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Standby Nuclear Service Water Pond - Thermal Analysis During One Unit
LOCA and One Unit Shutdown. (Total Rewrite)

STATEMENT OF PROBLEM

The Standby Nuclear Service Water System at Catawba Nuclear Station is designed to
provide emergency cooling water during a one-unit Loss of Coolant Accident (LOCA)
plus a one-unit cooldown This water is supplied by the Standby Nuclear Service Water
Pond (SNSWP). The SNSWP was formed by impounding a cove of Lake Wylie,
immediately north of the plant area. During normal operation, Lake Wylie is the source of

nuclear service water and also dissipates the waste heat from the discharge.

This calculation determines the plant intake temperature from the SNSWP during the
cooldown procedure The nuclear service water system is designed to operate properly
within a specific temperature range. This calculation verifies that the SNSWP intake

water is within that range, and that there is a sufficient quantity of water to supply the

plant for 30 days
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PURPOSE OF REVISION

The purpose of this revision (6) is to examine the effect of a proposed change to the
Catawba Technical Specifications on the SNSWP temperature limit. This change includes:

Changing the Technical Specification SNSWP elevation limit from 570 fi msl to
571 ft msl. (As a result, the pond thermal analysis was run with area-volume

values to reflect the more stringent elevation requirement.)

Additionally, this revision includes the effects of changes to the area-volume curve, heat

loads, flowrates, and worst-case meteorology.

QA CONDITION
These calculations are QA condition | because the RN System is designed to opeiste

properly with a specific temperature range.

FSAR REFERENCES
This calculation is referenced in the Catawba Nuclear Station Final Safety Analysis
Report, Section 9 2.5, Ultimate Heat Sink.
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DESIGN METHOD

lutical Model Descripti
An in-house analytical model was used to determine the warmest plant intake temperature
from the Catawba SNSWP during the 30-day cooldown following a one-unit LOCA. The
model treats the Catawba SNSWP as a series of stacked horizontal layers of water.
Operation of the pond is simulated by removing the bottom slice, adding heat to it and
then placing it on top of the stack where it is permitted to cool. Cooling takes place only
in the surface layer and at a rate proportional to the water temperature excess above the
equilibrium temperature.  The heat transfer is simulated by the following equation from
Edinger and Geyer (1965):

dT  K(T-E)
&t  pCd

where: T = water temperature
K = heat exchange coefficient
E = equilibrium temperature
£ = water density
C = specific heat

d = depth of the upper slice of water

1 = length of time cooling takes place
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The following equations are used in the computer simulation to determine the surface

temperature after cooling:

The unit volume (¥, ) is calculated with the volume of the SNSWP (V) and the number of

layers (L) using:

V

y a—
A

The length of time for surface cooling (t,) is calculated with the unit volume (V.) and the

flowrate (Q) using:

The discharge temperature (7,,) is calculated using:
I, =T, +AT

where
T'me = temperature of SNSWP intake

R

oC,p

H = heat load (BTU/hour)
O = flowrate (ft" /hr)
(', = specific heat at constant pressure (BTU/Ibm °F)
p =624 lbm/ ft’

The heat loss (7x)is calculated using:

et

1 =(Tdu . E)eﬂ'

where:

£= equilibrium temperature (°F)

K = heat transfer coefficient (°F)

h = depth of cooling layer (top layer), (ft)
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The heat loss to the atmosphere (7)) is calculated using:
T =14~ [E ” T;u]

Thus, the surface temperature (7,) after cooling (and just before the layer is dropped
down to the 2nd layer in the simulation) is using’
T,=T,~T,

The following equations from Ryan and Harleman (1973) and Sill (1976) are used to

calculate evaporation during the simulation:

°f(l]'.‘ )(e: = ea)A
"= 24pH,,

f'hr  (Ryan and Harleman, Eq. 2.16)

|
/(U,)= [22.4(A@,)5 - 14(/2] (Ryan and Harleman, Eq. 2.35)

U; = wind speed (mph) measured at 2 m height

A, =1, -1, virtual temperature difference, (Ryan and Harleman, Eq. 2.30 b)

T +460 ; : -
V= (—6%-7_8?)_ virtual temperature difference of a thin vapor layer in contact with the
PEpeddas |
760
water surface, (Ryan and Harleman, Eq. 2 31 a)
AT, +a60) .
~ =" 0378 virtual air temperature, (Ryan and Harleman, Eq. 2.31 b)

760




CNC-1150.01-00-0001
Originated by: R E. Baker
Checked by: T. K. Ziegler
Date: 5/25/95, Page 6 of 59
Revision 6

e, =254¢ " \ater vapor pressure, mm Hg, (Sill, Eq. 21)
T, = dry bulb temperature, °F

i, = water temperature, °F

T, = dew point temperature, °F

A = effective cooling area, ft’

24 = 24 hours/day

p = density of water, 62 4 Ib/ft’

H,, = heat of vaporization of water, 1030 BTU/Ib, (Ryan and Harleman)
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Program Operation
Afier cooling of the surface layer, each of the stacked horizontal layers of water is shifted
down one layer, retaining their previously defined temperatures. A check is then made for
density instabilities which are averaged out, if necessary. This procedure is repeated over
the 30-day simulation. The following figures are included to provide additional

information about the computer program:

Figure Number Title
| Program listing
2 Fiow chart of the model
3 List of program variables
4 Input \ uiiables
5 Output variables

The program accepts the inputs (described in the next section, “Model Inputs”) as
specified by the user in the input dataset, then models the thermal and evaporative
response of the SNSWP to the heat load from the one-unit LOCA and associated one-unit

cooldown.
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MODEL INPUTS

The Catawba SNSWP model simulation uses the following inputs:

e Area-Volume Curve Values

e Initial Pond Temperature (Isothermal)
e Flowrates

e Heat Loads

* Worst-Case Meteorology

In order to bound the potential scenarios, a computer model analysis was performed to

take into account the worst case observed conditions occurring simultaneously.

Area-Volume Curve
Values for the SNSWP Area-Volume Curve (which are used in the input file) are
described in CNC 1150 04-00-0009 (see Attachment .1). A SNSWP volume of 434 ac-ft

is used for the 30-day simulation.
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This volume was determined by removing the cumulative evaporation, seepage, and
system leakage losses which result at the end of the 6th day of an initial model run at the
start of the simulation This initial run (see Attachment A, Model Run with Initial
Elevation of 571 ft msl) used a starting elevation of 571 ft msl (proposed Technical
Specification limit) along with the updated input values described previously in this
section. This is a conservative approach because the peak temperature occurs on the 5th

day of the simulation. The losses at the end of the 6th day are as follows:

» Evaporation losses of 11.7 ac-fi (see value in Attachment A model run, page A10)

e Seepage losses of 0 36 ac-ft (see Attachment A)

e System losses of 131 ac-ft (from loss values of 225,000 gallons for first 5 hours and
an additional loss of 1.01 E6 galions total loss occurring over the 30-day period at a
steady rate (see Attachment B) )

e Total of 6-day losses = 13.37 ac-ft (Use value of 13.5)

Using the total volume (4475 ac-ft) from the starting elevation of the initial run presented
in Attachment A, the initial cooling volume can be determined (447.5 - 13.5 = 434 ac-fi).
From linear interpolation, (see Attachment A) the associated surface area is 37.9 acres

with an elevation of 570 64 ft msl. Thus, the first two volume values in the data input file

are 434 and 396.1 ac-ft, respectively.




CNC-1150.01-00-0001
Originated by: R. E. Baker
Checked by: T. K. Ziegler
Date: 5/25/95, Page 10 of 59
Revision 6

Initial Pond Temperature (Isothermal)
The SNSWP temperature values do not inc'ude the 2.13°F instrument inaccuracy

correction for the permanent temperature mo- .toring system.

The limiting value of SNSWP temperature which allows compliance with the nuclear

service water intake temnerature requirements of the Catawba FSAR was determined by

varying the initial temperature for different model runs (30-day simulations). The FSAR

requirements are:

* no increase in intake temperature above 92°F over the first 12.5 hours following a
one-unit LOCA, and

* no intake temperature over 97.6° F during the 30-day one-unit cooldown period

following a one-unit LOCA.

Stratification conditions often exist in the SNSWP during the critical summer months
(June, July, August) However, the temperature inputs in these raodel runs (see Figures 6
and 7) conservatively assume isothermal conditions in the SNSWP at the start of the

simulation

Flowrates
Two sets of flow rates described in CNC-1223.24-00-0041, “Design Basis Heat Load and
Flow Demands on SNSWP” are used in the simulations (see Attachment B).

Flowrate Set | Flowrate (gpm) for first 4 hours of | Flowrate (gpm) for hours 5 - 720 of

siinulation simulation.

Low 38,000 19,000
High 46,000 23,000
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Heat Loads
The heat loads calculated in CNC-1223.24-00-0041, “Design Basis Heat Load and Flow

Demands on SNSWP” are used in the simulations (see table in Attachment B).

The computer program (see Figures 1 and 2) reads 52 heat load values directly from the

input data sets (see Figures 6 and 7). These values are assigned as follows:

e Hours 1-29 One value is read for each hour .

e Hours 30- 190 One value is read for each 10-hour period. This value is
then assigned to each of the 10 hours in the period.

e Hours 200 - 720 One value is read for each 100-hour period. This value is
then assigned to each of the 100 hours in the period.

Worst-Case Meteorology

The meteorological inputs to the Catawba SNSWP computer model consist of dry bulb
temperature, dew point temperature, wind speed, heat transfer coefficient (computed) and
the equilibrium temperature (computed). As suggested in Regulatory Guide 127,
Revision 2, the worst-case meteorology was determined based on the critical (5-day)
cooling period (see description of review process in Attachment C). As a result of the
meteorological review, the 30-day period from 6/23/52 - 7/22/52 (with 6/23/52 - 6/27/52
being the worst 5-day period) is used as an input to the model (see Figure C2)
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WATER SUPPLY
The full pond elevation for the SNSWP is 572 feet msl and the minimum level for the
pond is 571 feet msl. The water supply in the SNSWP may be decreased due to:
e evaporation
e seepage

e system losses.

The drainage basin for the SNSWP has an area of approximately 410 acres. Run-off and
groundwater flow from the basin are the sources of water for the pond. A typical drainage
basin yield for this area is | cfs/mi’, which for the SNSWP basin equates to 0.6 cfs.
Average lake evaporation for this area is about 41 inches/ year, which for a pond area of
40 6 acres (Area at elevation 572 msl), is about 0.2 cfs. If needed, makeup water to the
pond can be provided by aligning the nuclear service water discharge to the SNSWP.

During a 30-day LOCA period, there would be increased water loss from the pond by
forced evaporation due to elevated surface temperatures. Evaporation is calculated for
each iteration time step of the computer simulation. The cumulative evaporation through

that time step is then printed.

Seepage from the SNSWP is analyzed in CNC-1150.01-00-0004, “Standby Nuciear
Service Water Pond- Seepage Loss Analysis” (see Attachment A) The worst-case loss at
the end of six days is 15,547 ft*. An additional 10.75 ft"/day is lost through seepage
through the SNSWP dam embankment. A 6-day seepage total of 15,612 ft’ (0.36 ac-ft)

results from these values
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The system losses are determined in CNC-1223.24-00-0041 (see Attachment B) are as

follows:

e 225,000 gallons for first 5 hours
¢ 1.01 E6 gallons total loss occurring at a steady rate over the 30-day period

A inventory loss value of 13.5 ac-ft is applied at the start of the simulation by subtracting
this volume from the available area and volume at 571 ft msl (see Input section describing

Area-Volume values and Attachment A).
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SNSWP HYDRAULICS
The Catawba SNSWP is designed to prevent short circuiting of the heated water, and to
effectively utilize the full pond surface for cooling The plant intake is located at the
bottom of the pond and the discharge at the surface. The stacked layer concept assumes
warm water surface layers cannot be pulled into the intake. Harleman and Elder (1965)
analyzed the potential for pulling an upper, warm buoyant layer of water down into a
submerged intake (see Attachment D). If a computed withdrawal depth (H) is less than
the depth from the warm water interface to the intake (D), then less than 5% of the intake

will be pulled down from the surface layer.

3r(Q/B)’1§
b oy gt

where:

H = computed depth of water above lowest point of intake opening, feet
Q = intake flow, cfs

B = width of intake opening, feet

g’= g Ad/d, ft/sec’

g = acceleration of gravity, 32.17 ft/sec’

d = density of bottom water layer, siug/ft’

Ad = density difference between surface and bottom water layers, slug/ft’
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Assuming a surface heated layer temperature of 95°F and a temperature difference

between the intake and surrace layers of 8°F:

d= 1932 slug/ft’, from Weast, 1973
4d = 0.003 slug/ft’, from Weast, 1973
g'= 05,

Using B=28 ft (see Figure 8, and Figure D1 in Attachment D) and g’ with the flowrates
from the high flow conditions (see Model Inputs, Flowrates section), the following
withdrawal depths can be calculated.

) H
Hours of Simulation Flowrate Computed
(cfs) Withdrawal Depth (ft)
0-4 102.50 9.7
5-720 51.25 6.1

The minimum depth of the SNSWP surface (570.64 ft msl) to the intake structure opening
(542.5 ft msl) is 28.14 feet. Thus, significant recirculation of the heated surface layer will
not occur until the depth of the heated layer exceeds 18.5 feet. Therefore, a stacked layer

model analysis is appropriate for the simulation.
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To ensure maximum pond efficiency in dissipating waste heat, it is important to minimize
mixing of the discharged heated plume as it spreads over the SNSWP surface. The
densimetric Froude number /' (calculated using the following equation), which represents

the ratio of inertial forces to buoyant forces, is used to determine the extent of mixing in
the SNSWP.

Fe ’M
—h
o
where: F = densimetric Froude number, dimensionless
V= mean velocity. ft/sec
h = depth of the heated layer, feet
When F < |,

e buoyant forces are larger than inertial forces
e vertical mixing of the heated plume is minimized (Ryan and Harleman, 1973)

e heated plume will remain on the pond surface.

There are two discharge structures located at opposite ends of the SNSWP cach of which

conveys a portion of the discharge flow.
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Assuming a 15 degree (from the vertical) discharge angle, a plume 65 ft wide and 4 ft
deep results 100 fi downstream from the discharge structure. At these conditions, and
assuming the previo sly discussed temperature difference of 8°F between layers, the
densimetric Froude number is 0.66 for the high flow conditions during the first 4 hours of
the simulation. A conservative estimate of 75% of the flow (102.5 cfs) going out the
short-arm discharge is made in this calculation (see Attachment E for additional
information). Thus, mixing will be minimized except in the immediate vicinity of the

discharge structures and pond stratification will be preserved.

The Catawba SNSWP is a stratified pond, and as mentioned previously, has a bottom
intake, surface discharge configuration with minimal discharge mixing Ryan and
Harleman (1973) have shown a pond designed in this manner will effectively utilize the
total pond surface area in dissipating heat to the atmosphere regardless of pond shape.
Physical testing performed during February 1994 verified stratification conditions exist in
the SNSWP with an associated complete surface spread of the heated layer.

In summary, model assumptions of no direct recirculation of the heated plume and
utilization of the total lake surface area and volume are valid for the Catawba SNSWP
application and have been supported by physical testing and theoretical analysis.
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VERIFICATION OF SUFFICIENT COOLING WATER IN FIRST 12.5 HOURS
An analysis was completed to determine the pond elevation which provides sufficient
cooling water to meet the FSAR-required condition of no temperature rise above 92°F at
the nuclear service water intake in the first 12.5 hr following a one-unit LOCA, and to

ensure that the 768 ft msl elevation is adequate to monitor the SNSWP temperature.

Inputs

High-flow conditions (from Attachment B)
* 46,000 gpm (Hours 0-4)
e 23,000 gpm (Hours 5-720)

Total Volume of SNSWP Circulated during first 12.5 hours of simulation
[46,000 gpm * (60 min/hr) * (4 hr)] + [23,000 gpm * (60 min‘hr) * (12.5 - 4 hr)]
o 228 MG (70 ac-ft)

Maximum withdrawal height (from SNSWP Hydraulics section using the first four hours
of simulation high-flow conditions).
e 971

Area-Volume Curve values are shown in Attachment A.
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Analysis

* The quantity of 92°F cooling water required in the first 12.5 hours of the simulation,
228 MG (70 ac-ft), is provided between pond elevation 542.5 and approximately 557
ft msl (determined from Attachment A - SNSWP Volume Curve).

e The highest elevation from which water could be entrained was calculated as
5425+ 9.7 = 5522 ft msl in the previous section, “SNSWP Hydraulics”.

* The 22.8 MG (70 ac-ft) circulated during the first 12.5 hours of the simulation will
displace (approximately) the top 2 ft (571 to 569 ft msl) of the SNSWP.

The significant difference in elevation between the lower depth of the heated layer (569 ft
msl) and the availability of water at 92°F at all elevations below 557 ft msl ensures that no
water in excess of 92°F will be withdrawn during the first 12.5 hours following a one-unit
LOCA Additionally, the probe elevation of 568 ft MSL is high enough to ensure an
adequate supply of "cool" water (< 92°F) fduring the first 12.5 hours of the accident .
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RESULTS
The effect of the proposed change to the Catawba Technical Specifications (SNSWP

elevation limit increase from 570 ft msl to 571 ft msl) was examined with a set of
computer simulations. The pond thermal analysis was run with area-volume values
(corrected for cumulative inventory losses occurring at the simulated peak temperature) to
reflect the more stringent elevation requirement. Additionally, the runs include the effects
of recent changes to the area-volume curve, heat loads, flowrates, and assumed worst-case

meteorology.

Maximum pond intake temperatures resulted (shown in the following table) from the

computer simulations. See Figures 6 and 7 for the inputs and results of the computer

simulations.

Flowrate Set Initial SNSWP Maximum SNSWP Intake
Temperature (°F.) | Temperature (°F)

Low

(38,000 gpm for hours 0-4 and 19,000 915 96.87

gpm for hours 5-720)

High

(46,000 gpm for hours 0-4 and 23,000 91.5 97.52

gpm for hours 5-720)

The high flow case results in a temperature maximum of 97 52°F at 10 '.6 hours (5th day)
while the low flow case results in a temperature maximum of 96 87°F at 130.3 hours (6th
day). Both cases (high and low flow) maintain temperatures of 91 5°T at the SNSWP for

the first 12.5 hours of the simulation.
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CONCLUSION
This calculation simulates operation of the Catawba SNSWP during a one-unit LOCA and

subsequent 30-day one-unit cooldown with extreme meteorology and conservative
assumptions regarding SNSWP heat content when the LOCA occurs. Based on this
computer analysis, the maximum SNSWP intake temperatures were determined to be
below 97.6°F for an initial SNSWP temperature of 91.5°F. Additionally, there are no
SNSWP intake temperatures greater than 91.5°F during the first 12.5 hours of the

simulated accidents.

The pond analysis was conducted utilizing updated values for:
e Area-Volume Curve Values

e Heat Loads

¢ Flowrates

¢ Worst-Case Meteorology.

An initial SNSWP temperature of 91 5°F results in a peak of 97.52°F on days 5 and 6 of
the high flow simulation.  Therefore, the SNSWP is operable for initial SNSWP
temperatures up to 91 5°F with a SNSWP elevation of 571 ft msl.
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PROC ©
/%
/%CLISTNAME : CNFEHEAT

/.8'8'88'.',‘SB8I.-‘.'I.S.:SSI:‘!S‘I’SSS‘Il'stl"tl‘gl8828888:-’-8:8888!.

/% JOB DESCRIPTION *
o B
®DETAILS : THIS CLIST DOES THE FOLLOWING: *
/% 1) PROMPTS FOR INPUT DATASET NAME %
/% 2) ALLOCATES INPUT AND OUTPUT DATASETS *
/% 3) INTERACTIVELY EXECUTES PROGRAM *
/% &) BROWSES OUTPUT DATASET "
/% 5) ALLOWS USER TOD PRINT REPORT *
/% 6) ALLOWS USER TO SAVE REPORT *
/% 7) ALLOWS USER T0 RE-EXECUTE THE PROGRAM -
/%ADDITIONAL DOCUMENTATION : *
/% CAN BE VIEWED/OBTAINED BY EXECUTING THE TSO COMMAND *
/% PCABENCH F(4) x
/% CR CODE = NFE DOCUMENTATION TYPE = S VOLUME NUMBER = 055 *
/%PARMS :  NONE .
/% *
/%VARIABLES: *
/% ¥
/% NAME TYPE DESCRIPTION *
JHrm *
/% E
/% BSYSISPF CHAR ACTIVE => ISPF SESSION ACTIVE *
/% NOT ACTIVE => ISPF SESSION NOT ACTIVE x
JHm o tr *
/% ¥
)/!lUILTIN SUBROUTINES: NONE *
/% *
[Emm i -~ 1 *
/%EXTERNAL REFERENCES: NONE *
/% *
/‘...ll.'l'l.lIII’I.'-.I....IBIII3.!8BI-Il'...'.....'....-.....llﬂﬂlllli
/% HISTORY OF CHANGES x
F e -
/%REQUEST # . DATE | DESCRIPTION | PROGRAMMERX
/M mm e e esseesmsesseemeseeMsssssEssessmesssEsememseeemeeeen—- *
/% 13951921 | 03/08/89 | INITIAL PROGRAMMING |W.D. CONWAYX
/.88'..I‘S.lll:."‘.‘ll.l"l..l'ISIG-t8SIIIIIIIIIS--I.l--..S-IIIIIIIGI'
/% FILE DESCRIPTIONS *
P el *
/¥DDNAME 1/0 DATASET NAME DESCRIPTIONS s
JHm - ¥
/% NO FILES ®
/".B-.'I..'l...:...l'..l'.'ll.‘.'.-"8I'.l'.....ll..'..---‘-..l'-.-l'*
/%
CONTROL NOLIST NOMSG NOSYMLIST NOCONLIST NOFLUSH
/%CONTROL LIST MSG SYMLIST CONLIST NOFLUSH
/%
/000003 306 0 0260606 06 3 236 96 3 96 36 26 96 36 36 36 36 36 36 6 96 36 6 36 26 6 36 36 96 36 36 96 96 3 3 3 36 JE 36 0 96 36 36 I I 36 3 36 3 96 06 9 K
/% IF ISPF SESSION NOT ACTIVE INVOKE ISPF AND EXECUTE DIALOG *
/% ELSE CONTINUE TO DIALOG *
(ii!!i!!ll!!!ll!i!llllllllllilll!lll!*!Illl!lllllﬂl!!!!llllli!!ll!!llll
/%
IF 8SYSISPF NE ACTIVE THEN +
ISPF CMD( ZCNFEHEAT)
ELSE CNFEHT2 g CNC-1150.0100-0001
)7 - END - “Figure 1. Catawba SNSWP Model CLIST and PL1 Program Listing.  _nginatedby: R E. Baker

Checked by: T. K. Ziegler
Date:5/5/95, Pagey+of - ?
Revision 6



/%
/9300300000030 56000069630 906309696 3 30 0 06 363696363696 9696 336 3636 38 96 36 36 96 36 96 96 96 36 3 3 36 36 36 36 26 96 36 96 3 26 36 2 X M N K

/% EXIT CODE OF 4 NECESSARY FOR ISPF
/7363838363636 3630 36 96 369696 36 36 36 06 06 36 36 36 36 36 3636 36 36 36 36 36 36 96 96 36 36 36 36 36 06 26 0 3636 96 26 36 36 96 3696 96 36 6 36 36 9636 36 36 26 6 96 36 96 96 36 2 36

*

/%
XIT CODE(4)

Figure 1 (Continued) l
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PROC 0 PGMLIBC(CERT)
/%
/%CLISTNAME : CNFEHT2

/.IISIII‘I’IIS”.'"3'2'.‘.888"88'.38.'8!'B388".Ill.....ll"l'.'l‘l"

/% JOB DESCRIPTION *
Ifie s mmeomessnnrcsssrmsatsanns Brotennenesssssnnesnmesssssesnnssnnssess *
/%DETAILS : THIS CLIST DOES THE FOLLOWING: -
/% 1) PROMPTS FOR INPUT DATASET NAME B
/% 2) ALLOCATES INPUT AND OUTPUT DATASETS i
/% 3) INTERACTIVELY EXECUTES PROGRAM *
/% 4) BROWSES OUTPUT DATASET . 4
/% 5) ALLOWS USER TO PRINT REPORT *
/% 6) ALLOWS USER TO SAVE REPORT *
/% 7) ALLOWS USER TO RE-EXECUTE THE PROGRAM *
FH e n s s masbmnneaonmpnanssssssannsinsanissensssstessnnsessssessssnsnes s *
/%ADDITIONAL DOCUMENTATION : ¥
/% CAN BE VIEWED/OBTAINED BY EXECUTING THE TSO COMMAND .
/% PCABENCH F(4) *
/% CR CODE = WFE DOCUMENTATION TYPE = S VOLUME NUMBER = 055 x
L S S *
/%PARMS : *
/% NAME TYPE DESCRIPTION -
/% BPGMLIB CHAR CER™ => PROGRAM RUN FROM CERTIFIED *
/. LIBRARY .
/% ACPT => PROGRAM RUN FROM ACCEPTANCE  *
/% LIBRARY -
[ Rm e s s r e e e e Sre SN e e er e e e .- *
/%VARIABLES : i
Ve 3 ~

V% NAME TYPE DESCRIPTION .
LT T L T T T PR PRI R .
/% B
/% BLASTCC NUM RETURN CODE FROM LAST EXECUTED STATE- X
/% MENT =
/% BCHECK NUM SAVED RETURN CODE .
/% 81 NUM LOOP COUNTER .
/% ———— *
/% BANS CHAR Y => USER WANTS TO PRINT/SAVE OUTPUT
/% N => USER DOES NOT *
/% BANS CHAR Y => USER WANTS TO RE-EXECUTE PROGRAM
/% N => USER DOES NOT 5
/% BDEST CHAR USER SUPPLIED PRINTER NAME FOR OUTPUT
/% BMEMBER CHAR MEMBER CREATED IN HEATTRAN.SAVED WHEN x
/% USER DESIRES TO SAVE REPORT M
/% BNAME CHAR INPUT DATASET NAME .
/% 80K CHAR FLAG USED TO CHECK VALID PRINTER NAMES
/% BPGMLIB CHAR STEPLIB/LOAD LIBRARY USED x
/% CERT => DK061.CERT.LOAD <- DEFAULY *
/% ACPT => DK061.ACPT.LOAD .
B T T T LT T ey »
/% .
/%BUILTIN SUBROUTINES: *
/% NAME TYPE DESCRIPTION *
/% &STR(A) CHAR RETURNS CHARACTER REPRESENTATION OF A X
/% *
D e e *
/%EXTERNAL REFERENCES :

7% NAME TYPE DESCRIPTION g:c'-uso.onl-o:-oé)o;.k
/% ISPEXEC INVOKES ISPF DIALOG FUNCTIONS Ch:::r:;Wi . Zugﬁ?
3 ;: BROWSE’ ISPF BROWSE > Date:S/7/95, Page-of - .

Figure 1 (Continued) Revision 6




/‘.‘-'I'SII8'8SSSS‘EEIIIIII-SISSSSI"IS=388.8888'!83"‘8--I-..SCBQIIS’C*

/% HISTORY OF CHANGES *
Mecsnceccaccsnscncosnnscncsssssssass nsnsesstanssssannaasansremsanane *
|/%REQUEST # | DATE I DESCRIPTION | PROGRAMMER x
e T L TR P *

¥ 13951921 | 03/08/89 | INITIAL PROGRAMMING IW.D. CONWAYX
/*..8"8-88883:’.':8:38.".'3.‘".33838'3‘."‘8883:‘.-88"='I‘838==’II!
/% FILE DESCRIPTIONS *
/Mmmmmmmae et eeeeemememeeESessMsEEEessEEssEeeEsesessEmessssessseseann *
/%DDNAME 11/0] DATASET NAME DESCRIPTICONS *
e e EE T T e PRt *
/% CARDIN | I | ?2222227722272272222222222272222222 | USER INPUT TO .
/% | | | PROGRAM RUNO7067 *
[ mmemmmemecacsescmessesesseemssMsmemeAmEEseEEmmEsessssesessssssssenee" *
/% PRINTER | O | TSOID.HEATTRAN.OQUTPUT | REPORT/ANALYSIS FROMx
/% | | | PROGRAM RUND7067 *
JHm e m o m e e esaeseEe s sAEEeEEEEEEEAEeLEeSNesssAsSSeSessssse e *
/% | O I&TSOID.HEATTRAN.SAVED(SMEMBER) | PREVIOUS REPORTS/ »
/% | | | ANALYSIS FROM *
/% | | | PROGRAM RUNODO7067 *

/ll‘.ﬂ88'--8"'!lll'.zl:.‘.IRIBIIBlB.BBSIlll...lIIIII.‘..E'I.IS.S:38!.*

/%CONTROL LIST MSG SYMLIST CONLIST NOFLUSH NOPROMPT
CONTROL NOLIST NOMSG NOSYMLIST NOCONLIST NOFLUSH NOPROMPT
/%
/P30 3 30 366 3996 36 30 9636 36 3 6 3 96 36 36 36 36 36 36 26 26 36 36 36 36 36 96 96 36 36 36 36 3 96 36 36 96 36 26 30 I 96 36 3K 36 36 36 9 36 36 36 36 36 36 3 3¢ % 3¢
/% CHECK EXISTANCE OF HEATTRAN.SAVED x
/% 1F DOES NOT EXIST CREATE IT *
/369676 36 36 96 36 36 76 36 06 36 36 36 3636 36 36 96 36 36 36 56 36 J6 3 36 36 36 36 36 36 6 36 36 56 3 36 36 I 9 36 3 36 J€ 36 3 36 36 36 36 3 36 36 30 3 36 6 96 36 3 36 36 5 36 36 3 3 36
/%
ALLOC DA{HEATTRAN.SAVED) SHR
IF SLASTCC =~= 0 THEN +
Do
ATTR XXX RECFM(V B A) LRECL(125) BLKSIZE(129) DSORG(PO)
ALLOC DACHEATTRAN.SAVED) NEW USING(XXX) CATALOG SPACE (1,1) +
CYLINDERS DIR(S5)
FREE ATTR(XXX)
IF &LASTCC ~= 0 THEN +
Do
WRITE
WRITE CANNOT ALLOCATE HEATTRAN.SAVED ON YOUR ID
WRITE PLEASE CALL SUPPORT PROGRAMMER
EXIT
END
END

Figure 1 (Continued)
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APV “VV"/"QO"VVUI

/%

/FENE KT I IE I I NI K6 0636 560606 563636 36 36 36 3 96 36 96 76 2969 336 36 96 96 3638 36 36 26 3 26 96 36 36 36 36 36 36 3¢ ¢
/% CHECK EXISTANCE OF HEATTRAN.OUTPUT *
/% IF DOES NOT EXIST CREATE IT *

/93 060 3 03606 0 06 3236306396 36 36 6 36 336 T 2 36 D 36 3 2 36 26 36 36 36 6 26 36 26 96 36 36 6 36 36 3 3 76 36 26 3 3 36 96 3 0
/%
ALLOC DACHEATTRAN.OUTPUT) SHR
IF &LASTCC ~= 0 THEN +
DO
ATTR XXX RECFM(V B A) LRECL(125) BLKSIZE(129) DSORG(PS)
ALLOC DACHEATTRAN.OUTPUT) NEW USING(XXX) CATALOG SPACE (1,1) +
CYLINDERS
FREE ATTR(XXX)
IF BLASTCC == 0 THEN +
DO
WRITE
WRITE CANNOT ALLOCATE OUTPUT DATASET ON YOUR 1D
WRITE PLEASE CALL SUPPORT PROGRAMMER

EXIT
END

END
/%
/¥ W I HE I I I U T I T I I I I I K I I I I FE I I I I I H 3 H I I I I I I I I 63 3K I3 M I
/% ALLOCATE PROGRAM FILES *
/9 36 36 96 36 96 36 36 36 96 36 P JE I 96 96 36 36 3 9 36 36 36 I 3 26 I I 3 26 3 3 36 I IE HE3€ 35636 9636 36 26 3 363 3 I FEIE I I3 I I I I H NN H XK H
/%
TOP: +

FREE F(CARDIN,PRINTER)
FREE DA(HEATTRAN.DATA)
ALLOC FC(PRINTER) DACHEATTRAN.OUTPUT) SHR

/%
FRFY I CIEWENNE I I I H I3 I I3 I I 36 I FE I I I I I I I I I I I I I I T IEIE I I I I N
/% PROMPT FOR INPUT DATASET NAME *

/363636 363 36 76 I 36 36 36 36 36 36 3636 36 36 96 36 3 3 3 36 36 6 36 96 9 3 36 36 36 I T 2 JE I FE I 6 FE IE 96 26 36 36 366 76 36 I I 3 I I I K I I I 7 36 3 3 32 2
/%

SET &I = 0
ENTER: +

SET B1 = &I + 1

WRITE

WRITE ENTER NAME OF INPUT DATASET
/%
J 0063600636560 06 060 00006 9 06 0606 3006 3696 06 06 36 06 36 96 36 36 36 36 36 36 36 36 36 96 96 36 36 26 36 96 96 36 96 36 36 36 06 36 36 JE 36 36 6 96 0 36 36 36 3 3
/% CHECK INPUT DATASET EXISTANCE ®
/% TF DOES NOT EXIST FORCE REENTRY OF NAME x

/936363606 96 36 366 96 96 96 96 3636 36 36 6 36 26 06 36 96 36 26 96 96 36 26 36 36 6 36 36 96 36 36 36 36 36 36 36 96 36 36 6 96 26 3 36 26 36 96 96 96 6 36 3 36 36 36 36 36 36 36 3 36 36 3
/%

READ E&NAME

WRITE BSTR(SNAME)
/%
/3336003630000 0000060630636 06 06 06 06 96 36 96 9606 363 96 06 36 366 36 96 26 36 36 96 36 36 36 36 36 96 36 36 JE 36 36 6 3636 3 36 36 36 36 36 36 6 3 36 0
/% CHECK ON ID *
/0303636063636 3606 363 0063636 96 96 96 36 36 36 06 9696 363 06 06 06 36 36 96 36 36 36 36 96 36 36 36 36 36 36 96 36 36 6 36 3 36 26 36 36 36 036 38 36 36 36 36 36 36 36 3 36 36 3 3
/%

ALLOC F(CARDIN) DACBNAME) SHR

SET &CHECK = BLASTCC

Figure 1 (Continued)

CNC-1150.01-00-0001
Originated by: R. E. Baker
Checked by: T. K. Ziegler
Date:5/-%/95, Page . 5of <
Fevizion 6




/%
/I HE TN IN N TN HMHNNNHIEN NI HT NI RN AR AN A EEREEAREERR KRN K

/% IF NOT ON ID CHECK QUALIFIED NAME ®
)/ MBI I I I I TN IE 02666 0626 63626 3 2636 6 2636 3626 6 .26 36 3 I I 3 MK X
/%
IF BCHECK == 0 && BI < 3 THEN +
Do

ALLOC F(CARDIN) DA(C'BNAME') SHR
SET &CHECK = BLASTCC
IF BCHECK =-= 0 && 8I < 3 THEN +

Do
WRITE
WRITE INPUT DATASET DOES NOT EXIST
GOTO ENTER
END
END
IF BCHECK == 0 &8 &I = 3 THEN +
DO
WRITE

WRITE INPUT DATASET DOES NOT EXIST
WRITE PLEASE CREATE INPUT DATASET AN TRY AGAIN
EXIT
END
/%
/I NI I I I FE I I I I I 636 I I I I3 26 2 336 636 36 36 36 3662 2 I I 26 9626 26 36 I 3 35 I 36 36 3 36 2 36 2
/% EXECUTE PROGRAM FROM SPECIFIED LIBRARY *
/I I 3636 I 26 36 36 369626096 I I TN T 26 36 26 26 36 3636 3606 06 96 3636 36 36 36 636 36 36 36 36 36 I I 2 6 I I 3 3626 I M
/%
CALL "EBPGMLIB® '/BNAME®
FREE F(PRINTER,CARDIN)

/%
/3933 FE I3 I T U6 U6 36226996 3T J I 20 3906 6 9 I I I I I I I 36 I 3K I 6 FE I I 3 I 5 HE 26 29K
/% VIEW ODUTPUT DATASET *
/932U 0 3 26 U2 F I I I I6 6 6T UK 396U 6 3 36 96 3 3 06 F 062 3 36 36 36 36 36 96 96 3 I 3 3 I 36 336 3 36 3 I I I I W 3K I 3 36 3 3 3 3¢ € ¢
/%

ISPEXEC BROWSE DATASET(HEATTRAN.OUTPUT)
/%

Figure 1 (Continued)
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/0060006000000 000 00006003006 0 0 0000 30 06036 96 03606 030 06 0606 0606 06 06 06 30 0606 36 36 36 06 06 06 0 06 30
/% QUERY FOR DESIRE TO PRINT REPORT, DESTINATION "

/000303633 060606000 360 06 36 36360636300 9030 06 06 0606 336 96 3362696 36 36 36 36 96 26 96 96 3 36 76 36 36 36 330 36 00 MK
/%

PRINT: +
WRITE
WRITENR DO YOU WANT TO PRINT OUTPUT (Y/N)?
READ BANS
IF 8&ANS = BSTR(Y) THEN +
DO
OPTION: +
WRITE

WRITE PRINTER OPTIONS (DEFAULT CHURCH)
WRITE DESENG]
READ SDEST
IF S&DEST = &STR() THEN +
RP HEATTRAN.OUTPUT DEST(CHURCH)
ELSE *»
Do
SET B0K = SSTR(N)
IF ESTR(EDEST) = ESTR(DESENG1) THEN +
SET 80K = BSTR(Y)
IF &STR(EDEST) = B&STR(COMSER1)THEN +
SET 80K = &STR(Y)
IF BSTR(BDEST) = RSTR(COMSER3I)THEN +
SET 80K = B&STR(Y)
IF 80K = BSTR(Y) THEN +
RP HEATTRAN.OUTPUT DEST(&STR(EDEST))
ELSE +
Do
WRITE
WRITE INVALID PRINTER NAME SUPPLIED
GOTO OPTION
END
END
END
ELSE +
DO
IF BANS == ESTR(N) THEN +
Do
WRITE
WRITE CORRECT ANSWERS ARE Y (YES) OR N (ND)
GOTO PRINT
END
END

Figure 1 (Continued)
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LN 20 . U - wp - ooy

g
7/ FEDEUE U603 36 9636 36 3636 36 36 36 36 36 060 6063626 226 9 96036 3696 26 26 36 96 36 06 2 3 3 3 ¢
/% QUERY FOR DESIRE TO SAVE REPORT -

|/ WU 30U I I DT I I I I U269 269 0606 369636 36 06 06 969 9 96 36 36 36 36 96 36 36 96 96 26 36 36 36 26 3
/%
SAVE: +
WRITE
WRITENR DO YOU WANT TO SAVE OUTPUT(Y/N)?
READ &ANS
IF BANS = BSTR(Y) THEN +
Do
SET &8I = 0
RECOPY: +
SET &I = &I + 1
WRITE
WRITENR ENTER MEMBER NAME FOR HEATTRAN.SAVED
READ E&MEMBER
COPY HEATTRAN.OUTPUT HEATTRAN.SAVED(&STR(EMEMBER)) NON
SET BCHECK = BLASTCC
IF BCHECK ~= 0 88 BI = 1 THEN +
Do
WRITE
WRITE COPY WAS UNSUCCESSFUL, TRY AGAIN, PLEASE
GOTO RECOPY

END
IF BCHECK ~= 0 88 8I = 2 THEN +
Do
WRITE
WRITE COPY WAS UNSUCCESSFUL, PLEASE CALL SUPPORT PROGRAMMER
END
END
ELSE +
Do
IF BANS -= BSTR(N) THEN +
Do
WRITE
WRITE CORRECT ANSWERS ARE Y (YES) OR N (NO)
GOTO SAVE
END
END
/¥
/9003306003630 I B U B30 060K 303 36969 6 06 0 36 06 96 3 96 36 36 3 oF 36 96 36 96 06 06 0 3 I 6 96 3K 3K 36 36 36 36 3 26 96 36 6 36 3
/% QUERY FOR DESIRE TO RUN PROGRAM AGAIN *
/300 3636966 3965 3 36 06 36 06 96 3 9696 3696 36 36 36 36 36 96 36 96 26 3636 06 96 6 36 36 6 36 36 36 96 36 96 36 36 36 06 9636 36 9 3 366 36 306 36 96 36 90 696 36 6 36
/%
RUN: +
WRITE
WRITENR DO YOU WANT TO RUN PROGRAM AGAIN(Y/N)?
READ BANS
IF BANS = BSTR(Y) THEN GOTO TOP
ELSE +
Do
IF BANS ~= BSTR(N) THEN +
Do
WRITE
WRITE CORRECT ANSWERS ARE Y (YES) OR N (ND)
GOTO RUN
END CNC-1150.01-00-0001
END. -

g Siele f . Originated by: R. E. Baker
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/% NAME : RUNOD7067 TITLE: HEATTRAN ®/

SEEEERRR R E R R R KRR E R IR AR A AR A AR R R AR AR EL AR R AR R R AR X RR R AR AR R R ARR

Jhom o o e e e e R e e e e o
* | | #
* | REQUIRED DOCUMENTATION CHECK OFF LIST | *
* | | %
L I e LT L T T e | *
* | ICOMPLETED | DATE | %
*| | BY: | COMPLETED: | %
L ! %
*| PROJECT LEADER APPROVAL | | | %
e | *
¥| SYSTEM DESCRIPTION | | | *
L T T T T r e | %
¥| RECORD INFORMATION | | | *
e | *
*| FILE DESCRIPTION | JLJORDAN | 10/07/83 |*
L I | %
¥| CONTINGENCY RECOVERY INFORMATION | | | %
L I e R R | %
¥| HISTORY OF CHANGES | JLJORDAN | 10/07/83 |=*
| mrm e r e r e ——————————— | *
¥*| PROGRAM DESCRIFTION i i | *
R | %
*| PROGRAM LISTING | JLJORDAN | 10/07/83 |=*

EEEEEREFEAARBERER AR EEE R AR RE R R AR AR ERERRAER AR RE A AR B R R ERER AR R RR )
. S EEAEEEEREE AR B RAEE R AL A RT AR R R B R EA R R ERE AR R R X ER RN REA R R E R R XXX R ERR

|
| HISTORY OF CHANGES |
| |
| ersscnsnncncnsssreinornnsrrrrsrrsrrsasersssEsaTRssE s RsEEneae |
| REQUEST # | DATE | DESCRIPTION | PROGRAMMER |
I 1 B A A |
| 423549 l10/83 | ORIG - INITIAL LOAD | JORDAN |
| | | TO CERTIFICATION AND | |
| | | ACCEPYANCE LIBRARY | |
R et LRSS S R e e L e R L BT ettt d LA S DL LD L L A e T L |

15951921 03/90 REVISE ALGORITHM TO ACCEPT W. D. COWAY

| |
| TEMPERATURE PROFILE VALUES |
| FROM INPUT FILE INSTEAD OF |
| CALCULATING AVERAGE TEMP. |
| PRINT INPUT AND PROFILE IN |
| | SAME REPORT AS ANALYSIS. |
|il*Ii!lil!liﬁllllillillli&!&lil!l!illill!llll!llll!&illlli!ilill/
SEEE R AR R AR R R R R EA R R TR AR E R R R R R R RN AT R AT R R AR AR AR LB R A FARERERREN

|
| SYSTEM DESCRIPTION

EEXEEEAEXANEERRAEA TR EREEAE RS AR R LR A E R T AR AR AR AR ERERAAA AR R RR

|
|
| |
| |
| SUMMA!. |
| |
| REV,MCD,LEVEL : ORIG |
| REV-DATE : 11-12-81 |
| SPONSOR : D H MEACHAN |
| DIV-SECTION : CENV |
| GA COND : 1
| VERIF METH : Originated by: R. E. Bak

Figure 1 (Continued) Checked by: T K. Ziegl
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DUKE CALC FILE

STATUS

C-16.17-15

A

LN 1 D ot IS - (/(/‘//

) l!!lll‘*!ii*il!*liilllilll!li‘i!lﬁl!lilllﬁililﬂl!!&*!*lﬂl*li*illll!/
/‘*ii!*l!llﬂl*l*!li*l‘ll*!lil!ll*i*!lilli*li!iil*lliil‘lllli!i*l*l*

CATAWBA SNSWP THERMAL ANALYSIS PROGRAM, REVISED 3/1990

THIS PROGRAM CALCULATES SNSWP TEMPERATURES IN RESPONSE T0 A
ONE-UNIT LOCA AND AN ACCOMPANYING ONE-UNIT NORMAL SHUTDOWN.

THE TECHNICAL BASIS FOR THE CALCULATION IS PRESENTED IN
CATAWBA NS CALCULATION NO. CNS-1150.01-00-0001.

THIS PROGRAM WAS REVISED IN MARCH 1990 TO INCORPORATE THE
FOLLOWING CHANGES:

1)

2)
3)

4)

INPUT DATASET,

RATHER THAN CALCULATED AS A UNIFORM

PROFILE FROM INPUT EQUILIBRIUM TEMPERATURES IN
METEORLOGICAL DATA.

CUTPUT FORMAT WAS MODIFIED AS TO TITLES, ETC.

OUTPUT FORMAT WAS

MODIFIED TO INCLUDE A PRINTOUT OF THE

INPUT DATASET AND THE INITIAL POND THERMAL PROFILE.
CALUCLATING PROCEDURES IN THE PROGRAM WERE NOT MODIFIED.

I
I
I
|
|
|
|
|
|
|
|
THE INITIAL POND TEMPERATURE PROFILE 1S READ FROM THE |
|
|
|
|
|
I
I
|
/

R R A A A A KA R KRR R R R R AR E KR A E R AR AR R A AT R RAR AR ER R R RN AR AR A AR AR X
RUN7067:
PROC (INDSN) OPTIONS (MAIN);
DCL INDSN CHAR (100) VAR;
DCL CARDIN FILE STREAM INPUT;
DCL PRINTER FILE PRINT;
OPEN FILE (CARDIN);
OPEN FILE (PRINTER) PAGESIZE(55) LINESIZE(120);
DCL CDATE CHAR(Z20);
ADCL TIME ENTRY;

AZTIME :

DCL
DCL
DCL
DCL
DCL
DCL
DCL
DCL
DcL

DCL (S1,T1,L1,K2)
DCL PAGE FIXED
DCL B FIXED
DCL J1  FIXED
DCL K4  FIXED
DCL J3  FIXED
DCL L2  FIXED
DCL K9  FIXED
DCL S (40,2)
DCL7FLOW

PROC RETURNS(CHAR);

DCL COMPILETIME BUILTIN;

RETURNC'''*' | |[COMPILETIME||" """ ");
ZEND TIME;
CDATE
%“DEACTIVATE TIME;

(E

(DATE, TIME)

sY
sy

= TIME;
XP,ABS)

SDATE
STIME

BUILTIN;
BUILTIN;
CHAR(6);
CHAR(9);

PLANT CHAR(8);

3
Vs
K1l

TLE CHAR

(32);

DEC(6);
DEC(6);
(I,J,K,INDEX)

BINC15)
BINC15)
BINC15)
BIN(C15)
BINC1S)
BINC15)
DEC(12)
DEC(12);

FIXED BINC(15);
FIXED BINC15);
DEC(3,0) INIT (0);

CNC-1150.01-00-0001

INITC(O); Originated by: R. E. Bake
INITCO0); Checked by: T. K. Ziegler
INIT(O); Date:5/-°/95, Page ‘“of -
INITC(Q); Revision 6 3
INITC(O);
INITC(O);

INIT((B0)0); : :
A Figure 1 (Continued)



DCL T (720,5) DEC(12) INIT((3600)0);
pcL 19 DEC(12) INIT(0);
pDCL T2 DEC(12) INIT(0);
DCL W3 DEC(12) INIT(0);
DCL A (30) NEC(12);

DCL E (30) DEC(12);
DCL P (30) DEC(12);
DCL L (100,2) DEC(12) INIT((200)0);
DCL W (30) DEC(12);
DCL Y (30) DEC(12);
pcL Y1 DEC(12) INIT(0);
pcL Vi DEC(12) INIT(0);
DCL V2 DECC12) INIT(O};
DCL S2 DEC(12) INIT(0);
DCL T5 DEC(12) INIT(O);
DCL T3 DEC(12) INIT(D);
DCL X DEC(12) INIT(0);
DCL T7 DEC(12) INIT(0);
DCL P3 DEC(12) INIT(0);
pDCL P2 DEC(12) INIT(0);
DCL Té DEC(12) INIT(0);
pcL Pl DEC(12) INIT(0);
DCL T4 DEC(12) INIT(0);
DCL V9 DEC(12) INIT(0);
DCL EOF_CARDIN BIT (1) INIT('0'B);
DCL PRT_HDRS BIT (1) INIT('0'B);
DCL LINE CHAR(80);
ON ERROR
BEGIN;
ON ERROR STOP;
PUT FILE (PRINTER) SKIP DATA;
END;
ON ENDFILE (CARDIN) EOF_CARDIN = *1°'B;
ON ENDPAGE (PRINTER) BEGIN;
PAGE=PAGE+1;
IF ~PRT_HDRS THEN
DO;
PAGE = PAGE - 1;
GOTD NOPRT;
END;
PUT FILE(PRINTER)
EDIT(PLANT,TITLE, 'PAGE ',PAGE,
'TIME REAL DISC HEAT COOL UN MIXED INTAKE EVAP E K*,
' TEMP',
'TIME TEMP LOSS DOWN MIX TEMP TEMP  AC-FT','TCFH')

(PAGE ,X(25) ,A(9) ,A(32) ,X(6),A(5),F(3,0),

SKIP(2),X(4) ,A(66) ,A(6),
SKIP,X(10),A(52),X(10),A(4));
PUT FILE(PRINTER) SKIP(2);

NOPRT:
END;

/7% ON ENDPAGE(PRINIER) =/
PUT FILE (FRINTER) SKIP EDIT
(*THIS PROGRAMI(RUND7067) WAS LAST CHANGED ON: °

CDATE)

CA,A);

PUT FILE(PRINTER)
EDIT('PROGRAM NAME','REV.MODEL,LEVEL/"', 'SPONSOR:
'SYSTEM','VERIF."','DUKE"',"'STATUS")

LA I, 00 = 00 - cdooy

."OA.D

(COL(2),A,COL(22),A,COL(42) .h.COL(éE;) +yAL,COLC73),A,CGL(BG) ,ACNC-1150.01-00-0001

COL(95) ,A,COLC109),A); . Originated by: R E. Ba

., Figure 1 (Continued) Checked by: T.K. Zieg
Date:5/°°/95, Page *tof ¢
/'/ Revision 6
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PUT FILE(PRINTER)
EDIT('REV DATE','DES EN3 DEPT','COND','USED','METH','CALC"')
(COL(25),A,COL(42) ,A,COL(64),A,COL(7G),A,COL(BG),A,COLC95),A);
PUT FILE(PRINTER)
EDIT('ENG SUPP DIVN','CODE','FILE")
(COL(42),A,COL(B4) ,A,Z0L(95) ,A);
PUT FILE(PRINTER)
EDIT('HEATTRAN RUND7067', 'REVISED ',"ENV ENG GROUP  *,'1', '1',
'A','C-6.17-15",'A")
(COL(2),A,COL(23),A,COL(42),A,COL(65),A,COL(75),A,COL(85),A,
COL(94),A,COLC111),A);
PUT FILE(PRINTER)
EDIT('04-1990') (COL(23),A);
GET FILE(CARDIN)
EDIT(PLANT,TITLE,T1,L1,K2,81)
(X(2),A(8),SKIP,X(2),A(32),
3 (SKIP,X(1),F(4)),SKIP(2),X(1),F(4));
SYSDATE = DATE;
SYSTIME = TIME;
PUT FILE (PRINTER) SKIP(10) EDIT
("THIS IS A SNSWP THERMAL ANALYSIS FOR ',PLANT,
'DATE: ',SYSDATE,' TIME: ',SYSTIME,
"RUN ON IBM/MVS-TSOPRDB')
(X(10) ,AC38) ,A(8),SKIP,
X(10),A(7),A(6) ,AC10),A(9),SKIP,
X(10),A(22));
CLUSE FILE(CARDIN);
OPEN FILECCARDIN);
GET FILE (CARDIN® SKIP EDIT (LINE) (A(B0));
DO WHILE (~EOF_CARDIN);
PUT FILE (PRINTER) PAGE EDIT ('INPUT DATASET: *,INDSN)
(X(10),A,A);
PUT FILE (PRINTER) SKIP(2);
DO I = 1 TO 55 WHILE (~EOF_CARDIN);
PUT FILE (PRINTER) SKIP LISTC(LINE);
GET FILE (CARDIN) SKIP EDIT (LINE) (A(B0));
END;
END;
CLOSE FILE(CARDIN);
PRT_HDRS = '1'B;
EOF_CARDIN = '0'B;
OPEN FILE(CARDIN);
GET FILE(CARDIN) SKIP(11) /% READ PAST LINES®/
LI3TC(S(I,1) DO I=1 TO S1)) ; /% ALREADY PROCESSED®/
DO I=1 TO S1;
SCI,1)=S(1,1)%643.56;
END;
GET FILE (CARDIN)
LIST ((S(I1,2) DO I=1 TO S1))
SKIP (4);
GET FILE (CARDIN) SKIP (4) EDIT C(INDEX,FLOW)
(X(1),F(4) ,XC1),F(7,2));
DO I=1 TO INDEX;

CNC-1150.01-00-0001
T(1,3)=FLOW; iginated
END; g:ea At
DO WHILE(INDEX<T1); Dms;dgssz“
GET FILE(CARDIN) . oeritobip da "
EDITCINDEX,FLOW)
5, (SKIP,X(1),F (&), X(1),F(7,23); Figure 1 (Continued)

IF INDEX<] THEN SIGNAL ERROR; "



LNVC 20,0 VO -~ e UY

DO I=1 TO INDEX;
T(I,3)=FLOW;
END;
END;
IF PLANT='"CHEROKEE"' THEN CALL CHK(T);
ELSE IF PLANT='CATAWBA' THEN CALL CAT(T);
ELSE SIGNAL ERROR;
K=0,
DO I=1 TO 7T1;
K=K+1;
T(1,5)=16.0256%T(1,4)/7(1,3);
IF K>=K2 THEN K=0;
END;
Y1=0;
GET FILE(CARDIN) SKIP(4);
GET FILECCARDIN)
LISTCCACI) ,PCJ) , W(J),Y(J),EC(J) DO J=1 TO 30));
DO I=1 TO 30;
Yi=Y1+EC(CI);
END;
SIGNAL ENDPAGE(PRINTER);
V1i=S(S1,1)/L1;
LC1,1)=0;
v2=0;
§2=0;
Ji=1;
K=1;
DO I=2 T0 L1;
\ K=K+1;
V2=V2+V1;
DO J=J1 TO S1;
IF V2<S(J,1) THEN GO TO GO4;
END;
G04: IF J>S1 THEN J=J-1;
Ji=J;
IF J=-=1 THEN S$2=S(J-1,1);
LCI,1)=J-1+(V2-8S2)/(S(J,1)-82);
IF K>=K2 THEN K=0;
END;
K=0;
J1=1;
DO I=1 TO L1;
K=K+1;
DO J=J1 TO S1;
IF L(I,1)<J THEN GO TO GO05;
END;
G05: IF J>S1 THEN J=J-1;
L(I,2)=8(J,2);
Jl=J;
IF K>=K2 THEN K=0;
END;
vV9=0.0;
H3=8S1-L(L1,1);
T5=0;
K&=1;
K=0;
J3=1; .
DO I=1 TO T1; CNC-2 15001000001
ALy 351 T5>(1-.5) THEN GO TO DONE; Originated by: R. E. Beker

KeK+13 Figure 1 (Conti nued_ Cw(hy: T K"z.e'-l‘e‘
p Date:5/=/95, Page” (of 51
/ Revision 6
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G03:

T2=V1/7(1,3);
T5=T5+T2;
T3=L(1,2)+7(1,5);
L2=L1~-13;

DO J=1 70O L2;

LGJ,2)=L(J+1,2);
END;

J=J-1;
X=X+T2;
IF X>24 THEN

DO;

J3=J3+1;
X=X-26;
IF J3>30 THEN J3=30;

END;

Kl=Y(J3)/24;
TO9=(T3-E(J3)IXEXP(-K1%T2/(62.64%H3));
TG4=T3-(E(J3)+T9);
IF T&4<=0 THEN
DO;
VE=0;
60 T0 GO1;

END;
P1=25.4%EXP(17.62-9500/(P(J3)+460));
T6=(A(JI3)+460)/(1.-0.378%P1/760)~460;
P2=T3-TG4/2;
P3=25.4%EXP(17.62-9500/(P2+460));
T7=(P24660)/(1-0.378%P3/760)~-460;

VB=(22.4%ABS(TE6-T7)*%0.333+14¥W(J3))*(P3-P1)%(S(S1,1)-S(S1-1,1));

GOo1:

Go2:

PUT

DONE :

VB8=VEB%1000/(62.64%1050%43560%24) ;
VB=VB%T2;
LCLY1,2)=T3~-T4;
V9=V9+V8;
LCL1,2)=T3-T4;
IF LCL1,2)>L(L1~1,2) THEN GO TO G02;
DO J=L1 TO 1 BY -1;
IF J=1 THEN B=J;
ELSE B=J-1;
IF L(J,2)>L(B,2) THEN GO TO GO02;
LCB,2)=(L(J,2)%(L1+1-J)+4L(B,2))/(L1+2~J);
DO K9=J 70 L1;
L(K9,2)=L(B,2);
END;
END;
IF J<=0 THEN J=1;
IF K=K& THEN
FILECPRINTER)
EDITCI,TS5,T3,T64,LCL1,2),J,LC0,2),LC1,2),V9,ECJ3),Y(J3)

' T(1,3))

(COLUMNCL) ,X(4),F(4),X(1),F(6,1),X(1),F(6,2),X(1),F(5,2),

XC1),FC(7,2) ,XC1),F(3),XC1),F(7,2),X(1),F(6,2),
XC1),F(6,2),X(1),F(3),XC(1),F(4),X(1),F(4));
K=0;
IF T5<I-.5 THEN GG T0 GO03;
END;

CLOSE FILE (CARDIN);
CLOSE FILE (PRINTER);

Figure 1 (Continued)
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CAY:

END

CHK :

END

END

. Ay o
Y e A |

PROC(T);
DCL T(x,%) DEC FLOAT(12);
GET FILECCARDIN)
LISTC(T(I,4) DO I=1 TO
SKIP(4);
DO 1=5 T0 19;
T(I,4)=527%1%%~0.2332;
END;
DO I=20 70 170;
T(I,4)=527%1%%-0.2695;
END;
DO I=171 T0 720;
T(I1,4)=1197%1%%-0.64995;
END;

CAT;

PROCIT);

DCL T(x,%x) DEC FLOAT(12);

GET FILEICARDIN)

CalC 150,

4))

LISTC(T(I,4) DO I=1 TO 10))

SKIP(4);
DO I=11 TO 27;

TCI,4)=600%1%x- .22 + 245;

END;
DO I=28 TO 120;

T(I,4)=650%1%x%x-.22 + 157;

END;
DO I=121 TO 720;

TC(I,4)=B00x%Ix%xx%x-_.22 + 68;

END;
CHK ;

RUN7067;

Figure 1 (Continued)
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Figure 3. List of Program Variables

A(J)
E(J)
K2
K4

L1

L2
La 1)
L(1,2)
P(J)
Sl

S(LI)
S(1,2)
Ti

T2

T3

T4

TS5

T9
T(LI)
T(L2)
T(1,3)
T(1.4)
T(1,5)
Vi
V2
w(J)
Y(J)

Daily air temperature

Equilibrium temperature

Output check spacing

A counter, determines how often to print

Number of unit volume layers in the pond

Number of unit volume layers minus one

Floor depth of each unit volume, from the bottom up
Temperature of each unit volume layer

Daily dew point temperature

Number of vertical stages in pond, in feet

Total volume to nearest stage below I unit layers
Total volume of pond at each foot of elevation from bottom
Initial temperature of pond at each stage

Number of hours of input

Time increment for one unit volume to pass through plant
Discharge temperature from plant

Heat loss to atmosphere

Total time elapsed

Heat loss equation

Equilibrium temperature

Exchange coefficient

Flow through plant

Heat input to pond from the plant

Calculated AT for plant discharge

Voiume of a unit volume layer

Volume of pond, up to but not including layer 1
Daily wind speed

Daily surface heat exchange coefficient
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Figure 4 Input Variables

4 §

Ly

S(L1)

S(L,2):

S1 is the depth in feet available for use in the SNSWP. The full pond elevation of
the SNSWP is 572 feet mean sea level (msl). The pond elevation is sct at 570.64 ft
msl for the LOCA analysis due to losses (see Model Inputs section). The intake for
the nuclear service water system is at elevation 540 feet msl (see Figure 6). This
gives a total usable depth of greater than 30 feet for the SNSWP.

Tl is the number of hours of input and analysis for the LOCA period. From
Regulatory Guide 1.27, Revision 2, 720 hours (30 days) is used.

L1 is the number of unit volume layers. From engineering judgment, 20 unit voiume
layers are used. The number of layers selected has only a very slight impact on the
calculated temperatures, unless a very small number is used, which will have a

much greater impact.

K2 is the output check spacing. The number used does not influence the model
results at all. K2 is assumed equal to 20.

S(L1) is the volume of the pond at each foot of elevation. The numbers are from

the area volume curve (see Attachment A)

S(1,2) is the initial temperature of pond in degrees F.

T(1,3) T(1,3) is the flow rate from the SNSWP to the plant for hours 1 through 4 and

hours 5 through 720 (See Input Section, Reference CNC-1223.24-0041).
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Figure 4 (Input Variables, continued)

T(L4): T(L4) is the heat rejected to the SNSWP from the plant.

A(J).  A(J) is the daily air temperature, °F, for the 30-day LOCA period.

P(J): P(J) is the daily dew point temperature, °F, for the 30-day LOCA period.

W(): W(J) is the daily wind speed measured at 2m height, mph, for the 30-day LOCA
period.

E(J). E() is the daily equilibrium temperature, °F, for the 30-day LOCA period.

Y(J): Y{J) is the daily heat exchange coefficient for the 30-day LOCA pericd,
Btuw/ft/day/°F.
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Figure 5. Model Output Variables

Time: 1, Iteration number, approximate time since beginning of LOCA.
Real Time: TS, time in hours from start of LOCA.

Discharge Temperature T3, discharge temperature from the plant to the pond. It equals
the intake temperature plus the plant AT, °F.

Heat Loss: T4, heat lost to the atmosphere from the top layer, °F.

Cool Down: L(L1,2), the surface layer temperature after cooling to the atmosphere and
mixing due to water densities, °F

Un Mix: J, number (from bottom) of the deepest mixed layer.

Mixed Temp: L(J,2) , average temperature of the mixed region, °F. The mixed layers are
set equai to this temperature.

Intake Temp: L(] ,2), intake temperature of the plant, °F. The temperature of unit layer

number |

Evan Ac-Ft: V9, total evaporation from the pond up to time period I, Acre-feet.
E: E(J3), equilibrium temperature at time I, °F.

K' Y(J3), exchange coefficient at time I, Btu/(ﬂzday%').

Flow TCFH: T(I1,3), flow rate into the plant at time I, thousands of cubic feet/ hour .
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CATANBA ~NORST HEAT TRANSFER-

TIME mcal DISC HEAT COUL UN MIXED INTAKE EVAP
TIME TEMP LOSS DOWN MIX TEMP TEMP AC-FT
508 512.3 92.48 4.77 ©8.53 10 88.53 86.93 35.42
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Attachment A - Area-Volume Information

This attachment includes information regarding the area-volume values for the Catawba
SNSWP simulation. The area-volume values are from CNC 1150.04-00-0009 and the
seepage values are from CNC-1150.01-00-0004

ltem Page Number
Area-Volume values for elevation 542 - 571.3 ft msl A3-A4
Area-Volume values for elevation 570 - 590 ft msl AS

SNSWP Area Curve A6

SNSWP Volume Curve A7

Model Run with Initial Elevation of 571 ft msl AB-Al2
Seepage information Al3-Al4

The initial volume shown in this run (447.5 ac-ft) at elevation 571 ft msl is used with the
total 6-day losses (use 13.5 ac-ft) determined from:

¢ Evaporation losses of 11.7 acre-ft (see page A10)
¢ Seepage losses of 0.36 acre-ft (see page Al4)

e System losses of 131 acre-ft (see Attachment B)

to determine the area-volume values used for the top two lavers as shown below:

Elevanon (ft msl)  Area (ac) Volume (ac-fi)

571 390 4475
570 3595 4100

4475 - 13.5 = 434 ac-ft




4475 -434 = 036
4475 - 410

571 - 0.36%(571 - 570) = 570.64 ft msl

39.0-0.36%(39.0-3595)=37.90

The initial values at the start of the simulation are assumed to be:

Elevation (ft msl)  Area (ac) Volume (ac-fi)

570.64 37.90 4340

The volume of the second layer is determined as follows:

4340-379=396.1

The volumes of the top two layers and the volumes for elevations 569-540 (from A3-A4)

are used in the input se:s for the two model simulations presented in Figures 7 and 8.
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Catawba Nuclear Station, Unit 1 and 2

CNC-1150.04-00-0009 ;
Area a;d%olumo of Standby Nuclear Service Water Pond U N C O N T R 0 L L E D ’

Sheet 16 3
By:ee.&ﬁ téfg%z e-v Date: T c 0 P Y
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-

94

Eoi oty
Standby Nuclear Service Water Pond, El 570 through 5980 Areas and Volumes ' ‘f \}
Area Avg. Area Depth Vol. Cum Vol.

EL (Acres) (Acres) (Fn__ (Ac-Ft) (Ac-Ft)

570 35.95 409.97
37.48 1 37.48

571 39 447 45
398 1 398

572 406 487.25
458 2 916

574 51 578.85
54 2 108

576 57 686.85
60 2 120

578 63 R06.85
66 2 132

580 69 938.85
72 2 AL

582 75 1,082.85
78 2 156

584 81 1,238.85
84 2 168

586 87 1,406.85
80 2 180

588 93 1,586.85
96 2 192

590 99 1,778.85

9.5
Revised SNSW POND Area and Volume curves have been generated based rn

the December 1994 survey (Revision 1) and the information contained in Sec tion
9.4 These revised curves are provided on Sheets 17 and 18.
10.0 Conclusions

Tive current SNSW POND areas (at the vanous elevations) and cumulative volumes
(below specified Pond surface elevations) are as provided on Sheets 10, 11 and 16.

The current SNSW POND area and volume curves are provided on Sheets 17 and 18.
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CNC-1150.01-00-0004

Originated by: Merge
Checked by:
Date: 9/1/94, Page 6 of 8

Jetermine Daily and Total 30 Day Loss to Groundwater Recharge - WORST CASE

-/9- 97

284 =

19,6471 44

WORST CASE: k = 150 ft/yr; In-situ silty sand (saprolite)
End SNSW Storage GWT H q Perimeter Day's New Pond
of Pond E! Cap Elev Loss Elev
Day [ft) [ac ft] (ft) (ft) [cuft/d/ft] [ft) {cuft] (ft)
0 571.000 497.27 571.00 571.000
1 571.000 497.25 570.95 0.05 0.061 12,356 751 571.000
2 570.999 497.22 570.90 0.10 0.121 12,356 1,496 MS?'_Q._@!_Q_’ Todal (-0
3 6§70.997 49717 570.85 0.15 0.181 12,356 2,234 570.997
4 570.996 497.10 570.80 0.19 0.240 12,355 2,966 570.996
5 £70.994 497.01 570.75 0.24 0.299 12,354 3,601 570.994
6 570.991 496.91 670.70 0.29 0.357 12,354 4,409 , 570991
: 4 570.988 496.79 570.65 0.34 0.415 12,353 5,121 570.988
8 570.985 496.66 570.61 0.38 0.472 12,351 5,827 570.985
9 570.981 496.51 570.56 0.43 0.528 12,350 6,627 §70.981
10 570,977 496.34 570.51 0.47 0.585 12,348 7,220 §70.977
1" 570.972 496.16 570.46 0.52 0.640 12,347 7,906 670 9772
12 570.967 495.97 570.41 0.56 0.696 12,345 8,587 570.967
13 §70.962 495.75 §70.36 0.61 0.750 12,343 8,261 £570.962
14 570.956 49553 570.31 0.65 0.805 12,341 9,929 570.956
15 570.950 495.28 570.26 0.70 0.858 12,338 10,590 §70.950
16 570.944 495.02 570.21 0.74 0.812 12,336 11,246 570.944
17 570.937 494,75 570.16 0.78 0.964 12,333 11,895 570.837
18 570.930 494,46 570.11 0.82 1.017 12,331 12,539 570.930
19 570.922 494.16 570.06 0.87 1.069 12,328 13,176 570.922
20 570.914 493.84 570.01 0.91 1.120 12,325 13,807 570.914
21 5§70.906 493.51 569.96 0.95 1171 12,321 14,433 £570.906
22 570.898 493.17 569.92 0.99 1.222 12,318 15,052 570.898
23 $70.889 492.81 5698.87 1.03 1.272 12,315 15,665 570.889
24 570.879 492.43 569.82 1.07 1.322 12,311 16,273 570.879
25 570.870 492.05 569.77 1.1 1.371 12,307 16,874 570.870
26 570.860 491.65 569.72 1.1% 1.420 12,303 17.470 570.860
27 570.849 491.23 569.67 1.19 1.468 12,299 18.060 670.849
28 570.839 490.80 569.62 1.23 1.516 12,295 18,645 570.839
29 570.827 490.36 569.57 1.27 1.564 12,291 19,224 6570.827
30 570.816 489.91 569.52 1.31 1.611 12,286 19,797 570.816
e Takt Un\y  WORST CASE Total Drop in SNSW Pond Surface Elev = 0,184 ft
Cumulative Loss from the SNSW Pond = 320,670 cu ft
7.36 acft

AV}



CNC-1150.01-00-0004 Originated by: _AMEA7€

Checked by: = 7FZ 9.,9-3
Date: 9/1/94, Page 8 of 9

Seepage Losses Through the SNSWP Dam Embankment Over the 30 Day Period:

Since these losses are expected to be negligible, fluctuations in the SNSW Pond surface
elevations wili be ignored.

Seepage through the embankment is given as:
q = ks [cu ft/day/ft of embankment length]

where: k = permeability
s = directrix = sqrt{H"2 + L"2) - L (see Page 8)
H = Elev Head Difference
L = Graphical horizontal distance from end of blanket drain to

intersection of phreatic surface straight line segment with pond
surface elevation

Using: k = 2 ft/yr for the Compacted Silty Sand (Saprolite)
H = 21 ft (571 - 550)
L = 168 ft (see Page 8)
Then: $ = B ft
qQ = 0.0072 cu ft/day/ft of embankment length
Assuming an effective embankment lenght = 1500 ft

/-—\
Total Daily Seepage = (10.75 cuft )

Total 30 Day Seepage through the dam embankment = 322.4 cu ft
0.007 acft
\ \
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Attachment B - Heat Loads, System Losses, and Heat Loads

This attachment includes information with regard to calculation inputs for:

Item Page Number
Flowrates B2
System Losses B2
Heat Loads B3

This information is taken from CNC-1223.24-00-0041, “Design Basis Heat Load and
Flow Demands on SNSWP "



CATAWHA NUCLEAR STATION UNITS 1&2 V16M95
CNC1222,24.00-0041 DESIGN BASES HEAT LOAD AND FLOW DEMANDS ON SNSWP WNP

The conclusions of this calculation form the 1nputs to the SNSWP Thermal Analysis Model, CNC-
1150.01-00-0001.

The rute at which heat is rejected to the SNSWP is determined on a component by component basis
in the body of the calculation. The results are tabulated in Appendix A in a format convenient o be
used as inputs to the thermal analysis referenced above.

f Two cases should be considered in the SNSWP thermal analysis. The “High Flow"” case should
consider the flow to be 46,000 gpm for the first four hours of the event and 23,000 gpm thereafter.
The “Low Flow" case should consider the flow 1o be 38,000 gpm for the first four hours of the
event and 19,000 gpm thereafter. By evaluating the highest and lowest expected Design Basis
Event flowrates, it is assumed that the analysis is valid for the full range of flowrates.

System. und theretore SNSWP. inventory losses total 1.24 E6 gallons. CA makeup accounts tor

(0,225 E6 gallons over the first 5 hours of the event. The remaining 1.01 E6 gallons is due 1o fuel
pool boil off at a constant rate of 23.4 gpm over the 30 day event.

*

r P C h\\,

B2



CATAWHEA NUCLEA

RSTATION

UNITS (&2 Viess
UNC2TY 204004 DESIGN BASIS HEAT LOAD AND FLOW DEMANDS ON SNSWP WNJ
Rate ol Heat Rejecuon o SNSWP for Design Busis LOCA/Shutdown Fiei Joto Tely
Hrs aufter LOCA |  LOCA Shutdown Shutdown TOTAL
LOCA ND/NS Auxiliaries ND Auxiliaries | heat rejected
(Btwhr) (Btu/hr) (Btwhr) (Btu/hr) (Btw/hr)
I 23.615 E6 40.9%3 E6 2.966E6 (NV) | 49.876 E6 117 440 E6
2 77831 4() Y¥3 2.966E6 (NV) | 49.876 171.656
3 %9065 40) 9K3 2.966E6 (NV) | 49.876 182.890
4 94.300) 401,983 2966E6 (NV) | 49 870 188. 185
S 96.%Y2 20.6%0 2.966E6 (NV) | 27.380 147918
6 97.92% 20.6%0 116.899 27.380 262.8%7
7 97853 20.680 112.582 27.380 258.495
¥ 97.243 20.680 108 858 27.380 253 88X
Y 96,121 20.680 105.702 27.380 249 %¥¥3
10 94.747 20.680 103.127 27.380 245.934
11 93.305 20.680 100.725 27.380 242.090
12 91.604 20.680 9%.543 27.380 238.207
13 K9.422 20.6X0) 96.681 27.380 234,163
14 KK 304 20.680 94996 27.380 231.420
15 K0.362 20.680 93.364 27.380 227.7%6
16 ¥4.244 20.6X%0 91.864 27.380 224,168
17 ¥3.397 20.680 90.541 27.380 221.99%
1§ R1.782 20.680 89.225 27.380 219.067
19 79.966 20.680 88.002 27.380 216.028
20 79.100 20.680 86916 27.380 214.076
21 77.849 20.680 85.899 27.380 211.80%
25 75.127 20.6%0) 71.780 27.380 194 967
30 71.061 20.680 67.646 27.380 186.767
40 66.15% 20.680 63.645 27.380 177.863
50 6().990) 20).680 SK.12% 27.380 167.178
6l 56.9%7 20,680 54.294 27.380 159 341
X0 52.9%1 20.6%0 49 9KS 27.380 151.026
100 4%.536 20.6%0 45423 27.380 142.019
168 (7 days) | 41.247 20.680 39.226 27.380 128.533
200 35.725 4.680 33,705 11.380 85.490
300 31.292 4 680 29.757 11.380 77.109
400 2¥.231 4 680 25.465 11.380 69.756
S0 25.129 4 680 22.687 11.380 63.876
H(X) 22.897 4 680 20.664 11.380 59 621
720 21.537 4 6X0 1¥.940) 11.380 56.537

The “TOTAL heat rejected (Bruw/hr)™ is the hourly rate of heat rejection for every hour in the
interval. For example. at | hour after LOCA, the rate of heat rejection is 116.168 E6 Buw/hr for the
interval (t = 010 | hr) for a total of 116,168 E6 Bru for the interval. At 400 hours after LOCA. the
rate of heat rejection is 69.756 E6 Btu/Mhr for the interval (t = 301 to 400 hrs) for a total of 6975.6

Btu.

63




Attachment C. - Worst Case Meteorology

The meteorological inputs to the Catawba SNSWP computer model consist of dry bulb

temperature, dew point temperature, wind speed, heat transfer coefficient (computed) and
the equilibrium temperature (computed) As suggested in Regulatory Guide 127,
Revision 2, meteorology for the worst cooling period is used. The regulatory guide states
in part, “The meteorological conditions considered in the design of the sink should be

selected with respect to the controlling parameters and critical time periods unique to the

specific design of the sink”

Forty-four vears (January 1949 - December 1993) of daily average meteorological data
from Charlotte, North Carolina Airport were scanned by computer (using Microsoft
Excel) to identify the design basis periods. Meteorological data from Charlotte is
considered representative of the Catawba site because it is located only 13 miles east of
the site  The weather programs (which will be) described in COM-0203 C6-17-0147,
"NWSMET  Surface Meteorolngical Observations and Hydrothermal Program” were
used to generate the computed meteorological data (heat transfer coefficient and

equilibrium temperature).

The “worst heat transter” condition is defined as the period in which the equilibrium
temperature is the highest. Equilibrium temperature is defined as the water surface
temperature at which heat flux into the surface would equal heat flux out. Therefore, the
historical period with the highest equilibrium temperature will define the period in which
the least amount of heat will be lost frem a thermal discharge and in which critical return
temperature from the SNSWP would occur. The Ryan Heated equilibrium temperature
(T.) weather data generated for the years 1949-1993 was loaded into an Excel
spreadsheet  The rolling 30,6,5.4,3, and 2-day averages (as well as the 1 day values) of
the Ryan Heated T. values were reviewed and the data with the highest equilibrium
temperatures were extracted The resulting data is shown in Table C1. The table shows
the extracted data meeting the conditions of greatest values for each of the average

lengths




Table CI - Equilibrium Temperature Scan

Length of Rolling Average Periods (days)

Date one two three  four  five  six  thirty

520622 | 860 879 895 902 908 915 845
520623 | 897 912 915 921 &)1.4 847
520624 | 927 925 928 934 917 899 846
520625 | 922 929 936 914 893 887 845
§20626 | 936 943 912 886 880 855 841
§20627 | 950 900 869 866 838 835 838
930630 | 847 861 855 865 868 870 862
930701 | 875 859 870 874 874 877 861

The data shown in Table C1 was used to determine the first day of the 30-day period as
described ir Reg Guide 127 The “critical time period unique to the specific design of
the sink” is 5 days because the SNSWP intake temperature reaches its peak on the Sth day
of the simulation The maximum S-day average period begins on 6/23/52. This 30-day
period is used because of the 5-day peak timing. Although the 30-day period beginning
6/23/52 is not the worst 30-day time period (which begins 6/30/93), this 30-day period
(6/23/52) does represent the most conservative meterological data during the critical time
period for the specific design (including the heat rejection and flow rate characteristics) of
the Catawba SNSWP The data “or the 30-day simulation period is shown in Table C2

“30-Day Worst Case Meteorolog



Table C2 - Worst Case Meterology

2m Height Heat Transfer
Dry Bulb Windspeed Coefficient Equilibrium
Day Date (°F) Dew Point (°F) (mph) BTU/ ft2 day(°F) Temperature (°F)
1 520623 81 72 2 170 90
2 520624 85 rA 2 186 93
3 520625 89 70 2 184 92
4 520626 89 72 2 189 94
5 520627 91 71 2 198 95
6 520628 83 72 5 197 85
7 520629 79 71 3 142 81
8 520630 83 n 3 166 86
9 520701 72 61 5 154 73
10 520702 73 58 3 166 82
11 520703 75 60 2 163 86
12 520704 77 62 4 187 84
13 520708 78 63 4 167 80
14 520706 72 66 3 135 77
15 520707 73 69 3 133 78
16 520708 77 70 2 157 86
17 520709 77 68 4 159 80
18 520710 72 55 2 131 7
19 520711 74 60 3 1568 80
20 520712 77 63 1 153 88
21 520713 77 65 2 149 84
22 520714 78 68 3 170 85
23 52071% 76 89 3 148 81
24 520716 78 rAl 2 133 82
25 520717 80 70 3 159 84
26 520718 80 7" 3 164 85
27 520719 83 72 3 1598 84
28 520720 88 69 3 178 87
29 520721 88 69 2 190 93
30 520722 87 70 3 194 90

Page C3
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WITHDRAWAL FROM TWO-LAYER STRATIFIED FLOWS

By Donald R. F. Harleman,! M. ASCE, and Rex A. Elder,2 F. ASCE

INTRODUCTION

During the past decade, the Tennessee Valley Authority (TVA) has built
several intake structures designed to withdraw cold water from the lower
levels of thermally stratified rivers and reservoirs. The cold water is used
to supply condenser water for industrial cooling water systems. During the
summer months, the primary flows in the Tennessee Valley system are con-
trolled by releases from upstream storage dams through low level turbine
intakes. Under certain conditions, the cold water discharged by the turbines
may form a gravity underflow in the downstream rivers and reservoirs that
may be from 10° to 15° F. colder than the overlying surface water.3,4,5
Withdrawal of the colder bottom waters from such stratified conditions re-
quires special intake structures that prevent the warmer top water from
being pulled into the pumps.

Inthe absence of the stratification caused by reservoir releases, a thermal
stratification will generally be developed in the vicinity of a steam power
plant by the heat input caused by the return of the hot condenser water to the
river, Part of the heated water flows upstream by virtue of its lesser density

Note.~ Discussion open ustil Decembsr 1, 1965. To extend the closing date one month,
A written request must be filed with the Executive Secretary, ASCE. This paper is part
of the copyrighted Journal of the Hydraulics Division, Proceedings of the American
Society of Civil Engineers, Vol. 91, No. HY4, July, 1965,

1 Prof. of Civ. Engrg., Kydrodynamics Lab., Massachusetts Inst. of Tech., Cambridge,

2 Dir., Engrg. Lab., Div. of Water Control Planaing, T. V. A., Norris, Tenn.

3 Fry, A. 8. Churchill, M. A., and Elder, R. A., *Significant Effects of Density Currents
Iz TVA's Integrated Reservoir and River System,” Proceedings, Minnesota lnternatl.
Hydr. Coavention, September, 1953, p. 335.

4 Elder, R. A., and Dougherty, G. B., “Thermal Density Underflow Diversion, Kingstor
Steam Plant,” Journal of the Hydraulics Division, ASCE, Vol. 84, No. HY2, Paper No.
1583, April, 1958,

5 Elder, R. A., “Thermal Density Underflow Design and Experience, ” Proceedings,
7th Hydr. Conf., jowa lnst. of Hydr. Research, lowa City, lowa, 1958,
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I8 recirculated through the power plant unless the intake structur

ned to prevent such recirculation. 8

Je intake structures are inthe form of submerged sluice gates with fia.
openings and are known as "skimmer walis.” The skimmer walls have also
been used on lock filling intakes in cases where navigation locks separate
regions of fresh water and salt water. In this manner, salt water which in-
trudes into the fresh water basin during lock operations may be removed by
using the denser salt water for lock filling. A summary of various types of
selective withdrawal structures and their « haracteristics has been given by
Harleman.7

The water inthe intake channel downst ream [roma skimmer wall is homo -
geneous and, ideally, has a temperature equal to that of the lower layer of
cold water inthe river or reservoir. The colder water flows through the open-
ing at the bottom of the skimmer wal} by virtue of a head differential across
the wall caused by the intake pumps. The problem isto determine, fora given
intake geometry, the maximum colder water discharge that can be withdrawn
without inducing appreciable withdrawal from the upper layer cf warm water.
A basic experimental and analytical investigation of this problem was conduct
ed at the Hydrodynamics Laboratory of the Department of Civil Engineering
at the Massachusetts institute of Technology for the case ofa one -dimensional,
piane skimmer wall. An experimental study of two-dimensiona! (radial flow)
skimmer walls was conducted at the TVA Engineering Laboratory, Norris,
Tenn. This paper presents the results from both studies and supersedes an
earlier paper8 describing 1" = preliminary studies on the one-dimensional
work.

The experimental and theuret cal results are for a two-layer system hav
ing a discrete interface across which the temperature and, hence, the specific
weight of the water changes abruptly. For results that are reproductible inthe
laboratory, a sharp interface is desirable. It is recognized that in the field
such a2 well -defined interface does not usually occur. However, an equivalent
Inferface may be assumed to exist at the depth at which the vertical gradient
of temperature or density is a maximum.

Notation. —The letter symbols adopted for use in this paper are defined
where they {irst appear and listed aiphabetically in the Appendix

THEORETICAL CONSIDERATIONS

The two types of skimmer wall intake structures to be considered are
shown in Figs. 1{a) and 1(b). In the plane skimmer wall, Fig. 1(a), the flow
approaches the wall unidirectionally, whereas inthe radial wall, Fig. 1(b), the
direction of flow is radial. The one-dimensional energy equation is written
between a point well upstream from the wall where the flow velocities are

6§ Harleman, D R F . and Garrison, J. M., "The Effectof Intake Design on Condonser
Water Recirculation,* Technical Report No 56, Hydrodynamics Lab., Massachusetts
Inst. of Tech, Cambridge, Mass » August, 1962

7 Harleman, D. R. F, “Stratified Flow,® Section 26. Hendbook of Fluid Dyna
edited by Streeter, McGraw-Hill Book Co., Inc., New York, N. Y., 1961. .

8 Harleman, D R F, Gooch, R. 8., and Ippen, A. T., *Submerged Siuice Control of
St atified Flow,” Journal of the Hydraulics Division, ASCE, Vol. 84, No. Y2, Proc
Taper 1584, April, 1958
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opening and the water surface elevation differential across the
Hence, if the total discharge exceeds the

critical flow rate of
must be a drawdown of the interface and a simultaneous

layer fluid. This condition is shown schematically in
ained for both

critical flow in the lower layer are obt
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flow in a rectangular ¢
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is zero, hence Ay =7 and &y/y = L
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the plane and radial skimmer walls in the subsequent sections.
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Setting the derivative of Eq. 12 with respect to y equal to zero, gives the
critical depth,

h . A1)

L=

The critical discharge at the skimmer wali is found from Eq. 12 with 1 f'w
{radius of the wall) and y = y¢ = 2/3 hy, Or

22 8) [ ay (2 -
(560 ) w Y& (3 7)

(e
- v \J % ‘%

Q)

A

r

Thus, Eq. 14 for the radial skimmer wall is identical with the critical dis-

1.0

2S5 3

o
o
w
w
n

he
b

FIG 3.—RATIO OF DRAWDOWN DISCHARGE TO CRITICAL DISCHARGE AS
A FUNCTION OF h./b

charge equation for the plane wall if B is interpreted as the perimeter of the
wall. Hence, for the radial wall,
29 8)
3 -
’ ( 360 )rw
and the previous relations may be used for the radial wall as well as the plane
wall

Frictional effects, nonuniform velocity distributions, and flow curvatures
may be expected to modify the results of the elementary analysis. Experi-

...... .. .{15)

i STRATIFIED FLOW ‘Q

mental results were, therefore, required to determine the magnitude o
effects.

EXPERIMENTAL EQUIPMENT AND PROCEDURE

The experiments on the plane skimmer wall were carried out in the MIT
Hydrodynamics Latmrztcary,‘3 in the glass-walled {lume shown in Fig 4. The
experiment was started by filling the reservoir and flume with salt water to

|
sb= °}
T
- Pont Goges

-
1-6 — L 8-0 -
i o 2 | L
ks = I O, SEE———— T r—v——— - H
T ‘§§ Adyustable |
‘, rgg_ Skimmer Wall 3 WY
| o .'”{,""'f“'» > Gloss - Walled Flume
30" “ it SLTDDA AN R s |

P ———

- Monoma ter =
(T =
- s Ventur - tubs Miung
e Ld ' Pump Tonk

£1G. 4 —EXPERIMENTAL EQUIPMENT

a predetermined height. Fresh water of the same temperature as the salt
water was then introduced slowly onto a baffle floating on the reservoir sur-
face. To avoid mixing the two layers, a filling time of approximately 2 hr was
required. Salt and fresh water, *rather than hot and cold water,” were used to
obtain the desired difference in specific weight, in order to avoid transient
conditions resulting from heat transfer in the laboratory equipment

The schematic diagram of the experimental equipment used in the tests
at the TVA Engineering Laboratory on the radial wall is shown in Fig. 5.

9 Harleman, D R F.,and Goda, Y., *Contrel Structures in Stratified Flows, " Technl
c-l__}}!jport No. 54, Hydrodynamics Lab, Massachusetts Inst. of Tech Camhridge,
Mass , June,
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The filling process was similar to that described previously, again san and
{resh water were used.
In either experiment, [low was begun beneath the wall by opening the dis

valve on the circulating pump. The interiace upstream from the wall

charge
expected that the dis

was thus depressed in ac cordance with Eq. 2. It was
charge could be increased in small increments until the point of incipient
drawdown of the upper layer was obhserved, However, it was found to be ex
tremely difficult to determine the discharge at the point of incipient draw
gown. Criteria were developed, therefore, which allowed the accurate
determination of the discharge at which a slight withdrawal from the upper
layer commenced, i.e., what was determined was a discharge just in excess
of the incipient drawdown discharge

For the plane skimmer wall tests, it was found that For any given (low
rate, as long as there was no withdrawal from the upper layer, the interface
elevation in the reservoir, hy, remained constant with time. As the discharge
increased, there was a tendency for the formation of a wedge of intermediate
density fluid upstream from the wall. This wedge tended to obscure the visual
indication of incipient drawdown of the upper layer. The wedge was removed
by increasing the discharge beyond the point of inciptent drawdown. This
caused the interface to drop below the lip of the skimmer wall and a simul-
taneous withdrawal from both upper and lower layers occurred. The inter
facial height, hy, In the reservoir immediately started to rise, and the density
difference decreased slightly asa result of the entrainment of the upper layer

An example of the change in interface elevation asa function of time, after
the increase of discharge necessary to cause drawdown, is shown in Fig. 6.
Note that, while the new discharge was held constant, the rate of interfacial
rise wasa continuously decreasing function of time. Using the foregoing rela-
tionships, the following criterion was adopted The disc harge at incipient
drawdown, Qg, was defined as that discharge at which not more thar 1% or
2% of the total flow under the skimmer wall comes from the upper layer

water Upﬂ(l"ﬂﬂ) of the wall. Hence,
(:? n(yZQ or 0.01 (? 16}
f ’ d : d . 3 (

in which Q' is the discharge {rom the vpper layer. If Ag isthe horizontal area

of the reservoir and skimmery wall approach channel, then
A (amn
Q-=Ara S

Eq. 17 relates the discharge from the upper layer tothe time rate of change
of hy, which can be accurately measured. Therefore, from Egs. 16 and 17 for
the 2% case,

dh 0.02Q
( . ) 2T (18}
dt / 2% A, ’

For example, in Fig.6, 1 Qg4 = 8.4 cuin. per sec and because Ag 400 sqin
7dh

( T‘(E) ” 0.00042 in. per sec or 0.025 in. per min
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From the computed slope, the value of hy canbe determined graphically as
shown in Fig. 6 (hy = 2.63 in.). The interfacial height on the basis
drawal from the upper layer is aiso shown (h,
method of defining
resuits

The loregoing

of a 1% with-

2.75 In both cases, the

2.75 in.}

inciplent drawdown gave consistent and reproduciole

method was not feasible for the TVA experiments on the
radial walls, because of the much larger volume of lower layer water and
the consequent difiicuity of accurately measuring interface changes as a
function of time. It was, therefore, decided to measure the salinity concen-
tration in the intake piping system as a means of determining the amount of

-
o
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FIG 6. —RISING INTERFACE AFTER INCREASE OF DISCHARGE

flow from the upper layer. A glass conductivity probe developed at the MIT
Hydrodynamics Laburamrym was inserted in the piping system downstream
from the rad'al wall. The discharge was Increased slowly causing the inter -
face height, hy, te slowly decrease until the computed change in salinity con-
centration caused by a 2% drawdown of the upper layer was observed

EXPERIMENTAL RESULTS

Table 1 gives a summary of the experimental data for the piane and radial

walls for both 1% and 2% drawdown conditions. Fig. 7 shows a sequence of

10 Harleman, D R F., Hoopea, J. A, McDougall, D, and Goulis, D. A., “Salinity
Effects on Velocity Distributions in an ldealized Eastuary,” j‘gc'nnlc!l Report No 50,
Hydrodynamics Lab., Massachusetts Inst. of Tech,, Cambridge, Mass_, January, 1962,
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ee photographs for two types of plane skimmer walls indicating © 18
ot s . " n ) wi 1o om bot
) prior to drawdown, (2) at incipient drawdown, a 4 (3) with flow fr h
e the wall. The type Il plane skimmer

. ywer layers passing under
upper and lower lay ¥ placing the lip of

wall was tested to determine if there was any ady
the wall at the same elevation

antage I

. 3 i
as the bottom of the intake channei. Because

TABLE 1| —DRAWDOWN DISC!"4 Gl
1 VY \
! L ¥1 Drawdown Condition
‘ ‘ 17 Drawdown Condition 2% Drawdov i
— — .
| i - TETT RS \ N
... |Drawdown | Density | Inter- | pojative RM:;“P !'Inwrh"rl,lu‘hu\n ‘1 Relative
Run | dis- differ- face | . dis | height. | height, laischarge.
| , t height, harge ! i
No'l charge, ence, height, | harg : k |
“. \ i { h { Q,
Q!'"‘ . Ay h,, in | 3 94 ll hye, in | r 1 L‘I
. o ¥y inches ‘ b Q, l inches l b l N
sec e ; ) |
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e ————— — ey —
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' 007 2.12 T 1.06 |
180.3 L0061 351 111 - t
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the lower layer flow became critical atthe step regardless of the dww!tﬁ!.'(“.ir‘r"
location of li\e wall, it was apparent that there wag no advantage in the tyy{ww
wall in comparison with the type I wall. Hence, an excavation of the u.x a -
channel bottom below that of the river bed cannot be justified ’lhp‘ “,p;”d
wall may, in certain positions, interfere with the nappe of the underflow




at incipient drawdown conditions

The experimental data for the plane and radial

skimmer walis are com
pared with Eq

10 in Figs. 9 and 10, respectively. In general, the experi
mental results are in accord with the analytical rﬂl;nlunsm;u sho
atthough the numerical results are modified by frictional
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{c) Filow from beth ioyers

FIG. 7. —INCREASING DISCHARGE UNDER SKIMMER WALL

effects negiected inthe theoretical investigation. Fig. 9 for the plane skimmer
wall, shows the optimum value of hy/b as approximately 2.5 rather than 1.5.
1 I hy/b is leas than 2.5, drawdown tends to occur before critical flow is

reached in the lower layer. The maximum flow of the lower layer never ex-
t ceeded 90% aline of the critical {low computed {rom Eq. 6. Theré is no ap-

&
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cause appreciable mixing with the upper layer. Fig. 8 shows the radial wall

wn in Fig. 3,
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FIG. 8. —INCIPIENT DRAWDOWN CONDITIONS DEMONSTRATED IN LABORATORY
MODEL TEST
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CONCLUSIONS

The maximum discharge from the lower layer without simultaneous
vi(hdrﬁwal from the upper layer corresponds to critical flow conditions in
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the lower layer at the wall, For a plane skimmer wall. |Fig 1{a)] s
discharge,
Ay (2 T
Q -B¥e : (5n,) (€

of the wall B, the difference in specific weight e

deperds only on the width
and the elevation of the

tween the upper and lower layers of water
by, in the reservoir or river In order to develop the
from the lower layer the ratio of interface elevation to skimmer
ing, hy b, should equal g‘

For a radial skifimer wall [Fig.
plies, provided B 18 interpreted as the perimeter
the ratio hy/b may be reduced to 1.5.

mvﬁmlﬁéaﬁon exists af a proposed site, then physical measure-
ment of the stratified river or reservoir is required to establish hy. The
specific weight difference, Ay, is determined from measurements of the
underflow temperature at the skimmer wall site and from the expected sur-
face layer temperature after construction of the wall. The discharge, Qe,
is generally specified by the condenser water requirements of the thermal
power plant. The skimmer wall opening, b, is determined from the he/ b
ratio given previously and the width (or perimeter), B, maythen be calculated
directly from Eq. 6.

If the stratification is self -induced, i.e., by upstream
water from the condenser water outlet, the construction of a skimmer wall
is an effective method or preventing recirculation and reducing the condenser
In the case of existing plants with recircu-
o determine hy and Ay for
The design of skimmer

interface,
maximum discharge

wall open

equation ap
In this case,

i(b)] the same discharge
of the wall

movement of warm

water temperature at the intake.
lation problems, site measurements may be used t
design of a skimmer wall as outlined previously

walle for the prevention of recirculation in new thermal plants must be based
on predicted values of hy and Ay. This problem is currently being investigated

in both MIT abd TVA laboratories
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APPENDIX. - NOTATION
The following symbois have been adopted for use in this paper:

A - horizontal area of the reservolr and skimmer wall approach channel;

B = plane skimmer wall width;
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b - skimmer wall opening height;
d = total depth of water at skimmer wall;
g = acceleration of gravity;
hy = lower layer interface depth in river or reservoir,
Q - discharge of lower layer; o
Q¢ = critical discharge of lower layer,
Qd = discharge of lower layer at incipient draw down
Qg = discharge from the upper layer; ‘
r = radius;
rw = skimmer wall radius;
v = velocity of lower layer;
- yelocity of lower layer at incipient drawdown;
y approach depth of lower layer;
= critical depth of lower layer; .
y = specific weight of the more dense lower layer fluid
Ay = difference in specific weights of the two fluids and‘
« angular opening of radial skimmer wall l
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ENVIRONMENTAL EFFECTS OF FLOOD PLAIN REGULATIONS

Eugene W weber | ¥ ASCE. and Walter G Sutton?

INTRODUCTION

ation has been called a “New Approach to Local Flood
t years many engineershave begun to realize that struc-
suyres are not the only answer to xmprm‘ing man's
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problems.”3 In recen
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an important environmental control measure but de
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Floods affect man’s environment significantly: They threaten his life and
health: they threaten his propertv-—hls home. his business, Or his place of
employ ment Neither flood plain regulations nor other flood damage preven-
tion measures are likely to eliminate these threats completely because man
is powerfully attracted to use of the flood plain. However, they certainly can
reduce them and they shouid be given increasing consideration

In addition to regulations, there are other means of controlling the use of
the flood plain. These include acquisition of flood plain< by public agencies
for uses that will serve the public need and which will not suffer or cause
increased damages Recreation areas are a prime example. “Open spaces”
are becoming more appreciated as they become more scarce Use of the
flood plain for public parking is generally acceptable

Tax policies, loan and finance practices flood hazard information d.s-

semination, warning signs and other measures can also be used to help man
use the flood plain wisely and safely
Note -I\!acun;m; ;vr;-x unmnliocé-mwr l
s written request must be filed with the Executive Secretary, ASCE
of the copyrighted Journal of the Hydraulics Division, Proceedings of the American So-
clety of Civil Engineers, Vol. 91, No HY4, July, 1965
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3 vogel, H. D., "New Approach to Locei Flood Problems,” J

Division, ASCE, Vol. 86, No. HY1, Proc. Paper 2336, January,
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From: TEG6779 ~~PRDC Date and time 05/25/95 13:08:00

To: REB7382 ~--PRDC
cc: AHR4631 --PRDC WNP3375 --PRDC

SWB9911 =-~PRDC
Attachment E. Flow-Splt Teuf

From: Tom Gaye
CNS MSE/BOP
CNO3SE / 831-5702

Subject: RN DISCHARGE FLOW SPLIT TESTS

Richard, here is a summary of the tests performed so far:

B Train (PT/0/A/4400/08J, RN B Train Discharge Flow Split Test)
~performed 4/13/95

~Long leg flow 6569 GPM (27.6%), Short Leg 17,26% GPM (72.4%), 23,838 GPM total

A Train (PT/0/A/4400/08I, RN A Train Discharge Flow Split Test)
~performed 4/20/95 & aborted
~performed 5/18/95 w/annubar

~Long leg flow 7740 GPM (31.9%), Short Leg 16,505 GPM (68.1%), 24,245 GPM total

Thanks, Tom
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