K-2
K-3
K-4
K-5

K-6
K-7
K-8
K-9
K-10
K-11
K-12
K-13
K-14

BACKGROUND INFORMATION FROM KIRKPATRICK'S FILES

Notes from TMI Computer Surveillance Leak Rate Test Sheets.
Notes of Water Additions from CRC Log.

Change to Leak Rate Test Procedure dated 3/16/79.

TMI 1 Leak Rate Test Procedure 1303-1.1 Rev. 7 dated 05/25/76.

Calculator printer strip with program and data from leak rate calculations
done in 1980.

Copy of RCS Leak Rate Hand Calculation dated 08/19/77.
Reactimiter data for Rx Trip of 03/28/79.

History of Rx power August 30 to November 30, 1979.

RLS Pressure from Narrow Range Strip Chart.

Proposed IE Bulletin on Leak Rate Testing (Was not issued).
NRC Program Used to Calculate 24 hour Leak Rates.

Notes on Discussion with J. Floyd.

Hand Calculations and Calculator Notes.

Notes on Discussion with B. Smith.
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GENERATION MAINTENANCE SYSTEM XV - 3
MANUAL PERFORMANCE FORM

DATE I1SSUED SCHED. DATE
REFERENCE MANUAL
DEPT RESP .
PROCEDURE NO. } TASK NO.- o
2.30' 3 WORK ORDER NO. -
ACCOUNT NO. -
PART NO QUAN SPEC EQUIPMENT GC CODE -
COMPONENT NO. -
COMPONENT DESC - : i
PLANT CONDITION.(HOOE) sul2) "OP{1) HD{4) CDIS) AFIS) HSI3) LR
FREQUENCY COMPONENT STATUS
DEPENDENT TASKS ASSIST DEPT SPECIFIC DAY INTERFERENCE
PRIORITY
COMP. LOCATION - BDG LvVL GRID
SHIFT FOREMAN APPROVAL TO COMMENCE
WORK
SIGNATURE DATE RWP NO TAG NO
QC NOTIFIED BEFORE STARTING WORK T
(IF APPLICABLE ONLY)
SIGNATURE DATE
COMPOMENT RETURNED TO SERVICE =
(SHIFT FOREMAN)
SIGNATURE DATE
TXN. e COMPORENT NUMBER LOCATION/UNIT [TYPE TASX SCHEDULE
co. |T. tAsSx| IDENTIEICATION NUMBER

sYs. FO” TYPE| COM?. I1D. Ly
2 . __= 18117 24128

- {alolo[a [ TiME{2lslol 113D [ 1] [of3]é{o]o |X s|azldil-|31D) [7]s N
RESULTS (51)  COMPLETE THIS SECTION (401A)  DATE PERFORMED (38 O3 &Ll 1719
. MONTH YEAR
00 1 | PERFORMED OK '
CHECK ! ( ) 2 | EXCEPTIONS . ACTUAL MANHOURS (45) LOLAO0 0. 15
ONE { ) 3 | DEFICIENCIES ACTION TAKEN CODE (52) &k
oNLY |( 14lsoTH ES ANDD S REASONNOT PERFORMED (54) LLi
{ ) 5 |NOT PERFORMED

PERFORMED BY EmpLOYEE Numsen (a0 | LODLTEN |sncrwruae .
APPROVED BY EMPLOYEE Numeer (65) | LOLOLAS 1 | siGnaTure -
WITNESSED BY EMPLOYEE NUMSER (70) LLLLL SIGNATURE -

CORRECTIVE MAINTENANCE JOB TICKET NUMBER (75) LELL AT

403A (1) DUPLICATE AS ABOVE (5:38)~ - 402 (1) DUPLICATE AS ABOVE (5-38)
RESULTS DESCRIPTION ASSISTING DEPARTMENTS
"0 TR 1 W W S YO A A A A A A W A A A S A R R < )
LLLtttitiitiLbLLbLLbLy oy SoOEOM LLLLLI
HOURS(44) L L L L L I.LI
404A (1) DUPLICATE AS ABOVE (5-38)
1% 1 T R T "N N T N A A A A A A A A S S A S N - coosan Littil
tLLtittrrrrrrrrLLLLLLeLt s woumsss) L LLLLILI

TMI-108 12-78



rcsl
DATC: 3/21/79 REACTOR CUolLA .. LEAKAGS 7ooT
THIE: 1:14:33 SP 2301-2D1

JOTE:  IF OPERATOL ACT!U! DELRIAGES "uo VOLu il ..o DATA EN:
I..YJJ :;ST E:TE:‘ DEC. Pr. 1‘17:‘ LEA;{AGE VQLU: "o

ewsluBD LTTWAL (1-¢ iluu.is)

IEﬂ'Ei OPEZATC.. CaoBy C.1lZo TO THZ fiouT PR DU (2371=221)
OE Mo 00 20T CAuull CUANGES FRJI D3 & (2331-301)

?%ER IVETIFIED LEAKAGL Fiwid Do 3 (2301-201) (Savil

"BITER PRIwi.i TC SECO.UARY OTuw roni Lo (G )

0

Thod TCA TiA o T3 TAVE  PRZR LWL
(F) (F) (F) (F) (F) (1)

1:14:50: SS5€.03C G05.702 557.041 G605.727 521.:72 2:5.351

2:14:55: 556.041 G0Z.555 557.430 605.31C 551.201 225.1c0

GRJJS LEAX RATL (<30 GPLi): 6.C513 Gnw -

-

TOTAL .IUENTIFIED RCS LEAK RVIE (<15 GP.): 4.1833 GN.

NET UNIDEJTIFIED LEAK RATE (<1 G=i): 1.8580 GP!

JPIRATOR: 5«1 %
PEROVED: d/is()m

FJT. LYL
(i)

75.73¢
71.552

Cobbec7en — »dd CA

X THAT ST01000 13703 o

RCUT LVL
C(HICHC,

76,352
7995

— ey =
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. “EVALUATIONT
. /"‘:' Theee Mile island Nuclear Station SIDE 2
/‘ . v 1001-8 Nuclear Satety/Envirconmental Impact Evaivaiton
/
: i*ouedure 220/'3’)) /)CS I}I/l -1
: ~Na Titte ﬁ"m.' Change Nonice No
Y Naglear Salety Evaluation i
; Does the attached procedure change: ;
i “(al  ncrease the probability of occurrence or the consequences of an accident or malfunction of =
et b o b L S yes(CO no &=
' *(b)  create the possibility for an accident or malfunction of 3 different type than any evaluated L
previously in the safety analysisreport? . . . . yesO no)
“le}  reduce the margin of safaty as defined in the basis for any technical specilication? . . . . . yes(J neZ-
Details of Evaluation (¢ 1SIN why antwers 10 aDOVE QUENIIONS are MO Attech 800:one! pages il required.) 1 3
Colla;
' (/«a/ i W4a—t ke, (ot acooud KC.Z!/::/A"J/ -
/ c,o‘re-f o~ 7‘/ NT7 Charge dasn reot 4¢
| :“ ' (% /‘ /LM A
’ ; |L’4 ” “ :
i o ’l %75’7 Evaluation By “ﬁ 3 /?ACH—C,/ Date J"’ /37
3. Environmental Impact Evaluation
Does the attached procedure change:
(a)  possibly invoive a significant environmental Y . .., yesCJ no D
(il 3(a) s “"yes”, answer questions (b) and (c) and fill in “Details.of Evaluation” below.
I “na”, state why by filling in the “Details of Evaluation” below) ., . ... ... ... . yesCO no D
* (b} havea significant adverse effect on the envi v e e o yes(J oD
() invoive a significant environme estion not previously reviewed and
rhsbmentd 4 2110 £ f05 Mot yes(CJ no D
Details of EVAlUALION (arieen sositions peges i raou
/ T
I’/
/
/ e i
Evaluation By Date
4 Unit Superintendent requests PORC review | | Check if YES. "
“5 Approval
Evaluation Acfyoanymg PCR Evaluation Accompanying TCN
p Q . Approval
\///_: e84, - '/’,.'-/"7 "SRO Licenses Oate
© Umit Super intendent Date ~
Reviewed
Member of Plamt Statt Date
Approval
Unit Superintendent Dare
n The Evaiuation “Accompinying 3 PCR ™ evaluation And 200 OVal Chan may be |ollowed at anytime
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Bt . o W—

if . o e . o Vv o / '/"., VL P . A

A% 00 i 33
L "_ ' Three Mile Island Nuclear Station SIDE 1
.('- vgme 10015 Temporary Change Notice (TCN) TCN NO. P, /7
TR TE  imnueinns and quidehnes w AP 1001 From 1O Lo 1y
Must De 10lowey when compieting Unit Neo.
ths form

|
|
|
|
|

!

Date 3'//51; 27

Procedure < 30/~ 2)\/ ﬂg \Q —fL\t/L’Q*v"ZA:

Tn
P Change tinciuce page nwzu uuvz nuUMDers, and exact wording of change.) U
3. Reason for Change: /L
- . ﬁd
-7; he-a G WM Oecou A ‘Qﬁ EC.S “ov
- 's
(.‘2»6&4*‘*} (., #\n &k -p/-n...v{c ;
1 Recommendedby /5 /7] el 34'4(-_(‘_7’1 5. =. Zé— / ,"V,/-‘.‘—fl= - A 3//‘-'7 29
S ! Supervisor's Signature “ Date
6 Duration of TCN - no ionger than finety days irom efiective date of TCN or a1 in () or (b} below whchever occurs first
(a)  TCN will be cancelled by a proced re revision issued as a result of a Procedure Change Request to be
submifted by '497 o~ AC L (Submit PCR as soon as possible) &
Super visor Submitting TGN
(b)  TCN is not valid after D
(il in circumstances which will rmcmm cancelied)
7. (al s the procedure on the Nuclear Safety Related Procedure List? (Sec. AP 1001 ~ Appendix 8]
If “Yes”, complete Nuclear Safety Evaluation. (Side 2 of this Form)  Yes & No D
(b) Is the procedure on the Environmental Impact Procedure List?  (Sec. AP 1001 — Appendix 8)
It “Yes”, romolete Environmental Evaluation, ISide 2 of thus Form)  Yes D No 8
() Does the change effect the intent of the original procedure? Yes " No
NOTE:  If all answers are “"no™ the change may be apDroved by the Shift Supervisor. 1If Question (c) is answered “yes™”, the change
Must be reviewed by the PORC and approval by the Station/Unit Supsrintendent prior 1o "Tplementation. M the answer
10 question (c) 1 “no™ lummuwmhmmmot the plant management staff at least one of whom
hoids a sensor reactor operators license on the unit afectec .n accordance with paragraph 1.6.4.2 of AP 1001,
8 Review and Approval
Block (c) “yes” y Block (¢} “no”
4 7 7%&/ Approved
V. eman / Dave SRO License Oate
i - 7 e - 2t 77
d le e N O 77 :v)' Member Plant Mrg. Staft Date
- - ;' ?
/ 7 Reviowed Chawman of PORC Date
Sk H§
’ PL " Avoesned Unit Superintendent Dare
T N L T 4
| — /  Unit Superintendent Date 4
' NOTE The dlock (c) “Yes™ review and approvel chamn may be followed at anytime.
i I
. Angm
Manager, Generation Quality Assurance Date A o=
NOTE MG Q A aporovel requied only on certan Administrative Procedures iisted in Enclosure 7 of AP 1001
] TCN s Cancelled
. —c_n—m Shitt Supervisor /Shilt Foreman "~ Date
TMISE Ae 8

-
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3y FILE COPY a5/ i
o THREE MILE ISLAND NUCLEAR STATION ‘7._,:53;.,-"-1‘1;_
UNIT  #1 SURVEILLANCE PROCEDURE 1303-1.] R T
REACTOR COOLANT SYSTEM LEAK RATE v 2om - CaMESTe
- 1
e
Table cf Effective Pages I a
P Date Revision Page Date Revision
1.0 ©5/02/75 4
2.0 05/02/7% 4
37 3.0 05/02/7% $.3 _
4.0 10/14/75 5
<~ - 4.1 1014/75 5 i S
.- 5.0 05/02/75 < . s i
6.0 05/02/75 4 2 SIPT T v
... 7.0 05/02/75 4 " : Ty
-~ 8.0 05/25/76 7 - ¥
“7'9.0 05/02/75 4 -
- 10.0 0S5/02/75 4
“11.0 10/14/75 5
-~ 12.0 05/02/75 4
13.0 05/02/75 4
14.0 05/02/75 4
« 15.0 05/02/75 4
- 16.0 10/14/75 5
« 17.0 05/02/75 4 —
18.0 05/02/75 4 e
~19.0 05/02/75 4
20.0 05/02/75 4
21.0 05/02/75 . 4
22.0 02717776 6
23.0 02/17/776 6
24.0 02/17/76 6
Unit 1 Staff Recommends Approval Unit 2 Staff Recommends Approval ‘ v
- ‘fi
Approval L/M Date Approval =
Cognizarit Dept. Head //)q‘ -
Unit 1 PORC Recommends Approval Unit 2 PORC n-iom?{%z" al
/ ; %2 W’IM Date 1\"% '7‘ : :.
wcgttmm ofPORC Chairman of PCRC ,- .
PCRC comments 0 nmluded PORC comments of Z / mdudcd
/2 V4 ?@r e
By By / Date
Approval Qa@&_f Date __ -2 -
Stayon Superintendant/ S &, 1
Unit Supunmnam{ o
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"‘J 1303-1.1 , Revision 4
e MAY 2 - 1378
X -l
5 4 THREE.MILE ISLAND NUCLEAR STATION ;
¥ - UNIT #1 SURVEILLANCE PROCEDURE 1303-1.1 gRER: Ty
f RC SYSTEM LEAK RATE iy
Required Interval -
: Daily, when CS temperature > 525°oF ‘. e
';".5, 1.0 PURPOSE . o Ay i Y ol -'-"*’;,w,*,,ﬁ
“‘ To cvﬂuate mctor ccolant system 1eakagc in accordance w'lth ':"uf:";'\
Fein Technical Specification Table 4.1-2 {tem 7. A fj:@t*-t%
2.0 PLANT STATUS . ‘ {: "~
2.1 Reactor coolant system t.mratcre is greater than 525°F. }'"_ T
2.2 The Make-Up Tank level is between 65" and 96". _ |
2.3 The pns.sur'lhzcr level is greater than '220_". ;
2.4 Reactor power, temperature and pressur::re in a steady state
_condition. (i.e. initfal and final conditions approximately £ - 3
the same.) ] ; j
3.0 LIMITS AND PRECAUTIONS : . P LT
3.1 Avoid addition and removal of water from the reactor coolant
and Make-Up systems during this test. The following operations ;
should not be conducted during this test: |
a. Make-Up or chemical addition to the make-up system.
b. Sampling of the RCS or make-up system. R :
’ €. Venting or draining of the RCS or make-up system.
d. Changing purification demineralizers or make-up filters '
in service.
€. Boration or deboration.
1.0 ' =
\, el
\

- R T s -
, - . a—— A - . -



4.0 LOCATION OF SYSTEM/ASSEMBLY s A

5.0

6.0

. :"41303-1._1 | ' MAY 2 - 1975 :‘

Revision 4

3.2 The RCS and makeup_ system should be maintained in a steady
state condition during this test. Changes in valve line-ugs,
coolers-in-service, pumps-in-service, etc. should be avoided.

3.3 For the most ‘accurate determination of the RCS leak rats, the A
initial and final conditions of reactor power, RCS temperature, -:::

 pressure and pressurizer l;vel should be fdentical.

3.4 The same sources should be used when recording initial and

final RCS tqcnture. pmsur'lzcr Tevel, mko—up tank Tevel g o

and RCOT lcvcl Differences in sources could be misinterpreted L

~ as RCS lukaqe when comparing successive readings.’ .

3.5 Minimize power level variations during this test.

NOTE: See enclosure two for sources of data.

4.1 The computer is the favored source of information.

4.2 If two or riore inputs are not obtainabf?on the computer, the
patch panel is to pe used to obtain the required data.

EQUIPMENT i

5.1 Equipment for use on patch panel.

5.1.1 Digital voltmeter capable of reading + 10 VDC.

5.1.2 Leads for patch panel to voltmeter.

PROCEDURE

6.1 If the computer is available, initiate the "Reactor Coolant
Leakage Test" as detailed in Enclosure II. Data sheets for

hand calculations are provided for use as follows:

Data Sheet For Use When
1303-1.1.1.1 Computer is operational
2.0




!

ST St % B MAY 2 - {g78:

Revision 4.
but not available for
RCS program.
1303-1.1.1.2 Computer not operational - o
6.2 If a hand calculation is being performed, abtain the applicable _‘?%fz
data sheet (see step 6.1) and take the initial set of data. % ,fé%ﬁ?f
After a minimum of one hour, take the final set of data and 'f‘:iiZZ{_'
determine the net RCS leak rate as per instructions on the } ;. ,;fii
o - ’h"t' ¥ o R ,},
: 6.3 If changes to the RCS inventory must be made during the perfor- e 25

mance of this test, they must be accounted for using Data . :f.‘”'*i'f;.
Sheet 1303-1.1.3. Operations such as adding water to the Make '
Up Tank or sampling the RCS may be accounted for in this
manner.
6.4 If the net RCS leakage is excessive as defined by the acceptance
criteria in section 7, proceed as f0113:;$
6.4.1 Perform another determination of the RCS leak rate. .
6.4.2 Insure that no un-accounted for ope;ator action has
occurred that would change the RCS inventory. (See
section 3.1 for a listing of possibilities). If such an
action has occurred, it invalidates the measurement.
Enter this in the "Remarks" section of the data sheet,
clearly describing the action that invalidated the measure-
ment.
6.4.3 Initiate action to determine the source of leakage.
Check ftems such as:

a. Proper valve line-up.

3.0

. | * *fs



1303-1.1 NIRRT
Revision 5§ i
10/14/75

b.  Valve stem leakage. Lact
€. Make-up pump packing glands. J ‘
d. Relief valves not seated properly. -,

6.4.4 If sources of leakage are found, initiate data sheet

f.»_' o s
1303-1.1.2. S e &-3"-!‘”‘
J‘ a-«ﬁl:‘“'
2. Document completely the source of leakage. (Example: _' '” --_‘:”
MU-V-159A stem Teakage through packing gland). },:,,_L,,
b.  Determine the leak rate. The most perferred method B 2
: ' = i G . 1
fs to collect the leakage in a calibrated container. Y (9
Padttiiy: At

(Obtain from Chemistry Dept.) over a known period of "“-
tine. Use data sheet 1303-1.1.2 to document the - - =
method used to determine the leak rate. Include: 3
Model # & ‘Scru] # of DVM used, description of other
equipment used, length of msumnt and quantity
of leakage collected (Exuph. Used 50 cc graduated
cylinder to collect 40 cc of water in 10 seconds. )
€. Determine the leak rate and enter on Data Sheet
1303-1.1.2.
This quantity ma; be subtracted from the net RCS
leakage (Line 8C of Data Sheet 1303-1.1.1 and 1.1.2).
d. The Shift Supervisor shall make the initial determi-
nation of the safety implications of the leak. If
he decides that there are possible safety implications,

he shall notify the proper personnel in accordance
with AP 1014,
7.0 ACCEPTANCE CRITERIA

4.0




©1303-1.1
Revision §
10/14/75

7.1 If the gross reactor coolant leakage rate (Item 7 of Data

Sheet) exceeds 10 gpm, the reactor shall be placed in hot
shutdown within 24 hours of detection.

4.1
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"'."f‘".1303-1,1‘ : umz-g S savilt
: i Revisionqzs o

7.2 If unidentified reactor coolant Teakage (Item 9 of Data Sheet)
exceeds 1 gpm of éhe rezctor shall be placed in hot shutdown
within 24 hours of detection.

7.3 If any reactor coolant leakage is evaluated as unsafe, the
reactor shall be placed in hot shutdown within 24 hours of
detection.

7:4 If any reactor coolant lTeakage exists through a non-isolable

- fault in a RCS strength boundary (such as the ‘reactor vessel,

condition shall be initiated within 24 hours of dctection..
7.5 If reactor shutdown is required by criteria 7.1, 7.2, 7.3, or
7.4, the rate of shutdown and the conditions of shutdown shall
be determined by the safety evaluation for each case and
Justified in writing as soon thcreaftg:gik practicable.
7.6 Action to evaluate the safety implication of reactor coolant
"leakage shall be initiated within four hours of detection.
The nature, as well as the magnitude, of the leak shall be
considered in this evaluation. The safety evaluation shall
assure that the exposure of offsite personnel to radiation is
within the guidelines of 10 CFR 20.
7.7 If reactor shutdown is required per Specification 7.1, 7.2, .
7.3, the reactor shall not be restarted until the leak is
repaired or until the problem is otherwise corrected._ )
7.8 Loss of reactor coolant through reactor coolant pump seals and
system valves to connecting systems which vent to the gas vent

header and from which coolant can be returned to the reactor

5.0 | »




w8 13081, MAY 2 - 1979
g Revision 4
coolant system shall not be considered as reactor coolant

Teakage and shall not be subject to the consideration of the
above criteria except that such losses when added to leakage

shall not exceed 30 gpm. If leakage plus losses exceeds 30 ., _y__’_
gpm the reactor shall be placed in hot shutdown within 24 . | _;.{‘.“:;
hours of detection. %

o
W
| S

6.0

: - - - - w—-




LT 130810,

MAY 2 - 1975
Revision 4 W
DATA SHEET 1303-1.1.1.1 ope ) 418
For Use When Computer is Avaiiable
Initial Conditions - To be taken at oie winute intervals |
Computer : .
Point Lt ¥ T3 .
Time ol 1 5 i e T
Tc Loop A 510 ingl + = 3=
Ty Loop A 508 s g iy SR A S
TcLoop B 513 + + A P
Ty Loop B~ 509 s s R T
Unit Tave  (Sum of Linos 2a, 2b, 2c and 2¢ + 4) Ma_ T ‘”\
Przr Level 1720 . + o i R
MU T, Levzi 498 + + A, .
RCOT Level Fatch :
Fanel
OVM + B - +3=
Final Conditions - To be taken at one minute Interyals =
Computer
Point ‘r1 T, T3 :
Time . " .
Te Loop A 510 - - = +3= |
TH LOOp A 508 - . = Q3l—'-
Te Loop B 513 + . - #3=
Ty Loop B 509 + + - #3=
Unit Tave (Sum of Lines 7a, 7b, 7¢ and 7d ¢ 4) #=_
Przr Level 1720 - + - - +3=
MU Tk Level 498 + + = +3=
RCOT Level Patch
Panel
DVM - - - +3=
7.0

- ———
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s ™ 130341, . 05/25/76
s . Revision 7
Page 2 of §

NOTE: Carry Algebraic signs through all steps.
1. Mass change due to RCS Temperature change.
(use 1ine 2e and Figure 1 to determine density)
Line 11 a. Initial Dansity 1bm/££3
(use 1ine 7e and figure 1 to determine density)
Line 12 b. Final Density Yom/7t3

€. RCS Volume change (1ine 11 minus line lg.x 10,673)
~ Line 11 gt
Minus Line 12
Line 13 10,673 ft3 x ____ 1bm/fed = 1bm
2. Mass change in Pzrz. Level
(Line 3 minus Line 8 x 120.8)
Line 3

Minus Line 8 -y
1bm — —
Line 14 120.8 Tn x in = 1bm

3. Mass change in MU Tank Level
(Line 4 minus Line 9 x 250 1bm/inch)
Line 4
Minus Line 9
1bm
Line 15 250 n x in = 1bm

4. Total RCS Mass Change

(Algebraic sum of lines 13, 14 and 15)
Line 13 Tave change of mass
Line 14 Pressurizer mass change

Line 15 MUT mass change

Line 15 Tbm

|

8.0




5. Total RCS change in gallons

2. Mean Tave (1ine 2 plus line 7; + 2)

Line 2¢  OF
+Line 7e  OF
Line 17 + 2= or

b. Use figure 2 and Line 17 to Find

Line 18 convcrsioﬁ factor from 1bm to ¢allons: gal/lbm
c. RCS Inventory change (Line 16 times line 13) -

Line 16 ____ Tbm
Line 19 xLine 18_____ gal/lbm=__ gal
d. Operator caused changes to system
Line 20 (from data sheet 1303-1.1.3):__ gal
e. Total RCS leakage plus losses
(Algebraic sum of lines 19 and 20)

Line 19
_Line 20
Line 21 gal.

6. Total leakage plus losses

a. Duration of Test (Line 6 minus Line 1)

Line 6 h m
=Line 1 h m

Line 22 h m= min

b. Leak Rate (Line 21 divided by Line 22)

Line 21

9.0

Revision 4
Page 3 of §
MAY 2 - 1875



1303-1.1 Wi ' Pty : MAY 2 - 175,
Revision 4

Page 4 of §
"Line 23 +Line22 ___= _ gpm

LIMIT: Line 23 shall nof exceed 30 _gpm (see acceptance

criteria 7.8)
Gross Leak Rate
a. Mass change in RCNT
(Line 5 minus line 1N x 3540 1bm/volt)
Line 5___
~Line 10 ___
—V x 3540 1bm/volt = __ 1bm
RCOT change in gallons
(Line 24 times Line 18)
Line 24

xLine 18 (Conversion factor)

Line 25 = gal

Operator caused changes to the RCOT _ .

Line 26 (from date sheet 1303-1.1.3):__ gal
Gross RCS Leakage .
(Algebraic sum of Lines 21, 25 and 26)
Line 21 ___ Total RCS Leakage + Losses
Line 25 __RCOT increase (considered RCS losses)
Line 26 —RCOT change by operator

Line 27 —_gal
Gross RCS leak rate (identified and unidentified leakage)
(Line 27 divided by 1ine 22)
Line 27

tLine 22 = gpm

Line 28 shall not exceed 1N gom. (See Acceotance Criteria 7.1)
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T 1303411 Page 5 of §

10/14/75. -

8. Corrections (1dmtff1ed leakage)
2. Evaporative losses -.51 gpm
b. RCPump Seal #3 Purge +.28 apm
€. Identified leakage - gpm (sign is minus)

(from data sheet 1303-1.1.2) & - iy

Line 29 Total (Algebraic sum) ___ gpm
9. Net unidentified RCS Leak Rate )1 2
Algebraic sum of lines 28 and 29 S L

Line 28 | AT e SN
A'_; +
Line 29
Line 30 gpm

LIMIT: Line 30 may not exceed 1 gpm (See Acceptance

Criteria 7.2 and section 6.4 for action)

P -

Remarks:
DVM Mode! # Serial #
Performed by “Date
Approved by Date
11.0




'-;1303-1.1 SR S P = Revision 4
_ N Page 1 of §
, HAY 2 - 1975
DATA SHEET 1303-1.1.1.2
For Use When Comouter is “ot Available
Initial Conditions - To be taken at one minute intervals
Patch
Panel . . -
Point 3
Line1 Time ! ¢ Tes .
Line 2  Tave 40 - - = #3=
Line 3 Przr level 27 + + = #3=
Line 4 MU Tank 15 . + .
Line § RCOT CYM - - = +3= —
Final Conditions - To be taken at one minute intervals
Patch
Panel
Point 1 Ty 73
Line 6 Time 3 To=
Line 7 Tave 40 + + = #3=
Line 8  Przr Level 27 + "'i" . 43
Line 9 MU Tank 15 + + = 43=
Line 10 RCOT OVM + + a 43

Caution: When using patch panel voltage, be sure to record the voltage
polarity (+ or -) and treat this as an algebraic sign.




dUVO=LLL T

%436 2 of 5
NOTE: Carry Algebraic Signs Through all Steps
1. Volume change due to RCS temperature
a. Temperature conversions ”
1) Initial temperature (570 minus, line 2 times 5):
S70F - (Line 2___ x5) = of I
2) Final temperature (570 minus line 7 times §): 18
570% - (Line 7___x8) = ___ O . T
b. Initial Density (use Line 11 and figure 1 - Bt -4
Line 13 to determine density) __ lbm/ft’ 3
€. Final Density (use line 12 aid figure 1
Line 14 to determine density) __ltlu/ft3
d. RCS volulme change (line 13 minus 1‘_1n.e 14, times 10,673)
Line 13 ____ | il .
-Line 14-___
Line 15 10,673 #£3 x —_——=  ltm &
2. Volurz change in Pszr level
(Line 3 minus Line 8 x 120.8)
Line 3
-Line 8-___
Line 16 120.8 1bm/in x in=____ 1bm
3. Volume change in MU Tank Level
(Line 4 minus line 9; times 250)
Line §
-Line 9-__
Line 17 250 1bm/in x in= 1bm
13.0 '

T e e e S e 1. . i -1 B 18 'Reviiion
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g Revision 4
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2 MAY 2 - 1975

; 4. Total RCS Mass change
(Algebraic sum of lines 15, 16 and 17)

Line 15 ____ Tave change of mass
Line 16 _____ Pressurizer mass change
Line 17 ____ MUT mass change

Line 18 — lbm

5. Total RCS change in gallons
a. Mean Tave (Line 11 plus Line 12; + 2)
Line 11 ____ OF
+Line 12 ____ OF
Line 19 I =
b. Use figure 2 and 1ine 19 to find
Line 20 conversion factor from 1bm to gallons: —9al/Tbm
€. RCS Inventory change (1ine 18 times line 20)

Line 18 B s AR

Line 21 xLine 20 gal/lbm = gal
d. Operator caused changes to system

Line 22 (from data sheet 1303-1.1.3): WS-
e. Total RCS leakage plus losses
(Algebraic sum of lines 21 and 22)
Line 21 __
+line 22
Line 23 —gal.
6. Total leakage plus losses
a. Duration of test (1ine 6 minus line 1)
Line 6 h m

-Line 1 h m

Line 24 h ms= min

14.0
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Line 25

Line 26

Line 27

Line 28

—
.
3
0
~N

|
|

Line 30

i hevision -
Page 4 of 5
BAY 2 < 1978

Leak rate (1ine 23 divided by line 24)
Line 23

+Line 24 = gpm

LIMIT: Line 25 shall not exceed 30 gpm (see Acceptance

Criteria 7.8)

Gross leak rate .

Mass change in RCOT

(Line 5 minus 1ine 10 x 3540 1bm/volt)
Line 5

-Line 10 : ] ~

: v-x 3540 1bm/volt = 1bm
RCOT change in gallons

(Line 26 times 1ine 20)
Line 26

xLine 20 (Conversion factor) ™~

i .
Operator caused changes to the RCOT
(from data sheet 13013-1.1.3):___ gal
Gross izcs leakage

(Algebraic sum of lines 23, 27 and 28)
Line 23 Total RCS leakage + losses

Line 27 RCDT increase (considered RCS losses)

Line 28 _____ RCOT change(by aperator)
p—
Gross RCS leak rate (identified and unidentified feakage)
(1ine 29 divided by line 24)
Line 29

+Line 24 = gpm

15.0



Revision 5§
Page 5 of 5

10/14/75
LIMIT: Line 30 shall not exceed 10 gpm. (see

Acceptance Criteria 7.1)

8. Corrections (identified leakage)

a. Evaporative losses -.51 gpm
b.  RCPump Seal #3 Purge +.28 gpm
€. Identified Leakage - gpm (sign is negative)
(from data sheet 1303-1.1.2)
Line 31 Total (Algeoraic sum) ___ gpm
9. Net unidenti”ied RCS Leak Rate
(Algebraic sum of linas 30 and 31)
Line 30
Line 31

Line 32 gpm

LIMIT: Line 32 may not exceed 1 gpom. (See Acceptance

Criteria 7.2 and section 6.4 for action)

Remarks :
DVM Model # Serial ¢
Performed by “Date
Approved by “Date
16.0




S ey S——— ———— - — s — - i . G-

"~ SP 1303-1.1

Revision 2

MAY 2 - 1375

Data Sheet 1303-1.1.2
IDENTIFIED LEAKAGE

Source of Leaxage
(Describe in detail, attach drawings if necessary)

Method used to determine leak rate
(Describe briefly)

Leak Rate:
(For use 1n step 8.c of ggta Sheet 1303.1.1.1.1 and 1.1.1.2

-~

Performed By “Date
Possible Safety Implications
(Shift Supervisor Check One)
Yes (Initiate necessary action)
No Explain
T Shift Supervisor = Date

17.0
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* SP 1303-1.1

Revision 4
MAY 2 - 1975

Data Sheet 1303-1.1.3
OPERATOR CAUSED CHANGES TO RCS INVENTORY

1. Identify operation that caused change:

2. Time Operation Started: . Y
Time Operation Completed:

3. Calculations

f

4, To_ul change to RCS inventory: wal.

NOTES: 1) If change is to RCOT enter in section 7 of Data Sheet 1303-
1.1-1.1 .M 1303-1.1.1.2

2) If change is to any other part of the system, enter in section
§ of Data Sheet 1303-1.1.1.1 or . R

3) SIGNS: Removals from the system have a negative (-) sign.
Additions to the system have a positive (+) sign.

Performed By Date

Approved By Date

18.0
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SP 1303-1.1 Revision A
bAY 2 . 1975 ~- r,:‘..'...
ENCLOSURF |
SOUFCES OF DATA
CONTROL ROOM PATCH PANEL
PARAMETER COMPUTER POINT INSTRIMENTATION POINT MULTIPLIER

Tave 508 Loop A T¢ RC 7-TAR or 4n 520-620°F | +10 to -10 T-570-(vaolts)H

51 RC 8-77 1 (unit Tav

S511¢Loop A Ty

51

509 iLoop B T¢

51

514rLoop B Ty

51
Pressurizer 1720 Control Console 27 0-400 1in +10 to -10 4000 1bm/volt
Level 1721 “enter Panel

1722
Make-up Tank Leve) 453 Control Console 15 0-100 1in -10 to +10 -1250 1bm/volt

Center Panel

Reactor Coolant DVM at Patch Level Recorder N 0-120 in 0-to +10 3540 Ybm/volt
Drain Tank Panel LWNS Pdnel ' :
Level

Note: Patch Panel Data may be obtained from the voltmeters installed for a cooldown from outside the Control Roem

21.0



E.2.1.0

£.2.2.0

E.2.

€.2:2.2.1 If the computer printout on the selectric shows a question

E.2.

1303-1.1
Revision 6
02/17/76
ENCLOSURE II
Computer Determination of RC
Leak Rate
PURPOSE
This program is designed to perform all the calculations
accomplished on Data Sheet 1303-1.1.1.1. The plant computer
will automatically gather all inputs and average three minute
intervals of the initial and final radings. Thi: program is
run from the programmer's console of the Bailey 855 computer.
It may be run at any time the prugrammer's consoI-e is not
being used by another program.
PROCEDURE
2.1 Turn on the programmer's selectric typewriter next to the
Bailey 855 computer. Be sure that- the “OUTPUT SELECT"
switch is on "UTILITY COMPUTER."

mark (?), type "r", then depress the "Return” Key. The
computer will respond with an exclamation mark (1).
Proceed to E.2.2.2.2.

2.2.2 If the printout on the selectric shows an exclamation
mark (!), type "RC" and then press the "Return" key.
(See sample printout: Attachment 1)

€.2.2.3 The computer will then request the time interval over

which the test is to be run. Any interval from 1 to 8
hours in one hour intervals may be choosen. Enter a

single digit, then press the "Return" Key.

22.0
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E-20204

E.2.2.5

1303-1.1
Revision 6
02/17/76

The computer will now request known leakage. Enter

“ldentified Leakage" (as determined by Data Sheet 1303-

1.1.2) in gallons per minute. Enter operator caused

changes to the RCOT or the RCS (as detailed on Data Sheet

1303-1.1.3) 1i. 7allons.

CAUTION: For the above entries, be sure to enter a
decimal point. If no decimal point is entered,
the cosputer will insert one according to the
format it expects to see.

The computer will now print out all requf—nd' cata. Be

sure to attach data sheets detailing any entries made in

step E.2.2.4.

23.0
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§ oy 1303-1.1
v. Revision &

02/17/76

ATTACHMENT 1
Ire
DATE: 01/20/75
TIME: 16: 3:38

REACTOR COOLANT LEAKAGE TEST
SP 1303-1.1

DESIRED INTERVAL (1-8 HOURS)

] ENTER IDENTIFIED LEAKAGE FROM DS 1303-1.1.2 (GPM)
ENTER RCOT CHANGE (GAL)
ENTER RCS CHANGE (GAL)

TIME TCA THA TCB THB TAVE PRZR LVL MUTK LVL

(F) () (F) (F)  (F) (1n) (IN)
16: 3:54 556.977 601.055 556.250 600.719 578.750 238.311 79.603
16: 8:54 557.031 601.070 556.180 600.719 §78.742 230.178  79.095

LEAKAGE PLUS LOSSES (<30 GPM): 0.0473 GPM
GROSS RCS LEAK RATE (<10 GPM): -0.1463 GPM
NET UNIDENTIFIED LEAK RATE (<! GPM) -0.3763 GPM

OPERATOR:

APPROVED:

24.0

-

RCOT LVL
(VOLT)

8.925
8.945
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/(“’0/ 2301-301

Revision 0

ATA SHEET 1 08/19/77
RCS LEAK RATE

For Use Wher Computeyr is Available
Initial Conditions - To be taken at one minute intervals

Computer Y L) )

Point
Line 1  Time |8/ 816 187 t Jglé
Line 2a T, Loop A ¥/ 9T 320 +3259 + 3259 =977§ +3= 3259 °F Tea
Line 26 T, Loop A 390 4 Qtbimsy 28 yta T 430 .,
Line 2c T Loop B 397298 325 +326) +3 < w9752 4332500 T,
ine 24 T, Loop B 91 4 by -, Te %t
ine 2¢ Unit Tave (Sum of Lines 2a,
28, 2c, and ¥ +A) A= 325.48°F Tave

Line Przr Level 1682. 1239 + 239 124 = 37/ F 43=12393 in Lpzr
Lined MU T, Level 347 2.3+ 78 + ;.2 = 2)Y.3 43= 7/.43 in byt
Line 5  RCOT Level (Patch

P:m;“) G + LE8 + | F8 =5.69 +3=)88 v ip...

DVM v
Re. Pressure . /250 + 1250 + 128D = 3750 43=/m/ca,
Final Conditions - To be taken at one minute intervals.

Couter 4t 4

. Point ¢
i
Line 6  Time 1915~ 13k i tn/9/6
ine 7a T, Loop A 39'/-393' 3259 +35259 +32¢ *§728 +3= 3259 °F Tea
Line 76 T, Loop A 390 + Bwiiry Dmeae Te 43n A
Line 7c T Lloop B 397996 325/ 4325 . *}&L-.;ﬂw-_zaa% Tes
Line 74 T, Loop B 391 s, I 3 7C . om g i
ine 7¢ Unit Tave (Sum of Lines 7a,
M, 7c, and ¥ +3) 6509 k=225 45°F Tave

Line 8 Przr Level 1682 124. 2 +J295 #1292 = 3709 432/243 in Lozp
Line 3 MU T, Level 347 42.2 +68. ) +485 = 00Y +3= 48 & in Ly

Lins 10 RCDT Level (Patch

Panel - -
D;Hmm)@:- +.2.02 2201 » f0b 432202 ¥ Ly,

e Pressure 1282 r |125D /250> 375D< 3 /:zsof“]-




2301-301

Reyision Q
08/19/77
DATA SHEET 1 (cont'd)
NOTE: Carry Algebraic signs through all steps.
1. Mass change due to RCS Temperature change.
(Use 1ine 2e nmb& determine density) SoF  Additbie )
Line 11 a. Initfal Density 52.225/ 1bm/rt’ Calewdabrir, *
(Use 1ine 75%nd FFgret to determine density) ko)
Line 12 b. Final Density 56729/ 1bm/ft>
€. RCS Volume change (Yine 11 minus 1ine 12 x 10,678*
#t3)

*NOTE: 10,678 ft> 1s the RCS Volume for 582°F
minus the pressurizer. For 532°F use
10,673 fts. If more accuracy is required
for other temperature >525°F use a linearly
extrapolated volume. 325°F = 10,645 @
Line 11 5L.72§)  1bm/ft>
-Line 12 56.729/ 1ttt
Line 13 tortrer 23 x 740010 e’ « _"/0.4Y 1bm
2. Mass change in Pzrz. Level
(Line 3 minus Line 8 x 120.8 1bw/in)

5
Line 3 /123.93% 4p kY - rrf % "“F.
-Line 8- 124, 4o '
142.2 1bm
Line 14 49638 Tn x__"¢37 ins= 52,6 bm @

3. Mass change in MU Tank Level
(Line 4 minus Line 9 x 255 1bm/inch)

Line 8 _7/.43 in
-Line 9 L8 8 in
1bm
Line 15 255 Tn x_2.63 fne £20.L5 1tm

7.0




- —— - — ————

DATA SHEET 1 (cont'd

4. Total RCS Mass Change
(Algebraic sum of lines 13, 14, and 15)

Line 13 =/°. ! RCS ;l'avo changs of mass -

Line 14 “52. b Pressurizer mass chmgc .

—— i & b T

Line 15.670. [ W mass change S =
Line1s  es 80730 aitm o A B wazie ]

5. Total RCS change in ga'ﬂm

o«

2.  Mean Tave (1ine 2e plus line 7e + 2) T
 Line 2e 325,48 °F |
+Line 7e 32545 °F
Line 17 RCS £5D:93 + 2= 32546 °F T, : _
b. Use Figure 2 and Line 17 to find o @
Line 18 Conversion factor from 1bm to gallons: Q./3/8659a1/1bm
€. RCS Inventory change (Line 16 times 1ine 18)
Line 16 607.36 1bm
Line 13 xtine 18 0. /3805 gal/itm = R, Z gal = RCS Volime Change

d. Operator caused changes to system » bR,

Line 23 (From Data Sheet 4): = O gal
e. Total RCS Leakage
(Algebraic sum of lines 19 and 20)

Line 19 _80.07 gal.
#ine20 O  gal.
Line 21 RCs = _30. al. Total Leakage |
8.0

-
- —— - —
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Ravision 2

05/04/78
DATA SHEET 1 (cont'd) |
6. Total Leak Rate
a. Duration of Test (Line 6 minus Line 1)
Line6_-19 n If m
-Ltinel _J8 h_J& =
Line 2 - Bt 0 m=__ O min

b. Leak Rate (Line 21 divided by Line 22)
Line 21 2007 - CoO

Line 2 sLine 22_/, 335 = gpm Total Leak Rate
(Identified and Unidentified)

7. Identified Leak Rate
a. Volume change in RCDT
(Use Figure 3 for level to volume conversion)
Line 5 _J 8§ V= 6,504 gal @

-Line 10,202 V= { 53/ ga?
Line 2 RCOT Volume Change = 27 gal
b. Operator caused change to the RCDT

Line 2 (From Data Sheet 4: o gal

CAUTION: Removing water from the RCOT '

-

should be entered as a negative

change to the water inventory.

Line ¢ c. Identified leakage: 2 gpm (sign should be minus) |
(From Data Sheet 3)
Lihe 2 d. Primary to Secondary OTSG Tube Leak: _ &  gpm (Sign ShOl;]d
be minus

e. Identified Leakage to RC Drain Tank.

(Algebraic sum of Line 24, and 25).
4 4

\ ' Y - g




- 05/04778
Line 24 2 Z RCDT Volume change
Line 25 0 RCOT change by operator
“27 _ gal ldentified RCS Leakage to RCDT

F. Ident'l‘ﬂed Leak _Rate to RCDT

Line 28 - — 2 ] _gal. |
Line 29 sline22 bO m= -, 452 gpm Identified :

Leak Rate to RCDT (should be negative or zero) |
g. Total ldentified Leak Rate
(Sum of 1ine 26, 27 and line 29)
Line 26 0 gpm ldentified leakage (From Data Sheet 3)

Line 27 (2] gpm Primary to Secondary leakage
+ Line 29 _ ,4YS2  gpm Identified Leak Rate to RCDT

Line 30 452  gpm total.
Line 31 Abs value of line 30 L Y52 gom total Identified Leakage.

LIMIT: Line 31 shall not exceed 10 gpm. (See Acceptance Criteria 7.1)
Line 27 shall not exceed 1 gpm (See Acccpt‘ance Criteria 7.5)
8. Unidentified RCS Leak Rate
(Subtract Line 31 from Line 23)
Line 23 [é}g gpm Total Leak Rate
-Line 31 _0.Y52 gpm Identified Leak Rate
Line 32 0. 883 gom Unidentified Leak Rate (1 gpm maximum)
LIMIT: Line 32 shall not exceed 1 gpm (See Acceptance Criteria 7.2).

amam:_uﬁg__&w%}"'& /="

Fo-i- oo /2/13/7%@_ )
- /5
PERFORMED BY _:I_EM_E DATE /%//f/yg\,

APPROVED BY XD YW W b O DATELD 197 £
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‘7’ »257«/-%: 7&“ 4@..:424. 4/53:’5 2:4_

360 .o:737? .0)73579% L 017343
32545 éi;d) 0124275 5¢.721/
325,95 (k) 0176279 54.728/
3s0 . 017509 0172885 017865

@ T cobudk B Usbyme oF o,

F’/’A 2)0/'/~/ Frow 239)°3D/

TP Vol (ndl prec) Ul _h prsaries
582 /1,472.5 /0,678 - 8ok |
I3 1,473, 10,673 “L—‘l
325 /0,695 gal. sberpudile '
) 40 )/,920 10,620
70 N, 913 10,673

@ /W@ SM #79/250/7‘=/.2¢5’p,@.

e b e ek
1250 02250
JALS = 022557 o-..f: 9v 332,
/30D 0224619
_ a2y 34 x. 1_3348;719 ¥ 94332 £3 % = 422 "‘}'4‘.

s T —— -
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I E Bulletin No 80-XX

REACTOR TCOLAKT SYSTEM LEAK RATE TESTING IN PWRS.

A number of concerms regarding the adequacy of the Primary
system leak rate determinations in PWRS were identified during a
recent investigation. These include iraccuracy in the test
results, errors in the computer program used for the leak rate
calculations and persomnel a~tions affecting the test results.

4. Yariation in the Test Resul ts

A plot of the leak rate test results had a scatter that
exceeded the allowaile unidentified leak rate of one grm.
Several causes of poteantiallr large variation were identified,
including:

1. The normal inaccuracy in the instrurentation.

2. Variation in the *emperature distribution in the
prizary system.

2. Variation ip the input paramet<rs during the time
th:k tlie data is beiug taken,

The test procedure is always conducted over a period of
one Lour, with the result that a discrepancy of 60 galloms in
the water inventory can cause an apparent limiting leak rate.
The makeup tank level normally oscillates over a level change
of about 12 inches with a frequency on the order of one to two
2inutes. The beginning and end input data sets consist of three

measurements, taken at one minute intervals and averaged, This



resu.ts in 2 variation of over an inch in the makeup tank level
ceasmezen<t, Since an inch change in this tank is egquivalent

to over 40 gallons at reactor temperature, this error alone
apsroaches the one gpm leak rate limit. A 0.5°F error in the
difference between the beginning and gnd averaged RCS temperature
will also result in a leak rate error of about 1 gpm. This
value appears to be comparable to the expected error which is
subject to all three of the effects listed above at both the
beginning and end of the one hour measurement,

B., Ecrors in the Computer Program
A numbe:r of significant errors were identified in the

coaputer program used to perform the leak rate calculations
as follows:

1. The densities used to determine gallons of gross
leakage and gallons of identified leakage are not consistant,
The grcss leakage from the RCS is determined by summing the
2C5 mass changes in pounds (makeup tank included) and multiplying
by 2 gallcns-per-pound factor which is based on the average
2CS 4ecperature ( .16787 gallons/# at 5820F, see item 5 below.)
The identified leakage, however, is derived directly from the
leaxage collection tank level change, converted to gallons. The
calitration for this level measurement is based on a cold water
density of 62,3098 #/£17 ( .120Qg gallons/# a;:;:1403¢—¢ee9e9-ueoé.
The unicent fied leakage is deofined as gross leakage less
identifiec leakage, This inconsistancy led to a positive error
in the unidentified leak rate of about 40% of the identified leak rz



2. water added by the operators to the makeup tank
during the test (which must be manually entered into the
computer), also was nct corrected to reactor density, resulting
in a negative errcr of similar magnitude.

3. Tae conversion of RCS average teuperature to density
is erroneous above 5820F, The tables in the Program used to
convert temperature to density terminate at 5820F., When RCS
temperature exceeds this value, the density corresponding to
582°F is selected. The test data reviewed, fregquently contained
temperatures above 582°F resulting in errors as high as
one gpm.

4. No correction was made for pressure changes in the
RCS during the test. Pressure affects the cooclant mass
determination in several ways, the largest being the change in
pressurizer nass due to the resulting change in pressurizer
temperature, During some of the test periods reviewed, the
RCS pressure was cycling over a range of 80 psi resultiag in
density changes of 0.63 pounds per cubic foot. With an 800
cubic foot pressurizer water volume, this cmissior resulted in
an error of about 1.3 gpm.

5. The computer program uses a density derived from the
average RCS temperatare y for conversion of RCS mass change to
gallons of eakage., However, the SAR derivation of the
allowable uridentified leakage uses a cold leg density of
46.4 #/£13,
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€. The RCS volume used in the program does not
correspond to the SAR values,

7. The table in the program used to convert the
reactor coclant leakage collection tank levels to gallons
of water does x>t correspond to similar tables in the leakage
surveillance procedure used for hand calculations.

C. PFersonnel Actions Affecting the Leak Rate Test Re=ults,

Several personnel actions which changed the outcome
of the lesak rate test results were also identified:

1. 4s a result of the problems identified above,
the scatter in the leak rate test results exceeded the allowable
unidentified leak rate. Conseguently, many of the leak rate
tests showed unidentified leakage in excess of the allowable
leak rate, regardless of the actual leakage. A common
perscnnel practice was to ignore such hig- leak rates and to
continue rumning leak rate tests until a result below the
linit was achieved., Personnel considered the acceptance
criteria to have been met if any of these tests met the linit
prior to the end of the 72 hour surveillance period. The plant
technical specifications require reduction of the leakage to
within allowable limits within four hours or shutdown to hot
shutdown within the next six hours.,

2. Cn various occasions personnel added water to the
makeup tank during the test, without entering the addition
into the cozputer calculation of the leak rates., These additions
were identilied by log entries and confirmed by examination of

the makeur taxnk level recorder charts.
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Z. TZFersczmunel increased the makeup tank hydrogen cover
gas rTessle curi tests causing an increase in the indicated
zakeup Tank level., V¥hile the level indication is nominally
unaflected Ty changes in the cover gas pressure,the stated
increase was confirmed by examinatiou of the makeup tank level
recorder chart, The cause of the indicated level change is
believed to be a mancmeter effect from condensation in the
normally dry reference leg.

a
oot

el s —ACTIOES TO EE TAKEN BY LICENSEESY OF ALL PWR FACILITIES WITH

OPERATING LICEKSES
A. TOr analysis

Flease provide an error analysis of the primary system
leak rate calculation based on standard variation. Use the
tice period normally used to conduct the test. Include in
the aralrsis, the estimated variation in each of the parameters
ihat ere used as input data to the calculation. The estimated
variatior stould include:

7. ZInstrument variation between beginning and final

dzta sets (repeatability). Compare these values to

<he Tanges of the respective instruments.

2. The effect of hysteresis on level measurements.

Wl

« The effect of real variation in the measured
varazeters during the time period over which a data
set is being taken.

4, The effect of temperature distribution changes

o2 the neasured average temperatures in the RCS.



ok
5. The effect,any potentially significant changes to

<he prircary systez that are not accounted for irn the
leak rate calculations, Ixn particular, include the
effect of temperature variation in the pressurizer,
the makeup tank,aﬁsr;rinary leakage collection tank

if these are not accounted for by the calculation.

Flease provide, as part of the submittal, the details
of the above analysis,including the estimated variations
listed above,

B. Review of Computer Calculation

Please review the coxputer program used to calculate
the RCS leak rate test results., Determine if any of the
errors listed in the description of the computer problems
above exist in your program., Include a description of this
cozputer program as part of the submittal. Include as part of
fhia description:

7. The basic equations used to calculate the various
-e2k water rates

2. Various constants used in the calculation and their
deriviation. 1In particular, include all constants used
To convert level and temperature changes in the RCS,
Pressurizer,makeup tank and RCS leakage collection
Tank, to volume and/or mass changes.

3. The equatioas or tables used to derive water demsity/
specific volume from temperatures and (if applicable)

pressure,



4. The dati collection scheme, including the number
¢l Tizes each paraceter is collected, the times of
ccllection relative to the start of the test, and the
=etod of averagirg data.

S. List any errors identified in the computer program,

C. Zezsonxel Actions

in the

Flease provide information relative to your facilities
:cllow1n¢/0r¢a::

1. Any significant difficulties that you are experiencing
ir achieving test result accuracies that are commensurate
with the allowable limits,

2. Any special treatment of the leak rate test results,
such as, plotting, trending or error analysis used to
assure that leakages are within limits.

2. Your policy on the course of action to be followed
woen a leak rate test indicateyr leakage in excess of

<he allowable limits,

4. Admizistrative controls to prevent the addition of
water to the RCS witkhout entry into the lezk rate
calculation.

2. The sensitivity of the makeup tank and primary
leaxage collection tank level measurement to pressure
ctanges, Indicate if actioms to change the pressure in
SZese tanks is permitted during a leak rate test.
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For all power reactor facilities with a cozstruction
pexrxzit, this Bulletin is for irformation only and no written
response is required,

Approved by GAO B180225 (R0072); clearance expires
7=31=-80, Aipproval is given under a blanket clearance
specifically for identified gexneric problems.
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INTRODUCTION

RCSLKS was developed to provide the inspector with the capability
to independently analyze the lsak tightness of reactor cooling
srystems for PWRs. Using operating data, RCSLKS determines the
water inventories in the reactor cooling system and in leak
collection tanks. By taking two sets of data separated by a time
interval and applying RCSLKS8, the inspector can obtain the gross
leak rate for the reactor cooling system and the rzte at which
leakage is collected.

Collected or identified leakage comes from components such as
valves and seals. Uncollected or unidentified leakage may come
from components or from thru-wal!l flaws in reactor cooling pi=
ping. This leakage spills on containment building floors and,
depending on the location of the leak and the rate, will reach
the containment sump sconer or later. To determine the unidenti-
fied leak rate, RCSLKS subtracts the identified leak rate from
the gross leak rate.

Thru=wall flaws may gradually grow until the critical flaw size
is exceeded. If that were to happen, it is conceivable that the
flaw might suddenly extend resulting in rapid loss of coolant.
To provide assurance that thru-wall flaws will be detected early,
a limiting condition for operation (LCO) in PWR technical speci=-
fications addresses unidenti+ied leakage from the reactor cooling
system. I[f the source of leakage from the reactor cool ing system
is unknown, then it must be assumed that the source may be from a
thru-wall flaw, The LCO for unidentified leak rate is one gpm for
most PWRs. Identified leakage cannot be from thru-wall flaws,
and the LCO for this leakage is more lenient.

RCSLKS was developed for use with the Osborne | computer. The
Osborne was selected because it has adequate internal memory and
diskette storage for RCSLKB, is portable, and is likely to meet
our needs for other independent measurement programs for some
time to come.

To apply RCSLK8 to a specific unit for the first time, it is
first necessary to cbtain certain information about the plant and
enter this information in the computer’s memory. Once that s
done, RCSLK8 commands the computer to store the information
indefinately on the RCSLKS PROGRAM diskette. RCSLK8 can then be
used to analyze the leak tightness of the unit’s cooling system
at any time. At the inspector’s ocption, a report of the analysis
will be displared on the computer’s monitor or will be printed
with a compatible printer.



Because of leaks and because water can be supplied to and with=-
drawn from these systems. Water can be supplied to the CUCS thru
a totalizer or flow integrator. The total volume supplied in any
period of time is determined by reading the totalizer at the
beginning and end of the period and taking the difference. Water
may also Dbe withdrawn from the system for sampling purposes.
This volume can be measured directly,.

Leakage from certain RCS components is collected in either the
pressurizer relief tank or the reactor drain tark. However, at
some plants, water from sources other than the RCS and CVCS may
De piped to the reactor drain tank. These lines must be valved
off during a leak rate test.

Water levels in the pressuizer relief and reactor drain tanks are
also determined by measuring delta-Ps between upper and |ower
taps. The level instruments for these tanks are not temperature
compensated. Generally, these tanks are cylindrical with convex
heads. Often, the tanks are oriented so that their axes are
horizontal.

Level instrumentation may be cal!ibrated by pneumatically applying
4 range of delta-Ps across the level instrument and reading its
response. The applied delta~P is converted to head of water by
dividing the delta=P by the density of water at the normal opera-
ting temperature of the tank. This temperature is ralled the
calibration temperature. Either the volume or the mass of water
corresponding to this head is calculated and the calibration
curve is plotted. This curve is usually a plot of water mass or
volume versus indicated level in inches or percent of full range.
Uncompensated level instrumentation and a correct mass calibra-
tion curve give accurate results for the mass of water in the
tank at any temperature. Uncompensated level instrumentation and
A4 correct volume calibration curve give accurate results for the
volume of water in the tank only when the water is at the calib=
ration temperature. The reverse is true for compensated level
instrumentation,

For a vertical tank, the calibration curve is linear for the
cr'indrical portion of the tank, and usually, the cyclindrical
portion of the tank is long relative to the height of the heads.
For a horizontal tank, the calibration curve is, in principle,
nonlinear., In reality, however, the central part of the curve is
essentially linear, For some tanks, the normal operating range
falls within the linear part of the calibration curve, and for
others it does not. If not, the mass of water in the tank must
be calculated from tank dimensions, water level, and water densi-
ty.



be used to convert from mass leak rate to volume leak rate;
however, since the point of leakage is not known, the density is
not Known,. Further, Ilimiting conditions for operation do not
specify the value of density tiat should be used in converting
mass Jleak rate to volume leak rate. RCSLKSB asks the user to
arbitrarily seiect the conditions which determine the density.
RCSLK8 then calculates the oross leak rate. The result of the
gross leak rate calculation is shown under TEST RESULTS which
includes a footnote giving the va'ue of water density that was
used in converting from mass to volume.

The input required for calculating the gross leak rate is given
under TEST DATA and under DURATION. Test data that are needed
Are pressurizer pressure and level, T ave, volume control tank
level, the volumes of water charged and drained.

In addition to these data, the values of certain plant specific
parameters are needed before the gross leak rate can be calcu-
lated. These parameters are:

(a) Water volume of the reactor vessel, pumps, steam gene~
rators, and connecting piping, including the piping to
the pressurizer;

(B) Slopes of the linear portion of the calibration curves
for the pressurizer and the volume control tank; and

() Upper and lower level limits for the linear portions
of the calibration curves.

In addition, the inspector will need to Know whether the Jlevel!
instrumentation for the pressurizer is temperature compensated,
the tank to which the pressurizer relieves, the units of measure~-
ment for the leve! instrumentation, and whether the normal opera-
ting range for the volume control tank falls within the linear
portion of its calibration curve. If the normal operating range
does not and if the tank is cylindrical and horizontal, then the
inside dimensions of the tank and the cdensity of water at the
calibration temperature will be needed. The water volume can
then be calculated using the method described in Appendix D.

Identified Leak Rate

To determine the identified leak rate for the RCS and CVCS during
the test, the amount of water collected in the pressurizer relief
tank and the reactor drain tank must be calculated. Prior to the
test, the inspector must make certain that no drains other than

RCS and CUCS drains are connected to the reactor drain tank. 14
leakage is collected from other systems, then the identified leak
rate will be to large and the unidentified leak rate will be too
small.,



If the inspector calculates the unidentified leak rate using the
same test data that the licensee has used and i the results
differ by more than 0.2 gpm, the inspector should try to deter~
mine the cause of the discrepancy. Assistance can be obtained
from Inspection and Enforcement. After the cause for the discre~
pancy is determined, corrective action should be taken.



CREATION AND FUNCTION OF RCSLKS SOFTWARE

RCSLK8 is stored on two S 1/4 inch diskettes. One disket\e,
labled RCSLKS PROGRAM, stores all the subroutines necessary to
run RCSLKS. The other diskette, labled RCSLK8 USER’S GUIDE,
stores this document.

RCSLK8 PROGRAM contains AUTOST.COM, other CP/M subroutines needed
to run RCSLKS8, CRUN2.COM, H.INT, RCSLKB.INT, anc files of PWR
parameters created by running RCSLKS. As supplied to the regions
with this issue of the User’s Guide, the parameter files written
on the RCSLKS PROGRAM diskette are: 23S, 266, 282, 293, 301, 304,
30S, 306, 312, 3195, 314, 317, 318, 320, 344, 344, and 348. These
file names are the last three digits of the docket numbers of
certain PuWRs, User’s can create additiona) parameter files and
correct existing parameter files by running the RCSLK8 PROGRAM
diskette.

When the machine is turned on, the program stored in ROM takes
control of the machine and displars a message or prompt on the
" monitor which asks the inspector to insert a program diskette in
the A drive and press the RESET Key. When the user responds to
this prompt using the P SLKS8 PROGRAM diskette, CP/M subroutines
stored on the diskette take control of the machire and invoke
AUTOST.COM., AUTOST.COM (autostart command) avtomatically dis-
plarys the NRC label, identifies the diskette as an independent
Measurements program, and directs the machine to use CRUN2.COM to
ruUn HUINT. HUINT in turn directs the machine to un RCSLKS,.INT.

RCSLKE.BAS was written in CBASIC and is reproduced in Appendix A,
RCSLKB.INT was comgiled from RCSLK8.BAS by using CBAS2.COM 4rom
the CBASIC diskette,. Compiling RCSLKS.BAS translated it from
CBASIC language to intermediate language. RCSLKB.INT requires
approximately half the storage space required by RCSLK8.BAS, and
it runs faster, Likewise, H,INT was compiled from H.BAS which is
reproduced in Appendix C.

The C/M subroutines hecessary to run RCSLKB were transferred from
the CP/M diskette by running SETUP.COM, a CP/M subroutine.

AUTOST.COM for RCSLKS was created by first using PIP.COM +¢rom
CP/M to copy AUTOST.COM from the CP/M diskette to the RCSLKS
PROGRAM diskette, Then DDT.COM from CP/M UTILITY was used to
modify AUTOST.COM for use with Independent Measurements programs.
The original version of AUTOST.COM is given on pages 247 thru 250
of "Osborne 1 User’s Reference Guide* dated 2/22/82. The modi=-
fied version is Qiven in Appendix B.



(a) Nominal operating level and
(b) Pressurizer volumes above and below the nominal opera-
ting level,

For each tank including the pressurizer, the computer will ask
for:

(a) Units for level measurement,

(B) Slope of the linear portion of the calibration curve
for volume or mass versus level, and

(c) Upper and lower leve! limits of the )inear portion of
the calibration curve.

For all tanks except the temperature~compensated pressurizer, the
computer will ask for the slope in pounds of water per unit level
change. If the licensee’s calibration curve is in volume of
water per unit level! change, the inspector will need to convert
from volume to mass of water, That should be done by obtaining
from the licensee the density of water assumed for the calibra-
tion and wusing that value to convert the slope from volume per
unit level change to mass per unit level change.

I¥f the user wishes to enter the dimensions of any horizontal
tank, the computer will ask for:

(a) Radius and length of the cylindrical part of the tank,
(B) Radius of the heads of the tank, and
(c) Density of water at the calibration temperature,

The computer will then calculate the mass of water between the
upper and lower limits of the straight line portion of the calib-
ration curve in two different wayrs. First, it will do the calcu~-
lation using the calibration curve, and second, it will do the
calculation using the tank dimensions and the water density at
the calibration temperature (geometric method). The computer
will take the ratio of the first result to the second, labe! the
ratio as the normalizat. in factor, display the normalization
factor and store it for future use. Whenever, the user directs
the computer to calculate a water inventory in a tank by using
the geometric method, the computer will multiply the result by
the normalization factor.

After Keying each information item into the computer in response
to its requests, the user must strike the RETURN Key in order to
continue. Oncs the RETURN Key is struck, the entry cannot be
corrected wuntil after the plant parameter entry session is com-
pleted. When the user returns to the options menu, corrections
can DbDe made with ease by invoking the correction subroutine.
Before doing this, the user may want to list the plant parameters
as entered. All values of parameters that are now stored on the
RCSLKS PROGRAM diskette are shown in Appendix F,

11



stores the normalization factor. The computer then asks |4 there
Are other corrections for that group. I+ 83, the parameter menu
is displayed again. [¥ not, the user is asked if there are
corrections for other groups. If so, the group menu is dispiayed
again. If not, the computer, asks whether to continue or termi-
rate the session.

Listing Plant Parameters

By selecting +rom the options menu the option for listing the
values of p'ant parameters, the user can obtain a list for any
unit for which a file has been created. The list can either be
printed or displayed on the monitor. If it is displayed on the
monitor, the computer wil' list the parameters on the screen
until it is filled and then stop until the user directs the
computer to resume listing. When the list is completed, the
computer will ask whether to continue or terminate the session.

Identifring Plants with Parameters on File

When the options menu is displared, the user can direct the
computer to search its files for all units for which parameter
files have been created. The computer will respond by searching
for JLocket numbers from S0-029 to S0-%599, Because this takes a
few minutes, each docket number is displayed as the computer
searches for it. In this way the user Knows that computer is
functioning. If a printer is used, each time a file is found the
docket number, plant name, and unit number wil) be printed. 14 a
printer is not used, this information will be displared on the
screen. If plant name and unit number are not displayed, then a
file for that unit does not exist. A 1ist of files now available
on the RCSLK8 PROGRAM diskette is given in Appendix E.

Calculating Leak Rates

After a parameter file has been created for a specific unit, the
leak tightness of the RCS and CVCS can be analyzed by calculating
the gross, Iidentified, and unidentified leak rates. When the
data analysis subroutine of RCSLKS is initiated, the computer
first asks for the test date and the start time for the test.
This information is obtained for archival purposes for a printed
report. The user should note that test data are not saved on the
diskette.

The computer then asks for the duration of the test in hours.
Because the accuracy of the test is directly proportional to the
test duration, the minium duration should be four hours.

After the duration is entered, the computer asks for the volumes

13



14,000 psia.

The water inventory in temperature~compensated pressurizers is
found by calculating the mass of water and the mass of steam in
the pressurizver., The mass of water is found by assuming that it
is saturated. The computer finds the saturation temperature of
the water by running the subroutine, Saturation Temperature,
shown on pages A-~2%5 and 26 of Appendix A, This is an iterative
subroutine which duplicates the values given in Table 2 of the
steam tables for pressures from 14.7 psia to 3208.2 psia. The
dens. ty of saturated water is found by substituting pressurizer
pressure and the saturation temperature in the subcooled water
subroutine. The density of saturated steam is found from subrou-
tine, Density of Saturated Steam, on page A~27 of the appendcix.
This is a curve it to the steam tables with an accuracy of 1.0%
or Detter in the range from 1400 to 2700 psia.

The inventories for other tanks are calculated from either the
calibration curves or from the tank dimensions and the approp-
riate density,. The rest of the analysis is performed as de~
scribed in the section titled Water Inventories and System Leak
Rates.

After the analysis is completed, a report of the results is
displared on the monitor or is printed with the printer.

1S
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PROCEDURE

Running RCSLKS

To prepare to run RCSLKS, place the Osborne 1 in the upright
position, and open the cover adjacent to the handle. Remove
the cord and connect the computer to an electrical outlet.

Place the case on its side with the ribbed side down and open
the ventilation cover on the top side.

Unlatch the bottom of the case to release the Keyboard.
Place the |ower edge of the computer on the upper edge of the
Keyboard.

I[¥ the Itoh printer will be used, connect the oprinter cable
to the I[EEE 488 port on the front of the computer, Connect

the other end of the cable to the connector on the back of
the printer.

Connect the printer to an electrical outlet.

Open the doors on both disk drives to make certain that
neither drive contains a diskette.

Turn on power to the computer and to the printer.

Position the selector lever on the top of the oprinter to
FRICTION,

Press the SEL (select) button on the front of the printer i+
the SEL l1ight is not illuminated.

Place a piece of typing paper in the printer,

Move the selector lever to PIN-FEED. Align the left edge of
the paper so that it is 3/8 inch to the left of the index on
the roller shaft, Move the selector lever to FRICTION.
Align the top edge of the paper with the rollers.

To run RCSLK8, follow the instructions dispiayed on the

moni tor., Latch the drive door before pressing the RETURN
Key.

Replace paper in the printer as necessary, If the computer
does not function, make certain that there is paper in the
printer and that the SEL light is on.

After the session is terminated and AFTER THE INDICATOR LIGHT

OF THE "A" DRIVE 18 OFF, open the drive door and remove the
disk, [f the indicator light is not off, information stored

17
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APPENDIX A: RCSLKS.BAS

N\ ERBBRBREE .
\ # OPTIONS =
\ ERERBED "

\ #% MESSAGES #»
CONSOLE : FOR I = { TO 20 : PRINT

PRINT * RCSLK8*

PRINT

PRINT REACTOR COOLANT SYSTEM LEAK RATE DETERMINATION®
PRINT FOR PWRs"

PRINT

PRINT FEBRUARY 15, 1983*

FOR I = 1 TO 8 : PRINT : NEXT I
GOsSuUB %01 REM: Stop
FOR I = | TO 24 : PRINT : NEXT I

PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT

’QQ.’QQQQQO‘G’QQOQQQQ.!QQQQQQQI‘"QQQQ'.Q 8
..

For help, call: "

.I

Roger Woodru+f+ (301) 492-4507 L
Don Kirkpatrick (301) 492-4510 L
'l

After working hours, call on L
PRINT (301> 492-7000 L
PRINT L

PRINT RERRARRARBRBRBBBRBRRBBBRRRRRBRRRRRRR BB R Nn"

-

» -
» -
® -
. B
e .
» -
' -
@ .
» »
"

FOR I = | TO é : PRINT 1 NEXT I
GOSUB %01 REM: Stop
FOR I = | TO 1S : PRINT 1 NEXT I

PRINT TAB(24) ;"NOTE" ! PRINT

PRINT * 1. To delete input characters, simul taneous!y*
PRINT press CTRL and H.* t PRINT

PRINT 2. To halt execution, simul tanecusly press’
PRINT CTRL and S. To restart, repeat."” t PRINT
PRINT 3. To escape from the program, simul taneous!y"
PRINT press CTRL and C."

FOR I = 1 TN & 1 PRINT : NEXT I
GOSUB %01 REM: Stop
FOR I = 1 TO 24 : PRINT : NEXT I
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\ HERBBRBBBRRRED
\ #* PLANT LIST =
N LR T TR R Ry

AZ=10 : B/=20

PRINT TAB(21);*Searching® : PRINT
[F PRINT.FLAGS="Y* THEN LPRINTER : PRINT 1 PRINT : PRINT \
t PRINT TAB(27);*PLANTS WITH PARAMETERS FILED" : PRINT \

i PRINT
FOR DX = 29 TO S99
DS=STR$(DX) : Is="A;"+D$ : ~ONSOLE

PRINT TAB(23);°S0~*; : PRINT USING "###" ;D%
IF END #1 THEN 12
OPEN Is RECL 30 AS 1

READ #1,1; PLANTS : READ #1,2; UNITS : READ #1,45; DOCKETs

IF PRINT.FLAGS="Y" THEN LPRINTER : A%=27 : BY=37

PRINT TAB(A%) $"50~" ;DOCKETS ; TABC(BX) ;PLANTS ;" *";UNITS : CONSOLE

CLOSE 1
NEXT D%
GOTO 995 REM: Continuation or Termination



70

71

72

7é
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PRINT *piping to the pressurizer and the inlet side of"
INPUT *"the letdown heat exchanger:*;UP.VOL : RETURN

\ ## PRESSURIZER #=

TANKS = *Pressurizer®

GOSUB 260 : PZR.UNITSS = UNITSS t PRINT #1, S; PZR.UNITSS
Gosue 7S t PRINT #1, &é; COMPS

IF COMP$="Yes" THEN GOSUB 80 : GOSUB 90 t GOsuB ?1 \
t GOTO 71 ELSE GOTO 72

PRINT #1, 7; PZR.LVL.NOM : PRINT %1, 8; PZR.BTM.VOL
PRINT #1, 9; PZR.TOP.VOL

GOSUB 270 : PZR.SLOPE=SLOPE t PRINT #1,10; PZR.SLOPE
GOSUB 280 : PZR.UP.LMT=UP,LMT t PRINT #1,11; PZR.UP.LMT
GOSUB 290 : PZR.LO.LMT=L0.LMT t PRINT #1,12; PZR.LO.LMT
GOsSUB 100 : GOTO 110

N\ * Temperature Compensation #

PRINT *Pressurizer level instrumentation may be:* : PRINT

PRINT * (A) Temperature Compensated or"
PRINT * «(B) Uncompensated.” : PRINT
INPUT *"Which is it (A/B)?";Ys

PRINT : PRINT : PRINT

[F Y$="A" THEN COMP$="Yes" : GOTO 77 ELSE GOTO 76
IF Y$="B* THEN COMP$="No* ELSE GOTO 73
RETURN

\ #* Nominal Lavel #

PRINT *"For the Pressurizer, type the nominal operating*
IF PZR.UNITS$=*inches" THEN GOTO 82 ELSE GOTO 8!

IF PZR.UNITSS="%" THEN GOTO 83 ELSE GOTO 85

INPUT *"leve!l in inches:" jPZR.LVL.NOM : GOTO 84

INPUT "level in %:*;PZR.LVL.NOM

PRINT : PRINT : PRINT : RETURN

PRINT : PRINT "ERROR: Pressurizer units have not been entered."
PRINT : PRINT : PRINT GOTO &0



120

124

130

134

139
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[F Xs="B" THEN LD.TANK$S="Makeup Tank® ELSE GOTO 114
RETURN

\  #% DRAIN TANK ##

TANKS = “Drain Tank*

GOSUB 260 : DT.UNITSS = UNITSS PRINT #1,24; DT.UNITSS

:
GOSUB 270 : DT.SLOPE=SLOPE t PRINT #1,25; DT.SLOPE
GOSUB 280 : DOT.UP,.LMT=UP.LMT t PRINT #1,246; DOT.UP.LMT
GOSUB 290 : OT.LO.LMT=_LD,LMT t PRINT #1,27; DT.LO.LMT
GOSUB 300 : DT.GEOS=GEOS t PRINT #1,28; DT.GEOs
IF DT.GEOS="Yes" THEN GOSUB 310 . : GOSUB 311 : GOosuB 312 \

t GOSUB 313 1 GOTO 124 \
ELSE GOTO 130

DT.CYL.RAD=CYL .RAD PRINT #1,29; DT.CYL.RAD

i
DT.CYL.LEN=CYL.LEN t PRINT #1,30; DT.CYL.LEN
DT .CUX . RAD=CUX , RAD t PRINT #1,31; DT.CVX.RAD
OT.DENSITY=DENSITY t PRINT #1,32; DT.DENSITY
DT .NORMFAC=NORMFAC t  PRINT #1,33; DT.NORMFAC
N\ #% RELIEF OR QUENCH TANK ##
TANKY =RQ,TANKS t PRINT #1,34; RQ.TANKS

IF RG.TANKS="Drain Tank" THEN GOTO 139

GOSUB 240 : ROT.UNITSS = UNITSS : PRINT #1,35; RAT.UNITSS
GOSUB 270 : RQT.SLOPE=SLOPE t PRINT #1,36; RQT.SLOPE
GOSUB 280 : RQT.UP.LMT=UP,LMT t PRINT #1,37; RGT.UP.LMT
GOSUB 290 : RGT.LO.LMT=L0.LMT t PRINT #1,38; RGT.LO.WMT
GOSUB 300 : RCT.GEOS=GEOS t PRINT #1,39; RQT.GEOS

IF RQT.GEOS="Yes" THEN GOSUB 310 + GOSUB 311 : GOSUB 312
t GOSUB 313 : GOTO 134
ELSE GOTO 133

RQT.CYL .RAD=CYL .RAD
RAT.CYL.LEN=CYL.LEN
RAT . CVUX . RAD=CVUX , RAD
RQT .DENSITY=DENSITY
RQT .NORMFAC=NORMFAC

PRINT #1,40; RQGT.CYL.RAD
PRINT #1,41; ROT.CYL.LEN
PRINT #1,42; RQT.CVUX.RAD
PRINT #1,43; RQT.DENSITY
PRINT #1,44; RQT.NORMFAC

PRINT #1,45; DOCKETs

CLOSE 1| 11 GOTO 995 REM: Continuation or Termination
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PRINT “For the *;TANKS;", t:pe the length (feet)"
INPUT "of the crlindrical part of the tank:*;CYL.LEN

GOSUB 314 : PRINT : PRINT : PRINT RETURN
PRINT "For the ";TANKS;®, type the radius (feet)"®
INPUT “of the convex head: " ;CUX.RAD

GOSUB 314 : PRINT : PRINT : PRINT RETURN
\ * Water Density for Calibration =

PRINT “For the ";TANKS;* ‘ype the density (pounds per"*
PRINT "cubic foot) of water assumed for the tank cali=-*
INPUT *"bration:*® jDENSITY

GOSUB 314 : PRINT : PRINT : PRINT : RETURN

IF CYL.RAD=0 OR CYL.LEN=0 OR CVUX.RAD=0 OR DENSITY=0 THEN \
NORMFAC=0 : RETURN ELSE GOTO 319

\ # Noermalization Factor #

[F UNITSS = "inches® THEN UP.LMT.FRAC=UP,LMT/(12#2#CYL.RAD) \
ELSE UP.LMT.FRAC=UP,LMT/100

IF UNITSS = "inches" THEN LO.LMT.FRAC=LO.LMT/(12#2#CYL.RAD) \
ELSE LO.LMT.FRAC=LOD.LMT/100

LVL.FRAC.I = LO.LMT.FRAC : LVL.FRAC.F = UP,LMT.FRAC
Gosue 871

INV.CHG.GED = INV,CHG
NORMFAC = INV.CHG.CAL/INV,.CHG.GED
PRINT TABZ10) ;TANKS : PRINT TABC12) ;*Normal ization Factor is'

PRINT TAB(14); t PRINT USING "H.HNEE" INORMFAC

PRINT : PRINT 1 PRINT

INPUT * To continue, press RETURN."; LINE Xxs
RETURN
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GOosuB 900 REM: Conditional Stop

\ *% UOLUME CONTROL OR MAKEUP TANK ##

PRINT TAB(AZ) jLD.TANKS;*:* UNITSS=_DT.UNITSS
SLOPE=LDT.SLOPE : UP.MT=LDT.UP.LMT LO.LMT=LDT.LO.LMT
GEOS=LDT.GEO$ : CYL.RAD=LDT.CYL.RAD CYL.LEN=LDT.CYL.LEN
CVUX .RAD=LDT,.CUX.RAD : DENSITY=LDT.DENSITY

NORMFAC=LDT .NORMFAC : GOSUB 490

GOSUB %00 REM: Conditional Stop

\ #% DRAIN TANK ==

PRINT TAB(AX) ;"Drain Tank:®; : UNITSS=DT,.UNITSS
SLOPE=DT.SLOPE : UP.LMT=DT.UP.LMT : LO.LMT=DT,.LO.LMT
GEOS=DT.GEO$ : CYL.RAD=DT.CYL.RAD CYL.LEN=DT.CYL.LEN
CUX.RAD=DT.CUX.RAD : DENSITY=DT.DENSITY

NORMFAC=DT .NORMFAC : GOSUB 490

IF RQ.TANKS="Drain Tank® THEN GOTO 480
GOsuB 900 REM: Conditional Stop

\ #% RELIEF OR QUENCH TANK ##

PRINT TAB(AX) ;RA.TANKS ;" :* UNITS$=RQT.UNITSs
SLOPE=RQT.SLOPE 1 UP.LMT=RQT.UP.LMT LO.LMT=RAT . LO.LMT
GEO$=RQT.GEO® : CYL.RAD=RGT.CYL.RAD CYL.LEN=RQT.CYL.LEN
CUX.RAD=RAT.CUX.RAD 1 DENSITY=RQT.DENSITY

NORMFAC=RQT .NORMFAC : GOSUB 490

GOsSuUB %00 REM: Conditional Stop

480 CLOSE 2 : CONSOLE
GOTO 998 REM: Continuation or Termination

\ #% TANK SUBROUTINE ##

490 PRINT TAB(BX%) ;"Leve! Units" jTAB(DX) jUNITSS
PRINT TAB(S%);*Calibration Curve"®
PRINT TAD(C%)|'Slopo'|TAI(!Z);SLOPE|'pounds per ";;LEFTS(UNITSS,q)
PRINT TAB(CX) ;*Upper Leve! Limit® ;TABC(EA) jUP.LMT;UNITSS
PRINT TAB(CX) j"Lower level Timit" ;TABCEAL) jLO.LMT;UNITSS
IF GEOS="Yes" THEN GOTO 491 ELSE GOTO 492

491 PRINT TAB(CX) ;"Water Donsity';TAB(EZ);DENSITY;
PRINT “"pounds per cubic foot*

492 PRINT TAB(BX) ;"Geometric Method Available" ;TAB(DX) ; GEOS
IF GEO$<>"Yes" THEN PRINT : RETURN ELSE GOTO 493

493 PRINT TAB(B%) ;*Dimensions®
PRINT TAB(CX) ;*Cy!linder Radius® ;TAB(EAL) jCYL.RAD; " feet"®

A=11
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ARBERBRBRRRRR

* CORRECTIONS =
ERBERRRRRD N

OPEN "A:"+DOCKETS RECL 30 AS 2
IF END #2 THEN 3

\

PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
INPUT

PRINT

IF Xgm*p*
IF Xs=*pg*
IF Xg=m*C*
IF Xg=*D*
IF Xg=*E"
IF X$=*F*

\

\

IDA =
PRINT
PRINT
PRINT
PRINT
INPUT

PRINT

*% GRUUP ACCESS w##

*For access, parameter groups are:" 1 PRINT

(A2
(8
C)
(D)
(E)
(F)
*Which

Unit Identification,"

Vesse! and Piping,*

Pressurizer,*

Volume Control or Makeup Tank,*
Drain tank, or"

Relief or Quench Tank.®* @ PRINT
group do you want (A/B/C/D/E/F)?*Xs

¢t PRINT : PRINT

1

THEN GOTO S10
THEN GOTO S20
THEN GOTO 530
THEN GOTO 540
THEN GOTO S30
THEN GOTO 5S40 ELSE GOTO S0t

#% PANMETER ACCESS ##

#® Unit ldentification #»

"The parameters in this groug are:" 1 PRINT

A
L
U
*Which

Plant Name," : PRINT * «(B) Unit Number,*
Nuclear Steam System Supplier, and*

Docket Number.®" : PRINT

do you need to correct (A/B/C/D)?" i1 X8

t PRINT : PRINT

IF X$="A" THEN GOSUB S1 : PRINT #2, 1; PLANTS : GOTO S%7

IF X$m*g*
IF Xgm*C*
IF X$m*D*

THEN GOSUB S2 : PRINT #2, 2; UNITS : GOTO S97
THEN GOSUB 53 : PRINT #2, 3; NSSSs 1 GOTO S97
THEN GOSUB 2.5: PRINT #2,45; DOCKETS : PRINT \

t PRINT TAB(S) ;*NOTE: The corrected file may need to" \
t PRINT TAB(17);"be renamed." : PRINT t PRINT : PRINT \
t GOTO S97 ELSE GOTO S10

A-13
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t PRINT #2,8;0 : PRINT #2,9;0 : GOTO S97
IF X$="B" AND Y$="B*" ANDL C.MP$="Yes* THEN GOTO S97
IF ¥$=*C* THEN GOSUB 8C : PRINT #2, 7; PZR.LVL.NOM : GOTO S97
IF X$="D* THEN GOSUB %0 : PRINT %2, 8; PZR.BTM.VOL : GOTO 597
IF Xs="E" THEN BQSUB %! : PRINT #2, ?; FIR.TOP.VOL : GOTO 597
IF X$="F* THEN GOSUB 270 : PZR.SLOPE=SLOFE \
t PRINT #2,10 ; PZR.SLOPE : 30UTO S97
IF X$="G* THEN GOSUB 280 : PZR.UP.LMT=UP.LMT \
¢t PRINT #2,11 ; PZR.UP.LMT : GOTOD S97
IF X$="H" THEN GOSUB 290 : PZR.LO.LMT=L0.LMT \
t PRINT #2,12 ; PZR.LO.LMT : GOTO 597
IF X$=“1* THEN GOSUB 100 : PRINT #2,34; RG.TANKS ELSE GOTO 530
IF RQ.TANKS="Drain Tank® THEN GOTO S¢7
IF RQ.TANKS="Re| ief Tank* OR RO.TANKS="Quench Tank® THEN \
TANKS=RQ.TANKS : GOSUB 260 : PRINT #2,3%; UNITSS \
t GUSUB 270 : PRINT #2,24; SLOPE : GOSUB 280 \
t PRINY #2,37; UP.L™T : GOSUB 290 : PRINT #2,38; LO.LMT
: GOTO S97 ELSE GOTD %32

S32 PRINT : PRINT *CODE ERROR: Tank for relisving Pressurizer not*
PRINT “properly specified.” : STOP
S40 \ * Uolume Control or Makeup Tank #

IDA = 4 : READ #2,13; TANKS : READ #2,14; UNITSs

PRINT "The Volume Control or Makeup Tank parameters are:"
PRINT : PRINT * (A) Tank Name,® : PRINT " (B) Leve! Units,"

PRINT * (C) Slope of the Calibration Curve,*

PRINT * (D) Its Upper Leve! Limit,*

PRINT * (E) Its Lower Leve! Limit,*

PRINT * (F) Geometric Method," 1 PRINT * (B) Cylinder Radius,*
PRINT * (H) Crlinder Leng'h,* i PRINT * (1) Hused Radius, and"
PRINT * (J) Water Density.* : PRINT

PRINT TAB(3);"NOTE: First correct (A) then (B) and®
PRINT TAB(10);*then any other parameter(s) for"
PRINT TAB(10);*this tank.® ' PRINT

PRINT "Which do you wish to access (A/B/C/D/E/F/G/H/"
INPUT "1/J)7";Xs

PRINT 1 PRINT : PRINT

IF X$="A" THEN GOSUB 116 : FRINT #2,13; TANKS : GOTO S97
TANKS=LD ., TANKS

READ #2,135; SLOPE t READ #2,.46; UP.LMT : READ #2,17; LO.WMT
READ #2,18; GEOs t READ #2,19; CYL.RAD : READ #2,20; CYL.LEN
READ #2,21; CUX.RAD : READ #2,22; DENSITY

A-19
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[F Xs="1" THEN GOSUB 313 : PRINT #2,32; DENSITY GOosuB SS2 \
t GOTO S97 ELSE GOTO S%0

PRINT #2,33; NORMFAC : PRINT : PRINT t PRINT : RETURN
\ #* Relief or Quench Tank =
IDXA = 6 1 READ N2,34; TANKS : READ #2,35; UNITSS

PRINT *The Relief or Guench Tank parameters are:"

PRINT * <(A) Tank Name,* : PRINT * (B) Level Units,"*

PRINT * (C) Slope of the Calibration Curve,"

PRINT * (D) Its Upper Leve! Limit,*

PRINT * (E) Its Lower Leve! Limit,*

PRINT * (F) Geometric Method," : PRINT * (G) Cy!linder Radius,"
PRINT * (H) Crlinder Length,® : PRINT * <(I) Head Radius, andg*
PRINT * (J) Water Density.* PRINT

PRINT TAB(3);*NOTE: First correct (A) then (B) ang*
PRINT TAB(10)j"then any other parame ter(s) for"*
PRINT TABC10);"this tank." ! PRINT

PRINT *Which do you wish to access (A/B/C/D/E/F/G/H/"
INPUT *1/J)?*% ;X8

PRINT : PRINT : PRINT

IF Xs="A" THEN GOSUB 100 : PRINT #2,34; TANKS : GOTO Ss97
[F TANKS="Drain Tank®" THEN GOTO S97

READ #2,34; SLOPE t READ #2,37; UP.LMT : READ #2,38; LO.LMT

READ #2,39; GEOs t READ #2,40; CYL.RAD : READ #2,41; CYL.LEN
READ #2,42; CUX.RAD : READ #2,43; DENSITY

IF Xs="F* THEN GOSUB 591 GOTO S9?

I[F X$="G" THEN GOSUB 310 PRINT #2,40; CYL.RAD : GOSUB S&2
¢+ GOTO S97

IF Xs="H* THEN GOSUB 311 : PRINT #2,41; CYL.LEN : GOSUB Sé2
t GOTO S97

IF Xs="1* THEN GOSUB 312 : PRINT #2,42; CUX.RAD : GOSUB Sé2
t GUTO S97

IF Xe="J" THEN GOSUB 313 : PRINT #2,43; DENSITY : GOSUB Sé2
t GOTO S97 ELSE GOTO %40

IF X$="8" THEN GOSUB 240 : PRINT #2,35; UNITSS 1 GOTO S97
IF Xs=*C" THEN GOSUB 270 : PRINT #2,36; SLOPE t GOTO S9?
IF X$="D" THEN GOSUB 280 : PRINT #2,37; UP.LMT t GOTO S97
IF Xs="E" THEN GOSUB 290 : PRINT #2,38; LO.LMT i GOTO S9?7
'
!

L F £ 7

S62 PRINT #2,44); NORMFAC : PRINT : PRINT : PRINT t RETURN

A=17



APPENDIX A: RCSLKB.BAS

\ EEBRAEBRRERERRR S
600 \ * DATA ANALYSIS =

\ T

\ #%# DATA INPUT ==

OPEN "A1"+DOCKETS RECL 30 AS 2
IF END #2 THEN 3
GOsSuB 890

INPUT *"Type test date in quotes:";DATES

INPUT "Type test start time in quotes:";TIMEsS

INPUT *Tyoe test duration in hours:® ;DURATION

PRINT : PRINT : PRINT

PRINT *“Type the quantity of water in gallons==" : PRINT

INPUT * Charged: " ;GAL.CHARGED

INPUT * and Drained: " ;GAL.DRAINED

PRINT : PRINT : PRINT

LDT .METHODS$="Cal* : DT.METHODS="Cal" RQT .METHODS="Cal"

LOT.NOTE$="(1)" : DT.NOTES="(1)* ; RGT.NOTEs="(1)"*
IF LDT.GEOS="Yes" OR DT.GEO$S="Yes" OR RQT.GEOS="Yes*® THEN \
GOTO 605 ELSE GOTO 4'0

605 PRINT "For the following tank(s), select either the"
PRINT "Calibration (C) or the Geometric (G) Me -od for"*
PRINT "calculating water inventories.” : PRINT
IF LDT.GEOS="Yes" THEN PRINT * "jLD.TANKS;" "; ELSE GOTO 406
INPUT *(C/G)?" ;X8
IF X$="C" THEN LDT.METHODS$="Zal" ELSZ LDT.NOTE$="(2)"*
IF X$="G*" THEN LOT.METHUDS="Geo"
IF X${)"C" AND X$<>"G" THEN GOTO 405
606 IF DT.GEOS="Yes" THEN PRINT * Drain Tank "3} ELSE GOTO 407
INPUT *(C/G)?";Xs$
IF X$="C" THEN DT.METHOOS="Cal* ELSE DT.NOTES="(2)*
IF X$="G" THEN DT.METHODS="Geo"
IF X$<>*"C" AND X$<>"G" THEN GOTO 404 :
607 IF RAT.GEO$="Yes" THEN PRINT * ";RQ.TANKS$;" *"; ELSE GOTO 410
INPUT *(C/G)?";Xs$
IF X$="C" THEN RQT.METHOD$="Cal* ELSE RQT .NOTE$="(2)"*
IF X$="G" THEN RQT.METHODS="Geo"
IF X$<>"C" AND X$<>"G" THEN GOTO 407

610 PRINT : PRINT : PRINT : A% = 12
PRINT "Type values for the following srstem variables:" : PRINT
IF COMPS="Yes" THEN GOTO &!1 ELSE GOTO &12
611 PRINT * Pressure, psia®;" ( 1400 < Range < 2700 )"
GOTO 413
612 PRINT " Pressure, psia®;" ( Hot Leg P sat < Range ¢ 3200 )*
613 PRINT
PRINT TABC(AX); : INPUT *Initial Value: *;PRES.!
PRINT TABC(A%); : INPUT "Final Value : "iPRES.F

A-19
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PRINT "establish the density of the leakage. The choices*
PRINT “are:" t PRINT

PRINT * (A) Standard Conditions,*

PRINT * (B) Average Reactor Cooling System Conditions,"
PRINT * (C) Other." : PRINT
INPUT “Which would you like (A/B/C)? "iXs

IF X$="A" THEN LEAK.COND$="Standard® : LEAK.TEMP=70 :
LEAK.PRES=14.7 : GOTO &30

IF X$="B* THEN LEAK.CONDS="Aue RCS® ! \
LEAK . TEMP=(T . AVE.I+T.AVE.F)/2 1 \
LEAK .PRES=(PRES.I+PRES.F)/2 : GOTO 430

[F X$="C*" THEN LEAK.COND$="Qther® : PRINT : PRINT : PRINT \
t GOTO 4624 ELSE GOTO 423

INPUT "Type the selected temperature in degrees F: "“;LEAK TEMP
INPUT "Type the selected pressure in psia: ";LEAK.PRES

N\ ## CALCULATIONS #=

\References:
N (1) "ASME Steam Tables,"” Fourth Edition.

N (2) "Horizontal Tanks," Note to J. Chung from R. Woodruf+,
N\ May 22, 1981.

IF COMP$="No" THEN GOTO 440 ELSE GOTO 441

\ * Uncompensated Pressurizer #

PZR.INV.I = PZR.SLOPE # PZR.LVL.I
PZR.INV.F = PZR.SLOPE # PZR.LVL.F

GOTO 442

\ * Compensated Pressurizer =

PRES = RES. I : GOSUB 840 REM: Saturation Temperature
TEMP = [EMP.SAT : GOSUB 850 REM: Density of water

GOSUB 840 REM: Density of Saturated Steam

PZR.INV.I = DENSITY.WTR # PZR.BTM.VOL + DENSITY.STM \
* PZR.TOP.VOL + (DENSITY.WTR = DENSITY.STM) \
* (PZR.LVL.I = PZR.LVL.NOM) #* PZR.SLOPE

PRES = PRES.F ¢ GOsSuUB 840
TEMP = TEMP.SAT : GOSUB 350
GOSUB 840
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N\ # Water Charged and Drained #»

MASS.CHARGED = 59,3238 # GAL.CHARGED : REM: Mass in Pounds
MASS.DRAINED = 8,3238 # GAL.DRAINED

\ * Leakage Density =
PRES = LEAK.PRES : TEMP = LEAK.TEMP
GOsuB 8350 t REM Density of Water

LEAK.DENSITY = DENSITY.WTR

\ # Leak Rates #

RCE.INV.CHG = UP,INV.CHG + PZR.INV.CHG + LDT.INV.CHG \
= MASS.CHARGED + MASS.DRAINED

GROSS.LEAK.RATE = =RCS.INV.CHG/LEAK.DENSITY*7.481/DURATION/ 40

IDENT.LEAK.RATE = (RQT.INV.CHG + DV .INV.CHG)/LEAK.DENSITY \
*7.481/DURATION/ 60

UNIDENT.LEAK.RATE = GROSS.LEAK.RATE - IDENT.LEAK.RATE

N\ ## DATA OUTPUT ==

I[F PRINT.FLAGS="Y" THEN LPRINTER

PRINT : PRINT : PRINT TAB(39);"NRC* : PRINT

PRINT TAB(24) ;" INDEPENDENT MEASUREMENTS PROGRAM®

PRINT

PRINT TAB(24);"REACTOR COOLING SYSTEM LEAK RATES®

PRINT ¢ PRINT

PRINT TAB(11);"STATION: "JFLANTS ;TAB(44) ;"TEST DATE : *;
PRINT DATES

PRINT TABC(11);"UNIT ¢ "jUNITS$;TAB(44) ;*START TIME: *;
PRINT TIMES
PRINT TAB(11);"DOCKET : S0-" ;DOCKETS ; TAB(44) ;

PRINT °*DURATION 1" jDURATION; “hours* : PRINT : PRINT
GOSUB 900 REM: Conditional Stop ;

PRINT TAB(36);"TEST DATA®" : PRINT

PRINT TAB(48) j"Initial";TAB(&3) ;"Final*

PRINT TAB(14);*System Parameters:®* : PRINT

PRINT TAB(17);"Pressure psia';TAB(4e);PRES.X;TAB(éZ);PRES.F
PRINT TABC(17);"T Ave, degrees F';TAB(48);T.AUE.I;TAB(éZ);
PRINT T.AVE.F 1 PRINT

PRINT TAB(14);"Water Levels:" : PRINT

PRINT TAB(17) ;"Pressuri.er, ";PZR.UNITSS;TAB(48);

PRINT PZR.LVUL.I;TAB(&2) ;PZR.LVL.F
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PRINT USING “H#.88" ;GROSS.LEAK.RATE;
PRINT TAB(30);‘Id0nti4iod';Tab(Qé);
PRINT USING "##.##";IDENT.LEAK.RATE
PRINT TAB(30);'Unidontifiod';Tab(dé);
PRINT USING “##.##" ;UNIDENT.LEAK.RATE
PRINT : PRINT

PRINT TAB(11);"C1) Determined from tang calibration curve."

FRINT TAB(11);"¢(2) Determined from tank dimensions."

PRINT TABC(11);"¢(3) The density used for converting inventory ol

PRINT "change to leak®* : PRINT TABC(1&) ;" rate was *;

PRINT USING “HH. W8 LEAK,.DENSITY;

PRINT * pounds/cubic foot based on";

IF LEAK.COND$="Standard® THEN PRINT * standard"

IF LEAK.COND$="Aue RCS" THEN PRINT * average RCS"

IF LEAK.COND$="Standard® OR LEAK.CONDS="Ave RCS" THEN PRINT \
TAB(14) ;"conditions.”

IF LEAK.CONDS="0ther* THEN PRINT LEAK.TEMP; "degrees F and"

IF LEAK.CONDS=“Qther* THEN PRINT TAB(lé);‘and';LEAK.PRES;'psiA.'

GOsSUB %00 REM: Conditional Stop

699 CONSOLE : CLOSE 2 : GOTO 995
\ *% ANALYTICAL SUBROUTINES ##
840 \ * Saturation Temperature #»

Note: This calculation is based on Page 17, Section S,

N  Reduced saturation pressure, of Reference (1). It

N\ duplicates saturation temperature as given in Table 2 of

\  Reference (1) for pressures from 14.696 psia to 3208.2 psia.

BETA = PRES*?.BOééS'O.45359237/22120000/0.0254/0.0254

PRINT : PRINT : PRINT

PRINT * Calculating Saturation Temperature®
PRINT * for ";PRES;"psia*

THETA = 0.5 : THETAl = 0,25

841 SK1 =-7,491234544
SK3 ==~1,4817046544E+2
SKS ==1,189646225E+2

SK2 =-2,4080234P4E+1
SK4 = £.423285504E+1
SKé = 4,16711732

SK? = 2,09750474E+1 SK8 = 1E9

SKS = &

Ti = 1-THETA : T2 = Ti#T1 : T3 = TI#T2 : T4 = T1%T3
TS = T1#T4

BETAl = EXP(l/THETAG(SKllTI+SK2¢T2¢SK3*T3+SK4GT4+SK5§T5) \
/C1+SKE#T1+SK7%#T2)=T1/(SKB#T2+SKP) )

A=-235
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BETA = PRES#?,80645#0,45359237/22120000/0.0254./0.0254
BETAZ = BETA#BETA : BETA3 = BETA#BETA2

Y = |-SA1 *THETA2-SA2/THETAS
Z = Y+SQR(SA3#Y»Y-2%SA4#THETA+2%SAS*BETA)

CHI1 = Al1#SAS/EXP(LOG(Z)#S/17) + (A12+A13*THETA+A1 4*THETA2 \
+ AIS*EXP(LOG(ABS(SAS~THETA) ) #10)+A14/(SA7+THETAL$)) N\
= 1/(SAB+THETAL 1) #(A17+2%A1 B*BETA+3%A1 P¥BETA2) N\
- AZOCTHETAIBO(SA90THETA2).(-3/EXP(LOG(SAIO*BETA).4)¢SA11) \
+ 3#*A21#(SA12-THETA) #BETA2 + 4#A22/THETAZ20*BETA3

SPECIFIC.VOL=CHI1#3,17#0.0140184434
DENSITY.WTR = 1/SPECIFIC.VOL : RETURN REM: 1b/€t3

840 \ % Density of Saturated Steam #»

\Note: The following equation is 2 curve fit to the density of
\  saturated steam as given on pages 0 and 9! of Reference (1),

N It is accurate to 1.0% or better in the range from 1400 to
N\ 2700 psia.

PRINT : PRINT : PRINT

PRINT * Calculating the Density of Saturated®
PRINT * Steam at ";PRES;"psia"

P = PRES-2000
DENSITY.ST™M = S.3104+3.8887E~3%P+1 ,2782E~4#P#P+ 4, 24E~1 0 #P*P*P

RETURN
\ # Tank Inventory =
845 ‘ Caiibration Method

INV.CHG = SLOPE # (LVUL.F = LVUL.I) : RETURN

870 \ Geometric Method

IF CUX.RADCCYL.RAD THEN CONSOLE : PRINT : PRINT : PRINT \
t PRINT "ERROR: Radius of Convex Head is less than® \
: PRINT "Radius of Tank." : GOTO 995

I[F UNITSs="inches" THEN LJL.FRAC.I=LVUL.1/12/2/CYL.RAD
ELSE LVL.FRAC.I=LVL.1/100

IF UNITS$="inches" THEN LVUL.FRAC.F=LUL.F/12/2/CYL.RAD \
ELSE LVL.FRAC.F=LVL.F/100

A=27
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READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ

APPENDIX A:
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* PLANT PARAMETERS FILE #»
L L T R e,

PLANTS
NSSSs
PZR.UNITSS
PZR.LVL .NOM
PZR.TOP.VOL
PZR.UP.LMT
LD.TANKS
LDT.SLOPE
LOT.LO.LMT
LOT.CYL.RAD
LDT.CVX.RAD
LDT .NORMFAC
DT.SLOPE
DT.LO.LMT
DT.CYL.RAD
OT.CVX.RAD
DT .NORMFAC
RAT.UNITSS
RGT.UP,LMT
RQT.GEOs
RAT.CYL.LEN
RAT.DENSITY
DOCKETs

A=-29

READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
READ

w2,
#2, 4
82, 4;
#2, 8;
#2,10;
#2,12;
#2,14;
#2,16;
#2,18;
#2,20;
#2,22;
H2,24;
#2,28;
#2,30;
#2,32;
#2,34;
#2,38;
#2,40;
#2,42;
#2,44;

23

RETURN

UNITs
VP.VOL
CoMPs
PZR.BTM.VOL
FZR.SLOPE
PZR.LO.LMT
LOT.UNITSS
LDT.UP.LMT
LDT.GEOs
LOT.CYL.LEN
LDT.DENSITY
DT.UNITSS
OT.UP,.LMT
OT.GEOS
DT.CYL.LEN
DT .DENSITY
RQ.TANKS
RQT .SLOPE
RAT.LO.LMT
RQT.CYL.RAD
RAT.CVX.RAD
RQAT .NORMFAC

RCSLKS8.BAS



APPENDIX A: RCSLKS.BAS

N\
?9S \
N\

EREBERRBRABRBRERBRRBRRBRBRERRER "

#* CONTINUATION OR TERMINATION =

LA B b Bt 2 2 2 2 2 1 T 1 2 2 T 3 RERTraTap vy

CONSOLE : PRINT : PRINT : PRINT

INPUT "Do you wish to terminate this session (Y/N)?" ;X%
IF X$<)"Y" AND X$<)>"N" THEN GOTO 99S

IF X8 = "N* THEN GOTO 1 ELSE GOTO 999

PRINT ¢ PRINT : PRINT : STOP

END
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0100 24 0! 00 2E 00 7C D& 16 #....!..
0108 67 22 65 01 11 20 03 0! ge.. ..
0110 FF 07 1A D& 41 12 13 0B ....A...
0118 78 B7 C2 12 01 11 723 01 X.ve..S.
0120 CD 40 01 11 00 FO 21 20 . ....!
0128 03 01 00 07 ED BO 11 7% .......u
0i30 01 CO 40 01 11 &7 01 01 ..°

0138 0A 00 24 65 01 2E 07 CD ..%.....
0140 SS 01 2A 65 01 2E 88 3E U.%e...>
0148 08 77 24 &S 01 2E 89 7C .wwe...!
01350 77 2A &5 01 EP? 1A 77 23 wwe...whH
0158 13 0B 78 B1 C2 S5 01 C% ..x..U..
C160 OE 09 C3 0S 00 09 34 04 ......4.
0148 43 52 S5 4E 32 20 48 00 CRUN2 H.
0170 00 00 00 1A 24 1B 3D 30 ....$.=0
0178 21 20 20 20 20 20 20 20 !

0180 20 20 20 20 20 20 20 20

0188 20 20 20 20 20 20 20 20

0190 20 20 20 20 20 20 20 20

0198 20 20 20 20 20 20 20 20

01A0 20 20 20 20 20 20 20 20

01A8 20 20 20 20 0D 0A 20 20 oo
01B0 20 20 20 20 20 20 20 20

01B8 20 20 20 49 4E 44 45 S0 INDEP
01C0 45 4E 44 45 4E 5S4 20 4D ENDENT M
O01C8 45 41 S3 SS S2 45 4D 45 EASUREME
0100 4E S4 S3 20 20 20 20 20 NTS

01D8 20 20 20 20 20 20 20 20

Ol1E0 20 0D 0A 20 20 20 20 20 ..

CIE8 20 20 20 20 20 20 20 20

01F0 20 20 20 20 20 20 20 20

O01F8 S0 S2 4F 47 %2 41 4D 20 PROGRAM
0200 20 20 20 20 20 20 20 20

0208 20 20 20 20 20 20 20 20

0210 20 20 20 20 20 20 0D 0A -
0218 20 20 20 20 20 20 20 20

0220 20 20 20 20 20 20 20 20

0228 20 20 20 20 20 20 20 20

0230 20 20 20 20 20 20 20 20

0238 20 20 20 20 20 20 20 20

0240 20 20 20 20 20 20 20 20

0248 20 20 20 0D 0A 20 20 20 -
0250 20 20 20 20 20 S5 2E S3 u.s
0258 2E 20 4E 7% &3 4C 45 &1 . Nuclea
0260 72 20 S2 &5 &7 7% 4C 61 r Regula
026874 6F 72 79 20 43 &F &D tory Com
0270 4D &9 73 73 &9 &F &E 20 mission
0278 20 20 20 20 20 20 20 20

0280 OD 0A 20 20 20 20 20 20 ..

0288 20 20 20 20 20 20 20 20

0290 S7 &1 73 48 &9 &E &7 74 Washingt
0298 &F 4E 2C 20 44 43 20 20 on, DC
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0450 41 &1 &1 81 &1 61 &1 41 aaaaaaaa
0458 &1 &1 A1 &1 &1 41 461 61 aaaaaraaa
04460 &1 61 61 61 61 &1 41 41 aaaaaaaa
0468 61 461 &1 61 61 &1 461 41 aaaaaaaa
0470 &1 &1 &1 61 61 61 &1 61 aaaaaaaa
0478 61 61 &1 &1 61 61 61 é1 aaaaazaa
0480 41 &1 61 61 &1 4! &1 61 aaaaaaaa
0488 &1 &1 &1 &1 &1 &1 61 61 aaaaaaaa
0490 &1 &1 61 41 61 61 41 &1 aaaasaaa
0498 &1 61 61 &1 &1 41 61 61 asasasaa
04A0 &1 &1 61 &1 &1 &1 &1 61 aaaaaaaa
04AB &1 &1 41 41 &1 &1 461 &1 aaaaaaaa
04B0 &1 &1 &1 &1 &1 &1 4! 41 aaaaaaaa
04B8 481 31 &1 &1 &1 &1 41 61 aaasaaaa
04C0 &1 &1 &1 61 &1 61 61 &1 aaaaaaaa
04CB &1 61 61 &1 &1 &1 &1 61 aaaaaaaa
04D0 4. &1 &1 &1 41 61 61 &1 aaaaaaaa
0408 &1 61 61 &1 &1 61 61 41 aaaaaaaa
04ED , 61 61 &1 61 &1 &1 &1 &1 aaaaaaaa
O04EB 61 461 61 61 &1 &1 &1 &1 aaaaaaaa
04F0 &1 &1 &1 &1 &1 &1 &1 &1 a3aaaaaa
04FB &1 61 &1 &1 &1 &1 &1 &1 aaaaaaaa
0500 &1 61 &1 &1 &1 &1 &1 &1 2aaaaaaa
0508 &1 &1 &1 &1 &1 &1 &1 &1 zaaaaaaa
0S10 &1 &1 &1 41 461 &1 &1 &1 aaaaaaaa
0518 &1 &1 &1 &1 &1 61 61 &1 aaaaazaa
0S20 S? S9 =P 359 S% S% S® 59 YYYYYYYY
0528 S9? S9? S% 59 S9 5% S% 59 YYYYYYYY
03530 39 59 SP 59 SS9 SS9 S9 59 YYYYYYYY
0538 S? 59 59 59 S S9 S9 S9 YYYYYYYY
03540 S? S9? S9P S9P S% SP SP 59 YYYYYYYY
0548 59 S? S9 59 59 S59 59 5% YYYYYYYY
0SS0 S9? S9? S? &1 &1 &1 &1 &1 YYYaaaaa
0398 &1 461 &1 &1 &1 &1 &1 &1 aaaaaaaa
0560 &1 &1 &1 &1 &1 &1 &1 &1 aaaaazaa
0568 61 61 41 &1 &1 &1 &1 &1 aaaaaaaa
0570 &1 61 &1 &1 &1 61 &1 41 aaaaazaa
0578 41 &1 42 &1 43 &1 44 &1 AaBaCaDa
03580 45 &1 46 41 47 &1 48 &1 EaFaGaHa
0588 49 &1 44 &1 4B &1 4C &1 ladJaKala
0590 4D &1 4E &1 4F 41 SO &1 MaNaDaPa
0598 S1 41 32 461 53 &1 S4 &1 QaRaSaTa
0SA0 S7 &1 &1 &1 &1 &1 &1 &1 Waaaaaaa
05AB &1 &1 41 &1 41 &1 &1 &1 aaaaaaaa
03B0 &1 &1 &1 &1 &1 &1 &1 &1 aaaaaaaa
0SB8 &1 61 &1 &1 &1 &1 &1 &1 aaaaaaaa
0SCO &1 61 41 &1 &1 &1 &1 &1 aaaaaaaa
0SC8 &1 61 41 &1 &1 &1 &1 &1 aaaaaaaa
0SD0 &1 &1 S7 41 41 &1 &1 &1 aallaaaaa
OSD8 &1 &1 &1 41 &1 &1 &1 &1 aaaaaaaa
OSED &1 &1 &1 &1 &1 &1 &1 &1 aaaaaaaa
OSEB &1 &1 &1 41 &1 &1 &1 &1 aaaaaaaa
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Waaaaaaa
daaaaaldaa
ViWaaalla
aaVlaaalw
aaaa¥aaa
aaaaaaaa
aallasaaa
aaaaaaaa
aaaaaaaa
aaaaaaaa
aaaaaaaa
daaaaaaa
daaaaaaaa
aazaaaaa
aaaaaaaa
daaaaaaa
Waaaaaaa
aaaaalaa
aVlJaaala
aaaVlaal
YYYYWaaa
aaaaaaaa
aaldaaaaa
aaazaaaa
aaaaasaa
akaaaaaa
4aaaazaa
aaaaaaaa
aaasaaza
Aaaaaaaaa
daaaazaa
daaaaaaa
Waaaaaaa
aaaaaaaa
aaaaaaaa
aaaaaaaa
aaaaaaaa
aaaaaaaa
aalWaaaaa
aaaaaaaa
aaaaaaaa
aaaaaaasa
aaaaasaa
aaaaazaaa
aaaaaaaa
aaaaaaaa
23aaaaaaa
aaaaaaaa
wWYYYYYYY
Yryrrrry
Yoy
YYYYyyyy
Yy
owrmmT YT
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N\ danr H, BAS #xex
\M.INT is executed by AUTOST.COM.
ZCHAIN S00,21700,0,1700

CHAIN "RCSLK8"
END
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PARTIAL TANK VOLUMES

As suggested by J. W. Chung, the volume of water, V, in a parti=-
ally=filled, horizountal tank with convex heads can be calculated
By integrating Sdh where S is the surface area and dh is the
thickness of a horizontal, incremental slab of water located at
height h above the bottom of the tank.

The surface of the slab has the shape and dimensions shown in
Figure 1, The area of the surface can be calculated by dividing
it into a rectangle and two circular segments., The area of the
rectangle is 2cL and the combined area of the twe circular seg-
ments is bbB -~ ac where angle B is expressed in radians and is
equal to arctand(c/a). Term bbB is twice the area of the smallest
circular sector containing one of the segments, and term ac is

twice the area of the largest isosceles triangle contained in the
sector. 4

The volume of the incremental slab is

N = [ 2cL + bbearctani(c/a) - ac 1 dh

Before this expression can be integrated, a, b, and c must be
expressed in terms of h and the tank dimensions, R, H, andL,

where R and H are the radii of the criindrical part of the tank
and the heads and L is the length of the cyclindrical part of the
tank. The relationships between Ry, H, L, and h and the dimen-
sions of the incremental slab surface are shown in Figure 2.

Surface
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This expression for &V is the basis for the numerical integration
in the Tank Inventory Subroutine using the geometric method which
is given on pages A~27 and 28 of Appendix A. In the subroutine,
the height increment is set at 1% or less of the tank diameter
and the surface area is the mean of the upper and lower surfaces
of the slab. Slab volumes are calculated and summed from the
initial surface level to the final surface level.

D=3
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PLANTS WITH PARAMETERS FILED

S0-23S
S0-246
S0-282
S0-29S
S0-201
S0-304
S0-30S
S0-304
S0-3i2
30-315
S0-314
S0-317
S0-318
S0-320
S0-344
S0-344
S0-348

Pal isades !
Point Beach 1
Prairie Island 1
Zion 1

Point Beach 2
2ion 2

Kewaunee |
Prairie Island 2
Rancho Seco 1

D. C. Cook 1

D. C. Cook 2
Calvert Cliffs 1
Calvert Cliffs 2
Three Mile Island 2
Trojan 1

Davis Besse 1|
Farley 1
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CURRENT PLANT LIST

PARAMETER LIST

Unit Identification:
Plant Name
Uit Number
Duczket Number

Nu:lear Steam System Supplier

Vessel and Piping:
Volume

Pressurizer:
Level Units
Temperature Compensated
Calibration Curve
Slope
Uppet Level Limit
Lower lTevel Limit
Relief -

Volume Control Tank:
Level Units
Calibration Curve
Slope
Upper Level Limit
Lower leve: limit
Geometric Methed Available

Drain Tank:
Level Units
Calibration Curve
Slope
Upper Leve! Limit
Lower level limit
Water Density
Geometric Method Available
Dimensions
Crlinder Radius
Crlinder Length
Head Radius
Normalization Factor

Quench Tank:
Level Units
Calibration Curve

Slope
Upper Level Limit
Lower level limit

Water Density
Geometric Method Available
Dimensions

Crylinder Radius

Crlinder Length

Head Radius
Normalization Factor

Calvert Clif+s

1

S0-317

Combustion Engineering

?601 cubic feet

inches
No

139.82 pounds per inch
375 inches

32 inches

Quench Tank

inches

230.389 pounds per inch
148 inches

0 inches=

No

inches

174.513 pounds per inch

40 inches

15 inches

62.27 pounds per cubic foot
Yes

2.2422 feet
7.2292 feet
4.4844 feet
0.9798

inches

291.513 pounds per inch

40 inches

15 inches

62.27 pounds per cubic foot
Yes

2.474 feet
10.494 feet
4.4459 feet
1.0254
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PARAMETER LIST

Unit Identification:
Plant Name
Unit Number
Docket Number
Nuclear Steam System Supp!

Vesse! and Piping:
Volume

Pressurizer:
Level Units
Temperature Compensated
Calibration Curve
Slope
Upper Level Limit
Lower level Limit
Relie#

Volume Control Tank:
Level Units
Calibration Curve
Slope
Upper Level Limit
Lower level limit
Geometric Method Available

Drain Tank:
Level Units
Calibration Curve
Slope
Upper Level Limit
Lower level limit
Geometric Method Available

Relief Tank:
Level Units
Calibration Curve

Slope
Upper Level Limit
Lower level limit

Geometric Method Available

ier

D. C. Cook

1

S0-315
Westinghouse

10812 cubic feet

£ N

?.367 pounds per %

Do;u
>:°.q
N

elief Tank

~

161.619 pounds per %
100 %

0%

No

“

. 30.144 pounds per %

?S %
25 %
No

7%

1209.88 pounds per %
80 %

20 %

No



PARAMETER LIST

Unit ldentification:
Plant Name
Unit Number
Docket Number

Nuclear Steam System Supplier

Vessel and Piping:
Volume

Pressurizer:
Level Units
Temperature Compensated
Nomimal Leve!
Volume Below Nominal Leve!
Volume Above Nominal Level
Calibration Curve
Slope
Upper Level Limit
Lower level Limit
Relie¥

Makeup Tank:
Level Units
Calibration Curve
Slope
Upper Level Limit
Lower level limit
Geometric Method Available

Drain Tank:
Level Units
Calibration Curve
Slope
Upper Level Limit
Lower level limit
Geometric Method Available

Relief Tank:
Level Units
Calibration Curve
Slope
Upper Level Limit
Lower level limit
Geometric Method Available

APPENDIX F:

CURRENT PLANT LIST

Davis Besse

1

S0-3446

Babcock & Wilcox

10040 cubic feet

inches

Yes

200 inches

681 .87 cubic feet
0 cubic feet

3.1843 cubic feet* per inch
456 inches

48 inches

Relief Tank

inches

258.221 pounds per inch
100 inches

0 inches

No

inches

62.473 pounds per inch
80 inches

i35 inches

No

inches

368.034 pounds per inch
120 inches

48 inches

No
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PARAMETER LIST

Unit Identification:
Plant Name Kewaunee
Unit Number 1
Docitet Number S0-30S
Nuclear Steam System Supplier Westinghouse

Vesse! and Piping:
Volume 9991 cubic feet

Pressurizer:

Level Units y 4

Temperature Compensated No

Calibration Curve
Slope 327.8 pounds per %
Upper Level Limit 100 %
Lower level Limit 0 %

Relie# Relief Tank

Volume Control Tank:
Level Units pA
Calibration Curve
Slope 105.6 pounds per %
Upper Level Limit 100 %
Lower level limit 0 %X
Geometric Method Available No

Drain Tank:
Level Units A
Calibration Curve
Slope 29 .33 pounds per %
Upper Level Limit 80 %
Lower Jevel limit 20 %
Geometric Method Available No

Relief Tank:
Level Units p A
Calibration Curve
Slope S57.74 pounds per %
Upper Leve! Limit 74 %
Lower level limit 72 %
Geometric Method Available No
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PARAMETER LIST

Unit Identification:

Plant Name Point Beach
Unit Number 1
Docket Number S0-266
Nuclear Steam System Supplier Westinghouse
o
Vessel and Piping:
Volume 5440 cubic feet
Pressurizer:
Level Units p 4
Temperature Compensated Yes
Nominal Level S0 %
Volume .Below Nominal Level S00 cubic feet
Volume Above Nominal Level 0 cubic feet
Calibration Curve
Slope 8.56 cubic feet per %
Upper Level Limit é1 %
Lower level Limit 38 %
Relies Relief Tank
Volume Control Tank:
Level Units p 4
Calibration Curve
Slope 107.25 pounds per %
Upper Level Limit 78 %
Lower level limit 8 “
Geometric Method Available No '
Drain Tank:
Leve! Units y 4
Calibration Curve
Slope 33.27 pounds per %
Upper Level Limit S0 %
Lower level limit 7 %4
Geometric Method Available No
Relief Tank:
Level Units %
Calibration Curve '
Slope S519.89 pounds per %
Upper Level Limit 76 %
Lower level limit éé %
Geometric Method Available No



APPENDIX F: CURRENT PLANT LIST

PARAMETER LIST

Unit Identification:

Plant Name

Unit Number

Docket Number

Nuclear Steam System Supp!
Vesse! and Piping:

Volume

Pressurizer:

Level Units
Temperature Compensated
Nominal Level
Volume Below Nominal Leve!
Volume Above Nominal Level
Calibration Curve

Slope

Upper Level Limit

Lower level Limit
Relie#f

Volume Control Tank:
Level Units
Calibration Curve
Slope
Upper Level Limit
Lower level limit
Geometric Method Available

Drain Tank:
Level Units
Calibration Curve
Slope
Upper Level Limit
Lower level limit
Geometric Method Available

Relief Tank:
Level Units
Calibration Curve .
Slope
Upper Leve! Limit
Lower level 1imit
Geometric Method Availab'e

ier

F=11

Prairie Island
1

- S0-282

Westinghouse

5591 cubic feet

) 4

Yes

38 %

372.944 cubic feet
0 cubic feet

8.437 cubic feet per X%
100 %

[+ 4

Relief Tank

%

104.954 pounds per %
100 %

0%

No

“

28.599 pounds per %
80 %

20 %

No

A

S527.548 pounds per %
80 %

20 %

No



APPENDIX F: CURRENT PLANT L.IST

PARAMETER LIST

Unit Identification:

Plant Name Rancho Seco
Unit Number 1
Docket Number S0-312
Nuclear Steam System Supplier Babcock & Wilcox
Vesse! and Piping:
Volume 10578.2 cubic feet
Pressurizer: .
Level Units inches
Temperature Compensated Yes
Nominal Leve) 200 inches
Volume Below Nominal Level 872.6 cubic feet
Volume Above Nominal Level 0 cubic feet
Calibration Curve
Slope 3.16678 cubic feet per inch
Upper Leve! Limit 320 inches
Lower level Limit 0 inches
Relief Drain Tank
Makeup Tank:
Level Units inches
Calibration Curve
Slope 256 pounds per inch
Upper Level Limit 100 inches
Lower level limit 0 inches
Geometric Method Available No
Drain Tank:
Level Units inches
Calibration Curve
Slope 280 pounds per inch
Upper Level Limit 120 inches
Lower level limit 48 inches
Geometric Method Available No

F-13



APPENDIX F: CURRENT PLANT LIST

PARAMETER LIST

Unit Identification:
Plant Name
Unit Number
Docket Number

Nuclear Steam System Suppli

Vesse! and Piping:
Volume ,

Pressurizer:
Level Units
Temperature Compensated
Calibration Curve
Slope
Uppet Level Limit
Lower leve! Limit
Relief ~

Volume Control Tank:
Level Units
Calibration Curve
Slope
Upper Level Limit
Lower level limit
Geometric Method fwailable

Drain Tank:
Level Units
Calibration Curve
Slope
Upper Level Limit
Lower lTeve!l limit
Water Density
Geometric Method Available
Dimensions
Crlinder Radius
Crlinder Length
Head Radius
Normalization Factor

Relief Tank:
Level Units
Calibration Curve
Slope
Upper Level Limit
Lower level limit
Water Density
veometric Method Available
Dimensions
Crlinder Radius
Crlinder Length
Head Radius
Normalization Factor

TroJan

1

S0-344
Westinghouse

10811 cubic feet

A
No

1215 pounds per %
100 %

0 %

Relief Tank

4

198.9 pounds per %
100 %

40 %

No

y -

33.7 pounds per %

70 %

20 %

62.27 pounds per cubic foot
Yes

1.4821 feet
6.2756 fxet
2.1695 feet
0.9234

A

1176 pounds per %

70 %

30 %

62.27 pounds per cubic foot
Yes

4.75 feet
23.315 feet
6.39276 feet
0.8269




APPENDIX F3:

PARAMETER LIST

Unit Identification:
Plant Name
Unit Number
Docket Number
Nuclear Steam System Supplier

Vessel aﬁd Piping:
Volume

Pressurizer:
Level Units
Temperature Compensated
Calibrfation Curve
Slope
Upper Level Limit
Lower level Limit
Relief

Volume Control Tank:
Level Units
Calibration Curve
Slope
Upper Level Limit
Lower level limit
Geometric Method Available

Drain Tank:
Level Units
Calibration Curve
Slope
Upper Level Limit
Lower level limit
Geometric Method Avaiiable

Relief Tank:
Level Units
Calibration Curve

Slope
Upper Level Limit
Lower level limit

Geometric Method Available

F=17

Zion

2

S0-304
Westinghouse

10938 cubic feet

“
No

597.59 pounds per X%
100 %

0%

Relief Tank

A

159.95 pounds per X%
100 %

0%

No

“

29.73 pounds per %
?0 %

10 %

No

A

1205.462 pounds per %
80 %

20 %

No

CURRENT PLANT LIST
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APPENDIX G

NRC
INDEPENDENT MEASUREMENTS PROGRAM

REACTOR COOLING SYSTEM LEAK RATES

STATION: Calvert Clifés TEST DATE : March 18, 1983
UNIT (I | START TIME: Software Test
POCKET : S0-317 DURATION : 2 hours

TEST DATA

Srstem Parameters:
s
“ Pressure, psia
T Ave, degrees F

Water Levels:

Pressurizer, inches 43 S
Quench Tank, inches 30 31
Volume Control Tank, inches 40 S9
Prain Tank, inches 21 22

Water Charged = 10 gal Water Drained = 2 gal

TEST RESULTS
Change in Water Inventory in pounds:

Vessel & Piping -78S Quench Tank (1)
Pressurizer 140 Prain Tank (1)
Volume Control Tank (1) =230

Less: Water Charged 83 Collected Leakage
Plus: Water Drained 17

Cooling System -943

Leak Ra s in gpm (3):

Gross 0.94
Identified 0.47
Unidentified 0.48

Determined ‘rom tank calibration curve,

Determin 4 from tank dimensions.

The density used for converting inventory change to leak
rate was 42.31 pounds/cubic foot based on standard
conditions.




APPENDIX G: EXAMPLES

NRC
INDEPENDENT MEASUREMENTS PROGRAM

REACTOR COOLING SYSTEM LEAK RATES

STATION: Farley TEST DATE : March 18, 1983
UNIT : 1 START TIME: Software Test
DOCKET : S0-348 DURATION : 2 hours
TEST DATA
Initial Final

Srstem Parameters:
’Prossuro, psia 2138 2128
T Ave, degrees F S81 S82

Water Levels:

Pressurizer, % B 43
Relief Tank, % 70 71
Volume Control Tank, % é0 S9
Drain Tank, % 21 22
Water Charged = 10 gal Water Drained = 2 gal

TEST RESJLTS

Change in Water Inventory in pounds:

Vessel & Piping -718 Relief Tank (1) 830
Pressurizer -396 Drain Tank (1) 32
Volume Contro! Tank (1) =115
Less: Water Charged 83 Collected Leakage 862
Plus: Water Drained 17
Cooling System -1 293

Leak Rates in gpm (3):

Gross 1.30
Identified 0.86
Unidentified 0.43

(1) Determined from tank calibration curve.

(2) Determined from tank dimensions.

(3) The density used for converting inventory change to leak
rate was 42.31 pounds/cubic foot based on standard
conditions.




APPENDIX G: EXAMPLES
NRC
INDEPENDENT MEASUREMENTS PROGRAM
REACTOR COOLING SYSTEM LEAK RATES

STATION: Three Mile Island TEST DATE : March 18, 1983
UNIT 1 2 START TIME: Software Test
DOCKET : S0-320 DURATION : 4 hours
TEST DATA
Initial Final
Srystem Parameters:
Pressure, psia 2100 2000
T Ave, degrees F S70 580

Water Levals:

Pressurizer, inches 230 220

Makeup Tank, inches 40 70

Drain Tank, inches 73 80
Water Charged = 100 gal Water Drained = 0 gal

TEST RESULTS

Change in Water Inventory in pounds:

Vessel & Piping -8449 Drain Tank (1) 4276
Pressurizer -4648
Makeup Tank (1) 2370
Less: Water Charged 832
Plus: Water Drained 0
Cooling System -757%

Leak Rates in gpm (3):

Gross 3.79
Identified 2.14
Unidentified 1.65

(1) Determined from tank calibration curve.

(2) Determined from tank dimensions.

(3) The density used for converting inventory change to leak
rate was 462.31 pounds/cubic foot based on standard
conditions.
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