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ABSTRACT

This study was performed in an effort to validate the steam line
rupture curves used in the Fort St Vrain (FSV) environmental
qualification program. These curves assume a four minute isolation
time for any major steam line rupture in either the Reactor Building
or Turbine Building. All possible locations of a major steam leak
were analyzed including the condensate, feedwater, main steam, cold
reheat, and hot reheat lines.

A1l pertinent automatic and manual actions were studied for each
case. All marual actions were determined using the FSV Emergency
Procedures. Times for each manual action were conservatively
estimated to allow for longest reasonable response time. The results
of each case are listed in tabular form,

A1l postulated line breaks can be isolated in four minutes or less.
Worst case accident in the Reactor Building was determined to be a
cold reheat line break, which is isolated in two minutes. Worst case
in the Turbine Building was determined to be a hot reheat line break,
which is isolated in four minutes.

Because of the longer termination time found on Reactor Building
temperature curves, they are conservative. Because the hot reheat
accident has a Tlower blowdown rate than that used for the Turbine
Building curves, these curves, too, are conservative.

Conservatisms found in the steam line rupture curves provides

additional margin during testing. All previous test results remain
valid and all equipment is qualified.
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SECTION 1
INTRODUCTION

The environmental gqualification program for safe shutdown equipment
at FSV is based on two sets of curves which represent the time versus
tempe: ature response of the environment in the v1c1n1t{ of the steam
line break (Fig. 1 and Fig. 2). These curves were deveioped assuming
the leak would be terminated in four minutes or less.

Ouring the FSV preliminary environmental qualification meeting heid
with Public Service Company of Colorado (PSC) on February 25, 1984,
members of the Nuclear Regu'atory Commission's Environmental
Qualification Branch (NRC-EQB) questioned the ability of an operator
to properly identify a high energy line break and to initiate
corrective action within four minutes.

This stud{ was conducted in order to substantiate the assumptions
made by Gulf General! Atomic (GGA) when generating the steam line
rupture curves. A case by case analysis was done for various
ruptures occurring on the following high energy lines: condensate,
feedwater, main steam, cold reheat, and hot reheat.

A1l appropriate actions, both automatic and manual, are used to

determine the termination time. A1l operator actions are based on
the existing FSV Emergency Procedures (EPs).

1-1



SECTION 2
BACKGROUND

The original basis for environmental aqualification at FSV was
presented in GGA Report GA-A12045. This report included a set of
steam line rutpure curves which were to be used to establish test
chamber temperature conditions in subsequent steam Tline rupture
simulation tests.

To generate the steam line rupture curves, the computer code
CONTEMPT-G was utilized. This code was a modified version of the
CONTEMPT code, originally formulated for 1light water reactor
containment conditions.

To compensate for the fact that equipment closer to the leak will
experience higher temperatures, the analysis expressed heat transfer
surface area as a function of distance. At the rupture, the surface
area was zero, and increased with distance from the leak. With
increasing surface area, more heat is transferred to the heat sinks
and less heat is used to increase surrounding air temperature.

Thermal input to the building was based on the worst case accident.
In the Reactor Building, it was determined that a cold reheat line
break was the worst case. This was due to the fact that the Steam
Pipe Rupture Detecticn System would automatically isolate a lTeak on a
feedwater, main steam, or hot reheat line. Cold reheat would
continue to be fed from the bypass flash tank until the operator
acted to close the main steam bypass valves. (See Fig. 3)

Based on discussions with plant personnel, it was determined that it
would take two minutes to identify and isolate the leaking line. To
be conservative, a four minute time limit was established.

In the Turbine Building, it was decided that the worst case was the
hot reheat line. This was based on the size of the line and the
enthalpy of the steam. A four minute time Timit was used for this
analysis as well.

Based on the initial supposition that all safe shutdown equipment was
at least twenty feet from the nearest opposite loop steam line,
testing began. It soon became apparent that several items were
nearer to an opposite 1nop steam line than twenty feet. GGA then
reran the computer program and generated a set of new curves. The
results of this analysis were presented in report GA-Al4Z12.
Following the conclusion of GGA's test program, all documentation was
transmitted to PSC.

With the issuance of IE Bulietin 79-01B, and the environmental
qualification rule 10CFR50.49, PSC committed to an audit of the
documentation. The audit found several items which did not fully
meet environmental qualification requirements. These 1items were
retested, The last test was completed on March 31, 1984,
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SECTION 3
CASE STUDIES

The following case studies analyze the consequences of steam leaks in
both the Reactor and Turbine Buildings. A1l leaks are assumed to be
a complete offset shear of the associated steam line, with the plant
at 100% power, resulting in the greatest thermal input to the
builaing.

Included with each analysis are tables which 1ist the sequence of
events following the onset of the break. (orrasponding operator
actiuns are based on existing emergency procedures. Although many of
the actions are performed simultanecusly, all are considered to be
sequential.

The time given for each action was estimated following discussions
with FSV Training personnel. A1l times are conservative. (Note: For
all tables, TA refers to the time each action takes, TE refers to the
total elapsed time from the onset of the break).

CASE 1: Steam Pipe Rupture in the Reactor Building

Any steam leak in the Reactor Building is readily detected by the

Steam Pipe Rupture Detection System (SPRDS). Redundant pressure,

temperature, and ultrasonic detectors identify the leaking loop,

allowing the Plant Protective System (PPS) to shutdown the affected

;?Op.a The valves that are closed on a loop shutdown are shown on
g. 3.

If the leak is on a feedwater, main steam, or hot reheat line, or on
a cold reheat line downstream of the circulator block valves, loop
shutdown will 1isolate the steam source. As shown in Table 1, this
occurs in approximately 10 sec.

TA TE ACTION
5 sec S sec PP i king 1 a
5 sec 10 sec Leaking loop isolated by PPS.

TABLE 1: Sequence of Events Following a Feedwater, Main Steam, Hot
Reheat or Cold Reheat-Line Break Downstream of the
Circulator Block Valves in the Reactor Building.

CASE 2: Cold Reheat Line Break in the Reactor Building

As can be seen in Fig. 3, a cold reheat line break upstream of
the circulator block valves cannot be automatically terminated
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by the PPS. After the PPS closes the main steam block valve,
main steam pressure rises until the main steam bypass valve fis
automatically opened. Main steam is then bypassed to the flash
tank and on to cold reheat. Thus, a cold reheat lTine break will
continue to be fed until the appropriate operator action takes
place. These actions are detailed in Emergency Procedure (EP)
8-1 and are outlined in Table 2 below.

TA TE ACTION
S _sec S sec PPS Alarm [dentifying Leaking LogD.
S sec 10 sec Turbine Runback to 50% previous power
_level, Verified Dy gperator,
12 sec 12 sec Reactor scrammed by PPS on high reactor
- building temperature.

| S sec | 17 sec | OQOperator inserts manual scram,
Qperator ensyres transfar of house power, |

S _sec 27 _sec ransfar of
—a S8C 32 sec Operator verifies reduction of tyrbine power. |
4;2_1;; 8ggr;;9r verifies stable core cooling.
sec 2 sec pera%or reads emergency procedures.
af action.
20 sec 92 sec Operator closes main steam bypass valves.

__Leak terminated.

TABLE 2: Sequence of Events Following a Cold Reheat Line Break in

CASE

the Reactor Building.

It is important to note that the continual thermal input into
the Reactor Building from a cold reheat line break results in a
reactor scram on high Reactor Building temperature. (The time
shown for this scram is based on Reactor Building temperature
switch setpoint of 175 degrees + 10 degrees F and assuming they
are on the opposite side of the Neactor Building from the break.
See Figure 4?

Based on this analysis, a cold reheat line break in the Reactor
Building will be isolated in less than two minutes.

3: Main Steam Line Break in the Turoine Building

A main steam line break, either 1in a loop header or in the
common header is immediately cete:ted Dy redundant pressure
switches located on the common heider. (See Figure 3) Two out
of three logic scrams thne reactor o7 low main steam pressure,
closes both main steam block valves, and alarms the contro!
room.

A break downstream of the block valves fs automaticai'ly
suspended by the PPS in about 10 sec. (See Tadble 3!
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TA TE ACTION

2 sec 5 sec | Reactor Scrammed on Main Steam Pressure Low. |
5 sec 10 sec PPS closes block valves on both loops. Leak
isolated.

TABLE 3: Sequence of Events Following a Main Steam Line Break in the
Turbine Building Downstream of the Block Valves.

A break upstream of the block valves is not isolated by the PPS.
The appropriate operator actions following a reactor scram on
low main steam pressure are listed in EP B-1. These actions are
summarized in Table 4. The leak can be terminated in less than

90 sec.
TA TE ACTION
S _sec R r Scr n M~in Steam Pressure Low. |
PP 1y h
) QOperator Inserts Manyal Scram,
sec 20 sec Qperator P in Power Position.

2 sec 23 sec |

30 _sec Qperator Verifies Reduction of Turbine Power. |
10 sec 80 sec Qperator Verifies Stable Core Cooling,

30 sec 70 sec Operator Reads Emergency Procedures.
—QDetermines Course of Action,

5 sec 7% sec 8pgr;§gr %*ag}; Auxiliary Boiler.
5 sec sec perator Closes Feedwater Block Valves.

Leak Terminated.

TABLE 4: Sequence of Events Following a Low Main Steam Pressure
Scram.

CASE 4: Feedwater or Condensate Line Break in the Turbine Building

The consequences of a feedwater or condensate line break in the
Turbine Building are much less severe than those anticipated for
other line breaks. Calculations show that for the worst case
feedwater or condensate break, the maximum steam temperature is
203 degrees F. This temperature is completely enveloped by the
Turbine Building 20 foot curve. (See Fig. 6).

Thus, the operator has an extended period to identify and
isolate any break in the feedwater or condensate system.

Any break in the feedwater or condensate system results in a low
main steam pressure scram. Emergency Procedure B-1 identifies a
feedviter or condensate line break as a possible cause of the
scram and Tists appropriate actions.
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If the break is downstream of the feedwater block valve, it is
terminated in the same manner as the main steam line break
summarized in Table 4.

A break upstream of the block valve 1is also datected by
redundant pressure switches located on the feedwater commen
header. Two out of three logic closes the normal boiler feed
pump (BFP) discharge valve and opens the bypass valve to
emergency feedwater.

Since emergency feedwater will also leak out the pipe rupture,
lack of back pressure results in high emergency feedwater flow.
Redundant flow switches then alarm the control room. The
operator then isolates the break by closing the emergency
feedwater block valves. This lea” is terminated in less than 90
sec. (See Table §)

TA TE ACTION
5 sec sec PPS Senses Low F r P ’
Eiiiiﬁ: EEESEEEE §n Mi%n 522:3 Pgiisu;g Low,
§ E;E 10 sec BFP Discharge Valve Close n
15 sec Hi rqen r F Alarmm.
| 20 sec | , .

3 sec rator Pl in Power Position.

sec 30 sec rator Insures Tran f H ower
10 sec 45 sec Operator Verifigg Stable Core Cooling.
30 sec 75 sec perator Reads tmergency Procedures.

—Determines Course of Action,

5 sec 8 c Operator Starts Auxiliary Boiler,

sec sec Operator Closes Emergency Feedwater

A

TABLE 5: Sequence of Events Following a Feedwater Line Break

Downstream of the Block Valves.

A break occurring between the feedwater check valves and the BFP
normal discharge valve is isolated immediately by the redundant
pressure switches or the common feedwater header. (See Table 6)

TA TE ACTION

S _sec S _sec PP n w F A

5 sec 10 sec BFP Discharge Valve Closed. Bypass Opened.
Leak Terminated.

TABLE 6: Sequence of Events for a Feedwater Line Break Between the

Feedwater Check Valves and BFP Discharge Valves.
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CASE

A break occurring between the condensate pump (CP) and BFP does
not result in a harsh environment, as the water only reaches a
temperature of 110 degrees F at the break. (See calculations).
This break is also detected by a pressure switch that alarms the
control room.

§: Cold Reheat Line Break in the Turbine Building

A break in either a loop cold reheat line or in the common
header will result in a depletion of all steam supply to the hot
reheat system causing a reactor scram on low hot renheat
pressure. [t also removes the source of helium ¢irculator
motive steam leading to circulator steam drive trips on one loop
and complete circulator shutdown on the other loop.

The various operator acticns required tc terminate this leak are
described in EP B-1. Based on the actions listed in Table 7,
the leak will be isolated in about 150 sec.

' TA L TE ACTION

10 sec 10 sec Reactor Scrammed on Hot Reheat Steam
Pressurs Low,
S _sec . ,
15 sec 15 sec Low Circulator Speed Alarm (Based on Historical

Trips from Full ),

Data on Trips
é_;gg; 0 sec Circulator Trips Autcmatically.
S e —Gperator Places 158 in Low Power Posiiion

Ssec! 20sec!| Operator Insures Transfer of House P

r
5 _sec 30 sec Operator Verifies Reduction of Turbine Power.
0

40 sec |  Operator Verifies Stable Core Cooling.

sec 70 sec Operator Reads Emergency Procedures.
Determines Course of Action,
3 _sec I3 sec ' iler,
20 sec 95 sec Operator Trips both Circulators in One Loop.
wn_lnsyred,
15 sec 110 sec Operator Trips Both Circulator Steam Orives

In Other Loop. CYo;es Hot Reheat Steam

Stop-Check Valves in Loop,
5 sec 115 sec Operator Insures Auto Water Turbine Start

aof -
10 sec 125 sec Operator Opens Power Operated Main Steam
20 sec 145 sec Operator Rais;s Main Steam Bypass and Start

Bypass Valves Setpoints to 2800 PSIG.
Leak Terminated.

TABLE 7: Sequence of Events Following a Cold Reheat Line Break in

the Turbine Building.
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CASE 6: Hot Reheat Line Break in the Turbine Building

Hot reheat steam enters the Turbine Building in two separate
loops that combine into a common header downstream of the hot
reheat stop-check valves (See Fig. 7 and Fig. 8). This common
header then divides into two legs which admit hot reheat steam
to the intermediate stage of the turbine.

As in the case of main steam, redundant pressure switches are
used to monitor line breaks on the common header. Two out of
three logic scrams the reactor and alarms the control room.

A line break in one of the loop headers will not result in a
trip of the pressure switches because the operating Tloop,
prevented from bieeding off through the leak by the stop-check
valve, will continue to feed the turbine. However, due to
reduced backpressure, the increased cold reheat flow causes
excessive helium circulator speed. The result is the
circulators trip on overspeed causing loop shutdown. The loop
shutdown isolates the leak by closing the circulator block
valves. This leak is terminated in about 10 sec. (See Table 8)

TA TE ACTION

| Ssec | Ssec | Circulator Trips on Overspeed.

5 sec 10 sec PPS Initiates Loop Shutdown.
_Leak Terminated.

TABLE 8: Sequence of Events Following a Hot Reheat Line Break
Upstream of the Stop-Check Valves.

A line break between the loop isolation valves and the pressure
switches will be immediately detected by the switches. Based on
EP B-1 and Table 9 below, the leak will be isoclated in less than
two minutes.
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TA TE ACTION
§ sec 5 sec 5eaé;;r5crammed on Hot Reheat Steam
r w
5 sec 10 sec Operator inserts Manual Scram.
sec 15 sec Aﬁperator Places 155 in Low ﬁower Position.
r Verifi Reduction f Turbine Power.
10 sec 35 sec 0 erator Verifies Stable Core Cooling.
sec sec Operator Reads tmergency Procedures.
Qg;grming; Coyrse of Action,
70 _sec
sec 90 sec Operator Trips Both Circulators in
One Loop, Assyre Loop Shutdown.
15 sec 108 sec Operator Trips Both Circulator Steam
Drives in Other lcop.
5 sec 110 sec Operator Closes Both Hot Reheat Steam
Stop-Check Valves. Leak Isolated.
TABLE 9: Sequence of Events Following A Hot Reheat Line Break

Between the Stop-Check Valves and Pressure Switches.

A break downstream of the pressure switches results in a turbine

trip on a loss of vacuum.

A turbine trip immediately initiates

a programmed feedwater flow reduction to 25% of full Toad flow
rate of .5% per second.

at a

Calculations show that with a hot reheat l1ine break, the reactor
will scram on low hot reheat pressure with feedwater flow at
The sequence of events following this accident are shown

30%.

in Table 10 below.

TA TE ACTION
5 sec 5 sec Turbine Trip On A Loss Of Vacuum.
Feedwater Flow Program Begins.
e agC.L__10_soC_| ifies T f Power ,
1S _sec Qperator Verifies Reduction of Tyrbine Power,
140 sec 145 sec Reactor Scrammed on Hot Reheat Steam Pressure Low.
5 sec ) Qng;a;g: lnserts Mgngg Scram,
5 sec 155 r Pl S Power Position.
10 sec |65 sec Qggra or Verifies St b1 Core Cooling.
sec 195 sec Operator Reads Eﬁergency Procedures.
termines Course of Action.
g se 200 s rator r xiliar iler.
20 sec 220 sec §perator ;rips ;oth Circulators in One
‘ Assures | h 0.
15 sec | 245 sec Operator rips Both Circulator Steam
ri her
5 sec 240 sec Operator CTOSes Both Hot Renheat Stop
Check Valves. Leak Terminated.

TABLE 10: Sequence of Events

Following a Hot Reheat Line Break

Downstream of the Pressure Switches.
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SECTION 4
CONCLUSION

A feedwater, main steam, or hot reheat line break within the Reactor
Building, is immediately detected by the Steam Pipe Rupture Detection
System and isolated automatically in a matter of seconds. A cold
reheat line break continues to be fed by the bypass flash tank until
manual action isolates the leak after two minutes.

The cold reheat line break is the most severe in the Reactor Building
due to its extended length. This affirms Gulf General Atomic's
initial analysis.

Since the cold reheat line break is isolated in two minutes, the four
minute curve used for environmental qualification of equipment in the
Reactor Building is conservative. The extra time that appears in the
four minute curve provides additional margin for all test results.
A1l equipment qualified for wuse in the Reactor Building remains
qualified.

A main steam line break in the Turbine Building is isolated either
automatically in 10 sec or manually in 80 sec. A feedwater line
break is isolated in either 10 sec or 85 sec. Cold reheat is isolated
in about 150 sec.

Although a condensate line break may last longer than four minutes,
the consequences are not severe since condensate will not flash to
steam,

A hot reheat line break can be terminated in as little as 10 sec
automatically or as long as four minutes manually. Thus, a hot
reheat line break is the most severe in the Turbine Building. This
confirms Gulf General Atomic's assumption.

GGA's steam line rupture curves were generated assuming a constant
blowdown rate following the break and prior to leak termination.
However, because of the reduction of feedwater fiow following a
turbine trip, and subsequent reactor scram, the bliowdown rate and
thermal input into the Turbine Building will decrease as a function
of time.

Thus, the steam line rupture curve for a hot reheat line break in the
Turbine Building is conservative. The difference between a constant
blowdown rate assumed by GGA and the decreasing blowdown rate
occurring after a turbine trip provides additional margin to that
found on all test results. All equipment qualified for use in the
Turbine Building remains qualified.
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Fig. 3 PPS Valve Isolation Following a Steam Pipe Rupture in the Reactor Building
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Fig. 4 Trip Time for High Reactor Building Temperature Switches
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Alarms and Automatic Actions for Steam Line Breaks on Feedwater,

Condensate, and Main Steam Lines in the Turbine Building

Fig. §
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Fig. 6 Comparison of Feedwater Break Temperature with Turbine
Building Steam Line Rupture Test Curves
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PPS Alarms and Actions Following a Hot Reheat Line

Break in the Turbine Building

Fig. 7
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Fig. 8 Postulated Pipe Rupture Downstream of the Low Pressure Switches

on the Hot Reheat Line
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APPENDIX A
CALCULATIONS

The calculations contained in this appendix were performed to analyze
certain steam line ruptures in the turbine building. The
calculations show that any main steam line break 1s detectable within
§ seconds by the low main steam pressure switch. The calculations
also show that for a condensate or feedwater line break, the maximum
release is a steam water mixture of approximately 200 degrees F. The
calculations also show that followin? a turbine trip with automatic
feedwater flow reduction the existing low pressure switches on the
hot reheat line will trip within 140 seconds. Crane Technical Paper
No. 410, Flow of Fluids through Valves, Fittings and Pipe, was used
as a reference throughout.
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PIPE RUPTURE IN THE TURBINE
BUILDING ON THE
CONDENSATE OR FEEDWATER LINES

Problem: Find the temperature of the flashing steam escaping from
the rupture.

CONDENSATE
Location - discharge of condensate pumps

Conditions - T=110 degrees F, P=310 psia, h=76.78 Btu/1b
flashes to a'mosphere w/ constant enthalpy fluid:
Therefore @ P-=12.3 psia, h=78.78 Btu/1b T=110 degrees F w/
no steam flash.

FEEDWATER
Location - discharge of boiler feedpumps
Conditions - T=316 degrees F, P=3300 psia, h=292 Btu/1b

flashes to atmospiere @ P=12.3 psia, h=292 Btu/lb,
Therefore: T=203 duyrees F w/ 12% steam

Location - discharge of feedwater heater #6
Conditions - T=403 degrees F, P=3182 psia, h=382 Btu/1b

Flashes to atmosphere @ P=12.3 psia, h=382 Btu/lb,
Therefore: T=203 degrees F w/ 22% steam.

MAIN STEAM
RUPTURE AT THE TURBINE

The steam will reach sonic velocity at the exit for maximum choked
flow. For compressible sonic flow at the break:

W= vd? *W = flow (1b/hr) = 2.25 x 10% 1b/hr
TUEUE v = velocity (ft/sec)
d = inside pipe diameter = 10.4 in
Substituting: p = density

2.25 x 108 1b/hr = v x(10.4 in)2 x p
—.0509

*Blowdown rate for steam by
GA Report GA12045

Solving: p = 1059 Egnl
v

Sonic velocity is reached at the exit and is equal to:

v = kxg x 144 x P, v = velocity (ft/sec) sonig
) g = gravity = 32.2 ft/sec’
exit pressure
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Substituting: p = density (1b/ft?3)
k = specific heat ratio = 1.3 for steam

v = 1.3 x 32.2 ft/sec? x 144 in2/ft2 x Pox v
1059

Solving: v = 5,7 x P, Ean. 2

Solving Egqn. 1 and Egn 2 simultanecusly yields:

-outlet Temp = 1000 degrees F Qutlet pressure P, = 400 psia

same as normal Qutlet velocity v = 2280 ft/sec
flow for worse case Qutlet density p = .46 1b/ft?
Conclusion: The setpoint for the low main steam pressure scram

is 1500 psig. The switches are located approximately 40 ft
from the break where the exit pressure with choked flow is
about 400 psia. Therefore, the pressure switches would
trip in less than 5 seconds.

A-3



MAIN STEAM
RUPTURE UPSTREAM QF
THE LOOP ISOLATION VALVES

CONDITIONS: P = 2437 psia
T = 1002 degrees F
h = 1460 Btu/1b
= 316 ft 2/1b

SITATION: 28 7me N

320
1b/sec

20.75" Line

0
16.25" Line N ! 1b/sec

A rupture in a single loop 1ine will allow all of the steam
in loop 2 to escape to the atmosphere. However, the check
valve will not allow the steam from loop 1 to escape.
Therefore, flow still exists at the pressure switch which
is set @ 1500 psig.

RUPT?RE
7

SOLUTION: Loop Lines: D=1
d=1
A=9

D = 20.75 in
d = 14,758 in
A= 171.06 in2 = 1,188 ft?

6.25 in
0.82 in
1.9 in2= 6385 ft2

Combined Line:

Velocity of steam under normal conditions:

V = 320 1b/sec x .316 ft3 /1b = 158 ft/sec in each loop
0385 Tt2

YV = 640 1b/sec x .316 ft3 /1b = 170 ft/sec in combined line
T.188 ftz

After one loop 1is lost, approximately the same pressure drop, thus
the same velocity, will exist in the combined line. The velocity
will increase some but this will result in a lower pressure, thus
using 170 ft/sec is conservative. Therefore, after one loop is lost,
the flow in ‘oop one and the combined loop is equal to 320 1b/sec.
Therefore:

Loop 1 flow in 1b/sec = Combined Line flow in 1b/sec

158 ft/sec x .6385 ft:? = 170 ft/sec x 1.188 ft?
316 Tt /1D Ar fti/ib

A-4
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At the pressure switches in the =~ mbined line:

v = 633 £t3/1b
and T = 1000 degrees F

Therefore: P = 1293 psia
@ PSL
CONCLUSION: The pressure at the switches reaches about 1295 psia

instantly, therefore the switches would trip with a
setpoint of 1500 psig.
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HOT REHEAT STEAM
RUPTURE NEAR THE
TURBINE

Find percent of flow to reach the set point of 35 psig.

Resistance of pipe:

K=f L/D - 30 ft. of 34" pipe
K=f L/o8% - 40 ft of 22" pipe
K= .5(1-B2 ) siﬁ% - sudden contraction
B
K=1/84 - exit
where
B=dy . 201n .
dp 31 in -85
f = .012 for turbulent flow
€ = 180°
K=.012 X 30 ft. X 12 _ .127 - 34" pipe
34 in.
K= 012 X 40 ft. . 1.47 - 22" pipe
22 in. X 65'
K=.5 (- .652) x1 _ 1.62 - contraction
654
4
K=1/.65 = 5.6 - exit
K 101 = 8.82
A+ PSL, Py = 35 psig + 12.3 = 47.3 psia
Atmospheric Pp = 12.3 psia
aP = 35 = .74 for AP = .74 and K = 8.8

oW A

- Y= .71 w/ subsonic flow

A-6



Therefore:

W= 1891 X Y X d? X AP W= flow (1b/hr)
- Y= .71
KXV d = 31 in.
AP = 35 psia
K = 8.82
V%= 14 ft3/1b @ 35 psig

h = 1360 Btu/1b

W= 1891 X .71 X 31 in? X 35 psia
8.82 % 14 ft3/1b

W = 686, 924 1b/hr

Percent normal flow = 686g 924 Eb{hr = .31 = 31%
. X b/hr

After a turbine trip, the feedwater flow is automatically reduced to 25% flow
by %% per second. Therefore it would take:

+ = 70% = 140 seconds
.5%/sec.
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APPENDIX B

This appendix contains the emergency procedures that are used by the
reactor operators to respond to a steam line rupture. Depending on
the type of steam leak, the operator will receive certain alarms or
indications that direct him to the appropriate procedure where the
correct immediate and followup actions are found.
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Page 1 of I
Table 3-1

1)

2)

4)

5)

§)

7)

9)

10)

1)

12)
13)
14)

PLANT CONOITIONS REQUIRING MANUAL SCRAM

Abnermal reactivity changes beyond the capadflity of tne
regulating rod to compensate. (Emergency Procedure £)

Failure of a circulator helium outlet flapper valve to shut
afser circulator trip (Emergency Procedure C or 0.)

PCRV Relief valve opens (Emergency Procecure H-2)

Steam leakage that fs not fsolated by a loop shutdown (Emergency
Procedure C.)

Loss of all hydraulic pressure in one hydraulic power system
(Emergency Procedure M)

Turbine shutdown following 4 loss of outside power without a
wurdine trip.

%oss of outside power with turbine trip. (Emergency Procedure
-3)

Loss of condenser vacuum (Emergency Procedure F-2)

Fire 1n, or affecting, a control panel, instrument cabinet, or
Toad center. (Emergency Procedure [)

Fire 1in the general plant area affecting continued safe
operation. (Emergency Procedure [)

Loss of access to the control room (Scram from [-49) (Emergency
Procecure R)

Loss of fnstrument afr Headar (Eme-~gency Procedure L)
Permanent lo0ss of fnstrument Bus 1| or 2 (Emergency Procedure N)
Loss of interruptitle Bus 3. (Emergency Procecure N)

when any automatic scram is called for

FOAM 172 121 a2
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INTROQUCTION

Reactor scram s the ultimate cefense against any circumstance or
condition that threatens to damage the reactor core and release
radicactive fissfon oproducts. Reactor scram is inftiated
automatically by the Plant Protactive System (PPS) in a numder of
situations described in he following cfscussion of symptoms.
Reactor scram is also inftiated manually in a numoer of situations fn
which the contral of the plant {s threatened, anc a ~apid shutlown is
calleg for.

The reactor scram results fn a rapid shutdown of the nuclear chain
reaction and the attendant power proguction from fission. However,
immediately after reactor scram there remains a significant amount of
heat generation due to the radiocactive decay of tne fission products.
There 1s also a large amount of thermal energy stored in the primary
components, particularly the graphite core anc reflector. Therefore,
she contro! and reduction of primary system temperature reguires a
continuation of heat removal through the steam generators. The
control system s designed to acconp’ lsh these necessary heat removal
activities automatically following the scram. The orimary function
of the immediate operator actions of this Emergency Procedure are %0
backup the Control $)stem to insure adequate removal of decay heat
from the core.

The specific 'PS actions that are initfated Dy reacto= -“crar .ire as

follows:

l. The zantro rod Drakes are de-energized.

2. Power to #1 an! .2 Rod Orive Motor Control Canters are
interrupted (K49-51 and K48-50 green lights on - Board
[-10).

3. First=in scram annunciator and findicating light are
actuated, indicating which logic channels have tripped, A,
8, or C.

4 Turbine runback fs finitfated (Scram aux'liary relay rec
lights on).

S. Turbine 1s sripped 120 seconds after runback s initiated.

(TRS4-55 green lights on = Boare [-10).

NOTE: Turbine trip fs fnisfated immecfately upon
receiving reactor pressure low (programmec) signal
or signal {ndicating trip of all four heltfum
circulators.

FoMM 372 22 3843 -8 8-
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FORT ST. VRAIN NUCLEAR GENERATING STATION *ssue 51
Page 2 of 13
6. The feeawater fiow program fs ‘nitiatec (scram auxiifary

relay red lignts on).

NOTE: The feeawater program is inhibited on reneat steam
temperature high scram.

s Circulatar trip on programmed low feedwater flow (caused
by scram signal) is prevented.

OISCUSSION OF SYMPTOMS
SYMPTOMS

sartup Count Rate High (RMS Fuel Locading) [-038 &4/4 5/4 6/¢

This scram is actuated when efther source range nuclear channe!
equals or exceeds a neutron countrate of 1.0E~3 counts/second
with the Reactor Mode Switch in the =U$L LOADING posftion. This
scram is provided for use during fuel lcading and precperational
testing or other low power operations. The scram action fs
inftiated by 1 of 2 logic trip by the Nuclear Start-up Channels
I or I1.

Neutron Flux Rate of Change High (ISS Stars~Up) [-038 &4/3, 5/3

This scram {s actuated as a result of Wide Rance Nuclear
Channe's III, IV or V equaling or exceeding a neutron fiux rise
of S OPM. This scram fs utilized during plant start-up anc
results in additional protection and Detter scram response than
the "Neutron Flux-Wign" scram in case of 'ccicdental control roc
withdrawal when operating with the [L5 in Lle start-up position.
The setpoint is selected to be above the usual operating rate of
flux change.

Neut-on Flux High [-038 1/1, 1/2, 2/1, 2/2, 3/1, 3/2.

This scram fs actuated as a result of the correct twe of six
nuclear channels (III, IV, V) or (VI, VII, VIII), equaling or
exceeding 140% of full power fiux. Channels III, IV, and V are
combination power and wide range nuclear detectors. (hannels
VI, VII, and VIII are power range nuclear detectors. High
neutron flux levels with the associfated excessive heat
generation requires a scram to prevent damaging core temperature
increases.

FOAM 377 22 882
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Xgneat Steam Temperazure Wigh I-C38 13, 273, 3/3

When the hot reheat steam temperature, as measured Dy the nign
selected average of two thermocoupies from eacn loop per scram
channel, eguals or exceeds the 1075°F setpoint, that channel
trips. Tripping of two of the three channels causas scram
action.

Hot reheat steam temperasure high indicates an increase in core
power generation or a decrease in primary coolant flow or renea:
steam flow. Hot renheat temperature fs usad fn Tieu of reactor
primary coolant outlet temperature Decause of the difficulty fin
providing redundant gross primary coclant temperature
measurements. The design of the steam generator fs sucn that
changes fin primary coolant temperature first affecss the hot
reneat steam temperasuyre. Tnis scram serves as & Dackup 0 the
neutron flux high scram. The trip level is chosen %o De just
above expected transients in order to minimize the scram
response time and corresponding temperature overshoots on rod
withdrawa! accidents not terminated by the neutron flux high
scram.

To further reduce the temperature transient, the feedwater flow
program is initially defeated by clamping the output of the rate
limiters in the feedwater flow setpoint circuit., When the
measured reheat temperature is reduced to 973°F, the feedwater
flow program will occur. Maintaining the feedwater flow fixec
for a reheat steam temperature high scram from 100% load will
require about 23% of the steam o0 De bypassed Dby the
electromatic relief valves. This condition will last for abeut
nine minutes to reduce the reheat steam temperature to 373°F.

1/4,2/4, 3/4

The reactor pressure high protective action 135 a Dackup %o the
High Mofsture protective action. The reactor pressure high
scram action is to scram the reactor ancd shut down and dump the
Toop that 1s preselected by a hand switch. Preselection fs
necessary Dbecause the reactor pressure high action has no Bas‘s
for identifying the Teaking loop. It depends soiely on <the
physical fact that sufficient moisture inleakage will rafse the
reactor pressure above the high pressure setpoint (7 1/2% above
normal) wnich {s programmed with circylator fnlet helium
temperature. The reactor pressure high action also
automatically depressurizes the cperating steam generator Toop
to reduce the pressure differential across tne leax ‘n case tne
wrong 1000 Mhas Deen dumped or Soth lcops are Teaking.

Two Loop Trouble 1-038 4/1, S/1, 6/1

Sach of the two primary-sacondary ccoolant 'ooos fs orovided wish
4 series of PPS actions shnat shutdown the '00p “‘or a4 vartety of
rRasons. These 'oop shutdown acsions are coveres 3y Smergency

fOAM 377 23
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Procedure "C" anc explained in Appendix C. With cne locp
shutdown, the second loop must remain in operation at all times
to provide active cocling of the reactor core. Thus, with one
loop shutdown, the automatic shutdown of the second loop is
inhibited and a reactor scram called "Two Loop Trouble" s
substituted when shutdown of the second Toco is called for Dy
the PPS. Two Loop Trouble scram is finhibited with the RMS
switch in fueling loading.

-4

Loss of Plant Power 1-038 4/2, 5/2, 6/2

»—-

Undervoltage detectors sense the voltage on all three phasas of
| poth essential buses 1A and 1C. Oesection of voltage loss
| persisting for 30 seconds by 2 of the 3 detectors on each Dus
| produces 2 of 3 scram channel trips, causing scram.

The accident of concern is the loss of outside power, coincident
with turbine generator trip and failure of one cfesel generator
to start. A scram s required to reduce heat generation to
allow for heat removal with less than a normal complement of
plant equipment. The immediate actions specified are designated
to allow for orgerly start-up and/or loading of the diesel
generators in the event that they both haven't automatically
supplied power to the essential loads. The follow-up actions
are details for the manual starting and locading, as well as
procedures for continued shutdown cooling.

1.8 Reacsor Builging Temperature High I-038 4/6, 5/6, 6/6

High reactor building temperature (greater than or equal %o
175°F.) indicates steam or helium leakage into the duflding. If
PPS action to shutdown a loop did not f{solate tne leak,
immedfate actions are required to determine the source of the
leak and to take actions to fsclate it. The temperature and
pressure recorders on [-09, actuated by a high pressure or
temperature at any of the 14 sensor locations, should help in
determining which loop is leaking. The opening of the main
steam power operated relief valves (22% capacity) with 25% loop
flow would not result fn a pressure decay unless a ‘Teak of
significant size (greater <than or equal to 3%) was present in
the Toop main steam piping. [f no pressure decay takes place,
and a significant size Teak has occurred, the isolation of all
reheat piping in the affected loop, or the fsolation of all
common cold reheat piping should fsolate the leak.

1.9 Rzggggr Pressure Low (Programmed) (IS5 < Power) [-038 1/S. 2/8,

Pressure elements sense the pressure in the circulator ciscnarge
plenum and operate pressure swizches in the PPS.  Actuation of
two of the three switches trips their ~espective scram cnannels
and causes scram.

FORAM 372 22 wa
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Low primary coclant pressure is an indication of gross primary
coolant leakage from the system. A scram ‘s fnftfated DQecause
the reactor is fn danger of being fnadequately cooled, whizh
would 1ncrease the hazard associated with activity release “rom
the PCRV. The low oressure trip setpeint fs 50 psi delow normal
and is programmed with helium circulator inlet temgerature =2
reduce the response =ime. The reduction of response time s
gdesirable to minimize steam generator tybDe stresses causec Jy an
increasing primary coolant temperature fn comoination with a
constant (controlied) main steam temperature. The consrol
system tends to aggrevate the situation until a scram overrices
the control system. A turbine generator trip fis finitiatac
simyltaneously with the scram to anticipate the ensuing crop in
main steam temperatursa.

The turbine should trig immediately in tnis scram insteac of
running back and tripping after 120 seconds as in mest scrams.
Immediate trip s required bacause the Tow pressure helium 1s
not capable of transporting enough heat from the core to the
steam generators to prevent steam generator flooding and water
washing of the turtine if the normal runback=-trip sequence ‘s
followed. The operator should manually <rip the turdine as
quickly as possible 1f automatic PPS actions does not.

This scram protects the reactor in the inconceivable event of
the complete fatlure of both closures of a PCRV penetration.
Any concefvable leak of primary coolant results in the reduction
of the primary coclant system pressure to atmospheric over a
period of from several hours to several days. The source of any
leak should be determined and %he leak fsolated in this length
of time. If the scurce of leakage cannot be located or
isolated, the reactor should be manually scrammed and the PCRV
depressurized (par SOP 24).

1:10 Main Steam Pressure Low (ISS-Oower) [-033 1/6, 2/6, 3/6.

If the main steam pressure drops below 1500 psig, each of three
pressure switches located an the common main steam line in the
turbine building wil' cause a scram logic channe! trip. Two of
the three channel trips will cause a scranm,

Low main steam opressure fs an indicetion of efther main steam
line rupture or of gross faflure of the feedwater system,
Immediate shutdown of the reactor s appropriate in aither
sfisuation. In agdition, Doth superheater outlet s$%0p check
valves are automatically closed =0 reroute ma’'n steam %0 tne
flash tank through the fndivigual! loop Ooypass valves and
desuperheaters. his 1s necessary for the sontinued operation
of the helfum circulators on steam. The scram <rip point s
selected to De Delow normal operating levels ang system
sransients. The main turdine Toad 1s run Back DBy the infzfal
pressure regulator as gressure drops Delow the 2400 osig normyl

FOAM 372 22 W& -8 12-
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operating aressure. The turoine s snutdown D2y tne turdine
protective system at ~ 2200 psig.

If the cause of the low main steam pressure was rupture of the
main steam line, the automatic closing of the superneater 50D
check valves would isclate the leak and cooling would z3ntinue
with both loops on steam drives of the nelium circulators.
Continuation of core 2ocling would oe accomplisnec oy cne of tne
shutdown cooling modes.

The loss of feecwater cansidered is the complete loss of the use
of all three Doiler feec pumps due to failure of either the main
condensate line on deaerator side of LLV=3173, the ceaerator,
the bofler feed pump suction line, the pumos themselves, or Dath
main and emergency feedwater Ilines. [f the cause of the Tow
main steam pressure was failure of the feedwater system, all
four helfum circulators are automatically shutdown due o loss
of feedwater fl w and cne Toop will De shutdown <due =0 DBoth
circulators Dbeing tripped. In this case, further actions
covered by abnormal operating procedures will De reguired 0
establish core cooling.

1.11 Ren team Pressure Low ([SS - Power) [-038 1/7, 2/7, 3/7.

Detection of low pressure Dy pressure switches located on the
common hot reheat steam line in the turdbine butlding causes a
scram logic channe! trip. Tripping two of three channels causes
a scram. The low pressure trip setpoint is 35 psig.

Hot reheat steam pressure low s an indication of a rupture in
efther a cold reheat line or a hot reheat line 1in the section
common %o Dboth loops. Loss of the cold reheat steam line
results in loss of the steam supply %o all circylators and
boiler feed pump cturbines. The direct scram fn this case
precedes a scram resulting from Two Loop Troudle. The crip
point 1{s selected to De Delow normal cperating and transient
pressures which vary over a wide range.

The Pelton Whee! drives on the heltum circulators are
automatically started Dy ahutsing down all circylator steam
| drives. The AUTO WATER TURBINE START will come in for the last
| operating loop on steam drives. The hot reneat stop valve s
closed automatically 1in the second loop to afd fn Jeak
fsolation.

1.12 Manya! 1-038 ¢/5. 5/5. 6/8

A manual scram s inserted when called for in Taoie 3« and
following an automatic scram as 4 Dackup %o the PPS %o fnsure &
full seram. A manual scram can De inserted Jy coerating tne
scram handswitch %0 the scram position, Dy dceoressing two of
| shree push Sustons on (=49, or By placing the AMS (Reacssr Moce
| Switeh) 2o the off posision. Aiso there are severa! mechanical

FOAM 372 12 WG
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2.1

2.2

| 2.3

ways 1in wnich Drake cower may De Gisrupted tnere Oy a'lowing
rods to fall (pull brake fuses, cut power cables, etc.).

QISCUSSION OF IMMEDIATE ACTION
[nsert Manual Scram.

Manual scram s inserted when called for (See Tadle 8-1), anc,
following automatic scram as a bDackup %o the PPS =tc fnsure a
full scram. Inward rod motion and decreasing flux are coservec
%0 verify that the scram is having the desfrea effect.

Place IS5 fn Low Power Position

The IS5 may be placed fin she low power position after plant
conditions have stabilized and reactor power fs < 30%.  Stadle
plant conditions are insured when: 1) Main turdine generator
has tripped; 2) Boiler feed pumps and feedwater flow hnas
stabilized; 3) Heltum circulator speeds are normal; &) Main
and reheat steam temperatures are decreasing at a maximum rate
of 2°F/minute.

when the IS5 1s placed in the low power position the maximum
cooldown rate of 2°F/minute must be controlled manually DBy
adjusting feedwater flow and circulator speed.

Also, during plant cooldown the operator must De aware of the
relationship Detween feedwater flow and circulator speed. If
feedwater flow 1s lost, circulator speed must immediately De
reduced to Zero t0 prevent damage 0 steam generators and/or
helfum circulators. When restoring core cooling, feedwater flow
should always De establ!ished before primary coolant flow s
establisned.

Ensyre Transfer of House Power

Following all scrams at power (except the reactor pressure low
scram and a scram resulting from all four circulators <ripped)
an  immediate action of the operator s %0 manually transfer the
4160V buses %0 the reserve auxiliary transformer, within the 120
seconds Defore the automatic turdine trip takes place for tne
following reasons,

Any of the following PPS actions cause the main generator
auniliary tripping relay 86G1 %o De energized:

1) Any scram, with @ 120 sec. time delay
2) Reactor pressure 'ow scram (programmed), no time delay

3) A1l four circulators sripgoed, no time Zelay

FOMM 372 22 a3 -8 14-
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Energizing auxiliary tripping relay 886Gl procuces tne foi'cwing
actions:

1) Opens OC8 5301 (230 KV generator breaker)
2) Opens OC3 $300 (230 KV generator breaker)
3) Energizes 41G1, which trips the field Greaker.

4) Snergizes 86GTL, generator anc transformer auxiliary
tripping relay which in turn:

a. Opens ACB 152ATIA (4180 volt feed to 1A bus)
B. Opens AC8 152ATIC (4160 volt feed to IC Bus)
. tarts 4!l emergency diesel engines.
§) Energizes the electro-hydraulic master relay, which in
tyrn:
a De=energizes two pilot sclenoids of the master trip
solencid valve (24V0C) (Trip requires 2 of 2).
b. Energizes mechanical trip solenotd (125V OC).
e. Either of these trip signals will srip the turdine

SV's and [SV's,
6) Produces 11ght and alarm,
The following actions also take place, as appropriate:
1) Low voltage on 1B bus causes 152RTIB to close.

2) [f 1S2ATIA 1s open ang 152RTIB fs closed, bDus tie 3TAS
closes.

3 If 182ATIC s open and 1S2RTIB fs closed, bDus tie 3T3C
closes.

As outlined above, 't 15 seen that a momentary 'oss of power 0
the 4160 VAC buses, and hence %0 the 480 volt buses, s required
for the automatic switehing to the reserve auxiliary transformer
to occur. Mowaver, 4!l moter contral center Dreakers are
gperated and held closed By holading cofls energized from the
nigh side of each Sreaxer. Thus, 4 momentary faterruption of
power %o the motor sortrel center Duses will Cause the
associated closed Dreakers to cpen,  Egquipment must then De
restarted through the auto start pravisfons of the varfous
Systems or througn cperator action

FoRM 172 22 e
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. 2.4 gnsyre Tyrding Trip

This 1s a Dackup %o the PPS actien required anly when tne
turdire is in operation, The tyrdine is trippea in anticipaction
of the drop fn steam pressure resulting from the scram. Without
the turtine trio, control of steam pressure and temperature
would De difficult and the coo'down rate woulcd De excessive.
Further, the time period after scram in wnich the cirzyulators
and feed pumps could continue %o De operated on reactor staam
would De rapidly decreased by continyed surBine operation.

Most of the scrams result in turdine rundack at 1% per second %0
10% load followeg 120 seconds after scram Dy a turbine <rip.
This provides a less severe turdine shutdown transient, insures
a high rate of heat removal immediately following the scram =0
absoro energy that may have Deen produced Dy events leaging o
scram, and gives the operator the opticn o transfer cthe fn=
house power supply to the reserve auxiliary transformer.

Two scrams, reactor pressure low and all four circulators
tripped (1.e¢., two 'oop trouble), result in immediate ctursine
trip without runback. In both these cases, continued turtine
operation only aggrevates the situatfon, ¢ fimmediate trip s
appropriate.

If the PPS does not runback and/or trip the turdine as required,
the turbine should be tripped manuaily.

| 2.5 Easure or 11sh ] » 14n ndition

Verify that the =transfents associfated with the scram have not
caused circulator trips, and 1f they have, verify that the water
turbine drives have started automatically. The circulators
should continue to operate on reactor steam for some time after
scram,

If the circulators are not cperating, then the Jperator must
take ‘mmediate action %o restart at least one circylater on
water or steam drive, as appropriate. Procedures for supplying
cireulators with water or steam under 4 vartety of circumstances
are provided in the SOP's, in Abnorma! Operating Procecures and
in the "Safe Shutdown Cooling with Highly Degracea Conditions, "
document .

Because of cshe intsfally high decay heat load ang the stored
enargy 'n the core, steam conditions should remain near the
normal operating setpoints for some time following the scram,
The operator should verify that she main and rehgat steam
temperatures ang pressure controllers Mave nandleg tne scram
sransient and continue %0 maintain proper satpoing sngisiong

[f not, the operator should ake manua!l cont=a! of the ermant
zontrol ler.

FORM 373 21 M4
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The rapid power gdecrease of a scram, turdbine rundack anc trip
to
The
‘s
initiated (finhibited on Mot Reneat steam temperasure high scram
the

requires pre-programmed feedwater contrsl system action
mitigate the thermal shock t¢ the steam generators.
operator should verify that the feedwater flow program

unti] Hot Reneat temperature fs Delow 373°F.). If nes,

operator shoulc take manual control of the errant controiler,

fORM 372 12 WA
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0ISCUSSION OF FOLLOWUP ACTIONS

| 3.1 Ensure Reactor Interna! Maintenance Terminated and Coenings
)

This scram occurs only when the Reactor Mode Switch fs in tne
“BUEL LOADING" oposition. The operater should acvise any
personnel involved in operations from tne refueling floor that a
scram has occurred and that further operations snould De
serminased unti! it is determined =0 be safe to proceed.

3.2 Start Auxiliary Soiler

As reactor steam opressure drops off following the scram, an
auxiliary bofler should be started to supply the 150 psig steam
neager. The time after scram that the auxiliary bofler will De
required varies with a numoer of factors incluaing the power
conditions at which <the scram occurred, the cecay heat rate
(1nfluenced by care power history), the rate of cooldown ang
equipment operability conditions in the plant (for example,
auxiliary Dofler steam may De cdesired as a Dackup power source
.for the circulators 1f the feedwater system nhas problems).

3.3 Establish Two Circulators at =~ 7000 RPM

Two circulators (on steam driven or on Pelton Whee!) at 7000 RPM
will provide sufficient primary coolant flow to prevent core
over heating from decay heat. The twe zirculators may De one in
each loop or two fin one loop and still provide sufficient
primary coolant flow.

rature exceeds ;;0$'=| increase
rom %0 oDtai‘n maximum ava‘ rim

goolant flow.
3.4 Isol Prim olan K, ressurize Thraugh Pyrificatsion
rain i

Pumping down the PCRV through the Helfum Purification System
will minimize the Teskage of radicactive helium fnte the reactor
buflding, release to the atmosphere and recuce subsequent
cleanup problems.

3.9 lsolate Secondary Coolant Leak or Establish Fescwaser Flow

In conjunction with symptom

(1.8 Reactor Building Temperature Higr Scram.)

1) 1f ctemperature and pressure =ecords on [-0% clearly
ingicate the leaking loop, srip Doth cirsulatars ‘a tnat
:
000.

FORM 377 12 WG
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2)

3)

Tripping both circulators resuits in Toop snutGown wnicn
shuts the feedwater, main steam and reheat steam sIOD
valves as well as the circulator steam ‘nlet anc outiet
block valves. This action isolates the steam leak unless
i+ 1s in the cold reheat 1ine or the hot reheat piping
downstream of the reneat stop-check valve.

I# 1-09 recorcers do not indicate the Teaking Tocp:

a) when feedwater flow nas Deen recduced to 25%, ooen
the power operated main steam safety valves in Doth
Toops.

D) I# main steam pressure decreases in either locp,

trip both circulators in the loop.

If the leak is in the 5-10% of steam flow range, it
may be difficult %o locate by the [-09 instruments
and the rate 1is too small %o make a significant
difference in loop steam pressures. In this case
opening the power operated main steam relief valves
will dump about 22% of the 25% steam flow so that a
smaller leak should make a significant difference
fn the steam pressure in the leaking loop.

If loop steam pressure decrease daces not indicate the
leaking loop, the leak must be in the reheat steam piping.
In this event:

a) Trip all four circulators and shut beth circulasor
bypass block valves.

b) Start water turbine drives in one loop.

¢) If leak s still not isolated 1t must De in the

cold reheat piping. In this event, raise setpoint
on the main steam DSypass valves until all steam
flow 1s through the Main Steam Relief Valves.

These steps assume that the Teak fs in the reneat piping
and cannot be f{solated Dy shutting down & loop

Therefore, steam flow to all circulaters s secured anc
water turdines are started to maintain active core
cooling. If the leak turns out to De fn the common cold
reheat piping Detween the turdine and the circulators, It
fs necessary to rafse the ma‘n steam Dypass valve
setpoints until they are shut and all steam flow i3
through the relfef valves. This action f{s necessary
Decause the Dypass valves agmit steam to she “lasnh zank
which cannot be fsolated from the ccld reneat piping.

FOAM 372 22 B
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3.5 Isclate Seconcary Coolant Lesk or Zs:ap’isn “eegwater “low

b

2)

In conjunction with symptom

(1.10 Main Steam Pressure Low Scram)

Main Steam Pressure Low Caused by Line Ruoture.

a)

B)

Main

EnsJyre rupture is fsolated.

Low main steam pressure would De expected o result
from a rupture in the main sseam line. <the loop
steam lines, or main or emergency feedwater lines.
The rupture should be fsclatec by automatic closing
of the loop fsolation valves con locp shutdown,
closing of the loop main steam stop chacks or
closing of the Dboiler feed pump discharge valves
when low pressure is sensed in the main feedwater
line. Operator action would be required to fsoiate
an emergency feedwater header rupture.

Maintain shutdown cocling with availadle helium
circulators and steam generators.

With the 1line rupture isolated, shutdown cooling
may be maintained with steam or water driven helium
circulators and normal or emergency feecdwater
supply %0 the operable steam generator depending on
the plant conditions.

Steam Pressure Low Caused by Loss of Main anc

Emergency Feed Water Supply.

a)

Depressurize at least one steum generator loop and
establish condensate supply of steam generators via
the emergency condensate line.

The loss of main and emergency feecdwater supoly
could result from failure of the main condensate
Tine, the dearesator, the 20fler feedpume sucticon
line, the pumps themselves or Doth the main ang
emergency feedwater line. The loss of feedwater
supply will cause loop shutdown of one lcop and
trip of the remaining two circulators on low speed.
Both loop mainsteam stop~check valves are closed.
The ceoressurization of <she steam generazors !s
requi=ed priar %0 estadlisning concensate “low ang
fs accomolished wisth the eleciromatic relief
valves. A concensate flow path fs estadlfsned wizn
the emergency condensate !fne sucply anc 2fscrarge
tArough the main steam generator Dypass vaives %0
the flash zanks.

fORM 372 22 88
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B) Operate at laast cne nelfum circylator in an

operable loop on condensate to match helium Flow
with condensate supply tc the steam generator

After condensate supoly %0 one steam operator nas
been established cne or =wo helium circyulators, as
necessary, are startec on condensate drive ang
circulator speed increasacd until the desfrec nelifum
flow is obtained. The helfum flow should De
adjusted to maintain the steam generator in <the
sub=-bofling conditions.

3.5 lsolate Secondary Coolant Leak or Sstablisnh Feedwater Flow

2)

In conjunction with symptom
(1.11 Reheat steam pressure Tow scram)
If circulators are still operating cn steam:

a) Trip both circulator steam drives in one Tocp anc
insure appropriate Toop shutgown.

b) Trip both circulator steam drives and shut hot
reheat stop-check valves in the other loop.

¢) Insure automatic water <turbine start of last two
circulators tripped or manually start circylators
on water turtines.

This scram indicates a major steam leak in the renheat
steam piping. Such a leak will probably affect steam flow
to al) circulators, therefore, all circulators are shut
down manually {f they haven't already tripoed
automatically. In this situation, the water turbines in
one loop should start automatically tc maintain active
core cooling.

Open power operated main steam safety valves

Raise main steam and startup dSypass valve setpoint to 28C0
psig.

These steps provide a path for steam flow so that
core cooling is maintained and then shut off steam
flow %0 the flash tank. This is necessary in the
event of a steam leak in the reneat piping Decause
the flash tank cannot be isolated from the cold
reneat line. Continue coolidown with this flow sath
until temperatures are Iow encugh %o switsh %0
condensate. The secondary coolant temperature anc
pressure will be Tow enough that 2 *low path may e
re-establisheg through the dDypass flash tank.

FOAM 372 22 B&
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s) Ensure motor driven cofler feed pump f: operating anc tnen

shut down steam driven Dofler feed pumps.

As discussed above, all reactor steam is Deing
dumped to atmosphere <through the safety valve.
Therefore, steam flow %0 the deaerator and turdine
driven feed pumos is Test, at Tleast until <che
auxiliary boiler can be brought into service.

5) Ensure hotwel! makeup valves are open.

As discussed above, no steam fis Deing returned to the
condenser, so hotwel!l level must be maintained Dy makeun
from the condensate storage tank.

6) Reduce feedwater flow tc maintain main steam pressure
below the setting of tne main steam safety valves.

This step assumes that the scram occurs with feecwater
flow greater than 25%. In this event, the feedwater flow
must be reduced to the capacity of the open power gperated
relief valve (about 22%). Thereafter, zhe feecdwater flow
should be controlled %o maintain and/or reduce the staam
temperature and pressure depending con whether the plant is
to be cooled down. The steam pressure should not be
permitted to increase above the setpoint of <the spring
loaded safety valves.

3.6 If Reactor Pressure High Scram'gr Two Loop Trouble Scram Due %o
Moisture inleakage, Proceed %o =mercency procecure A

Emergency Procedure "A" contains the appropriate operator action
in the event of moisture inleakage.

3.7 Start Emergency Diesel Sets and Energize 480 Volt Sssential

Susses
In conjunction with symptom
(1.7 Loss of plant power scram.)
| 1) Ensure all standdby diesel generators have started. If

not, start them from the Control Room. I[f none will stars
from the Control Room, start them from their cantrol
panel.

In this situation <the primary concern i{s maintairing
enough alectrical power to continue active core cooling.
Only one diesel generatar s required to procduce tnis
minimum amount of power. Thus if the surtine generator
and all outsice power are lost, at Teast one ciesel-
generator must De started. The seccnd Jiesel gengratcr
orovides backup t2 the first and procuces agciticnal sower

FOAM 372 22 843 -8 2%
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to facilitate sudsequent operations. Sctn  ciasel

2)

i 5)

8)

generators should start automaticaily when the turdine
generator trips and snould pick up essential Tcads wnen
power is lost to the 4KV DBusses. In the event of
malfunction in the automatic controls, the diesel
generators can De started and/or loaded manually f=om <he
Control Room. [f manual control from the Control Room s
lost, the diesel generators can De started from tnefr
local control panels. Whatever the operator action
required, it is essential that at least one ziesel
generator gperates when all other power sources are lost.

The following are suggested troubleshooting steps <o De
followed wnen the diesel=-generator runs, but will not pick
up the electrical load as it should. The auto-start
srohibit relays prevent the Oreaker Detween the diese!
generator and the 480 volt bus from closing until the 480
volt bus s de-energized. BSecause the 480 volt Bus
normally carries more than the essential TJcads, load
shedding must occur and the bus must be isolated Dbefore
the supply breaker can be closed without overloading the
diesel-generator. When these conditions are satisfiec,
the diesel-generator feed breakers must close and the 480
volt bus tie between the energized bus (1A or 1C) and Dus
18 must close to supply the essential loads. When power
is available to the 480 volt bus, the automatic Ilocad
sequencer should operate to start essential equipment in
the proper order. If any of <these normally automatic
actions fails to occur, the operator should take the
appropriate manual actien.

Ensure that the diesel generator autc-start prohibit
relays (HS=9221/5 and HS-39223/5) are tripped.

Ensure that 480 Volt bus lcad shedding has occurred.
Ensure isolation of de-energized 480 veolt busses.
Ensure diesel generator feed breakers are closed.

Ensure the 480 vols 138 bus tie is closed tc the bus of the
first functioning diesel generazor.

Ensure that the automatic Toad sequencer is operating t2
start essential eguipment. If not, manually start loads
according to the program 1ist.

If power cannot De re-estadlished to the security system
start the ACM diesel-gererator and transfer security
system loads %o the ACM system.

EOAM 372 22 8

-B 23-




O
O

c >
©

FORT ST. VRAIN NUCLEAR GENERATING STATION

)6( PUBLIC SERVICE COMPANY OF COLORADO

AP EERN L)
OV
wy ow
o

»

The security system bDackup fower ‘s supp’ied from the ACM
system and requires operator action to transfer from
normal power %to Dackup power.

9) If power cannot be re-established to sufficient equipment
to mairtain active core cooling proceec with Emergency
Procedure G, "Extended Loss of Active Core Cooling.”

If the cause of the loss of plant power was of such nature
as to prevent the use of normal methods of removal of
decay heat the procedures of Emergency Procedure G provide
alternate methods of heat remova! and preservation of PCRV

integrity.

10) When condenser vacuum improves and condensate pressure is
adequate, sHut power operated not reneat relfef valves.

Condenser vacuum {s affected by the reduction of
circulating water flow. When the diesel generator fs
operating, one circulating water pump is restarted and
vacuum should improve permitting steam tc De dumped <C tne
condenser instead of vented <¢c atmosphere through the
power operated hot reheat relief valves. Returning the
condenser to service as quickly as possible is important
to conserving the feedwater supply.

11) When pover is available to the small condensate pumps, re-
establish makeup to the deaerator.

This is necessary to maintain feedpump suction pressure.
12) Initiate shutdown cocling.

The operator selects the appropriate moce of cooling to
suit the specific circumstances he faces.

| 3.8 Ensure Feedwater Flow Remains at Pre-Scram Level Until Reheat
Temperature at

This action s backup to PPS. The operator should take manual
control of feedwater flow if the automatic system dces not
respond as programmed.

REPORTING/ACTIVATION

4.1 :hc event as written should be classified as a "Significant
zvent”.

Unless she listed symptoms deteriorate further, this event
shouid be repor<ed within one hour to the NRC in accordance with
she Significant ESvent Reporting Praocecure.

2OAM 372 22 88
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[

2.2

4.3

4.4

4.5

The even: as wriszsan, is a “"Significant Zvent". If tnere is a
failure of diesels to start and lcac, {t may orogress 0 an
ALER| emerzency c!ass.

If diesels start and load, report this incicent within cone hour
+o the NRC in accorgdance with the Significant Esent Reperting
Procedure. If the diesels do not start and loud, classify tne
event as 2n ALSRT, and implement RERP imolementing procadure
CR=-ALERT.

The event. as written, is a "Significant Svent" oroviding that
thne leakage was secongary coclant. NOTIFICATLON OF UNUSUAL
EVENT. or higrer, emergency &c!ass 17 leakage was orimary
coolant. .

If the leakage was secondary coclant, report this incigent
within one hour to the NRC in accordance with she Significant
Event Reporting Procedure. [f the leakage was primary coolant,
classify the event as a NOTIFICATION OF UNUSUAL EVENT, anc
implement CR-UE RERP implementing procedure.

The event would be. as a minimum, NOTIFICATION OF UNUSUAL EVENT,
gepending ucon the magnitude of tne release of primary coolant.

Review Item 3, Table 1.2-2; Item 8, Table 1.2-3; anc [tem I,
Table 1.2-4 in EP-CLASS to determine if the event f{s more
serious than a NOTIFICATION OF UNUSUAL EVENT. Implement CR=-UE
for UNUSUAL EVENT class, or CR-ALERT for an ALZRT or higher
class.

case basis dependin
of | e 1.1-1 of

This item must be cunsidered cn a case D
upon tne reason
EP-Class for details.

Table 1.1-1 of EP-CLASS in [tem 7 lists cases wheredy a manual
scram does not constitute a "Significant Event”. If the event
does not meet these exceptions, report the incicent within one
hour 2 the NRC in accordance with the Significant Event
Reporting Procedure.
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PUBLIC SERVICE COMPANY OF COLORADO
FORT ST VRAIN NUCLEAR GENERATING STATION

INTRCOUCTION

This emergency procedure is an exzension of Zmergency Procedure 3-1
"Reactor Scram”. The action item steps presume one cooiant Toop  has
sripped anc been isclated. The reason for the firs: Toop srip coulc
se for any numser of causes and ft is futher assumed tnat the Tooo ‘s
not available for active core cooling. With troudie in the remaining
loop and Twe Laop Trouble Scram, Zmergency Procecure -2 s a guice
for the operator %o insure that ac:tive core cocling fs efthner
restorec or continued on the remaining Toocp.

DISCUSSION OF SYMPTOMS
Alsoc see discussions of symptoms in Emergency Procedure "C".

Helium Circulator Triooed

R L B L03A &=5
D R
C &0 1050 4-5

=
P

This condition could result from a numper of causes cdue to
individua! circulator crips and loop <rip or fixed
feedwater flow low. In the latter case, trip of both
circulators in the remaining loop is not innibited.

1.2 Steam Generator Penetration Pressure Hian.

koop 1 I05A 2-6

Loop 2 TOSD 2-6

-
Lo

Reheat Header Activity Hign
Loop 1 I0SA ¢Z-3
oR

Loop 2 "10SD 2-3

1.4 Main Steam Temperature Low
Loop I 10GA 4-8

Loop 2 "T0SD 4-6

-

1.5 Pipe Rusture
Loop 1 I05A 3-6
OR

Loog 2 "10SD 3-6

These conditions in the remaining loop will result in Two
Loop Troublie Scram but the loop continues in operazion <o
provide active core cocling.

FOmM 372 22 3843 -B 29-




PUBLIC SERVICE COMPANY OF COLORADO

EQRT ST. VRAIN NUCLEAR GENERATING STATION
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JISCUSSION OF IMMEDIATE ACTION

Insure immeciaze acsions for meactor scram (3% 2-1)
complete.

These acticns provide backup for the PPS autematic scwam
anc ‘nsure active shutdown core cocolf

Restore active core zooiing.

Wwith all four circulazors sripped, active core csoling
must De ~estarted. It will be necessary to clear at Teast
one circulator <rip and possibly correct the congizion
that caused the trip.

DISCUSSION OF FOLLOWUP ACTIC

Reduce feedwater opressure to about 330 osig anc continue
cooldown on operating !10cC.

With a Steam Generator Penetration Pressure High alarm in
the operating loop, this action will reduce the ariving
force Dehind the leak. The reduction in feeadwater
pressure is accomplished by reducing the setpoint on
PC-22129 or PC-22130, or by opening relief valves PV=22187
or PY=22168.

If possible., continue coclgown on affected lcop unti!
region outiet temperatures are 300 deqcrees -anrenne‘: or
Tess. Otnarw! se, Droceec %0 S%ep ..:=.

EQRM 372 22 J843
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PUBLIC SERVICE COMPANY OF COLORADO
FORT ST. VRAIN NUCLEAR GENERATING STATION
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3.5

4.2

.

If Jeak ‘s 1in reheater., ¢scl
CirCuUIATors Cn Delson wneel. .20
seczion of st2am ganerator.

AUe C00 I SOowWR using =23

ate reneaters ans sIa=T
-3

With Hot Reneat Header Aczivity High alarm in <ne
operating locp and radicactive gases Deing releasec from
the plant, it f{s desirable tc Dcth maintain aciive Core
cocling ang =0 iso'ate the Teak. Not fisolating <ne
affectec reneater untzi! core region outiet temoeratures
are 900 degrees Fanrenneit or less will assure <nat <tne
reneazer remains well within its Jdesign temperatures.

If leak ‘s in Main Steam ziping, eszabl‘sh flow throych
pOwer operatec re ie’ valvels).

This will reguce =he amount of steam =~eleasec direct’y
into olant puildings and nelp protect plant eguipment from
damage.

If core cooling cannot De mafnc;;ged or restored., aroceed
to SP-G, txtended Loss of Active Core Ccoling.

EP-G references procecures "Cooling Using Abnormal
Procedures” and "Safe Shutdown and Cooling wizn Hignly
Degraded Conditions" wnich provide many alternative means
of obtaining active core cooling.

REPORTING/ACTIVATION

The event would De reportable as a "Significant Event". as
written.

Any manual or autematic scram from >2% power is reportable
as a "Significant Event", and should De repcried to the
NRC within one hour in accorcance with the Significant
Svent Reporting procedure.

The event would be reoortable as a "Significan: Event" *°
core cooling could De maintained or guick'y restored.  .°
the event gcegraces =0 & LJFC fOr gredter inan two "Ours
(Trom 100% Dower) the event Secomes anm ALzR| . or n-zne-.

emergency ¢ ass.

If circulation is maintained/quickly restored, reper: tne
event within one hour to the NRC in accorcance with the
Significant ESvent Reporting procecure. Jtherwise,
implement RERP implementing procecure CR=-ALZRT.

SORAM 372 22 388
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PUBLIC SERVICE COMPANY OF COLORADO

FORT ST. VRAIN NUCLEAR GENERATING STATION

4.3

The even: would =esulz 47 an ynplanneg -~e’a2ase. 3nC wou'C
De. 25 a Minimum. & No smicA SoN 07 UNUSUAL =vzh.

Decending upon the magnitude of tne relaase, tne event
will Be as a mimimum, an UNUSUAL ZVENT. Refer 2 Tadles
1.2-2. Item Nc. &; 1.2-3, Item No. 8; or 1.2-4, Izem Nec. !
of EP=CLASS for furwner aqetails. Imolement  RERP
implementing orocecure CR-UE “or an UMUSUAL ZVENT,
CR=-ALZRT for am ALSRT or higher emergency classificatic

SOAM 372 22 W&
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PUBLIC SERVICE COMPANY OF COLORADO

FORT ST. VRAIN NUCLEAR GENERATING STATION

w o

INTRODUCTIQ

There are a number of potentia’l proplems and cenciticns invelving ine

team generators, the circylators, the steam poiping and or <Ine
control system shat recuire snuscown of major sections of the plant.
3ecause of zhe two loop cesign, many of these prodlims anc Zongizicrs
can be handled without taking the plant complete’y cut of service 2y
shutting down only one loop of the Primary ang Seccncary Coolanst
Systems.

Loop shutdown may be initiated manualiy oy <he <cperator cor
automazically Dy tne PPS. Regarciess of now they a~e ‘nitfazes, &'l
loop shutdowns guring power operation ~esult in the fcllowing actions
seing automatically performec Dy the Plant Protective System:

> The hot reneat stop check valve is closec. (Tnis causes
srips of both helium circulazor steam drives . ISS in
power. )

3 The radiation monizor sample line valve is closec.

> & Control signa's for the hot reheat temperature controller

and the feedwater valve differential controciler are
generated, as describec in cetail Ddelow.

4. The loop feeawater control valve is closed.

wm

The Tocp feecwaszer stop valve is closed.

Soth nelium cirzulator steam grives are trippec.

~4 o

The nelium circulator byoass block valve is clesed.

The trip of both circulator steam crives, in turn, procuces signa's

Close doth circulator steam 2rive speec contrsl valves.

=

2. Close Doth circulator steam arive outlet Dlock valves.

3. Clese Doth wazer turdine outlet steam <trap fsolation
valves.

4, Close =nhe loop main steam stop valve.

o

Close =ne loop reneazer attemperizar flow zontre! va've.

- ]

6. Close the 'oop reneater attemperator “sedwazer ©='0CKk
valve.

EQAaM 372 22 88
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PUBLIC SERVICE COMPANY OF COLORADO = ARS

FORT ST. VRAIN NUCLEAR GENERATING STATION issue 3C
Sage Z s 8
7. Reduce tursine l1cad ¢ 350% of zne inftial value, wnich

produces a signal through the first stage pressure tc <ne
flux controiler to reduce reactor power.

8. Adjust main steam pressure controls as describec deiow.
s, Adjust feecwater controls as described zelow.

The remaining loocp centinues o operate at aooroximately fts infzial
power leve! bDecause the lcac setting on ztne zturcine governor s
automatizally reduced =c 30% of its infzial power Teve! at 10% per
second. This balances the tursine steam ‘Tow with the operating
loop's steam flow at its ‘nisial Tevel. At the same :time, tne gain
is doudbled on the cutout of the main steam pressure controller, sC
shat the feedwater conzrol vaive will responc cwice as fast =2
pressure changes, making its response compatidle with tne recucec
steam delivery capcacity.

I#, at the time of loop shutdown or curing subseguent operation, the
remote setpoint for tnhe cperating feeawater controlier Deccmes 30% or
less of rated looo flow, the setpoint will De Tocked anc furzner
reduction of feedwater flow can only be accomplisheg Dy placing <ne
feedwater controller in local setpoint or manual. This action is
taken to prevent the total steam flow from cropping oelow 25% of
rated, <=he minimum steam flow required tc keec the main tyrsine in
operation.

The feecwater differential pressure signal acr=2ss the snutcown 1202
feedwater control valve is eliminated so that the bciler Feed oume
team turdine governcr: responc only tc the differential pressure
across the ooerating feelwater control valve.

As tnhe main turdine governor valves close towarc 30% of the initial
power, the feec forwarz signal from the first stage oressure <0 the
flux controller will cause the automatic contrel rog, and predadly
the six pre-seiected runback rods, to Dbe f{nserted 0 recuCe =tne
reactor power =0 meet main turdine steam flow ~equirements. Afte-
the transient nas passed, the operator mus: manual’y adjust the snim
rods, SO as tO keep =he automazic control rog in a position of
control anc 0 allow witnarawa! of the runback =c¢

The hot reneat steam <tamperature input <0 the r~eneat staam
temperature controller from the shutdown Tocp s automatically
cancelled. The sezpoint of the not reheat steam semperature
conzroller zhen Decomes :he average of the six moduies *n zne
operazing looo.

FOAM 372 22 843 -B 37_
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FORT ST. VRAIN NUCLEAR GENERATING STATION Eif:‘f

.

SYMPTOMS

~

JISCUSSIC 1 OF SYMPTOMS

Helium Circylator Triooed
A& 3 I-05A, &=

" : 4 ;-5:5. [

Scftuso active core cacling must Se maintainec, *-'> one
1001 is permitsed <0 De shut Qown. This 1s acsomp!isned
by “"first in with lockout" circuitry wnich igentifies tne
1003 that nad zhe first trip signal anc srevents SNUTIOwN
of s<he remaining loop.

team Gensrazor Penezrazion Srassure Hign
Loog 1 _=Q3A, I-%
Loop 2 .-050. i=5

This ¢rip is caused Dy a pipe rupture witnin the steam
generator PCRV penetration. In eftner Toop, actuation of
at Jleast two of tnres pressure switches set at 737 esig
will zause lToop shutdown. To minimize the amount of
team/water inleakage to <the penetraticn, a steam/wazer
cump is initiated. In addition, the penetration inerspace
plock valve (HV=11131 or HV-11152) to the penetration ‘s
closed %o prevent moisture Dackflow %0 the purified ne’ium
system. The penezrazion is protected against over=
pressurizazion by relief vaives. The trip peint s set
above normal operating opressures Dut Delow penetration
re'ief valve setting.

Reheater Heager Ac'-»‘~1 =ian
w300 i .“b3A, =%

200 2 ;-5:u. Z*2

Each loop has <three detectors monitoring ~aciation from
the not reheat neader. (¥ two of <he <tnree cetaciors
sense radiazion levels in excess of § mR/hr, a Tco00
shutdowr is initiated. .

The hign radiation Tevel s cCaused Dy a reneater t.oe
rupture resyliting in 'oa~ago o‘ primary zoclant ‘n.o the
reheat team systam. Isotation of <he nel Teax
requires shuiting the ~eheater outlet s2op check vi v! anc
a loop shutdown <0 minimize <the amount of activ'ty
insroduced ints tne steam syszem. =ol'owing Tooo snutcowr
and eoua'ization of oressure in ne reneate~ witin Ine
primary coolant, moisture may ciffuse into <ne 2orimacy

coolans syszem. The~sf3are. ar fanidic fg iateslucec °n
she MoisTure Moniiariag system uson Jetectien of eige
Reheas “eacer Acsivity" o orevent an Jnnecessany

" "
team/water Qumt .

fOoAM 372 22 388
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FORT ST. VRAIN NUCLEAR GENERATING STATION
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I¢# a sma’] leak in the reneater develocec over a cer'ac of
time, activity would be ala=med on [-05, efther pane! "3
(Loop I) or panel "C" (Lsep II) at = [ mr/hr alove
background by the snine monitors or Dy tne reneat samcie
monitor. Reheat sampie monitor activity ‘s recorgec on
the [-05 (RR=2263/2264) nanel. Activity snould a'so snow
uo at the SJAE afr discnarge and will 2e ingicatec
(RI=31183) anc alarmec on I-05 anc ~ecorcec on =16,

Main Steam Temperature Low
Lo0s | L-05A, &-5

=008 4 v

=000 ¢ :=03U0, é=5

Thermocouples in the main steam heacer on each Toop sense
=he semperature ‘n that 1cop anc cause locp shutgown ¢on
the low emperazure locp, ¥ tne temperature s Tess tnan
800°F, and <=ne difference Dbetween 100D temperatures
exceeds 30°F on a: leas: two of the three tnermccoup’es.

Low main steam neader temperature in a loop is ingicative
either of a feedwater valve or conzroller failure which
results in excessive loop feedwater flow or a geficiancy
of primary coolant flow. As temperatures decrease DJelow
800°F, <his situation could result i1 moisture Car-ycver
with resulting mechanical camage to the turdine.

Pipe Rupture
L0060 1 L-03A, 3-8
=000 2 =050, 3-6

This sizuation requires rapid action to fsolate the "eak,
0 as to minimize zhe pressure and temperature bHuilcup
within she PCRV susport ring area. A compinatzion of
ultrasonic noise detecsors with pressure or temperature
instruments fs used <o initiate PPS action %o shut down
the leaking loop.

The ultrasonic instruments detect nign freguency ncise
generatec Dy the turdulence associateg with escaging nigh
pressure <eam from leaxs. ach channe! 2ontains twe
identical ultrasconic prodes anc ampiifiars, one for aac-
loop, energizec by a common sower supply.

fQRM 372 22 84
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There ire =nree yl:irasonic detessor snannels unCer ne
PCRV suppers ring. The sensing prodes are mountec on
oppcsite sices of a flat reflector surface Tocatec in a
vertical plane that divides the Toops. A steam Teak *n
the piping of one loop should cause tne uyltrasenic
cetecsors on tha: iocop's side of tne reflecior surface
trip. The =rip setpoint is an ultrasonic noise Teve’
swice Dackground. The ultrasonic <rip aione ccoes
cause loocp shusgown until it is accompaniec 2y trios
either the pressure or tamperatyre getecicrs. L
snutdown occurs wnen twe of three ultrasoric Cetect
agree on wnich loog is leaking anmg twe of the 0
pressure getectors or two of the <zthree temoeratur
geteczors trip, confirming the presence of a major Teax.
The pressure detec:ors trip wnen the sressure insice tne
PCRV suppor: ring increases Sy 2% inches of water adove
the reactor builging reference pressure. ~he temperature
geteczors trip at 130°F.

O 0

s OO -
T 0 0O O O
WO e

when a loop shutdown due tc steam leakage uncer the 2(RV
cours, the operator shou'd verify that tne Teak has Deen
successfully 1isolated. Verification <that steam ieakage
has been arrestec is afcec Dy the pressure anC temperature
recorders 1ocated on the 1-09% panel. These recorgers are
started when the pressure 3% any sensor location exceecs 2
inches of water or <he temperature at any sensor locatien
exceeds 12C°F.
For team pipe ruptures outsige of she PCRV, =ne
detectors, setooints, and <trip logic are icentical <o
those used under <he PCRV. BSecause of the size of zne
PCRV, two separate noise detector channels are used, one
or the north side and cne on the soush. As in the case of
the steam pipe rupture ungder the PCRV, it is imporzans
that the operator verify tnat the PPS action nas fsolated
she leak. The pressure anc temperature recorgers on .-0%
aig in this verificatzion.

FOoAM 372 23 B8
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egawater “Tow Low ;
L300 . .*ysE. l=l
Loop 2 :-03¢c. 1-3

Feecwazer flow is moniscred for each Tcoc Sy he PPS.
With tne [nterlock Sequence Swizsh (ISS) in zne 20wER
sosision ana an fingicasion of less tnan 20% ‘eecwater
flow, the lcop will be trippec and fsoiated o orotect tne
affected steam generasor. Alsc, tne automatic feecwater
flow control is programmed 0 mainzain ‘eecwater Flow
atcove 25%. Should a contreller or valve malfunction Zause
a flow less than 20% of rated, the locp s <ripoec anc
isclated. This protects the affectec steam generator “-om
either an over-zampe-ature :ransient ar “=om tnerma’ sN0CK
sue tc over=zcooling.

DISCUSSION OF IMMEDIATE ACTIONS

Insure sursine =unback and reacior oower CEsreiases o
ADDrOX Mate y ONe=nal’ tne orevious DOwer eve .

The operator acss as a backup tc PPS action that recuces
steam demanc %0 :the level that was Deing procuced DBy one
Toop.

Insure circulators in shutdown 1000 $38C ang tne'r he fum
outiet va'ves clase.

These actions Backup =he PPS ang insure primary coolant
flow in the shutdown '0op is isclated. Specifica’ly, detn
circulasor speed contre! valves, steam outlet anc nelium
outlet valves, and common Dypass block valves shoule e

closed.

If the nelfum outlet valves fn the snutdown 'ocp do not
close. scram reacicr Der cmergency Pracecure 2=l

A stuck open helium outliet va've wou'd De cetectec 2y
nigner speec than the normal self surdining sceec of adout
300 %o 400 rom as a result of reverse flow. Some of tne
primary zoolant nelium flow would D2e civertec “rom  tne
operating loop as Doackflow through <ne snutdown 100s.
Therefore, tne proger action s %0 scram the realtor 0
reduce nNeat produstion 0 Cecay neat status.
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Insure secancary ‘low ‘n sauzgswr 1g3z ‘solazec.

This acsien is a bDackuc %2 the 995 anc zreverts tnerma’
shock to the steam generators. ne feedwatar inlet Dlock,
contrel, and reneat aztemperaticn 3lock valves shoulc e
closed. The mairn steam stop check, reneat stem $I0D Ihelk
anc samo’e valves should De clesed.

Insure at leas: one cump valve ooen.

This s applicad'e %o the Steam Ganerazaor Penetration
Pressure Hign congizion, 2nly where tne sieam/water Cumd
is part of the PPS automatic actfon. The Toop cume Ttmics
the steam ‘nleakage ‘nto he penetration Zavity 1w
limiting the pressure Builsus.

DISCUSSION OF SOLLCWUP ACTION

Insyre that team genera:or oenet-ation fatersgace valve

is closec in =ne shutdown !00D.

The operator ac:s as backup tc PPS action tnys preventing
steam from flowing Dack intc the purifec helium system.

I gump sank oressure exceeds 23C osig or gdume tank
ACTIViSY 'S 1NCICAteC OF wnen Qump 1§ cOompiete - manud v

close aumn valve.

Oump =ank pressure ang,or activity increase incicates ine
presence of nelium from the primary c20’ant syszem. The
dump valves are shut to minimize <he sgread of activizy
The dumc valves should alsc Je shut when =tne steam=wazar
dump is zomplete.

Reduce clant ocower % recover shutdowr '003.

I+ 1s necessary =0 recduce plant cower to ~ecover tne
shutdown loop. An orderly plant snhutgown is prefer=ed =0
4 reactor scram wnenever possidle. L00C recovery
conditions and srocedures are specifiec ‘m QPCP VIII. For
the case of Reneat Heager Agtivity High, ‘Tt ‘s necessary
%0 carry out =she notifications in Sceo 4.3 prior <o
resuming routine orerations.

Insure szacle goeration of orimarny S007Tant system.

With loop trip ZJue %0 main steam temcerature or ‘eedwater
flow prosiems, zarefu! atzentior snouic De giver %2 stad’e
operation of <ne primary ang secanca®y s3c'ant systams.

FQAM 372 22 Ba
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o

T¢ steam @3k nas ng: been ‘sclasec. manual 'y sS-tam ine

*RACTOr Der sMEercency -"osesure s-.

The PPS action snoulc have f‘solazec tne Teaxing Tcos.

However, if the steam Teak was nos fsolatec, <ne
should De scrammed 3o nminimize <he amount °
temperazure steam leakage anc cansequent camage ¢
equipment.

REPCRTING/ACTIVATIC

4.1 The evens, as wriszen, is g "Significant Zvensz.

~easar
§ mron

g ans

This event is reporzable as a "Significant Zven:t" as a
'osu1° ¢ PPS actiors resuiting in a loop shytSown, ang
should bDe reporied 20 the NRC witnin one nour, 7
accordance with the Significant Svent Reporting oracecire.

4.2 The event. as wrizsen, is a “Signifigant Svent".

Syt Mmay

"esyult ‘n araoTews for orimary o0 'ans. tue temseriiu*es.

ang SNOU 'S D¢ eva uatec as recuireq.

This event is reporzable as a "Significant Zver:" as a
result of PPS actions resulting in a loop shutdown, and
should De reporzed %0 the NRC within one nour ‘n

accorgarce witn the Significant Event ﬂcoor"nq gro¢

Izem Numoer S on Taole 1.2-1 of :=P-CASS ¢t

qure.
S--SSIS

possible effects of this sympstom, wnich goulé eventua'ly
require elevation to a NOTISICATION OF UNUSUAL -v:V

emergency class.

4.2 The even:t would result in an wunclanned racio’

gciea’

reigase. anc wouic De. as a minfmum, & NC .*..a . N .*°
UNUSUAL =VEN™ eme-gency Z ass.
Evaluate the magnisuce of <he radiological ~e’ease

yeilizing work sneets containee in RERP implementzing
grocegure GCR-UE, as recuires, tc assist in assessment 27

release magnituge. cursner discussion of a
emergency classi“ications ‘s contained in Item 2

AN SAawm
- - -

Table 1.2<2 ang Tabie 1.2-3 of EP=CLASS. If <n's event ‘s
an UNUSUAL EVENT, {impiement RERP implementing crocecure
CR=UE. If t=ne event fs an ALERT or nigher, 1imoiement

CR=A_ERT.
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ENCLOSURE D

March 28, 1985

Search Technology, Inc.

25b Technology Park/Atlanta
Norcross, Georgia 30092

Public Service Company of Colorado
16805 Weld County Rd. 19 1/2
Platteville, Colorado 80651

Attention: Mr. M. E. Niehoff

SUBJECT: Walkthrough Validation
of Response Times for
Steam/Feed Pipe Ruptures

Dear Mr. Niehoff:

In response to NRC questions regarding the four-minute basis for
environmental qualification of vital equipment, NED attempted to
validate the four minute isolation time. The result of this NED
analysis is a report (NDG-84-0631) that describes a total of ten
design basis pipe breaks, along with the plant and operator actiors
that would result from those breaks. For each plant or operator
action, the NED report lists an approximate elapsed time that is
based on a combination of engineering analysis and 1nterviews with
site operator training instructors.

In order to determine whether the time estimates in the NED report
are reasonable from an operational perspective, walkthroughs of the
pipe break scenarios were conducted in the Fort St. Vrain Control
Room Mock-up. These walkthroughs were conducted by the author using a
licensed operator with 3 years of on-the-boards experience at Fort
St. Vrain. Also in attendance during the walkthroughs were a plant
equipment operator and the authors of the NED report.

In general, the walkthroughs and interviews support the PSC
contention that a design-basis steam or feedline pipe rupture can be
isolated within four mintes. Certain assumptions in the NED report
are overly conservative in that they result in much longer response
times than are credible. For example, each operator and plant action
is assumed to take place serially. In reality, the East- and West-
end operators work in parallel especially during emergencies.
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In one case (hot reheat line break downstream of the Pressure
switches), the conservatism of the NED report results in an elapsed
time of four minutes until the leak is isolated. This assumes that
the Reactor is not scrammed for 140 seconds after the Turbine trips
due to loss of condenser vacuum. From the walkthrough, however, it
is obvious that the operators would manually scram the Reactor in
well under one minute after such a severe vacuum loss. This one
change would considerably reduce the postulated time required to
isolate the rupture.

One area in which the NED report appears to be non-conservative
involves the time estimated for operators to read emergency
procedures and decide on the proper follow-up actions. In all cases,
the NED report estimates 30 seconds for the operator to pull an
emergency procedure and determine the proper course cf action. In
these cases, however, emergency procedure Bl is applicable. It is
considered to be a relatively involved procedure and some of the
discussion concerning follow-up actions is ambiguous. The operator
who participated in the walkthrough estimated that approximately two
minutes is a more realistic estimate for this step.

After conducting these walkthroughs, it is apparent that, at least
for design basis pipe breaks, the four-minute isolation criterion is
Tikely to be met. However, there is one question that relates to
design basis pipe breaks that persists and probably should be
addressed by PSC. That question, at least in my own mind, is how
long after a break is "isolated" might heat still be input to the
Reactor or Turbine Building.

As to this question, consider a cold reheat line break in the Turbine
Building. The NED report considers this rupture to be isolated once
the operator closes the main steam bypass valves into the bypass
flash tank. This is, in fact, the last thing the operator can do and
closure of these valves does stop the input to the flash tank, which
is feeding the line break. It seems intuitive to me, perhaps with no
technical basis, that, even after the input to the flash tank is
closed, BTUs would still be available to exit through the cold reheat
line. Hence, even though the line break is "isolated" in under three
minutes (according to the NED estimate), the Turbine building
temperature may continue to increase, or not start decreasing, for
some time beyond this point. I'm not technically astute enough to
know if this is a problem, but I wanted to raise the question.
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In summary, it looks as if the NED conservatism and non-conservatism
cancel each other out, rendering their time estimates reasonable for
the design basis pipe breaks they analyzed.

Very truly yours,

M & j\;\(\,{.\it&i#, /1{ ul

M. E. Maddox,
Senior Scientist

MEM/sa

cc: D. Glenn
S. Marquez
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b ( P 7 iCEIVED ang 1 6 1984

GA Technologies Inc.
PO BOX 81608

SAN DIEGO. CAUFORNIA 32138
(619) 455-3000

August 9, 1984
GP-2325

Mr. H. L. Brey, Manager

Nuclear Energy Division

Public Service Company of Colorado
2420 west 26th Avenue, Suite 100D
Denver, CO 80211

Sub ject: FSV Steam Break Accident -
10/20 Min. Leak Termination
Analysis

Dear Mr. Brey:

At the request of Mr. J. Reesy, GA performed an analysis of the
reactor and turbine building environmental temperatures for steam line
preak accident conditions. The analysis was based on leak termination
after 10 minutes and after 20 minutes. The results, as summarized in
Table I (below), show higher environmental temperatures than for the
4-minute case on which previously reported results were based.

TABLE I
PEAK ATMOSPHERIC AIR TEMPERATUARES
20 FEET FROM LEAK SOURCE

Steam Leak Termination Peak Atmosphere

Building/Reheat Steam Line Minutes Temperature, °F
Reactor/Cold “ 429
Reactor/Cold 10 429
Reactor/Cold 20 442
Reactor Hot B 506
Turbine/Hot 10 571
Turbine/Hot 20 612

)

: g ph
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The work is documented by SD&PD:CJR:083:84 which is transmitted for
your information.

Should you have any questions regarding this transmittal, please
contact R. Rosenberg at (619) 455-2174.

Very truly yours,

D. J. Kowal, Director
Fort St. Vrain Services

Enclosure
cc: J. Reesy
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. Enclosure to GP-2325

CA CORRESPONDENCE FORM

1476
c IN REPLY
FROM: C. Rodgers REFER TO: SD&PD:CJR:083:84
T0: ‘R. Rosenberg - . DATE: June 28, 1984
SUBJECT: Fort St. Vrain reactor building cold reheat and turbine building
hot reheat steam line breaks with 10 minute leak termination
Summary »

Environmental qualification of safety-related equipment is required at
Fort St. Vrain to ensure plant safety. Postulated accidents that may signifi-
cantly alter the environment inside the reactor and turbine buildings and
possibly affect equipment performance are studied. Operating conditions in the

“buildings are then predicted for these events. hualirication tests are per-
formed on safety related items to ensure their satisfactory performance curing
these poatulacdd accident conditions. The atmospheric conditions inside the
butldings must be compatible with the operating limits of all safe shutdown
cooling equipment to ensure plant safety. One postulated accident that could
cause changes inside the buildings that ﬁay affect some of these components is
a steam pipe break.

In the reactor building, a cold reheat steam line break upstrean of the
loop isolation valves was considered to be the worst case. In this event,
automatic controls put the plant into a shutdown mode. Then diagnosis and
manually initiated corrective action are necessary to isolate the rupture. In
the turdine tuilding, the hot reneat steam line break was considered the most
severe accident because of the pipe size and steam enthalpy. No remedial

action occurred prior to the manually initiated leak terminitton for this
event.

Four, ten, and twenty minute delays from the initial rupture until zianual
termination of the steam flow were assumed for both plpe breaks in this anal-
ysis. The turbine and reactor bulldings both have louvers that vent to the
outside so pressure bulld-up is not considered a problem. However, temperature

gradients developing from the steam leak =curce may become undesirable,
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Peak atmospheric alr temperatures predicted in the Fort St. Vrain reactor
and turbine buildings by the CONTEMPT-G code for several steam pipe leak termi-
nation times at a distance of 20 ft from the source are summarized in Table 1
The cold reheat steam pipe leak in the reactor building and the hot reheat .
steam pipe leak in the turbine building were terminated at &, 10. and 20 ain-
utes. Plots of atmospheric air temperature in the reactor bulldlng are shown
in Figure 1 for the three leak termination times. Temperatures in the turbine
building aﬁo shown in Figure 2 for each leak termination. These temperatures
are all at a distance of 20 ft from the steam source. :ﬁ

In both the reactor and turbine buildings the predicted atmospheric air
temperatures appear higher and remain higher for longer periods of time with
successively longer steam leaks. This is because there is more energy added to
the environment by the released'steam than can be absorbed for a steady state
so air and component temperatures rise. The higher temperatures resulting froa
the longer leaks decay at the same rate as the four minute leak. They Jjust
begin decaying at a higher temperature so remain higher for a longer period of

: time. Thus longer steam leak terminations lead to equipment exposure at higher
‘temperatures for longer periods of time.

Evaluation

The predicted response of the atmospheric air temperature inside the
reactor building to a postulated accidental cold reheat steam line rupture was
requested for a ten minute and twenty minute steam leak. Temperatures are to
be predicted at a distance of 20 {t from the leak sourcé. The worst location
for this break would be upstream of the loop isolation valves, This rupture
would cause excessive movement of the turdine rotor which will'trip the turbine
generator and low hot-reheat steam pressure will scram the reactor. Normal
secondary coclant system control actlons will cause the main steam loop isola-
tion check valves to close and put the plant into a shutdown mode; however, the
pipe rupture will still be fed with steam from the flash tank. Isolation of
the pipe rupture can be accomplished remotely from the control-room by increas-
ing the setpoints on two pressure contrel valves, which are located upstream of
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the main steam disuperheaters. to a valve above the settings for the loop pres=
sure relief valves, The superheater steam would then be discharged to the
atmosphere instead of to the flash tank and the rupture would be isolated.
Diagnosis and corrective action will require some time to terminate this leakf

Also, the predicted response of the atmospheric air temperature inside .he
turbine building to an accidental hot reheat steam pipe rupture for a ten
minute and twenty minute leak was requested. These temperatures were to be
determined at a distance of 20 ft from the leak source. The hot reheat steam
pipe rupture uill'dump more heat energy into the building for a limited time
{nterval than any comparable superheat or cold reheat steam leak because of its
pipe size and steam enthalpy. It was as=umed that remedial action such as
reactor scram did not occur before the manually initiated leak termination:

Calculations made in 1972 for similar postulated pipe leaks using a four
minute termination were recalled to form the basis for this new study. These
results were published in Reference 1. Figures 3.11 and 3.12 of this reference
are reproduced here as Figures 3 and 4 for the réictor bdildins and turbine
building atmospheric temperatures after the rupture. Table 2, line 1 shows the
peak temperatures for the reactor building 20 ft aﬁd 30 ft from the leak and
the turbine building 20 ft from the source from this reference. A trial calcu-
lation was made to reproduce these results. This would verify the model and
data before proceeding with the new conditions. ]

The CONTEMPT-G code was used to predict the atmospheric air temperature
{inside the turbine and reactor buildings. It was retrieved from the CSD
archive library reference number THSDOSGOL This version of the program can be
used to analyze steam pipe breaks wlthin'an open containment building. The
code is described in Reference 2. '

Two computer runs were retrieved from the April 1972 calculation files.
They calculated temperatures in the reactor bullding 36 ft from the leak and in
the turbine building 20 ft from the leak. Peak atmospheric temperatures are
recorded in Table 2, line 2 for these two cases.. These examples were rerun
using the same input data and the retrieved CONTEMPT-C code. Results.are
plotted for atmospheric air temperature in the reactor buildiﬁg in Figure 5 and
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turbine building in Figure 6. Peak temperatures are listed in Table 2, line 3.
The input data for these cases were the same as before, but the retrieved
CONTEMPT-G code is a more recent version.

Calculated turbine building peak temperature was U69°F, 23°F higher at
four minutes and the same distance than the recovered run and reactor building
peak temperature was 372°F, 40°F higher than the recovered run. These temper-
alurs differences ire due to using a more recent version of CONTEMPT-G since
the data input was the same. It is not know specifically what the differences
are between the two code versions. The code version used for the 1972
calculations no longer exists. However, the plots of temperature versus tize
for these two cases have the same characteristic shape as shown in Figures 3
and 4., The discrepancy in peak temperature was small and deemed acceptable, so
this Qerslon of CONTEMPT-G was used for the remaining analysis.

Data for the steam blowdown rate which includes steam addition rate and
energy added is very critical for this analysis. It directly affects the
atmospheric air temperature peak and profile with respect to time. And yet
avajilable sources consisting of some recovered runs and Rererence-i differed
about steam addition rates. .

The steam blowdown curves shown in Reference 1 for the reactor building
cold reheat steam line rupture (Figure 3.3) and the'turblne building hot reheat
steam line rupture (Figure 3.4) are repréduced here as Figures 7 and 8, respec-
tively. Scaling values trod these curves into tabular data for use in the
CONTEMPT-G code ylelds the data shown in Table 3. This data was supposedly
used for the four minute leak termination study in 1972. However, {t is con-
siderably different than the values recovered from the runs in April 1972 which
are shown in Table 4.

In particular, the reactor building blowdown rate at 239.99 seconds is
193 1b/sec from the recovered run and 113 lb/sec from Reference 1. This dif-
fcrenco ylelds atmospheric air temperaiure profiles that are qulié different.
Results for the reactor building cold reheat steam pipe break for a four minute
leak termination at a distance of 20 ft from the source are shouﬁ-using these
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two rates. Steam blowdown rates from Reference 1 were used for Figure 9 yleld-
ing a peak temperature of U16°F, Data from recévered runs of April 1972 were
used for Flgure 10 yielding’a péak temperature of 429°F, Comparing these two
temperature ;rofiles with the results reported in Figure 3, lead one to surmise
that the blowdown data actually used in the previous analysis was the data from
the recovered runs in April 1972 and not ~hat is shown in Figure 7. Substan-
tiating this is some data toﬁnd in Reference 3, Figure 1, which ls'reproduced
here as Figure 11, This shows steam flow through the rﬁpture from the initial
break to seven minutes later. Scaling data from this curve agrees with the
values for the four minute leak from the recovered runs of April 1972 listed in
Table 4. This data was chosen to be the best available bloudoun.data for the
cold reheat steam pipe break. Flow was assumed to be a constant 70 lb/sec
after 400 seconds for the toh minute and twenty minute peak cases. Table 5
shows this blowdown data tabulated. : :

The blowdown curves tabulated in Tables 3 and 4 for the turbine building
hot reheat steam line rupture are different initially, but agree after about
two seconds. Its initial difference does not affect the air temperatures
because it occurs for such a short time period. Results are shown for the tur<
bine building atmospheric air temperature uslﬁk Reference 1 data in Figure 12
and recovered data in Figure 13 for a four minute leak and.a distance of 2o'rt
from the source. Peak toupo?aturos and curve shapes are the same. Another
source to Justify this data was found. Blowdown data from Reference 4, Fig-
ure 1 i{s reproduced here as Figure 14 which supports the recovered data of
April 1972. Therefore, the data listed in Table 4 was chosen to be the best
availaéle Sloudown data for the hot reheat steam pipe break with fouwr minute
termination. Flow was assumed to be a constant 625 1lb/sec after four seconds
for each case studied. Table 6 shows the blowdown data for hot reheat pipe
rupture with ten minuti and twenty minute leak termination.

Heat transfer surface areas of major components (heat sinks) in each
building for various distances from the leak source were determined in the 1972
study, The derivation of these areas {s described in Reference 1. This data
was tibulatcd for the reactor building in Table 3.1 of Reference i'and the tur-
bine building in Table 3.2 of Reference 1 and aré'reproduced here as Tables 7
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and 8, respectively, These values were used directly as input for the
CONTEMPT-G code i{n this study.

Reactor building atmospheric temperatures were then predicted for ten
minute and twenty minute leak terminations. Blowdown data was taken from Table
5 and the heat transfer surface areas of each heat sink were taken from Table 7
for a 20 ft distance from the postulated leak. These results were plotted
along with the four minute termination reaults'in Figure 1. Peak temperatures
are listed in Table 2, item 4. '

Turbine building atmospheric temperatures were also predicted for ten
minute and twenty minute leaks. Table 6 blowdown data was used and Table 8
heat transfer surface areas of each heat sink for a distance of 20 ft from the
leak were used. Results were plotted along with the four minute termination
predictions tn'Flguro 2. Peak temperatures are listed in Table 2, item 4.

Discussion

In the reactor building the predicted atmospheric air temperature for an
accidental cold reheat steam pipe break 20 ft from the leak source is summar-
ized in Figure 1. The postulated four minute leak appears to cause the air
temperature %o Eiich a maximum »f 429°F at four minutes, then decay very rapid-
ly for several seconds., Following this initially rapid decay period the decay
rate slows, Initially'the pipe rupture releases a jet of steam into the atmos-
phere which expands into a steam cloud. This event adds a lot of energy into
the immediate area which causes the alr temperature to rise rapidly. As the
steam cloud expands, components in its path begin absorbing some cnérgy. The
energy of the steam released into the air reduces over time. This slu-é the
rise in temperature. When the leak terminates suddenly the heat source {s
removed so temperatures drop quickly. They then decay t wsrds an equilibrium
as the released steam energy is dlsilpatod. This curve characteristic shape
agrees with the one predicted by the previous study shown in Figure 3. The
peak temperature predicted now {s 24°F higher than what was reported before.
This s due to using a more recent version of the CONTEMPT-G code. It was
assumed that this difference was acceptabdle. |
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The ten minute leak termination does not appear to cause the peak atmos-
pheric alir temperature to increase beyond the 429°F calculated for the four
minute leak. It does, however, cause the temperatures to remain higher for a
longer period of time than the shorter leak. After four minutes the air tea-
perature drops to a minimum at about seven hinutes. then rises a few degrees
until the leak terminates at ten minutes. After ten minutes temperatures drcp
sharply then decay as bcforo. Between four and seven minutes after the rup-
ture, the rate of steam onorgy added to the environment is decreasing. Compo-
nents in the reactor building are absorbing energy at a slower rate durins this
time because there is less heat to transfer from the steam. Air temperatures
begin to drop. The heat transfer coefficient, thermal condﬁctivity. volumetric
heat cnpaclty, and surface areas of each component modeled are considered when
analyzing tenperatures. Some components begin to loose heat during this time
auch as the steel decking, ducting, electrical conduits, and cable trays.
These items tend to follow the air temperature more closely than the others.
Between about seven and ten minutes the rate of steam energy release is con-
stant. This heat addition rate is more than the components and environment can
absorb for a steady state so temperatures begin rising again. They rise until
the steam leak terminates., At this time air temperature has peaked at about

409°F., Terminating the leak source causes the air temperature to drop rapidly
and dicay towards a new steady state.

The twenty minute leak termination air temperature curve follows the same
predicted curve as the ten minute leak except that after ten minutes it con-
tinues to rise to a peak air tumperature of UU2°F at twenty minutes. It then
drops rapidly and decays towards a new equilibrium. Once again the constant
‘ltcan energy added between ten and twenty minutes {s transferred to the air and
components causing their temperatures to rise.

It was assumed that there was an adequate cold reheat steam supply te
maintain the constant steam leak energy addition rate of 70 1lb/sec, 1359 Btu/ld
from 400 seconds until either the ten or twenty minute tormlnation.' An esti-
mate of the total volume of water/steam required to sustain these leaks was
based on the flow rates in Table 5. The volume of water released from the pipe
for a twenty minute leak is approximately 144,000 1b. There appears to be more
than sufficient water available to supply thia loak. .
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In the turbine building the predicted atmospheric air temperature for an
accidental hot reheat steam pipe rupture 20 ft from the leak source is summar-
ized In Figure 2. The postulated four minute leak appears to cause the air
temperature to reach a maximum of 506°F at four minutes then decay very rapidly
for several seconds. The decay rate then slows as the system moves towards a
steady state. Inltially the hot reheat steam pipe releases a jet of energy
into the atmosphere producing a steam cloud. This cloud expands into the tur-
bine building atmo:phere. The steam energy released decreases quickly for four
seconds then remains constant for the duration of the leak. This constant heat
source causes temperatures to increase inside the buildiné until the leak 1s
terminated. The sudden terminati~= of steam energy addition causes the air
temperaturi to drop quickly then decay to an equilibrium. This curve charac-
teristic shape agrees with the one predicted by the preQious study shown in
ltgur§ 4, The peak temperature predicted now is 26°F higher than what was
rcportod.bcrorc. This is due to using a more recent version Of CONTEMPT-G. It
was assumed thai this difference was acceptable and longer leak termination
times analyzed.

The ten and twenty minute steam leak terminations appear to cause air
temperatures to continue rising until the leaks are stopped. This is because
there is more energy added to the environment by the rcleasc& steam than can de
absorbed for a steady state, so temperatures rise. THe predicted peak atmos-
pheric air temperature for a ten minute leak was 571‘? and for a twenty minute
leak was 612°F, These higher temperatures decay af the same rate as the four
minute lcak. Temperatures also remain higher for the increased stean leak
terminations for a longer period of time.

It was assumed that there was adequate hot reheat steam to maintain a
steam leak for ten and twenty minutes. A constant energy source of 625 lb/sec,
1360 Btu/ld from four seconds until leak termination at ten or twenty minutes
in a considerable amount of water. An estimate of the total volume of water/
steam required to sustain these liaks was based on the flow rates in Table 6,
The volume of water released from the pipe for a twenty minute leak is approxi-
mately 754,000 1b. There appears to be more than enough water avallable to
supply this leak.
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Conclusion

The CONTEMPT-G predicted peak air temperature of 429°F in the reactor
building appears unchanged for a four minute and ten minute cold reheat steam
pipe rupture 20 ft from the source. Thus extending the leak termination time
from four to ten minutes only increases the length of t'me components will be
exposed to higher temperatures. A twenty mii te leak would produce a peak
temperature of 442°F, only sllghtly higher than the shorter leaks.

The predicted peak air temperature in the turbine building appears to be
506°F for a four minute hot reheat steam pipe rupture 20 ft from the source.
The ten and twenty minute leaks appear to produce alr temperatures of 5T1°F and
612‘?. rcapoctlvoly. These prndic:cd temperatures are significantly highcr
than the peak for a four minute loak. They also maintain temperatures higher
for a longer period of time.

It appears from a rough estimation that there is more than enough steam
supply for the long leak terminations of ten and twenty minutes. The blowdown
rate from the cold reheat pipe rupture in the reactor building ia much smaller
than the hot reheat pipe rupturc in the turbine building. Thus the volume of

water required to supply the eold reheat pipe leak is 1ess than the hot reheat
pipe leak.
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BUILDING/REHEAT
STEAM LINE

reactor/cold
reactor/cold
reactor/cold

turbine/hot
turbine/hot
turbine/hot

-11=

TABLE 1
PEAK ATMOSPHERIC AIR TEMPERATURES
20 FEET FROM STEAM LEAK SOURCE

STEAM LEAK TERMINATION
(MINUTES)

]
10
20

10

hunc 28, 1984

PEAK ATMOSPHERIC
TEMPERATURE (°F)

429
429
842

506
5T
612



PEAX ATMOSPHERIC TEMPERATURES (°F)‘'

TABLE 2

)

20 Feet From Source 30 Feet From
. Reactor Building Turbine Building Reactor Bulldi
4§ min 10 min 20 min 4 min 10 min 20 min 4§ min
1) Reference ! results 405 -—- -— 480 , - - 3338 1.1
(Figure 3.11 and Figure 3.12) e
2) Recovered runs April 1972 —— -— -— 1Ty -—- ——- 332 @ 2.8
: 327 ’
3) Steam blowdown and heat transfer surface — —— —— l69(2) - - 372 @ 2.5
area data from recovered runs 365 :
4) Steam blcwdown from recovered runs, heat 429 4§29 @ 3. 42 506 571 612 same as
transfer surface area data from Reference 1 809 - ! ’ - case 3
§) Steam blowdown and heat transfer surface §ne6 e 2.2 507
area data from Reference 1 392 -
Notes:

(1) peak atmospheric temperature at cut-off time

unless otherwise noted.

(2) heat transfer areas not as reported
in Reference 1

-z‘-



TIME
hour second
dc:ctor building, cold rdt:at pipe
1.389 E-4 0.5
2.083 E-4 0.75
2.778 E-A 1.0
6.94% E-A 2.5
1.389 E-3 5.0
2.718 E-3 10.0
2.7178 E-2 100.
6.660 E-2 239.99
6.667 E-2 240.0
0.51 1836.0
Turbine building, hot reheat pipe
0. 0.
1.389 E-4 0.5
2.7718 E-4 1.0
4.167 E-A 1.5
5.556 E-& 2.0
8.333 E-4 3.0
1.011 E-3 5.0
6.666 E-2 239.99
6.067 E-2 240.0
.51 1836;0

TABLE 3

BLOWDOWN DATA FOR 4 MINUTE LEAK FROM REFERENCE 1

STEAM ADDITION RATE

1b/hr

9.216
4.896
3.492
2.412
1.465
1.260
1.152
1.080
4.068
0.

0.

1.746
1.004
6.516
4.356
3.391
2.534
2.257
2.257
0.

0.

E+6
E+6
E+6
E+6
E*6
E+6
E+6
E+6
E+5

E+7
E+7
E+6
E+6

E+6

E+6
E+6
E+6

1b/sec

2560
1360
970
670
o7
350
320

13

4850
2790
1810
1210
92
704
627
627

ENERGY (ENTHALPY) ADDITION RATE

Btu/hr

1.252
6.654
B.746
3.278
1.99
1.112
1.566
1.468
5.528
0.

0.

2.654
1.506
9.644
6.360
4.883
3.548
3.070
3.070
0.

0.

E+10
E+9
E+9
E+9
E*9
E+9
E+9
E+9
E+8

E+10
E+10
E+9
E+9
E+9
E+9
E+9
E+9

Btu/1d

1359

1520
1500
1480
1460
1440
1400
1360
1360

0.



TABLE &
BLOWDOWN DATA FOR » MINUTE LEAK FROM RECOVERED RUNS OF APRIL 1972

TIME STEAM ADDITION RATE ENERGY (ENTHALPY) ADDITION RATE
hour second 1b/hr 1b/sec Btu/hr Btu/lb
Reactor building, cold reheat pipe i
0. 0. 9.504 E+6 2640 1.291 E+10 1359
1.3888 E-4 0.5 0752 E+6 1320 6.457 E+9
2.0833 E-4 0.75 3.20  E+6 1900 4,402 E+9
2.7777 E-4 1.0 2.304 E+6 640 3.13  E+9
6.9444 E-4 2.5 1.48  E«6 400 1.957 E+9
1.3888 E-3 5.0 1.26  E*6 350 1.712 E+9
2.7777 E-3 10.0 1.152 E+6 320 1.565 E+9
2.77177 E-2 100. 1.08  E+6 300 1.467 E+9
6.6666 E-2 239.99 6.936 E+5 193 9.424 E+8
6.67 E-2 240.0 0. , 0 0.
0.51 1836.0 0. 0 0.

Turdbine building, hot reheat pipe

0. 0. 1.854 E+7 5150 2.8181 E+10 1520
1.388 E-4 0.5 1.08  E+7 3000 1.62 E+10 1500
2.7177 E-% 1.0 6.66 E+6 1850 9.857 E+9 1480
4.166 E-4 1.5 4.5 E+6 1250 6.57 E+9 1460
5.555 E-4 2.0 3.42 E+6 950 4.925 E+9 1440
8.333 E-4 - 3.0 2.52 E+6 700 3.528 E+9 1400
1.111 E-3 5.0 2.25 E+6 625 3.06 E+9 1360
6.666 E-2 239.99 2.25 E+6 625 3.06 E+9 1360
6.67 E-2 240.0 0. 0 0. 0

0.51 1836.0 0. 0 0. 0
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TABLE 5 :
BLOW DATA FOR COLD REHEAT PIPE RUPTURE IN REACTOR BUILDING
WITH 10 MINUTE AND 20 MINUTE TERMINATION

TIME STEAM ADDITION RATE ENERGY ADDITION
hour second 1b/hr 1b/sec Btu/hr ° Btu/lb

1) 10 minute steam termination

0. 0." 9.504 E+6 2640 1.291 E+10 1359
1.3888 E-4 0.5 4.752 E+6 1320  6.457 E+9 '
2.0833 E-4  0.75 3.2 E+6 900 4.402 E+9 -
2.7777 E-4 1Io 2.304 5+6 640 3.13 E+9

6.9444 E-4 2.5 1.44 E+6 800  1.957 E+9

1.3888 E-3 5.o 1.26 E+6 350 1.712 E+9

2.1717 E=3  10.0 i 152 E+6 320 1.565 E+9

2.1177 €=2  100. 1.08 E+6 300  1.467 E+9

1411 B oo 2.52 E+5 70 3.425 E+8

1.666 E-1  599.99 2.52 E+5 70 3.425 E+8

1.667 E-1  600. 0. o o.

0.51 1836 0. | o o. {

2) 20 minute steam termination

0. 0. 9.504 E+6 2640  1.291 E+10 1359
1.3888 E- 0.5 4.752 E+6 1320  6.457 E+9 '
2.0833 E-4  0.75 3.24 E+6 900 4,402 E+9

2.777T E=4 . 1.0 2.304 E+6 640  3.13 E*9

6.9444 E-4 2.5 1.88  E*6 HOO  1.957 E+9

1.3888 E-3 5.0 'Zze £+6 350  1.712 E*9

2.1117 E=3  10.0 1.152 E*6 320 1.565 E+9

2.1177 =2  100. 1.08 E*6 300  1.467 E+9

11 B 400. 2.52 E*5 70 3.425 E+8

0.33332 1199, .99 2.52 E+5 70 3.425 E+8 -

0.33333 1200, 0. o o. l

ol51 1836. 0. 0 0.
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TABLE 6 ' '
BLOWDOWN DATA FOR HOT REHEAT PIPE RUPTURE IN TURBINE BUILDING
" WITH 10 MINUTE AND 20 MINUTE TERMINATION

TIME STEAM ADDITION RATE ENERGCY ADDITION
hour second 1b/hr 1b/sec Btu/hr ° Btu/lb

1) 10 -i_nut.o steam termination

»

0. 0. 1.854 E+7 5150  2.8181 E+10 1520
1.388 E-4 0.5 1.08 E+7 3000 1.62 E+10 1500
2.777 E~4 1.0 6.66 E+6 1850  9.857 E+9 1480
8,166 E-4 1.5 4.5 E+6 1250  6.57 E+9 1460
5.555 E-4 2.0 3.42 E+6 ‘950  4.925 E+9 1440
8.333 E-4 3.0 2.52 E+6 700  3.528 E+9 1400
1.111 E-3 4.0 2.25 E+6 625 3.06 E+9 1360
1.666 E=1  599.99 2.25 E+6 625  3.06 E+9 1360
1.667 E=1  600.0 0. o o. 0
6.:51 © 1836.0 0.. o o. 0

2) 20 minute steam termination

0. 0. 1.854 E+7 5150 2.8181 E+10 1520

1.388 E-4 0.5 1.08 E+7 3000  1.62 E+10 1500
2.717 E~4 1.0 6.66 E+6 1850  9.857 E+9 1480
4,166 E-4 1.5 4.5 E+ 1250  6.57 E+9 1460
5.555 E-4 2.0 3.82 E+6 ‘950  4.925 E9 1440
8.333 E-4 3.0 2.52 E+ 700  3.528 E+9 1400
plm E-3 5.0 2.25 E+6 625  3.06 E+9 1360
0.33332 1199.99 2.25 E+6 625  3.06 E+9 1360
0.33333  1200. 0. o o. o

0.51 1836. 0. 0 0. 0



TABLE 7

REACTOR BUILDING CONTEMPT-G CODE HEAT SINKS
Heat Transfer Surface Areas (ft?) are shown as function of distance rro- postulated steam leak

No. Heat Sink ntertst s sman® un 256 20f 151t
| Concrete walls, floor, PCRV Concrete 42,230 17,380 11.960 8,300 5,310 2,990 1,58
2 PCRV support ring Concrete 9,870 9,870 6,790 4,710 3,020 1,700 © 90
3 Partition walls & floors Concr ete 9,710 6,600 4,540 3,150 2,020 1,130 .soij
4 Thin steel wall 'V Steel 16,090 3,760 2,590 1,800 1,150 " 650 34
5 Composite steel wall Steel 9,000 -3 e - - -
6 Steel decking Steel 43,1% 19,80 13,370 9,290 5,940 3,340 1,77
7 Structural steel, equipment Steel 28,800 12,320 8,470 5,890 3,770 2,120 1,12
- Ducting, condults, trays Steel 63,700 34,180 23,510 16,330 10,450 5,880 3,11
9 piping (V) Steel ° 49,200 34,440 23,690 16,450 10,530 5,920 3,13
Total Heat Transfer Surface Area (ft®) 282,550 137,990 94,240 65,920 42,190 23,730 12,5
Total Volume (ft?) . 534,730 198,220 113,100 65,850 33,510 14,140 5,4
Heat Transfer Coefficlent (Btu/hr-fti-°F) 5.0 9.3 13.2 18.6 28.1 48.0 86.
(1) Section includes the total volume of reactor building below operating floor but without process area. .
(2) This 1s the maximum radius (regional boundary) considered in the new analysls. Section includes the volulo below E:

PCRY which-is Inside and outside support ring, see Figures 3.6 and 3.7 of nereronco l.

(3) The composite steel wall is an outside heat transfer surface uhlch doos not extend belou EL. l190'-0'

(4) Does not include insulated piping.



" TABLE 8
TURBINE BUILDING CONTEMPT-G CODE HEAT SINKS
Heat Transfer Surface Areas (ft?) are shown as a function of distance from postulated steam leak

(1)

No. Heat Sink Material 70.2 ft 60 rt 50 ft %0 ft 30 ft 20 1
1 Concrete floor Concrete 30,400 24,640 19,320 14,350 9,780 5,69
2 Concrete Structures Concrete 5,810 8,710 3,670 2,740 1,870 1,09
3 Concrete partition walls & floors Concrete 44, 600 36,140 28,350 21,050 14, 340 8,35
4 Piping (2 Steel 80,540 65,270 51,190 38,010 25,900 15,09
5 Composite steel wall Steel 7.930 6,430 5,040 3,740 2,550 1,49
3 Steel decking Steel 12,300 9,970 7,820 5,810 3,960 2,30
7 Structural steel, equipment Steel 62,710 50,820 39,850 29,600 20,170 1,75
8 Conduits & cable trays Steel 52,700 52,710 33,490 24,870 16,950 9,87
Total Heat Transfer Surface Area (ft*) 296,990 240,690 188,750 140,170 95,520 55,63
Total Volume (ft*) 750,000 547,200 380,000 243,200 136,800 60,80
Heat Transfer Coefficlent (Btu/hr-ft®-°F) 5.0 6.1 7.6 10.1 4.4 23.7

(1) This is the maximum radius (regional boundary) considered in the analysis, see Figures 3.8 and 3.9 of Reference 1.

(2) Does not include insulated piping.
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TURBINE BUILDING, 4 MINUTE CUT-OFF, 20 FT
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Fig. 13. Turbine building atmospheric temperature at a distance of 20 ft from
] steam leak using blowdown data from recovered runs of April 1972.
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APPENDIX A

COMPUTER ANALYSIS STORAGE

Storage and retrieval of the computer studies performed for this analysis
are described here. Computer programs and runstreams for each case analyzed
are saved in Compuier Services Division (CSD) Archive Library. Printed output

for each case is stored by Records Management Department.

The computer code used for this analysis was the CONTEMPT=G code retrieved
from CSD Archive Library reference number THSD0560. Runstreams, data and out-
put plot files for each transient case are saved iﬁ the CSD Archive Library as
a data tape. The entry is FSV-STEAMLK/S5-84 reference number THSD3856. Retriev-

ing a data iape from the Archive Library follows the procedure given in the CSD
Users GCuide GA-A10888.

The computer runs for each transient case are listed in Table Al. This
table lists the case number, batch run STJOB number, date and time fﬁn was
created, building, distance from leak, leak cut-off time, source of leak rate,
source of heat transfer data, output plot file name ani runstream element name.

The run elements and data elements are all stored in the runstream file.

A change was made to the CONTEMPT-G code to allow plotting data for
atmospheric air temperature to be written on an output file for later use with
the SUPER*PLOT program described in Reference 5. These changes were incorpor-
ated in a new version of CONTMT called CCNTMT/P: The actual data writing onto
the file i{s done in a new subroutine called PLOfT. A map element CONTMT/PMAP
incorporates these changes into absolute element ﬁamed CONTMT/PABS. Table.Az

shows the changes made to CONTMT and the new map element. Table'AB lists
subroutine PLOTT. ’

Runstreams, input data and plot files descridbed in Table Al as well as the
changes to the CONTEMPT-G code for plotting are all saved in Archive Library
‘entry FSV-STEAMLK/5-84 reference number THSD3856.‘ This data tape was written

by the runstream shown in Table A4, Temporary tape number 0086 was submitted
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to the Archive Library and copied on a permanently stored archive tape. Con-
tents of this data tape entry are listed in Table AS. This table shoﬁs the
archive data tape file number, catalogued file name w%itten on the tape and a
brief description of the file contents.

The Archive Librarian will retrieve this data tape from the archives when
given a completed Retrieval Request (Form GA-1467) as described in the CSD
Users Guide.

Computer prlntouts generated during this analysis are stored in box
GA-03130 with the Records Management Department for reference. Table A6 i{tem-
izes the contents of this box.



TABLE A1
CONTEMPT-G RUNS

DISTANCE LEAK
START M FROM LEAK CUT-OFF RATFZ) HEAT (3)
'ASE STJOB DATE TIME BUILDING (FT) (MIN) DATA TRANSFER

PLOT FILE NAME gLevent Nave(®

1 2336 May 16 8:59 T 20 y 2 2 FSV-PLOT*TBUM20F -1 TRBN-UMIN/20FT-1

2 9722 May B 16:35 T 20 y 2 1 FSV-PLOT*TBUM20F-3 TREN-UMIN/20FT-3

3 0704 May 8 16:51 R 20 iy 2 1 FSV-PLOT*RBUM20F-3 RCTR-4MIN/20FT-3

5 6676 May 9  15:44 T 20 y 1 1 FSV-PLOT*TBUM20F -2 TRBN-UMIN/20FT-2
5 6737 MAY 9  15:45 R 20 y 1 1 FSV-PLOT*RBYM20F -2 RCTR-UMIN/20FT-2

6 5833 May 15 9:57 R 20 10 2 1 FSV-PLOT*RB10M20F~1 RCTR=10MIN/20FT~1
7 5930 May 15 9:58 R 30 y 2 2 FSV-PLOT*RBUM30F-1 RCTR-4MIN/30FT-1
8  B364 May 15 10:39 T 20 10 2 1 FSV-PLGT*TB10M20F -1 TREN-10MIN/20FT-1
9 1840 May 23 11:37 T 20 20 2 1 FSV-PLOT*TB20M20F~1 TRBN-20MIN/20FT~1
0 1880 May 23 11:38 R 20 20 2 1 FSV-PLOT*RB20M20F-1 RCTR-20MIN/20FT-1
lotes:

1) Building
R = Reactor
T = Turbine

2) Steam leak rate taken from
1 = GA-A12045
2 = recovered run dated April 1972

3) Heat tranafer surface areas, coefficients taken from
1 = GA-A12045
2 = recovered run dated April 1972

4) Element name i3 stored on catalog flle FSV-STMLK*5-84
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TABLE A2

CONTMT UPDATES TO CREATE CONTMT/P
AND MAP ELEMENT CONTMT/PMAP

FLTIY T CONTMT/P
aFOR,S CONTMT/0,CONTMT/P,CONTMT/P
=940 T ~ CONTMT/O Capy g T
c STORE PLOTTING VALUES
CALL PLOTT (TSEC,TMPO,0)
-1026 CONTMT/O
== T WRITE PLOTTING VALUES OGN UNIT 7
N CALL PLOTT (TSEC,TMPO,1)
TAHDG CONTMT/PMAP — — -
aPREP

“BMAP,IS ™ CONTMT/PMAP,CONTMT/PABS
IN CONTMT/P
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TABLE A3
SUBROUTINE PLOTT

JHDG PLOTT
wfOR,SI PLOTT,PLOTT

‘SUSROUTINE PLOTT (TSEC,TMPOLIRITE)

~~~~SAVE PLOTTING VALUES FOR TIME AND ATMOSPHERIC TEMPERATURE ON FILE

laXal

———

- . —p —

T TTsSéC = TIME, SEC
TMPO = ATMOSPHERIC TEMPERATURE, F

IRITE = GT"Stons‘TSEC‘Ano‘wnpo‘ln‘Ih§1vs
1, MRITE ARRAYS ON FILE 7

PARAMETER NPLT=140 e R, g i o .

DIMENSION TIMPLT(NPLT), TEMPLT(NPLT), DATE(2), TIMEX(2)

DATA 1P/0/, INIT/O/, O PLOT/C.2/, TPLOT/C./ =it = g ooy L

IP = NUMBER OF POINTS

BTPCOT = FREQUENCY FORTSTORING PLOT DATA, "KIN

TPLOT = NEXT TIME TO STORE PLOT DATA, MIN

(a¥a Lol ol ol

MO0

IFCINIT.ECG.1) GO TO 10Q

M - INITIALIZE FILE WITH DATE, TIME, JOBNO
CALL DATGT1(DATE)
CALL GTIME(TIMEX)
CALL PCTC(JOBNO,1,D)

= INIT=1 ' T
WRITEC?,7701) DATE,TIMEX,JOBNO
T YO0 CONTINUE
o -
YEURITESIRITE®Y
G0 TO (200,300), IWRITE
. s .
c SAVE PLOTTING VALUES AT DTPLOT TIME INTERVALS
=200 CONTINUE —~~—— —
TMIN=TSEC/EQe
TFCTMINSLT, TPCOTY GO YO 500
IP=1P+1
IFCIP.GT.NPLT) CALL MERR ™
TIMPLTC(IP)=TMIN
“TEMPLT(IP)=TMPO
TPLOT=TPLOT+pTPLOT
———TTTTT
(4

~—C—"WRITE PLOTTING ARRAYS ON FILE 7
3co CONTINUE
WRITEC?7,7704) 1P — —
WRITE(7,7702) (TIMPLT(I),I=1,1IP)
WRITE(?7,7733)71P
WRITE(?,7702) (TEMPLT(1),1=1,1P)
=" WRITE(6,77C5) DATE,TIMEX,JOBNO > -
S00 RETURN '
C
“ 7701 FORMAT(13A4L) T~ 77 - —— e R N o
7702 FORMAT(4E12.7)
7703 FORMAT(I4,” ATMCSPHERIC TEMPERATURE, DEG=F ")
7704 FORMAT(1&,° TIME, MINUTES®)
=705 FORMAT(“1PLOTTING ARRAYS WRITTENM ON“UNIT 7 FORT™JI3A8)
END °




1.
2.
3.
4.
S
6.
7.
8.

10.
11.
'2'
13.
14,
15.
16.
17.
18.
',.
20.
21,
22.
23.
24,
25.
2‘.
27.
28.
29.
30.
3.
32.
33.
34,
33.
36,
37.
38.

TABLE A4

RUNSTREAM THAT WROTE TAPE FOR ARCHIVE ENTRY THSD3856

PASG,TX  0086,U95,0036W :
@HDG FILE 1 IS PSCsFILEY COPY,GN TO TAFE 0088
2PRT,TJLC  PSCeFILET.

*@COPY,GH  PSCsFILE1.,00836.

@HUG FILE 2 IS FSV-STMLK*S-84 COPY,GM TO TAPE 0086
@PRT,TJLC  FSV-STHLK*5-B84.

eCOPY,GM  FSV-STMLK+S-84.,0086.

@HDG FILE 3 I35 FSV-PLOT+#TB4M20F-1 COPY,GM TD TAPE 0084
@PRT,TJLC  FSV-PLOTSTR4AN20F-1.

eCOPY,GM  FSV-PLOT#TBAN20F-1.,0086.

@HDC FILE 4 1S FSV-PLOT#TB4H20F-3 COPY,GM TO TAPE 0086
@PRT,TJLC  FSV-PLOT*TEB4M20F-3.

@COPY,GM  FSV-PLOT#TEB4M20F-3.,008¢.

@HDG FILE S IS FSV-PLOT+RB4M20F-3 COPY,GK TO TAFE 0086
@PRT,TJLC  FSV-PLOT#RBAM2OF-3.

eCOPY,GN  FSV-PLOT*RE4M20F-3.,0086.

@HD6 FILE & 13 FSV-FLOT+#TBAN20F-2 COPY,GM TO TAPE 0084
@PRT,TJLC  FSV-PLOT#TB4M20F-2.

RCOPY,GN  FSV-PLOT+TB4M20F-2.,0086.

BHDG FILE 7 IS FSV-FLOT+RB4AN20F-2 COPY,GM TO TAPE 0086
@PRT,TJLC  FSV-PLOT*RB4N20F-2.

eCOPY,GM  FSv-PLOT+RBAN20F-2.,0086.

@HDG FILE 8 IS FSV-PLOT+RB1OM20F-1 COPY,GM TO TAPE 0086
BPRT,TJLC  F'V-PLOT+RBE10H20F-1,

RCOPY 6N  FSV-PLOT*REICH20F-1.,0084.

@HDG  FILE 9 IS FSV-PLOT#RB4M3IOF-1 COPY,GN TO TAPE 0086
@PRT,TJLC  FSV-PLOT*RE4NIOF-1.

eCOPY,GM  FSV-PLOT+RB4MIOF-1.,0084.

@HDG  FILE 10 IS FSV-PLOT#TB1OM20F-1 COPY,GM TO TAPE 0038
@PRT,TJLC  FSV-PLOT*T310H20F-1.

@COPY,GN  FSV-PLOT#TBION20F-1.,0034. :

@HDG  FILE 11 IS FSU-PLOT#TB2OM20F-1 COPY,GM TO TAPE 0086
@PRT,TJLC  FSV-PLOT#TB2ON20F-1.

@COPY,GM  FSV-PLOT#TB20M20F-1,,0084.

RHDG  FILE 12 IS FSY-PLOT+RB2OM20F-1 COFY,GH TO TAPE 0084
PPRT,TJLC  FSV-PLOT+RE2OM20F-1.

@COPY,GM  FSV-PLOT#RB2OM20F-1.,0084.

QFREE 0086
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TAPE FILE

-39~
TAELE AS

ARCHIVE THSD3856 CON?ENTS

CATALOG FILE

June 28, 1984

CONTENT DESCRIPTION

10
1"

12

PSC*FILE1

FSV-STMLK*5-84
FSV-PLOT'TBN”ZOF-?
FSV’PLOT'TBuﬂZOF'3
FSV-PLOT‘RB“#ZOF-3
PSV-PLOT'TB“”ZOF-Z
PSV-PLOT'RBH&ZQF-Z
PSV-PLOT*RB!OMZOF-?
FSV-PLOT'RB“HBOF-T

FSV-PLOT*TB10M20F~1

FSV-PLOT*TB20M20F~1

FSV-PLOT*RB20M20F~-1

CONTEMPT-C updated program,
MAP and absolute element

Runstreams and data

Plot file

Plot file

Plot file

Plot file

Plot file

Plot file

Plot file

Plot file

Plot file

Plot file

for

for

for

for

for

for

for

for

for

for

case

case

case

case

case

case

case

case

case

case

10
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eboahadt TABLE A6
BOX CA-03130
RECORDS STORAGE MANIFEST
!
LOCation (AmO use oniv) Organization Name Org. No. Project No. l
S.stem Des Plant D(/ﬁﬁﬁv,g_i %7 /90 O
Records Storer Project Name Contract Number Box No.
C.J. Roolgers |Fort ST. Vrain N-SOoS2 | A-03130
Date of Records Date Stored (Yr/Mo/Day) Disposition Date (Yr/Mo/Day) |
Maq 198 84/ce/29 99 /01 /o
surface areas ﬁa.‘cm-mzws'

Records Descriptions

% j
7’Urbin_g boiltine Minvte cut-ofL, 204t  blowdvwn fom recovered fun
Lb(r | " surface areas 4ron. GA- AIZDH‘S

2.
&ﬁg«ﬁ[ bu;/a(inq ¢m:‘n ULCU{"o'f'FQ—D'Ff blowdown From recoveresl Con

"gurface areas tmm GARA-RI2043 '

| 3'7Lréine bui[:(i;f; “minote c.u'(-mcf 204t blowdswn From GA-Ala04S
S‘ur-Fu.e areas from GA-AICHS

4,
Qe&cj‘br bu’-‘al'cnq 4’”1'.'\048 gﬁ-a‘F{‘:QJ)Ffz blewdown from GA- Arod s
: Surface areas fom GA-RILe4S

5.
or bu-[d!M O minote co‘t-o‘f"( 3—0-96 blowdswn From recovered fun :
" Sordace areas from rccavered fona

6.
QEa.c;br bl-hldu&q 4m.nu‘fc Qu{‘b"" 304& blcnwd.au.m '&Mx reenvered Tun
Sor-h.r.e arexs fmm Ch- MZO‘+"

:
Toucbine building, ;o,mm cot-off 208t i £ 4 toa
5ur{a¢z asreas fom recovered fun

'TUl"‘\)'me buﬁi’lp\\ l" Mminote C,o‘(':o{‘c a.oC-k bl owd oum Lfrom recovered ton
sorface areas €am GA-AlZOYS

‘ Turbcu bu.ld!nq abm..\\;{'g L‘—u‘bo{{ 30-& blowd swn 'G'DM tecoyered Con
Surface areas from CA~RILYS

10.
Q“db boild mg’QD Mminute u{«f-&' 2ot blowdzsn From recovered Con

!

Note: Box GAC- OI/4%7 Contains  related olata
from previouvs FSV steam leak stwies.
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