ATTACHMENT
PEACH BOTTOM ATOMIC POWER STATION
UNITS 2 AND 3
NRC Docket Nos. 50-277 and 50-278
Renewed Facility Operating License Nos.

DPR-44 and DPR-5'6

Calculation PM-0375, Revision 4, "To Establish Limiting Demand for N for the
CAD System and the SGIG System for Dual Unit Operation”



o ' | CC-AA-309-1001
EXG'('JI‘I Revision §
Nuclear Page 1 of 1

ATTACHMENT 1
Design Analysis Major Revision Cover Sheet

Design Analysis (Major Revision) ' \ Last Page No. ° Attachment il page 9

Analysis No.:' PM-0375 Revision: ¢ 4

Title: ® To establish limiting demand for N, for the CAD system and the SGIG system for dual unit

operation

EC/ECR No.:* 09-00416 Revision:* 0

Station(s): ’ Peach Bottom Component(s): *

Unit No.: ¢ 28&3 ' 00T116

Discipline: ° Mechanical

Descrip. Code/Keyword: ©* N/A

Safety/QA Class: Q, Safety

System Code: * 07C, 16, 912

Structure: * N/A

CONTROLLED DOCUMENT REFERENCES *

Document No.: From/To Document No.: From/To
PM-0374 From PM-0804 To
PM-0386 From SR 3.6.1.3.1 To
PE-0063 From SR 3.6.1.5.1 To

SR 3.6.3.1.2 To
| 1s this Design Analysis Safeguards Information? * Yes[] No[J If yes, see SY-AA-101-106
Does this Design Analysis contain Unverified Assumptions?”  Yes[ ] No[X] If yes, ATI/AR#:
This Design Analysis SUPERCEDES: * N/A in its entirety. |

Description of Revision (list affected pages for partials): " This revision raises the required amount of nitrogen
for seven days of SGIG post-LOCA operation from 49,904.77 SCF to 120,000 SCF. The original 25% margin
(9,980.95 SCF) was removed and replaced with 80,422 SCF to account for estimated system leakage. In
addition, eight days of leakage through the CAC Vent and Purge Butterfly Valve Stations was replaced with
seven days since SGIG is only required for seven days post-LOCA without additional supplies per TSB SR
3.6.1.3.1 and 3.6.1.5.1. As a result, 120,000 SCF of nitrogen is required for 7 days of post-LOCA operation of
SGIG and 320,000 SCF for CAD + SGIG. The affected pages of Revision 3 include 3, 3a, 3b, 4, 5, 7, 7a, 11,
14, 16, 16a, 23, 24, and 24a. The leakage estimate has been provided as attachment Il and inputs for the
estimate are included in ECR 09-00416.

Preparer: » Richard Wagner W 4/ 11/16/09
on Name g

Print Name Date

Method of Review: #  Detailed Review X]  Alternate Calculajons (attached) ]  Testing Di
Reviewer: * Paul Kester Z/ S/
” . Dat

Print Name Sign Name
Review Notes: » Independent review X Peer review [

(For External Analyses Only)
External Approver: *

- Print Name Sign Name Date
Exelon Reviewer:

Print Name Sign Name Date

Independent 3" Party Review Reqd? * Yes[] No[X

Exelon Approver: ¥  Jeffrey Chizever Q Chw }1830/07

Print Name /] /) Sign Name Date_
7




Exe!@}ﬁm CALCULATION SHEET CALC NO.: PM-0375

PAGE: Z of 24
Nuclear REVISION: 4

1.0 Purpose:

The purpose of this design analysis is to establish the limiting system demand for nitrogen gas
from the Containment Atmospheric Dilution (CAD) tank for the combined limiting demand of
Safety Grade Instrument Gas (SGIG) and CAD system for dual unit (i.e., for both PBAPS Units
2 & 3) operation.

The design basis for combustible gas control for PBAPS is NEDO-22155 (Reference 28). This
evaluation, which was reviewed and approved for PBAPS through Nuclear Regulatory
Commission (NRC) letter from John F. Stolz (Chief Operating Reactors Branch (Division of
Licensing)) to Edward G. Bauer, Jr., Vice President and General Counsel Philadelphia Electric
Company "Recombiner Capability Requirements of 10 CFR 50.44(c)(3)ii," Generic Letter 84-
09, dated 6/26/85 (Reference 29), demonstrated that PBAPS does not rely on
purge/repressurization system as the primary means of combustible gas control. The
evaluation showed that with more realistic, but conservative oxygen generation rates (0.1
molecules/100 ev for 12 hours and 0.003 molecules/100 ev greater than 12 hours), the primary
containment oxygen concentration will not reach the 5% limit within 30 days. Therefore, the
CAD system is not required to operate. The SER did however, require that the CAD system
be maintained as originally designed, therefore, this calculation is maintained to document that
the CAD system is capable of meeting the original design basis requirements.

Per PBAPS UFSAR Section 5.2.3.9.4, the CAD system starts operating in about 24 hours (1
day) following a LOCA. PBAPS UFSAR Section 5.2.3.9.3, states that the on-site supply is

. sufficient to provide at least 7 days of dilution (i.e, CAD function) for each unit. Therefore, the
calculated required inventory of nitrogen in the CAD tank is based on 7 days combined
demand of CAD and the SGIG systems for dual unit operation.

Revision 2 of this calculation incorporates the resolution of SSFI Action item No. SFIP 92-08,
items A, D, F, and H.

Revision 4 of this calculation raises the required amount of liquid nitrogen for SGIG operation
to account for system leakage. It has also replaced the 8 days of leakage with 7 days of
leakage through the CAC Vent and Purge Butterfly Valve Stations per ECR 09-00416.

2.0 Summary of Results:

Based on this calculation, the total limiting demand for N, gas, for dual unit CAD and SGIG
system operation, is approximately 320,000 SCF. This amount of N, gas contains a margin of
80,422 SCF for the limiting demand for the SGIG system. A minimum CAD tank liquid N,
inventory corresponding to 38.5" of water column (327,800 SCF) was selected and bounds the
calculated amount of N, required for CAD and SGIG system operation. For dual unit SGIG
system operation, approximately 120,000 SCF is required. A minimum CAD tank liquid N,
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inventory corresponding to 22" of water column (124,000 SCF) was selected and bounds the
calculated amount of N required for SGIG system operation.

Revision 1 summary:

The additional Nz consumption attributed to the Containment Emergency Vent System valves
is not impacting on the total limiting demand determined in Revision 0 of this calculation.

The total N, consumption margin remains approximately 25% and the calculated N; inventory
of approximately 250,000 SCF remains valid.

Revision 2 Summary:

The resolution of SSFI Action ltem No. SFIP 92-08, items A,D,F, and H does not impact the
total limiting demand for nitrogen determined in Revision 1 of this calculation.

Revision 3 Summary:

This calculation is being revised as a result of NCR PB-98-01672. The NCR identified that the
'design basis for the Containment Atmosphere Dilution system is inaccurately described in
various design and licensing documents. This revision will revise this calculation to clarify the
design basis method of combustible gas control for PBAPS.

Revision 4 Summary:

This calculation has been revised as a resuit of ECR 09-00416. Due to the estimated system
leakage, the nitrogen consumption for seven days of post-LOCA operation of SGIG has been
raised from 49,904.77 SCF to 120,000 SCF. As a result, the total demand for CAD and SGIG
was changed from 250,000 SCF to 320,000 SCF. The computation to determine the system
leakage has been added as an attachment to this calculation.

k4



" 196214537189 -

% . ‘lcacno FM-375 v e )
G=2> | CALCULATION SHEET |rPace_# __ or_2A

Ry
~ _ | ORIGINATOR TK54nem‘<DATE -8 /’;/‘?a

NUCLEAR GROUP

DOGTYPE:000 | reviewer_S.C. G&f' pate_9/l2]70

30 COmpu7lC"’ Ca/Cb«(a Lion lm[mmov’:cm..:.f.._..f.......'_,....

ﬁefere,nce : C«lc. PM’374 (ﬁc l?)

40 A5<Mr/~!> |DV1/ ’Y<‘-ll/‘n|no~r/ .Ua-q N

v I) : TAQ -)’)b{_-w\.!:‘-e,f' - O{ 31[‘/9'525 f)eczccaw ] l—o +Hhoo

cr.hu& vodves  post - LocA wa_s,_zsnm.alo_ﬁ Lo
be. tcn (to) 'L‘:oméf :

7‘) I't s ossuwed ol % a PcVv /s stuck
openr ond  Hha /?e/,e/r, Valuve blows ;' O/oer&c-r’Or-
_ac#;on,.CaM be obtoised wtie 4 hours
afll  Stent o,L Tha bvent Lo eule. The CAD
, fou?}c{.‘V\j o d valve eout tie —rfa.':l»@_aé Pcv .
(f\’&[ ARc No. 329 - 30C284 c-5 )

2). /’ e MJ,WA f /éé o&go«/éﬂ/(; A
v A el

P«L Yn %-/,MS
J

/w Lol

Rl



' Gilbert/Commonwealth
ENGINEERS/CONSULTANTS

CALCULATION

Ma

SUBJECT ¢ 9D HNDP SGI G

PEMABND REQUIREMENT

IDENTIFIER

fM-375

PAGE

.

a

|

MICROFILMED

Lol 2|

OF—T

ORIGINATOR

A

DATE

] T

: Y
! H " ! ‘ i
._'. 4

o

-— -.,..

!

/dl*l‘i’lﬂ

] sl

0. | /?5,

: H H ;
.‘:..4. ¢ ...l-- 4—12..
i H : :
: ! i
e e T /i
oo
' :
% J,
ST SN ST S
M 1

o
B B T

i i

.
et e o e

J’UM//"/O

B e |

!

Ty

{

!

i

{ :
¢ i
i -

;.-.-,.

S e

ol ial ;f 4. ae
e & .' - _!(.g,.w-...... -

: 3o “f“‘"
i i

=3
- j‘ f

&

- -
4

B

-2

Hid

- .., e ;_ - ra_‘..a-.-::{v.,_.

‘: S .\;’W/Wc’.ol r(‘L.}' ? \*‘Vc"é‘“"’b ,(_.h ‘f‘a‘ A

9
) !r\'.) vvwﬂ 4

1.— ey

: Jthr

4

{

i i i

‘.,...—..%,.-...,. et smrsoren o siehennsy o ma

i i
i
j

U S SRS DO S USSP SO

O T R SN U TN

......'.'\), ,P.'f-‘w} Q#‘-« \%u cé‘&,l J}Y‘ 5% J«AL\/ N
_‘g\"qux en- [avl\i_!_{‘# &“N ,La.&Q. _H‘” (W_%aa ﬁg,“ {

vy ('Jﬂ"k ;’w&JFnl*, :L, 4} 144 __‘A

“e * "‘“"1’"' "

!

v'—ﬂ . Pc-- -




Exe!@;nm CALCULATION SHEET

Nuclear

CALC NO.: PM-0375
PAGE: S of 24
REVISION: 4

5.0 Design Input/Criteria:

1) DID for mod 1316, Rev 6 dated 11/14/89

2) EWL for mod 1316, Rev 21 dated 8/13/89

3) Safety Evaluation for mod 1316, Rev 12 dated 8/13/89

4) Piping and layout dwg M-3189 & 3190

5) Design Input Document for mod 5236, Rev 2 dated 11/22/91

6) ECR 09-00416 Rev 0 (Operator Log for DW Makeup using CAD — 8/4/08 to 8/4/09)

7) TODI 710172-40, CAD Tank Level and Pressure, and D/W Bulk Average Temperature from

8/4/08 - 8/4/09
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13) Compressed Air & Gas Data (Ingersoll — Rand Co.) — 2™ Edition, 6™ Printing

14) Letter, R.S. Fleischmann to E.C. Kistner, dated 5/22/84

15) Letter, Linda Mast to Tapan Banerjee, dated 6/25/90

16) Letter, JA Jordan to Mod 1316 File, dated 12/4/89

17) N3 leakage from SGIG header, calculation based on LLRT data (L. Mast to TK Banerjee)

18) Fax Transmittal, Process Engineering, inc. (Scott C. Nason) to PECO (TK Banerjee)
dated 7/25/90; total 4 pages

19) Calculation PM-374, Rev 0
20) Vendor Print 6280-M-117-74-1 Instruction Manual for Fisher Butterfly Valves
21) Calculation PM-386, Rev 0 dated 9/13/90 |

22) Set Point Calc. for Pressure Switch of Containment Isd|ation Butterfly Valves Boot Seals.
Calc No. PE-063, Rev 0 dated 8/14/90

23) PBAPS Alarm Response Card 30C284 C-5 dated 11/19/89

24) Telecon Record; Tapan K Banerjee (PECO/NESD) and R. Nesbilt (GE — San Jose)
dated 7/25/90

25) Perry's Chemical Eng Handbook, 5" Ed.

26) G.H. Bettis Heavy — Duty Product Series Pneumatic Actuators Catalog # 30.00-1A, pages
11, 19, front cover, and back cover

27) Telecon record Steward (G/C Inc.) and Burkenhoff (GH Bettis) dated 3/23/92

28) NEDO-22155, Generation and Mitigation of Combustible Gas Mixtures Core Inerted
Mark | Containments, dated June 1982

29) Nuclear Regulatory Commission (NRC) letter from John F. Stolz (Chief Operating
Reactors Branch (Division of Licensing)) to Edward G. Bauer, Jr., Vice President and
General Counsel Philadelphia Electric Company "Recombiner Capability Requirements of
10 CFR 50.44 (C)(3)ii Generic Letter 84-09," dated 6/26/85
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30) Calculation PM-804, "Post LOCA Containment Atmosphere Dilution System Analysis on

rerated core power"

31) ECR 09-00416 Rev 0, "Revise Calc PM-375 (CAD/SGIG Required N, Level)"

32) TODI 710172-40, CAD Tank Level and Pressure, and D/W Bulk Average Temperature

from 8/4/08 — 8/4/09
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7.0 Attachments:
The following references are attached with the calculation:
Reference Description Pages

1 Process Eng. Inc., Print No. 6280-M96-189-1 1
10 Table A-26; Properties of Sat. N, : Temperature Table 5
13 Compressed Air & Gas Data 1
14 Letter, R.S. Fleischmann to E.C. Kistner 1
15 Letter, Linda Mast to Tapan Banerjee 1
16 Letter, JA Jordan to Mod 1316 File dated 12/4/89 1
17 N2 Leakage from SGIG header, Calculation based on 1

LLRT data (L.Mast to TK Banerjee)

18 Fax Transmittal, Process Eng. Inc. dated 7/25/90 4

20 Vendor Print 6280-M-117-74-1 Instruction Manual for 9
Fisher Butterfly Valves
23 PBAPS Alarm Response Card 30C284 C-5 1
24 Telecon Record, TK Banerjee and R. Nesbilt (7/25/90) 1
26 GH Bettis Heavy-Duty Product Series Pneumatic 4
Actuators Catalog #30.00-1A

27 Telecon Record, Steward and Burkenhoff (3/23/92) 1

Attachment | — Evaluation for SSFI Action item No. SFIP92-08, item 1A

Attachment 1l — Computation of System Leakage (ECR 09-00416)
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it should be noted that the total N, demand of 200,000 scfm is an arbitrary limit for the CAD system
usage which is confirmed by Calculation PM-804. (Reference 30) Calculation PM-804 shows that
CAD system usage will be less than 200,000 scfm for 7 days.
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post-LOCA CAD N, demand and N, demand.;for Mod 19507 are not additive. The
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system) is not significant compared to the LN, 1nventory available in the CAD
tank. The Mod 1950A nitrogen demand is also extremely small compared to the
available N, inventory in the CAD tank. Therefore, N, demand for Mod 1950A is
not a concern for determining the CAD tank capaclty or the volume of LN,

inventory to be maintained in the CAD tank. %«oepy_gf_&mg_l_ef_ﬁeé__l.ggg
Safety Fvaluation—is—attached for informatien. ,.:sg ©a Q//ou)

£l

£
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Nuclear

CALCULATION SHEET

CALC NO.: PM-0375
PAGE: || of 24
REVISION: 4

Calculation to establish total liquid nitrogen demand for CAD and SGIG system for dual unit

operation:

Total N, Gas Demand = 320,000 SCF (pg 23)

SCF is defined at 14.7 psia and at 70 °F

Using ideal Gas Law for Na:

M=

Pxv _ (latm) x (320,000 /*)

. T -
RXx (0.730 atm — ft
b —-mol °R

Note: R = Universal Gas Constant

- 3
R=0730 "= (Ref10)

Ib—-mol °R

T = 459.7 + 70 = 529.7 °R

M =827.56 lb - mol

28.01lb

~mol

=827.56 Ib — mol x

=23,179.83 lbm of N,

)% (529.7 °R)

fu

R4

R4
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'CALCULATION SHEET

CALC NO.: PM-0375
PAGE: 14 of 24

Nuclear REVISION: 4
Tank With Liquid With Both Liquid and Vapor N, Considered in the
Pressure Inventory Only Tank
Max Tank Vol Nominal Tank Capacity
= 882.62 cu-it = 6000 Gallons
¥ = 6602 Gallons ~
0.13368% £
0.02513
170 psig =
23’1,79’8 tom 0.13368 — L 4 (6602- XL)] 0.13368] —xe__ . 6000 —X,)
Vi =002513 7002513 0.30027 ' 0.02513  0.30027
o X, =4357.48 Gallons = 23,179.8 lbm = 23,179.8 lbm
V, = 0.30027 '
ft¥1b X, = 4152.5 Gallons X, =4207.5 Gallons
Vendor Calculated
4342 .8 Gallons at
170 psig (Ref 18)
0.13368 x — L
0.02719
=23,179.8 lbm 0.13368[ X, (cen-X L)] 0.13368) -t 000 =X.)
250 psig 0.02719  0.19867 0.02719 ~ 0.19867
Vi =0.02719 =23,179.8 lbm =23,179.8 lbm
ftb X, =4714.7 Gallons
V, = 0.19867
f#t¥1b

Vendor Calculated
4710 Gallons at 250
psig (Ref 18)

X, =4415.4 Gallons

X, =4510.9 Gallons

RY

R4
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CALCULATION SHEET | a0 D"

PAGE: )& of 24

Nuclear REVISION: 4

sid ft®

Total Leakage =34 valves x 7.062x10™> —
min-— valve

=0.240 SCFM

= (0.240 SCF )(60 min )(24 :r }(7 days)

min hr ay

=2419.2 SCF total for 7 days

Containment Atmospheric Control Vent and Purge Butterfly Valves (18" Size):

These valves are normally closed and fail closed. Itis assumed that the
Containment was being purged while LOCA occurs. Following a LOCA, and loss of
instrument air, these valves will go closed. These valves are not required to be
operated following a LOCA (except for emergency venting through the large Butterfly
vent valves which is beyond the design basis). However, the boot seals for all the
containment isolation butterfly valves need to remain inflated following the accident
scenario. The Ny requirement for maintaining boot seals inflated condition has been
accounted for in this calculation. During a TW sequence venting operation, the
inboard 18" CAC vent valve is required to operate concurrent with the Containment
Emergency Vent System valve to establish the vent path to atmosphere.

a0
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EX@E@?IL CALCULATION SHEET

CALC NO.: PM-0375
PAGE: 230of 24

Nuclear REVISION: 4
Total Demand for Dual Unit Operation
1) CAD Demand 200,000 SCF
2) Leallgage through CAC Vent & Purge Butterfly Valve 24192 SCF '
Stations _
3) Nq for stroking valves 140.215 SCF
4) Purge & Vent B/F Valves Boot Seals 13.3 SCF
5) Inventory in SGIG System 90.5 SCF
6) Preg.sure decay make up in SGIG Header and 915 SCE
Tubing
7) PCV Fail Open (4 hours) 36,000 SCF
8) Available Margin ( Leakage) (Attachment |l -
Computation of System Leakage) 80,422 SCF
SGIG Demand (items (2) through (8)) = 120,000 SCF
CAD + SGIG Demand (Total Demand) = 320,000 SCF

Setting of Minimum Liquid Nitrogen (LN,) Level and Low Level Alarm (LIS-6530A.B) Setpoint in
CAD Tank: ’

The minimum required level and low level alarm setpoints are based on CAD Tank Vendor
provided information (Ref. 18). The vendor supplied table provides liquid nitrogen volume at
corresponding inches of water column for an operating pressure of 250 psig in the CAD storage
tank. Using the 250 psig table provides the most conservative setpoints and is the same as the
maximum allowed working pressure of the CAD storage tank.

The minimum CAD storage tank level for 7 days of Post-LOCA operation for SGIG and SGIG +
CAD were calculated and rounded up to an acceptable level. The following values were selected
from the vendor supplied table (Ref 18) as the minimum CAD storage tank levels:

SGIG operation = 22" water column / 124,000 SCF / 1,825 gallons
CAD + SGIG operation = 38.5" water column / 327,800 SCF / 4,826 gallons

The low level alarm setpoint must be set at a level above the minimum level requirements listed
above. When determining the low level alarm setpoint, the 250 psig vendor supplied table
(Ref.18) should be used.
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‘ 3 o7 § SUPPLEMENTARY TABLES AND FIGURES (Uscs uniTs) 883

TABLE A-1 . .
Physical constants and conversion factors

Physical constants

Standard gravity g = 32.174 fy/s? _
Universal gas constant R, = 1545 ft-1b,/(Ibmol-°R)
= 1.986 Btu/(Ibmol -°R)
=0.730 atm - {t°/(lbmol - °R)
= 10.73 psia- ft3/{tbmol - °R)

Conversion factors

Length 1cm=03937in=10* ym = 10° A
1in = 2.540cm
11t =30.48cm
Mass 1 1b,, = 453.59 g;, = 7000 gr
1kg, =22051b,
Force . t1b, = 32.174 1b,,- fi/s?

11b, = 444,800 dyn = 4448 N
1 torr = 1 mmHg at 0°C = 10% pm Hg
= 1933 x 107* psi
Volume 1L = 00353 f1* = 0.2642 gal = 61.025 in®
. 1 ft? = 28.316 L = 7.4805 gal = 0.02832 m*
: 1in® = 16387 cm®
Density 1 Ib, /ft* = 0.01602 g, fcm?

Energy 1 Bu=778.161t-1b, = 1055 ]
[ Btu/lb = 2.32 kifkg
Power 1W=1J/s =3413 Bwh
1 hp = 746 W = 550 ft- lb,/s = 2545 Btu/h

Velocity 1 mi/h = 0.447 m/s
Specificheat 1 Btu/(lb,-F) = 4.187 kJ/(kg- K} .
Temperature T{°R) = T(°F) + 459.67 = 1L.3{T(°C) + 273.15] = 1.8 T(K)
TABLE A-2
USCS (engineering) derived units
Physical quantity  Unit Symbol  Definition
Force pound-foree  © b, 32174 1b,.ft)s?

ressure atmosphere atm 68,087 ib,ft-s?

(= 14.696 Ib,/in")

Energy foot-pound-force  [t-lb, 32474 1b, - 3/s?
Power foot-pound- f-lbfs 32174 1b,,-6°)s?

force/second . (=182x10"%hp)




MR
—————

e Aty Tt s e
ST LA A S VAN

918

SUPPLEMENTARY TABLES AND FIGURES (USCS UNITS)

TABLE A-19

Properties of saturated nitrogen (IN;): T

v, ft3/lb; 1 and h, Btu/lb; s, Btu/(}b-°R)

- ¢LC
Ree

4 oF 5

emperature table

PM-356 .
{0 : :

Specific volume. | Internal encrgy Enthalpy Entropy
Temp., | Press., | Sat. Sat, Sat. Sat. Sat, L. | Sat. Sat. Sat.
°R psia fiquid | vapor | liquid [ vapor | liquid | Evap. | vapor | fiquid | vapor
T P tr ‘ g, uy U, hf hh hl Sr - )
113.7* 1.82 | 0.0185 | 23.73 3532 1 11991 35331} 9259 § 127.90 | 0.5802 | 1.395
120.0 334 | 0.0188 | 13.56 3833 | 12093 { 3834 9098 | 129.32 | 0.6060 | 1.365
130.0 767 [ 0.0193 { 6321 | 43.19 | 12247 | 43.22 { 88.22 { 131.44 | 0.6449 | 1.324
139.2 1470 | 0.0198 { 3473 | 47.71 | 123.77 { 47.77 | 8545 { 133.22 { 0.6785 | 1.293
140.0 1546 [ 0.0199 | 3315 | 48.09 | 123.87 | 48.15 ] 8521 | 133.36 { 0.6812 | 1.290
150.0 28.19 1 0.0205 | 1.899 | 53.02 ( 12511} 53.13{ 81.89 | 135.02 | 0.7153 | 1.262
160.0 47.52 | 00213 | 1164 | 58.00 | 126.14 | 5819} 78.19 | 136.38 | 0.7474 | 1.236
170.0 75.18 [ 00222 { 0.750 | 63.08 | 12691 | 63.39 | 73.96 | 137.35 | 0.7782 | 1.214
1800 | 113.0 {00233 | 0502 | 6830 | 12736 | 68.79 | 65.07 | 137.836 | 0.8082 | 1.192
1900 | 1628 {00246 | 0344 | 73.75.| 127.40 | 74.49 | 63.28 | 137.77 | 0.8378 | 1IN}
2000 | 2269 | 0.0262 ] 0.239°| 79.52 | 12684 | 80.62 | 56.24 | 13686 | 0.8677 | 1.149
2100 | 3073 | 00285 ) 0.164 | 8586 ; 12533 ) 8748 ) 47.20 | 134.68 } 0.8992 | 1.124
2200 | 4069 | 003251 0.107 | 93.57 | 121.80 | 96.01 | 33.85 | 129.86 | 0.9363 | 1.090
2260 | 4779 ] 00394 | 0071 | 10146 | 115.66 | 10495 | 1697 | 12192 | 0.9742 | 1.049
227.2* | 4931 0.051 0.051 | 108.59 ) 108.59 | 11325} © 11325 | 1.010 | 1.0t0

* 113.7°R is the triple state and 227.2°R is the critical state.
Source: Adapted from National Bureau of Standards, Technical Note 648, 1973.
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TABLE A-20

Properties of nitrogen (IN,): Superh

& oF %

SUPPLEMENTARY TABLES AND FIGURES (USCS UNITS) 919

v, f3/ib; u and b, Btu/lb; s, Btu/(Ib-°R}) . -

eated-vapor table’

v u h s v [ k 5
Temp., :
oR 20 psia (T,,, = 144.1°R) 50 psia (T, = 161.0°R)
200 3755 | 13483 | 14873 | 1364 | 1454 | 13397 | 14744 | 1295
250 4740 | 14387 | 16142 | 1421 | 1366 | 14330 | 160.58 | 1.354
300 5714 1 15282 | 17398 | 1.467 | 2266 | 15240 ) 17338 | 1.400
350 6.682 ) 161.74 | 18649 | 1.505 } 2.659 | 16141 | 18603 | 1.439
400 7647 | 17065 | 19897 | 1.539 ) 3050 | 17037 | 198.61 | 1.473
450 8610 | 179.54 | 2114 1.568 | 3438 | 17930 { 2111 1.502
500 | 9572 | 188.42 | 2239 1594 | 3826 | 18822 | 2236 1.529
550 | 1053 197.31 | 236.3 1618 | 4212 | 19713 | 236.1 1.553
100 psia (T, = 176.9°R) 200 psia
200 | 0.68¢ | 13240 | 14507 | 1238 | 0239 | 12833 | 139.04 | 1166
250 | 0908 | 14231 | 15943 | 1300 | 0427 | 14018 | 15601 | 1.243
300 1116 | 15068 | 17236 | 1349 | 0542 | 15019 | 17025 | 1.295
-350 1319 | 160.84 | 18526 | 1.389 | 0.649 | 159.69 { 183.71 | 1.336
400 1.518 | 169.90 | 198.01 | 1423 | 0752 | 16896 | 196.81 | 1.371
450 1.715 | 17891 { 2107 1452 { 0853 { 178.12 | 200.7 1.401
500 1.910 | 187.88 | 2233 1479 | 0953 | 18720 | 222.5 1.428
550 2.105 | 19683 ! 23538 1503 | 1.052 | 19623 | 2352 1.453
500 psia 1000 psia-
250 | 0432 | 13152 | 14378 | 1141 ) 0033 ! 10630 | 113.40 | 0994
300 | 0197 | 14525 | 16345 | 1213 | 0083 | 13526 | 15059 | 1131
350 | 0.247 | 15609 {17896 | 1.261 | 0.115 | 14967 | 17095 | 1.194
400 | 0293 | 16610 | 19323 | 1299 { 0.142 | 16123 | 18745 | 1.238
450 | 0337 | 175.73 | 2069 1331 | 0166 | 170177 | 2025 1.274
500 0.379 | 18516 | 2203 1359 | 0.189 | 18181 | 2163 1.304
550 | 0421 | 19446 | 2334 1384 { 0211 | 191.56 | 2306 1.330
2000 psia 3000 psia
- -
250 0.029 | 9500 ! 11561 | 0939 | 0025 | 9047 | 11497 | 0937
300 | 0040 | 11841 | 13317 | 1040 | 0052 | 11073 | 12860 | 1.003
350 0055 | 137.38 | 15778 | 1116 | 0040 | 12897 | 15134 | 1.073
400 0070 | 15193 | 17778 | 1169 | 0049 | 14447 | 171.81 | 1.128
450 0.083 | 164.27 | 195.41 | 1210 | 0058 | 157.89 | 19016 | 1.171
s00 | 0.096 | 17550 | 211.8 1244 | 0066 | 16999 | 2070 1.206
550 0.108 | 18611 ! 226.0 1272 } 0075 | 18128 | 2228 1.237

Source: Adapted from National Bureau of Standards, Technical Note 648, 1973,

%)




Yalues for pressures from 1 to 15 lbs gauge calculated by standard adiobatic formula.
Yalues for pressures above 15 Ib gauge caleculated by approximate formula proposed by S. A,

- C/u.c P - 37¢ :
DISCHARGE OF ‘AIR THROUGH AN ORIFICE /Qc;_- /3@ |
L 1o
In cublc feet of free air per mmute at standard atmosphenc presbure 1 g
- of 14.7 1b per sq. in. absolute and T0°F.
d
poavge DIAMETER OF ORIFICE - :
before S - ' o
Oriﬂce 1/&;1 ‘An %6" ]/811 l/4n %M '/2" 5/8” %u 7/8" ]u ) ‘;
in Pounds - .
per sq. in. . Discharge in cubic feet of free air per minute ”

1 .028 J112|  .450f 1.80] 7.18] 16.2] 2B.71 45.0] 64.7 88.1] 115

2 .040 .1581 6331 2.531 10.1 22.8] 40.5| 63.3[ 91.2[ 124 162

3 .048 1940 7750 -3.10) 12.4 27.8| 49.50 '77.5/ 111 152 198

4 .056 .2231° .892] 3.54] 14.3 32.11 - 57.01 89.2{ 128 |.175 228|

5 .062 | .248) .993] 3.97] 15.9 35.7] 63.5] 99.3) 143. 193 254

6 .068 | ©..272] 1.09 |. 4.34| 17.4 | 39.1] 69.5] 109 | 156 213 278

7 073 | - .293] 1.17 | 4.68] 18.7 | 42.2| 75.0[ 117 168 - | 230 300

9 | .083 | .331f1.32 5.30 21.2 47.71 84.7] 132 191 | 260 339

12 .095 3791 1.52 6.07| 24.3 54.6 97.0f 152 218 297 388

15 .105 .420] 1.68 6.72) 26.9 60.5| 108 148 242 329 430

20 1 .123 491} 1.96 7.86; 31.4 1 70.7] 126 196 | 283 385 503

25 .140 .5621 2.25 8.98} 35.9 80.91 144 225 | 323 440 575

30 .158 .633] 2.53 | 10.1 | 40.5 91.1] 162 253 345 494 648

35 176 .703) 2.81 | 11.3 | 45.0 | 101 180 281 405 551 720

40 .194 7741 3.10 | 12.4 ] 49.6 | 112 198 310 | 446 607 793

45 211 .B45] 3.38 | 13.5 1 54.1 | 122 216 | 338 | 487 662 | 845

50 .229 916 3.66 1 14.7 } 58.67] 132 235 366 | 528 718 938

40 264 | 1,06 | 4.23 ] 16.9 1 67.6 | 1352 271 423 | 609 828 1082

70 .300 | 1.20 | 4.79 1 19.2}76.7 | 173 307 479 |} 690 939 1227

80 .335 | 1.34 | 5.36 | 21.4 | 85.7 | 193 343 536 | 771 1050 1371

90 370 | 1.48 | 5.92 | 23.7 | 94.8 | 213 379 592 853 1161 1514

100 L4061 1.62 1 6.49 | 26.0 |104 234 415 649 | 934 1272 1661

110 441 1 1.76 { 7.05.§ 28.2 (113 254 452 705 {1016 1383 1806

120 476 1 1.91 | 7.62 | 30.5 122 274 488 762 11097 1494 1951

125 494 1 1.98 1 7.90 | 31.6 {126 284 | 506 790 1138 1549 2023

v 150 . | .582 | 2.37 | 9.45 | 37.5 [150 338 600 ?10 {1315 1789 2338

200 761 [ 3,10 {12.35 | 49.0 (196 441 784 11225 1764 2401 3136

250° .935 { 3.80 [15.18 { 60.3 {241 542 964 11508 (2149 2952 3856

300 995t 4.88 (18.08 | 71.8 {287 646 (1148 (1795 (2583 3515 4592

400 11.220 | 5.98 |23.81 | 94.5 |378 851 1512 (2340 {3402 4630 6048
500 [1.519 | 7.41 |29.55 117.3 (449 1055 [18746 12930 4221 5745 7504
750 2.240 |10.98 |43.85 |174.0 14694 1566 12784 14350 [6264 8525 111134
1000 12.985 [14.60 |58.21 |2371.0 |924 2079 3696 [5790 (8316 {11318 |[14784
Table is based on 1009), coefficient of flow. For well rounded en!rance multiply values
by 0.97. For sharp edged orifices a multiplier of 0.61 may be used for approximate results. R

= discharge in Ibs. per sec
= area of orifice in sq in.

Moss. AC Where:
W = 0.5303 =P W
VT, A
C = Coeflicient of flow w
p1 = Upstream fotal pressure in lbs. per sq. in. absolute
Ti = Upstream temperature in °F. abs.

Yalues vsed invcalculoﬁng obove table were; C = 1.0, p; = gauge pressure -~ 14.7 lbs./sq. in.
Ty = 530°F. abs,

Weights (W) were converted to volumes using ‘density factor of 0.07494 Ibs./cu. 1.
correct for dry air at 14.7 Ibs. per sq. in. absolute pressure and 70°F.

Formula cannot be used where py is less than two times the downstream pressure.

(See page 5-10 for a discussion of'grifice flow).

This is
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FROM: SR L. Fleisehninihg,

. o .ﬂrlmnﬂrog

T0: . E. C. Kistner
SUBJECT: MOD REOQUEST HU. 1439 - PRIMARY SONTAITNMENT “ENT

AND PURGE PNEUMATIC SUPPLIESD.

REFERENCFE: Memorandum, J. L. Horrow dated 4/./34

.

The referenced memporandum provides leakage criteria for pncunatic
avpplles Lo containment vent and purge valves. The memo
conaiders leakage up. Lo ) 5CCH with a required nilrogen

tottle change before bottle pressure §is leas than 1560 paig.
Actual leakage rates are significantly greater, .on the order

of 50 to 150 S5CCH. Re&palr of any one component 6n these

air .oupply systems is nol indicated 3ince severd) components
¢ontribute 3mall amounts.

Some undocucented experirnce with lecal leak rate Lleating
and the ILRT indicates that a losa of pneumatic pressure
on a closed purge or vent valve does not result in gross
leakage. It i3 catimated that leakage would be less .than
600 SCCH for most casea. Leakage at thia rate would not
serioualy degrade primary containment integrity.

Plcase inveatigate altlernatives to the preaent 100 day sa?ét;
grade penumatic supply. Present pneumatic syatem leak rates
cannot be improved with lasting resulta. The atatinn will
support any investigation needed to formally downgrade the
{mportance of this safely gRrade air or to determine realiatic
capacities for alternative supply systema.

I1f you have ahy questiona, please contact Jia Hitman of ny

prarr.

A. 5. Flelaschoann
Station Superintendent

R3F/7JFM:Ind

P2 el sfes

APPROYAL TO OBTAIH ESTIMATE

£
APPROVAL OF CAPITAL REQUEST
Attarhmenl < . -
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- TO: Topan Banerjee - . .o 5 LTI L :

‘FR'OM: " lindaY. Mast L C
SUBJECT: Mod 1316 Acceptance Criteria for dual unit operation ™ -~

Mod 1316 Is scheduled for completion during the next refueling outage for unit 2.
This will result in both unit 2 and unit 3 being supplied from the common CAD tank supply. During
" the past unit 3 refueling outage, the mod was installed and accepted based on acceptance

criteria established in the Engineering Work Letter for Mod 1316, Rev 20. This criferia, however . .

‘only considered one unit in operation.

L As the system engineer for Primary Containment. | do not think it is possible 1o do
MAT testing that will directly affect unit 3, which will be in operation at the time of the MAT for unit

2. because of the risk of violating primary containment integrity. Decreasing boot seal pressure

1o less than acceptable (47 psig) resutts in the valve being inoperable for containment isolation.

| believe that the condttion for which we want to prove Mod 1316 isa LOCA onone
unit with four containment butterfly valves open and the other unit in safe shutdown. This is
based on the unit 3 criteria and talks with you on the subject. The Sofety Grade Instrument Gas
Supply (SGIG), will have to be capable of closing the four open containment valves within 5 '
seconds, aswell as supply and maintain 67 psig on all of the remaining boot seals and-provide
pressure to keep the torus to reactor building vacuum breakers closed. The unit in safe
shutdown will require boot seal pressure and pressure to the torus to reactor building vacuum
breakers. This usage will have o be simulated due to the operating condition of unit 3 at the
time of the unit 2 MAT.

| think that the best way to simulate this unit 3 usage is to set up unit 2 for SGIG supply
lineup and measure the flow through the SGIG pressure control valve, This flow will represent the
leakage of the SGIG system. This leakage can be scaled up by some factor to simulate *worst
case leakage.” The unit 2 MAT can then be performed with this leakage established to
represent unit 3 usage using criteria similar to that used for unit 3. This will allow testing without
disturbing unit 3 operating conditions. The SGIG system will De isolated from unit 3 by one
manual valve with personnel stationed at the valve for quick restoration if required.

One additional change | would like to see from the unit 3 acceptance criteriais the |
minimum pressure required at the Clow torus to reactor building vacuum breaker, AO-2(3)5028.
This pressure should be 75 psig as specified by the manufacturer and not 80 psig as shown in the
EWL rev 20.

if you would like to have a meetingto discuss the development of acceptance
criteria or need clarification on any of the above. plecase feel free o call me at X4972.. Peach

~dg, DY N -

Linda Y. Mast
Station Engineer for Mod 1316

I T Rt S L S e TR T T S
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Plant Division ﬁgp A
. Technica] Sectiqn'; o : o

’ December 4 1989

FROM:  J. A. Jordan

. Peach Bottom Atomic Power Stat1on

| SUBJECT: 'MOD 1316 Memorandum Regarding Interpfefation of

Loss Of Instrument Air Criteria For Testing

MOD 1316 was des1gned to provide a safety grade pneumatic backup supp]y to"f ERNERERE
- CAD and CAC system valves which are normally supplied by instrument air.

~ Design of the system requires that this backup .system be operable "upon loss

-+ of the normal supply system" (reference letter from S. L. Daltroff to NRC
Chief J. F. Stolz, dated November 6, 1985).

The Engineering Work Letter (Rev. 18 dated November 14, 1989) specified as
part of the MAT acceptance criteria that instrument air to the SGIG supplied
valves be valved out and vented. The Station's interpretation of this
criteria was that prior to functional testing of the CAC and CAD valves with
the SGIG system, measures would be taken to ensure that air pressure in the

valve boot seals and associated tubing would be vented. The MAT was set'up to™ "~

make sure that this criteria was met.

In order to ensure a conservative interpretation.of the design criteria
relative to loss of the instrument air system, it was decided to perform a
test on the instrument air supply lines to individual users. This test would

" ensure that (1) the check valves on the supply lines (siesmic boundary between

instrument air and SGIG system) would prevent backflow of SGIG - supplied
nitrogen out of the valve operators and associated tubing when the normal air
supply was lost, and (2) the manual valves which isolated instrument air from
the individual users during the testing did not leak through (which could have
masked an inability of the SGIG system to satisfactorily Operate the valves).

The results of this test are attached.

The test results indicate that there was no leakage through any of the
check valves that jsolate SGIG from the normal air supply or through the
manual valves that isclate the normal air supply from the valve operators.
These results, along with the MAT results, meet the conservative
1nterpretat1on of the design criteria spec1f1ed in the EWL.

JAJ :gkm
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cc: H. G. Coleman

- J. G. Hufnagel, Jr.
L. Y. Mast
S. F. Payton
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L ©5) After taking .a rdndom sampling of bOttle leakage (revlewlng _.
el L * resnlts of ST 7.9.2), the bottles lose an average of 32 psig Pér SRR
- ‘week. This ST procedure. currently calls for the . replacement of AR

bottles when the pressure falls below 1,300 psig. ~The~ current
L _ acluevable leak‘rate of ; 125 +Scem:‘and a minimum bottle pressure’ or
T OO psig w1ll malntaln a 20 day supply

“Based 'on a review of

past ST-7.9.2 records ‘the bottles would have to be replaced '

approximately every twenty-eight weeks assumlng an initial bottle
pressure of 2200 psig.
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PROCESS ENGD’CE‘.EI{INC ING -
P.O. BOX 467 -7 -
PLAISTOW, NH 03865
TEL: 603-382-6551
FAX: 603-382~2139

TELECOERY TRANSMITTAL

Date: 07/25/90

Company: Philadelphia Rlectric
Attention: Tapan Baneriee

yelephome No.: 215-640-6474 G-3A-3
Fax No.: 215-640-6582 .

We are transmitting 04 pages, including this page, to the perscn
1isted above. Should you have any problems and/or do not receive

all toe page, please let us know by callwng (603) 282-6551 and ask
for extension 2163.

Attzched &axre thrse contents charts for the referenced unit The

s. They are
celculzted based on nitrogen propertTies zt 0 psig, 170 psig amd 250 psiz, ver
vour Tequest. The chzrt at O psig is for comparison to6 Youxr origimsi chart.

iz
The values are close, tut mot ideatical. A1l of these charts ar
very limited resezrch into these now seveatesn year old wits, az
used for.reference orly. .

Liquid height im linesr inches is relatsd to the gage readivg of "inckes
of water columm by the eguztion:

iinear inches = (inches H,;0 columm)*(.036 psi/inch of Hy0 coluem)

e T e e et = = = = 4 e =~ B @ W . = = n = m

Prcm: Scott €. Nason
. Design Engineer

cc: ﬁeanaul, PET
Ref: 'C-383--38573 (Model E-6000-special)




*+ MODEL' E~6000-~SPECIAL

Conversion from inches cf water column to ligquid volume considers varor

volume with density of.0.28700 lbs/cu.fxc.-

Welght and MSCF. are for liguid only. oo ainwoer

LIQUID NITROGEN @ 1 atm.

IN.H20 GALLONS  POUNDS

0.00 . 0 0
1.00 11 77
" 2.00 - - 39 . 264 .
3.00 77 .- 517 .
4A.00 . 122 . 822
- 5.00 174 1,170
6.00 231 1,557
7.00 294 1,578
5.00 361 2,431
9.00 - 432 2,913 .
10.00 508 . 3,421
11.00 587 3,955
©12.00 670 4,511
12.00 755 5,089
~14.00 . g44... .5,687
15.00 © 936 6,304
16.00 1,030 6,938
17.00 - 1,126 - 7,589
18.00 1,225 8,255
19.00 1,326 8,536
20.00 1,429 9,630
©'21.00 . 1,534 10,336
22.00 1,647 11,054
23.00 1,749 11,782
'24.00 1,858 12,521
25.00 1,969 13,268
26.00. 2,081 14,024
27.00 - 2,195 14,787
28.00 2,309 15,557
" 20.00 . 2,424 16,332
30.00 2,540 17,113
31.00 2,656 17,898
32.00 2,773 . 13,687
. 33.00 2,891 19,479
34.00 . 3,009 . 20,273 -
35.00 - - 3,127. 721,069
26.00 - 3,245 21,863
37.00 3,363 22,662
- 28.00 3,482 23,459
. 39.00 3,600 24,254
40.00 3,717 25,047
41 .00 3,835 25,837
42.00 3,951 26,624
43.006 . 4,068 . 27,407 -
44 .00 .. 4,183 . 28,185

. 50.4020 1lbs/cu.ft.

MSCF IN.E20 GATLONS
. 45.00 4,29
. . £6.00 4,41
. . 47.00° 4,52
. 48.00 4,63
. 49.00 4,74
. 50.00 2,85
. 51.00 4,56

52.00 5,068
53.00 5,172
54.00 5,274

56.00 5,472
57.00 5,567
53.00 5,660
52.00 5,750
60.00 5,837
61.00 5,921
62.00 6,002
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172.
183.1
193.6
204.1
214.7
225.4
236.2
247.0

"257.%

263.9
279.8 -
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301.8

312.8
322.8
334.2
345.7
256.6 <
367.5

378.3 . - . -
389.0

NUL YO 0

- 55.00 5,374 .

Material shrinkage is- 0.00291

13.803 sci/lb

DOUHDLS

28,958
29,725
30,484

31,235,

31,978

32,712

33,435
34,147

34,847

35,535
36,208
36,866
37,509
28,135
38,742

39,3307

39,897
40,442
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Conversion from inches of water column to liquid volume considers vapor
.volume with density of 3.33560 lbs/cu.ft.- Material shrinkage is 6.00291
Weight and MSCF are for liquid only. ; ) - ' '

LIQUID NITROGEM & 170 DSIC 13.803 scf/1b

IN.H20 GALIONS  POUNDS MSCF TH.E20 GALLONS POUNDS Hscr
4.50 0 o ~0.0 27.50 2,717 14,505 - 200.2
" 5.00 6 30 0.4 28.00 2,798 14,933 . 206.1
5.50 21 112 1.5 28.50 2,878 15,363. . 212.1
. 6.00 42 223 3.1 29.00 2,959 . 15,794 218.0
6.50 67 358 4.9 29.50 3,040 16,225 224.0
7.00 96 513 7.1 30.00 3,121 16,657 229.9
7.50 128 685 9.5 30.30 3,201 17,089 235.9
' 8.00 164 874 12,1 31.00 3,282 17,521 241.8
8.50 202 1,077 14.9 31.50 3,363 17,953 247.8
9.00 242 1,293 17.9 . 32.00 3,444 = 18,385 253.8
. 9.50 285 1,522 21.0 - 32.50 ‘3,525 18,817 259.7
. 10.00 330 1,763 24.3 33.00 3,606 19,243 265.7
10.50 378 2,016 27-8 33.30 3,687 ° 19,678 27%.6
11.000 T 427 2,278 31.4 3400 3,767 20,108 277.5
11.50 - 478 2,551 35.2 34.50 3,847 20,536 283.5
12.00 531 2,823 39.1 35.00 3,927 20,963 289.4
12.50 585 © 3,124 - 243.1 35.50 4,007 21,389 285.2
13.00 641 3,424 47.3 36.00 4,037 21,813 301.1
13.50 699 3,732 51.5 36.3 4,165 22,235 3105.9
‘rezadit e 758 4,047 55.9 37.60 4,244 22,655 312.7
T 14.580 819 4,370 60.3 - 37.50 4,323 23,073 318.5
15.00 881 4,701 64.9 38.00 4,400 23,439 324.2
15.50 944 5,038 69.5 28.5 4,478 23,902 329.9
16.00 1,008 5,381 74.3 39.00 4,555 24,312 335.6
© 16.50 1,074 5,731 79.1 39.50 . 4,631 - 24,719 341.2
. .17.00 1,140 6,086 84.0 40.00 4,707 25,223 246.83
" 17.50 1,208 6,448 89.0 40.50 4,782 25,524 352.3
18.00 1,277 6,814 94.1 41.00 4,856 25,921 357.8
18.50 . 1,346 7,186 99.2 41.50 4,930 26,314 363.2
19.00 1,417 7,563 104.4 4£2.00 5,003 25,703 388.6
. 19.50 1,488 7,944 109.7 42.50 5,075 27,088 373.9
20.00 1,562 8,330 115.0 243.00 5,146 27,468 379.1
20.50 1,634 8,720 120.4 43.50 5,216 27,844 334.3
. 21.00 1,707, 9,114 125.8 44.00 5,286 28,215 - 389.4
"21.50 1,782+ 9,512 -'131.3 44.3 5,354 - 28;580 . 1394.5
22.00 ‘1,857 9,913 126.8 45.00 5,422 28,941 399.5
22.50 1,933 10,318 142.4 45.59 5,488 29,295 404.4
23.00 2,009 10,725 148.0 46.00 5,554 23,644 409.2
23.50 . 2,086 11,136 153.7 £6.50 5,618 29,9858 413.9
© 24.00 2,164 11,550 159.4 47.00 5,681 30,321 218.5
24.50 2,242 11,966 165.2 47.50 5,742 30,650 2423.1
25.00 2,320 12,382 170.9 £5.00 5,802 30,972 427.5
. 25.50 2,399 12,805 176.7 ...  ¢8.50 5,861 31,286 431.8
.26.00 2,478 13,227 '182.6 .. . 49.Q0 5,919 31,592 436.1
26.50 2,558 13,652 188.¢ 49.50 5,974 31,890 420.
27.00 2,637 14,077 194.2 50.00 6,829 32,180 44,
: : 25-Jul-g



" volume with density of 5.04800 lbs/cu.ft:  Material shrinkage is 0.00291 -

MODEL

F-6000-SPRCTAT,

Conversion from inches of water column to liquid volume considers vapor

| ‘Weight and MSCF are for liquid omiy. -

T.IQUID NITROGEN € 250 PSIG
IN.E20.

7.00,

. 7.50

23080 -

~8.00 .

£.50
5.00

. .50
10.00
- 10.50
11.00

11.50:

12.00

. 12.50
. 13.00
13.50

14.00
14.50
15.G60
15.580

f16.00
- 16.50

17.00
17.50
18.00

+18.50
©19.00

19.50
20.00
20.50

. 21.00°

21.50
22.00
22.50
23.00

24,00

. 24.50
" 25.00
©25.50
"26.00.
. 26.50

27.00
27.50
28.00

--28.50 .

29.00

GALTONS

o
g
27
-53
85
121
161
.205
- 252
302
355
A11

470
53¢
593
633
725
794
865
938

1,012
1,087
1,165
1,243
1,323
1,404
1,486
1,569
1,654
1,739
1,825
1,012
2,000
- 2,089
2,178
2,268
2,359
2,450
2,541
2,633
2,725
2,818
2,911

3,004 -

3,097

POUNDS

0

L3g
133

262
- 417
595
793

1,008 .
- 1,240
1,438

1,749
2,024

2,311

2,610
2,920
3,240
3,570
3,509
4,258
4,614
4,979
5,351
5,731
6,117

6,510 -

‘6,909
7,313
7,723
8,138
8,558
8,982

5,411 -

9,843

10,280 -
16,719

11,162
11,607

.12,055

12,505
12,857
13,411
13,867

14,323

14,781

15,239
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i1g.1
124.0
125.9
135.8
141.9

Clagio
154.1°

160.2
166.4
172.6
178.8
185.1
191.4
197.7

© 204.0

210.3

36.8110 lbs/cu.ft.

©IN.E20

29.50

31.00
31.50
32.00
32.30
.33.00
33.50
34.00
34.50
35.00

36.00
36.50
37.00
37.50
33.00
38.50
39.00
39.50
40.00
40.50
41.00
£1.50
42.00
42.50
43.00
43.50
£4.00

N R e
o O\ Ut Ut b
thou ou
60a0o

30.00 -
30.50 . -

- 35.50

GATT.ONS

3,190
'3,283 "
3,377 .

3,470
3,563
3,656
3,749
3,841

‘3,933 .

4,025

5,903

... 5,568
16,030

13.803 scf/lb

PQUNDS

:,15'.698 S
16,157 - -
216,616

17,075
17,533
17,951
18,447
18,902
19,358

19,808

20,258
20,705
21,150

21,5392 .

22,031
22,466
22,898
23,326
23,749
24,165
24,582
24,991
25,395
25,792
26,184
26,569
26,947
27,318

27,681

25,036
28,383
28,720
25,048

29,367
29,67¢

HSCF
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285.8
291.8
288.0
304.1
310.1
316.1
322.0
327.8
333.6
339.3
345.0 .
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387.0
391.8
296.4
401.0

 405.3

S 409.8
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‘Type 9200 T-Ring Butterfly Valve, Bodies

Form 2432, Miarch 1974

Introduetion -~ - ¢ - .

The Type 9200, shown in figure 1, is 4 heavy-dyty butterfly °
vaive body’designed, for stringent shutoff requirements. An
elastomer or TFE T-ring seat is"used to obtain shutoff. The |
available construction yariations of the Type 920Q" are’* !

_ described below. The method of effecting the T-_rir_xg seal )
varies with the type of constru‘_ctioni' Cae s

..

Specification A—The pressure-activated T~rin§ is con- .
tained in the body as shown in figure 2.“Ext‘erpa_| s'éaling__ L
pressure forces the T-ring against the diécb‘eripheﬁ- oply i

B wiress

AN

Eigure 1. Type 3200 Buttertly Control Valve Body

when the disc is closed. There is no contact between the " 2. 1o ’ f,‘..:,', o
disc and T-ring when the disc is opening or ‘closing. TR
Specification A valves are available with elastomer T-rings Installation

~ bnly. C Coe -
Specification B-1—The adjustable elastomer T-ring seat is Do not install the valve in systems where the
contained between the body and retaining flange as shown service conditions exceed these for which the
in figure 3. The adjusting set screws and compression Jing valve was designed, or damage to the valve and
force the T-ring against the disc periphery to provide in- personal injury may resuit. ’

terference between the T-ring and disc.

1. Inspect the valve for shipping damage and be certain

A , that the bedy cavity is free of foreign materials.

Specification B-2—Similar to Specification B-1 except. . .

with TEE T-ring 2. Clean out adjoining pipelines to remove ali foreign
: material that cculd damage the valve seat.

N ' . . . 3. Inthose ¢ irecti ;
Specification C-1—The adjustable elastomer T-ring seat is to the Ihl ebca;es‘where a flow direction arrow is attached
contained in the vaive disc as shown in figure 4. The ad- the valtz ‘fill Ze‘{i’n"::::l‘lj}het.bc’d.y ZO tha; t?:lfLow-t:rough
A . . . ol irection indicated. (Although some
justing set screws and compression ring force the T-ring seat materials and service conditions require flow in one
against the body bore to provide interference pbetween the direction only, the Type 9200 is normally capable of flow in
-ri a bed B i a X A R i a
T-ring and y bore seating surface. either direction and will have no flow arrow attached.)

'

4, Be certain that the pipeline flanges are in line with each

other and that the disc is fully closed before inserting the
valve into the pipsline.

Specification C-2—Similar 1o Specification - except
with TFE T-ring
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Figure 2. Type 9200 Specification A -

8“tl_ DR

SPECIFICATION C.2

TFET-RING
SPECIFICATION B-2
TFEY-RING
SPECIFICATION B-3 SPECIFICATION C-1 -~
e ELASTOMER T-RING \ ELASTOMER T-RING
Figure 3. Type 9200 Specifications B-1 and 8-2 ) Figure 4. Type 9200 Specifications C-1 and C-2
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CAUTION

If the flanges are out of alignment or if the disc
is open, difficulties in installation and/cr damage
to the valve may occur. Be certain that flanges
and adjacent piping will not interfere with the
opening of the valve disc. Review the dimension
drawings to ensure that the inside diameters of
the adjacent flanges and piping are large enough
to allow disc rotation without interference.

5. Center the valve between the pipe flanges. Although
the valve may be installed in any position, the normal posi-
tion is with the valve shaft horizontal and the actuator ver-
tical above the valve body.

6. Follow accepted pipiné practices when installing' the
valve. Provide suitable flange boiting and flange gaskets.

7. I a power actuator is furnished with the valve body,
refer to the appropriate actuator instruction manual for infor-
mation regarding instaliation and operation of the actuator.
.8. If a sealing system is supplied for Specification A con-
structions, refer to the seal system instructions for operation
information.

Specification A Sealing Pressure

Required sealing pressure for Specification A valves is equal
to (a) 50 psig or {b) the vaive inlet pressure plus one-half the
\outlet pressure, whichever is greater. Maximum allowable
sealing pressure is equal to (a} the maximum allowable
pressure of the sealing system being used or (b) 2.5 times
the inlet pressure, whichever is lower.

Operation

Specification A

On power-actuated valves when the disc is in the fully -

closed position, the seal pressure is applied to the back of
the elastomer T-ring, forcing the T-ring against the disc
periphery. Immediately upon activation of the actuator to
open the valve, the seal pressure is released, allowing the
disc to leave the seat without any force being exerted on the
elastomer T-ring by the disc. The disc is then positioned at
the required angle of operation.

lupe 4 oF g

-

| "'<Type 9200

When the disc is braught from its open position ta.its closed
position, there is a delay before seal pressure is applied. The
sealing system is tripped just as the disc is entering the seal

and allows the disc to close fully {completely in the seat)

before the seal pressure is applied. This operation is factory
adjusted on each valve; if problems arise, the system can be

_fe-adjusted per the seal system instructions.

On valves without power actuators, the sealing pressure
must be released with the manually operated loading valve

* before the valve is opened and re-applied after the valve is

closed,

CAUTION

Never apply pressure to the sealing system
unless the valve disc is fully closed, or damage
to the T-ring may result,

Specifications B-1, B-2, C-1, and C-2

For Specification 8-1 and B-2 valves, the valve disc rotates
into contact with the T-ring seat on closing. For Specifica-

- tion C-1 and C-2 valves, the valve disc rotates the T-ring intor

contact with the body bore seating surface on closing. No
sealing pressure is required.

. Maintenance

To avoid personal injury and damage to tha
process systam, isolate the control valve from all
pressure and release pressure from the valve
body and actuator before disassembling.

Qutboard Roller Bearings"
If the valve is equipped with outboard roller besrings,.

lubricate the bearings periodically with a good quality roller
bearing greasa.

Packing

Key numbers used in this section are shown in figure 5. For

- valves with lubricating-type packing boxes, lubricate the

packing periadiczlly. The frequency of lubrication required
depends upon the severity of sarvice conditions.
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‘Type9200
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PURGING

O-RING

It may be necessary to tighten the packing follower nuts (key

13) to stop leakage. If leakage cannot be stopped in this

manner, replace.the packing per the instructions below.
For split-ring packing, unscrew packing follower nuts (key
13} and slide packing follower (key 15) away from the valve.
Remove old packing rings {(key 16).

For lubricating packing boxes, remove actuator mounting

bracket. Remove lantern ring (key 45) to gain access to the -

packing rings behind the lantarn ring. Place new rings over
the valve shafi. When inserting the rings into the packing
box, be certain that the split in each ring is positioned 90°
from the split in the adjacent ring.

For ring-type packing, remove the actuator and all
accessaries. Unscrew packing follower nuts (key 13).
Remove packing follower and packing rings (keys 15 and
16). For lubricating packing boxes, also remove lantern ring

{key 45) to gain access to the packing rings behind the

lantern ring. Install new packing rings on the shaft and insert
them into the packing box.

. For O-ring packing boxes, disassemble the componenis of

:he control valve assembly as far as is required to removs
the Q-ring follower {key 49). Replace O-rings (keys 47 and
48) in the follower as required. :

N CALe . PM- 375
e réF“' 20 . . )
' g 5 oF 9

LUSRAICATING

Fig.yure 5. Packing Box Types

Replacing T-Ring
Specification A

Key"n‘un}_bgrs used in the following steps are shown in figure

- 2 except where indicated.

1. Making.certain that the valve disc {key 2} is fully closed,
remove valve body from pipeline.

2. Note the location of travel stop (key 9, figure 6) on
retaining ring (key 7} in respect to the body. This travel stop
will be in either location A or B as shown in figure 2 and
must be replaced in the same location during reassembly.

3. Unscrew Allen-head cap screws (key 8) and remove
retaining ring and T-ring (key 5. '

4. Inspect O-ring {key 6). If O-ring requires replacement,
remove it from the body.

5. Clean T-ring and Q-ring grooves, and coat the new
T-ring with 3 good quality silicone grease.

6. Making certain that the T-ring seat angle matches the
disc seat angle (as'shown in the insetin figure 2}, install the

T-ring in the bady. insert the new Q-ring if replacement is
required.
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7. Place retaining ring on the body. Using care 10 avoid
damaging the O-ring {key 6}, rotate the retaining ring slightly
clockwise and counterclockwise to ensure proper alignment
on the T-ring. Be certain the travel stop is positioned in the

“location noted during disassembly.

8. Replace and tighten Allen-head cap screws tkey 8},

9. Replace valve in pipeline per the “Instaliation” section.

Specifications B-1 and 5-2

. Key numbers used in the followmg steps are shown in figure

3 except where indicated.

1. Making certain that the valve disc (key 2} is fully closed,
remove valve body from pipeline.

2. Note the location of travel stop lkey 9, figure 8) on
retaining ring lkey 7) in respect to the body. This travel stop
will be in either location A or B as shown in figure 2 and
must be replaced in the same location duriqg reassembly.

3. Completely loosen adjusting set screws {key G4). -

4. Upnscrew Allen-head cap screws (key 8) and remove
retaining ring, compression ring {key 53}, and T-ring (key 5,

8. ilnspec:‘O-ring‘ {key 6). If O-ring requires replacement,
remove it from the body.

6. Ciean T-ring and O-ring grooves. For elastomer T-rings,
coat the new T-ring with a good quality silicone grease.
A ‘

7. Making certain that the T-ring seat angle matches the
disc seat angle (as shawn in the inset on figure 2}, install the
T-ring in the bady. Insert the new Q-ring if replace-nent is
required.

8. Place retaining ring on the body. Using care to avoid
damaging O-ring (key 6}, rotate the retaining ring slightly
clackwise and counterclockwise to ensure proper alignment
on the T-ring. Be certain the travel stop is positioned in the
location noted during disassembly.

9, Replace and tighten Allen-head cap screws (key 8).

10. Adjust the T-ring per
justments” section.

instructions in the “Ad-

11. Replace valve in pipeline per the “instaliation”

section.

<:>5§%-;16f9

Type 9200

Specifications C-1 and C-2

Key numbers used in the following steps are shown in figure -
‘4 except where indicated.

§ 1. Making certain that the valve disc {key 2} is fully closed,
\remove vaive body from pipeline.

2. Specification C-1 and C-2 valves may be furnished with

a travel stop on the body. This travel stop, if furmshed is not
‘removable,

3. Completely loosen adjusting set screws [key 54). -

4. Unscrew Allen-head cap screws {key 8) and remove

retaining ring, compression ring, and T-ring {keys 7, 53,
and 5}, )

5. Clean the T-ring graove. For elastamer T-rings, coat the
new T-ring with a good quality silicone grease.

6. Making certain that the T-ring seat angle matches the
body seat angle, install the T-ring in the disc.

7. Place retaining ring on the disc and rotate the tetaining
ring’ slightly clockwise and counterclockwise to ensure
proper alignment on the T-ring,

‘8. Replace and tighten Allen-head cap screws (key 8).

8. Adjust the T-ring per instructions in the “Adjustments”
section.

10. Replace valve in pipeline per the "lnstallatlon sec-

© o tion.

R epla-cing Valve Disc

If replacement of the valve disc is required, foillow the
‘Replacing T-Ring” instructions to the point at which the
retaining ring and T-ring have been removed. Then proceed

with the instructions below. Key numbers used in the follow-
ing steps are ‘shown in figure 6.

1. Remove zttuator, mounting bracker, packmg followers
key 15} and packing.

2. It the ends of the taper pins (key 3) are peened. grind
off the peened portian. Orive out taper pins.

. 1 there is one set of taper pins in the disc, pull shaft
(key 4) out of bady and remove disc (key 2). Two sets of
taper pins indicate that stub shafts are used. Each shait par-
tion must be pulted out of tne body; do not aitempt 1o drive
the shaft portions through the dise.
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CAUTION

When installing a new disc, also install a new
shalt and taper pins. Attempting to use a new
disc and old shaft will require drilling new taper
pin holes in the shaft, thereby weakening the
shaft. The weakened shaft may fail in service. A
new shaft may be used with an old disc, using
the- taper pin holes in the old disc as guides for
drilling taper pin holes in the shaft.

" 4. With inboard bushings (key 19} installed, place valve
disc in the body. For large valves, block the body in the

. horizontal position. Be certain the clearance under the body

is equal to at least one-half the disc diameter. With the disc
en-rizal, use a hoist of suitable capacity to place the disc in
the body. Be cerain the taper pin holes are on the actuator
side of the body. ’ :

'5. Align the disc shaft hole with the packing box holes in
the body.

6. Insert the shaft through the body and disc. Make cer-
tain the key seat in the shaft is on t_he actuator side of the

" body.

7. Replace bushing retainers and packing box parts {keys

18, 17, 16, 15, and 13).

8. Install taper pins. The disc should be centered in the
bady bore. ' .

9. Re-install T-ring and retaining ring per instructions in

the “Replacing T-Ring” section. For Specifications B-1. B-2,

C-1, and C-2. adjust the T-ring per instructions in the “Ad-
justments” section.

10. Install the yalve in the pipeline per instructions in the
“Installation” section.

Adjustments

Specifications B-1, B-2, C-1, and C-2 T-Ring
Adjust the T-ring as required tc compensate for wear and to
retain satisfactory shutoff capability.

1. Fotate valve disc to the fully clcsed positiqn.

2. Loosen all adjusting set screws (key 54, figure 3 or 4)
so that there is clearance between the T-ring and its seating
surface at all points around the T-ring.

3. Select one adjusting set screw {key 5¢) as a starting
point and tighten that screw 1/4 turn {clockwise rotation).

- shown in figure 6.

L REE R0
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4. Moving clockwise around the r.etaining ring (key 7.

figure 3 or 4), tighten each set screw 1/4 turn. Cominqe.

until the T-ring contacts its seat 2t one point.

5. When contact 21 one point has been made, return 10
the Set screw selected as the starting point. Move around
the Egtaining fing in a clockwise pattern, and wherever there
is clearance between the T-ring and its seat, tighten the set

screw at that point 1/4 turn. Bypass any scraws where the
T-ring is in contact with its seat.

6. When contact has been made at all points on the

T-ring, tighten each set screw an Specifications B-1 and C-1

an additional 1/4 turn. No further tightening is required on
specifications B-2 and C-2. :

7. Replace the valve in the pipeline per instructions given
in the “Installation” section.

Double-Thrust Bearings

1t is unlikely that the thrust bearings will require adjustment.
If it does become necessary to adjust the bearings, procesd
as {ollows. Key numbers used in the following steps are

1. Making certain the valve disc is in the closed positicn,
remove valve from gipeline.

2. Loosen the screws found in each clamp-type colfar (key
27).

3. With the valve disc closed, center the disc in the body
bore.

4. With the valve disc ceniered, position one clamp-type
collar against each end of the bearing bracket {key 21} hub.
Then, tighten the screw in each collar.

8. For Specifications B-1, B-2, C-1, and C-2 valves, adjust
T-ring per the procedure above if the adjustment was dis-
turbed in centering the disc.

8. Replace the vzlve in the pipeline per the "Installation”
section.

Actuator Linkagse

Due to the large number of different types of actyatars that
can be used with the Type 9200, itis noi practical to preseat
detailed instructions for 'the various types. Haowever, to
simplify this adjustment and 1o ensure proper valve disc
closurs, an internal travel stop is narmally furnished with the
valve. When checking or adjusting the linkage, the disc may
be closed until cantact is made with this travel stop. Adjust
linkage to close the disc to this point.

e
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Figure 6. Type 8200

Ordering Replacement Paris Parts Reference Key Part Nams
' To order replacement parts, specify the key number and - Key Part Name 23 Hex Heod Screw
"name of each part required from the “Parts Reference” sec- T s 27 Clamp-Type Collar
. .. . . cdy 43 Lantern Ring [Lubricating
tion. Also state the original material of the part, if known, 2 Valve Dise and purging packing
the desired quantity, valve type number, size, serial number, . 3" TaperPin boxes only}
and all other pertinent namepiate information. The correct 4' Valve Shatt 46 Fitting {O-ring packing
part will be selected based on this infarmation. 5' TRing boxes only) .
- [ Q-Ring {Specifications 47"  0O-Ring {O-ring packing
. . ’ A.B-1, and B-2 anly} baoxes anty)
In all correspondence with the sales representative, mention 7 Retaining Ring 48*  0-Ring (O-ring packing
the serial number of the valve. 8  Alien-Head Cap Screw boxes only)
g Travel Stop 49 0-Ring Follcwer (O-ring
1Q Set Screw packing boxes only)
11° Xev 60  Hex Head Boit (O-ring
13 Facking Follower Nut packing boxes only}
14 Packing Follower Stud 51 Spacer Block
18 Packing Follower 52 Washer
16"  Packing Ring 53 Camgpression Ring
17*  Packing Washer {Specifications 8-1,
18 Retainer Bushing 8-2, C:1, and C-2 only) —
- 19 Intoard Bushing 54 Adjusting Set Screw
20 Bushing Specifications B-1, 8-2,
21 Bearing Brackat C-1, and C-2 only}

. 22 Lock Washer

'Recormmended Spare Part




Ordering Replacement Paris

Ta order regiacement parts, specify the key number and

. Type 5200

Figure 8. Type 8200

Paris Reference

* Koy

name of each part required {rom the “Parts Referance” sec-

tion. Also state the original material oi the part, if known,
the desired quantity, valve type number, size, serial number,
and all other pertinent nameplate information. The correct
part will be selected based on this information.

o wm bW AN -

In all carrespondence with the sales representzative, mention 7

the serial number of the valve,

)

*Recommended Spars Part

8
9
10
1
13
14
15
16°
17°
3
19
20
21
L 22

Part Name

Body

Yalve Disc

Taper Pin

Valve Shalt

T-Ring

Q-Ring (Speciiications
A, B-1, and 8-2 only)

Retaining Ring

Allen-Head Cap Screw

Travel Stop

Set Screw

Kev

Packing Follower Nut

Packing Follower Stud

Packing Fallower

Packing Ring

Packing Washer

Retziner Bushing

inboard Bushing

Bushing

2earing Bracket

Lock Washar

Koy Part Mamse
23 Hex Head Screw

- 27 Clamp-Tygpe Collar

45 Lanteen Ring {Lubricating
and purying packing
baxes only}

43 Fitting {Q-ring packing
taoxes only)

47°  O-Ring {O-~ring packing
boxes only}

48’  0-Ring {O-ring packing
boxes anly)

49 0-Ring Follower {G-ring
packing boxes only)

50 Hex Head Bolt {Q-ring
packing boxes oniy)

3 Epacar Block

£2 Washer

53 Cempressien Ring

Spacifications 8- 1~
8-2, C-1, and C-2 only}
£4 Adjusting Set Screw
Specifications B-1, B-2,
C-1,3nd C-2 anly)
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Actuator Spring Size

Allowable

Actuator Spring Size

o~ Appx. Wt.

Actuator | Displ. per Stroke

SR5 | SR4 | SR3 | SRz | [ smi

Operating
Pressure**

Manual
Override

Model

{psia)

T-310-$R |:

B T e

GasOr R

SR5 | SR4 | SR3 | sm2 I@

(Ibs)

Appx. WL. of Actuator (ibs

1-312-SR

T-316-SR_|- /1 066:

1-410-SR

100

' T-412-3R

509

X

' 7.416-SR

1-420-SR

7-510-SR

7-512-8R

7-516-5R

T1-520-SR

120

T-812-SR 1.091

7-816-SR 1751 (%50 |3t

T-820-SR 2.774 150

1626

* Maximum operating pressure is the pressure required to produce

the maximum rated torque of the actuator.

°*Maximum allowabie operating pressure is the maximum static
pressure that may be applied to a fully stroked actuator against the
travel stops. Pressures applied to only one end of the cylinder in

permanent deformation of the torque-producing mechanism of the

actuator. Maximum pneumatic test pressure is 1.25 times the max-

excess of the maximum aliowable operating pressure may result in

Sizing Information

The following information is
designed to aid in sizing Bettis
heavy-duty pneumatic actuators
to specific valve requirements,

An accurate maximum torque re-
quirement must be obtained. Most
valve manufacturers publish ngrmal
valve stem torque requirements
and torque correction factors for
unusual applications or extreme
operating conditions. Normal stem
torgue for a properly applied and
Maintained valve is generally
defined as the maximum torque
fequired to rotate the valve element
(ball, disc, plug, etc.) from its fuily
closed position when the element is
against the fult valve:rated differen-
lial pressure. Because the features
of each valve make and model| are
unique, torque carrection factors
must be provided by the manufac-

turer. Adjustments are usually
made relative to differential pres-
sure, extreme temperatures, un- -
usual loadings and operating speed
requirements. For accurate torque
requirements, all information per-
tinent to the valve application,
including size, model, figure
number and nominal pressure rat-
ing, must be furnished to the valve
manufacturer.

When an accurate maxirmum
torque requirement is obtained, fur-
ther consideration must be given to
the vaive type, design and applica-
tiont to determine whether the re-
quirement is valid only at the be-
ginning and/or end of each stroke
or at an intermediate position.

GH-Bettis double-acting Scotch-
yoke actuators can then be appro-
priately selected from torque output

imum allowable operating pressure when applied to both sides of
the cylinder simulitaneously. .
1 Except when maximum operating pressure is higher.

charts in accordance with their
guaranteed minimum break or run
(mid-stroke) output torque.

Bettis spring-return Scotch-yoke
actuators may be selected using
the published, guaranteed mini-
mum, ending torque output values
except when the maximum require-
ment is at an intermediate position
of the piston stroke. In these cases,
select an actuator having an ending
torque at least 25.percent greater
than the torque requirement for the
intermediate position. Note: The 25
percent adjustment is not to be con-
sidered a “'safety factor.” This end-
ing torque adjustment, applied to
the spring-return, Scotch-yoke-type
actuator, assures an intermediate
position tarque output equal to or
greater than the requirement. (See
page 7, fig. 2.)
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T-3, T-4, T-5, T-8 Spring-Return

o A
r e -—F
S d M NPT PRESSURE
l RELIEF VALVE ° f INLEY (2 PLACES)
L 3 L
) fam
g»'__‘ (—'— — - - - § € o, ! 3
[3 . OF CYUNDER l .
SPRING CARTRIOGE \ MOuNTING Ly
SURFACE
SEE ACCESSOR'/At or vin.vs _j‘ \—sroe mﬂmee.: Schew SEE ACCESSORY M
MOUNTING PADDETAIL ————— [¢ ) MOUNTING PAD DETAIL OF VALVE !
OF CYLINDER
Spring Size
Actustor | SRV | SR2 | SA3 | SR [ SRS "
Model Di A B C D E F [ H J K L {NPT)
7-310-5R 11 1'% 9% 4
1-312-SA 69v 62%a 6% 6% 65% | 2% | 12% | 1 12 | 3% | 2% [ 10%s | 3% | 3% %
1-318-8R 167 { 14%e 12w Y
~ T-410-SR 1 14% 9% ]
1-412-8R - 13 15% 10" ‘A
! T4165R T 83%e Tavie T6%s 1% | 25% 8% | 17 % | 6% &% 4 2% 44 | ¥ )
& [Tazsn 0% |1 1¥a %
1-510-SR il 19% 0¥ A
1-812-8R | N 13 194 1% %
THIBSR | (M | M2% | gV | % | — 30 |12 u W T2 |7 1% Towal ¢ W
71-520-8R 0% | 2% 14'%¢ ¥
1-810-SR 1" 23V 9% %
T-812-SR 13 2 10Wag A
— y 123y 1324 15% | 42w ¥,
3165 A I R R N R B B v s BATS E ors E T
1-820-SR 0% | 5% 14%e Y
T-3, T-4, T-5, T-8 Spring-Return with M7 Hydraulic Override
A
B8
M7 HYORAULIC H .~ M NPYPRESSURE
( . RELIEF __ 0 —e OVERRIDE Y INLEY (2 PLACES)
= VALVE
— ] R ) a: O
g——-——- — E (1A X —Sg-
R OF CYLINDER J
[/ sPRING / MOUNTING SURFACE &
— CARTRIOGE s ¢ '—
SEE ACCESSORY AL_ OF VALVE JA\— A atey o &
MOUNTING PAD DETAIL ¢ OF vALVE [
OF CYLINDER
Spring Size
Actuator | SR | SR2 [ SR3 | SR4 | SRS "
Modei Dimension A B ] D E F 6 H J X L | (NPT)
1-310-SR-M 1 Kz i /)
7-312-SR-M7 { B84% 5% % 11 80% | Ve | B%s | 129 {13 % | e | 2% | 34 0% | 3% P
T-316-SR-M7 16% | 39'%: 12%e Y
T-410-SR-M? . LRI Vi :
(TARSAMI ] o | gy | mare | ovvie | oame |aa Jow |0 D5 D3] g0 (4 |as  [0e] g, [
T-416-SR-M? " hd * e b 6% | 39%2 12%s * EZ
1-420-5R-M7 . (207 [ 4% 1% Z
| 1-510-5R-M7 T 0% %
~512-SR-M7 . ) 13|37 , Ys %
R Sﬁm'-l_J 142% [ 132%s [ 1184 [ Y24V —_ 54 112 24 o | 9% e | 5% | MY Y 4y A
520-SA-M7 0% | 4% k’ [N Y.
-810-SR-M? TR Vg %
-§12-SR-M? 1 3%k § ., 10" Vs %
C B16-SA-MT —_ 160% | 150% | 159% 2% |10 15 30 (TARED? % | 8 34¥e V% a¥s Ve
-820-SA-W7 RS 1% A
All dimensions are in inches.
Accessory Mounting Pad Detail
39442 001
T-8 280 T-3,T-4,T-8 T-5
2HOLES N 300
e w0 e g
[* (2 PLACES) $-16 UNC-28 1.50 DEEP
3 200 #} ﬂ/ @ HOL_ES PERPAD)
, 5632
!@ - 001 2vr ( - I
' T cae
1.50 .54
%-10UNC-28x1.12 DEEP (2PLACES) '
4HOLES ON A 14.00 01A. B.C. X
. STRADDLE G AT 45* APART MGUNTING SURFACE

2!
e DIA. 1 7.88 OEEP

WiH1)1.25 2 438 KEYWAY

#-16 UNC-208 x .50 DEEP

{4 HOLES)

Certified dimensional drawihgs available on request. Contact factory with correct model designation and serial number.
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TO

h g‘ STONE & WEBSTER ENGINEERING CORPORATION
QAL Pm-3T 3 EXECUTIVE CAMPUS, P. 0. BOX 5200
‘ CHERRY HILL, NEW JERSEY 08034

NTTACHMEST 1

—_ y; )
Pac.e L OF:JEEE ~ [°~" September 21, 199
> 9 N° 03040,242
P. O. NO.
LTR. NO. STP" 2030
VIA REF.
- .
. ; . . DEAR SIRS:
Philadelphia Electric Company
Attention: Mr. G. V. Cranston THE FOLLOWING ARE L] ATTACHED: [] SENT SEPARATELY:
Manager of Nuclear Engineering Dept. PP
¢/o Document Control Center 61B-3 _ COPIES . PRINTS —_ REPRODUCIBLES __— APERTURE CARDS
965 Chesterbrook Blvd. : EACH OF
Wayne, PA 19087-5691 O orawwes [0 seecirications
L ’ ‘_‘ m DOCUMENTS D NOTES OF CONFERENCE _]
STATUS ) PLEASE NOTE SENT FOR YOUR
D FINAL D APPROVED D REVISIONS D OMISSIONS D APPROVAL m COMMENT
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TASK NUMBER 9182128249

SGIG GENERIC ISSUES.

DRAFT RESPONSE TO ITEM 1A

SSFI ACTION ITEM NO. SFIP92-08, Rev. 0
PEACH BOTTOM ATOMIC POWER STATION

The Subject Draft response to Item la is being delivered to Mr. E. Epstein.
Per discussion with E. Epstein, no revision to Calculation PM-375 is to be
performed at this time. Calculation PM-375 will be revised in the future to
incorporate this item (Item la) and other SSFI open items.

If you should have any questions, please call the undersigned at (609) 482-3866.

M. K. Allen
Senior Task Manager

Copy to: GVCranston
FCook
EEpstein (orig. enc)
JHufnagel
16-81
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: c SSFI ACTION ITEM
DEA/ T
- — Action ltem No.: SFIP9208, Rev. 0

PART |l - RESPONSE (ltem 1a only)

1.

ACTION.MC

The potential concern/question presented has been reviewed and the following response Is
provided:

The potential discrepancy addressed in Item 1a s that the Fisher Model 95H Pressure Control valve
(PCV) with a 1 inch orifice will allow increased flow through the failed regulator and subsequently
lose the required nitrogen inventory from the CAD tank for the combined limiting demand of the
SGIG and the CAD systems for dual unit operation.

A review of the piping arrangement of the PCV portion of the SGIG system (Refer. Dwg. M-372, .
Sh. 1) shows that there are 3/4 inch isolation valves upstream and downstream of the PCV. These
valves have an orifice size of 0.312 inches (Refer. NUPRO Catalog #N-390-3).

An evaluation (Attachment |) was made to determine the impact on the required nitrogen inventory
to sustain a failed PCV for a 4-hour period using the PCV with a 1 inch orifice. The evaluation
determined that the isolation valves (in series) at the inlet and outlet of the PCV are the iimiting
components of system flow in the event of a failed PCV regulator. The evaluation concluded that
the calculated results on Section G on pages 22 and 23 of Calc. PM-375 are not affected by the use
of Fisher Model 95H valve with 1 inch orifice.

Additiona! documents/information are provided in support of Item 1, above (list).

Attachment | - Evaluation of impact on N, inventory Using PCV With 1 inch Orifice

Drawing M-372, Sh. 1, Rev. 44

Nupro Catalog No. N-390-3, April 1990.

. Item reviewed for hardware nonconformance requiring implementation of NGAP-03N001, Control

of Hardware nonconformances. NCR issued: ( ) Yes, (X) No. NCR No. (not applicable)

Approval Signature/Date-
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D K A /1;7., SSF1 ACTION ITEM

e —— Action item No.: SFIP92-08, Rev. 0

PART Il - RESPONSE (item 1a only)

1.

The potential concern/question presented has been reviewed and the following response is
provided:

The potential discrepancy addressed in item 1a is that the Fisher Model 95H Pressure Control valve
(PCV) with a 1 inch orifice will allow increased flow through the failed regulator and subsequently
lose the required nitrogen inventory from the CAD tank for the combined limiting demand of the
SGIG and the CAD systems for dual unit operation.

A review of the piping arrangement of the PCV portion of the SGIG system (Refer. Dwg. M-372, .
Sh. 1) shows that there are 3/4 inch Isolation valves upstream and downstream of the PCV. These
valves have an orifice size of 0.312 inches (Refer. NUPRO Catalog #N-390-3).

An evaluation (Attachment I) was made to determine the impact on the required nitrogen inventory
to sustain a failed PCV for a 4-hour period using the PCV with a 1 inch orifice. The evaluation
determined that the isolation valves-(in series) at the Inlet and outlet of the PCV are the limiting
components of system flow in the event of a failed PCV regulator. The evaluation concluded that
the calculated results on Section G on pages 22 and 23 of Calc. PM-375 are not affected by the use
of Fisher Model 95H valve with 1 inch orifice.

Additional documents/information are provided in support of litem 1, above (list).

Attachment | - Evaluation of Impact on N, Inventory Using PCV With 1 Inch Qrifice

Drawing M-372, Sh. 1, Rev. 44

Nupro Catalog No. N-390-3, April 1990.

Itemn reviewed for hardware nonconformance requiring implementation of NGAP-03N001, Control
of Hardware nonconformances. NCR issued: ( ) Yes, (X) No. NCR No. {not applicable)

Approval Signature/Date
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STONE & WEBSTER ENGINEERING CORPORATIQN
CALCULATION SHEET alue  Pm-zI1S

J.0. OR W.0.NO.
02040, 242\

CALCULATION IDENTIFICATION NUMBER .
DIVISION & GROUP CALCULATION :EJ-O. OPTIONAL TASK CODE PAGE_L‘_ (

MECHANICAL [ATRenvenT T — BE /5

R 2 (48) 2095

PREPAGER. !

ﬁ 'Qgcu@ﬁb&‘_"d@;éﬁvé* O

E\IALL)A-TE THE _IMPACT. ON_THE. REQUIRED. NITQOGEN !NVGJTDRY
O SUSTAIN A _FAILED. PRESSURE  CONTROL VALNE. (PCV). AND._
Qasumue ..... LOSS._OF _NITROGEN __FoR. A _4_HR_PERIOD _USING...
. FISHER. MODEL...A5H VALVES WITH |“ CRIFICE. FER MCD 1316 N _
LIEU OF. RoV WITH Ya” ORIFICE . AS omeuw_u/ CM-CULATED
ON PAGES 22423 OF CALC. PM-375, . . .

B Hbfé '.' .ﬂéfff%[&jvmc i &a ' séd&bftsf ._i&'éLOBétSi.ﬁl'E%'éﬁf"Afﬁ,fm”

| PAGE 22 OF CALL., PM-375 ASSUMES. A FLOW RATE OF .
. |50 .5CFM_BPASED ON MODEUNG THE FAILED. REGCULATOX ..
. AS A cRIFICE WiTH. 1SO. PSIG DIFFERENTIAL PRESSURE .

. .ACROSS IT (SEE calc. ReF 13). Per. MOD 13 (REFER. .

 CALC. PM-234),THE LINDE PRESSURE. CONTROL  VALVES .

Ll . THE Y4 ORIFICE  UFON. WHICH THE. BaILED . PV

- FLOW RATE WAS BASED). HaVE SUBSERUENTLY. Beenl

CUTIUZE A 1" ORIFICE. FROM CALC. REFER.(3, FLOW

FACTOR OF APPROXIMATELY 15 (AT THE SAME
. DfFeReNTIAL PRESSURE ). DuE O THE INCRERLE N .

UNDERSTANDING  OF. THS CALCULATION . (AtracimenT. I).
 SSEI ACTION .ITEM No. SFIP42-08, Rev. 0 (TTEm 1a.)...
IDENTIFIED A POTENTIAL CONCERN REGARDING INCREASED
FLow THROUGH A FAILED-OPEN PCY. . SECTION.G. ON

PEPLACED WITH FISHER MODEL ASH VALNES WHICH. . ... .
THROUGH THE FaleED REGULATOR. |NCREASES BY. AL

CRIFICE C2E Fom %" To 17 (150 scAm o 2338 ScFm)

F THS FLOW 1S COMPLETELY PASSED . BY THE DowN SREam
RELIEE \ALVES AND WERE ALLOWED TO CONTINVE
UNMITIGATED ToR 4 HOURS, THE RESQOLTANT NITROGEN
INVENTORY REQUIRED TO COMPE‘NJ&TE‘ PR THS LosS
WOULD INCREASE  SUBSTANTIALLY AND WOULD EXCEED
THE . CAPABILITY OF THE CAD TANK.
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STONE & WEBSTER ENGINEERING CORPORATION A Dm=18
CALCULATION SHEET

A 5010.65
CALGCULATION IDENTIFICATION NUMBER {0,).] I
J.0.0R W.0.NO. DIVISION & GROUP ACAL%&AQS\S&N"?' OPTIONAL TASK CODE PAGE
02040. 242! Mecwasical |77 ol — é4
Note (cont’d) i

UTILIZATION OF THIS CALCULATION (M‘I‘Awmm ) By

. PERSONS WITHOUT ACCESS TO THE PERTINENT FACTORS .

AND WITHOUT PROPER REGARD For. I TS PURPOSE COULD.
LEAD TO ERRONEDUS CoNCLUSIONS . SHOULD T BeCOME

DESIRABLE 70 USE THIS. CALCULATION. To SUPPORT DECIGN

. OR STATION _ACTWITIES _(OTHER . THAN. -mose..-apucm_y_
.. SPECIFIED _IN_THS._ SECTION, THE . RESPONSIBLE . o

.. ENGINEERING_ BRANCH. _(AS. NOTED 1N, BLOCK. 4 OF THE
_PECo CoveR. SWEET ) SHALL £ CONTACTED 1D ENSURE

CTHAT. THE  PURPOSES,, ASQUMPHOMS QUDGEMENTS, AND.

LIMITATIONS  ARe mnouemy UMDERS‘rooD
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STONE & WEBSTER ENGINEER!ING CORPORATION AALL PM%75

CALCULATION SHEET

LK ___QES,. (m AIDITION m QEFeﬁeﬂces IDEHTIFIED oN PAGsS 67474;
. . OF CALC, PM-375 ) o

) DAG. 12489, S, ReV. 1, N, SUPPLY To CAD SYSTEM VALVES.

ELeNS. 16-0")125-0" 6520" 4 195-0" AeAS 7.8 9,

P2aps ONIT ’2.. ¥ CoMMoN ”
_.,,fﬁjff'_'_'"[s) DWG M-3184-3. B\, SHT. |, " IMPROVEMENTS.. For.. @ummméﬁ‘”
 ATMOSPHERIC S\/STEMS PRAPS UNITS 2437

Foll AR Ao 1003 NUPRD SS-80W-TW, 4" BelioWs YWV/.

) NUPQO CRTALOG ¥ N-240-3 , APRIL 1990, (ATTACHED P6S. 8=IR)
D) .TEL,E-CoN NOTE ,94&422, R.CORPUS /B.u;rz . (Avmaxeo' fs. 14~ \5)

E) DWG. M- 372 Sh.1, REV. 44, P4 ID. comlumaJrAmasmEp,g S —

DILUTION Svg-nsm

E) DWG M-367, SHt (Rev.55), si.2( e, 53> Su3(Rev.s4),
. N CORTAINMENT A?\‘MOSPHQQIC, CONTROL. S\{S‘IE'M .

A5010.68 i
CALCULATION IDENTIFICATION NUMBER Co 029 Z
J.0. OR W.0.NO. DIVISION & GROUP CALC L”{ATION NO. |OPTIONAL TASK CODE PAGE L2
RTRER eENT T A7
03040. 242\ MECHANICAL | &7 .
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STONE & WEBSTER ENGINEERING CORPORATION
CALCULATION SHEET

A §010.65

CALCULATION IDENTIFICATION NUMBER 1 oF l@l

J.0. OR W.0.NO. DIVISION & GROUP A?ALCULng?Aq‘ N:E). OPTIONAL TASK CODE PAGE @/cyé‘
023040, 242\ MECHANICAL TR '

v © N O o b [

. BVaLUATE The. EFFecr OF FaiLeD PoV (BAsed oN FiSier.. .
MODEL. dSH REGULATORS WITH ["ORIFICE PER MOD.1316) . ..

_ THe BASTING SGIG. PIPING CONFIGIJRATION HAS 1SOLATION
VALVES. UPSTREAM AND. DOWNSTREAM OF ThHe . PANS . .. .
(EE REFER.EFF) .

e e _,\634”535 e e e e e e e ——— s e

-
(6B 11 ISYA -

SeT@1I5 e
U R RVMe ¢
120 PSIG . RO .

RY 8081A-T
- ‘(SEEDWGJQ--%’Z” e e e e e
£m-3L7)

. RELIEF VALVES-—
@. 250 PSiG.

(see DID oF moaD#
136, 76,8 )

- FLow €¥-5-de+ OF PCV PéﬁﬂON L
S (DWG\'M—37Z-~,~SH-\~)-

Fow THROUS 1 FAiLED - oPeN ze,

. SURSTITUNNG  |"ORIFIcE OF PALED PcV ON PAcES 12 23 |
OF cpc PmM-3IST, THE TABLE VALUE FoR GlUeN) Conpimon § (&% )

Fow = 2,238 Scrm (See ferer. 13 oF Cae P35
| . (@ IS0 PSIGINET PSS 4 1 0RIFICE )
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CALe PMSTE

STONE & WEBSTER ENGINEERING CORPORATION
CALCULATION SHEET

CALCULATION IDENTIFICATION NUMBER Q oF 1B |

J.0. OR W.0.NO.
03040, 2421

MECKANICA_

et

(see

. THe 1SOLATION VALVES . (16B-11153A,B & 16B-IISHAB) AE. . . ..
BaLLowS VALNES. NUPRo moDeL. SS-8UW-TW,, 24 <S BoDY. .

Fow HeoueH 1sotaTioN VALVES (BoTH | UPSTRERM . OR DOWNSTREAM

DIVISION & GROUP CALCULATION NO. {OPTIONAL TASK CODE PAGE7Z ‘
ATTACHVENT T ?//W

Rerer. A2 B ) o

P

Fow

flLow

“OF V¥ USING NENDORX TECH. DATA .. FoR NUPRO NALVES.. ...

| USNG . THE  PROCEDURE | For. CALCOLATING GRS BLOW 1
o CSe= ..PA@E%:&-:EEL.D ) j@
. Ny AT =20°F . FLOWING . THROUGH.. THE VALVE . fff@é@&@?i%'.liiibf%rffﬁff
 CyE 2 foR UMD VALIE SRIES BV TewmR,pelo)

THE UPSTREAM. AND [COWNSTREAWM [SOLATION. VALVES ARE
IDENTICAL. (Pefer. B & € ) AND . AS SUCH THESE VALVES =
(N SerieS) Wil Have \DENTICAL - FLow RATES, . ..,
.. FRoM FORMULA (4)ON PAGE 15 (See - eFeR. D) CaLcuLamE. THE
CRATE (Q) AS FOLLOWS ! e

s
Q = 16,05 cﬂ-)éml )

ASUENNG () hS THE PRESSURE BETWEEN
™HE “UPSTREAM AND DowhSTRERM VALVES,

~ (.05 C|(PF-BD)
%ﬁ“@“‘) VJ(;@),‘T

*Qinee FAIL-OPANED POV HaS BeeN RSULATED Fol TS EUALUATION
THERE WL BE A LOSC OF fRESSURE CONTROL. OF ThE . SYSTEM,

THERETD
(N Serieg) Are SUBJECT.TO THE FARECSURE CONDITIONS (P ¢ R,

.~ oD P N

(seE.P6. 10, RereR, &) . . . uSE-%F o
ConseryaTitm )

UPSTRERM PRESSURE = 260 pSic. = 2647 PS&
ouTLeT  PRESCURE = 120 PG ... e—. wae 120 pu6 breance thio 4 He highon

e el vadue (RV-BABIA - T ) sibhiy, Eovpus
. .L.D‘{",??S'h. - fo S pSial addef- v&l&:(f?\/-inj:a'?)“w

B

|ohee, S& Gty = 0,967
| " (b tfor D)
T= (20F+4t0)

. .= 440°R
CAN BE CALLULATED. AS FoLLowsS,. | . .

Re THe UPSTREAM AND TOWNSTREAM [SOLATION VALVES .
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STONE & WEBSTER ENGINEERING CORPORATION
CALCULATION SHEET

CALCULATION IDENTIFICATION NUMBER

J.0. OR W.0.NO.
0O3040. 2421

DIVISION & GROUP CALCU 1ON _NO. |OPTIONAL TASK CODE
M‘MO\!M f

MECHANMCAL |. < o

oC
PAGE

>

Q(ww)'— 16,05 cq} <P1.P3>

NaLve

<SG)>< T

e (Px‘i,_.PLﬁ.) .

o S\mPqulue

(e~ é o) ?@i w

Suesnruming . P& Py

o 2647 \"" e ”W'I'347‘

L .
LPe = 247 -H"s+7

.

TS vk
2.

e ,\)'Wﬁuaﬁl -;....,ZiO...P'Sfov.. T

" .-C'A«LCULA‘HUG For Q-

(2647 °- . QT)
u,f (\6 05 1)Wi C‘767)C

. 150.46 SCEn

Q- (kos)( M‘ - (o)

(:967) (440)
= 150.43 SCFm

Q= 1504 scem Sy 150 SoREm
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STONE & WEBSTER ENGINEERING CORPORATION
CALCULATION SHEET

CALCULATION IDENTIFICATION NUMBER 1O oF 1D
J.0. OR W.0. NO. DIVISION & GROUP CALCULATION NO. |OPTIONAL TASK CODE PAGE‘Z i
ATTAcHmeNT T L
03040. 2424 MECHANICAL _ | -

BECAUSE CALC. Pm-375 DID NOT CoNSipeR THG UPSTREPM PESISTANCE oF THe &ACKV

 THEREFoRE THE UMIMNG. ComPONENTS IN THE  EVENT OF. A

FAIL- OFENED PCV ARE THE 1SOLATION VALNES ON SERIES).

. _TROM .P6.2% OF.CALC. PM-375, THE . MiNiMum FLOW THROUGH THE.

RoN . PORTION'.OF. THE . SYSTEM UNDER._A_ FAILED . PCy. CONDITION

_HAS. PCEN CACULATED 70, BE . 150 .SCFmM. oR 4-HE. DURATION.
_THE _ CAMUCULATED . DisTA. 1S BASED oM ATV4" ORIFICE THROUGH .

THe . FAaILED Po/, RATIER. THAN THE 1" ORIAICE. OF THE. CURLENT. ..

_ DESIGN.

CONCLUSION ¢

THE. USE OF ASHER. REGULATOR. MoDEL ISk WITh |~ ORIFICE. .

PEQ MOD (216 DoeS NOT IMPACT THE REQUIRED . NIMTRoGEN

INVENTORY TO SUSTAIN A FAILED PCV. AND RESULTING  LoOSS

OF NITROGEN TOR A 4-HeL RROD.

THe FLow THROUGH THE ROV PHRTION OF THC . YSTEM uwDaa

C A FAILED. PaV coNDITION REMAINS UNCHANGED AT 150. SCFM

ACTHOUGH . THE. UIMITING COMPONENTS ARE  THE |SOLATION .

CAALES (IN SERES) PATHER THAN THE FALED. Pc,\/ ORFICE .
- AS OP(GNN_L_\/ CANLCULATED, . B

 CONGDENTALLY , HE  CALCULATED ReCuLTS on Paces 22 #7;5

OF CANC. PM-375 ARE NOT AFFECTEN BY. THE USe OF
FLSHEE REGULATOR. MODEL 4SH WiTW- |\ gRIFICE.

. Flow THROUGH THE 1SOLATING. VALVES @ 150.SCAm |S LESS
 THAN THE FLOW THROUGH A FANED . Pcv Q. .2228 Sq:m
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“U” SERIES 25 T
~~  BELLOWS SEALED VAI.VES

JER =11/54,
J6R -2333F <

A SWAGELOKr COMPANY
NUPRO Company
4800 E. 345th Street
Willoughby, Ohio 44094
. 1990 Swageiok Ca., 18l rigitts reserved
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FEATURES /BENEFITS

Tha NUPRO® "U” Series Bellows Valve pro-
vides safety, reliability and versatility in the
most difficult applications. The “U" Series sec-
ondary containment system prevents leakage
lo atmaosphere in the event of a bellows failure.
w Pressures to 2500 PSI (17200 kPa)

» Temperatures to 1200°F (649°C)

‘® 316 stainless steel construction

w Flow coetficients (Cv) from 0.36 to 5.3

& SWAGELOK® Tube Fitting ends: 1/4” 0 1/2"
and 6mm t0 12mm

® Tube socket weld ends: 1/4” to 3/4”
= Tube butt weld ends: 3/8” 101
w Tube extensions: 1/4” 101” O.D. x 3" long

u CAJON® Male VCR® Metal Gasket Face Seal
Fitting ends: 114" and 1/2" .

u CAJON® Male VCO® O-Ring Face Seal
Fitting ends: 114" and 1/2”

w Choice of Stellite or Kel-F stem insert
materials

= Regulating style insert available for "4U"
Series.

@ Air actuators available
& Bonnet tube extensions available
® 100% helium leak tested
Conventional bellows in

“4/6/8U" — system pressure
acts on inside of bellows

Patenlee

anel or bottom mounting
apability in “4/6/8U"

MODEL FEATURES
“UW" Series
All-welded, hermetically sealed for tempera-
tures to 1200°F (649°C)
LOWER BODY.TO-BELLOWS
SECONDARY SEAL SUBASSEMBLY SEAL
316 STAINLESS STEEL ALL WELDED
O-RING CONSTRUCTION

METAL STEM TIP

& Stellite stem insert and Graloil secondary
packing

a Welded body-to-bonnet seal for absatute
containment of system fluid

Hardened
! stainless steel actuator

l/ for strength and

wear resistance

Upper packing provides

of a bellows failure

for longer cycle life and
lower operating torque

bellows cycle life

Ball and

double pin design

provides positive
stem retraction

Choice of welded
or gasketed
body-to-bonnet -
seal for versatility

Non-rotating stem tip for
increased shut-off cycie lite

“UG” Series
Metal-to-metal shut-off for temperatures to
650°F (343°C)

LOWER BODY-TO-BELLOWS
SECONDARY SEAL SUBASSEMBLY SEAL
316 STAINLESS STEEL SILVER PLATED
O-RING 316 STAINLESS STEEL O-RING

METAL STEM TIP

s Stellite stem insert and Graloil secondary
packing

= Gasketed body-to-bonnet seal for easy
field maintenance

u Replaceable bellows and insert/adapter
subassemblies

secondary containment in the gvent

Acme power transmission threads

Union bonnet construction for safety —

Actuator backstop increases

Side or panel mounting
capability in 120"

i

Inverted bellows
—in “12U" —
system pressure
acts on

outside of
bellows

i

i

Palentet

“UK"” Series
Leak-tight shut-otf in vacuum, cryogenic, or
pressurized systems to 200°F (93°C)

LOWER BODY.TO-BELLOWS
SECONDARY SEAL SUBASSEMBLY SEAL
316 STAINLESS STEEL TFE COATED
O-RING 316 STAINLESS STEEL O-RING

KELF STEM INSERT FOR SOFT SEAT SHUT-OFF

# Kel-F stem insert and TFE secondary
packing )

w Gasketed body-to-bonnet metal seal for
easy field maintenance .

» Replaceable bellows and insert/ adapter
subassemblies
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ATTACAMENT T .

AIR FLOW (SCFM) @ 70°F (21°C) (DISCHARGE TO ATMOSPHERE]

e

TEMPERATURE GRADIENT

600°F (315°C)
900°F (482°C)
1200°F (649°C)

135°F (57°C)
140°F (60°C)
150°F (86°C)

WORKING PRESSURE IN PSIG

- 20°F (- 28°C) to J

100°F (38°C)
200°F (93°C)
300°F (149°C)
400°F (204°C)
500°F (260°C)
600°F (315°C)
B50°F (343°C)
700°F (371°C)
750°F (399°C)
800°F (427°C)
850°F (454°C)
800°F (482°C)
950°F (510°C)
1000°F (538°C)
1050°F (565°C)
1100°F (593°C)
1150°F (621°C)
1200°F (649°C)
1500°F (815°C)

TEMPERATURE @
PRESSURE (PSIG)e

2500
2500
2500
2500
2500
2500
2500
2120
1740
1360
980
600
540
480
425
360
300
250
50

2500
2500
2500
2500
2500
2500
2500

2500
2500

*To determine kPa. multiply PSIG by 6.89. To determine Bar. mulliply PSIG by

.0689. For complete information on ANSI Class ratings, reter to Technical Bulletin
No. 4. .

ScjuEZS
\/”"’Jz T (CV)
Frow Coevee
TEC CAL DATA
4qU 0.11in3
6U-MM 0.3 (1.8cm?3)
6Y "UK" 200°F 0.25in3
10U-MM 1.00 (93°C) (4.0 cmd)
8U 2500 PSI “UG" 650°F 27ins
G 1.2 (17,200 kPa) (343°C) by
“UW" 1200°F 1.46in3
12U 3.1 (649°C) (23.9cmd) -
1.22in.3
12VA° 5.3 (20.0 ‘I;r,!ns)
* “A" designates angle pattern vaive.
FLOW COEFFICIENT vs. TURNS OPEN
212
2-14
2
-4
w
g
e 1-ve
& 1174
x
(78 )
o )
s
2
Z
w2
174
0 O 2 3 2 5 6
FLOW COEFFICIENT (Cv)
FLOW CURVES
Air Water
100 — —— 100
80 4 7z
L7 y 4
60 7 77 7
// [Z/ 7
40
/ /4 /
- /7
: :
g & SE LA 5
g £ /,// i - l&J
2 ~ 2
ug-, 6 f‘]__ L7 // é
e, 4 g
é 4 6 810 20 40 60 80100 200 400 600

6 810 2

4 6 810 20 40 60

WATER FLOW (GPM)} @ 70°F (21°C)

W

S

o
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RereR.C  ATACHMENT T | e X1

MATERIALS OF CONSTRUCTION 47818U" - Q. ‘
p. .-
1A Set Screw Alloy Steel/ ANSI 18.3 -
18 Cap Nut - 18-8SS/Commercial .
2 Handle Aluminum/B2111 Aluminum/82112
3 Gland Nut 31655/A2763
4 Gland 31685/A276
5 Packing|UK TFE/MIL-P-13468A
@ usruw Grafoil/ Commercial®
6  Spacer 31688/A276
7 JamNut 316SS/A276%
g  finel Mounting 21685/ A276
9 Bonnet Nut 31655/A276¢
10 Bonnet 3165S/A2768
11 5{’;".2;3“‘ 3165S/A5804
12 Actuator 440CSS/A27647
13 Pin(2) " 4165S/Commercial
14 Ball Bearing 440CSS/ Commercial
15 Stem Extension 440CSS/A276 ] -
16 Stem 3165S/A276
17 Bellows 347SS/A269° |  31655/A240
18 Weld Ring . 31695/A276
19 Adapter 31655/A276
20A Insert  [UG/UW Stellite #6/Commercial
20B Insert |UK Kel-F 6060/ AMS-3650A
21 O-Ring |UK 31655/A580°
UG 31655 /A5808
22 Body 316SS/A276
Wetted parts numbered in red.
LUBRICANTS

* Green anodized

2 Green paint

3 Molybdenum disulfide dry film 12
4 Silicone base lube

S Molybdenum disulfide base paste 12

¢ Silver plated

7 Molybdenum disultide base dry film and paste

8 TFE coated

Welded - o
|-—Subassemblies — —7
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DIMENSIONS 23— - ‘
841
3/8° HEX
3/4" HEX
532
OPEN
1
A
7/8% HEX. yg” MA*
HOcE DAL - 1
1L — ZoteS va- otce
-
1 l Bottom View
. e
“4/6/8U" SERIES "
SS-4UW 0172 44 1/4 SWAGELOK 6'%. 5% 1 2'% 1 1 %s - - -
ssauwTw | o2 | 44 | AT B [ 5w |1 | — |1 {1 | = " " 1l
0.281 71 3 \ \ ' ) ) n _ _ _
SS-6UW ®ort) | (pory 3/8 SWAGELOK 6% 6% 1% 3% 1% | 1h e
0.281 Al 3/8 TSW ) ) ) ) \ :
SS-6UW-TW {port) | (port) 112 MTW 6% 6% 1 - 1'h 1'% - o % %
SS-8UW 0.312 79 1/2 SWAGELOK 6% % 1% Fhe | VR [ 1h [ b - - -
sseuwTw | ‘03i2%| 79 | V2TSW & | ek | ool — | m | - A b 24
SS-6UW-MM 0.172 44 Bmm SWAGELOK 6% 5% 1 2 1 1 e - — -
0.281 71 ) ) ) \
SS-10UW-MM wory | pory) 10mm SWAGELOK 6% &h 1*h 3% ) YW % - - -
SS-12UW-MM 0.312 79 12mm SWAGELOK 6% 6% 1% 3% 1'h 1h h — — —
All dimgnsions are in inches (except where mm is indicaled) — for reference only, subject to change.
“ Dimensions shown with SWAGELOK nuts finger-light.
— .-
X )
J T T
T T I
b s
§S-12UW-TW 0500 | 127 | 3/4" TSW, 3/4” PBW o) :
* 1,
SS-12UAWTW | 0625 | 159 | 17TBW zle EZ
gz Sic
° g gi? K
Bl BT s
PANEL MOUNTING \.zu.# H 12" MAX. THICKNESS G
1127 MAX. THICKNESS 8 USE 1-3 16” DIA. HOLE ;1 6g
USE 1-¥16” DIA. HOLE .__ o8 ~ Q%
Ve | LTS
S . U -
a8 - lex
R S ‘7
£5
e )
. 4% 1-39:64*
lS'Efd ﬂﬁ —
SIDE MOUNTING —I ==
4-HOLES, 17/64~ . SIDE MOUNTING — 2
THRU DRILL HOLES 17.64" THRU HOLES—=
LOCATED AS SHOWN LOCATED AS SHOWN
3.31'64" 3.7'6a"
‘ B |L050 YR 1 {
el g FERY S
ORDERING INFORMATION . ; . N veonr
All Ordering Numbers shown above specify a “UW" ——2.718 :_.*1 4
Series valve. To order a "UK" or “UG" Series valve,
replace the UW in the valve Ordering Number with UK or “12y”
UG. Examples: SS-4UK  SS12UG-TW ‘ “12UA"
TESTING CLEANING & PACKAGING

All "U" Series Bellows Sealed Valves are helium leak
tested 10 a rate of 4 x 102 standard c.c./sec. at the seat,
envelope and ail seals,

All valves with VCR
and VCQO ends

Special Cleaning and Packaging
to NUPRQ Specification NC-11.

All other valves

Standard Cleaning and Packaging to NUPRO
Specification NC-10. Optional Special Cleaning and
Packaging to NUPRO Specification NC-11.
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- VALVE OPTIONS

Bonnet Port Tubes

PARTIAL SECTION
OME 14" TUBE
EXTENSION WELDED
TO THE BONNET (Th

! PARTIAL SECTION
e | TwO L4 TUBE .
EXTENSIONS WELDED
TO THE BONNET (T2)

Monitor bellows integrity * Vacuum insulate bonnet area * Provide
" heating or cooling jacket  Pressurize bonnet area to increase effective
pressure rating (see note below)
= Available with either one or two bonnet port tubes
u 316 stainless steel tube port tube is 1/4” O.D. x1” long
w “4/6/8U" tubes are welded to bonnet; “12U" tubes are threaded to
bonnet

To order a valve with bonnet port tubes, use T1for one tube, or T2 for two
tubes, as a suffix to the vaive Qrdering Number.
Examples: SS-4UG-T1  S$S-12UG-TWT2

NOTE: When pressurizing above the beliows through the bonnet
port(s), be sure the system or bellows internal pressure is greater than
the external bellows pressure before operating the valve. The maximum
pressure rating above the bellows is 1000 PSt (6800 kPa). You may
increase the bellows internal or system pressure by 60% of the pres-
sure supplied above the bellows. This proportional factor is necessary
because of force distribution and areas within the valve.

High Temperature Model

On “UW" Series valves only — for temperature applications above 900°F

(482°C)

= Special high-temperature lubricant prevents seizing of actuator
threads

 Extends temperature rating to 1500°F at 50 PS! (816°C at 340 kPa)
. with self-tubricating ﬂuids such as liquid metal

.. v order a high temperature model "UW?" Series valve, insert HT into
the valve Ordering Number.
Examples: SS-8UWHT40 SS- 12UW TWHT
/
TFE Secondary Packmg Material .
On “UG" and “UW'" Series valves only — for temperatures from
cryogenic to 400°F {204°C)
Replaces the Grafoil secondary packing

To order a “UG" or “UW" Series valve with TFE secondary packing,
insert -TF after the valve series designator in the valve Ordering Number.
Examples: $S-4UG-TF  SS-8UW-TF4C

SAFE VALVE SELECTION

When selecting a valve, the total system design must be considered
to ensure safe, trouble-free pertormance. Valve function, material
compalibility, adequate ratings, proper installation, operation, and
maintenance are the responsibility of the system designer and user.

CREQNIS

Xel-F — TM 3M Company
17.7P¢et = TM Armeo
Stesuie ~ TM Cabot Corg.

SWAGELOK T™ Crawforo F:nmq Company
CAJON. VCR. VCO ~ T™ Cajon Company
Gratod — TM Unign Cartude

Your Local Authorized Sales & Service Representative:

. raGe
Welded Tube Extensions -
u Factory welded to o
-TW style ended vaives NUPRD .
= Socket welded or butt welded — > j é )1”
s 3inches long gggE ——— — TUBE
(optional lengths upto 12inches) g5 WELDBOOY  BUTT

a 316 stainless.steel

To order a vaive with welded tube extensions, replace -TW in the valve
Ordering Number with the desired designator listed below.
Examples: SS-4UK-TH3 SS-6UG-TP3

1/47 0.0. x 049" wall -4UTW

AUTW - N3

3/8” 0.0. x 065" wall 07w N3 -
6UTW P -TP3

1/2” 0.D. x .065” wall BUTW iP3 =
, N -BUTW - V3

3/4" 0.0. x 083" wall 3701w V3 —
17°0.D. x .065" wall ~120TW - TR3

Welded CAJON® VCR® and VCO® Face Seal Fittings
» Factory welded to
-TW style ended valves

a Socket welded
or butt welded

a VCR or VCO gland,
and female nut

® 316 stainless steel

To order a vaive with VCR or VCO Fittings, replace the -TW in the
vaive Ordering Number with the desired designator listed below.
Examples: SS4UK-V51 SS-8UG-V19

1/4" Female CAJON VCR -4UTW V13 V51*
. : -6U-TW -Vi6 V19
1/2" Female CAJON VCR BUTW V19 VAT
1/4” Female CAJON VCO -4U-TW -V52 V71
. -6U-TW V58 V72
1/2" Female CAJON VCO SUTW NS3 T3
*Uses modifigd body and gtand for shortest inlel-to-outlet dimension.
Regulating Style insert
On “4UG"” and "4UW” Series only — for greater

flow control with 10° tapered stem insert
316 stainless steel material

To order a valve with a regulating style insert,
insert an R into the valve Ordering Number.
Examples 5S4 URG SS-4URW-TW

Alloy 600 Bellows Material

On “4/6/8U" Serigs only — for certain corrosive applications such as
boiling water, heavy water, and pressurized water reactor systems

Replaces the standard 347 stainless steel bellows

To order a valve with an alloy 600 bellows, insert IN in the vaive
Ordering Number, Examples: SS-8UG-TWIN  SS-4UW-IN4C

Printed in US.A,
S-90-25M-5P
MS01-38

J
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1000 1200 1400 1600 1800 2000 2600 2800 3000
DOWNSTREAM PRESSURE PSIG (0 PSIG=14.7 PSIA)

SPECIFIC GRAVITY TABLE FOR GASES

600 800

FLOW FORMULAS FOR GASES
Recommended by the Fiuid Controls Institute, Inc.

® e "
Q=16.05Cv -(E_G—)_X—T Q=13.61%XP, XCv BOXT

Where: Q=Flow in SCFM
Cyv=Valve flow coefficlent ::m:onia
SG =Specific gravity of gas (Air @ 14.7 PSIA and 70°F =1.0) , Bon
1T = Absolute temperature of flowing gas CF +460) . Butane _ ;
AP =(P, - P,) Pressure drop (PSI) Carbon Dioxide
P, =Inlet pressure (PSIA) Relium
P, =0Qutlet pressure (PSIA) Hydrogen
1Refer to "USEFUL CONVERSION DATA" on reverse side of “Tech- Methane
nical Information’ tab for converting °C to °F. Nitrogen 967
*When outlet pressure is approximately one half or less of the inlet Oxygen 1.105
pressure (P; =,53P;) this condition becomes known as a critical pres- Propane 1.562
sure and then formula (5) must be used. Formula (5) is exactly the Suifur Dioxide 7,964
same as formula (2) except that .53 X P, is substituted for P,. '

Flow calculations and charts for gases differ from those for liquids due primarily to the compressibility of gases. The ahove
chart shows the flow rates in standard cubic feet per minute (SCFM) of 70°F air Howing through a valve having a Cv=1, From
this chart, sizing of a valve can be readily accomplished. Corrections for gases having specific gravities other than air and
flowing at temperatures other than 70°F can be made by using formulas (4) or (5).

l !

les' PRGE 1S AN BXCERPT FRom SWAGELOK CATALOG  TECHNICAL DA CeCmon )




Calculation PM-0375 Attachment H - Computation of System Leakage (ECR 09-00416)

7 day Leakage Estimate

7 day 7day
Drop Makeup to Estimated rolling rolling
Fitl Cycle Data Poinm Level psiq perDay Volume DeltaV _ DW  leakage  tofal  avg
T 8142008 51 180 453041 - - Total Volume (scf)} 81939.4
/5120 50 185 1 443458 95838 9583.8 Days 14
43.5 1875 05 439323 4134.3 41343 Average Volume/day 5852.816
49 1875 0§ 435218 4105.2 4105.2 Avg 7 day rolling total 41597.0
45 187.5 4 398822 36396.4 36396.4 Max 7 day ralling total 62654.3
45 187.5 0 398822 0.0 1512.209  -1512.2 Max 1 Day Drop (in} 4
44 1875 1 388875  9946.9 9946.9 Avg 1 Day Drop (in) 0.642857
1 44 187.5 0 388875 0.0 0.0 62654.3  8950.6
43.5 190 0.5 383750 5125.0 5125.0 58195.5 8313.6
43 190 0.5 378600 5150.0 5150.0 59211.2 8458.7
43 195 Q 378475 125.0 756.700 -631.7 54474.3 77820
42 195 1 368008 10468.8 10468.8 28548.7 4078.1
42 200 0 367888 118.8 1188 30177.7 43111
42 200 0 367888 00 . 0.0 20230.8 28901
42 200 1] 367888 0.0 945.636 -945.6 19285.2 2755.0
51 180 -9 453041 - - Total Volume (scf) 87500.5
51 180 0 453041 0.0 568.655 -568.7 Days 14
50.5 180 0.5 448836 4205.3 568.800 3636.5 Average Volume/day 6250.034
50 185 0.5 443458  5378.4 5378.4 Avg 7 day rolling total 570335
49.5 190 0.5 439198 4259.5 4259.5 Max 7 day rolting total 65332.5
49 190 0.5 435092 4105.9 41059 Max 1 Day Drop (in) 4
498 190 0 435092 0.0 0.0 Avg 1 Day Orop (in) 0.678571
2 45 190 4 398725 36367.3 36367.3 53179.0 7597.0
44 190 1 388800 9925.0 9925.0 63672.7 9096.1
435 195 0.5 383613 5187.5 5187.5 6§5223.6 9317.7
435 200 0 383475 137.5 . 137.5 59982.7 8569.0
43 200 05 378350 51250 1043595 40814 59804.6  8543.5
43 200 4] 378350 0.0 947.436 -947.4 547512  7821.6
42 205 1 367769  10581.3 105813 653325  9333.2
41.5 205 05 362413 5356.3 5356.3 34321.5 4903.1
52 175 -10.5 461674 - - Total Volume (scf) 90283.1
52 175 0 461674 0.0 0.0 Days 16
51 180 1 453041 8632.1 8632.1 Average Volume/day 5642692
51.5 180 05 457187  -4146.0 4146.0 Avg 7 day rolling total ~~ 51995.0
51 180 0.5 453041 4146.0 4148.0 Max 7 day rofling total 69070.4
50.5 180 05 448836 4205.3  2462.316 1743.0 Max t Day Drop {in) 4
50 180 05 443705 5131.0 5131.0 Avg 1 Day Drop (in) 0.625
48 180 2 427012 16693.2 16693.2 32199.3 4599.9
3 48 180 (¢} 427012 0.0 1040.698  -1040.7 31158.6 4451.2
a4 180 4 389100 379119 37911.9 60438.5 8634.1
44 180 0 389100 0.0 0.0 64584.4 9226.3
43.5 185 0.5 383888 5212.5 52125 65651.0 9378.7
43 185 05 378725 5162.5 5162.5 69070.4 9867.2
43 185 0 378725 00 0.0 63939.4 9134.2
425 190 05 373400 5325.0 5325.0 52571.2 7510.2
42 200 0.5 367888 5512.5 5512.5 59124.4 8446.3
42 200 0 367888 0.0 0.0 212125 3030.4
2 50 190 -8 443210 - - Total Votume (scf) 74235.1
9/21/2008'., 50 190 0 443210 0.0 0.0 Days 12
", 9/22/2008 . 50 190 ] 443210 0.0 1326102 -1325.1 Average Volume/day ~ 6186.262
49 190 1 435092 8118.0 8118.0 Avg 7 day rolling total 53720.3
48.5 190 0.5 430818 4274.8 4274.8 Max 7 day rolling total 64860.3
45 195 35 398531 32286.3 32286.3 Max 1 Day Drop (in) 35
4 445 195 0.5 393656 4875.0 4875.0 Avg 1 Day Drop (in) 0.666667
44 200 0.5 388500 5156.3 5156.3 53385.1 7626.4
9/28/ 435 200 05 383475  5025.0 5025.0 584101 83443
" . . 9/29/2008- 43 200 0.8 378350 5125.0 5125.0 64860.3 9265.8
- ¥ 9/30/2008" 43 205 0 378225 125.0 125.0 56867.3 81239
. 19/1_7ng8; . 42.5 210 0.5 372900 5325.0 5325.0 57917.5 8273.9
" 42 210 0.5 367650 5250.0 5250.0 30881.3 4411.6
495 180 7.5 439699 - - Total Volume (scf) 78064.2
49.5 180 0 439699 0.0 474.018 -474.0 Days 10
49 180 0.5 435596 4103.0 4103.0 Average Volume/day 7806.425
48.5 180 0.5 431309 4287.4 663.457 3623.9 Avg 7 day rolling total 678579
48 180 05 427012 4296.8 758.622 3538.2 Max 7 day rolling total 74435.3
5 47 180 1 418040 B971.9 83719 Max 1 Day Drop (in) 4
43 180 4 378850 39190.0 39190.0 . Avg 1 Day Drop (in) 0.85
425 185 05 373525 5325.0 568.967 4756.0 63709.0 9101.3
425 185 0 373525 090 1707.286  -1707.3 62475.8 8925.1
41 185 1.5 357463 16062.5 16062.5 744353 10633.6
41 185 0 357463 0.0 0.0 708114 10115.9
50 185 -9 443458 - - Total Volume (scf) 80949.6
50.5 185  -0.5 448506  -5048.3 -5048.3 Days 13
50 185 0.8 443458 5048.3 §048.3 Average Vclume/day  6226.89%
49.5 185 05 439449 4009.0 4009.0 Avg 7 day rolling total 611125
49 185 05 435344 4104.4 4104.4 Max 7 day rolling total 73595.3
49 185 Q0 435344 0.0 759.201 -759.2 Max 1 Day Orop (in) 5
6 4 185 5 388950 46394.2 46394.2 Avg 1 Day Drop (in) 0.692308
44 190 0 388800 150.0 2223.332 20733 516752 73822
43 180 1 378600 10200.0 758.932 9441.1 66164.5 9452.1
42 180 1 368125 10475.0 1416.640 9058.4 701746  10024.9
10/24/2008 « 415 190 05 362750 5375.0 5375.0 715405  10220.1
10/25/2008; 415 190 0 362750 0.0 0.0 67436.1 9633.7
10/26/2008 41 190 0.5 357350 5400.0 5400.0 735953  10513.6
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Cafculation PM-0375 Attachment i1 - Cc ion of System Leakage (ECR 03-00416)
7 day Leakage Estimate
- 10/26/2008" - 41 190 0 357350 0.0 0.0 272011 38859 .
52 180 -1 461274 - - Totai Votume (scf) 93391.5
515 180 0.5 457187 4086.6 4086.6 Days 13
51 180 a5 453041 4146.0 1701.260 24447 Average Volume/day 7183.961
49.5 180 1.5 439699  13342.4. 3892135  9450.2 Avg 7 day rolling total 54734.9
48.5 185 0 439449 250.5 2505 Max 7 day roling totat 71703.3
49 185 0.5 435344 4104.4 41044 Max 1 Day Drop (in) 3
475 180 1.5 422618 12726.0  4637.399 8088.6 ‘Avg 1 Day Drop (in) 0.846154
7 47 180 0.5 418040 4578.2 4578.2 33003.2 47147
46.5 180 0.5 413363 4677.5 4677.5 33594.1 4799.2
45 185 1.5 398919 14443.8 144438 45593,2 6613.3
42 185 3 368244 30675.0 189.199 30485.8 66628.7 9518.4
4.5 1825 05 362919 5325.0 5325.0 717033 102433
415 185 0 362863 56.3 56.3 67655.1  9665.0
41 185 05 357463 5400.0 5400.0 64966.5  9280.9
49.5 180 -85 439699 - . Total Volume (sct) 72791.8
48.5 178 1 431554 81447 6238.894 1905.8 Days 9
48 180 05 427012 4542.4 1414.492 3127.9 Average Volume/day 8087.952
475 180 05 422618 4393.7 4393.7 Avq 7 day rolling total 65681.8
47 180 0.5 418040 4578.2 4578.2 Max 7 day rolling total 67757.8
8 47 180 Q 418040 0.0 0.0 Max 1 Day Drop (in) 3
45 185 2 398919 191213 19121.3 Av( 1 Day Drop (in) 0.944444
42 185 3 368244 30675.0 30675.0 63802.0 91146
415 185 0.5 362863 5381.3 1791.640 3589.6 654857 9355.1
41 185 0.5 357463 5400.0 5400.0 67757.8 9679.7
51 180 -10 453041 - - Total Volume (scf) 86791.3
51 180 0 453041 0.0 Q.0 Days 14
51 180 0 453041 0.0 1608.147  -1608.1 Average Volume/day 6199.38
50 180 1 443705 9336.3 471.842 8864.5 Avg 7 day rolling total 47653.6
50 185 0 443458 2474 247.4 Max 7 day rolling total 709221
495 185 a5 439449 4009.0 4009.0 Max 1 Day Orop (in) 35
49 190 05 435092 4356.4 4356.4 Avg 1 Day Drop (in) 0.696429
9 49 190 0 435092 0.0 0.0 15869.2 2267.0
43 190 1 426524 8568.4 8568.4 244376 349114
475 190 Q.5 422136 4387.5 4387.5 30433.2 4347.6
44 195 35 388650 33486.4 33486.4 55055.1 7865.0
435 200 0.5 383475 §175.0 756.030 4419.0 59226.7  8461.0
425 200 1 373150 103250 3117.521 7207.5 6524251 9917.9
42 200 Q.5 367888 5262.5 471.603 4790.9 62859.6 8979.9
41.25 200 0.75 359825 8062.5 8062.5 709221 10131.7
55 180 -13.75 484546 - - Total Volume (sct) 106216.8
55 180 0 484546 0.0 0.0 Days 17
545 180 05 480816 3730.2 3730.2 Average Volume/day 6248.047
53 180 15 469269  11547.0 189175  11357.8 Avg 7 day roling total  48192.3
53 180 0 469269 0.0 0.0 Max 7 day rolling total  #374616
52.5 1825 05 465089  4180.3 4180.3 Max 1 Day Drop (in) 3
52 1825 05 461074 40145 40145 Avg 1 Day Drop (in) 0.764708
52 1825 0 461074 0.0 0.0 23282.8 3326.1
10 52 1825 0 461074 0.0 4628.866 -4628.9 18653.9 2664.8
50.5 1775 15 449001 12073.0 12073.0 269967  3856.7
50 180 05 443705 5296.1 © 52986.1 20834.9 2990.7 N
438 180 2 427012 16693.2 1135450  15557.7 36492.7 52132
‘45 180 3 399113  27899.4 27699.4  60211.8  8601.7
4 180 1 389100 100125 1134.478 8878.0 65075.4 9296.5
44 185 4] 388950 150.0 150.0 652254 93179
435 185 0.5 383888 50625 5062.5 749168 10702.4
43 190 0.5 378600 5287.5 5287.5 68131.3 9733.0
42 190 1 368125 10475.0  3116.356 7358.6 70193.8  10027.7
50.5 180 -8.5 448836 - - Total Voluma (scf) 80618.7
50.5 180 4] 448836 0.0 567.438 -567.4 Days 16
50 185 0.5 443458 5378.4 5378.4 Average Volume/day 5038.667
50 185 0 443458 0.0 0.0 Avg 7 day rolling total 47039.4
50 185 0 443458 0.0 0.0 Max 7 day rolling total 65107.7
49.5 185 0.5 439449 4009.0 4009.0 Max 1 Day Drop (in) 25
49 190 0.5 435092 4356.4 4356.4 Avg 1 Day Drop (in) 0.53125
48 195 1 426280 88124 8812.4 21988.8 31413
1" 46.5 195 1.5 412556 13723.6 13723.6 36279.9 5182.8
44 200 25 388500  24056.3 24066.3 54957.7 7851.1
44 200 o] 388500 0.0 0.0 54957.7 78511
43 200 1 378350  10150.0 101500 651077  9301.1
43 200 0o 378350 0.0 00 61098.6 8728.4
43 205 0 378225 125.0 125.0 56867.3 81239
425 210 05 372900 5325.0 5325.0 53379.8 7625.7
42 210 0.5 367650 §250.0 5250.0 44806.3 64152
42 210 0 367650 0.0 0.0 20850.0 2978.6
52 185 -10 460874 - - Tatal Volume (scf) 97658.2
52 185 0 460874 0.0 472.579 -472.6 Days 14
51.5 190 0.5 456437 4437.6 44376 Average Volume/day 6975.585
51 190 05 452337 4099.7 4099.7 Avg 7 day rolling total 45877.8
51 190 0 452337 0.0 0.0 Max 7 day rolling total 69061.4
50 190 1 443210 9126.9 9126.9 Max 1 Day Drop (in) 2.5
49.5 190 0.5 439198 40121 3022.260 989.8 Avg 1 Day Drop (in) 0.785714
12 116200 48 190 15 426524 126743 2258.842 104155  28596.8  4085.3
1712009 48 190 0 426524 0.0 0.0 29069.4 4152.8
.- 118i2009,. 415 180 05 422136 43875 43875 290193 41458
, T 1/19/_200_9' 47 190 0.5 417580 4556.4 4556.4 29476.0 4210.9
1/20/2009 45 190 2 398725 18855.0 18855.0 48331.0 6904.4
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Caicutation PM-0375 Attachment Il - Computation of Systam Leakage (ECR 09-00416)

7 day Leakage Estimate
425 195 2.5 373275 25450.0 25450.0 64654.1 9236.3
42 130 0.5 368125 5150.0 5150.0 ©68814.4 9830.6
41 185 1 357463 10662.5 10662.5 69061.4 9865.9
53 180 -12 469269 - . Total Volume (scf) 75378.2
53 180 [} 469269 0.0 24486.106  -2446.1 Days 13
52 180 1 461274 7994.9 1223.540 8771.4 Average Volume/day 5798.321
515 180 0.5 457187 4086.8 4086.6 Avg 7 day rolling totat 39427.8
51 180 05 453041 4146.0 4146.0 Max 7 day rolling total 62820.4
51 180 [ 453041 0.0 0.0 Max 1 Day Drop (in) 35
50.5 185 0.5 448506 4535.5 4535.5 Avg 1 Day Drop (in) 0.692308
13 50 185 0.5 443458 5048.0 50483 221416 31631
50 185 0 443458 0.0 0.0 24587.7 35125
49.75 1875 025 441329 2129.0 2129.0 199453 2849.3
48 185 1.75 426768 14560.8 14560.8 30419.5 4345.6
445 190 35 393825 329429 1421.114 315218 577954 82565
4 190 0.5 388800 5025.0 5025.0 62820.4 8974.3
44 190 0 388800 00 0.0 58284.8 83264
54 180 -10 477026 - - Total Volume (scf) 101341.7
54 180 0 477026 0.0 0.0 Days 18
54 180 o] 477026 0.0 1702.075  -17021 Average Volume/day 5630.092
53 180 1 469269 7757.4 7757.4 Avg 7 day rolling total 48203.8
52.5 180 0.5 465301 3967.8 3967.8 Max 7 day rolling total 73183.3
52 180 0.5 461274 4027.2 4027.2 Max 1 Day Drop (in) 4
52 180 4] 461274 0.0 0.0 Avg 1 Day Drop (in) 0.666667
52 180 0 461274 0.0 0.0 14050.3 2007.2
51 185 1 452689 8584.7 8584.7 226349 3233.6
14 50.5 185 0.5 448506 4183.3 1133.183 3050.2 27387.2 39125
50 185 0.5 443458 5048.3 5048.3 24678.1 3525.4
46 185 4 408469 34988.9 34988.9 55699.3 7957.0
455 185 0.5 403763 4706.3 4706.3 56378.3 8054.0
458 185 Q 403763 Q.0 Q0.0 56378.3 8054.0
435 180 2 384025 19737.5 2932535 16805.0 73183.3 104548
43 185 0.5 378725 5300.0 5300.0 £69898.6 9985.5
42.5 185 0.5 373525 5200.0 5200.0 720484 10292.6
42 185 0.5 368244 5281.3 1791893 3489.4 70489.5 10069.9
42 130 0 368125 118.8 118.8 35619.3 5088.5
55 180 -13 484546 - . Total Volume (scf} 96672.8
54 180 1 477026 7519.8 7519.8 Days 14
54 175 [¢] 477535 -508.2 -508.2 Average Volume/day 6905.203
53.5 178 0.5 473657 3877.9 38779 Avg 7 day rolling totai 46750.1
53 175 0.5 469721 3936.1 3936.1 Max 7 day rolfing total 69308.0
52.5 175 0.5 465726 3994.4 3590.910 403.5 Max 1 Day Drop (in) 5
51 178 1.5 453394 123326 12332.6 Avg 1 Day Drop (in) 0.857143
15 51 175 0 453394 c.0 0.0 27561.6 3937.4
50.5 175 0.5 449166 4227.3 4227.3 24269.1 3467.0
50 175 0.5 443953  §213.7 5213.7 299911 42844
50 175 Q 443953 00 0.0 26113.2 3730.5
45 175 5 399306 446463 1233.340  43413.0 65590.1 9370.0
4.5 175 0.5 394331 4975.0 853.634 4121.4 69308.0 9901t
44 175 0.5 389250 5081.3 5081.3 62056.7 8865.2
43 175 1 378975 10275.0 3220.401 7054 6 69111.3 9873.0
51.5 175 -8.5 457563 . - Total Volume (scf) 80231.6
51.5 175 0 457563 0.0 759.364 -759.4 Days 1"
51.5 175 Q 457563 0.0 0.0 Average Volums/day ~ 7293.777
51 176 0.5 453394 4169.1 1228.083 2941.0 Avg 7 day rolfing total 66510.5
50 180 1 443705 9688.5 9688.5 Max 7 day rolling total 73241.5
16 50 180 o 443705 0.0 0.0 Max 1 Day Drop (in) 45
45.5 180 45 403975 39730.1 39730.1 Avg 1 Day Drop (in) 0.863636
45 180 0.5 399113 4862.5 2934.530 1928.0 53528.3 7646.9
435 180 1.6 384025 15087.5 3314408 11773.t 66060.7 9437.2
43 185 05 378725 §300.0 5300.0 713607 10194.4
42.5 185 0.5 373525 5200.0 378.196 4821.8 73241.5 10463.1
42 185 0.5 368244 5281.3 472.851 4808.4 £68361.4 9765.9
51.5 175 95 457563 - - Total Volume (scf) 85010.0
51.5 175 0 457563 0.0 567.094 -567.1 Days 14
51 180 0.5 453041 4521.3 4521.3 Average Volume/day 6072.145
51 . 180 0 453041 0.0 0.0 Avg 7 day rolling total 54785.5
50.5 180 0.5 448836  (4205.3 4205.3 Max 7 day rolling total 69016.2
48.5 180 2 431309 17527.4 2471707 15055.7 Max 1 Day Drop (in) 35
45 175 3.5 399306 32002.5 1039.249  30963.3 Avg 1 Day Drop (in} 0.714286
17 44.5 1775 05 394247 5059.4 5059.4 59237.8 8462.5
44 180 0.5 389100 5146.9 665.121 4481.8 64286.7 9183.8
435 180 0.5 384025 5075.0 5075.0 648404 92629
43 180 05 378850 5175.0 1993.839 3181.2 68021.5 9717.4
425 180 08 373650 §200.0 -5200.0 69016.2 9859.5
42 185 0.5 368244 5406.3 5406.3 59366.8 8481.0
42 185 0 368244 0.0 661.275 -661.3 27742.3 3963.2
415 1925 05 362694 5550.0 2460.674 3089.3 25772.2 3681.7
52.5 190 -1 464451 - - Total Volume (scf) 78103.6
525 180 [\ 465301 -850.1 3132798 -39829 Days 13
52 180 0.5 461274 4027.2 755.170 3272.0 Average Volume/day 6007.971
51 180 1 453041 82325 2655.036 5577.5 Avg 7 day rolling total 60654.3
50 180 1 443705 9336.3 9336.3 Max 7 day rolling totat 713300
495 180 0.5 439699 40060 1700422  2305.6 Max 1 Day Drap (in) 4
18 49 180 0.5 435596 4103.0 1425.985 2677.0 Avg 1 Day Drop (in) 0.107143
48 175 1 427256 83402 8340.2 27525.7 3932.2
44 175 4 389250 38006.0 38006.0 69514.5 9930.6
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Calculation PM-0375 Attachment |l - Computation of System Leakage (ECR 09-00416)

7 day Leakage Estimate
435 175 05 384163 5087.5 5087.5 713300 10190.0
43 175 05 378975 5187.5 51875 70940.¢ 101343
43 180 o] 378850 125.0 125.0 61728.7 83184
425 180 0.5 373650 5200.0 5200.0 64623.1 9231.9
42.5 180 0 373650 0.0 3028.023  -3028.0 58918.1 8416.9
s1 180 -85 453041 - - Total Volume (scf) 89508.3
51 180 [} 453041 0.0 1609.053  -1609.1 Days 12
50 175 1 443953 9088.9 9088.9 Avarage Volume/day 7459.029
49.5 1775 05 439824 4128.2 4128.2 Avg 7 day rotiing total 59110.4
48 1775 1.5 427134 12690.4 12690.4 Max 7 day rolling totat 71358.6
45 180 3 399113 28021.5 2832.895 25188.6 Max 1 Day Drop (in) 3
19 a4 180 1 389100 10012.5 10012.5 Avg 1 Day Drop (in) 0.833333
435 180 0.5 384025 5075.0 5075.0 64574.5 9224.9
43 180 05 378850 5175.0 5175.0 713586 10194.14
43 180 1] 378850 0.0 662.758 -662.8 616069  8801.0
425 180 05 373650 5200.0 5200.0 62678.7 8954.1
42 180 0.5 368363 5287.5 853.416 44341 54422.4 77746
41 180 1 357575 10787.5 10787.5 40021.3 5717.3
52 180 -1 461274 - - Total Volume (scf) 75052.3
52 180 0o 461274 0.0 0.0 Days 1
52 180 [} 461274 0.0 00 Average Volume/day 6822 938
51 180 1 453041 8232.5 8232.5 Avg 7 day rolling total 57294.1
51 180 0 453041 0.0 1319.546 -1319.5 Max 7 day rolling totat 68139.3
50 180 1 443705 9336.3 2740.365 6596.0 Max t Day Drop (in) 3
20 49.5 180 05 439699 4006.0 760.747 3245.3 Avg 1 Day Drop (in) 0.818182
48 180 1.5 427012 12687.2 12687.2 294414 4205.9
45 180 3 399113 27899.4 27899.4 57340.8 81915
44 180 1 389100 10012.5 10012.§ 67353.3 9621.9
435 180 0.5 384025 5075.0 5075.0 64195.8 9170.8
43 180 [0X-] 378850 5175.0 2551.027 2624.0 68139.3 9734.2
51.6 180 -85 457187 - - Total Volume (scf) 80916.0
51 180 05 453041 4146.0 473.398 3672.6 Days 13
50.5 180 0.5 448836 42053 4205.3 Average Volume/day 6224.308
50 180 0.5 443705 5§131.0 5131.0 Avg 7 day ralling total 50080.3
50 185 0 443458 247.4 247.4 Max 7 day roliing total 62720.3
48 185 2 426768 16689.8 16689.8 Max 1 Day Drop (in) 3
21 45 185 3 398919 27849.2 27849.2 Avg 1 Day Drop (in) 0.692308
4.5 185 0.5 393994 4925.0 4925.0 62720.3 8960.0
445 185 o] 393994 0.0 0.0 §9047.7 8435.4
4.5 185 0 393994 0.0 0.0 54842 4 7834.6
445 185 0 393994 0.0 0.0 49711.4 7101.6
44 190 0.5 388800 5193.8 5193.8 54657.7 7808.2
43 190 1 378600 10200.0  1705.966 8494.0 46461.9 6637.4
42.5 200 0.5 373150 5450.0 942.057 4507.9 23120.7 3303.0
52 180 -9.5 461274 - - . Total Volume (scf) 898111
52 180 4] 461274 0.0 0.0 Days 15
52 180 0 461274 0.0 1611.599  -1611.6 Average Volume/day 5987.407
51 180 1 453041 82325 8232.5 Avg 7 day rolling total 49382.9
51 175 0 453394 -352.2 -352.2 Max 7 day rolling total 67418.4
50 175 1 443953 94411 1421638  8019.4 Max 1 Day Drop (in) 4
50 175 0 443953 0.0 0.0 Avg 1 Day Drop (in) 0.7
22 49.5 175 0.5 439950 4003.0 4003.0 18291.2 2613.0 .
49 175 05 435848 4101.5 4101.5 22392.7 3199.0
48 175 1 427256 8592.1 8592.1 32596.4 4656.6
44 175 4 389250 38006.0 38006.0 62369.8 8910.0
44 180 0 389100 150.0 150.0 62872.0 8981.7
43.5 180 05 384025 5075.0 1420.055 3654.9 58507.5 8358.2
43 180 0.5 378850 5175.0 5175.0 63682.5 9097.5
43 185 Q 378725 125.0 3488.587  -3363.8 56315.9 8045.1
41.5 185 1.5 362863 15862.5 658.508 15204.0 674184 9631.2
51.5 180 -10 457187 - - Totai Volume (sct) 72206.6
51.5 180 0 457187 0.0 0.0 Days 11
5t 180 0.5 453041 4146.0 4146.0 Average Volume/day 6564.235
50.5 185 Q0.5 448508 4535.5 4535.5 Avg 7 day rolling total 56080.9
50 185 05 443458 5048.3 5048.3 Max 7 day rolling tatal 63525.1
23 49.5 185 0.5 439449 4009.0 1230.836 2778.2 Max 1 Day Drop (in) 3
43 185 0.5 435344 4104.4 4104.4 Avg 1 Day Drop (in) 0.727273
47.5 185 15 422377 12966.9 12966.9 33579.3 4797.0
445 185 3 393994 28383.5 283835 61962.8 8851.8
44 185 05 388950 5043.8 5043.8 £62860.6 B8980.1
435 190 0.5 383750 5200.0 5200.0 63525.1 $075.0
435 190 1] 383750 0.0 0.0 58476.9 83538
53 190 -9.5 468366 B - Total Volume (sct) 76599.2
53 175 Q 469721 -1354.9 2174873  -3529.8 Days 10
52 175 1 461674 8047.0 2169.927 6877.0 Average Volume/day 7659.919
51.5 175 0.5 457563 4110.9 1879.083 2231.8 Avg 7 day rolling total 65699.9
51 178 0.5 453394 4169.1 4169.1 Max 7 day roliing total 72020.1
24 50 178 1 443953 9441.1 1229.588 82115 Max 1 Day Drop (in) 35
48.5 1775 15 431432 12521.0 12521.0 Avg 1 Day Drop (in) 1
45 180 35 399113 32319.1 32319.1 61799.7 8828.5
45 175 0 399306 -193.8 1324171 -1617.9 63811.5 9115.9
44 175 1 389250 10056.3 2822490 7233.8 65168.3 9309.8
43 180 1 378850 104000  1316.352 9083.6 72020.1 10288.6
52.5 1825 -85 465089 - - Total Volume (scf) 103863.1
52 1825 05 461074 4014.5 4014.5 Days . 20
52 185 0 460874 199.8 199.8 Average Volume/day 5193.156
515 185 Q0.5 456812 4062.3 4062.3 40964.0
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Calculation PM-0375 Attachment {i - Computation of System Leakage (ECR 09-00416)
7 day Leakage Estimate

51 185 0.5 452689 41228 41228 Max 7 day rolling totat 62217.0
51 187.5 0 452513 1761 176.1 Max 1 Day Drop (in} 4
50 190 1 443210 9303.0 9303.0 Avg 1 Day Drop (in) 0.575
46 190 4 408225  34985.3 1032.893 339454 558237 79748
455 190 a5 403550 4675.0 756.286 3918.7 6§5728.0 7961.1
45 190 0.5 398725 4825.0 4825.0 60353.2 8621.9
25 44.5 190 0.5 393825 4900.0 4900.0 611909 87416
44 190 0.5 388800 5025.0 5025.0 62093.1 88704
44 200 4] 388500 300.0 300.0 622170  8888.1
435 200 05 383475 5025.0 5025.0 57939.1  8277.0
43.5 200 0 383475 0.0 0.0 239937 34277
435 200 0 383475 0.0 0.0 200750 2867.9
435 200 0 383475 0.0 0.0 15250.0 2178.6
425 210 1 372900 10575.0 1412.868 9162.1 t9512.1 2787.4
415 210 1 362300 10600.0 10600.0 25087.1 3583.9
41 210 05 356300 5400.0 5400.0 30187.1 43124
41 215 0 356788 1125 1228.965 -1116.5 24045.7 3435.1
52.5 176 -115 465726 - -
26 52 175 0.5 461674 4052.6 1130.284 29223
515 175 05 457563 4110.9 4110.9
51.5 175 [} 457563 0.0 0.0
Average 67748
Max 46394.2
Using Leakage= 80,422
Summary (7 Days of leakage) Total N2 required = 320,000 (200,000 for CAD, 39,578.215 for SGIG, 80,421.6 Leakage)
Tota Volume (scf) 2,135,135
Total Days 337 CAD + SGIG
Average Volume/day (tot/day) 6,336 Using 38*N2= 322,000 (322,000 at 250psig)}
Average Volume/day (avgd ind) 6,453 Required CAD + SGIG Amount= 320,000 0.62%
Avg 7 day roliing total 53,498 Margin above avg (38')= 28,924 8.98%
Max 7 day roliing total 74917 .- % ‘Maigin above Max(38%'=" 7,505, © .’ 2.33%

Using 38.5" N2= 327,800 SCF at 250 psig
Required CAD + SGIG Amount= 320,000 2.38%
__ Margin above avg (38.5')= 34,724  10.59%
. Mangin.above Max (38.5%) = -~ 13,306% - 4.06%. % = %

SGIG Only
Using 22* N2= 124,000 SCF at 250 psig
Required SGIG amount (scf) = 120,000 3.23%
. Margin above avg (scf)= 30,924 = 24.94%
- >3 Margin abové Maxi(scly <. 9505 - 7.67%:
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Calculation PM-0375 Attachment I - Computation of System Leakage (ECR 09-00416)
Containment Makeup

Min D/W 159,000|cu it 4502.378673|cubic meters
Volume
Max D/W 175,800cu ft 4978.101703]cubic meters
Volume
Avge DW 167,400}cu ft 4740.240188|cubic meters
Volume
8/9/08 6:00 0.27 0.3 3 0.03 206.843 | 132.8336 329.019 358.435 8028.937 283.539
8/9/08 10:00 0.27 0.4 3 896.318 | 132.8336 329019 | 1553.217 | 34792.060 1228.670
8/14/08 18:00 | 0.28 0.36 3 551581 | 132.3673 328.760 956.579 | 21427.369 756.700
8/18/08 3:00 0.3 0.4 3 689.476 | 13251719 | 328.843 1105.421 | 26777.429 945.636
8/20/08 5:00 0.29 0.35 i 413.685 | 131.19139 | 328.106 718863 | 16102.525 568.655
8/21/08 6:00 0.29 0.35 B 413685 | 131.04139 | 328.023 719.045 | 16106.615 568.800
8/30/08 22:00 | 0.29 0.4 ] 758423 | 130.5913 327.773 | 1319255 | 29551322 1043.595
8/31/08 0:00 0.3 0.4 3 0.1 689.476 | 131.30291 | 328218 | 1197.696 | 26828.387 947.436
9/8/08 5:00 0.29 0.45 - 0.16 1103.161 | 130.8914 327.940 1917.941 | 42961.888 1517.185
9/8/08 7:00 0.3 0.4 3 0.1 689476 | 132.83361 | 320019 | 1194.782 | 26763.123 945.131
9/11/08 12:.00 |  0.29 0.4 3 0.11 758.423 | 132.23391 | 328686 | 1315593 | 20469.276 1040.698
9/22/08 11:00 | 0.28 0.42 3 0.14 965266 | 131.97599 | 328542 | 1675.121 | 37522.709 1325.102
10/4/08 10:00 |  0.28 0.33 3 0.05 344.738 | 131.0181 328.010 599228 | 13422.709 474.018
10/6/08 3:00 0.28 0.35 3 0.07 482,633 | 131.168 328.093 838.706 | 18787.023 663.457
10/7/08 5:00 0.26 0.34 3 0.08 551.581 | 130.8682 327.927 959,008 | 21481.788 758.622
10/10/08 23:00]  0.27 0.33 3 0.06 413685 | 130.86821 | 327.927 719.256 | 16111.341 568.967
10/11/08 6:00 0.27 0.45 3 0.18 1241.056 | 130.7346 327.853 | 2158.257 | 48344.966 1707.286
10/19/08 7:00 [ 0.25 0.33 3 0.08 551.581 | 130.4185 327.677 959.740 | 21498.167 759.201
10/21/08 15:00] 0.3 0.53 P2 0.23 1585.794 | 110.63909 | 321689 | 2810613 | 62957.737 2223332
10/22/08 13:00] 0.27 0.35 3 0.08 551.581 | 130.62701 | 327.793 959.400 | 21490570 758.932
10/23/08 6:00 0.3 0.45 -2 0.15 1034.214 [ 13327501 | 929.264 | 1790.839 | 40114.786 1416.640
10/29/08 22:00] 0.3 0.48 2. 0.18 1241.056 | 132.82501 | 320.014 | 2150.639 | 48174.320 1701.260
10/30/08 1:00 | 0.26 0.41 3 0.15 1034.214 | 129.4603 327.145 | 1802.440 | 40374.654 1425817
10/30/089:00 |  0.26 0.35 2. 0.09 620.528 | 1329916 320.106 | 1075.017 | 24080.386 850.391
10/30/08 9:00 |  0.28. 0.37 3 0.09 620528 | 129.4503 327145 | 1081.464 | 24224.793 855.490
10/30/08 10:00]  0.33 0.41 3 0.08 551.581 | 129.4603 327.145 961.301 | 21533.149 760.436
11/2/08 20.00 0.3 0.39 2 0.09 620.528 | 133.2917 329.273 1074.473 | 24068.194 849.960
11/2/08 2:00 0.29 0.4 3 0.1 758.423 | 130.05999 | 327.478 | 1320.445 | 29577.958 1044536
11/2/08 7:00 0.29 0.5 2 0.21 1447.899 | 133.2917 329273 | 2507.104 | 56159.119 1983.241
11/2/0812:00 | 0.27 0.35 3 0.08 551.581 | 130.05999 | 327.478 960.323 | 21511.242 759.662
11/6/08 18:00 | 0.47 0.49 3 0.02 137.895 | 132.29231 | 328.718 239.175 5357.521 189.199
11/10/08 6:00 0.28 0.45 3 0.17 1172.109 | 132.3089 328.727 | 2032.931 | 45537.654 1608.147
11/10/08 22.00) 0.31 0.46 L2 0.15 1034.214 | 134.1918 329.773 1788.073 | 40052.829 1414 452
11/10/08 23:00| 0.26 0.6 3 0.34 | 2344217 | 132.3089 328727 | 4065862 | 91075.308 3216.294
11/12/08 2:00 0.25 0.4 L2t 0.15 1034214 | 134.175 320764 | 1788.123 | 40053.963 | 1414.492
11/18/08 23:00 0.3 0.49 T2 0.19 1310.004 | 134.1918 329.773 | 2264.892 | 50733.584 1791.640
11/22/08 3:00 |  0.27 0.44 3 0.17 1172.109 | 132.30889 | 328.727 | 2032.931 | 45537.655 1608.147
11/23/08 2:00 0.3 0.35 2 0.05 344.738 | 133.74169 | 329523 506.477 | 13361.075 471.842
12/1/08 18:00 0.27 0.35 3 0.08 551.681 | 132.89201 329.051 955732 | 21408387 756.030
12/2/08 7.00 Q.27 0.5 3 0.23 1585.794 | 132.7586 328.977 2748.347 | 61562.979 2174.076
12/2/08 18:00 0.3 0.4 2 0.1 689.476 | 133.89171 | 329.607 | 1192.651 | 26715.382 943.445
12/3/08 5:00 0.3 0.35 2 0.05 344.738 | 134.04179 | 329.690 596.175 | 13354.318 471.603
12/8/08 0:00 0.28 03 3 0.02 137.895 | 132.36729 | 328.760 239.145 5356.842 189.175
12/8/08 10:00 | 0.27 0.4 .2 0.13 896.318 | 133.5917 329.440 | 1551231 | 34747581 1227.099
12/8/08 11:00 { 0.26 0.45 3 0.19 1310.004 | 13236729 | 328.760 | 2271875 | 50890.003 1797.164
12/13/08 13:.00[ 0.27 0.44 3 0.17 1172.109 | 132.6087 328894 | 2031.901 | 45514593 1607.333
12/13/08 4:00 0.3 0.46 L2 0.16 1103.161 | 134.1918 320773 | 1907.278 | 42723.018 1508.749
12/13/08 16:00] 0.27 0.43 3 0.16 ] 1103.161 | 132.6087 328804 | 1912.378 | 42837.064 1512.784
12/16/08 12:00| 0.28 0.4 3 0.12 827.371 | 132.1589 328.644 | 1435.374 | 32152.377 1135.450
12/18/08 9:00 0.28 0.4 3 0.12 827.371 | 132.66709 | 328.926 | 1434142 | 32124.780 1134.476
12/22/08 12:00| 0.29 0.35 3 0.06 413.685 | 132.36729 | 328.760 717.434 | 16070.527 567.525
12/22/0812:00| 0.27 0.29 s 2 0.02 137.895 | 134.34179 | 329.857 238.349 | 5339.028 188.546
12/22/0818:00| 0.28 0.38 3 0.11 758.423 | 132.36729 | 328.760 | 1315.296 | 29462.633 1040.463
12/22/0822:00f 0.29 0.43 2 0.14 965.266 | 134.34179 | 329.857 | 1668.446 | 37373.197 1319.822
12/23/08 1:00 0.27 0.33 3 0.06 413.685 | 132.45881 | 328.810 717.323 | 16068.042 567.438
1/10/09 2:00 0.28 0.33 3 0.05 344.738 | 132.817 329.009 597.408 | 13381.937 472579
1/15/09 9:00 0.28 0.39 3 0.1 758.423 | 132.30891 | 328.727 | 1315426 | 29465540 1040.566
1/15/09 16:00 0.3 0.39 2. 0.09 620.528 135.692 330.607 | 1070.139 | 23971.115 846.532

Page 60f9




Calculation PM-0375 Attachment Il - Computation of System Leakage (ECR 09-00416)

Containment Makeup
1/15/09 22:00 0.28 0.4 3 0.12 827.371 | 132.30891 328.727 | 1435.010 | 32144226 1135.163
1/16/09 1:00 0.27 0.51 20 0.24 1654.742 | 135.3169 330.398 | 2855.504 | 63963.290 2258.842
1/24/09 18:00 0.27 0.41 L2 0.14 965.266 135.692 330.607 1664.661 | 37288.401 1316.827
1/25/09 5:00 0.28 0.4 o 0.12 827.371 | 13539189 | 330.440 | 1427572 | 31977.613 1129.279
1/26/09 9:00 0.27 0.4 2 0.13 896.318 | 135.3169 330398 | 1546.731 | 34646.782 1223.540
2/4/0910:00 [ 0.27 0.42 3 0.15 1034.214 | 131.40931 | .328.227 | 1796.494 | 40241.463 1421,114
2/9/09 10:00 0.27 0.45 Q0 0.18 1241056 | 13254159 | 328856 | 2151.669 { 48197.386 1702.075
2/16/09 18:00 0.28 0.4 3 0.12 827.371 | 133.3583 329.310 | 1432470 | 32087.319 1133.153
2/21/09 3:00 0.28 0.45 3 0.17 1172109 | 134.10789 | 329.727 | 2026.769 | 45399.624 1603.273
2/21/09 4:00 0.29 0.43 B 0.14 965.266 130.125 327514 1680.380 | 37640.522 1329.263
2/24/09 1:00 0.28 0.47 3 0.19 1310.004 | 134.1079 329727 | 2265.212 | 50740.756 1791.893
3/3/09 12:00 0.26 0.52 3 0.26 1792.637 | 134.01629 | 329.676 | 3100.243 | 69445.437 2452.442
3/3/09 23:00 0.28 0.4 2.7 0.12 827.371 | 130.59129 | 327.773 | 1439.188 | 32237.806 1138.467
3/9/09 22:00 0.27 0.4 .2 0.13 896.318 | 130.59131 327.773 | 1659.120 | 34924.289 1233.340
3/10/09 9:00 0.26 0.35 L2 0.09 620.528 | 130.74129 | 327.856 | 1079.116 | 24172.209 853.634
3/12/09 4:00 0.27 0.48 20 0.21 1447.899 | 130.5913 327.773 | 2518579 | 56416.160 1992.318
3/12/09 6:00 0.27 0.4 3 0.13 896.318 | 133.1168 329.176 | 1552475 | 34775.431 1228.083
3/13/09 1:00 0.28 0.36 2 0.08 551.581 -130.2913 327.606 959.947 21502.804 759.364
3/16/09 13:00 0.29 0.42 3 0.13 896.318 | 133.11679 | 329.176 " | 1552.475 | 234775.431 1228.083
3/20/09 7:00 0.28 0.44 3 0.16 - | 1103.161 | 133.4166 329.343 | 1909.772 | 42778.885 1510.722
3/20/09 13:00 0.29 0.44 Sl 0.15 1034.214 | 130.29131 327606 | 1799.900 | 40317.757 1423 808
3/21/09 8:00 0.27 0.35 3 0.08 551.581 | 132.9669 329,093 955.611 | 21405.680 755,934
3/21/09 11:00 0.29 0.44 PR 0.15 1034.214 | 129.97501 | 327.431 1800.866 | 40339.394 1424572
3/21/09 15:00 0.26 0.38 3 0.12 827.371 | 132.9669 329093 | 1433.416 | 32108.521 1133.902
3/23/09 21:00 0.26 0.3 3 0.04 275.790 | 132.6087 328.894 478.094 | 10709.316 378.196
3/24/09 6:00 0.25 0.3 3 0.05 344.738 | 132.47531 328.820 597.753 | 13389.662 472851
3/25/09 3:00 0.29 0.35 3 0.06 413685 | 132.81699 | 329.009 716.889 | 16058.324 567.094
3/30/09 9:00 0.29 0.45 L2 0.16 1103.161 [ 129.3912 327.106 | 1922.828 | 43071.352 1521.050
3/30/09 23:00 0.26 0.36 2. 0.1 689.476 | 129.3912 327.106 1201.768 | 26919.595 950.657
3/31/09 9:00 0.29 0.4 3 0.11 758.423 | 133.05851 329 144 1313.762 | 29428.259 1039,249
4/2/09 0:00 0.43 0.5 -2 0.07 482633 | 120.69119 | 327.273 840.809 | 18834.121 665.121
4/4/09 22:00 0.29 0.5 2. 0.21 1447 899 | 130.14129 327.523 2520501 | 56459.223 1993.839
4/8/09 14:00 0.28 0.35 3 0.07. [ 482633 | 1331168 329.176 835.948 | 18725.232 661.275
4/9/09 2:00 0.28 0.45 3 0.17 1172.109 | 133.1168 329.176 | 2030.159 | 45475.563 1605.954
4/9/09 5:00 0.28 0.37 2 0.09 620528 | 129.9913 327.440 | 1080.490 | 24202.968 . 854.720
4/11/09 21:00 0.25 0.34 3 0.09 620.528 | 133.26671 329.259 | 1074.518 | 24069.209 849.996
4/11/09 23:00 0.26 0.5 20 0.24 1654.742 | 129.075 326.931 2885.792 | 64641.743 | ~ 2282.802
~ 4/12/09 6:00 0.26 0.34 3 0.08 551.581 | 133.5665 329.426 954.644 | 21384.035 755.170
4/13/08 2:00 0.26 0.36 3 0.1 682.476 | 133.1168 329.176 1194.211 | 26750.331 944,679
4/13/09 10:00 | 0.29 047 2 . 0.18 1241.056 | 129.67501 327.264 | 2162.140 | 48431.926 1710.367
4/15/09 23:00 0.27 0.45 3 0.18 1241.056 | 133.1168 329.176 | 2149580 | 4B8150.596 1700.422
4/16/09 11:00 0.29 0.44 2 0.15 1034214 | 129.3912 327.106 1802.651 | 40379.393 1425.985
4/23/09 23:00 0.28 0.45 3 0.17 1172.109 | 133.35829 | 329.310 | 2029.332 | 45457.036 1605.300
4/23/09 16:00 0.28 0.43 - 2¢ 0.15 1034.214 | 130.74129 | 327.856 | 1798.527 | 40287.015 1422.723
4/24/09 11:00 0.27 0.37 3 0.1 689.476 | 133.2667 329259 | 1193.909 | 26743.565 944.440
4/25/09 9:00 0.28 0.35 2 0.07 482633 | 130.1413 327.523 840.167 [ 18819.741 664.613
4/29/08 6:00 0.27 0.33 3 0.06 413685 | 134.61589 | 330.009 714.718 | 16009.694 565.377
4/29/09 9:00 0.29 0.4 2 - 0.1 758.423 | 131.1914 328.106 1317.915 | 29521295 1042535
4/29/08 10:00 0.27 0.4 3 0.13 896.318 | 134.61589 | 330.009 1548557 | 34687.670 1224 983
5/3/09 23.00 0.43 0.5 2 0.07 482633 | 131.79149 | 328.440 837.822 | 18767.209 662.758
5/5/09 1.00 0.4 0.49 T2 0.09 620.528 | 130.8914 327.940 | 1078.842 | 24166.062 853.416
5/11/09 0:00 0.27 0.41 3 0.14 965.266 | 13446599 | 329.926 | 1668.097 | 37365.381 1319.546
5/11/09 2:00 0.28 0.45 2 0.17 1172109 | 131.4914 328273 | 2035.744 | 45600.655 1610.372
5/12/09 15:00 0.26 0.41 .3 0.15 1034.214 | 134.1662 329.759 | 1788.150 | 40054.557 1414513
5/12/09 23:00 0.28 0.42 2. 0.14 965.266 | 131.64149 | 328.356 1676.069 | 37543.945 1325.852
5/13/09 6:00 0.29 0.37 3 0.08 551.581 | 129.2193 327.011 961.695 | 21541.965 760.747
5/18/09 10:00 0.29 0.42 2 . 0.13 896.318 | 131.64148 | 328356 [ 1556.350 [ 34862.235 1231,148
5/18/09 22:00 0.26 0.4 3 0.14 965.266 | 134.31609 | 329.842 1668.519 | 37374.815 1319.879
5/19/09 2:00 0.32 0.33 2 . 0.01 68.948 131.7915 328.440 119.689 2681.030 94.680
5/19/09 7:00 0.33 0.37 L2 0.04 275.790 | 131.7915 328.440 478.755 | 10724.119 378.719
5/31/09 23:00 0.29 0.47 2 0.18 1241.056 | 131.,1914 328.106 | 2156.588 | 48307.573 1705.966
6/1/09 3:00 0.32 0.42 3 0.1 689.476 | 134.76581 330.092 1190.897 | 26676.090 942.057
6/4/08 15:00 0.28 0.45 2 0.17 1172109 | 131.0414 328,023 2037.295 | 45635.410 1611.599
6/7/09 7:00 0.29 0.44 2 0.15 1034.214 | 131.1914 328.106 | 1797.1567 [ 40256.311 1421638
6/14/09 11:00 0.28 0.33 2 0.05 344.738 | 131.84999 | 328.472 598.385 | 13403823 473.352
6/14/09 23:00 0.29 0.39 2 0.1 689.476 | 131.84999 | 328472 | 1196.770 | 26807.646 946.703
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Calculation PM-0375 Attachment il - Computation of System Leakage (ECR 09-00416)

Containment Makeup
6/16/09 0:00 0.26 0.38 3 0.12 827.371 1 136.05701 330.809 1425.977 | 31941.894 1128.017
6/16/09 6:00 0.29 0.4 2 0.11 758.423 | 131.64151 328.356 1316.911 29498.813 1041.741
6/16/09 16:00 0.3 .0.34 2 0.04 275.790 | 131.64151 328.356 478.877 10726.841 378.815
6/16/09 18:00 0.28 0.38 3 0.1 689.476 | 136.05701 330.809 1188.315 26618.245 940.014
6/17/09 13:00 0.25 0.32 3 0.07 482.633 | 135.60719 330.560 832.449 18646.858 658.508
6/23/09 9:00 0.3 0.43 27 0.13 896.318 | 131.7915 328.440 1555.955 | 34853.388 1230.836
6/30/09 22:00 0.29 0.52 .2 0.23 1585.794 | 132.54161 328.856 2749.355 61585.547 2174.873
7/2/09 11:00 0.28 0.38 3 0.1 689.476 | 135.45731 330.476 1189.513 | 26645.080 940.962
7/2/09 22:00 0.29 0.42 L2 0.13 896.318 | 132.69159 328.940 1553.589 | 34800.405 1228.965
7/3/09 23:00 0.28 0.48 3 0.2 1378.951 | 136.35679 330.976 2375.433 | 53209.702 1879.083
7/5/09 11:00 0.3 0.43 2 0.13 896.318 132.3916 328.773 1554.377 34818.046 1229.588
7/8/09 6:00 0.29 0.43 " 2. 0.14 965.266 132.3916 328.773 1673.944 | 37496.357 1324.171
7/9/09 1:00 0.26 0.39 3 0.13 896.318 | 136.71459 331.175 1543.105 34565.547 1220.671
7/9/09 14:00 0.27 0.38 3 0.11 758.423 | 136.71459 331.175 1305.704 | 29247.771 1032.875
7/9/09 23:00 0.3 0.36 2. 0.06 413.685 | 130.8914 327,940 719.228 16110.708 568.944
7/10/09 4:00 0.27 0.41 3 0.14 965.266 | 135.90709 330.726 1664.059 | 37274.928 1316.352
7/18/09-23.00 0.31 0.42 S 2. 0.11 758.423 | 132.6916 328.940 1314.576 | 29446.496 1039.893
7/19/09 9:00 0.32 0.4 L2 0.08 551.581 | 132.69162 328.940 956.055 21415.633 756.286
7/28/09 10:00 0.28 0.43 3 0.15 1034.214 | 134.85761 330.143 1786.069 | 40007.954 1412.868
7/31/09 23:00 0.28 0.41 L2 0.13 896.318 132.6916 328.940 1553.589 | 34800.404 1228.965
8/1/09 8:00 0.28 0.4 3 0.12 827.371 134.8576 330.143 1428.856 | 32006.364 1130.294
Total Usage = 165911.6
Avg per day = 463.4
Average Fill = 1144.2
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Calculation PM-0375 Attachment Il - Computation of System Leakage (ECR 03-00416)
Level and Pressure to N2 Conversion Table

170 175-{' 180 " ’ ig_s- 1925 195 ;| 200 205! 219" 'é1_5_ :2201'

Pressure 1725 177.5 1825 187.5 190 1975 2025 207.5 2125 2175 250
Level i : L
|3 265700 265550 265400 265250 265100 264950 264800” 264650" 264500 264350 264200 264050 263900 263750 263600 263450, 263300 263150 263000 262850 262700 - 260900,
33.25 268650 268506 268363 268219.-268075: 267931 267788 267644 267500 267356 267213 267069 266925 266781 266638 266494 266350 266206 266063 265919 265775 264050
33,5. 271600 271463,271325 571188271050 270913 270775 270638: 270500 270363 270225 270088 269950 26981

3375

34.25 250500 280375 280250 280125 280000 279875 279750 279625 279500 279375 279250 279125 ‘273000 278375 278750 278525 278500 278875 278250 2781 25" 278000 276500
345 283500 283378 283256 283134 283013 283891 282769 282647 282525 .282403- 262281, 282159 282038: 281916 281794 281672’ 281550 261428 281306 ‘2811947281063 . 279600
3475 286450 286333 2862\6 286098 '285981: 285864 285747 285630 285513 285395 285278 285161- 285044 2849277284809 284692 284575 284458: 284341 284223 284108 282700
35 289400 289288 289175 289063 283950 288838 288725 "288813 288500 288388 288275 288163 288050 287938 287825 287713 287600 287488 287375 237263 287150 '.285800:

35 25 292300 292192 292084 291977 291869 291761, 291653 291545" 291438 291330. 291222 1291114 291006 290898 290791 290683 - 290575, 290467 | 290359 .290252:., 290144 . 288850

‘355

274560 274417 274284 274152 274019 273686 273753 273620‘273468 273355 273222 273089 272956 272823 272691 272558 272425 272292 72159 272027 2718

285200 295097 . 294994 . 294891 294788 294684‘ 294581 294478 294375’ 294272 294169 294066 .293983 293859 293756 293853 293550 293447 293344 293241 293138,

. 291900

35.75 298150 298050 297050, 297850 297750 297650; 297550 267450 297350 297250 297150 297050. 296950 296850 296750 296650 296550 206450 296350 296250296150 . 294950
- '36° 301100- 3010037300806 300809 300713 300616 300519 300422300425+ 300228, 300131 300034 209938 299841 299744 299647 299550 299463 *299356. 209959 299163 ; 26000
36.25 304000 303908 303816 303723, 03631: 303539°303447 303355 303263 303170- 303078 302086 302894 302802302709 302617 302525 302433 ‘302341 302248-302156 301050
36.5 306900 3068137306725: 306638 ‘306560 306463, 3063754306288-306200° 306113 306026 305938° 305850 306763305675 305588 305500, 305413305325, 305238 305150+, ;- 304100,
36.75 309800 309716 309631 300547 309463 309378, 309254 309209309125 308041 308956 308872 306788 308703° 308619 308534* 308450 0BIEE 30B2BT 308197 308133 307100
- 37 312700 312619 312538 312456 ‘312375 312204 312213312131 312050 311969- 311888311806 311725 311644 311563 311481 311400 311319 311238, 311156 3110757, 310100
37.25°315600 315522 315444 315366 315288, 315209315131 315050 314975 314897 314819 314741 314663 314564, 314506 314428 314350 3142721 314194 3141161314038 313100
» 37,5 318500 318425 316350 318275 318200 318125 318050 317976 317900° 317825 317750 317675 317600 317525317450 317375317300 317225 317150° 3174757317000, 316100
37.75 321350 321278321206 321134 321063 320991320019 320847 320775 320703 ‘320631’ 320559 320488 320416 320344 320272 320200 320128. 320056 3199 319050
38. 324200. 324131 324083323994 323925 323866 323788, 323719 3236507353581 323513 323444323375 323306 323238 323169 323100 323037 322963 302804 322825 322000
38.25:327050 326083 326916 326848 126781 3267141326647 326580 126513 326445 326378 326311 326244 126177 326109 326042325975 325908 325841 3257737325706 324900

‘388

38.75_ 332750 332686 -332622 33255 332494 332430. 332366, 332302332238, 332173, 332109 332045 331981 331917° 331853, 331789 331728 661 33 97 331533 331469 330700
.39 3356007 335538 ‘335475, 335413 0, 335288: 335225 ;335163 335100 335038 334975 3493 334850 334788 334725 334663 334500 334538~ 334475 .334413, 334350 , 333600:
39.25 338400 338339 - 3382 338217° 6 338085 338034’ 337973 337913 337852, 337791 337730¢ 337669 337608. 337547 337486 337425 337364 337303 337242 337181 386450
" 39.5 341200 341141 34108 341022 340963 340903 340844 340784 340725 340666 340608 340547 340488 340428 340369 340309 340250 340191 ‘340131 340072 340013 . 339300
39.75 344000 343942 3436841 343827 343769 3437117343653 343595 343538 343480343422 343364: 343306 343248 7343191 343133 343075 343017 342959 342902 342844 342150
, . 40 346800 346744 346683 346631 346575 346519 '346463" 346406 '346350- 346284 345238 346181, 346‘25 346069 346013 345956 345900 346844 345783 "34573F 34567 7 345000;
40.25 349550 349494 349438 349381° 349325 349269 3492‘3 349156 349100 349044 348988 348931, 348875 348819 348763 348706 348650 348594 348538 348481 348425 347750
40.5 352300 '352244 352188 352131 852075 352019 351963 ‘351908, 35185Q 351794 351738, 351681l 351625 351569 351513 351456 351400 351344 351288 351231 351175 350500
40.75.355050 354994 1354938, 354881 354825 354769 354713 354656 354600 354544 354489. 354431 354375 354319 354263 354206, ‘354150 354084 ° 354038 353981 353925 353250
‘41 357800 357744 357688, 357631 357575 3575\9 357463 357408 357350 357294~ 357238 .357181 357125 357069 357013 356956 355900 356844 356788 356731 356675 356000
41.25 360500 360444. 360388 360331 360275 360219 360163 360106, 360050 359994 359938 359881 359825 359769 859713 359656 359600 359544 353488 359431 359375 358700
. 41.5.363200 363144 363088 363031 362975362919, 362863, 362806 362750, 362694 362638 362581 362525 .362469: 362413 362356 362300 362244 362188 362131 362075 361400
41.75 365000 365842 365784 365727 65669 365611 365553 365495 365438 365380 365322 365264 365206, 365148°. 365091 365033 364975 364917 364859 364802 364744 364050
Ca2 368600 368541 368481 368422 3683B3 I6BIOI 368244 368184 368125 368066 368006 367947 367888 367828 367769 367709 367650 367591 367531 367472 367413 366700.
42.25 371250 371189 371128 371067 - 371006 370945 370854 370823 370763 370702 370841 370580 370519 370458 370397 370336 370275 370214 370153 370092 370031 369300
42.5 373300 373838. 373775 373713 373650 373588 373525 373463 373400 373338 373275 373213 7350 373088 373025 372963 372900 372838 372775 372713 372650 371900
42.75 376500 376438 376375 376313 376250 376188 376125 376063 376000 375938. 375875 375813 375750 375688 375625 375563 375500 375438 375375 375313 375250 374500~
- 43 379100 379038° 378975 ‘378913 378850 378788 378725 - 375663 378600 378538 378475 378413 378350 378288 378225 378163 378100 378038 877975 “377913 377850 V377100,
43.25 381700 381634 381569 381503 381438 381372 381306 381241 381175 381109 381044 380978 380913 380847 380781 380716 380650 380584 380519 380453 380388 379500
435 384300 384231° 384163 384094 384025 383956 383888" 383819; 383750 383681 383613 383544- 363475 383406 383338 383269 383200 383131 383063382934 382925 382100
43.75 386850 386778 386706 386634 386563 386491 ‘386419 386347 386275 386203 386131 386059 385988 385916 385844 385772 385700 385628 385556 385484. 385413 384550
- 44 389400 389325 389250 389175 389100 389025 388950 388875 338800 388725, 388650 388575 - 388500 388425 383350 388275 388200 388125 388050 387975. 387900 . 387000
44.25 391950 391870 391791 39711 391631 391552 391472 391392 391313 391233 391153 391073 390994 390914 390834 390755 390675 390595 390516 390436 ; 390356 389400
44.5 334500 394416 394331 394247 394163 394078 393994. 393909 393825 393741 393656 393572 393488 1393403 393319 393234 393150 393056 392981 392897 392813  391800:
44.75 397000 396909 396819 396728 396638 396547 396456 396366.396275 396184 ‘396094 396003 395913 395822 395731 395641 395550 395459 395369 395278 395188 - 394100 .
45 399500 399403 399306 399209 399113 399016 398919 398822 398725° 398628 398531308434 398338 398241 398144 398047 397950 397853 397756, 397659 397563 396400
45.25 401950 401848 401747 401645- 401544 401442 401341 401239 401138 401036 400934 400833 400731 400630 400528 400427 400325 400223° 400122 400020 399919 ” 398700
455 404400° 404294404188 404081 403975 403869 403763 403656 403550 403444 403338 403231 403125 403019 402913 '402806. 402700: 402594° 402488 402381 402275 - 401000
45.75 406800 406686.406572 406458 406344 406230:406116 406002 405888 405773 405659 405545 405431 405317 405203 405089 404975 404861 404747 404633 404519 403150
. 46 409200 409078 40B956- 408834, 408713 408591 408469 ‘408347, 408225 408103 407981 407859 407738 407616 407494 407372 407250 407138 407006, 406884 406763 405300
46.25 411550 411422 411294 411166 411038 410909 410781 410653 410525 410397°410269 410141 410013 409884 409756 409628 409500 409372 409244 409116 408988 407450
46.5

46,75

329900 329834 329769 329703° 320638 329572 329506 329447 329375 329309 329244 329178 329113 329047 328981. 328916 328850 328784 28719 328653 328588 :* 327800:

413500 413766 413631 413497 413363 413228, 413094 412959 412825 412691 412556 412422 (412288 412153 412019 411884 411750 411616 411481* 411347 411213

409600

416200 416075 415951 415826 415701 415577 415452 415327 415203 415078 414953 414828 414704 414579 414454 414330° 414205 414080 413956 413831 413706 41221004
418500 418385: 418270 '418155 418040 417925 417810 417695 417580 417465 417350 417235 417120 417005 416890 416775 416660 416545 416430 416315 416200 41482008
,420800 420682 420565 420447 420329 420211 420094 419976 419858 419740 419623. 419505, 419387 419270 419152 419034 _ 4189716 4187! ;418651 418563 418445 417032.79
423100 422980" 422559 422739 423618 422498 422377 422257 422136 422016 421895 421775 421655 421534 421414 421293 421173 421052 420932¢, 420811 420891 419245.5.
425300 425179 425058 424936 424815 424694 424573 424451 424330 424209 424088 423966 423845 423724 423603 423481 423360 423239"'423118 422997 422875 421420.49
427500 427378427356, 427134 427012 426890 426768, 426646 426524 426402 -426280- 426158 . 426036 425914 425792° 425670 425548 425428 425304 425182 425060 423595 48
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