70 DAC:ADM:

CENTRAL FILE
POR: .

=TiC
12015 East 46th Avenue, Suite 440; Denver, CO ysIC

\\ Public Service Company % Ccl oR

STATE
October 3, 1980
Fort St. Vrain
Unit No. 1
P-80350 SO = 2_6 7

T
Mr. Karl V. Seyfrit, Dicector

Nuclear Regulatory Commission

Region IV

Office of Inspection and Enforcement
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Arlington, Texas 76012

Subject: Environmental Qualification
of Class 1E Equipment

Reference: IE Bulletin 79-018B
NRC August 29, 1980 Order

(G-80144)
Dear Mr. Seyfrit:

The following is Public Service Company of Colorado’s (PSC) response to the
NRC's August 29, 1980 order concerning Environmental Qualification of
electrical equipment for the Fort St. Vrain Nuclear Generating Station as
originally requested in [&E Bulletin 79-018:

Summary of Previous Submittals:

PSC has previously submitted letters in response to I[&E Bulletin 79-01B on
March 18, 1980 (P-80051), Apiil 11, 1980 (P-80078) and April 18, 1980 (P-
80090). The information contained in these letters is summarized below:

P-80051 - March 18, 1980

1. Discussion of steam line accidents including report entitled "Environmental

Temperatures in the vicinity of the rupture point of steam lines for
Fort St. Vrain Equipment Qualification," (Attachmen® "D" to P-80051)

| ]

Discussion of plant equipment numbering (Attachment “8" to P-80051) and
computer programming similar to enclosure 2 (master list and generic
items) [E-79-01B, (Attachment "A" to P-80051)

3. Discussion of areas not applicable to an HTGR, including radiological
details of DBA #1. (Attachment C to P-30051)

THIS DOCUMENT CONTAINS
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P-80078 - April 11, 1980

1. Summary of items from March 18, 1980 submittal that were previously
accepted by the NRC. (i.e. Attachments C and D to P-80051)

2. Undated submittals (Master List, Generic I[tems, Attachment "A" to P-
80078, and Component Evaluation Work Sheets (enclosure #3 to P-80078)
P-80090 - April 18, 1980

1. Updated versions of Master List and Generic [tems  Attachment "A" to P-
80090) and Component Evaluation Work Sheets (Enclosure 3 to P-80090)

2. Finalization of Emergency Procedures Review

3. Commitment for additional testing for "clean up" of Environmental
Records (Generic I[tems)

4. Clari;ication of Component Evaluation Work Sheets (Attachment 8 Lo P-
80090

No written response has been received from the NRC concerning the submittals,
but per our verbal communications with Mr. Dan McDonald of [&E, it has been
suggested that they are acceptable.

The above listed correspondence covered PSC's position on all areas of IE-
79-01B with the exception of long term Aging.

CURRENT STATUS of PREVIOUS COMMITMENTS and SUBMITTALS:

Qualification Record System

PSC is in the middle of the turnover of all Fort St. Vrain Design Documents
and Records from General Atomic. This places us in a handicapped position
as far as auditing the environmental records and finalizing “clean up" work.
The final documents and computer tapes will be received from GA during the
month of October 1980 at which time the record review will continue. The
review and update of the records should be complete by January 15, 1981.

Qualification Testing

PSC committed April 18, 1980 to the testing of minor Generic Items, (previously
tested, but not fully documented) for purposes of Qualification Record
“clean up."

The testing process for these items is in progress and should be compiete by
January 15, 1981.
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larification of Component Worksheets (Attachment "B" to

April 18, 1980

Field

submitt

nspe ) provided additional clarification to our previous
al ' essitated its revision and updating.

This information is included as Attachment "E" to this letter and replaces
Attachment “B" to P-80090 in its entirety.

OPEN ITEMS:
General

As we have previously indicated, many areas of concern listed in [E-79-01B

do not apply to the Fort St. Vrain HTGR. The design concept, normal and
accident conditions experienced are completely different from that of a

light water reactor. These differences often negate - or set aside many of
the requirements set forth in the DOR's "Guidelines for Evaluating Environmental
Jualification of Class 1lE Electrical Equipment in Operating Reactor's and
NUREG-0588, "Irterim Staff Position on Environmental Qualification of Safety-
Related Electrical Equipment" documents obviously aimed at 1ight water
reactor facilities. It is imperative that our response to [E-79-01B be
evaluated with these specific design, operating, safety and environmental
differences in mind.

PSC has always had to essentially develop our own criteria utilizing the
light water reactor criteria set forth by various Nuclear Regulatory Commission
documents. The specific differences in concept and thus regulatory requirements
nave been recognized by the NRC in the past and accepted when an adequate

DAS1S was presented.

Replacement Parts

As previously discussed, the 1974 Industry Standard presented in NUREG-0588
1s based on Light Water Reactor Technology. PSC believes there are "sound
reasons to the contrary" for requiring replacement parts for FSV to be
purchased to the requirements of this document. Purchasing of spare parts
nust be made in accordance with rements consistent with criteria established
iuring the censing of the plar

Agqing
The only op item remaining to be addressed from
)f Aging.
1iscussed with Mr. Dan McDonald at the regional
vas concluded that radiation aging was definitely
1in. However, Thermal Aging was thought to
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PSC has been pursuing a dual path concerning thermal aging. That is, manufacturers
have been contacted regarding thermal aging information on their equipment

and we have been evaluating the necessity for aging qualification of any

equipment on the basis of plant design and conditions.

At this time, PSC has concluded its engineering evaluation as outlined in
[E-79-018, and has concluded that adequate basis exists to justify taking

exception to the necessity for requiring full aging qualification records on
Class 1E electrical items as outlined in [E-79-01B for FSV.

The basis for the above follows and discusses plant design features, habitability,
manual operations capability, on line safety systems and conclusions:

BASIS

Plant Design Features:

As discussed in the facility FSAR, two basic modes of core cooling are
available at Fort St. Vrain. These are forced circulation cooling and
prestressed concrete reactor vessel (PCRV) liner cooling. There are, in
addition, various redundant means for applying each of these basic cooling
modes.

A) Force Circulation Cooling

The normal cooling system for Fort St. Vrain Unit 1 with the reactor at

power is shown in bold lines in Figure 1. Starting at the condenser, four
condensate pumps supply water through the low-pressure heaters to the three
boiler feed pumps (two driven by steam tu~bines and one driven by an electric
motor). After leaving the boiler feed pumps and passing through the high-
pressure heaters, the feedwater line divides into two headers - one serving
each of the two secondary cooling loops. Feedwater then passes through the
economizer, evaporator, and superheater (EES) of the steam gecnerators,
emerging as steam. The main steam headers from each loop combine into a

main steam header which delivers steam to the high-pressure turbine. The
steam leaving the high-pressure turbine enters the cold reneat header which
subsequently divides into two 50% headers, each of which provides motive
power to the two helium circulators serving each loop. After passing through
the circulators, the cold reheat steam enters the reheater serving that loop
and exits as hot reheat steam via a loop hot reheat header. The two hot
reheat headers join and supply steam to the IP and LP stages of the turbine,
finally being condensed in the condenser. There are, of course, the usual
extraction and bypass lines as shown in Figure 1.

Ouring Tow power or decay heat level operation of the reactor with the
turbine generator out of service, the superheater discharge flow is directed
to the By-Pass Flash Tank which is provided with the appropriate steam and
water outlets.
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B) Backup Cooling With Forced Helium Circulation

The Fort St. Vrain plant design does not incorporate a separate system

reserved solely for emergency cooling. Instead, the reactor cooling system
ncrmally in operation, as described above, has been enhanced by the addition

of features required for an emergency cooling function. These features
include two independent drives on a common shaft for each circulator, two
separate heat transfer sections in each steam generator, two helium circulators
in each loop, multiple cooling water supplies, and multiple power sources.

No credible failure can prevent adequate core cooling. The controls for the
operation of forced circulation emergency cooling meet the intent of [EEE-

279.

Decay heat removal requires operation of only one circulator within the
primary coolant system to transfer heat from the core to a steam generator.
Only one heat transfer section within one steam generator must remain in
operation, and an adequate supply of cooling water to the steam generator
must be provided. Adequate cooling is ensured by the provision of suitable
redundancy in each portion of the heat removal systems. The supply of
cooling water to the steam generator may come from the feedwater, condensate
or firewater systems.

Four helium circulators are installed in the primary coolant system, and all
four are normally in operation. Each circulator has two independent sources

of power: the steam-turbine drive which is normally used, and an auxiliary
water-turbine drive. Steam is normally supplied from the steam generator
through the flash tank or from one or both of the auxiliary boilers. Water

for the pelton turbines may be supplied from the feedwater, condensate or
firewater systems. Each primary coolant loop is equisped with a circulator
auxiliary system which has sufficient redundant capacity to ensure a supply

of lubricating water for the bearings at all times. Operation of one circulator
with either its steam turbine drive or with its water turbine drive is

adequate for afterheat removal after a scram from full load with an equilibrium
fission product inventory.

The steam generator, located in each of the two primary coolant loops,
contains an economizer-evaporator-superheater section and a reheater section.
Either econimizer-evaporator-superheater section has sufficient heat transfer
surface for afterheat removal immediately after a scram from full load.
Either reheater also has sufficient heat transfer surface, when flooded with
water, to remove afterheat from the reactor following a scram from full

load.

A continuous supply of feedwater to the steam generators is ensured by the
provision of an emergency feedwater line and an emergency condensate line as
backups for the main lines and by provisions of three feedwater pumps, two
driven by steam turbines and one by electric motor, and by four motor-driven
condensate pumps. [n addition, the fire water pumps, can deliver water
directly to the feedwater system. The fire water pumps, one driven by a
gasoline engine and the other by an electric motor, draw their supply of 6
water from on-site storage ponds which have a capacity in excess of 22 x 10
gallons.
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A summary of the redundant means for providing forced circulation cooling of
the core is given in Table 1. As can be seen, either of the two loops can
be used to cool the core and either of two circulators can be used in each
loop. In addition, there are five sources of cooling water to the EES
section of each steam generator and five sources of motive power to either
of the circulators. While not all of the cool ing modes have equal heat
removal capacity, all of the modes are capable of safely cooling the core as
discussed in the FSAR, “action 14.1.

C) Cooling With Complete Loss of Forced Circulation (LOFC)

In addition to the highly reduncant cooling modes described in the preceding
section, and in the highly unlikely event of their complete failure, the
core may also be cooled solely by operation of one of the two loops of the
PCRV liner cooling system as described in the FSAR, Section 9.7. Although
this mode of cooling would result in extensive fuel damage, the depressurization
of the PCRV to an internal pressure of one atmosphere, which is performed as
part of this mode of cooling, prevents the release of fission products even
with subsequent failure of PCRY liner integritv. The analysis of this mode
of cooling is extensively described in Appendix D to the FSAR. The analysis
presented in Appendix D also concludes that safe cocldown can be obtained
usiny this mode of cooling even if there is a total loss of all forms of
cooling for up to 30 hours following initiation of the incident.

[t is also to be noted that if any of the forced circulation cooling modes

are ivailable for core cooling after shutdown, the PCRV can sustain a complete
and permanent loss of liner cooling without producing a hazard to the public
(FSAR, Section 5.9.2).

[n either of the above cases, core and core support physical integrity has
not been jeopardized. Partial information from Appendix D of the FSAR is
included here, as Attachment F, for ease of reference.



Table

SUMMARY OF FORCED CIRCULATION COOLING REDUNDANCIES

Number of Cooling Loops
Number of Cooling Sections per Loop

Sources of Water to EES*

1. Normal Feedwater

2. Feedwater via Emergency Feedwater
Line

3. Condensate via Emergency Condensate
Line

4. Firewater via Emergency Feedwater
Line

5. Firewater via Emergency Condensate

Sources of Water to Reheater

1. Condensate via Emergency Condensate
Line

2. Firewater via Emergency Condensate
Line

Number of Circulators Per Loop

Sources of Motive Power to Circulators

1. Cold Reheat Steam
2. Auxiliary Boiler Steam

3. Feedwater via Emergency Feedwater
Line

4. Condensate via Emergency Condensate
Line

5. Firewater via tmergency Feedwater
Line

6. Firewater via Emergency Condensate
Line

*tconomizer-Evaporator-Superheater

**2 Steam Driven, 1 Electric Motor-Driven

2
2 (EES* & Reheater)

(Each Loog)

(3 FW Pumps)**
(3 FW Pumps)**

(4 Condendate Pumps)
(2 Fire Pumps)***

(2 Fire Pumps)*+**

(Each Loog)

(4 Condensate Pumps)
(2 Fire Pumps)***

2
(Each Circulator)

(2 Auxiliary Boilers)
(3 FW Fumps)**

(4 Condensate Pumps)

(2 Fire Pumps)***

(2 Fire Puinps)***

***] Diesel Engine Driven, 1 Electric Motor-Driven

OPL = Qutside of Plant
TB2 = Turbine Building HELB Environment
RX2 = Reactor Building HELB Environment

Location
TB2
TB2

82

OPL

oPL

Location

T82

OPL

rocation

RX2 & TB2
182

TB2

OPL

oPL
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Habitability:

The Fort St. Vrain station does not utilize a conventional form of
Reactor containment.

Since conventional containment 2nd Light Water Reactor Safety Systems do
not exist at Fort St. Vrain, many of the environmental areas of concern
outlined in IE-79-01B do not apply. These areas were discussad in our
March 18, 1980 letter P-80051.

For convenience of reference, similar discussions will be repeated here.

"Areas not A licable to an HTGR

Pressure:

The FSV HTGR does not have a containment buiiding, therefore, there is
no storage of blowdown steam or primary coolant and thus no ambient
pressure buildup.

The reactor and turbine buildings are both vented. Therefore, pressure
transients resulting from a high energy line break will be very localized
and short-term in nature.

Further details about steamline rupture analysis at FSV may be found in
Attachment D to P-77137, dated June 15, 1977.

Relative Humidity:

For the same reasons as discussed above, under the pressure heading,
Relative Humidity is not a problem at FSV after a high energy line
break.

Chemical Spray:

No chemical sprays are utilized at FSV for cooling.
Radiation:

There are no radiological concerns directly associated with a high
energy line break at FSV. That is, the process fluid (steam or feedwater)
is not contaminated.

To postulate a radiological incident DBA #1 "Permanent Loss of Forced
Circulation™ and DBA #2 "Rapid Depressurization/Blowdown" were considered.
OBA #1 provides the worst case radiological conditions, but the overall
radiological concerns are minimal.

Complete details of this accident may be found in Section 2.1.6.b of P-
79312 (Swart to Varga) dated December 1979, enclosed as Attachment C.
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In summary, the peak doses in the Reactor Building following DBA #1 are
as follows:

Peak Gamma 180 Day Accumulated
Location Dose Rate Time of Peak Dose (REM)
Reactor Building 1.4 R/hr 24 hours 400

[n conclusion, the reactor building will be accessible for short-term
operations following such an accident. The accumulated doses indicated
above would have no operational effect on the Reactor Building equipment.

Submergence

The nuclear reactor at Fort St. Vrain is cooled by gas and not water.
Normal shutdown of the reactor is accomplished by control rod insertion.
Emergency shutdown of the reactor is accomplished by pressurizing shutdown
hoppers that drop boron carbide balls into the reactor. Water is not
used for shutdown or emergency core spray of the reactor in an HTGR.
Venting ot the reactor cooling quench water and/or priniry coolant water
into the containment sump is not applicable for Fort St. Vrain."

Habitability Conclusions

Environmental condicions will not exist that will prohibit access to the
Reactor Building or other areas of the plant for extended periods of

time following a high energy line break (HELB) or the worst case radiolugical
accident, i.e., DBA #1.

MANUAL OPERATION CAPABILITY AND ACM:

A) Forced Circulation Cool ing

Twenty-six (26) different equipment combinations for forced circulacion
cooling are described in the procedures for safe shutdown cooling with
highly degraded conditions.

[t is not practical to go through each of these modes in great detail.

[t is important to note that multiple equipment items, located in different
areas of the plant are available for forced circulation cooling. The
sources are located as indicated:

T82 = Turbine Building HELB Environment
RX2 = Reactor Building HELB Environment
OPL = Qutside of Plant
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Steam Generator Motive Power Bearing Water
EES or Reheater to Circulators to Circrilators
TB2 TB2 TB2
OPL OPL RX2

More detaiied information is available from Table 1.

[t is highly unlikely that a HELB in the Reactor Building could interrupt
forced circulation cooling. Multiple flow paths that are physically
separated, by design, insure that vital services would not be disrupted.
To further insure continued operation, valves with "fail open" or "fail
as is" (normally open during plant operation) failure modes have been
incorporated in critical systems.

A detailed evaluation of the consequences of pipe failures outside of
the reactor building was previously requested by the NRC by a letter
dated December 18, 1972.

This evaluation was made and was included in the FSAR as Amendment 26.

The evaluation concluded that no single pipe failure outside the reactor
building is Tikely to disable the vital services [electrical cable

rou%ing, instrument air, and hydraulic power) needed for forced circulation
cool ing.

[t is concluded that a HELB incident in either the turbine or reactor
building would not prohibit forced circulation cooling.

8) PCRV Liner Cooling

Three options for PCRV Liner Cooling are described in the procedures for
safe shutdown cooling with highly degraded conditions

Option A - Service water cooling, using PCRV cooling water pump
Option B - Circulating water using PCRV cooling water pump
Option C - Firewater cooling direct to PCRV cooling tubes

Options B or C can be implemented with electrical equipment that is not
in the accident environment. See Table 2 for details:



TABLE 2

Summary of PCRV Liner Cooling Options

Flectrically Operated

Location Relative

oling Equipment Option to Accident Environment ACM Backup
Kequired A B8 C (HELB) Power ‘
PCRV Couling P-4601 Not in Accident
Water Pumps or X X Environment Yes
P-4601S =
P=3602 Not in Accident |
or X. K Environment Yes |
P-4602S
Circulating P-4101 Not in Accident
Water Makeup or Environment No |
Pumps P-4102 |
or |
P-4103 X
or
P-4104
Service Water P-4201 Not in Accident Yes
Pumps or Environment
P-4202 X Yes
or
P-4202S No
Service Water C-4201X Not in Accident
Cooling Tower or X Environment Yes
Fans C-4202X
Firewater Pumps P-4501 X Not in Accident Yes
P-4501S* Environment Diesel Driven
Service Water D [ii Accident Environment No
Return Pumps
Circulating Water X X X Not in Accident Yes
Makeup Pumps Environment
Domestic Water ) In Accident Environment No
Makeup
X = Essential
D = Desirable
* =

Diesel Driven
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A1l other operations required for PCRV liner cooling car be performed
manually.

It is concluded that a HELB incident in the reactor or turbine buildings
will not prohibit PCRV liner cooling.

SAFETY SYSTEMS ARE OPERATING SYSTEMS:

The Fort St. Vrain plant design does not include separate systems reserved
solely for emergency cooling. Instead, the normal reactor cooling

system has been enhanced by the addition of features required for the

emergency cooling function. These features include two independent

drives on a common shaft for each circulator, two separate heat transfer
sections in each steam generator, two helium circulators in each loop,
multiple cooling water supplies and multiple power sources.

The advantage of these provisions for emergency cooling over the usual
"emergency core cooling system" lies in the fact that all parts of the
system are continually, or frequently, operated in the course of normal
plant operations. This feature eliminates the question associated with
seldom or never used systems as to their ability to adequately perform
on demand when compared to a system or piece of equipment that operates
on a frequent basis. Maintenance is performed as reriired to insure
continued reliable operation.

The above feature applies to both equipment utilized for reactor core
forced circulation cooling and PCRV Tiner cooling.

Conclusions:

The Fort St. Vrain Station does not have a conventional containment
building or the types of safety systems utilized in Light Water Reactors.
Thus, Tong term Light Water Reactor environmental conditions are not
possible and the majority of the environmental concerns of [E-79-01B do
not apply.

Since the FSV HELB is short term in nature and radiological concerns are
minimal, access to any location within the station will be possible
shortly following any acciden* situation.

This access coupled with the time available to restore Forced Circulation
Cooling or PCRV Liner Cocling provides very desirable flexibility in
terms of manual overrides and maintenance (details are presented in the
following paragraphs):
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Redundant Forced Circulation Cooling equipment is physically located in
different areas of the plant to preclude failures from a single accident.
Further redundancy (flow paths and sources) exists within each redundant
loop. This physical separation alone will insure continued operation of
critical systems following an accident.

Additional assurance has been provided by valves that have manual overrides
and/or "designed failure modes" to insure that they will continue to
function following an accident.

[n the extremely unlikely event that the designed safety features should
fail, time is available to work on damaged equipment to make it functional
following an accident.

In the unlikely event that Forced Circulation Cooling is not restored,
PCRV Liner Cooling will protect the safety and health of the public.

The PCRV Liner Cooling System, 1ike the Forced Circulation Cooling has
redundancy and physical separatior design features that preclude failure
from a single accident.

As concluded in Amendment 26 of the FSAR "no single pipe failure outside
of the reactor building cou'd produce conditions wherein a single active
failure could disable the PCRV Liner Cooling System so as to prevent
safe reactor shutdown."

In the unlikely event that the normal PCRV Liner Cooling should fail
during an accident, an alternate cooling system is available with a
power source cabling and controls that are physically separate from the
normal emergency equipment. This equipment is located outside* of the
HELB environment.

*Cables for two depressurization system valves are in the Reactor Building
HELS environment. Manual operators outside of the HELB environment have
subsequently been added.

Because of the above reasons, the Fort St. Vrain Station has adequate
means of protecting the safety and health of the public, should "aged"
equipment fail during an HELB.

In conclusion, the ability of the thermally "aged" electrical equipment
to survive a HELB accident is not a credible concern at Fort St. Vrain
and no aging qualifications are deemed to be necessary.
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Summary of PSC Response to [5-79-01B:

To insure that sufficient information has been submitted to allow for
preparation of an SER, the topics itemized in the NRC Regional Meetings
will be covered here.

A.

Licensees Equipment Qualification Procedure and Quality Assurance

The validity of the Fort St. Vrain safety related lists and drawings

has been reviewed by both PSC and General Atomic Company several times

in the past 4 years. These reviews established the basis for the

Class I components included on the lists, the categorization of the
compon2nts based upon safety function and location and the existence,

nature and content of seismic and environmental qualification documentation.
These r2views were conducted on tagged components as well as subtier
(untagged) components by both, GAC Engineering and QA personnel and

PSC Engineering and QA personnel.

Reviews included seismic qualification of Class I components, environmental
qualification of Class [/Safe Shutdown components subject to exposure
during a postulated high energy line break and environmental qualification
of Class 1/Safe Shutdown components located in the 3-room control

complex (control room, auxiliary electric room, 480V room) subject to
exposure to a postulated loss of HVAC. These reviews have been documented
by numerous Field Change Notices, Change Notices, PSC & GAC correspondence
Inspection Reports, Corrective Action Requests, QA Deviation Reports

and the Seismic and Environmental Punch List and are available for

review and inspection at the plant site. These activities have been
reviewed with various NRC officials in the past, both at the Betheseda,
Maryland offices and at the site and have been found to be acceptable.

Identification of Safety Related Systems and Components

This information was submitted by PSC's March 18, 1980 letter P-80051.

See Page 2 of P-80951 under the heading “Partial Submittal" and Attachments
A and B.

Identification of Service Conditions for Each Environmental Zone

This information was submitted by PSC's March 18, 1980 letter P-30051.
See Page 1 of P-80051 under the heading "General" and Attachment 0.

Qualification Methods Utilized by Licensee

The qualification methods utilized were Qualification by Test, and
Qualification by Similarity to Tested Articles. These details are
present in the Environmental Qualification Records.
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E. Conditions for Which Equipment is Qualified

The latest revision of this information was supplied by PSC's April
18, 1980 letter P-80090.

See Enclosure 3 of P-80090.
F. Comparison with DOR Guideline or NUR-0588

Discussions of the non-applicability of the above were included in the
March 18, 1980 letter P-80051 and in this letter.

G. Conclusions
The equipment identified in IE-79-01B is qualified with criteria
consistent with the criteria for the Fort St. Vrain facility as established
in our response to [E-79-01B.

Per our letter of September 17, 1980 (P-80321 Request for Hearing), the
above completes PSC's response to IE Bulletin 79-018.

Very truly yours,

U/d’ K. Fuller, Vice President

Engineering and Planning
JKF/MEN:pa

Attachments



Attachment A

P80350
Page Al

2 Cuit? =dx ‘s =517 =Atn

Sen GUHIL? =AN un W td =g
AL U B B RN | seulte -7
M S$HILZ =S Tad Jen Kl B P Y
ra Rl 29112 =S99 S L=wl1Z2 =Auy
ey 19112 =Shad Sy alr’ -Af
JEM GulE?2 =S10d PR =il =uz
2n ol =S1ad S Ceuile  =An
SaM HILLZ =S1ud daa L=yt =rn
at titye =Slud dun Lild  =Ag
2y a1 =Sshag 2xH 2h8e =87
AL SLtNe =Sy L i =an
AL PLIt2 =S1ad S Lty =4y
M §2112 =S1a 28R L8P <Ag
Pl 0112 =Sl10y ZAn PR P -4y
AN AG1L2 =S1ay Fd T Aenr i 2 «“Aw
XM WGE12 =S4 ey =011 =Ay
JaM 15112 =S1ad 2um Bile  =rg
204 95112 =Sltud ‘ “ul nlres =4
oxn 5112 =STad S Pt L LTy |
M G112 =Siay ‘n Cmanld  =An
M $§GI112 =S4 R =ty =Ap
AN 25112 =Sing enA 6N =AYy
i 1ISt12 =Slag duil R N
oM 0G112 =Siad it woy2 -4
2n ehi1? =Slud 2uM (ots =
2xH ontte =Sid SxY wars =y
AL es 112 =S14 Aan Qs =AY
2an s 112 =Sy Jen YL =
2y (s112 =slhi 2xM aule =i Sam GOlZ =47
ZYM 25112 =u85 A b GHIZ =414 Cun Gl =Ag
Jan 0st112 =M oM LUE P ‘nn g0y
Al ngg1e =S\ 2an §912 =514 L T
XM 62112 =1 k! WLIZ2 =4 Jen A T
crm 2112 =1 ! LeLve -4 ' ] Al
‘XN f2112 =1 nA YL =ax M L=guge
L] 22112 =1 exn YA TR L ene 0
SN 12re -1 Y M Mle =104 Zuy wet il A
L] N2112 =Ad xn SL12 =51ad 29 (vl =usa
XM s1112 =18 L I P O | dan Al =uty
2N LU P ) S wtie =a S Sl =uey
2xu $612 =AW 2AN (st =81 S vl =ugd
sy 512 =an ‘nnm il =ugad
M 2= 12 =Atn .0 ALl =uk 4
P ] I=903 1 <ag 2N Il =uty
M I=9f ¢  =AgH cnm Dttt =uta
ZxH LA EAE S RN Sy LIl =ug .y
SN 2=58 17 ~AGH xd HLVEL =uga
e L 1=55172 =ag Aan FEALY =n
“eee R I .. L I “wan e
5% 1 LN 1 i *% ]
B LIR P dw ) LIER I AL » ot e )
une TN "ws

:n;.mc« c\..:\:.«\o:n .;.:-s~._:_....:z:_.z;:;z.x. :._:.:.;:a;.:
1 19vd  owany2?  LIZA N SEU gy ) a399v L Odpv i AL 1gve Avpganaits ¥ Shanig v _cx.;.;_



Paae A2

2uy 1=62122 =4
ul =227 =14
uy L2122 =4I
el K122 =AQ
VA atiz? =82
enn tree =St
M apg2e =S¢
2un G122 =82
Tl ] $622 =AM
241 26272 =An
onn th22 =S¢
2nN 1622 =AMl
2N 062?72 =S7
AL 0822  =AN
vl §122 =184
il 1122 =154
Hl K222 =15d
2ul 0922 =dix
2at R927 =14
i) 1922  =dx
2w 1922 =14
au) Q927 =AM
2a1 Ga22 =An
24l G227 =AM
24 §G22 =AM
2xm 2622 =82
2un 2622  =Aw
id 1622 =S2
L] 1522 =AM
M S22 =S2
Jam 0822 =Au
XM an22  =S2
YN 6022 =AM
AN EnZ2  ~Ad
ZuM §p22 =Ad
PR 2ne? =AM
2% 1627 =AM
2YN on22 =4 x
2xm nnp2  =A4
2N on2? =114
B L] 6822 =43¢
2XM 6§22 =A4
2y 6§22 =14
2ul W§22 =AM
241 1§22 =Au
241 S22 =184
291 §§22 =184
il 1§22 =184
281 0§22 =Ad
5 1

n [CECURCUR]
WNT

nDRAISI2 Qs nIv 2/ 858

’ Vivd  avy2?

Lienn

LR
s

(Glin=nt 31
IR CUNTE ]

(Vs
D e
r--‘\hnp\
’-a..\ h.s
§=lre
-~l-...:b\
I=u’ee
Y=Yl
Lal 27
neL’ef
Y =77
e=s’o7
layde?

nde?

§$ced

wiee

w2
el

127

aree

wied

G122

5122

nwiee

f12¢
2he?
1iee
nlege
6nee
angg
ang?
snee

Gnee

nued

LIS

gne?

§nee

enee

2ne?
1ae?
1a2e

Wenl?

Lt2vie

alvle

$'nl?
2=wiv1?
I=9tnt?
1=9ini?
’=5inl2

Lo AN g

MEv Y
(EENFETRIETE R U AN R AN

-."
-3}
-1
e
ol 1]
-n
-1
lu-
-1
-39
'a.
-y
«33
-t
=AM
|ﬁ\
-An
-47
-AM
-5
-Al
lI.N
-Au
“5
o B
“14
i B
g
=54
-’.
ot © |
-"
=44
=52
- At
e Y ¢4
-AN
-Q2
-AN
-s¢
-AN
=14
' ¥
o £
! B
-Au
-5
-Atd
AN

‘an
e
il
Juh
‘ul
dan
dan
aA
Sam
e
e
Jn
dan
e 1
e L
g B
L B
Cam
‘e
dan
Zun
e
dam
AN
dan
cun
San
‘m
oxH
Jan
v
cey
SHH
‘un
4 ]
un
Jun
Jan
Jun
Jim
Juy
dan
‘an
Ry
‘A
4 1.
e 22
L
4 L.

5%
0 |
L Y

4
Ritw et

t=5tnl~
=il
R L T
yiutse
P L I
Tivts
VIR R K
oy 0
o 1
Suy 1s
fost/
wsy e
ady 17
woy b e

ey
A 'l Iy
sl ie
1=9u?le
t=%u2i¢
Nuetd
ceyuéile
o\l ls
1=Suéle
L=4udty?
waels
wazgy
auels
T B
‘f.-\-.i
wicte
s 120
wnll?
walls
twlle
A B e
Gultilye
sty

“ e e

|
KR W

YA aw
(R RELRT B

-7
- 84
-1
-t
-t e
=had
= g
5104
-S4
- ..-.
--.._.-‘
=5tud
-S4
-S104
- -7_-.
=S
Sl
=Siad
-4 1nd
=51ta
5194
bl B
ad LN
-1t
-l‘
-5
-A 3
SR L
et B B
-
-1y
-td
-4
=jad
-44x
=104
.-Q
-t
-Au
-Au

- A

- A
-A

- a4
-AN
-4
-Au
-4
-Au

S e

Aot}

LR | 1
tes i
.

f,

“»

.



Paae A3

i) v D22y, -y N = d -AN

Pl | nlve - R | M2eld =AN
da Wnlh =1y ! L2e2? =An
SAM suttle =150 Sl Dol A
4 L) vt = ot LaddZ =Aan
2N X=9nte =0 S neéed =mn
dn s =ty ‘wi VA7 =
ra L] LN F T | Ml 2222 =Ay
Jup GUls =t nl V22e¢ =An
XN J=Duns s =1ix ] d=uln =4n Ay $ 1207 =Au
4L H=uns s =ix Ed T Pt L FE N T Aan eVe2y =An .
2YN v=ouns & =X e X=20le =a Jen e =an
2XH P=hIns 6 =3 2uM XC=20lt  =d S wlele =An
Fa L | N=b/Ins b =X A =2l =sn Jan L re =AN
2 v=alins e =X 2 X=lats =0 S HeLe =AN
XM pinse =41 L] Yo=10ls =4 e Ined? =Au
2xy $1n56 =31 Pl =10y =Cn e L YALAP =Py
2XM 2inste =11 29 BN =G| CAM GHZAE =AN
2xXN Y=lins s =30 ol Hnew =0y ) dan nigte =Ap
2an M=1inses = ix v tnen =4d Jan Lol =Aau
el v=iinse =i Fa | Yl =51 2 CNPAP =AM
M I=0Ens s =X ent P R | iy Inddd =Au
2M H=n/nses =11 "l hudn =44 dam Uneed =an
XM v=0Inss =4x 2ul IARS -5 ‘Ul Wl =ngy
2y I=LShEH =X ul ateéw =9 Ml (122 =usa
2YN H=IGns e =X 2l 2270 =S4 a1 L=bsied =ax
JAM LGS =X Sul 122u =5y ol PYL22 —4r
2aM I=aGhEH = dx ‘i Walde =Ad
2N H=9GhE 6 = IX Zul 1=245182 =ax
2un v=95ns e =X ul AL I | ‘Ml §5122 =d4x
2xH I=66ns 6 =X it wiZuw =gy Sl tu1d? =aq4
7aM H=56ns 6 =X i L P N | g ] A4l =0
2y v=55ns 6 <X oul hiZe =S4 cnvm beled =i
M I=nGns e =AY cul O =S| Jun g1l ~ N
M H=ninge =ix el HHZH =G4 M 2ulee =41
JM v=ning e = Ix 2l {neq -Cd e L] nni2e =11
2xM §6u56 =HSI enlt §02u =) cem by 1SS =)
XN 26ns 6 =HSI ! §=1In24 =) Jas Wy 122 -
SN 1Ghs 6 =HSI 9l 1020 = S ts e -1
Ea ] 0Sns s =MS| dan =0y = exn 9s e =4
s abns s ~HSI 2xH f=1y9n -1 S sti22 =41
2XH Gnng s =HSI o R Y SN | s 1l2 =*n
2N nEISH =MSOd 2ul V2N =Gy ) $8122 =An
XN $R15A =HSO4 oug thdn  =Al Il 212 =Au
2XN 25156 ~usad ul G272t =Ap it 15122 =An
M 1§16 =HSO4 M| St -S4 Ml =08 127 = jx
2y 0NEIsH =HSUd vl 21y =154 ul 1=ug 172 =t 4
2N 621%¢e =MSUY i $718 =184 a0 08122 =g
2N 1£26 =N el =942  =An Ml 0§ 1ld =Ag
5% t £ ) | “e !
RN M AINtIdun ) M) P g yel 10 e )
UL "uas AN

::;.mc.\ c\-.axx.\\o:q —,....oi:.;.._.:::_.J_::..r..\.. .:......::x..z
5 PIivd annyre  LEZ2A N SHahargm)) Gy 9wy in s davs Agv e ) Yungy Yen v ...—




T“‘ “ ' 4 I LLNL I 1man S1o R

(RNE] AN oxm 16008 (it (TRIRY n W $ 10 (I
(RRE] A1 OxXM A )08 N Hasy T (AN 1o 1905
HERE! I3 OxM 150 W08 9l 0I5y I Y 1o 105
(ERE A oxn OONNOO/ Ad vt NI W PRXRE B o1 1S
n o SERE) 2313 xH OOYNOO/ ATVt naw AV LN 400 1l
a
09 {13 oy L | L 4 1
OMI HNOD 9T WHOS D000 oM M NS [RUDOEN 1M INOAM0 )

RIS INERE) Wil NS 196 195

09485 SEV Y TN
CEIRE
GeQiQopsTIRINLE

RERE LS § 2N

OB S LETAIN
1AanNs -

1O8AMS 10xa

R LA AN0D) ONISSE 0N Aa e

CEIM L1198

ATITZ0 L) 08001 31w




SUBT 014 Uil Vi

HED 10202056
SURT o017 VAL VE ASCO 23020260 B2 ELEC ELEC
SUBT Ol Val Vi ASCO HBH 3020250 KX2 ELEC ELEC
GSUBT- o1y VAL VE ASCO Hi20AO0Y9 RX2 ElLEC ELEC
SUKI 023 VAL VE BARKSDALE 12453 RX2 ELLC ELEC
SUBI 024 TRANSHITTER COLLINS 56409 RX2? ELEC ELEC
SUBRI 0rt KELAY GEMERAL ELECTIRI CK120A04222404 RX2 ELEC ELEC
SUBI 072 CONTROL SW GENERAL ELECTRI CR2940UM200A0C KX2 ELEC ELEC
HUK] 073 HOTOK 111 GEN CONTL  AH91 RX2 ELEC ELEC
SOk 073 ALK SE KIELEY MUELLER 4647 KX2! ELEC ELEC
SUkRI 116 E/7F IRANSDUCEK HASONE TLAN HOO0& KX2? ELEC ELEC
SUKT $23 Uil VE ROUG 72-101D B2 EiLC ELEC
HURI 129 VAL VE FARKKER HANNIFIN DIN20HVY-10 Te2 ELEC ELEC
SUBI 131 VAL VE FARKER HANNITF IN 3MD2OUENF - 38 TR ELEC ELEC
SUKT 205 vaL vt ASCO 8300Cc%uy 162 ELEC ELEC
SUKI 209 Val Ve ASLO B302C20F RX2 ELEC ELEC
SUEY 294 hEL AY WESTINGHOUSE AKA40A TE2  ELEC ELEC
SUBT 261 KELAY AGASTAT 24128 B2 ELEC ELEC
SUKRI 287 VALVE ALTUATOR ROTORK 704 RX2 ELEC ELEC
SUBT - 305 KELAY GENERAL ELECTRI HEAS1A293 I1B2  ELEC ELEC
SUET - 320 VALVE AaCTUATOR ROTORK 30A TE2  FELEC ELEC

SUp1 390 VAl VE VICKEKRS DGSS4-04241-21 TE2  ELEC ELEC

SUKI 371 VAl Ve VICKERS . PGS54- 0424F -21 TE2  ELEC ELEC
HUKD 400 VAl Ve ASED HiléELA X2 ELEC ELEC
SUK) A46 VAL VE ALL #wiooniu 182 ELEC FLEC
SUd a8/ SIAKRTER e EF3-BO1S TE2 ELEC ELEC
SUKI A9 VAL VE HOOG 72-102 TE2  ELEC ELEC
SUKI 509 CIRCUTIT BREARER  TI1E HE 3A- 100 TH2  ELEC ELEC y
SUKI Sl VAl JE VIUKERS BGHSA-CAVAWE 40 KX TLEC ELEC
SUBT 12 Vil VB ACTUATOR L IR HGROUE Shil-41 T2 ELEC ELEe
Sy S Uil VE VICKREKS DGLGA 04A0AT1 - 30 KX2 ELEC ELEC

HSHKI A Vil vi VICKERS BGLS4 04200 51 KX2 ELEC FLEC

S FAUE AL L



SUET - 916

GSURIT 001
GSUBT - 002
GSUBT 003
GSUKY - 004
GSUBT - 005
GSURT - 004
LGSURT 00/
HSUKT - oon
GSUBT 00y
GSURT - 010
GSURT - o1l
GSUBT - o012
ustis o113
GSUBT - 014
COMEONENT
1
GSUBT - oy
GHUG Olé
HSURT o1/
GsuBT - oy
GSURT o1y

[ERE R

LU

THERMAL HoOR
TERMINAL BlLOCK
JUNCTION BOX

WIKE

RING TOUNGE TERM

CRINF WIKE CONN

JB FITIING
FUSE HOL BER
FUSE HOL DER
CONNEC TOR
CONNECTOR
COMNEC 1OR
CONNECTOR
CONNEC TOK

CONREC TOK

RO

4

I Uuse

FUSE

CAlE

Wikt

CAKLE

A E

HI TENE

BUCHANAN

CIRULE AW FRODU

BELCO
nISC
MISC

SCRUTIIE

GENERAL ELECTRI

BUCHANAN
CANNON
CANNON
CANNON
CANNON
AN

Ank

SC1

SUFEL LEKR

23

R I

LGS

FUSE TRON
?31-170812
CERRO WiIkE
231170812

PAF 1001

"

a6

"

7181001

oS

3129

LINNE 1832
HISC

M1SC

3104120
108BC-96336
0351
N53100A20-33S
M5 3100A20- 538
UG260A/4
uG10944/1
20276-2F71-28

20277272447

sC1
OB L

24

L S

NON- 20

L0 B

SOOUXLE/NED - 2012

FIRE 20Nk

JOO0VFE/PVC Ak LS

AV B Ty

101 Wl

LI e

Rx2
Rx2

KX2

RX2
RX2
Rx2
RX2
KXx2
Rx2
RXx2

Kx2

Kx
fox
kX2

Kx2

ELEC ELEC
ELEC
ELEC
ELEC
ELEC
ELEC
ELEC
ELEC
ELEC
ELEC
ELEC
ELEC
ELEC
ELEC

ELEC

Eren ELECIKIC

SOHUHM DUG CONN WG

S0 460

L T

tLEC
ELEC
ELEC
L 18 7

e

L



GHUBL
GEURT
GSUKT
GSUEI -
LSO -
GSURT
GOHUBT -
GSUBT-
ubuUB -
GSUKRIT
GSUBI
GSURT -
GSUERT -
GSUBT -
GSURT -
GSUBT -
GSUKIT -
GSUBT -
GSUBT
GSUBT

@R IRKN

P@L KRR

CeTERN

026

027

029

0350

(VR )}

0432

053

034

045

036

037

038

(VR V)

C40

HLEGAL TYFE

CamE
CaBlLE
CAmE
CABLE
CAMLE
CAME
CAMLE
CABLE
CABLE
CAR E
CABLE
CABLE
CAME
CAMLE
CABLE
CAMLE
WIKE

WIKE

CABLE

CABLE

F31 170812 C-39
931-170012-8-27
?31-170812-€C-92
F31-170012-C-49
Y31-170812-C-50
31-170812-A-17
931-170812-B-27
931-170812 R 35
Y31-170012-B 29
P31-170812-B-30
P31-170012-B 31
?31-1708012-B-32
931-170012 C-44
BELDEN

BELLEN
ROCKNBESTOS
GENERAL ELeCTRI
FALBER-COLEMAN
FOCKRBESTOS

REVERE

U/ASATH/FVC2FRLO
SOGIXLF/FVC-2C12
JOOVIE /FVC-3C16
O/ASHFE/FVCITRLS
O/A5HFE /FPVCAFRLS
S00VER/FVC- 3012
S00UXL F/ZPVC-2C12
SO0UXLF/FVC-3C10
G00VXLF/FVC-5012
SO0UXLF/FVC-7012
A00VXLF/FVE-90C12
HOOUXLE/FPVEL2CE2
JOOVIWFE /FVCIFRY
JOOV-UNL /CRVUNL
RG-1080
KG-108-XL/FLYFN
518

WE2011304

FRUL SR TC CAMLE

i7C EBR/HFLAI K1 &

Kx2

kX2

Kx2

Rx2
Kkx2
KXx2
Kx2
kX2
Rx2
kx2
RX2

RX2

X2
RX2
RX2
RX2
RKX2

RX2

ELEC
ELEC
ELEC
ELEC
ELEC
ELEC
ELiC
£iec
ELEC
ELEC
ELEC
ELEC

ELEC

(Rd



Jesignation

IIn'ﬂ—iM"JZH“ﬂm O
- N -

—

—
-4 W

U YIr
<1<

3V

—
w

TP <
Ve m
rw

HSV

DI
OoOwnmuvw;m
-~ X

PSH
PSL
TSH
XEP
POIS
POSH

PS0350
ATTACHMENT 38
Page 1

ALPHA PREFIXES

Description

Absorbers, Traps and Demineral izers

Compressors, Blowers, Vacuum Pumps, Fans
[ncluding Orives

Exchangers, Cooling Towers

Filte-s, Strainers, and Oryers

Instrument and/or Control Racks and Panels

Electrical Power/Control Cabinets

Pumps and Orives

Special Packaged [tems

Tanks and Vessels

Flow Yalve

Flow Transmitter

Hand Switch

Hand Valve

Level Switch

Level Transmitter

Level Valve

Pressure Switch

Pressure Transmitter

Pressure Yalve

Speed Valve

Temperature Switch

Special Element (Steamiine Rupture Sensor)

Position Switch

Flow Indicating Switch

Flow Switch Low

Hand Solenoid Valve

Level Switch High

Level Switch Low

Level Solenoid Yalve

Pressure Differential Transmitter

Pressure Switch High

Pressure Switch Low

Temperature Switch Hign

Special £lectrical "neumatic Transducer

Pressure Differential [ndicating Switch

Pressure Di“ferential Switch Hign



ATTACHMENT 3
Page 2

SYSTEM NUMBERS

Description

Reactor Vessel and Internal Components

Primary Coolant System

Secondary Coolant System

Helium Purification System

Feedwater and Condensate

Service Water System

Reactor Plant Cooling Water System

Instrument and Service Air

Piping-Hydraulic 011 System

Electrical-Including Switchgear
and Standby Diesel Generator

Control and [nstrumentation



P80350
ATTACHMENT C
Page (1

Section 2.1.5.3 -- Desiagn Review of 2lant
Juali1fication af =gu?

Shialdine and

Snvirenmantal
ystams shich

PSC Cecemper 12, 1979 (P-79299) REPLY:

"?SC will perform the radiation protaction design reviews raguired 5y
Sectton 2.1.6.b, utilizing the source tarms recammendes in Regulatory
Guides 1.3, 1.4, and 1.7, and will submis the results of the reyview
%2 the NRC by January 1, 1380. Where doses recaived are in excess af
GOC 19 gufaelines, PSC will take *nose $Taps necassary to permit
P0st-accigent operations in vital areas. Any required modifications
will de completed by January 1, 1287."

PSC Decemper 27, 1379 (P-79312) SUBMITTAL:

The assassment of post-accident operator actions in vital areas at
Fart St. Vrain (FSV) indicates shat doses received from a hypothetical
FSV accident scenaric will not e in excess o+ the GOC 19 guidelines
for the duration of the iccident, provided the ~SV reactar plant
axhaust filters are adequataly shielded.

PSC heredy commits %o eroviding necessary shielaing modifications =2
%0 FSY reactor plant exhaust 7i]ters Sy January 1, 1381 %3 sermis
operator access to vital areas under accident condisions.

The nypothetical Fort St. VYrain (FSV) accidens scenario consgists of

the 7SV Design 3asis Accident (08A) 41 combined wish successive PCRY
srimary coolant leakage aftar desressurization. ~Zar clarification,

the OBA #1 and PCRY leakage scanarios are axplained selow.

2ISCUSSION:

Te sptain i zost-accident relaasa of ~3digactivity eauivaiant 23 shas
lescribed ‘n Regulatery Guices 1.3, 1.4 and 1.7 regquires i cermanens less
3f 211 forced circulation for she 7SV NTGR. This soecific accicent was
‘dentifiec as JBA #1 in FSAR Secsion 14,10 and Aggendix J. These inalyses
serformed Jy 3eneral Atomic Zompany 2t che time of licansing 2414 not cans<zer
ieguiatory Juifces !.2 ina 1.2 sourca carms (f.2., the aguivalent of =he 30%
3f the 2ore racdioicdine and 100% af the care nopla jas fnventory “3r ralaase
tC the Jremary coelant) appropriate “or the 4TGR. <owever, jecausa of 2as*
srecadenca Jy tne then Atomic Inergy Commission (AZD) af 4$ing tne icove
source tarms, off3ite 10sas resuiting Feem the 20STulitagd 1cs-cent sere
:alculatag ing sresentag n <ne srevicus'y menticned “3SAR secticns using
20%h the General atomic lomoany ~elease assummtiang and AEC TIdeTd34
~2lease assumptions. 7 30%h s2ses the 37933 10ses are wishin (OCFRIIC



Prce C2

28A 21 Jescription:

A non-mechanistic loss of forced circulation is sostulatad frem Syll
Jower Qperation, wnere tne reactor is scrammed oy the plant prataction
systam ang al! attampts %o restore forced circulation ysing the multiple
neat sinks, circuiatars and motive gower #ar the circulators fail. Zecause
of the large neat sink provided ny tne grapnitas zore, considerabis time is
available to initiate primary coolant depressurization and %o ressars
forceg circulation. The 73V F3AR specifies the time availaple =3 ‘nitiatas
dapressurization 2 e 5 hours, wnich was latar amended by °SC lattar ?-
77250 datad December 22, 1377 %5 be 2 hours. The reduction in time was due
t0 the capability of the helium purification system =3 process primary
. coolant during the planned hHlowdown af the clean primary coolant %3 the
reactor building ventilation stack. Thus, the depressurization of the PCRY
's initiated after 2 hours and complated 7 hours later (or S hours from t=he
onset af the accident), at wnich time the PCRY has Seen depressurized %0 3
osig.

The fuel is slow 2 heat up due %o the Targe heat sink provided by the
core graphite. A peak averiage active core tamperature of 3400°F is reached
about 30 hours after the onsat af the accident. At shis tamperature, the
core structural intagrity and geometry are not compromisad sinca the
vaporization tamperature of graphite is §900°F. Peak activity released to
the primary coclant, considering decay, is reached about 24 hours into the
accigent.

Heat removal s provided by the liner cooling system in the redissribuze
mode which maximizes cooling in the %op nead of the PCRY.

Leakage of primary cocliant from the PCRV is assumed %3 occur at i
conservatively nigh Teakage rate of 0.2% of the primary coclant inventory
cer day.

QOf¥site dosas were calculatad for a 5 month duration of =he accident,
Sut most of the offsite dose occurs in the firss 200 hours of the accident,
lue %2 fission product decay.

The reactor building ventilation system maintains continuous venting
¢f the reactor duflding envircnment at 1.3 volumes/hr quring the enti
ceriod of the accident.

d»imarv Coolant .2akace Rata Jyring 0OBA 41:

The 3V F3AR 0BA #1 (Aopendix 2, sage D.1-34) assumed an araisrarily
iSnservative ana non-mechanistic estimata of PCRV Teakage aftar the intantional
lepressur-zaticn Jy assuming that the 'iner nas “aileq completely ar 2ges
70T ax1st) and only concreta cermeacility sontrals the Teakage. An intarna!
P st oressure 2iferential ~as assumed snich sursortadly zave 3 PCRY laax
~1te of 3,33 x 1077 fraction zer nr (2.2%/day). iefarence was made 39
uestion 1X.7 of imenament No. 3 of she TSV FSAR “or sne zalcualiion 3F cne
cermeation rite ‘or the F3V 2CRY concreta ynder these :zongitions.

xamination of Juestion 0.2 ~eveales simoiy the zanclusion snat a 3
3st 20sitive qifferential pressure Teg 0 C.2%/day ana 2 s sositive
31¥ferential Jressure 'ed '3 1.08%/day. Tuesticn [X.7 3]1s0 2ig not arovia

- ~w

ietails 2 the calculatiorn of the 0.2%/day rata. s<owever, consicerapie
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zetai] ana a1 zerivaticn was providad for she analysis of leakage rate tasts

at nigh pressures. The f3llowing agquation was provicded (2¢n.14 con page

= 2
N . -3 A? A - ! 1 i
4 (1 1. 1973 , |
5/day) = 1,13 x 10 Y-l o m..‘a; ’,
-6 L8 A
e I 2 (egn. 14)

shere .32 = 3CRY inside pressure in psig

(P, ® PCRY inside pressure in psig for wnich *he net
compressive stress in concrete = O

4
A = Face area of concrets, #+°
X = (gncrete thickness, £+
P‘ s Permeation or high side pressure, psia

Pz = Ambient or lTow side pressure, psia

‘umerical values were insertad “or PI s 345 psig with the assumption thas
LP. was approximataly equal %2 7, in'the follewing aquation (2¢n.15 on same
cage): '

de 310« BRP n BLE wor 10 BE (g2 1282

= 0.043 + 502 = 500 1b/day (egn. 13)

The first itam %0 note is that tne coefficient for the secand (Taminar
flow) term is in error wnich is most likely a single error,in transcribing
from 2quation T4 to 15 since equation 13 nas the 3.0 x 10° czefficient.
fquation 13 should read:

= 0,043 = 14435 = 1450 15/day (egn. 13
=evisaq)

N@ sacond tam ‘s that the L?/A°. tarm has seen ire
aqn. 74 %0 een.13, wnich is significant 1€ it ‘s assun
-

5
ire iporopriate for svaluating the leak ~ate a:s 2,

q in going “»em
NaT <hese aquations
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LZIAK RATZ
Pressure P, 1 '5/day %/dav

(pstg) ° Zgn 14 13 13 Revisea 1+ 13 1. revisec Given
Agp 0
imeng 3
Question

9.2

5 0013 .13 .30 001 .07 ’.I, f ].ZO
Amend $
Question

, 0.2

2 .00C3 .045 .107 0001 .025 .0%9 .08

Sfnce equation 14 is the agpraopriate equation, the 0.2%/day leak rata
s conservative by 1 fictor of 200. Furthermore, the only aguation that
comes close to the values given in the SAR is 13 Revised, =nat is,
AP/AP, nas 2een neglaectad which 2czounts for the facsor of 200.

For purgoses of plant shielding and equipment enviranmental avaluations,
the historic 0.2%/day is assumed %o axist as an upper imis of all potential
contaminated orimary coolant leakage including permeapilisy through the
°CRY concreta. This is udged %c de conservative since the primary csolant
w1%h 2any significant activity s contained wishin the PSRV or nelium surification
components contained in wells within the PCRY.

Radionuc!ide Sourca Terms for 0BA-T.

As previcusly stated, the fuel within the grapnises core is slow %0
neatup during 08A#1. Once it has reached the F3AR “uel particla coating
failyre tamperature of 1725°C (3137°F), the fission products are assumed,
far purposas of tnis shielding avaluation, %o be realeased ser zhe T:D-
14844 assumptions. Far release %0 the primary coolant within the PCRY,
this fs 100% of noole gasas, 30% of the fodines and 1% sthers. The =atal
ictivity in Curies contained in the primary ciclang, assuming no Taeakage
from the PCRY, as a function of lapsed time, is given in Tadle 2.1.5.5<].

iensistent with TIC-14844 release assumptions, 30% 2F =he fodines
Jiatagut within the primary coolant systam resulting in 3 depletion of cne
‘odine 0 253 oF core inventory in the reactor suilding air, Thus, ne
total activity in curdes in the reactor suilaing, assuming the upper 'imis
3F 2.2%/day Teakage (wnicn fs seing surged sy tne r2actor wilding ventilasion

-~ . -

systam 2T the rata 1.3 volumes/hr), is given in Tagle 2.1.%.2e2.



IUREG-0578 &TUDY

cLibE 2

uu 1.05104 2.
un 6.500)3 2.
93 1.15101 6.
95 3.18101 6.
] L3003 ),
12 1.4410) 2.
1) 2.4010) 5.
133 5.25%10) 1
15 1.9010) 2
s 7.20002 0,
115 1.75%103 5
140 3.44101 )

140 3. a0n )

TOTAL ACTIVITY (C1) PRESENT IN THE PCRV PRIMARY COOLANT AT GIVEN ELAPSED TINE (houre).

BOUHDARY NEHALNS INTACT. TID-14844 NORHALIZATION FRACTIONS USED, 100X HOBLE GASES, 50X 10DINE

12 OTHERS

o
892105
19105
6610)
14103
50105
14105
0105
AN
AGIOY

304

A0

LAG004

.310)

24

200105

2.00105

1.04105

1.0710%

6. 006

1.19106

6.44106

2.50107

1.40106

4.59105

6.24106

2.50405

2.00105

L34

2.39104
2.66104
2.57105
2.&3005
6.91106
6.09105%
5.251006
2,107
5.49105
1.72105
3.06106
2.92105

2.6610%

IABLE 2.1.6.L-]

ELAPSED TIME (Hours)
40 4l

5.09103 1.3710)3 5.50102
6.5110) 1.4610) 6.07102
3.01105 3.59105 3.69105
3.09105 3.69105 3.080105
71.30106

7.08106 7.9010,

5.64105 5.61105 3.60105

4.70106 4,12106 3.65106

2.94107 3.14107 3.14107

J.301105 1.00105 1.25105

L.04105 5.97404 3.91104
2.93106 2.11106 1.62106
3.13105 3.39105 3.42105

2,.93105 1.36105 3.43105

52

_sh 12
1.76102 7.04101
1.089102 7.00101
3. 04105 4.10105
3.97105 4.35105
7.9006 7.98106
2.96105 2.7210%
3.05106 2.04106
3.12407 3.0910)
6.63104 1.70104
2.14104 5.5M0)
1.00106 4.39105
3.45:05 3.54105

3.54105 13.75105

PCRV FRESSH

120 260 415 120 4320
] 0 G 0 0
0 0 0 0 0

4.12105 3.88105 3,.40105

4.31105 4.31105 4.12105

71.57106 4.69106 2.00106

1.76105 4.92104 4.,9910)

4.04105 6.00110) 0

2.73107 1.41107 3.86106

2.94102 0 0
0 0 0

1.00104 © 0

1.56105

3.57105 2.70105

3.96105 3.10105 1.00105

3J.02105 4.6000

3.00105 8.9010

A.45105 0
5.46102 0
0 0
9.90105% 0
0 0
0 0
0 0
8.00104 ]
1.01105 0

S 39V
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UREG-05%78 STuby TOTAL ACTIVITY (CL) PHESENT IN THE NEACTOR BUILDING ATHOSPHENRY AT GIVEN ELAPSED TIME (houre). reav
LEAK RATE TO BDUILDING 0.2Z/DAY. REACTOR BUILOING VENTED AT 1.5 VOLUMES/NR, TID-14044 HORMHALIZED
FRACTIONS USED, 100X NOBLE CASES, 25% TODINE, 1X OTHERS

ELAPSED TIME (Mours)

LIDE 2 ~ 82 W A0 A8 52 Se 32 120 240 415 120 4120
1} 3.77-01 L3000 2. 01 1.12]00 3.22-00 7.10-02 3.00-02 9.23-03 1.38-0) (1] 0 0 0 0
n B.S5% 00037100 1.42101 1.40100 1.56-01 2.27-02 3.34-02 ).02-0. 3.61-0) 0 1} 0 0 (1]

5 1.20:03 3.29 01 901100 140100 1.6410) 1.97101 2.04101 2.12100 2.30000 2.29100 2,160G1 1.90001 1.68101 2.56100
5 L2100 30000 9.90100 1.43100 1.69100 2.02101 2.10101 219100 2,401100 2.43101 2.39101 2.29101 2.1610} 4.94100
i 2.52-02 B.64490 1.65102 1.90102 2.02102 2.17102 2.19102 2.20102 2.21102 2.10102 1.36102 5.76101 2.35101 0

2 2.51-02 5.26000 4.24000 150100 1.46101 1.46101 L.05101 8.46100 7.75100 5.14400 1.30100 1.61-01 1.17-02 0

) A.60-02 1.30001 1.70102 1.44102 1,29102 1.13102 101102 8.45101 5.65100 1.34100 2.45-01 0 0 0

R 19901 694000 134103 1.5440% 1.63103 1.7510) L7510 1.75103 1.7510) 1.52100 7.85102 214102 5.50101 0

5 10002 589100 3.60101 1.51101 9.05100 5.09100 3.42100 1.09100 4.09 01} G 0 0 0 0
BH V102 7.71000 8.59100 72.38101 5.53101 3.531010 2.75:001 1.81101 6.20100 1.07-01 0 0 0 0
B 0.5 02 2.70100 3.40102 2,26102 1.72102 1.22102 9.56101 6.40100 2.56101 1.00100 0 ] 0 0

A0 2.06-03 7.02-00 138000 1.60101 1.22101 L.OM0OL 1.689100 1.91101 1.96101 1.98101 1.50101 8.67100 4.89100 0 -

40 1.27-03 3.66-00 100001 142001 1.61101 L1.U5101 1,90101 1.96101 2.08100 2.20101 1.72101 9.98100 5.62100 0
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Ragiaticn Lavels Jurine DBA-1:

# 3ased upon TID-14842 sourca term -~alsase assumotions, the radiation
'avels were caiculatad in the rsactor building and the contrel room =3
tetarmine the operator accessibility, Details are described nerain.

Assumotions

i1 ageition %3 the assumptions usad in deriving the source tarms, the
“ollowing assumptions were mace “or avalyating shielding adequacy:

1. Credit was taken for a 30% depietion af the iodines due %0 platecut in

the primary coglant systam prior %0 release %o the rezctor Suilding
atmosphere,

2. All fission products were assumed =0 remain gasborne. In other worss,
nc plateout of fission products was contamslatad.

3. All the activities were uniformly distributad throughcut the free
space of the reactor building or the PCRY.

4. The iodines and particulatas removed Sy the reactor-puilding ventilation
filters were depositad in any two of the three #iltars ayailabla.

“an

- Only major shielding such as concrete walls was considered.

ieactor 3uilding

To detarmine the accessibility of the reactor building during :he
course of DBA-1, the gamma dose rate in the reactor building was ca culated
as 2 function of elapsed time. The contributing sources consist of the
jastorne activity in the reactor building as a result of PCRY leakage, the
srimary coolant activity contained in the PCRYV, and tne dbuildup of iodines
anad particulates on the reactor building ventilation HEPA and charcoal
acsorders. Tne contribution from the ventilation filters was not consicered,
is the filters will be properly snielded.

Two dose points were selaected for the dose-rate calculation. The
first point is locatad at the center of the space above =he refuel ing flcor
= 40 7t from the flaoor), and zhe second point is on the refueling *loor
directly above the refueling penetration. The PATH code describad in FSAR
section 171.2.2.¢ was utilized %o perform the zalculation.

“foure T snows the 20se rit2 1%t the First do0se a0int. issentially all
she contributions come “rom the jasborne aciivity in the ~eactor suilaing.
The activity in the 3CRY is relatively insignificant ¢ cthe first dose
207nT, ecausa of 2 large separaticn 29stance Jetween tne oures inc do0sa
ent. 3hort-term access tO the reactor duilding is Jossidle.
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The dose rata 2t the second dose point (1.2., on the refuel ing floor)
's given in Figure 2. The contributions from sne reactar suilding and from
the PCRY are indivicdually representad, along with =he zotal dcse r~ats. The
contribution from the PCRV is due to the primary coclant activity present
'n the fntarspace below the primary closure for the zantrol rod drive. The
Taximum dose rate on the Floor is 1.0 rem/hr, which is less than the peak
lose rata of 1.4 rem/hr at the first dose point. Thersfore, the refyel ing
“loor is accessible an 2 short-term sasis.

cantral Rcom

The dose ratas in the control room include the zantributions from the
dircorme activity in the reactor suilding atmosphere, and from the iodine
and par<iculate activity accumulated in the plant ventilation filsers. The
FATH code was used %2 determine the cantribution from each sourcs as a
* function of time into accident. The dose point was lccatad in the reactor
engineer's office, as shown in Figure 3.

The results of the PATH calculations are shown in Figure 3 as a function
of alapsec time. [t {s apparent that the contribution from the airdorne
activity in the reactor building is relatively small or negligible as
compared with that from the reactor building ventilation filters. The dose
rate reaches 4 peak of 700 mrem/hr about one month into accident. The
‘mpartant nuclides are Ird5, NS5 and Lal40 accumulated in the #iltars.

The dose rata in the cantrs] room ippears t0 be axcessive “sr cantinuous
manned accass. Adequate shielding will be provided for the ventilation
Filtars so that the dose rata from the filtars =an 5e reducsd %0 an acceptable
Tevel,

Summary Results

The peak dosa rates in the reactar building and control room are
summarized below. Also indicated are the time at which the peak dose rate
occurs following an accident, and the total dose accumulated over a pericd
of 130 days from the initiation of the accident.

130 Day
Peak Gamma accumulated
Lscation & Caondition Jose Rata Time aof Peak Jese (rem)
Reactor 3ui1d1n§ (above 1.4 R/hr 24 hrs. 400
refuel ing floor
control Ro0m
“eom /ent Tiltars
‘Unsnielced) 720 mR/hre = 720 nrs. 2400

‘a2
.
e

*eom Reactor 3uilding 3 aR/hre 24 nrs,
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Conclusion

The “ollowing conclusions are reached from tne review of snielding
design adecuacy for 08A-1 conditions ancd TID-14844 sgurca serm releasa
assurptions:

1. The reactor 2uilding ventilation filtzars will "= adequataiy snieldeq

0 reduce the dosage contribution from the filtars.

2. Areas immediataly sutside the reactor ouilding should de accassible
only an a restricted basis, decause of direct radiation from *he
activity in the reactor building.
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1. SUMMARY

This report presents temperature response curves for che eavironment
within 20 fr of a steam pipe rupture for use in equipment qualificatiosm.
Worst case dlowdown conditions were taken from the test and analysis repors
on the qualification of Fort St. Vrain safe shutdown equipment (Ref. 1).

For distances up to 10 £¢ from the rupture, the environmeat tempera-
ture is in the range of 600° to 650°F for the é4~minute steam blowdown

period. Cocldown temperatures to 30 minutes are in the range of 300° to
350°F.
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2. INTRODUCTION

For the qualification of che For: St. Vrain safe shutdown equipmentc,
the environmental temperature response for the worst case pipe rupture was
determined for che reactor building and the turbine building (Ref. 1).

- Response curves of the environmental temperature were determined at several
distances from the steam pipe rupture for distances equal to or greater
than 20 fz. This report presents response curves for distances less than
20 fe.

"
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3. ANALYSIS

3.1. SPECIFICATION OF WORST STEAM LEAK

As indicated in Ref. 1, a double-ended rupture of the cold reheat

. pipe in the reactor building produces the most severe environmencal blow=
down condition. With this rupture, the steam line is not immediately
isolated and the steam blowdown is postulated to last for 4 min. The
blowdown flow rate and enthalpy for a reactor building cold reheat rupture
are taken from Fig. 3.3 of Ref. 1. They are reproduced in Fig. 1. The
rupture of a main steam pipe or a hot reheat pipe in the reactor building
{s isolated within several seconds, aud the steam blowdown flow rate decays
to zers in about 10 to 15 sec. Thus, inizially high main scteam or hot
reheat temperatures of approximately 900°T would only lasc 10 to 15 sec
with a rapidly decreasing steam flow rate during this cime period.

Reference 1 indicates that the most severe environmental condisions
in the turbine building occuT with a double-ended rupture of a hot reheat
pipe. The rupture flow rate is not terminaced until 4 min, and the enchalpy
of the hot reheat steam is higher than the enthalpy of the main steam. The
blowdown flow rate and enthalpy for a turbine building hot reheat rupture
aTe given in Tig. 2. These curves were reproduced from Fig. 3.4 of Ref. 1.

3.2, ANALYTICAL MODEL AND ASSUMPTIONS

The analytical model considers a double-ended rupture of a 20-in.-
diameter cold reheat pipe in the lower portion of the reactor building and
a double-ended rupture of a l4-in.-diameter hot reheat pipe in zhe lower
portism of the turbine duilding. Since the reactor and turbine bSuilding
are vented, there is no storage of blowdown steam or environmental pressure

duildup in the buildings. Instead, the escaping steam blows past walls,
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structures, and equipment within the buildings. This scenaric is especially
true f{or the conditioas near the rupture point. The scenario is alsc sup~-
ported by the fact that both buildings are very crowded with piping,
structural steel, walkways, and instrument Tacks.

The analytical model is based on the blowdown steam flowing past heat
transfer surfaces. The model yields the tamperaturs response of chese sur-
faces and the response of the steam temperature with respect to distance
. from the rupture and time. The assumptions and input for the model are:

Ve The steam expands spherically ocutward from i:s rupture. The
volume enclosed as a function of distance r from the rupture is

V= 4/3 nrz.

2. The heat transfer surface areas of the steel and concrate are
distributed homogeneously throughout the regions in consideracica.
Data from Ref. 1 are used to calculate these distribuctions. The
results are given in Table 1.

. The decay of the heat transfer coefficient versus distance from
the steam leak during the steam blowdown period is the same as
used in Ref. 1. The value at 10 fr (36.9 Bru/hr-£:’-°F) is used
for all discances less than 10 £t. The heat transfer coefficient
after the terminacion of the steam leak is taken as 5 Btu/hr-f:z-'F.

4, The initial temperature of all the steel and concrete is taken as
100°F.

The calculacions were performed using the TACIZD thermal analysis com-
puter prograr (Ref. I1). Since no collection of blowcown steam in the
buildings is considerad in the analytical model, it ws; more convenient
and expedient to use a thermal analysis program rather than a concainment
blowdown program. The TACID program was modeled o simulate che sceam

expanding spherically ocutward and passing over the stezel and concreca
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UNIFORM DISTRIZUTION OF HEAT TRANSFER SURFACZ AREAS

Reactor 3Building
(Ref. 1, Table 3.1)

Volume of lower portion of reactor
building

Total surface area of steel in this
volume

Total surface area of concrete in
this volume ’

Steel surface area per unit volunme
of reactor building

Concrete surface area per unit volume

of reactor building

Turbine Building
(Ref. 1, Table 3.2)

Volume of lower portion of turbine
building

Total surface area of steel in this
volume

Total surface area of concrete in
this volume

Steel surface area per unit volume of
turbine building

Concrete surface area per unit volunme
of turbine building

~4

198,000 £=°

104,000 £2°
) 4
13,800 £2°

0.525 ££2/¢e>

0.171 £22/8e°

750,000 £z°

216,200 £2°
;
80,800 fc-

0.288 £22/:z° "

|
0.108 ££2/223

\

|
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surface areas. The steam blowdown flow rate as a function of time was
taken from Figs. ! and 2. The steam femperature at the rupture point
corresponds o the steam enthalpy from Figs. ! and 2 and atmospheric
pressure.



fae D9

4. CALCULATED RESULTS

The calculated temperature response of the steam environment at
several distances within 20 £t from the rupture are given in Fig. 3 for
the reactor building and Fig. 4 for the turbine building. The response

- curves very close to the rupture are approximarely the same and are drawn

as one curve. The response curves after the termination of the steam leak
are conservative. They are representative of the cocldown of steam remain-
ing stagrmant and coming to equilibrium with the local surrounding surfaces.
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Page QI3
Location of Eguipment in the Plant

Fort St. Vrain Nuclear Generating Station has been divided into areas for
purposes of identifying components and equipment requiring environmental
qualification. These areas are:

AX1 -Above the Refueling Flcor, Reactor Building
RX2 -Heneath the Refueling Floor, Reactor 8uilding
RX3 -Process Area, Reactor Building

CR  -Control Room

AX  -Auxiliary Equipment Room

SWR -480 Volt Switchgear and Battery Room

TB1 -Turbine Building - A1)l Other Areas

782 -Below Operating Floor - Turhine Building
T83 -Diesel Generator Room - " rhuine Building
OPL -Qutside the Plant

PCRV ~Internal to the RCRV Pressure Boundary

Figures 1 through 5 depict the area described above. RX2 and TB? are the
digh Energy Line Break Areas.
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; ; Page El
| PARENT - | ASSOCIATED ELECTRICAL
c,orvnnorwer\r.v'iI EQUIPMENT
LTAG NO'S. | (SUBTIER ITEMS)
|{DESCR. [ MOTOR |

C820, MFR.. GENERAL ELECTRIC|

c-820/8 MODEL |S4£3654K2033 |

C-8203 TEST RPT.|RECORD SECT. BAD |
| NOTES | oo _. RN

DESCR.
- | MFR. |
! MODEL |
| TEST RPT.
| NOTES oo oo moe oo it o it ey
| | | :
| P-2/0 MFR. WESTINGHOUSE |
| >2/0/5 |[moDEL [ TBDP-720c |
| P-2/02 ITEST RP‘T,FF"EC:-QD SECT. B4aS |
| #-2/02S |NOTES |oe o . e e S
| »-2/06 | | |
| »-2/07 DESCR. | |
| MFR. | |
| MODEL | !
| TEST RPT, |
| NOTES | o NG
* 1 i
| |DESCR. | MOTOR |
| 2-2/03 IMFR, | WESTING HOUSE |
pP-2/035 | 73D |

|




| PARENT - |
| COMPONENNT]|
TAG NO'S. |
IDESCR.
MFR.
IMoDEL

M

p-)

INOTES

ITEST RPT. R

Prce €2

ASSOCIATED ELECTRICAL
EQUIPMENT
(SUBTIER 1TEMS)

|

e

| ¢
b

WoNS
—

|

{

|

I

|
IDESCR,
IMFR,
;MODEL
|
|
|

tMOTES

TEST RPT, |
NOTES

[ S ———— ————— - - ——————— —————— ——

{
|
IMODEL
|
|
|
|

S

JDESCR.
';\AF?.
IMODEL

INO
}_N\.«

|
|

| TEST RPT,|

[ ————————————— - — ——————— ——— - — —— — —




| PARENT -
it COMPONE!
| TAG NO'S. ||

: IDESCR. | _MoTOR ?

P'S/O/'/Y

|

d |

|
IMFR.

MODEL

NOTES

Prac €3

ASSOCIATED ELECTRICAL
EQUIPMENT
(SUBTIER ITEMS) }

f

U.S. ELECTRIC

!
r

RBED/-02-049

TEST RPT.IRECORD SECT. BS54

MODEL
TEST RPT.
NOTES

IMODEL
|TEST RPT
NOTES

|

|
|
i

MOTOR

| GENERAL ELECTRIC)

BE- /4724223 :

RECORD SELT, Bsa

'

DESCR.
MFR.
MODEL
TEST RPT.
NOTES

DESCR.

b

IMER GENERAL £

IMODEL |£D-/459¢c57

ITEST RPT, |[RECORD SECT. BS4

eomnd - T e S T e M) Sl e e
IDESCR,

IMFR,

IMCDEL

ITEST RPT,

gonas




| PARENT -
| COMPONENT |

]
|

|

ASSOCIATED

LY

ELECTRICAL

INoTES

EQUIPMENT
| TAG NO'S, | (SUBTIER |TEMS)
IDESCR, | AOTOR |
P-2/06-X |IMFR \GENERAL ELECTRIC |
MoDEL | D/<4TO/47
'TES'T RPT.EQE'::QD SECT. BS4 |
NOTES | .. L R
|
DESCR. |
MFR. -
MODEL |
TEST RPT.| E
| inoTRS | . e et i o e s
\ ‘ | = |
. ﬂoesca. L SERVO VALVE |
V. 2205 |[MFR. [ MoOG CONTROLS
£y-220G |[MODEL | Z2-/0/
ITEST RPT, [RECORD SECT. AB |
NOTES i LSTED AS SUBT V23|
|
IDESCR. |POS/T/ONER ?
IMFR, | COLLINS :
IMODEL [ SS-<209 i
ITEST RPT.[RECORD SECT. AL |
|NoTES |uSTED ASSUBTO2¢ | ________________
| | :
IDESCR. | SOLENOID VALVE |
IMFR . ' CKERS }
! MODEL |DG5540424£2/ |
[TEST RPT, |[RECORD SECT. AP |
INOTES |usIepAsSuBT. 391 | _________ __
z 1 ' a
|DESCR, |
[MFR,
|MODEL *
|TEST RPT,,
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ASSOCIATED ELECTRICAL
EQUIPMENT
(SUBTIER I1TEMS)

| SOLENOID VALVE |

ASCO :
FRBIV2C2S5F i
REPORT SE

IMFR,

|
IDESCR.
,
IMODEL
|

ITEST RPT.

§DE$¢R.
IMFR..
WMODEL

IDESCR,
| MFR,
IMCDEL

ITEST ]RPFT.




PARENT -

| COMPONENT !
TAG NO'S.

’
|
i
|
|

ASSCOCIATED E)

EQUIPMEN

PAwe £6

LECTRICAL
NT

(SUBTIER ITEMS)

;DES)CR :Y.,AC'LE” oD VALI/E |=-— COIL :
Imer. [MANATROL [G.W. LISk CO. INC
MODEL |2!W-20-HVY-10|KI2-90-66

TEST RPT..RECORD SECT. AC |

INOTES  [LiSTER ASSUBT 13U [ _______

i L

DESCR, |LIMIT SWITCH |LIMIT SWITCH

MFR. NAMCO | NAMCO

MODEL D2400OX -2 |1 D2400OX-2SR

TEST Rp'ri ECORD SecT. BI [RECORD SecT BT

NOTES “.3-_5’."4_"'-.R Iy -(2s _’2_9_'_.2‘1\’_5_'»‘1‘1.5_‘2_1’» 2s-220!
I ¢ 2s-2200 ¢ =zs-2202)
IDESCR. |[LIMIT SWITCH |
IMFR. [INAMCO |
IMODEL |[EA-17C-31100 |

Bl

TEST RPT§Q=CORD SELT

|
INOTES

‘E‘« SIMILARITY -

2.3 220)

¢ zs-2202)

|DESCR.
IMFR,
(MODEL
ITEST RPT.
iNOTES

L SOLENOID VALVE

| MANATROL

IDIVY - 7@ -HVY - |

RECOR

IDESCR | LIMIT SWITCH F LIMIT SWITCH
iwwa. L NAMCO T NAMCO
IMoDEL [ D2400OX-2 ID240OOX-2SR
ITEST RPT | RECORD SECT. BI _ RECORD SECT. BI
INCTES |Zx sMiarimy-fEu2z0n) |8y smiapiTy-(25:2203)
! : |

: ! |

lpescr. [LIMIT SWITCH |

IMFR. NAMCO

IMODEL _EA-170-3110C8

ITEST RPT.[RECORD secT. BI

INOTES |Bysmuarity;(25-2203)

W e - —————————— ——— - —
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| PARENT - | ASSOCIATED ELECTRICAL

| COMPONENT| EQUIPMENT
| TAG NO'S. | (SUBTIER 1TEMS)
I DESCR. | SOLENCID VALVE |
! H-2/09D-/ | MFR. | ASCO | |
W\ #/-2/02-2 IMODEL HEB302C2SF |
§ HV-2//0 -/ |TEST RPT|RECORD SECT. A4l |
| #V-2//0-2 |INOTES LISTER AS SVBT. Q| _____
} Hy-2//5-1 5 -———
§ HV-2/7/5-2 |DEScR. |SOLENOID VALVE |
W HAV-2116-1 [[mFR., ASCO !
t #/-2//6-2 [IMODEL 8302C256G 1
|~/-22/33 |TesT RPT,'RE:ORD SECT. A4 |
| ZV-22/34 [NOTES |LISTED AS SUBT 016G |
|

DESCR. | L/MIT SW/
MFR. \MICROSWITC H

MODEL |BZ&E6-2RN
TEST RPT.|RECORD SecT. 7T

NOTES | | |

HV-2/93  |DESCR. | SOLENOID VALVE
v-2/194  |mMFR. |ASCO
~;5§'2/3 IMODEL |488302c25F ?
| .
|

/4 ltesT RPT.|RECORD SECT. A4sc
NOTES LS"ED AS SUBRT. o1 |

- = -
V-2366-/

P “2366-2 |
: IDESCR.
|

MFR. |
MODEL | |
TEST RPT, |
NOTES

DESCR, |
MFR, |
IMODE

"'='5“' RF""
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| PARENT - | ASSOCIATED ELECTRICAL
CDMPONENT{ EQUIPMENT
TAG NO'S. | (SUBTIER ITEMS)

l\h‘
| DESCR. [SOLENOID VALVE | )

|

; - COIlL

| HV-2204 [MFR. IMANATROL 1G W, LISK CO. INC
| Hv-2242 |IMopeL |[DIW-20-HVY - KI12-90-66

TEST RPT.|RECORD SECT. AC (m|
NOTES |er\n~_AQ TC SUBT. 131 |

(%) BY SIMILARITY

’DESCQ ! LINALT S WITC H MIT S\I\« | TCH ‘
MER. I NAMCO MCO ‘
|

MODEL D240 OX -2

! TEST RPT,RE:O'?D SECT. BI L

{
| INOTES | o o e e
i | ' i |
DESCR. |[LIMIT SWiTcH |

| MFR. | NAMCO |
| IMODEL (EA-I1T7O-3]100 |
TEST RPT./RECORD SECT. BI f

; NOTES | . |

| IDESCR.
n IMER .
V

MODEL | |
ITEST RPT; | |

INOTES

IDESCR, | ‘
IMFR, |
IMODEL |
|TEST RPT, |
INOTES

[ ————————————————————————— ——— —
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| PARENT - | ASSOCIATE ELECTRICAL
| COMPONENT| EQUIPMENT

i (SUBTIER ITEMS)

i
' J ) 3 /
“ =
\ \ y 9 B

; IDESCR., [SOLENCID VALVE |=— COIL

| HV-2249 [(IMFR. MANATROL G W LISK CO. INC

: MODEL IDIW-20-VY-10 ?‘<\2— Q0 -6

. i*EST RPT..RECORD SECT. AC

| NOTES [LISTER AS SUBT_ 3 | ___________ __

i ' |

| IDESCR, |LIMIT SWITCH |

i MFR. NAMCO |

| MODEL |[D2400OX-2 !

; TEST RPT,[RECORD SECT. BI 1

| NOTES [BYSMLARTY-(ES:22¢9 | __ . _ ___ _ _ ______
|

|
|

DESCR. |LIMIT SWITCH i
MFR. : ,

TEST RP‘z’i?E:oq: SecT BI |

‘ O-TES 'Q\. SIMILARITY- a(- > 4_9\ |

| |DESCR. 'SOLE\XDQ"A\_VE |la— C O\

MFR.  [MANATRO | DECCO

MODEL !D\w-zg-m\,_\o |
TEST RPT.R c

NOTES |LISTED AS SUBT. I3 |

IDESCR. [LIMIT SWITCH |LIMIT SWITCH
|

! NAMCO

[

7~
I X 2 i T ™ _— -
OX-¢& 1 D24&00X-29S

IMODEL 1:
IresST RPT; (R

INOTES B SIMILARITY-(ZS-225C, |BY SIMILARITY- (Z52250

i |2s-2281 & &s-2252) '35._ £ & B3 25T
:iDESCR. LIMIT SWITCH :

IMFR,  [NAMCO

IMODEL ([EA-170-32100

."S"‘ RPT | RECCRD SECT BI




PARENT -
COMPONENT
LTAG NO'S.
Y Ml § -4
HV-22523
H.‘/—-TQ—,’
HV-2238
HV-&225
=HV-42357

Pae 2o

ASSOCIATED ELECTRICAL

f EQUIPMENT

‘ (SUBTIER 1TEMS)

Ipescr. LSOLENOID VALVE |= Coln 0

IMFR. [MANATROL I DEcco

MopeL |[DIW-20-HVY-10 | 11-11)

TEST RPT.|RECORD SECT. AC | ¢

NGTES [LISTED AS_SueT 3| ___________ ___
| | 1

IDESCR. [|SOLENOID VALVE |= COIL |

MFR. MANATRO L [GwW. LISK CO. INC. |

MODE DIW-20-HVY-3] | KI2-90-66 |

TEST RPT |RECORD SECT AC () | :“

NOTES |_€,n_n_= LAR TO_SUBT. -_3_;_f ______ T
'LmB\{ SIMILAR ITY e i ‘

DESCR. |LIMIT SWITCH 1

IMFR. [NAMCO |

IMODEL |D240OX-SR |

ITEST RPT.[RECORD secT. B |

INoTES  [BrsmiavTeGEsz2sy)|_____

| | | -

IDEScr. [LIM\T SwiTcw |

[MFR. INAMC O 1

IMmoDEL [D22aCOX-2SR |

ITEST RPT/|RECORD SECT. BI i

INoTeS oy swwvsery:asegasn T

DESCR. |ELECT. ACTU ATOR | '

MFR . LM Q:w’-‘ |

MODEL |[TYPE SVB SIZE 4T |

iTEST RPT;:E‘::?D SECT. BS3Hl

(NOTES |LISIED ASSUET. SI2 | __ _ _ _ _ _ __ _ _____

i [(¥) BY SIMILARITY ’

IDESCR, |ELECT ACTUATOR

MFR, ILMITORQUE

IMODEL PE SMB-SIZE 000

TEST RPT..E S
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| PARENT - | ASSOCIATED ELECTRICAL

| COMPONENT || EQUIPMENT
| TAG NO'S. | (SUBTIER ITEMS)
ingscg | SOLENOID VALVE [ COiL
d RV-2292  |MFR. IMANATROL 1G W. LISK CO. INC
| HV-2293 ImopeL [DW-20-HVY- 1o [K12-90-66
TEST RPT.|RECORD SECT. AC |
D A 3

NOTES |LisTE

ol
9
. A
11
~

S —

iMODEL L
TEST RPT. :

jMOTE% | |

MFR, IROTOR K, |

! ‘L—'\.V"-'D 2O
i i - . o N e -
IHV-2291 |MODEL [ T7OA

ITEST RPT |RECORD SECT. A9

NOTES [LISIED AS SUBT 320

|DESCR,
;I MFR., ' ‘
IMODEL |
|TEST RPT
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MODEL
TEST RPT.
NOTES

Yhwe T12

ASSOCIATED ELECTRICAL
EQUIPMENT
(SUBTIER ITEMS)

POSITIONER | B
| MASONEILAN |

| 8012 |

IRECORD SECT. A32 |

L

IDESCR.,
MFR.
IMODEL
TEST RPT,
NOTES
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|
IMFR.
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NOTES
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| PARENT - | ASSOCIATED ELECTRICAL
| COMPONENT| EQUIPMENT
LTAG NO'S. | (SUBTIER ITEMS)
| IDESCR SOLENO!ID YALVE |
| HV-21415 -1 |MFR. ASCO ‘ ‘
| HV-21416-1 [MoDEL |HB83'GBIG | |
' rEST RPTI ECORD SECLTION BS?2! ﬁ
| NOTES |LISTED 5?.?&5_'-".09‘ - 4
| o T - |
| DESCR SOLENOI!D VALVE | ﬂ
| MFR | ASCO l ‘
MODEL ~‘583©2c23: | 1
!T::ST RPT. |IRECORD SECT. Bs2 |
| INOTES i’:.sl'é’%. AS SueT. o3 | o ___._
, 1 i
| }DESCR. L AMIT SWITCH |
LMFR- i\”CRh%ﬂNTCH f
IMODEL B2EGC -2RN
;TEST RPTI!RECORD SecCT. é
[NOTES ,ES_ S ) e e m e e e m————
lﬁ%_—___ﬂ:ﬂ_
jHV-21415-2|DEScR. [SOLENOID VALVE |=— COIL
=\/-21416-2 |[MFR.  |BARKSDALE BARKSDALE
IMODEL [ 124523 | 20073
| ITEST RPT|RECORD SECT. AF | =—(AF)
| INOTES  [LiSTED AS suBT 023 |PART oF 12453 _uniT
| : | TESTED '
[DESCR. | !
IMFR, | |
!MODEL | J
TEST RPT; | |
hNOTES ______________ i e e A e e e e
1) J
IDESCR
MFR,
IMoDEL
|TEST RPT,,

NOTES

| o . w————— - — —— i w—




PARENT - |
COMPONENT!

Pac Ci4

ASSOCIATED ELECTRICAL
| EQUIPMENT

TAG NO'S. | (SUBTIER ITEMS)

DESCR | SCLENOID VALVE
HVv-22221 [MFR. [ASce

!MQDEL EE ol=K<4_1%

lTesT rPT.|RECORD SECT

NOTES ;ﬂ'.u.srélz AS_SUBT20S| _ _ _ __________._

DESCR | SOLENO D

I MFR. LASCO

MODEL ‘83’30—8 | U

ITEST RPT, [RECORD SECT

NOTES |LISTED AS SVUE]

AN DD~
v —L/__Z
>
e - —
HV-22223
| S e L T
N\ /.

DESCR. §
 MFR. |
MODEL |
TEST RPT.,

IDESCR. |SOLENOID VALVE

IMFR. ASCO

IMODEL |(B8300CSV

TEST RPT | RECORD SECT. BS2
D A

NOTES [ R R RO e com e m - oo

- - -
= B Y P B 2
v L
- o -
- -
| A S N
- - -
W{\/- /2227

[TEST RPT; |
INOTES

DESCR. |
MER . |
MODEL |

| 1

lTesT RPT

IDESCR,

IMER,
IMODEL
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NOTES

TEST RPT,|REC

n
PARENT - | ASSOCIATED ELECTRICAL
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APPENDIX D

DETAILED AND SUPPLEMENTARY INFORMATION PERTAINING TO
{ENT L N
FOR THE FORT ST. VRAIN HTGR

D.1 DETAILED DESCRIPTION OF DESIGii BASIS ACCIDENT NO. 1

D.1.1 Backgrornd and Summary

A hypothetical permanent loss of forced circulation of primary
coolant helium would require the extended failure of all four helium circulators,
their steam and water drives or their multiple sources of motive power, or
failure of both the main steam and reheat steam sections of both steam
generators. This condition is the hypothetical extension of the 30 min
temporary loss-of-normal shutdown cooling accidents described in Section
14.1 and is not considered credible. The LOFC accident consequences reported
in this Appendix are identified as "desion basis" information and was
requested by the AEC-DRL during the construction permit application period.

D.1.1.1 Accident Conditions

Subcriticality. At the time of this hypothetical loss of forced
circulation, the reactor would have scrammed, most probably on "two-loop
trouble" as defined in Table 7.1-3. Loss of forced circulation in one Toop
causes isolation of that loop while subsequent loss of circulation in the
second loop constitutes two-loop trouble signal due to either loss of
circulator power, reheat steam temperature or pressure increases, high core
exit gas temperatures or loss of feedwater function. Manual scram would
result if automatic scram signals did not function. The reserve shutdown
system would be operated after a few hours to assure an adequate shutdown
margin at all times during the accident. Thus, the reactor will remain
subcritical during the accident.

Lepressurization. When it becomes apparent to the plant operator
that the loss of forced circulation is permanent, e.g. before about 5 *hr
when resumption of cooling would cause steam generator damage (see Appendix
0.2, Section D.2.5), the primary coolant system would be depressurized to
storage in the normal manner through the helium purification system as
described in Section 9.4.3.3. This depressurization to atmospheric presssure
requires several hours and would be nearly completed before primary coolant
gas temperature or fission product activity increase to levels affecting
normal helium purification system performance.

*Amended to be 2 hours by PSC letter P-77250 dated December 22, 1977.
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Should one of the two helium purification trains fail during
depressurization, or if one train is being regenerated (one day each year)
at the time of the accident, then depressurization can either proceed more
slowly while continuing purge helium to the PCRV penetrations, or at the
normal rate without supplying purge helium. Should the helium transfer
compressor fail, or lose power during depressurization, then the purified
helium can be vented directly to the ventilation system exhaust filters as
described in Section 9.5.4*%,

Purification Systems. Following depressurization, the helium
purification system would be shut down. The purified helium purge gas
normally supplied by this system to the PCRV top head penetrations and
penetration interspaces would not be supplied during the accident since
PCRV penetration leakage during the accident with the maximum primary
coolant system pressure remaining close to atmospheric pressure is extremely
low (see Section D.1.3.4.2). Thus, no helium buffer gas would be supplied
to the PCRV penetration interspaces during the accident. After PCRV depressurization
is completed, cooling water flow to the helium and charcoal cooling systems
in each helium purification system high temperature filter-adsorber unit is
initiated as described in Section 9.4.3.3. This measure would permit
further PCRV depressurization in the unlikely event that it should be
required.

PCRV Liner Cooling. The PCRV cooling water system would continue
in operation and be closely monitored since its operation is vital to the
PCRV integrity during the accident. This system which is described in
Section 9.7, is a Class I system and is connected to the essential electrical
bus. Two separate identical closed loops supply cooling water to three
separate zones of the PCRV: the top head penetrations: the core support
floor, PCRV 1iner on the side wall, and top head; and :n: PCRV bottom head
and bottom penetrations. Either one of the two PCRV coolinc water loops is
adequate to maintain safe PCRV liner and concrete temperatures during the
accident, and the consequences of the accident reported nere are based on
the premise that the system operates at 50T capacity during the accident
with a revised distribution of water flow and at an increased cover prescure
as described below. Thus, half capacity liner cooling (one of two identical
loops operating) is assumed as the conservative limiting case.

The accident calculations show that even with this reduced performance
adequate PCRV liner temperatu.es and cooling during the accident are maintained.
Thus, the liner will retain its in*egrity and the PCRV envelope will remain
intact and leaktight throughout the accident as demonstrated by the analysis
(see also Section D.2.1).

Plant Ventilation. The reactor plant ventilation system would
continue to operate normaily during the accident in order to provide filtration
and elevated release for any fission product activity escaping from the
PCRV during the course of the accident. This system is described in Section
65.1.3.2 as an engineered safeguard and is connected to the essential electrical
ous.

**This is the mode of depressurization utilized in the alternate cocling
system. (See Figure 2).
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Other Plant Equipment. No other reactor plant equipment is

required to function during this accident, although continued operation of
equipment, instruments and controls normally operating during reactor
shutdown is assumed for purposes of monitoring plant conditions. This
equipment has no effect on the course of consequences of the accident.

D.1.1.2 Operator Actions

The following operator actions have been determined to be either
necessary or desirable to mitigate the conseguences of this accident:

1.
2.

Post scram operations to assure subcriticality.

Actions required to reestablish helium circulation (attempts
assumed to be unsuccessful for this hypothetical accident).

Primary coolant system depressurization.

Connection of the high temperature filter absorber units to
the plant cooling water system.

Operation of the reserve shutdown system.

Adjustment of the PCRV cooling system water flow rates and
cover pressure to increase cooling ability in areas affected.
The cooling water flow to the bottom head, bottom head
penetrations and PCRV side wall bclow the core support
floor, will be reduced to approximately 10% of normal flow.
Reduced flow to these areas of the PCRV will be adequate
during the accident because heat transfer to these areas is
negligible. The cooling water flow rate to the top head and
PCRV side wall liner region above the bottom of the core
support floor will be approximately doubled. The core
support floor cooling water flow rate will not be changed
because heat transfer to the floor during the accident is
less than during normal operation. The changes in PCRV
cooling witer fiow will be accomplished by remote-manual
valves actuated from the control room.

Adjustment of the PCRV cooling water system pressure. The

gas cover pressure of the cooling water system (normally at
about 2 psig of H,) will be increased to about 30 psig of He

as described in Sgction 9.7.3.5.4 This is accompl ished

remotely in the control room by activating a separate overriding
helium pressure control system for the cooling water supply
tank. This 30 psig cover pressure plus the approximately 60

psi pump head will c¢nsure that the saturation temperature of

the cooling water will be above about 300°F at all high flux
locations.

There is ample time for these operations to be carried out in a methodical
and unhurried manner since none of the abeve items require rapid operator

response.

They will be completed before large fission product release from

the core develops.
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D.1.1.3 Accident Conseguences

The effects of this accident involve both core damage and fission
product release causing off-site doses. The core hot regions slowly heat up
to about 5400°F maximum occurring after 83 hr. After maximum temperature
attainment, approximately 95% of the fuel particles in the core will suffer
failed coatings resulting in a release of about 28% of the core fission
product inventory from the core and top reflector. Of this 28% of the
inventory, less than 5% remains gas borne in the PCRV. This 5% is essentially
all noble gas with a small amount of iodine. In addition, melting of the
steel components of the control rod assembly and some local failure of PCRV
liner insulation will occur, but no other damage to the core or PCRV internals
is expected. The core will remain subcritical during all periods of the
accident due to control rod and reserve shutdown system poisons.

The doses resulting from this accident are several orders of
magnitude lower than the guideiines of 10 CFR 100. The total duration (6
month) doses at “he low population zone boundary (16,000 meters) are listed
below.

Whole body gamma 0.37 mrem
Thyroid 36. mrem
Bone 1. mrem

D.1.1.4 Conclusions

The analysis of the LOFC accident has led to the following principal
conclusions:

1. The PCRV liner, penetrations and cooling systems will remain
intact during the accident.

2. The core support structure will remain intact during the
accident and the core configuration will not be affected.

3.  The core will remain subcritical throughout the accident
transient.

4. About 5% of the total (decaying) core iodine, 0.02% of the
strontium and 99% of the noble gas fission product inventory
will escape from the graphite core and reflector and remain
gas borne within the PCRV during the accident.

5. Fission product release from the PCRV was conservatively
assumed to be 0.2%/day into the reactor building during the
accident assuming an arbitrary 5 psig leakage pressure
differential. All of the leakage would be collected and
filtered before release at high velocity from roof elevation.
The resulting conservative atmosphergc release of activity
(after six months) is about 8.0 x 10 curies of which 98.7%
is Kr and Xe.



D.1-5

6. Using the above releases, the total duration doses at the low
population zone (16,000 meters) would be orders of magnitude less
than the guidance levels given in 10 CFR 100.

7. Using the TID-14844 arbitrary release values, the off-site

doses at the low population zone would also be much less than the
10 CFR 100 guideline levels.

In general, no adverse thermal, structural or nuclear consequences of
the LOFC have been found which would threaten either the reactor system

integrity or the ability of the reactor plant to prevent uncontrolled fission
product release to the atmosphere.
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