2000 Sscond Avenue

Detroit, Michigan 48226
{313) 237-8000
September 18, 1981
EF2 - 54, 825 ‘af! | 'S )
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& g -0 -
Mr. L. L. Kintner ) ’EN' g\ 2
Division of Project Management i — 2__ 5 E
U.S. Nuclear Regulatory Commission \5‘ \ *% A rer/
Washington DC 20555 2\ i03 <7 J
\ o ‘\
Reference: Enrico Fermi Atomic Power Plant-Unit 2, \ <
R
Sub ject: Equipment Environmental Qualification -

Radiation Profiles.

derr Mr. Kintner:
"er your request, the following documents are enclosed:

1. General flectric letter TDEC-4034 dated 8/25/81 and
document number 22A3019 Rev.l; Radiation entries in
FSAR table 3.11.7 for normal plant operation.

2. Sargent & Lundy letters SLM(NI)-223 dated 8/12/81
and SLM(NI)-207 dated 7/8/81 and attachment, Equip-
ment Qualification Dose Analysis during Post-LOC’
accident.

The above information was roquested during a telephone con-
versation on September 15, 1981 between the NRC (Frank
Akstulewicz) and Detroit Edison reqresentatives (Dick Beaudry,
Lou Breyni and Len Fron).

Should you require any further information, please let me know.

Very trulv yours,

l

S AL
, [ 2 Colbert

Technical Director
Enrico Fermi Unit 2 Project

WFC/QHD/mb 80 o!
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. GENERAL £D ELECTRIC NG M
SY FfEMS DIVISION

GENERAL ELECTAIC 59\49 NY VO CURTNER AVE , SAN JOSE, CALIFORNIA 95125
He 391, (408) 925-258

Puqust 25, 1981
TJEC- 4034

Mr. W. F. Colbert, Project Enginecer
Enrico Fermi 2 Project

The Detroit Edison Company
Documentation Control - Room 361
2000 Second Avenue

Detroit, MI 45226

Attention: Mr. L. Sherman
Gentlemen:
SUBJECT: FERMI 2 RADIATICN ENVIRONMENTAL CONDITICNS

The radiation envirornmental condition entries in FSAR Table 2.11-5 were
extracted from GE Specification 22A3019, BWR Equipment Environmental
Requirements. The values in this specification were cderived by a
combination of analysis and extrapolation of actual operating plant
measurements.

Very truly yours,

3 AoseO

. donnson

i@r‘f’\o)ect Hana-ar
EnFico Fermi 2 Project

CMJ:sem/21

cc: T. J. Evans, GE Southfield
. Gregor, Edison
« Xiener, Edison
. Pratt, GE Site
. Mintun, GE Site
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GENERAL ) ELECTRIC

ATONMIC POWER EQUIPMENT DEPARTMENT

( b0 | seee wo 22A3019  mev. we.l
DESIGN SPECIFICATION 2=38 o up 2 cons on sweer 3
TIYL LR
BWR EQUIPMENT ENVIRONMENTAL REQUIREMENTS
1. SCOPE

1.1. This document specifies indoor environmental data to be used for
design of equipment supplied by the Atomic Power Equipment Department
( (APED) .
1.2. Seismic requirements, and vibration levels are not included in the scope
of this document.

2. APPLICABLE DOCUMENIS, CODES, AND STANDARDS

2.1. General Electric Company Doc s

2.1.1., This specification, or applicable portions, thereof, represent the controlling
environwental data for use in design of the specific equipment supplied by APED. If
there is a conflict with respect to environmental data between this specification and
other desizu documents, the requirements of this specification shall govern.

( 2.2. Codes and Standards

2.2.1. The following documents are to be used in conjunction wi*' «..ls specification
to the extent specified herein.

a. Atomic Energy Commission (AEC) - Criterion 1 of the AEC General Design
Criteria, 10CFR5U, Appendix A.
3. DESCRIPTION
3.1. Incorporation of appronriate environmental design data is necessary to ensure
proper functional performance of the system or equipment ducing all design modes
of operation.

(‘ 4. REQUIREMENTS

4.1. Normal Conditions

4.1.1. Normal conditions are defined as those conditions existing during routine
plant operations. Environmental requirements stated i Tables as Normal or Operating
are those which shall be used for design, and represen. ~rmal, maximum and minimum
eyyected conditi.as that may exist during routine plant 2ration.

IS3UED
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ATOMIC POWER EQUIPMENT DEPARTMENT

' seec ~no. 22A3019 nev wo.]
( DES‘G‘ SPECIFICATION ]in ~NO 3 CONT ON SHEET §

4.1.2. Tables surmarize the enviromental conditions which shall be used for component
or system design within the plant locations stated. All components shall be designed
to operate under the normal conditions.

4.2. Abnormal Conditions

( 4.2.1. Abnormal enviromental conditions are defined as those which deviate from the
conditions described in Paragraph 4.1, preceding. The most significant abnorual
condition is the environment during. ond following postulated design basis accidents,
Other ambient conditions, including cmall continuous steam leaks which generate high
temperature and/or high humidity, and test or operator-controlled conditious, shall

also be considered.

4.2.2. Essential components and safet, systems shall be designed to operate or be in

a fail-safe condition, as given in Section A, II-III of the following tables. Essential
components are those which are essential to the prevention of accidents which could
affect the public health and safety or mitigate their consequences, according to the
definition and interpretation rt .. terion 1 of the AEC General Design Criteria, 1O0CFR30,
Appendix A.

4.3. Tables

4.3.1., The following tables are divided into Sections A and B. Section \ defines
the pressure, temperature, and humidity enviionmental conditions. Section B defines
the radiation environmental conditions.

4.3.1.1., Section A is further subdivided into three ,Larts: Section A-I includes

all equipment operating under norma. conditons. Section A-II and A-III delineate

the abnormal conditions for essential . ronents. The tables in Section A-II and
A-11I for essential components represent an envelope of abnri.2) conditions in which
the systems or components are required to be functional or in a fail-safe condition,
as noted. The specified envelope is not based on one specific design basis accident,
but on all postulated accidents relevant to this envelope

4.4. Drywell Zones

(- 4.4.1. A diagram follows (Figure 1) showing typical drywell zone locations within
! primary containment.

ISSUED
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Section A-1 PRESSURE, TEMPERATURE, RELATIVE HUMIDITY ENVIRONMENTAL CONDITIONS

Normal Conditions - Plant Operating

Area Pressure as Noted Temperature Relative Humidity
°F 4
I. Primary Containment (1) (=)0.5 to 2.0 psig 135° Average 40-55% Normal
(Not otherwise noted) == Minimum 90% Maximum
150° Maximum == Minimum
Vicinity Recirculation Same as above 128° Average Same as above
Pump Motors = == Minimum
Zone 4 135° Maximum
Area Beneath RPV - Same as above 135° Average Same as above
Zone 3 106° Minimum (5)

165° Maximum (4)

NOILWDI41203dS NOIS3 ‘)
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II. Reactor Building Range from (-)0.10" 70° Normal 40X Normal
(Not otherwise noted) to (=) 1.0" Water 104° Maximum 90% Maximum
gage, static pressure 40° Minimum 20% Minimum
Reactor Building Standby Same as above #$104° Maximum Same as above
Liquid Control Area 70° Minimum
HPCI, RCIC Equipment Same as above 70° Normal Same as above
Area 104° Maximum (6)
(6)
60° mi.'mum
Core Spray and RHR Same as above 70° Normal Same as above
Equipment A-ea 104° Maximum (6)
(6)
40° Minimum

(Notes are given at end of table)
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Section A-1 (cont.) PRESSURT, TEMPERATURE, RELATIVE HUMIDITY ENVIRONMENTAL CONDITIONS

Normal Conditions -~ Plant Operating

d
Janssy

-~ o~
o

I’"CT.'I o7

Area Prossure as Noted Temperature Relative Humidity
°F z
I1I. Reac'or Building (con.)
Steam Tunnel Range from (-)0.10" /0° Normal  40-50Z Normal
to (=)1.0" Water 130° Maximum 90-98% Maximum
gage, static pressure 40° Minimum 20Z Minimum
0w
III. Turbine Building (3)  Range 0.0" to (-)®120° MaxSo{FEatefiRTe 0z Normal
C.25" water gage 0° N ;mal' EUQ;: ) 902 Maximum
static pressure 104" Maximum (élcctrfcal) 20% Minimum
1V. Radwaste Building (3) Range 0.0" to (=) 70° Normal 40% Normal
0.25" water gage ’ 104° Maximum 0% Maximum
static pressure 40° Minimum 20Z Minimum
Radwaste Building 0.0" to (-) 0.5" 70° Normal 40% Normal
Equipment Cells water gage static 120° Maximum 90% Maximum
pressure 40° Minimun 20% Minimum
V. Control Room Range 0.10" to 1.0" 60°-90° Normal 40-50% Normal
water gage static 120° Maximum “602 Maximum (7)
pressure 40° Minimum 10% Minimum

Notes:

(1)
(2)

(3)

(4)

(£)
(6)
M

Primary con*ainment atmosphere during normal operation may be inerted with 96 percent
nitrogen, 4 percent oxygen.

Whenever the residual heat removal and core spray motor and the emergency core cooliug
system are running, during test periods area space coolers may be required to maintain
the ambient temperature listed.

Components located in turbine building or radwaste building required to operate under ab-
normal conditions, if any, should be designed for equivalent conditions as shown for
reactor building.

During loss of offsite power, and other emergencies, except during Design Basis Accident
temperature of and area underneath the reactor pressure vessel will be maintained at
165°F or lower for up to 30 minutes.

The same minimum temperature (100°F) shall apply inside base of the shield wall. Air
velocity over vessel insulation and exposed vessel parts shall be approximately 6 ft/sec.
The maximum temperature and humidity will occur simultaneously in these spaces less than

1 percent of the tixe. B
During HVAC equipwent failure conditions Relative Humidity may approach 90° percent for

100 hours, but 1°9°F would not occur simultaneously.
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ESSENTIAL
Secticn A-1I PRESSURE TEMPERATURE, RELATIVE HUMID..., NVIRONMENTAL CONDITIONS
. Inside Primary Containment - Ahnormal Conditions
Condition Component Components must be operable under the following conditions
1 Core spray injection check valve Temperature 340°7 0P 320°r 250°F 200°r
LPCI-RER injection check valve Pressure (1) ’-2 to S6peig(2) -2 to 15peig -2 to 15peig ) to 25peig 0 to 20 peig
Reactor shutdown cooling suction Rel. humidity ‘mc b4 100 % 100 X 100 2 100 2
Valve including operator and cable Duration (3) 45 sec () 3 bours (3) 6 hours 1 day (3) 100 daye
Relief valve including
operator and cable
Vessal level indicator
Structural components (e.g. loop
restraints, vessel skirt, etc.)
2 Yeedwater Check Valve Temperature Jsotr 340°F 320°r
§ PCI atean line fsolation Pressure -2 to Sépaig -2 to 35psig -2 to 35peig
valve including operator and Rel, humidicty 100 X 300 4 00 X
cable Duration 45 mec hours hours
RCIC steaa line fsolation valye
including operator and cable
Reactor Water cleanup suction valye
including operator and cable
Reactor water sample line valve
including operator and cable
Lices 2 inches and amaller (lsolation)
Valves, Oparators, Cabling)
Cables to intermediate range monitura
and proceas radiation monitor
Reactor vesse] head spray isolationm
valve including operator and cable
3 Mais steam {eolation valve Temparature Mo'r 340°r
includicg operator and cable Pressure -2 to S6peig =2 to 35psig
Maln steam drain {solation valye Rel, humidity 100 X 100 2
includirg operator and cable Duration 45 sec 1 hour
Standby liquid control injection
check valve
> - Recirculation valves (main valves, Temperature 3lo°r 285°F
< bypass valves, equalizer valve) Pressure -2 to S6peig -2 to 1Speig
g “0 including operators and cables Rel. humidity 100 X 100 2
~ Duration 45 sec 30 min
e
L~2}
&3
-
<>
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ESSENTIAL EQUIPMENT

Section A~II (cont.,) PRESSUR®™ TEMPERATURE, RELATIVE HIMIDITY, "NVIRONMENTAL CONDITIONS

. Inside Primary Containment - Ahnormal Conditions

Condition Component Valves not required to be operable but must not fall open under the
following conditious
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Feedwater check valve Temparsture 250°F 200°F
HPCI steam line isolation Pressure 0 to 25psig 0 to 20 peig
valve including operator and Rel. hunidity 100 2 100 2
cable uration 1 day 100 days
RCIC ateam line isolation valve

including operator and cable

Recirculation valves (main valves

bypass valves, equalizer valve)

includirg operators and cables

Reactor vessal head spray isolation

Valve frcluding operator and cable

Reactor water cleanup suction valve

includirg operator and cable

Reactor water sample line valve

includir g operator and cahble

Lines 2 inches and smallier

(isolatiocn valves, operators,

cabling)

TVHINIY

JI¥12313

Main steam isolation va've Temperature 340°F j20°r 250°r 200°r
including operator and cable Pressure =2 to 135peig =2 to 35peig 0 to 25peig 0 to 20peiy
Main steam drain isclation valve Rel. humidity 100 X 100 2 100 2 100 2
including operator and cable Dura:ion ) hours 6 hours 1 day 1C0 Aays
Standby liquid control injection

check valve

Notes: (1) The equipment inside the primary contaimment will be subjected to 62 psig and 135°F for a maxloum of 3 deye during
periodic leak testing.

(2) 56 paig is 90 percent of maximum contaimment internal pressure of 62 psig, as allowed by ASME Boiler and Pressure Vesiel Code,
Nuclear Vessels, Section ILI, Article 13, Paragraph N-1312, Sub-Paragraph (2

ON J3as

Durations shown are terminaticon times measured from the initiation of the postulated accidenr, 1i.e. Condition 1,
the 3 hour duration, is the period from 45 seconds through 3 hours, the 1 day duration is the period from 6 hours
through 1 ciy (24 hours).
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ATCMIC POWER EQUIPMENT DEPARTMENT
socc wo. 22A3019 1

DESIGN SPECIFICATION suno 9 cont on smger 10

REV. NO

LEGEND SECTION A - 1I

This legend is a cc.pilation of basic abnormal envirommental pressures and temperatures
together with the time durations expected. The full spectrum of simultaneous environ-
mental possibilities is not . “sented in a series of curves, but rather as a descrip-
ion of the boundaries within which designated equipment must operate at discrete times
during the cycles/modes of thLe2 reactor's operation,

YT 6 ruroc .

1. Temperatures:

J40°F  Upper bound on maximum superheat temperature for a stecam leak. This maximum
can occur only when the reactor is at a pressure of 400 to 500 psi and a
containment pressure of 50 psia. For higher or lower reactor pressures or
lower containment pressure the temp:raturs is less.

320°F Maximum superheat temperature during shutdown cooling line flush after reactor
has been depressurized to 150 psia,

310°F Upper bound on saturation temperature at containment design pressure. This
temperature applies only to the recirculation valves which must be functi
only in the event of a recirculation line break. In the event of a steam

1

-
that ccuses high superheat temperatures closure of the recirc valves is not
required to flood the core.

Saturation temperature at 35 psig (plus 4°F margin). This temperature applies
ornly to the recirculation valves which must be functional only in the event of
a recirculation line break.

250°F This represents the maximum long term temperature in the containment during the
first day following a DBA.

200°F This represents the extended long term temperature in the rontainment following
a postulated DBA.

2, Pressures:

-2 psig Negative design pressure of the primary containment
56 psip Positive design pressure of this primary containment.

35 psig The containment pressure cciresponding to all the non-condensibles initially
in the drywell being transferre? to the wetwell,

25 psig Upper bound on long term pressi.re response up to one day following a postulated
DBA.

20 psig Upper bound on extended long term pressure at one day and longer following a
postulated DBA,

ISEVED
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3. Durations:

45 secouds Censervative time duration to cover peak containment pressure.

30 minutes In the event of a recirculation line break the recirc valve, wust be

1 hour

3 hours

operable to insure core flooding. This represents a conse-vative duration,

Applies to valves that isolate automatically on low RPV pressure or high
dryweil pressure. This time represents a conservative duration during which
the valves must be operable.

a) Conservative duration of time to depressurize the RPV, at a rate not
exceeding 100°F/Hr, down to 1I° psia.

b) Conservative duration of time to flush shutdown cooling lines and de-
pressurize reactor below 50 psia.

1ssuk O




Section A-IlL

ESSENTIAL EQUIPMENT

Outside Primary Cootaloment - Abnormal Conditions

Componant

Componenta must be cperable under the following conditions

HPCI eyttem isolation valves
including operator and cable
HPCI pump, turbime, contrel,
instrumsatation and electrical
equipmant (5)

RCIC system {solation valves,
including operator and cable
RCIC pump turbine, coantrols,
instrumentation electrical
equipment (5)

Temperature (4)
Pressure

Rel. Humidity
Duration

148°7 (1)
™ w.g. 1)
1002 Q)

1 Bour

Hain steam i{solation yalves

Temperature (4)
Preassure

Rel. Humidicy
Duration

148%r Q)
™ w.x., Q)
1002 (1)

1 hour

e e Yl e W B

Peadwater isolation valves,
including operator and cable
Reactor water cleanup isolation
valves, including operator and
cable

Temperature (4)
i ressure

Rel. Humidity
Duration

148°r (1)
™ w.zg. Q)
1002 1)

1 hour

RER aystem isolation valves,
including operators and cable

RER pumps, heat exchanger, controles,
instrumentation and elactrical
equipment 5)

Core spray system isolation valves,
including operator and cahle

Core “pray pumps, controls,
instrumentation and electrical
equipment (5)

Temperature (4)
Pressure

Rel. Humidity
Duration

148°7 for 6 monthe ()

7" w.g.for 1 Bour

rero fnches w.g.for 6 mounths
1002 R.H, for 1 hour

S02 R.H. for 6 months

Valves not required to be operable but must not fail open under the

following conditions

Reactor water cleanup isolation
valves, including operator and
cable

Temperature (4)

Pressure
Rel. humidicy
Duration

148°F for 1 Rour (1)
7" w.g. for 1 Bhour (1)
1002 R.H, for 1 hour (1)

Id30
aanss

Aray n
A

HPCI aystem i{solation valves,
including operator and cable
RCIC system lsolation valves,
including operator and cable
Main eteam isolation valves
in esteam tunnel, including
operators,

Temperature (4)

Pressure
Rel, Humidity
Duration

148°P ¢or 1 hour (1)
™ w.g.for 1 hour (1)
100X forl hour (1)

)
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Section A-I1I (continued)

ok
Notes

(1) 148°F, 100 percent R.H., ard 7 inches static pressure may occur concurrently
for the 1 hour as given, but R.H. and static pressure will dccay after this

(w} period.

(2) Motors rated for continuous operation in an ambient temperature of 104F will
operate in a higher ambient temperature with decreased life expectancy.
Space cooling may be required to limit the ambient to an acceptable level.

(3) Temperature based on RHR equipment operating.

(4) Temperatures given do not take into account any temperature rise caused by
direct steam impingement.

‘ (5) Equipment unable to withstand 100% R.H. and elevated temperatures (Motor
Control Centers and Electrical Switchgear) for safety systems shall be
located outside of secondary containment, or in separate rooms ventilated
independently from the remainder of the reactor building.
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RADIATION ENVIRONMENTAL r /NDITIONS 2
v
Section B. I. Inside Primary Containment ~
O
-
[Equipment or Area | Radiation 1) Operatir, Dose Rate Design Basis Accident|2) Integrated l)ose_-1 =4 -
Type Plant Oper | System Oper Type | Dose Rate Normal |Accideat . 2
2 = o
D
o =
Drywell, No Camma 6.5 x 104 P LOCA | 1.3 x 105 | 2.3x1010 2.6x107 = m
Vessel Shield Neutron |6.3 x 107 7.9x1016 »
™m
o e
ith Vessel Shield % "?
Zone 1 Gamma 25.0 4 W LOCA |1.3 x 106 8.8x106 | 2.6x107 3
Above Core Neutron 5 x 10 6.3x1013 X ™
o L aad
Zone 2 Gamma 50.0 LOCA |[1.3 x 10% [1.8x107 [2.6x107 s 2
Co~e Region Neutron |1.4 x 105 1.8x1014 : x =
E O
Zo e 3 Gamma 7.2 . JOCA 1.3 x 106 2.5:108 2.6x107 P
Unc v Vessel Neutron <1 r k1.3x10 o
Zone 4 Gamma 25.0 * “LCCA |1.3 x 106 8.8x100 |2,6x107
Near Recirc. Neutron 2 x 103 2.5x1012
Zone 5 Gamma 4.0 LOCA 1.3 » 100 1.4x10° | 2.6x107
>15 ft. Recirc | Neutron 2 x 103 2.5x1012
Zone 6 Gamma [ 0.1 LOCA |1.3 x 10° [3.5x10% [2.6x107 -
Torus Neutron 2 x 102 z A
z
L )
uN
* L)CA Loss of Coolant Accident >
1) Gamma Dose Rate Rads (Carbop)/hour - 10 S
el Neutrons/cmg—sec 0 percent load factor at rated power .
2) Gaoma Dose Rads (Carbon) - LOCA Anzlysis was based on the assumption §
Neutron fluence Neutrons/cmZ (NVT) that 100 percent of the noble gases, 50 s
Normal Conditions Integrated over 40 years percent of time halogens, and 1 percent : 8
Accident Conditions Integrated over 6 month of the solid fission products were re- i g
leased from the core .o
Chellg




Normal Conditions
Accident Conditions

Integrated over 40 years

Intecrated over 6 mont‘x of the solid fissfon products were re-

leased from the core.

:‘f'\_' S~
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RADIATION ENVIRONMENTAL CONDITIONS »
=
Section B. (Con.) I1I. Inside Secondary Containment A
-
2
Equipment or Area [Radiation [1)Operating Dose Rate Design Basis Accident ?) Integrated Dose s
Type Plant Oper |System Oper Type !Dose Rate Normal Accident =
sag -
2 f o
General ?loor Area |Gamma 0.001 *1L0cA 6.5 x 102 1.5 x 102] 1.7 x 103 > =
T >
>
. ™m
HPCI Gamma 0.015 2.200 *L0cA |1.6 x 102 5.3 x 10| 4.5 x 104 e ™
and RCIC Area 5 Q
=
R z ™
RER and HPCS Gamma 0.015 0.030 *LOcA 1.6 x 102 5.3 x 103| 4.5 x 104 ; p
Area 2
2 »
2 -
24" Pipe GCarma 0.0 *LOCA [1.6 x 104 0.0 7.9 x 103 E ©
Containing Torus 3
Water
(Typ! al Pipe)
Cleanup Systems . B
a) Heat Exchanger |Gamma 15.0 *0cA |6.5 x 102 8.76 x 101 1.7 x 103
b) Pump Room Camma »>0.05 *LOCA |6.5 x 102 1.8 x 104 1.7 x 103
¢) Filters & Tanks|Gamma 10.0 *LOCA 6.5 x 102 3.6 x 106 1.7 x 105
Steam Tunnel Gamma 5 *L0cA |1.6 x 102 1.8 x 106| 4.5 x 10% i3
2 n
Rod 2.5 x 102 »2.5 x 102 ¥
Drop p 9
Sl )
N
: Standby Gas Gamma 0.001 *LOCA 5.7 x 103 3.8 x 104 “
g& Treatment System .5
e g
b 5 o .
. 1) GCamma Dose Rate Rads (Carbon) /hour - 100 percent load factor at rated power. $2
' Neutron flux Neutrons/cmZ-sec . <
i‘—; 2) Gazma Dose Rads (Carbo ) ,= LOCA Analyefs was haged on the assumption ez
S Neutron fluence Nouttom/cm (NVT) that 100 percent of the noble gases, 50 2 e
percent of time halogens, and 1 percent w




Section B. (Con.)

RADIATION ENVIRONMENTAL CONDITIONS

IIT. Turbine Building

7 23....

n'cH f,
s @8 N

Equipment or Area | Radiation | 1)0perating Dose Rate Design Basis Accident | 2) Integrated Dose
Type Plant Oper |System Oper Type |Dose Rate Normal Accident

General Areas Gamma 0.001 4 x 103

Protected by

Shields

Operating Floor Gamema 0.005 - 77.0x10%

General 0.020

Contact HPT Gamma 0.5 1.8x10°

Contact LPT Gamma 0.1 3.5x10%

Equipment Bay Gamma 0.05 - 1.8x108

(Heaters, con- 5.0

densers, etc.)

Steam Jet Air Camma 15 R/hr 5.3x106

Ejector

Condensate Treat- | GCamma 10 R/hr 3.5x106

ment

1) GCamma Dosa Rate

Neutron flux
2) Gemma Dose

Neutron fluence

Normal Conditions
Accident Conditions

Rads (Carbon)/hour
Neutrons/cmz-sec

- 100 percent load factor at rated power

Rads (Carbon)
YNeutrons/cm? (NVT)

Integrated over 40 year
Integrated over 6 month

- LOCA Analysis was based on the assumption
that 100 percent of the noble gases, 50
percent of the halogens, and 1 percent
of the solid fission products were re-
leased from the core.
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RADIATION ENVIRONMENTAL CONDITIONS i
I
Section B. (Con.) IV. Rad-Waste Building o
==
o
Equipment or Area |Radiation [) Operating Dose Rate Accident Doe~ 2) Integrated Dose A
Type Plant Oper | System Oper Type |[Dose Rate Normal Accident o b
= % )
™
-
Control Room Camma 0.001 3.5 x 102 F m
'; -
>
™m
T -
Valve & Fump Rooms |Gamma 0.020 7.0 x 103 ‘C_J
: O
£
Storage Tanks Gamma 20.0 7.0 x 106 Z m
(Unprocassed) o m
2
Centrifuge Gamma 100.0 1 x 107 » ;
3 e——
£ o
A
V. REACTOR CONTROL ROOM
Control Room Gazma 0.0005 1.75 x 10° | 3 x 10°
)
:
- 100 percent load factor at rated power ¥
O
- LOCA Analysis was based on the assumption o
1) Gamma Do;: Rate l‘ndo (Caﬂu.mz)/hour that 100 percent of the noble gases, to ~
" giutrogo ux n};e‘lutr:é::cr\s/r;‘.m -sec percent of the halogens, and 1 percent o
N:::on ;:uence Neu:ron:‘;czg)(m) of the solid fission products were re- N %
Normal Conditions Integrated over 40 year itared Tron the sove, :
Accident Conditions Integrated over 6 month 'y
; <
" 2
"0

d
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SARGENT & LUNDY
ENGINEL LS

B 1ASY MONKAY CSTRLEY

CHICAGO 1LLINDIS 2340

YILOPHONE 312 209 2000

L. €. Fron
. AUG 24 ygg,

SLM (1) -223
Augunt 12, 13¢)
Project Mo, G138-30

Th2 Detroit Edicon Company
Enrico Fermi Atonic Pover Plunt - Unit 2

Post-rccicdent Radiation Dozes to Dquiprment;
Phase 1 Update

i

The Detroit Edison Company

Enrico Fernmi - Unit 2 Project
Document Control) 0Of€fice - 110 S.B.
2000 Cccond Avenue

Detroit, Michigan 48226

Attention: Mr, R. J. Beaudry
Room No. 31& ECT

Referencez: 1., John S. Prtis to R.J. Beaudry, "Poct-Accidont
Rediztion Doces to Fouiprent, Phase I Re-ults
Update", Letter No, SLM(NI)-193, Dated June 10,
1981, _

2. John S. Brtis to R.J. Beaudry,"Foat-heoiden
Raciation Doseca to Equipment: Phase I1 Results”,
Letter No. SLM(NI)-207, Dateé July §, 1501,

Attached for your use is an update of the teble which vas trane-
mitted in reference ). As we have discussed, a change in cur
method ol modeling the doses due to pipas carrying vest-Loch
radiocctivity resulted in our reportirg slightly hicher coses

in the final Phase II results (reference 2) then vere reportecd
in the Phase I results (reference 1), (Specifically: tne

Phase IT cvaluation reflects the irncrcase of dosc aJonu the

45° biscet of a 90° bend in the line over that which vouvld Lo
calculated for a %otally straight line, The :zffect of taking
this into account is an increase of epproxinataly 505,.)

GO



SARGENT A LUNDY

ENGINLLRS
CHITACO

Mr. R. J. Beaudry August 12, 1981
The Detroit Ddison Company Paye 2

Please place the attached table in your files and mark the
carlier version as obcolete to avoid any confusion over this
adjustment,

If there are any questions, please let me know,

Yours very truly,

‘J. S. BRTIS

John S. Brtis

Supervisor

Shielding & Radiological
Salcty Section

JSB:clm

In Duplicate
Attachivznt

Copies:

M. G. Sigetich (1/1)
F. Gregor (1/1)

C. Seibert (1/1)

Q. buong (1/1)

F. Featham (1/1)

J. 8. Loomis (1/1)
G. P. Lahti (1/1)

F. P, 9s8ai (1/1)
NSLD Flle: 4C-17-Al

CLPY




SIX MONTH POST-LOCA TOUIPMENT RADIATION DOSES A
i

NUTECH Caleulated®
Area Desicnation Elevation Columns Rows Dose (RAD)
SGTS Cubicles 3.1.1 677'-6" F to G 12 to 17 1.6 x 10°
HVAC Area 3.1.2 677'-6"  F to H 9 to 12 5 x 10°
HVAC Area 3.1.3 677'-6" G to H 12 to 17 1.5 x 102
Refueling Floor ) 3.2 684'-6" A toF 9 to 17 3.7 x 105
HVAC Area | 3.3 659'-6" F t - H 9 to 17 3.1 x 10°
Switch Gear Room 3.4 643'-6" F to H 9 to 11 3.1 % 104
Rx. Bldg. 3rd Flr. 3.5 643'-6" A to F 9 to 11 2.4 x 19%a
Switch Gear Room 3.6 613'-6" F to H 9 to 11 Je3 R 104
Rx. Bldg. lst Flr. 3.7 583'-6" C to & 9 to 11 5.4 x 10%
Rx. Bldg. lst Flr. 3.8 583'-6" CtoG 13 to 17 5.4 x 105
West Corner Ekms. 3:9.1 562'-0" - - 5.4 x 106b
East Corner Rms. 3.9.2 562'-0" - - 5.8 = 106
CRD Pump Room 3.10 562'0" G to H to 11 3.1 x 10%
Compressor Room 351l 562'-0" G to H to 17 Jed R 104
East Corner Room 3.12.1 540'-0" - - s.4 x 10%
West Corner Room Jedds2 5:0'-0“ - - 5.4 x 106b
HPCI Room 3.13 540'-0" G to H to 11 5.4 x 10%
Rx. Bldg. 2nd Flr. 4.1 613'-6" A to C to 17 5.4 x 10°b




e e
SIX MONTH POST-LOCA EQUIPMENT RADIATION DOSES (Cont'd)
NUTL. M Calculatedc
Area Designation Elevation Columns Rows Dose (RAD)
9. Rx. Bldg. 2nd Flr. 4.2 §13'-6" € to F 9 to 12 5.4 x 10%
'0. Rx. Bldg. 4th Flr. 4.3.1 659'-6" A to B 11 to 13 3.7 x 105b N
'1. Rx. Bldg. 4th Flr. 4.3.2 §59'-6" E to F 9 to 10 3.7 x 10°b
12. . Drywell None - - - Y: 1.49 x 108
y+8: 1.89 x 10°
3. Torus None - - - Y: 4.81 x 107
y+#8: 5.91 x 10°
'4, Uncdesignated Rx. None All AtoG 9 to 17 $:4 % losa.b
Bldg. Areas
!5, Steam Tunnel None - F 0 G 11 to 13 5.4 x losa.b

3. TFe calculated dosc to the internals of the hydrogen re~ombiners and other eguipment
carrying drywell atmosphere is 9.4 x 108, The recommended dose is 1 X 109,

3. T e calculated dose to the internals~of primary water carrying equipment is
1.6 x 107 rad. The recommended test dose is 2 x 107 rad.

- 28 The maximum dose calculated in this areca.
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ENGINECERS
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S 1ASY MONRODYS STREILTY
CHICACO ILLINO'S 8060)

YELEFHONE 312.269 2000 L. C. FRON
AUG 241381

SLMINI) 207
July 6, 1981
Project No. 6139-30

The Detroit Edison Company
Enrico Fermi Atomic Power Plant = Unit 2

Post-iccident Radiation Doses to Equipment:
Phasc(éf)ﬁcsults

The Detroit Zdison Corpany

Enrico Perni - Unit 2 Project
Docurent Control Office -~ 110 S.E.
2000 Second Avenue

Detroit, Michigan 48226

Attention: Mr. R. J. Beaudry .
Room No. 318 ECT .

Reference: John S, Brtis to R. J. Beaudry, "Pcst-Accident
Radiation Dcses to Louipment: Phase II Results,”
Letter Number SL!M(NI)-177, dated May 28, 198l.

Dear Mr, Beaudry:

The post-accident radiation zone maps and the associated
report (reference) have been revised to inco: porate your
cormients and changes found to be necessary dvring our
review and approval process. A copy of cach .. attached
for your use, The revised zone naps can be identified
by the "6-£1" designation in their lower right hand
corner. The earlier sets should no longer be used.

CORY

B e R e




SARGENT & LUNDY

ENGINELRS
CHICAGO

Mr. R. J. Beaudry July 8, 1981

The Detroit LCdison Company Page 2

If there are any questions, please let me know.
Yours very truly,

UOHN S, BRTIS

John S, Brtis
Supervisor

Shielding & Radiological

Safety Section

JSBicir

In Duplicate
Enclosure

Copics:

M. GL Sigetich (1/1)
F. Gregor (1/1)

C. Seibert (1/1)

Q. buong (1/1)

M. Feathan (1/1)

Je. S. Loonis (1/1)
G. P, Lahti (1/1)

F. P, Tsai (1/1)
RSLD File: 4C=17=-Al1 (1/1)
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EQUIPMENT QUALIFICATION RADIATION DOSE
ANALYSIS FOR THE ENRICO "‘FERMI UNIT 2 STATION

1.0 Introduction

The purpose of this report is to outline the sources and
assumptions used in the NUREG-0588 post accident equipment
qualification dose calculation, for the Enrico Fermi - Unit
II station. Integrated beta anc gamma doses are calculated
for equipment exposed to airbor:e and agqueous mixtures of
released fission products, in accordance with the guidance
of NUREG-0588.

2.0 Shutdown Core Fission Product Inventories

The core fission product inventories are calculated using the
RIBD (Rad:io Isotoge Buildup and D~ 'ay) subroutine of the RUNT-II
computer program., A tabulation of the input parameters and
assumptions are given in the attached table, "Parameters and
Assumptions for NUREG-0588 Analyses." These parameters were

‘he same as those used by General Electric to generate the
shutdown activities supplied in Reference 2. The only
difference is that 3430 Mwth is used for this study instead

of the 1 MWth used by GE.

3.0 Airborne Source Dispersion

A schematic of the release model used to calculate the activity
of airborne noble gas and halogen radionuclides in various parts
of the Reactor Building are shown in Fiqure 1. Note that
initial release assumptions for a BWR are not explicitly given
in NUREG-0588, so reasonable extensions of the PWR model must
be made. For this study it is assumed that 100% of the core
noble gas inventory is initially airborne in the combined
drywell and torus free volumes. 1In addition 25% of the core
halogen inventory is assumed to be airborne in the drywell free
volume and, 25% of the core halogen inventory is assumed to

be plated-out on drywell surfaces at t=0. The 25% plate-out_
assumption, is conservative, though somewhat arbitrary since

a realistic halogen deposition model for the drywell of a

BWR has not been formulated.

The drywell and torus are assumed to leak at a constant rate of
0.5 volume percent per day throughout the course of the accident.
Main Steam Isolation Value (MSIV) leakage does not contribute

to the secondary containment source because of the pressurized
leakage control system.
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When determining airborne concentrations in the reactor
building outside the primary contaimment, it is assumed
that radionuclides relecased from the .primary containment
are completely mixed in the reactor,building free volume
before being exhausted through the Standby Gas Treatment
System (SGTS). Conversely, when calculating SGTS filter
inventories and exhaust plume concentrations, it is assumed
that there is no mixing in the reactor building free volume
and that the sources go directly to the SGTS.

Airborne radionuclide source activities are calculated

using the Baffle portion of the RUNT-II! program., In Baffle
the core inventories calculated by RIBD are @istributed
throughout a multicompartment model of the sour._e regions
described above. Time dependent buildup and decay of
radionuclides are taken into account in Baffle.

4.0 Licuid Sources

Baffle is also used to model the time dependent activity of
halogens and fission solids mixed in the primary coolant and
suppression pool water. A schematic of the release model
used is shown in Figure 2. As mentioned, above, explicit
release assumptions for a BWR are not provided in NUREG-0588
and thus a reasonable adaptation of the PWR methodology must
be made. For the PWR case, the action of spray removal
systems produc.s a net liquid source term composed of almost
50% of the core halogens and 1% of the core fission solids.

Since credit for spray removal is not allowed on BWR's, no
comparable mechanism exists for transporting airborne halogens
into the suppression pool water.

However, for this analysis the conservative assumptions of
Regulatory Guide 1.73 (i.e., 50% of the core halogens and 1%
of core fission solids mixed in the suppression pool water)
are used.

The RUNT-II computer code has a special option that allows

noble gas daughter products evolved from halogen parents to
be removed from the source region. This option is used in

the analysis of liquid source terms.

$.0 Integrated Doses

Integrated doses are also calculated using RUNT-III. A

source geomstry model is selected from those avaijlable in

the ISOSHLD® portion of the program and dose rates are
determined at times at which source activities were calculated
in Baffle. Total integrated doses are then obtained by a
simple trapezoidal integration of the dose rates.
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Descriptions of the modeling used in several of the integrated
dose determinations are given below, °

-

.

5.1 Drywecll Centerline Doses from Airborne Nuclides

Integrated gamma doses in the drywell from airborne noble gas
and halogen radionuclides are conservatively calculated by
treating the spherical portion of the drywell bulb as a

right circular cylinder with an equivalent interior volume.

No credit is taken for shielding afforded by the sacrificial
shield or from piping and equipment contained in the drywell,
Note that gamma shine from halogens plated-out on the interior
surfaces of the drywell also contributes to the centerline
dose. The calculation of the plate-out shine dose is dis-
cussed in the following section.

Integrated beta doses in the drywell are calculated using a
semi-infinite cloud beta dose model with the nuclide concen-
tration in the cloud determined by mixing the assumed ncble
gas release in the combined drywell and wetwell free volumes
and the assumed halogen release in the drywell free volume
only. NUREG-0588 indicates that an infinite cloud beta dose
model should be used to determine beta doses at the drywell
centerline. However, it also states that half of the in-
finite cloud dose is appropriate for cahles in cable trays to
account for beta self-shielding. Since even relatively small
thicknesses of dense materials provide complete self-shielding
against beta particles, the semi-infinite cloud model is used.

In addition to the semi-infinite cloud beta surface doses,

beta depth doses are also calculated for a 10 mil thickness

of 2 gm/cm3 material. NUREG-0588_allows credit for beta
attenuation in 10 mils of 2 gm/cm3 material when calculating
exposures to surfaces in contact with the cloud in the drywell.

5.2 Drywell Centerline Gamma Dose from Plated-Out Halogens

As mentioned in the previous section, halogens plated-out on

the interior surfaces of the drywell also contribute to the

drywell centerline dose. For this calculation it is assumed

that 25% of the core halogen inventory is instantaneously g
plated-out in the drywell at time zero. This source is assumed

to be uniformly distributed over the steel and concrete surfaces
within the drywell. The total plate-out area is given in

the EF-2 FSAR in Table 6.2-8.

Because the exact orientation and position of all the plate-

out surfaces in the drywell are unknown, it will be assumed

that the shine dose at the center of the drywell can be
approximated by the calculated dose from a spherical shell source




whose radius is equal to the interior radius of the drywell
bulb. Again, shielding afforded by- structural materials and
piping inside the drywell is ignored.

.
In ISOSHLD the dose from the spherical shell source geometry
is determined by using an equivalent point source located at
the sphere's radial distance from the dose point.

5.3 Drywell Wall Surface Doses from Plated-Out Halogyens
and Airborne Sources

In addition to contributing to the drywell centerline dose,
the halogens plated-out in the drywell also contribute to
surface exposure doses. For this study the surface dose
contribution from plated-out halogens are conservatively
calculated by using an infinite plane source model with the
source strength per unit area determined by spreading 25%
of the core halogen inventory unformly over the total
drywell plate-out area.

In ISOSHLD both beta and gamma depth doses are calculated

at points 10, 30, and 50 mils below the surface of a ng/cm3
material. Since the beta and gamma point kernel dose
equations for an infinite plane source are singular for zero
depth, it is not possible to directly determine surface doses
using ISOSHLD. Surface doses are extrapolated from depth dose
results.

The contribution to the gamma dos: from airborne noble gases
and halogens is assumed to be half of t} drywell centerline
value, while the semi-infinite cloud beta dose is assumed to
apply at both locations.

5.4 Torus Immersion Doses from Airborne Noble Gases

Immersion doses from noble gas radionuclides airborne in the
torus air space are calculated by modeling half of the free
volume in the torus as a circular cylinder. The length and
radiuz of the cylinder are determined by the amount of the
airborne source actually seen by a dose point located anywhere
on the torus centerline. No credit is taken for shielding
afforded by piping or other equipment contained in the torus
air space. As noted in the source term development discussion,
the initial release of 100% of the core noble gas inventory is
assumed to be uniformly mixed in the combined drywell and
torus free volumes. None of the postulatec halogen release

to the drywell is assumed to enter the torus air.
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5.5 Imrorsion Doses from Halogens and Fission Solids
Released into the Suppression Peol

Immersion doses from hal~jens and fission solids released

into the suppression pooi are calculated using the same

cylinder model as was used in determining tie air immersion

doses in the torus. The only differences are that water is

the attenuation medium instead of air and that source dilution

factors are based on ligquid rather than air volumes. The -
initial release of 50% of the core halogen inventory and 1%

of the core fission.solid inventory is assumed to be mixed

in the combined primary coolant and suppression pool liquid

volumes. Note that beta doses are semi-infinite cloud values.

5.6 Refueling Floor Centerline Immersion Doses

Immersion doses at the refuleing floor centerline from airborne
noble gas and halogen radionuclides that have leaked from the
drywell into the reactor building are estimated by modeling

the volume above the refueling floor as an air filled cylinder
with a height equal to the distance from the operating floor

to the roof of the reactor building. Leakage from the drywell
is assumed to be completely mixed in the entire volume ex-
hausted by the Standby Gas Treatment System (SGTS). No

credit is taken for shielding afforded by equipment resident

in the refueling volume.

5.7 Shine Through the Drywell Wall into the Reactor Building

Gamma shine throucs the drywell wall into the reactor building
from airborne noble gases and halogens is estimated by modeling
the drywell bulb as a spherical source region surrounded by a
oncrete shell. The sphere radius is taken to be the interior
radius of the drywell bulb, 33', and the shell thickness is
taken to be the minimum drywell wall thickness, 6'. No credit
is taken for source attenuation due to structures within the
drywell. Doses are calculated at a point 1' outside the
concrete shield wall.

5.8 Dose from Halogens and Particulates Trapped on the SGTS
Filter

To calculate the gamma shine dose from halogens and particulates
trapped on the charcoal filter in the Standby Gas Treatment
System (SGTS), it is a.sumed that all radionuclides captured

in the SGTS are deposi.ed uniformly throughout the charcoal
mass. In ISOSHLD the charcoal is modeled as a rectangular
prism filled with a matrix of carbon and source nuclides.

e —— —
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No credit is taken for shielding afforded by casing materials
surrcunding the filter region. It is-also conservatively
assumed that nuclides leak.ng from the drywell are immediately
exhausted through the SGTS without mixing in the reactor
building free volume.

5.9 Shine from SGTS Filter Throv-h 5' Thick Shield Wall

The shine dose through the concrete wall that surrounds the
SGTS filter trains is calculated using the same model used

to determine the dose from ur.shielded SGTS filters. The only
differences are that a 5' thick ordinary concrete wall is
placed seven feet from the center of the filter and that dose
points are located outside the wall.

5.10 Doses from Unshielded Pipes Containing Halogens and
Fission Solids

Gamma shine doses from unshielded pipes containing halogen and
fission solid radionuclides that have been mixed with the pri-
mary coolant and suppression pool waters are calculated using

a simple, water filled cylinder geometry. Pipe wall thicknesses
are based on Schedule 40 pipe specifications, while the pipe
length is arbitrarily taken to be 15'. Nominal pipe diameters
ranging from 4" to 24" are examined with dose points positioned
from 1 inch to 50' away from the pipe.

5.11 Shine from 16" Pipe Through 1.5' Thick Wall

Gamma shine doses from a 16" Schedule 40 pipe that is shielded
by a 1.5' thick ordinary concrete wall are calculated using
the same ISOSHLD models used for the unshielded pipe cases
described previously. The only differences are that a 1.5°'
thick shield is placed 3.5' from the center of the pipe and
that dose points are placed outside the shield wall.

5.12 Plume Immersion Dose from SGTS Releases

To calculate an immersion dose from the radionuclides released
from the SGTS vent, the source nuclides are assumed to be
uniformly distributed in a large, finite cylindrical volume
adjacent to the wall of the reactor building. The volumetric
source strength is determined by the SGTS release rate and a
simple x/Q based on building wake mixing. The radius of the
cylinder is related to the reactor building cross section
area, while its length is taken to be six times the distance
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from the reactor building wall to the dose voint, i.e., 6x50'=300".
No credit is taken for mixing in the reactor building prior to
release through the SGTS. -

5.13 Shine Doses from Refuleing Floor Volume to Txterior Points

1f complete mixing in the reactor building free volume is
assuwned, the airborne noble gases and halogens contained in

the vclume above the refueling floor will contribute to the
expcsure doses received by egquipment located outside the
reactor building. To account for this source, the volume above
the refueling floor is modeled as a rectangular prism. An
exterior dose point is conservatively assumed to be located on
the same elevation as the center of the refueling floor volume.
No credit is taken for shielding afforded by the wall of the
reactor building above the refueling floor ele'ation. Dose
points are positioned at 10 to 500 feet from tie wall of the
reactor building to assess the impact of this snurce at various
distances from the building.

5.14 Doses to the Internal Components of the Hydrogen
Recombiner

The internal components of the recombiner are exposed to the
undiluted drywell airborne source of noble gas and halogen
nuclides. To estimate the dose to these components, the free
volume within the recombiner heater box is conservatively
modeled as an equivalent cylindrical source. This geometry
ignores the actual piping layout in the heater box and
neglects the dose contribution from the air filled piping
outside the heater box. The radionuclide source concentra-
tion in the cylinder is assured tc Lc tne same as the airborne
concentration in the drywell.

$5.15 Shine Doses from the Hydrogen Recombiners

To estimate the dose at points away from the hydrogen re-
combiners from airborne noble gases and halogens passing
through the device, the free volume in the recombiner heater
box ic modeled as a sphere source surrounded by an iron
shell. The shell accounts for the metal casing and the pipe
walls that define the actual air flow path through the
recombiner. The contribution to the shine dose from piping
located outside the heater box is accounted for by scaling
the source strength such that the total activity in the
sphere is equal to the total activity in all the source
volume associated with the recombiner piping. Integrated
doses are calculated at po.nts 15" to 50' away from the
sphere center.

Lo dusc o e b g
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5.16 External ““ine Dose to the Control Room Ventilation
Equipment A. ea S

-

The external shine 2nse to the control room ventilation equip-
ment arca comes from airborne noble gas and halogen radio-
nuclides in the reacto>r building. Shine from nuclides in

the reactor building below the refueling flcor level must pass
through the 1'8" thick reactor building wall before ontering
the equipment area, while nuclides above the refueling floor -
are only attenuated by the 4" thick roof slab over the
equipment area. For the purposes of this calculation the
shine through the reactor building wall is ignored. The

shine through the root is modeled as a slab abutted to the
reactor building wall above the refueling floor level with
dose points located from 3' <O 50' beyond the shield wall.

5.17 Dose at a Point Outside the Torus Liner from Airborne
and Liguid Sources ir the Torus

Exposure doses to points outside the torus liner come from
airborne noble gases in the torus and from halogens and
fission solids mixed in the torus water. Since the gaseous
and liquid phases in the torus occupy approximately equal
volumes, doses outside the torus are calculated by treating
each phase separately. while crnservatively taking the net
dose to be the sum of the cont ibutions from each phase.
The dose fror. the airborne nu .ides is determined by modeling
half the torus air volume as a long, rectangular prism
source. An infinite slab model is used for the liquid dose
calculation pecause of the short mean free path iIor gammas

in water. 1In both cases a thin iron shield is used to _
account for atteraation afforded by the torus liner. The
dose point is one inch outside the torus liner.

5.18 Doses from 4" Diameter Hydrogen Recombiner Pipe
Contuining Drywell Air

The gamma shire dose from an unchielded 4" diameter pipe
containing drywell air is calculated using a simple, air
filled cylinder geometry. The pipe wall thickness is based
on schedule 40 pipe specifications, while the length iu
arbitrarily taken to be 15'. Dose points are positioned from
1 inch to 50 feet away from the pipe.




c}

s
LA i

The Shine
based uj

concrete s
than 1«'"‘" X

shielded Pipes i L

e —————————————————

Doses

section

generate
lame*er

for pipes
lations bas

by obtaini

shown (usually

These doses e | tt in > same way
sources excep . . jraph was
This graph . igure 4.




10~

-

4

<

(ol 2

€

re

S 111
49U

e

C

in
lai

mi

L4

§ Lig

P B ¢

desi

ta

-
2

Po

v
n
Q

4l

Tk

cont

1
1
i

coulc

Arra

&

eraid

ne¢

» 7

Ge

[
e
Q
K

To
ar

"
-
m

Q

s )
e

value.

 ©

do:

as the

3~
=1

€

1\ r

i

If there are

~F 3y
4

Radioa

-

- 2~
A 10c¢

Y
i

-
'

~

Ses



References

1)

2)

3)

4)

5)

Pichurski, D. J. "RUNT-II A Computer Program for
Determining Time Intecrated Doses," S&L Program
Number RAC 09.8.034-2,20, December 1979

General Eleactric (GE) Letter *o BWR Owner's Group,
"Radiaticr Source Term Information for NUREG-0578
Implementation," November 1979

Regulatory Guide 1.7, "Control of Combustible Gas
Con-entrations.in Containment Following a Loss-of=-
Coolant Accident," Revision 2, Novemker 1978

Pichurski, D. J. "ISOSHLD A Computer Program for General
Purpose 1sotope Shielding Analysis; S&L Program Number
15009.8.029~-2.70", January 1981

Enrico Fermi-2 Final Safety Analysis Report (EF-2 FSAR)



SGTS Refueling Floor

Drywell

L)
Torus & (Primary
Suppression Containment )
Pool

Reactor Building

Barrier 1 Filter 1
Source
Primary L gg:::?:;Znt L i?iier
Containment 2
—
100%/
day
100% Noble —
25% Halogen
0% JOther

Figure 1 Airborne Source Dispersion Model

[ 3= B




0% Noble
25% Halngen
0% OthLear

Eguilibrium Plate Out
Core to
Sources 7
Drywell
Surface

0% Noble
50% Halogen
1% Other

Liquid Sources

Primary Coolant plus
Suppression Pool Water

Figure 2 Plate Out and Liquid Sources

R N P R S TR T T e il . " i bt il T e .



46 6210
43

;)-lf_hnﬁp

o Camma Mc (Fe s

G

'
'
]

s v e ume®,

Tnf"Jrqf'b

SEMILOGARITHMIC § CYCLES X 70 DIVISIONS
NEUFFEL & ESSER €O wane ™ vt

f‘: K-E

(“) 3
"

o - .

Fermi-2 wi3Y 30 2-20

R

e

| -:__-_'7__::_‘______ ’Ft;;'er leve T-— 393¢C rinth : | i ;

Pp——

-
e

¥
- O -

TITITITEITY 4

————t

: - Pigure 3
_.:1

Foem

+

R~ = Ay S - o

Dose vs. Distance for Various Diameter Pipes
Containing Liquxd gources

. T  Za g 4 ™ -*14-.-7 L B S N Ao T T Y : OB
Bty : B s s : " 4 A
o Aot ~——J—-——-*~- D ’ '
; 7 = - ';'.:'_.wl_"f". ';“<
e EE et e -::.-——l=~f'ix_-:—?:,ig>_~3:4.
e e e — W g ?:‘._:._‘: L R i S e - " -
At TMo»/r.‘/ THTECRATED CAMMADOSES FA’GI‘I SCHED// E qc Firt

1
- ——
]

*3—"71_],1 ‘757'2—_'.{&9- f:_",!l.;ﬂ[' ..._i

SUSENSIUN TSR

- —— :——--_.1-_““--0 - o

- fren-Velume = L2328 x/o- fl-_._.

N _-..:..—-——~--—~-—~0'/k e e e A B

il RIS T L p,',.c--tu:,u.;q;__‘

e -y

REPUNRSESEN D SR SHREN--————————

sl

—-

s rprumeBo

e e e P
TR A———
b ———
b —

e iy s~ e+ S——-— e

| SR SIS
3 -

v A s

)&

e . e

e < s |

\ Awt—— -
g S ¥ h.d i
e - . .
£ s i 3

T

28 Distance IO S04y P.pe?® t'cdu/"’o 5i)



Clwewo W

-
y Y

YEA M MYE OO0 3653 ¥ Vua0M ox
10 W X B83T00A0 § 2l iEdYy20TINnGS




’

Lie

2-40

)

e

ﬂ;d..ur' ..o J2A Degtri] e

q{o

¢rz9-30

e

.

Fecrir=2>

‘ '¢7

. . T TR T TP T
T T T | CFERET T R R R HE
) vy ! 1 |
il RN W B N R : AMH RN
it A _ A o Bl { it T b
It W 2 . 11 _._ 1 & e U ¢ kBt ik 1Y | Sk
i | i il i
o gl 2 | TEE i { i ; ¥ ,..;
. ] < ' m. _ T L — i
Z sl S LERRRE NS B A IR SRR
0 gp N M (PR i1 _ T | i . T
& HETE i HAARIHERE TN i
r ..: < | | ., | i ' 4 ".D. | it ._
o L IR o m “ U 48 . atslad o g
= | M:ﬁmﬂ “ | | 11 | ‘x mw.u. Sl g
sl _ Sh T SRR S : il e
£ ,_”;.,.N_w,m a8 _ | H I il N { e U I
5 e - ¥ FH I N 0 O 0 O I HE .g-i ’ :
o Al § , i i 14k VIR apd
14 | W & L
. Hiti = H | , M1 L i R
" "y __” * - b | i1 {1 \ ] ﬁ, !
m 3 It T A B By i1 L et LAY HL Lt H teit
o ._. :.:qf 8 “ | LA .w_ ! | v Lo e g
M S U IR | i i & Oy B v /1! oy, _” A5k
’ e [Tl I o e I TR <l e LA B e i v - " g g T
= e IR SO il AR A EE R
i i (1 Y 3 ! 0 R : i NISAE NS et 1
- TS _ | : gl 1 o BRI
i i T T ' Gl WSl e R R R L ER A B SRR TR Y imn
H o g R Ll . AL BRRK i 11 g i1 AL
- b AR ENIN A AW R R ARG A T SRR D Rk 20 LTH AR RS SR ot s Bt AL
s 8 I et - R L I mTTF B o A i BN .;_ RZa IR L b g
D@ LT w i N e HIH R Gt NI RR RS " A A b
, 8 ‘ Uil i1} &= Pl HIHE X 88 B o L 1 e T _\.. ti 1 : hefetid “
IR i BT B SRR BRI I . B DR ML e 11 it Pl _ Sep i
Y D .mo'. .“4“%H‘P ] — *e A... ﬁ,o m .0L _ .,Jz,.:.ﬁ* - N i _*ﬂ. Ageist olnr - N e . xr.‘ ‘4‘*'.‘1.‘;
m ) { _.h. .ﬂ _ ,_.....v ”M ] . | 1 w —;. .:_ ﬁ _ " . ' el M~"_ . . ] ..“.. UH.W
12 KN IR il *J;r.__m Lot g VA I I O A
3 s A 04 I A it A A0 P8 8 A A LLLS DR R R 07 8 B T AN A R4 R L H
- 3 nH a:w# AR R KR L ERERIHEH ;“\r\f REREE I B RINE I
. a R R ULt PR o L ¥ S H
B w iad D O R ! il ::M_ M ! RR iR B A 4 _ 1
n RS RER AR I i MR, L)t LT ” gt i
S S o, S ., N . S - N IS LanRs T ¥e N N BE I — - N BT T A S s v S
o TR T g B ERR AR R R TR H
1 9 ST LEERR RS R A 1 I am _ i R *"_, 44 1 L
- | ;. i | | *_ | e i ._ ! il i * i
v nﬂu.. b _ﬂw. k' 4iEEER m, : : B LB iu.,.i\ﬁ.. : M.‘. - - - —
i3 AR IR | _ T i s 1
2 SRR BURE xR Rt L
- R L L o ol B T O[PSR SRR oo . o foreebad ey . v -t 4
H “,m,__, ..,_. ~ . H } w .,‘ ~ ) S SERE R .h? ' i >»
B AR SRR, CEn s 3
A A EELL PSR O e o i Y R 8 I § fiil]] ! 8 o 8
= ‘. Lr vrt»bm ﬂ,r u‘ M%LW -l - : sarns - .m i« ! rvﬁ IMrJ»JW. 111, e 4
TR P RN f“:__. . Widdids & & o s atinbofenti B <
SRR " | dm:"”"" " i WAEN S A v m o~ [
11 | | DESr S w v = B - 25301 Ywin v \&x!— v&&.H
can w - - \Qv * Wimies 03 uaSS) @ iasnan o0 o ’
L) o129 9v () SNOIBIAIG & X 631343 § JiRL YOOI INES _ C




orn=

k.

™y i . Wt N i o 10T I
- 0 T I ,.Jz.ﬂ. A8 L | _.J_J__ﬂ_.ﬂ Ts 4 .1— _‘ .“__"L T“
| AR ' ! 0 : ) A it
FHEE At TH N ML % _ _ e o .“M“ _._L ‘
¢ I S B Gl AT A 8 At L A ol ikt ] B R
* R ool _i ' u vy : . . _ - _ ' 0 B m:" m__
' ~ I (4 L B et gt { . | i
' \ m._ : | e 811 L 1 5 “ = : 5 W] 1S . -.-;J.ld .ﬂuj, [
LB | | iRl
R {RITHIE g I B ERE( . _ A W LY
LR S L | i iy
] A & Aot L a8 i i i WL_ il 3
8 HHH=E ] e | il | A 2
SRR IR | il L it it R
G | L H : T PR
[T bt b1 ot 1 ek e .TM s
(7)) e L a8 O &4 S ol i1t = e UM AT RR R B e
m _ F T ,: % | A _ | ! 5 i A—_ ! H N aiillssalonda - ..‘oﬂu _ml«ﬂ "
¥ skt HLEE R . TEEELL Y . b I b N
Wl 3 o a1 LR AR A YA | | il I
" Ebababinlil 8 S EIRS gt oty f | ' HES .
[*} ! P B L —p ' AR R Sdiul i/ s ! . 4+ - =
& L B | Ll _ asadus : T X
- H“.“ 1 ~ ol 11 -il:;ﬂ.l. _ \ * ; ".« O
o |1 _ et o AER N ¥ | | R Q it w
o .“ R 0 i A L i \ + S TR s : ;T N
A S S g A T AR . | RHEE i
2 RS T // 1R R A S EA
a S R E N R e | AR =
[ | “,, . B S fon mad gn M s o 1 ' . v T
. . _ ﬂM “ “ 4\\\,“_m * _wu_a hm
{ " P i
u ! ﬁu 1! Lf T8 % i anr - ﬁxln., I
o 1 absl bbb - N Ba s 1 1 j .o. : “ | | n.J ' rie
it 11 e 2Tk w of i _ ol B I 1]
- . m _‘ ‘ H“m. i € i @ i { i _ i 5 .___p mm . ..... ”
“ i I T AR gLt 5 e - e THY
o LRI SLTEEL i TR E S
o 1T TS IERTE AR IR D R 8 » ! 3 R
SR SRR IR LR RO O RE o 1 ) H iy R IR A A L1
o | f ! ;%W il o b ~ MR ) T Hil L f
O ER vt TR AR MR ol Pl BB Ly
1l _.Tw.m._ ‘ AR | _ 4. .m... . " i _ .L , {1 , _ \;.‘ \.“ ' |, k. -9
‘ ¢_ “ . _ I 4! ! _ o am g rjv«lu %) ..‘,“IA 0¢'_1 “‘.A - H - t _h: _F .”. i .“_ i _b“ { .I.w. lgvﬂ I., ‘.14. _ i | w \ * ~..\ H ‘ .k
| | et e L ‘ = HERED ”._;: _ _ Pt L , 3
: et Rt AR AR R B IR R TR e 3
_ “ M.A_ wﬁ.q _ . ”_*h m w...lﬂ.. _.m,. ..“.u o«.- WF;. m._ o4 ﬁ*._ vA .‘41. .“gﬁ:_ <|~.\... w. "_Hn .
fr N W—— x.Jto?.--fr,?YA.o- v. B Tiﬂfw‘“’qm'_ il “ ~_h .,._ s _“:.‘4 4 B | MH.L_ - g b bt »0,». ”‘
1 ﬁ : RN e Pt LARN i - :: - 0 M,. m.? -
-t S oo 1110 17903 D ow'R a_.i_l Eh L iy .i _ :,.« LR ] & ! A0 cibiiii S
AR ERE N A AR R AT ARG SRR R LIRR AR T T WgeaRer v & & wg
SRR ; 2T R AR . SRR m J Poren e o« »
2483 % ' ' i Flosnr o ¢ « = ~ -
SRR i witsed s} 3 ! Qeen e vcghteh.
A N e e

T vMA N WYA 0D MIESE W VRasNaw w.x - .

C 0128 v ) SNOISIAIG & X S3IIAD § DiAHLINVED T IASS (L X &




Table 1

Volum;
(ft3)
1.0+406*
5.0405
2.5405
1.0405
5.0404
1.0404
5.0403

*Read

Airborne Gamma Doses versus Room Volume

1.0x10

6

Gamma Dose
(Rad)

6.2404
5.0+04
4.0404
3.0+04
2.3404
1.4404
1.1+404

t of Refueling
Room Volume

100
50
25
1c

5
1
1/2
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Power Level

Burnup

Conversion Ratio
PU239/U235 Fissions
U-235 ABS. XSECTION
Source Code

Water Density

Steam Flow

Core Coolant Flow

Steam Pressure

Core Ave. Thermal Flux

SOURCE RELEASE
Drywell

Airborne Nobles

Airborne Halogens
Airborne Others

Plated Out Halogens

DETROIT EDISON COMPANY, FERMI-2

PROJECT NO. 6139-30

PARAMETERS AND ASSUMPTIONS FOR NUREG- 0588 ANALYSES

VALUE

3430 MWt
1095 days
.250

4 x 107
325 b
RIBD
0.74 g/ecc

1.416 x 10’ 1b/hr
1.0 x 10% 1b/he
1035 psia

2.9 x 103

2

1002
252
oz
252%

REFERENCES

FSAR p. 15B 6-37
Reference 2
Reference 2
Rererence 2
Reference 2
Reference 2

FSAR Fig. 4.3-1
FSAR p. 4.4-28
FSAR p. 4.4-28

NEDO-20948

Ref. 1
Ref. 1*

Ref. 1
Ref. 1*

* A non-mechanistic & conservative interpretation of NUREG-0588 guidance

May, 1981
Page 1 of 4

COMMENTS

For Source Developme:t
Full Power Operation

Normal Operation
Normal Operation
Normal Opératidn

Diluted in the
drywell plus
wetwell free air
volume

Distributed over
the surface area
of the Drywell
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Item
Wetwell

Airborne Nobles

Alrborne Halogens

Airborne Others 4 74 Ref. 16 6
Waterborne Nobles 0% Ref. 1 Diluted in the RPV
Vaterborne Halogens ret. 1 G M-ty pi
Waterborne Others 12 Ref. 1 the systems drawing

N from the suppression

pool

Airborne Source Mitigation N
Suppression Pool Air Volume 130,900 ft3 ~ FSAR p.6.2-4
Drywell Free Air Volume 163,730 fe> FSAR Tbl. 6.2-1
Total Primary Air Dilution Volume 294,630 ft3 From above
Primary Containment Leak Rate 0.5%/day FSAR p. 15B.6-37 & Ref. 6
Secondary Containment Free Volume 2,800,000 ft3 FSAR p. 6.2-106 T . .
Refueling Floor Volume 995,600 ftJ Ref. 3 =y 3
Drywell Plate-Out Area 41,280 ftz FSAR Tbl. 6.2-8

STANDBY CAS TREATMENT SYSTEM

May, 1°°3%

oy Page 2 of & s
PARAMETERS AND ASSUMPTIONS FOR THE NUREG-Q§§8 ANALYSIS (Cont'd)
Value Reference Comments
1002 Ref. 1 "~ Diluted in the dry-
0x Ref. 1 well plus wetwell

free air volume

SGTS Flow Rate

SGTS Filter Efficiencies
SGTS Filter Efficiencles
SGTS Charcoal Weight
SCTS Charcoal Volume
SCGTS Charcoal Bed Depth

100%/day FSAR p. 158.6-37 ...0of secondary con-
99% lodines FSAR p. 15B.6-37 tainment volume

99% Particulates FSAR p. 15B8.6-37

3600 1b FSAR Tbl. 6.2-11

140 fe2 FSAR Tbl. 6.2-11

6" FSAR Tblo 6. 2-11



PARAMETERS AND ASSUMPTIONS FOR THE

Item

Waterborne Source Mitigation

Reactor Coolant Liquid Volume
Suppressicn Pool Water Volume

Total Liquid Source Dilution Volume

Plume Immersion

x/Q

Hydrogen Recombiner

Free Air Volume

Systems Assumed to be Contaminated

Value
11,390 ft°

117,450 £t3
128,840 ft3

4.37x10"% sec/m’

11,800 in°

NUREG-0588 ANALYSIS (Cont'd)

Reference

FSAR Tbl. 6.2-1
FSAR p. 6.2-4

From above

Ref. 3

Ref. 3

Reactor Pressure Boundary to the Secund Isolation Valves (Primary L.quid)

Drywell (Primary gases)
Wetwell (Torus Water & gases)

HPCI (Torus Water and Containment Atmosphere on Turbine Side)

CSS (Torus Water)
RHR/LPCI (Reactor Liquid)

RCIC (Torus Water and Containment Atmosphere on Turbine Side)
CRD System (Torus Water) - Scram discharge header & holdup pipe

Hydrogen Recombiner (Primary Containment Atmosphere)

May, 1981
Page 3 of &

Ccmmengg

Secondary Containment Atmosphere (Primary Containment Leakage & Evolution from ESF Equipment Leakage)
Secondary Containment Drains & Sumps (ESF Equipment Leakage)

SGTS (Secondary Containment Atnosphere)

Primary Sample Systems (Reactor lliquid . gases)

Torus Water Management System (Torus Water)



May, 1981 .

Page 4 of &
PARAMETERS AND ASSUMPTIONS FOR THE NUREG-0588 ANALYSIS (Cont'd)

ISOLATION

All non ESF paths are aasumed to be isolated with respect to the primary containment at the second
isolation valve.

Other than SGTS & sampling, all paths out of the reactor btuilding are assumed to be isolated.
Isolation valve leakage will be ignored.
RWCU is isolated post-LOCA.
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