored without restrictions other than on the k,, value shall
not exceed a rod lattice k,, of:

1.37 for 15 x15 PWR fuel bundles (< 8.55 in.?)
1.41 for 14 x 14 PWR fuel bundles (< 7.80 in.?)
1.40 for 7 x 7 or 8 x 8 BWR fuel bundles

1.38 for 10 x 10 BWR fuel bundles (< 5.65 in.?)

c. The k. limit for BWR fuel shall be based on the initial design value of k., (cold, clean fuel)
as determined by the fuel designer.

d. The reactivity limit for specification PWR fuel shall be based on the initial cold, clean k.,
including the poisoning effect of any stainless steel cladding, as determined by the fuel
designer or utility customer.

e. For PWR fuel having k., values in excess of the limits for unrestricted storage, the fuel shall
have undergone sufficient irradiation to reduce the reactivity to a level below the storage
limit taking into account the uncertainties in the calculations of burnup effects.

The kef for the basin filled with 15 x 15 PWR fuel at k., of 1.37 would be 0.933 as calculated
using equations developed by Battelle (Section 5.3.5.3). A k., limit of 1.37 will also allow storage
of stainless steel clad fuel enriched to 4.0% U-235 for which k., cold clean would be 1.353.

An additional k., limit has been established for the 14 x 14 PWR fuel since the smaller bundle
size results in a lower Kes for a given value of k. A k. limit of 1.41 was established for this fuel
since keff for the basin if filled with fuel at this k., value would be approximately 0.920 at the 95%
confidence level.

The rod lattice k., limit of 1.40 for 7 x 7 or 8 x 7 BWR fuel was left unchanged from the original
basis for the MFRP to avoid unnecessary changes. The basis for determining k., for BWR fuel
(criterion c) considers only cold, clean fuel to avoid the complexity of assessing the reduction in
maximum Kk, value caused by the burnable poison in the fuel. The cold, clean rod lattice k., limit
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of 1.40 covers any 7 x 7 or 8 x 8 BWR fuel that might be stored in the fuel storage facilities at
Morris Operation (GE-MO).

These design criteria result in limiting the administrative control of fuel receipt largely to fuel
identification and evaluation of the cold, clean rod lattice k... The need for determination of the
effects of irradiation on the k., value of fuel to be stored should be very infrequent.

The design bases for the fuel basket system are as follows:

a. Criticality evaluations are based on the physical dimensions of specific fuel designs using
the largest assembly widths and considering the length to be infinite.

b.  The initial U-235 enrichment corresponding to various values of k., was calculated.

c. The poisoning effect of the stainless steel (iron 74%, chromium 18%, nickel 8%,
manganese neglected) in the storage basket was included in the criticality evaluation.

d. Fuel centerline location within the storage tube was assumed to be that giving the
maximum system reactivity and fuel was assumed to be oriented with the horizontal axes
in square array and parallel to the basket axes.

e. The principal criticality calculations were made using a water temperature of 20 °C since
the codes employed for the calculations had been most extensively validated at this
temperature.

A.10.2 FUEL BASKET SYSTEM - NUCLEAR DESIGN ANALYSIS

The nuclear design analysis was performed by Battelle Pacific Northwest Laboratories’ using
the preceding design criteria and bases and EGGNIT, GAMTEC-11, and KENO-Il Monte Carlo
computer codes.

Results of the calculations of critical systems to provide validation for the KENO-Il code show
the code to be slightly conservative (approximately 1.75%). Fuel characteristics are shown in
Table A.10-1. The critical systems and calculated results are summarized in Table A.10-2.
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Fuel Designer
Active Fuel
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(in.)

Rod Array

Rod Pitch (in.)
Rod o.d. (in.)
Clad Material
Clad Thickness
(in.)

Pellet o.d (in.)
Radial Gap (in.)
H20/U02 Vol
Ratio

Poison Material

BWR
GE

144

(5.438)2
x7
0.738
0.570
Zirc-2

0.0355
0.488
0.0055

1.5476
Gd»03

BWR
GE

144

(5.438)2
Ix7
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0.032
0.487
0.006

1.5874
6d203

BWR
GE

144

(5.47)2
8x8
0.640
0.493
Zirc-2

0.034
0.416
0.0045

1.691
Gd203

TABLE A.10-1
PHYSICAL CHARACTERISTICS OF REPRESENTATIVE LWR FUEL ASSEMBLIES

4
PWR
B&W

144

(8.536)2
15x15
0.568
0.430
Zirc-4

0.0265
0.370
0.0035

1.650

PWR
CE
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(8.18)2
14x14
0.580
0.440
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0.026
0.3795
0.0043

1.630

PWR
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0.422
SS

0.0165
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1.4675

PWR
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0.563
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0.0165
0.3835
0.0028

1.533

PWR
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(7.763)2
14x14
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Zirc-4

0.0243
0.3659
0.0038

1.717

PWR
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(8.426)2
15x15
0.563
0.422
Zirc-4

0.0243
0.3659
0.0038

1.684
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Summarized below are the results of calculations used in establishing the bases for the fuel
basket designs.

a. ke = 0.889 for an infinite system of PWR fuel bundles having the physical dimensions
indicated in Column 4 of Table A.10-1, an initial enrichment of 2.6% U-235 (fuel rod lattice
k., = approximately 1.33) and in a close-packed square array of full-length, 12 in.,
Schedule 5, stainless steel pipe canisters at 20 °C water temperature.

b. ke = 0.774 for an infinite system of BWR fuel assemblies having physical dimensions
indicated in Column 2 of Table A.10-1, an initial enrichment of 2.6% U-235 (fuel rod lattice
k, = approximately 1.34) and in a close-packed square array of full-length, 8 in., Schedule
5, stainless steel pipe canisters at 20 °C water temperature.

c. Foraninfinite system of PWR fuel assemblies in four-element fuel baskets, consisting of
four 12 in., Schedule 5 pipes in close-packed square array, located on 26.25 in. centers,
the effect of fuel assembly location within the pipe canister did not have a significant effect
on the system reactivity (AK <0.3 of the standard deviation of the calculational method for
array reactivity).

d. Forinfinite systems of PWR fuel baskets as defined in c above, the following relationships
among enrichment, fuel lattice k., and system ket were calculated:

Enrichment Lattice System

(% U-235) Koo keff

1.625 1.2003 0.788 + 0.006
1.920 1.2504 0.824 + 0.006
2.295 1.2993 0.864 + 0.005
2.825 1.3500 0.912 + 0.006

e. Foraninfinite system of BWR fuel assemblies in nine-element fuel baskets, consisting of
nine 8 in., Schedule 10 pipes in close-packed square array, located on 26.25 in. centers, it
was calculated that locating the eight peripheral bundles as close to the central bundle as
possible resulted in a maximum increase in Kefr 0f 4.5% over that for fuel at the centerlines
for fuel with a lattice k., in the range 1.20 to 1.40.

f. For an infinite system of BWR baskets as defined in e. above, the following relationships
between enrichment, fuel lattice k., and system k «ff were calculated:

Enrichment Lattice System
(% U-235) Koo Keff
GE HITACHI NUCLEAR ENERGY AMERICAS, LLC PAGE DATE 6/30/20 Page

SNM-2500 CSAR Appendix A.10 REVISION 15 4



Morris Operation
HITACHI Consolidated Safety Analysis Report

1.570 1.2001 0.652 + 0.005
1.850 1.2500 0.688 + 0.006
2.210 1.2994 0.732 + 0.006
3.420 1.3996 0.792 + 0.007

g. Effects of burnup (fissile material depletion and long-lived fission product buildup) were
calculated for BWR and PWR fuels using the LEOPARD code.

A detailed nuclear safety evaluation was made which includes:

e Validation of the correlation between initial U-235 enrichment and rod lattice k.. which has
been made using the EGGNIT code.

e Correlation of rod lattice k., with bundle array k. (at the reactor bundle lattice pitch). For
PWR fuel arrays this difference is very small as the additional water layer at the fuel bundle
boundary is approximately 1/16 in. For BWR fuel arrays the effects are somewhat greater as
the water layer at the fuel bundle boundary is approximately 0.75 in. Since the safety
margins for BWR fuel storage arrays are substantial, the effect does not significantly change
the safety of the system.

e Extension of the array calculations to k., of 1.40 for BWR fuel and 1.35 for PWR fuel.
e Evaluation of the effect of elevated fuel and water temperatures.

Additional KENO-II calculations were made to evaluate ket for PWR arrays at k., (cold) of 1.35

and for temperatures of 20 °C, 50 °C, and 115 °C. It was concluded that temperature does not
significantly affect the fuel reactivity.

For BWR fuel containing burnable poison (Gd203), the value of k., (cold) rises from
approximately 1.15 to < 1.25 and declines to < 1.20 by the end of one cycle of irradiation. Thus
the presence of poison in the BWR fuel adds to the safety margins in the event of early
discharge of the fuel.

Nuclear design analysis for the square tube BWR storage basket was performed by GE? to
demonstrate the keff is maintained less than 0.95 with the new square tube geometry. The
results of these analyses show that for the worst case abnormal storage condition the maximum
k., of 0.836 which is considerably less than the allowed limit of 0.9 ke
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A.10.3 REFERENCES

1. BPNL, Basin Criticality Safety for MFRP Project-1 Fuel Bundle Storage Baskets, May
1975. (Appendix B.5)

2.  GE, Criticality Safety Analysis for Square Tube Fuel Storage Baskets at Morris Operation,
May 1987. (Appendix B.15)
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A.11 FUEL TO BE STORED -- ADMINISTRATIVE AND TECHNICAL CONTROLS

A.11.1 INTRODUCTION

Administrative control of the k., limits for fuel to be stored at the Morris facility depends primarily
on correctly identifying the fuel bundles by number and on assuring that the pre-irradiation k-,
cold, is less than the limits set by design criterion b'. The value for k. is determined principally
by the initial U-235 enrichment and to a much smaller degree by the pellet diameter (+0.25%)
and the water/fuel volume ratio (£1.3%).

Figures A.11-1 and A.11-2 are used to evaluate the k. value. They were prepared from data
provided by Battelle Pacific Northwest Laboratories (BPNL). The form of these charts was
designed to avoid the necessity for interpolation and to minimize potential for error in use of the
data. When using these charts, the correction factors for variation in water-to-fuel ratio are
slightly more conservative (approximately 0.12%) at the higher water-to-fuel ratio than the
average value that would be obtained from calculations.

In addition to fuel evaluated as described above, other LWR fuel may be accepted for storage
after specific analysis of nuclear characteristics and regulatory approval. For example, fuel from
the LaCrosse BWR has been approved for storage after evaluation for storage in the fuel
storage system (Figure A.11-1), and for rod lattice k. (Figure A.11-2). Special storage
authorizations are included in Chapter 10.

A.11.2 GENERAL PRACTICES

Prior to any transfer of fuel from a reactor site to Morris Operation (GEH-MO), a utility transmits
sufficient data on the fuel to be stored to calculate the rod lattice k.. The validity of this
transmitted data is certified by two qualified individuals from that utility, one being from that
organization's quality assurance component. General Electric Company determines the
acceptability of that fuel in accordance with Materials License No. SNM-2500 as amended.

A separate confirmation of the fuel identity and initial enrichment is provided by documents
required by government regulations. Current NRC policy requires that all transfers of nuclear
material be documented on a NRC-741 form, which is initiated by the shipper and completed by
the receiver. Copies of the completed NRC-741 form are transmitted to the shipper and
appropriate NRC branch within 10 days of receipt, thus verifying the transfer of the material. In
order to provide a separate verification of the initial enrichment of each fuel bundle, copies of
NRC-741 forms covering shipment of the fuel from the fabricator to the utility will be provided to
GE by the utility concurrently with transmittal of the Data for Storage Compliance (Fig. A.11-3).
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FIGURE A.11-3

DATA FOR FUEL STORAGE COMPLIANCE

MORRIS OPERATION

Reactor: Bundle Rod Array: X
Batch Discharge #: Bundle Dimension: (in.)
Date of Discharge: Cladding Material:

Nom. Cladding Thickness: (in.)
Bundle Total U Initial Pellet Rod Rod Average | Final Initial Final ket
I.D. No. | (kg) %U-235 | O.D.(in.) | O.D. (in.) | Pitch Burnup | %U-235 | Cold, Cold, no

(in.) (GWD/M Clean keft | Xe (if
TU) (by Mfg.) | avail) ‘

Data Compiled by: Data Verified by QA:
Signature: Signature:
Title: Title:
Company: Company:
Date: Date:
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Prior to shipment, the Plant Manager, or designee, will determine the acceptability of each fuel
bundle for storage. This determination will include, but not be limited to, the evaluation of k.,
using Figures A.11-1 and A.11-2. The rod lattice k. value determined from this evaluation is
compared with the bundle k. value received from the contracting utility. The initial cold, clean k.
values determined from the evaluation must be less than or equal to the limit set by design
criterion b' and in agreement with the k. value from the shipper to within 2%. For BWR
bundles, the calculated rod lattice k. is compared to the bundle k. from the shipper plus 0.052.
For PWR bundles, the calculated rod lattice k.. is compared to the bundle k. from the shipper
since the rod lattice and bundle k.s are essentially the same.

Should General Electric's evaluation determine that the k. of any fuel bundle differs from that
value stated by the contracting utility by more than 2%, shipment of that fuel bundle shall be
deferred until such time as the difference is resolved and its acceptability established in a
manner equivalent to that outlined above. Upon determination that the fuel is acceptable, the
General Electric Company will notify the contracting utility that the fuel bundle is acceptable and
that it can be shipped.

At the time a fuel bundle is to be shipped to GEH-MO, its identity is checked and verified against
the approved list by two individuals of the contracting utility, and documented on the shipping
release forms. A copy of this list is maintained in the permanent records at GE-MO.

Upon receipt at GEH-MO, the Operations and Maintenance Coordinator (O&MC), or designee,
verifies that the bundle listed on the Shipping Report form is one of the approved bundles for
receipt. This verification is documented and maintained in permanent files at GEH-MO. The
cask is then released to the cask receiving area.

During cask unloading operations, the identity of the fuel is determined and verified by the
O&MC or designee. The fuel bundles are then transferred to their assigned locations in the fuel
storage basin. The identity and locations of the bundles in the basin are documented in a
computer database.

The procedures described above provide sufficient control to ensure fulfillment of the double
contingency policy. Each action or transaction is verified by two competent representatives of
the organization primarily responsible for that act. The independent review and analysis by
General Electric personnel provides further checks on the validity of the data transmitted by the
contracting utility and the ultimate acceptability of each fuel bundle. The bundle identity is
verified by a minimum of four individuals and documented on at least three forms. As the
General Electric Company's evaluation of rod lattice k. is most sensitive to initial enrichment of
the fuel bundle, copies of the NRC-741 forms, initiated by the fabricator, will be provided by the
contracting utility to assure that the initial enrichment value used as a base for k.. is correct.
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A.11.3 BWR AND PWR FUEL QUANTITIES

To permit some flexibility in the relative amounts of BWR and PWR fuel to be stored at the
Morris facility, the fuel baskets are designed to have a common base and hold-down
mechanism. The fuel basket designs accommodate either nine BWR bundles in 8 in. stainless
steel pipe or four PWR bundles in 12 in. stainless steel pipe.

Preliminary calculations by BPNL showed that 15 x 15 PWR fuel having k. of 1.35 would give
an array Kefr of approximately 0.90. A k., limit of 1.35 was used as the basis for the basket
detailed design to allow some margin for dimensional tolerances and for any uncertainty in the
final design calculations. The completed analysis showed that for k.. of 1.35, kesr at the 95%
confidence level would be 0.917. At k., of 1.4008, kefr would be 0.952 at the 95% confidence
level. Thus the entire basin could therefore be used to store 15 x 15 PWR fuel limited to a k. of
1.37 in an "unrestricted manner."

The k. limits set by design criterion b' provide reasonable assurance of meeting near-term utility
needs without restrictions other than reactivity. Should a need arise for storage of a limited
amount of slightly more reactive fuel, it could be accommodated safely by requiring the fuel
have undergone sufficient burnup to assure that k.. is below the limit set by design criterion b".

A.11.4 CRITICALITY PREVENTION
Protection against accidental criticality in the fuel storage system is provided by:
a. Administrative controls limiting the enrichment and reactivity of the fuel as fabricated.

b. comparison of fuel identity upon receipt to shipping data to ensure that it meets specified
limits on enrichment and reactivity.

c. fuel basket design which assures safe spacing between fuel bundles and between fuel
baskets even in the unlikely event that fuel basket should be dropped; and

d. moving fuel between the fuel unloading basin and the storage basins only in fuel storage
baskets and by handling individual fuel bundles one at a time.

Before a fuel shipment is scheduled for shipment to the GEH-MO facility, the serial number and
initial or maximum reactivity (cold k.) for each fuel bundle will be stated and certified by the
utility. These values will be reviewed and compared to correlations provided by BPNL. (See
Section 5.3.5.6.)

PWR fuel having a cold, clean k.. in excess of the limits established by design criterion b' is
classified as non-specification fuel in the standard fuel storage contract, which is the basis for
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establishing the conditions for fuel storage at the Morris Operation. Presently, there is no PWR
fuel contemplated for storage which would have a k. in excess of the specified limits. For such
non-specification fuel to be included under the contractual arrangement for storage, it will be
necessary to establish that the post-irradiation value for k. is confirmed to be less than the
limiting value set by design criterion b. The evaluation of pre-irradiation k.. will be made based
on the BPNL correlation of enrichment versus k. adjusted as appropriate for pellet diameter and
water-to-fuel ratio. The amount of irradiation required to assure that the post-irradiation k is
less than the limit set by design criterion b" will be ascertained using the pre-irradiation k.. and

BPNL correlations.
A.11.5 REFERENCES

1. Referto A.10.1, a through e.
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The fuel unloading and storage basins at Morris Operation (GEH-MO) are designed in
accordance with earthquake and tornado criteria as described in Chapter 4. General criteria

A.12 FUEL BASKET SYSTEM DESIGN ANALYSES

also apply to the design of the fuel basket system:

a. No deformation or damage shall occur to the concrete or to the liner that would result in

significant leakage.

b. There shall be no piping or penetration failure that would lower water level significantly.

c. Cranes may be derailed, but must not fall into the basins.

d. The enclosure framework above the basin must remain essentially intact.
e. Handling and storage areas shall withstand contact or impact with stored materials.

The fuel basket system design is consistent with the response spectra specified in Regulatory

Guide 1.60 and dampening values specified in Regulatory Guide 1.61.

Because the supporting grid system transmits earthquake forces to the basin walls, the basin

structure has been analyzed to ensure that these forces are adequately carried.

Design analyses have been performed under General Electric direction as follows:

a'. Manual static analyses of
(1) Grid support structure
(2) Latch Mechanism
(3) Fuel basket
b'. Computer analysis of the grid:
(1) Natural frequency analysis
(2) Dynamic model analysis
(3) Static load analysis
c'. Thermal analysis of the grid
d'. Analysis of friction loading on the latch mechanism
e!. Static load test of the latch mechanism
2. Dynamic load test of the latch mechanism
g®. Effects from pilot model spacing and section changes
h3. Load effects on basin walls and liner from pilot model changes
i3.  Unloading pit basket retainer frame
j3. Basket lifting tools (yokes)
GE HITACHI NUCLEAR ENERGY AMERICAS, LLC PAGE DATE 6/30/20 Page
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A.12.1 REFERENCES

1. Programmed & Remote Systems Corporation (PaR), Fuel Storage System Design Report -
GE Morris Operation, April 1975. (See Appendix B.16)

2. Construction Engineering Research Lab, Seismic Shock Environment Test of Simulated
Nuclear Fuel Storage Basket, Department of Army, August 1975 (Technical report M-150).
See Appendix B.

3. Supplement 1, Fuel Storage System Design Report - GE Morris Operation, General Electric,
May 1975 (no publication number). See Appendix B.
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A.13 CASK DROP ANALYSES |

A.13.1 INTRODUCTION

Two analyses were made to assess the effects of a cask drop: a cask drop on the cask
unloading pit shelf, and a cask drop to the floor of the unloading pit.

In considering the integrity of basin structures, it should be noted that the cask unloading pit
area of the main process building rests directly on an underlying shale bed. Tests of this rock
structure indicate ultimate compressive strengths of 6,000 to 11,000 Ib./sq. in. Therefore, the
limiting material in regard to ability to absorb cask drop forces is the 3 ft. 10 in. thick foundation,
which is constructed of 3,000 psi design concrete having 28-day break test values in excess of
4,500 psi. The floor of the unloading pit is lined with 1/4 in. thick stainless steel sheet supported
on a steel plate 1 3/4 in. thick to resist puncture and to distribute cask forces over the concrete
surface. The unloading pit shelf (refer to Section 5.3.4) is lined with 1/4 in. thick stainless steel
sheet, directly on the concrete, over which is located a 2 in. thick load distribution plate and an
energy-absorbing pad.

A.13.2 CASK DROP ON THE SHELF

Analyses of the potential dropping of a shipping container onto either the floor of the unloading
pit or the floor of the unloading pit shelf considered the effect of such an accident on both the
container and the basin structure. For the purpose of the analysis it was assumed that the
accident would involve the IF-300 shipping cask, which was the largest shipping container for
irradiated LWR fuel then in use. Further, it was assumed that the cask would strike in such a
manner as to allow minimum energy absorption by the shipping container fins and therefore the
highest loading on the floor.

NOTE: It should be noted that when the use of casks to ship fuel is again considered, these
analyses for cask drop should be reviewed, based on the cask proposed for shipment.

A.13.2.1 Impact Pad

The floor of the shelf in the cask unloading pit is protected by a pad that consists of a 1 in. thick
stainless steel plate welded to 4 in. high x 1/2 in. thick stainless steel fins designed to crush at a
predicted force, thereby limiting the force imposed on the floor to acceptable values. The pad is
designed to crush at a force of 1.2 x 107 Ib., where a force of 1.8 x 10 Ib. is required to deform
the fins on the IF-300 cask. Thus, the total energy of the drop must be absorbed by the pad.
The pad is placed on a 2 in. thick floor plate consisting of two 1 in. thick stainless steel plates.
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A.13.2.2 Drop Height and Energy

The maximum lift height and therefore drop height assumed is 1 ft. above the wall between the
decontamination area and the unloading pit. The impact height (hw) will be equivalent to 21.5 ft.
of water (2 ft. in air, equivalent to 3 ft. in water, plus 18.5 ft. in water). The final velocity of
impact (v2) is found by conservation of energy:

1

(Ej(m)(vz)z (A13-1)

~—
<1
N—
—
~
=
N—
Il

where:
Fn = netforce, and
m = mass.

The net force, Fn, can be calculated by summing the forces of gravity, buoyancy and drag in the
vertical direction. The buoyant force, Fg, is calculated from the equation.

Fe = pV

where
p = density of water
V = volume of cask.

The drag force (Fp) is calculated from an equation given in Mark's Handbook of Mechanical
Engineering, Section 11, page 72.

1

£y = () Yol ()

where
Cp = drag coefficient;
p = density of water;
v = average velocity and
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A = cross-sectional area of cask.

The value of Cp is 1.1, which is found in Vennard's Fluid Mechanics, pages 516-517. The
average velocity (v ) is calculated as follows:

v 1/2 (Vo + v2). Since vo=0= v = 1/2 (v2).

V2 impact velocity

Substituting the dimensions and weight of the IF-300 container into Equation A.13-1 gives v2 =
33.6 ft./sec. The equivalent height in air, h, is:

he = (v2)%2g = 17.51t.

The total impact energy (E) is described by the equation:

E = Whe
where:
W = weight of the cask = 146,000 Ib. (includes the yoke).

The total impact energy of the cask is found to be 2,555,000 ft-Ib. (3.07 x 107 in.-Ib.).

A.13.2.3 Fin Bending Data Analysis

In 1970-71, ORNL conducted a series of tests to determine the energy absorbing capability of
steel fins under impact, large deformation conditions. The results of his work are reported in
ORNL TM-1312 Vol. 9. This work is the source of fin deflection and impact force calculations
used in the General Electric analysis.

General Electric applied details of the 0° tests for use in designing the energy absorbing fins for
the IF-300 cask. A correlation was developed from the tests which permitted GE to estimate
cask stopping distance (hence deceleration) given cask kinetic energy, fin material and fin
geometry. This same correlation was also used to estimate the deflection of the impact pad fins
used to protect the shelf in the GEH-MO unloading basin. A summary of this correlation and the
method used for the analysis follows:

In tests, specimens were mounted on an instrumented load cell and impacted by guided falling
weights dropped from various heights. Test data was recorded on an oscilloscope and
photographed, from which force-time relationship graphs were plotted.

GE HITACHI NUCLEAR ENERGY AMERICAS, LLC PAGE DATE 6/30/20 Page

SNM-2500 CSAR Appendix A.13 REVISION 15 3



Morris Operation
HITACHI Consolidated Safety Analysis Report

Test specimens mounted vertically always formed two hinges. (See Figure A.13-1.) Specimens
inclined 10° with the vertical formed two hinges with about 85% frequency; the remainder only
one hinge. At angles somewhat greater than 10°, one hinge was always the case. Test
specimens tabulated in Table A.13-1 were all mounted vertically and formed two hinges.

- X

“PLASTIC” MOMENT ACTS THROUGH
AN ANGLE 6 = 270° — (= + g}

ALL SPECIMENS ARE 2 in. WIDE !

A=2tin2z=122in3

h=0RG

FIN MATERIAL:
ASTM A285,GR C

1

I

I

I

1
—

l
l
|
l
I
I
|
l
l
|
|
l

Figure A.13-1. Traced Profile of Specimen No. 5 After Impact (Typical)

In evaluating the test results, reference was made to NACA Technical Note No. 868, Figures
25 and 35 (copies of which are included as Figures A.13-2 and A.13-3, respectively) to

determine the "hinge" stress level.
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Figure A.13«3. Stress Strain Curves, 18-8 Stainless Steel

Referring to Figure A.13-2 for hot-rolled steel, the properties of which closely resemble those of
ASTM A285, Gr C, of which the test fins were made, a hinge stress of ox = 65.0 ksi® was
chosen as representing a reasonable value for the velocities involved, Likewise, for ASTM
A240, Type 304L (18-8 stainless steel), on = 90.0 ksi (Figure A.13-3).
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a Thousand pounds = kip, Thousand pounds per square inch = ksi

Energy of Bending:

2
E, = M0 M=0,z Z:%
where:
M is the plastic moment
0 is defined in Figure A.13-1
b is fin width (inches)
t is fin thickness (inches)
2
and E = #inch —kip
E )
For A285, Gr C: 0= —— (test fins)
16.25bt
For A240, type 304L.: 0= ;SW (cask fins and pad fins)

Referring to Table A.13-1 and the columns headed E, En and Ep (Ep = E - En), it is noted that Ep
(absorbed energy not accounted for by calculated bending) represents, with only one exception,
more than 50% of the total external drop energy, "E". In evaluating the fins, it was
conservatively assumed that "Ep" accounts for only one-half of the total energy.

In order to determine the fin height after impact, it was necessary to establish the empirical
relationship between 6, 5, and h. (See Figure A.13-1.) This was done by calculating the
percentage of 6 to h and plotting against 6. As noted in Figure A.13-4, reasonable correlation
was developed.
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Figure A.13-4. BEmpirieal Relationship Between 8, § and h

Use of the Correlation

Using Figure A.13-1 as an example:

(9:i2 E = 165.8 inch-kip
16.25bt
Em = 1/2(165.8) = 89.2 inch-kip
b = 2in.fin width
t = 0.75in. fin thickness
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82.9) inch - ki .
0= (56.255(2)(0.75)(1;) = = 4.53 radians

From Figure A.13-4 at 6 = 4.53

625

Since h=9in. o=——
100

(9)=563 in.

This correlates very well with the measured deflection of 6 in. for fin No. 5.
The g loading for this fin would be defined as:

_ Drop Height
& Stopping Distance

3513in.
563 in.

= 624

This is compared to 59 g based on actual deflection and therefore the correlation is somewhat
conservative. It is very conservative based on measured average forces, Figure A.13-5.

The method described above was applied to the design of the GEH-MO unloading pit shelf
impact-absorbing pad.

A.13.2.4 Impact on Step Corner

The impact-absorbing pad on the floor of the step of the unloading pool has been designed to
limit the forces of a falling cask and distribute these forces over a large area. The pad on the
step extends to the front edge and to a point 6 in. from each wall. The space between the pad
and wall is not large enough to allow the cask to hit an unprotected part of the floor.
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-~ 135.3 kip
SPECIMEN NO. 5

80 1~

FORCE (in kip)

TIME (in milliseconds)

Figure A.13-5. Force-Time Curve for Specimen No. 5

The maximum load that the corner of the step could experience from a falling cask is when the
cask's center of gravity is located directly above the edge at the time of impact. Stresses in the
concrete foundation that result from such an accident are analyzed by calculating the forces
developed as the energy is absorbed by the impact-absorbing pad. As the kinetic energy is
absorbed, the load on the concrete from the resultant force is distributed by the impact pad, and
the 2 in. floor-plate, over an area that is considerably larger than half the cross-sectional area of
the cask.

The impact-absorbing pad is constructed of a top plate, 1 in. thick, welded to fins that are 1/2 in.
thick and 4 in. long (see fin orientations in Figure A.13-6). The pad is placed on a 2 in. thick
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floor plate consisting of two sheets, each of which is 1 in. thick. All the construction material is

304L stainless steel.
4

FIK ORIENTATION

h=HEIGHT
=4in.

/

t = THICKNESS
=05in.

]

b=WIDTH

AP A

IMPACT ABSORBING
PAD

CASK .L‘—'
l ! l

wirere . o L
CONCRETE . L4 FLOOR PLATE
L
¥ =RADIUS OF CASK L 3

!
n=EFFECTIVE RACIUS OF r—— —D-t .

IMPACT ABSORBING PAD
I‘Z=EFFECY!VE RATIUS OF ———— 4—'
FLOOR PLATE

CASK IMPACT ON CORNER OF STEP

y
¥y TENSION

A A AEA
COMFPRESSION
FORCE DISTRIBUTION IN FLOOR PLATE

Figure A.13-6. Fin Orientation

When the cask hits the pad there is a radius on the flat plate beyond the cask where the
compressive forces change to tension’ (Figure A.13-6). At that point the force is zero. By
taking a weighted average of fin deflection as a function of force, the effective radius is found to
be 4.75 inches more than the cask radius or 39.86 inches. From this effective radius, the total
width of affected fins is calculated to be 697.6 in.

The angle 6 through which the plastic moment acts when a fin bends is given by the equations:
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0= E, > =390 radians
22.5¢
where
Em = half the total drop energy (1.53 x 10* inch-kips)

t

fin thickness (0.5 inch)

The deflection (d) is calculated by using the correlation given in Figure A.13-4. For 6 = 3.90,
100 (3)/h = 50.5 and h = 4 inches:

8 = 4(50.5)/100 = 2.02 in.

The g-loading then for a 17.5 ft drop is:

0, 2.02

1

H, _175x12 0.

This means that a force of 104 g is imparted to the IF-300 container as a result of the 17.5 ft.
drop. Since a force of 272 g is required to bend the IF-300 fins in an end drop on an unyielding
surface, the fins on the IF-300 will not deform as a result of the drop onto the impact pad.

Results of tests conducted by Atchely and Furr? indicate that the ultimate dynamic load for
concrete is 1.5 times greater than the ultimate static load. The ultimate static load indicated by
the 28-day test® is 4,634 psi. Therefore, the ultimate dynamic load is 6,951 psi. Under this load,
maximum deflection of reinforced concrete is approximately 2.317 x 10 inches. From "flat-
plate" theory, the maximum effective radius that results from the 2 in. floor plate is 2.96 inches
more than the effective radius of top plate of the pad (39.86 inches). By taking a weighted
average of the deflection as a function of force, the average effective radius is 42.795 inches.
The effective area, Ae, on the concrete is:

Ae = (n/2)(42.795)% = 2,876.7 in.2

The load experienced by the concrete that results from the impact force (F;) is:

L = F/Ae
7 .
F :EZ 3.07x10 '1n. Ib. 152 %107Ib.
o 2.02 in.
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E = Total impact energy
then:
;
_ 152 10' IE. _ 5283 psi
2876.7 in.

Because the load on the concrete is less than its ultimate dynamic load, the integrity of the
concrete is protected.

It should be noted that the probability of this postulated accident occurring is extremely low.
Two failures must occur before the cask could be dropped. The hoist operator must fail to
observe operating procedure and move a cask containing a design basis load over the corner of
the shelf while suspended in air above the pool. Then the equipment must fail in such a way
that the cask is released. The falling cask must land on the corner of the shelf with its center of
gravity directly over the edge. The calculations reflect further conservatism by assuming that
the concrete is not reinforced by steel rebar (it is reinforced) and the impact-absorbing pad
absorbs all the energy. Also, the fins of the cask will absorb some energy.

A.13.2.5 Fin Weld Analysis

The welding of the fins of the impact pad to the horizontal plates was also analyzed. The static
plastic moment of the fin weld (Mp) is given by

bt
M= “y(ﬂ

where
oy = Yyield stress of 304L (25,000 psi);
b = 1in.unitlength; and
t = fin thickness of 0.5 in.
Then
B 1x05%) : :
M, =25,000 = 1,560 psi per unit length of weld

Weld stress (S) is given by:
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(1414)M,

()L D)

where

(o
1

0.25in., weld size,

=
1l

0.5 in. fin thickness; and

—
1

in., weld length.

Then
(1.414)x 1560 .
> = 025) )05+ 025) | 74P

which is less than the yield stress for 304L stainless steel.

This analysis assumes the fin is held firmly by the base plate. The fins will be attached with a
fillet weld using 308L stainless steel rods. According to AWS-ASTM classification of corrosion-
resisting chromium and chromium-nickel steel welding rods, the tensile strength of 308L
stainless steel rod is 75,000 psi. The stress is also less than the permissible stress for welded
joints as given in the Code for Arc and Gas Welding in Building Construction of the
American Welding Society. The permissible shear stress on the section through the throat of a
308L fillet weld is 13,600 psi.

A.13.3 CASK DROP IN DEEP PIT

A.13.3.1 Drop Height and Energy

The fuel unloading pit has been analyzed for a postulated shipping cask drop accident. When a
shipping cask is placed in the fuel unloading pit, first the cask is lowered to a shelf 18.5 ft. below
the water level. A cask extension yoke is then employed to lower the cask to the unloading pit
floor 30 ft. below the step. Assuming the cask is raised 1 ft. above the step surface and then
moved horizontally over the unloading pit, the height of the postulated drop is 31 ft. The cask
will be underwater during the postulated drop.

The vertical forces acting on the cask (assume downward is the positive direction) are positive
gravity, negative buoyancy force and negative drag force. The equations for these forces are:

g = force of gravity = 32.2 ft/sec?
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Fs = buoyancy force = pV

where

p = density of water

V = volume of cask

Fo = dragforce = 05C,pu A
where

Cp = drag coefficient = 1.1

p = density of water

u = average of velocity

A = cross-sectional area of cask

Assuming the cask is a IF-300 shipping cask, acceleration, velocity, drag force, and kinetic
energy were calculated in 1 ft. increments throughout the 31 ft. height. The acceleration
dropped from 32.2 to 20.5 ft./sec.? due to the drag force, the impact velocity was 38.8 ft./sec.
and the kinetic energy was 3,362,484 (4.035 x 107 in.-Ib.). This energy is less than a postulated
30 ft. drop in air, which is 5.04 x 107 in.-Ib., and therefore, the consequences will be less than
those experienced in a 30 ft. drop in air as far as the shipping cask is concerned.

A.13.3.2 Floor Construction

As indicated in the FSAR (GE document No. NEDO-10178-2, July 1971), the floor of the cask
unloading pit rests directly on a shale bed. The ultimate compressive strength of this bed was
tested and found to be from 6,000 to 11,000 psi. The floor is made of reinforced concrete 3.83 ft
thick and covered with a steel plate 2 in. thick.

A.13.3.3 Floor Loading Analyses

An accidental cask drop in the unloading pit was analyzed for a perpendicular drop and a corner
drop. It was found that the corner drop (axis of the cask inclination equal to 14.23°) has the
greatest potential for damage to the floor of the unloading pit.
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The cask corner drop was analyzed using the modified National Defense Research Committee
(NDRC) formula for missile penetration calculations*. The analysis was made for the IF-300
shipping cask which weighs 146,000 Ib. in air and 126,000 Ib. in water, with an impact velocity of
38.8 ft./sec.

A calculation using the modified NDRC formulation showed that the penetration depth is less
than 16 in. The foundation mat thickness required to prevent perforation was calculated as 42.3
in. using the NDRC formulation. The total thickness of the concrete floor in the unloading pit is a
minimum of 46 in., indicating that there will be no perforation.

The calculations neglect the energy required to deform the cask fins. The total energy of the
cask was accounted for in perforation of the steel plate and penetration of the concrete floor.
Thus the penetration is a maximum value.

This analysis did not consider any material below the concrete mat. Since the floor of the
unloading pit rests directly on a shale bed, there can be no scabbing of the lower surface of the
floor. This adds additional conservatism to the calculation of mat thickness to prevent
perforation and thus to the conclusion that no perforation of the concrete mat will occur.

Since perforation of the concrete floor is not expected, the only consequence of a cask drop
accident would be penetration of the pit liner with release of small quantities of basin water to
the region between the liner and concrete wall. Experience at GEH-MO with a cask tipping
incident® has shown that leakage due to a breach of the pit liner can be handled with no
measurable release of basin water from the facility to the local perched aquifers and liner repair
can be made in a short time with no serious impact on the operation of the fuel storage facility.

According to R. P. Kennedy (Reference 4) the modified NDRC formula is applicable to this case
since it adequately predicts test results for large-diameter, low-velocity missiles.

Even if the results of the penetration/perforation analysis are ignored and it is very
conservatively assumed that the corner cask drop results in a breach of the concrete mat such
that there is leakage of pool water to the local perched aquifers; there would be no significant
release of radioactivity to accessible water sources.

Analyses of the leakage paths of water from the fuel basin is contained in Dames & Moore's,
"Transport Modeling for Accidentally Released Water from Spent Fuel Storage Basin at Morris,
lllinois Facility of General Electric Company", October 26, 1993.
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Figure
A.14-1

A.14-2
A.14-3
A.14-4
A.14-5
A.14-6

A.14-7

Drawing

C5483E-2351

V3874 17988-D
V3887 17987-D
C6221 17988-E

A.14 LIST OF ENGINEERING DRAWINGS

Title

Main Building Below Elevation 45' 0" and 48' 0"
Main Building - Sections A, B, J, Kand L

Main Building - Sections E and F

Main Building - Longitudinal Section G

Main Building - Longitudinal Section H

Sand Filter Building - Floor Plan

Sand Filter Building - Isometric

Title

Grid Assembly Detail 'J.’
Basket Ass'y BWR Fuel
Basket Ass'y PWR Fuel
Basket Ass'y BWR Fuel - Square Tube Design
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Figure A.14-2 Main Building Below EI. 45’ 0” and 48’ 0”
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Figure A.14-2, Main Building Sections A, B, J, K, & L
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Figure A.14-3, Main Building — Section E and F
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Figure A.14-5, Main Building — Longitudinal Section H
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Figure A.14-6 Sand Filter Building — Floor Plan
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Figure A.14-7 Sand Filter Isometric
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Drawing C5483-2351 Grid Assembly Detail ')’
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Drawing V3874 17988-D
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Drawing V3887 17987-D
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A.15 ANALYSIS OF TORNADO MISSILE GENERATION AND IMPACT ON THE
MORRIS OPERATION FUEL STORAGE BASIN

A.15.1 INTRODUCTION

Only those windborne objects, which could have a significant downward velocity on entry into
the water-filled basin, have the potential for causing damage to basin contents. Such objects
must have been at a significant elevation above ground level, prior to entry, to develop the
required vertical velocity component to result in damage.

A.15.2 POTENTIAL MISSILES
Potential missiles can be classified in regard to their relative elevation, as follows:

1. Objects in the immediate area which, when the tornado strikes, are at elevations above the
level of the basin surface (operating equipment and auxiliaries, components of the enclosing
structure, etc.).

2. Objects in the general vicinity, which are of such shape and density that they become
airborne by aerodynamic lift, are carried by the tornado for a distance and then are dropped
into the basin (roofs, doors, etc.).

3. Objects in the general vicinity which are too heavy to be lifted by aerodynamic forces but
which conceivably could be deflected upward into a ballistic trajectory after being
accelerated by the tornado winds at ground level (small automobiles, boulders, etc.)

4. Obijects in the general vicinity, which are too heavy to be lifted but, when the tornado strikes,
are already at a location above ground level (tops of telephone poles, etc.) so that they could
be carried by the tornado and dropped into the basin.

Fuel handling tools and equipment, as well as building siding and roof decking, are of low mass
and could not be accelerated over the distance required to achieve the potential velocity at
which damage could occur, since they are located within the immediate vicinity of the basins.
Heavier items, such as fuel shipping casks, are capable of withstanding tornado winds without
displacement.

To become airborne by aerodynamic lift, objects in the second category must be relatively light
and of large surface area. Thus, high impact velocities would be required to cause damage but
deceleration would be rapid upon entry into the water. For these reasons, damage potential
from such objects is not significant.

GE HITACHI NUCLEAR ENERGY AMERICAS, LLC PAGE DATE 6/30/20 Page

SNM-2500 CSAR Appendix A.15 REVISION 15 1



Morris Operation
HITACHI Consolidated Safety Analysis Report

Although the likelihood of actual occurrence is very low, objects in the third category must be
considered because they are relatively dense and conceivably could arrive at the basin location
with a high downward velocity.

Objects in the fourth category do not have significant damage potential because of their limited
initial elevation, except as they may be deflected upward, after initial acceleration, in which case
they become similar to the missiles described in the third category. In summary, only dense
objects, which achieve significant elevations by the mechanism described for the third category
appear to have potential for inflicting damage to the basins or fuel.

In recognition of the fact that sufficient data are not available on which exact characterization
can be based, four different methods of calculating potential missile velocities are considered.
Three of these are derived from sources in the literature and the fourth from discussions with U.
S. Weather Bureau Personnel. These methods are then applied to two simple geometrical
bodies typical of potentially damaging missile objects, as described above; viz., a 12 in.
diameter by 20 ft. long section of telephone pole weighing 630 Ib. and a small automobile, 5 ft.
by 5 ft. by 8 ft. in dimension and weighing 1,800 Ib.". The most conservative conditions of
acceleration and ramp deflection are used in evaluating potential missile effects, although the
analysis is based on assumptions regarding missile behavior, which have a very low probability
of actual occurrence.

A.15.3 TORNADO WIND VELOCITIES

A tornado is a violent whirlwind usually accompanied by a funnel cloud produced by low
pressure inside the storm. Estimates of wind speed within the tornado funnel have been made
directly from the shape of the funnel cloud, moving and still pictures of funnels and debris, and
the extent of damage and patterns on the ground resulting from flying debris. Estimates of
tangential wind speeds from damage can be significantly in error due to the many assumptions,
which must be made. Studies by Fujita, et. al. indicate that minimum wind speeds ranging from
55 to 217 mph are required to effect the typical damage wrought by Midwestern tornadoes.

Measurements of the Fargo tornadoes show a maximum tangential wind speed of about 230
mph with a translational speed of about 30 mph. The Dallas tornado measurements show a
maximum tangential velocity of 170 mph and an average translational speed of 27 mph.
Goldman calculated vertical velocities of 126 mph at a 750 ft. radius and about 900 ft. above the
ground in studies of the lllinois tornadoes of April 1963. The tangential speed along the funnel
edge of a Texas tornado of March 1956 was computed as about 230 mph at a radius of 200 ft.
and 2,700 ft. above the ground. Some old estimates of 500 mph have been largely discounted
over the last few years as more knowledge has been compiled on the subject, and it can be
concluded that a maximum tangential speed of 300 mph is a conservative speed to be used in
design of nuclear power facilities?.
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A.15.4 ANALYTICAL CRITERIA
The analyses reported herein were based on the following criteria:
Maximum Wind Velocity - 300 mph
Missile No. 1 Telephone pole, 12 in. diameter x 20 ft., weight assumed as 40 Ib./ft.3
Missile No. 2  Small automobile, 5 ft. x 5 ft. x 8 ft. long, weight assumed as 1,800 Ib.
Drag Coefficient1.3
A.15.5 ANALYTICAL METHODS

In several of the analysis methods used the trajectory of the missiles is considered, while in
other methods the energy produced in the missile is translated to velocity or height and
combinations of both.

For an object to become a missile, it is necessary for it to be aerodynamically lifted and set in
motion by the winds of the tornado. The three modes of injection are:

a. Explosive injection into the suddenly imposed pressure differential of the tornado. Here
there must be a sufficient volume of air below the object injected to cause the explosion (for
example, roofs on poorly vented building).

b. Aerodynamic injection of an object having some configuration which produces lift in the
horizontal flow.

c. Ramp injection, where the object is accelerated horizontally and deflected upward.

Aerodynamically, it is impossible for a 300 mph wind to generate missiles approaching that
speed because the object has to be accelerated and is subject to the influence of its shape,
weight and friction relative to the air.

Four methods are used to determine the speed of the missiles under consideration. Method 1
assumes the object is accelerated and deflected upward at an angle of 45° while constantly
exposing a maximum area perpendicular to the direction of the wind. Method 2 is similar to
Method 1 in that the distance through which it is acted upon and the manner of acceleration are
the same, but the object is considered to tumble as it travels with the tornado winds. In Method
3, an initial elevation is assumed and the missile is acted upon by simultaneous horizontal and
vertical wind forces. In Method 4, a tumbling object is acted upon by the maximum winds over
an average period of time.
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A.15.5.1 Method 1

The following assumptions are made in this procedure?:
a. The velocity of the tornado winds at ground level is 300 mph.

b. The force associated with a 300 mph tornado acts on the object over a horizontal distance
equal to a 90° chord of the diameter of the maximum velocity of the tornado. The linear
horizontal distance (the chord) from the point at which the tornado picks up the object, to the
point where it leaves the tornado, is 348 ft.

c. The maximum area of the missile remains perpendicular to the winds for the entire distance
over which it is accelerated.

d. The object is deflected upward at an angle of 45° without loss of energy.
e. No drag force acts on the object once it leaves the tornado.

Horizontal acceleration may be expressed as:

"(Wj C,A4,d(V, - X)
X —|=
g 2g

and

X:qadnamz

2w

where

Cq = drag coefficient

Am = maximum cross-sectional area of the object

d = density of air

Vw = wind velocity

X = horizontal velocity of object

= weight of object
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This equation can be solved for X as expressed in the following form:

-—ELT—M&U%—XF{QAM{g%D+1

(v, -X

where X is the chord distance described in assumption b., above, Once the object has left the
tornado area, it is acted upon by gravity only. The equations of motion are:

2
Y=( &t j+Xosin45°t
2

Y =—gt+ X,sin45°
X = X,sin45°¢
X = constant = X, sin45°=  horizontal velocity after the object is deflected 45° upward

X,= horizontal velocity of object when leaving tornado

The vertical and horizontal velocities and displacements of the missile after it has left the
tornado may be calculated using X, and X,sin45° as initial conditions.

Several assumptions for this method are very conservative. A tangential wind velocity of 300
mph is a conservative maximum value and is common design practice?. Furthermore,

maximum winds normally occur better than 100 ft. above the ground, so that a ground level
assumption is very conservative. The distance over which the object is acted upon by maximum
winds is also conservative. Since the momentum of the object will cause it to be hurled in a
straight line, the distance over which an object would be accelerated by winds would necessarily
be limited to something less than the assumed 90° chord. Furthermore, the object would most
certainly bounce several times, thereby slowing the missile down. The assumption that the
maximum area of the missile remains perpendicular to the winds for the entire distance over
which it is accelerated is very conservative. Some objects, such as roofs and trees, can sail and
soar in the winds, but objects which present the most serious potential hazards to the fuel in
storage are not aerodynamically stable, and will turn in the wind.

A.15.5.2 Method 2

Method 1 assumes that the maximum area of an object remains constantly perpendicular to the
wind. Method 2 is largely predicated on the same assumption as is Method 1, except the object
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is assumed to tumble in the wind, and its energy may be expressed as velocity or height or
combinations of both. The force exerted by wind on an object is expressed as:

D, =05C,d(V, - X)'(4, cos’a+ A_sin’ a)

where a is the angle of the wind with respect to an orthogonal axis of the object, A. is the cross-
sectional area perpendicular to the wind, and A- is the cross-sectional area parallel to the wind.

Most frequently, the object tumbles in such a manner that the wind makes a random angle with
respect to the orthogonal axes. The average values of cos?a and sin?a are therefore 1/4,
obtained by squaring their values integrated over all angles from 0 to =, and the equation
becomes:

F,, =0125Cd(V, - X) (4, +A)

Very short increments of time are used to determine the velocity of the object at any instant:

X, =X +F,/M(dr)

A step-by-step integration is then used to determine the final velocity.

A.15.5.3 Method 3

This method was presented by Bates and Swanson?, and later included in a paper by Doan*.
As in the previous method, tumbling of the object is assumed. The average force on the object

is assumed to act for an average time of application, and the difference in velocities between the
wind and the missile is not considered. The force acting on the object is approximately:

Fa = qCq(A+cos?a + A-sin?a)
where:
q=1/2dVu?

Again, the values of cos?a and sin?a are determined to be 1/4, and the equation becomes:
Fave = 1/4 Cq q (A+ + A=)

The speed and kinetic energy of the missile are:
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X=Ft../M

ave - ave

E = F;lzvetjve/zM
where tave is the average time of force application. This average is estimated to be on the order
of 0.2 second.

If all of the energy acquired is used to lift the object vertically, the maximum height attained is:

2 42
F;vetave

max 2 Mg

Bates and Swanson observe that the force exerted on a fixed object (conserved angle of attack)
is of short duration because by the time the aerodynamic force has increased to a value
sufficient to lift most objects, the moments which produce tumbling are also large. The mean
time interval of action is estimated as 0.2 second. Doan does not discuss the merits of his time
interval for a tumbling object, but simply estimates it as 0.2 second. The relatively low values
obtained from this method reflects this short period of time.

A.15.5.4 Method 4

This method was developed after discussions by telephone with several offices of the Weather
Bureau concerned with tornadoes and is based on the following assumptions:

a. The object is acted upon by the maximum winds for a distance equal to the radius of the
tornado.

b. A maximum horizontal wind of 300 mph and a maximum vertical wind of 300 sin 45° mph act
constantly on the vertical and horizontal faces of the object.

c. Since vertical velocities are small at the ground surface, it is assumed that the object is
initially at a height of 30 feet above the ground.

The two basic equations of motion for objects within the tornado are:

MY, =F,— Mg

where ¥, and X, are the accelerations within the tornado; F, and Fy are the forces due to the
tornado-induced pressures in the vertical and horizontal directions, respectively. The initial
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motion of the object when encountered by the tornado is zero. Upon leaving the tornado area,
the missile is acted upon by gravitational force alone, and the equations become:

MY, = -Mg
MX, =0
Here, the initial velocity conditions are the maximum attained within the tornado.

A.15.6 Discussion and Results

Results of these analyses are listed in Table A.15-1, and applied in Section 8. Method 1 proved
the most severe, the second being Method 2. Principal differences of all of the methods are: a.
constant exposure of maximum missile area to wind versus a tumbling action, and b. the
duration of time of wind acting on object. While the time element of Method 3 or 4 may be more
nearly correct, the lack of pertinent information on the effective time of attack rules in favor of
Methods 1 and 2. Of these, method 2 is more realistic but impact analyses were performed for
velocities calculated by Method 1 to be more conservative.

Table A.15-1
RESULTS OF WIND ANALYSES

Missile Telephone Pole Automobile
12-in. Diameter x 20 in. (630 1b) 5ft x5 ft x8 ft Tong (1,800 1b)
Maximum Velocity Maximum Distance Maximum Velocity Maximum Distance
(ft/sec) {feet) (ft/sec) _ . (feet)
Horizontal Vertical Horizontal Vertical Horizontal Vertical Horizontal Vertical
Method 1 264 187 2174 543 2428 171 1820 455
Method 2 1718 121 899 228 1873 132 1083 271
Method 3 16 - 6 4 17.5 - 7 5
Meﬁhod 4 71 B3.5 195 44 49 50.5 112 36

a Horizontal velocity before the object is deflected upward at 45°
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A.15.6.1 Impact Analysis
For analysis of impact effect within the water-filled basins, it is further assumed that the object
enters the water vertically at the velocities calculated from the above assumptions (187 ft./sec.
for the telephone pole and 171 ft./sec. for the automobile), as shown in Table A.15-1, in an "end
on" orientation.
Upon entering the basin water, forces acting on a missile are:

(1) Mass inertia (mx)

(2) Weight of the missile (mg)

(3) Buoyancy (pvg)

(4) Drag (C"szj
where:
m = mass of the missile
v = submerged volume of the missile
A = area of the missile perpendicular to the direction of movement
Cq = drag coefficient (assumed in all cased to be 1.0)
X = missile acceleration at time t
x = missile velocity at time t
o = mass per unit volume of the basin water

For passage of a missile through the basin water,

. C, Ax’
m¥=mg—| =] =g,

or
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2m m m 2m ’

and

o _(d)fa)_sa
dt dx/\ dt dx

Letting 6 = C4A/m and ¢ = g (1 - pv/m) and noting that x = Voat x =0,

o2y 2o
o 0

In the case of the telephone pole, a step-by-step solution was developed to evaluate its velocity
at different depths of penetration, assuming constant end-on orientation. On this basis, velocity
after penetrating to a depth of 8 ft. is 138 ft./sec.; after 14 ft., 111 ft./sec.; and after 21 ft., 88
ft./sec.. Total penetration required to stop the pole exceeded the depth of the basin. On striking
the bottom liner, missile kinetic energy would be approximately 5 x 10* ft.-Ib.

For the automobile, no buoyancy was assumed until after it had penetrated 2 ft. into the basin
water and its submerged volume then was assumed to remain constant to account for leaks.
On this basis, total penetration for deceleration to terminal velocity (< 6 ft./sec.) was 7.3 ft.

A.15.6.2 Effects of Missile Impact on Basin Structure

The potential penetration of the basin liners and wall by the postulated missiles was evaluated®.

The penetration of a steel plate is described by the equation:

E_ U(0344¢* +0.00806wr)
D

where:
E = critical kinetic energy required for penetration;
D = diameter of missile (in.);
U = ultimate tensile strength of steel;

t

thickness of steel plate (in.); and
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w = distance between supports of the plate (in.).

The penetration and perforation of concrete, masonry and sand is similarly described by the
equation:

D' =KAV'R
where

D' = depth of penetration (ft);

K = penetration coefficient for reinforced concrete = 4.76 ft./Ib.;
A = sectional mass of missile (Ib./ft.3);
R = thickness ratio of the penetration of a slab of thickness T to the penetration of a slab

of infinite thickness;

. . . V?
V' = velocity factor for impact penetration = lo 1+

y P p g10|: 215,000}
where:
V = missile velocity.

Material properties and structural dimensions used in the analysis were:

t 0.125 in. for basin liners up to 16 ft. elevation

0.0625 in. for basin liners above 10 ft. elevation

2 in. for deep pit floor

u

75,000 psi (70,000 for deep pit)

D (telephone pole) 13.5 in. diameter

D (small automobile) 61.2 in. diameter

W = 3ft.
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Analyses were performed, for each postulated missile, for potential penetration of each type of
material (i.e., assuming no concrete backing for the steel plate and for concrete penetration
assuming no liner). Both the walls and floor of the basin were analyzed for potential
penetration.

A.15.6.3 Analysis

Wood planks, sections of steel pipe, a telephone pole and a small automobile have been
analyzed as potential missiles. Of these missiles, the telephone pole and the automobile
represent equivalent or greater potential damage than the others. The analysis of the
automobile missile indicates that it does not have sufficient energy to penetrate the 1/16 in. thick
wall liner even at its maximum horizontal velocity of 440 ft./sec. due to the large impact cross-
sectional area of the automobile. At the maximum horizontal velocity, the kinetic energy of the
automobile (5.4 x 10° ft.-Ib.), ignoring the fact that the liner is backed by reinforced concrete.
The automobile would be traveling in a trajectory and thus would not strike the wall
perpendicularly. There is no possibility of penetrating the 3/16 in. thick floor liner as the
automobile would be traveling at its settling velocity (< 6 fps) and the kinetic energy is only,
about 1,000 ft.-Ib.

The analysis of the impact of the telephone pole missile indicates that puncture of the basin liner
is extremely improbable. For example, the energy required to penetrate the floor liner in the
basin, ignoring the backup strength of the concrete, is in excess of 1.6 x 10° ft.-Ib. for an impact
perpendicular to the liner. At that depth, the kinetic energy of the telephone pole is less than 5 x
10* ft.-Ib., and, thus, there will be no penetration of the floor liner in the basins. A recent report?
indicates that telephone poles (utility poles) are ineffective in producing significant local and
structural damage even under the most improbable missile impact conditions.

The telephone pole cannot strike the walls at any angle that is nearly perpendicular at a depth
sufficient to cause significant leakage even if the liner should be penetrated. Penetration of the
liner near the top of the pool would not be of concern and penetration of a vertical wall deep in
the pool would require more energy than bottom penetration (1.6 x 108 ft.-Ib.) due to the angle
of impact. For example, after travel through 21 ft. of water, the impact kinetic energy would be
only about 4.29 x 10° ft.-Ib. Even for a perpendicular impact, penetration can occur only if the
concrete backing is ignored. The compressive strength of the concrete might be exceeded in
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local areas, but due to the low void fraction of structural concrete and its confinement, there
would be no significant crushing. Therefore, the telephone pole will not penetrate the wall liners
based on the strength and ductility of the liner, on the possible angle of impact, and on the
relative crushing strengths of the pole and the concrete.

It is concluded that penetrations of the basin liners caused by the telephone pole missile are
very unlikely and that the leaks resulting from such penetrations, if any, are well within the repair
capability of GEH-MO.
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A.16 STRUCTURAL EVALUATION OF MORRIS EXPANSION GATE #4 FOR SPENT
FUEL STORAGE BASIN

A.16.1 INTRODUCTION

Consequent to the Nuclear Regulatory Commission (NRC) inspection (NRC Inspection Report
No. 072-00001/11-01 (DNMS) — General Electric-Hitachi Morris, dated May 13, 2011), it was
discovered that design basis calculations for gate number 4 of the spent fuel pool were not
available. The analysis has been conducted and the purpose of this appendix is to provide the
details of the calculations that were used to determine that no modification to expansion gate

number 4 is required.
A.16.2 ATTACHMENTS

Attachment 1 Engineering Calculation Sheet Number: eDRF Section 0000-0137-7338
REV. 1 (elV 0000-0148-6891) dated June 1, 2012.

— _—
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Attachment 1
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HITACHI .o proererary mroruanon Engineering Calculation Sheet

GE HITACHI NUCLEAR ENERGY AMERICAS, LLC PAGE DATE 6/30/20 Page

SNM-2500 CSAR Appendix A.16 REVISION 15 4



V¢, Morris Operation
HITACHI Consolidated Safety Analysis Report
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HITACHI o proprerany eoruanon Engineering Calculation Sheet
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