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STATEMENT OF PROBLEM
DETERMINE THE MAXIMUM CONTAINMENT WATER LEVEL THAT WILL OCCUR FOLLOWING AN
ACCIDENT.

ABSTRACT

THIS CALCULATION DETERMINES THE MAXIMUM CONTAINMENT WATER LEVEL FOR THE BOUNDING
CASE OF LELOCA, SBLOCA, AND MSLB/MFLB. THE LBLOCA RESULTS IN THE MAXIMUM WATER
LEVEL. A TRANSIENT WATER LEVEL INSIDE THE CRANE WALL WAS CALCULATED FOR THE LBLOCA.
THE EQUILIBRIUM WATER LEVEL WAS CALCULATED FOR THE LBLOCA AND THE MSLB. THIS WAS
PERFORMED USING THE METHODOLOGY DISCUSSED IN SECTION 4.0. THE RESULTS ARE
SUMMARIZED IN SECTION 9.0.

THE LEVELS ARE SUMMARIZED BELOW:
LBLOCA MAXIMUM TRANSIENT CONTAINMENT WATER LEVEL: ELEVATION 720.0 FEET
LBLOCA MAXIMUM EQUILIBRIUM CONTAINMENT WATER LEVEL: ELEVATION 717.2 FEET
MSLB MAXIMUM EQUILIBRIUM CONTAINMENT WATER LEVEL: ELEVATION 716.0
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TVAN CALCULATION RECORD OF REVISION

CALCULATION IDENTIFIER: WBNOSG4091

Title MAXIMUM CONTAINMENT WATER LEVEL
Revision DESCRIPTION OF REVISION
No.
9 This calculation implements Corrective Action Step 19 of PER 00-007819-000.

The revision to this calculation evaluates the effects of potential LOCA induced line breaks in
the Component Cooling and Essential Raw Cooling Water Systems on the Containment
flooding analysis. This is necessary since the existing calculation did not account for the
addition of water from these potential sources.

Pages 1 and 1A replaced the existing coversheet.

Page 2E added the Revision 9 Revision Log.

Page 3 replaced the existing Verification page.

Page 5 was revised to change the Revision Log page count.

Pages 7 and 9 were replaced to update the Table Of Contents.®

Page 13

Pages 21 and 22 were revised to consolidale the References and add References 43

through 59.

8. Page 36 was revised to add CCS and ERCW as potential sources of water.

9. Pages 87 through 96 were added to include Appendix C which evaluated the effect of
potential CCS and ERCW line breaks.

10. Attachment 3 was added to include a copy of Reference 58.

NGNS

This revision of the calculation does not affect any successor calculations.

Pages Added: 2E (new Revision Log), 87 through 96, Attachment 3, page 1 of 1
Pages Revised: 5

Pages Replaced: 1, 1A, 3,7, 9, 13, 21, 22, 36,

Pages Deleted: None

Total pages in Calculation: 119, including 1A, 23, 2b, 2c, 2d, 2E, 4a, and 39.1.

The computer files prepared for this revision are stored in the S Drive under
S:\Nuc_Eng\Mechanical\Calculations.

TVA 40709 [12-2000] Page 101 NEDP-2-2 [12-04-2000;
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Appendix C

Flow Resulting From CCS and ERCW Line Breaks (continued)

Two (2) Component Cooling System lines and one (1) Essential Raw Cooling Water System line inside containment
are subject to LOCA impingement failure due to LOCAs which could occur in adjacent piping (Reference 59). Each
line is subject to a different LOCA. If one of the subject lines breaks, the failurc of the outboard containment isolation
valve associated with the specific cooling water line to close could result in a flow of cooling water into containment.

The failure of one of the CCS containment isolation valves (1-FCV-070-92 or -100),or the ERCW containment
isolation valve (1-FCV-067-107) to close after a LOCA induced line break in the piping associated with that valve can
result in the flow of water into containment. This flow can occur because check valves are provided to protect the
piping section between the inboard and outboard containment isolation valves (CIVs) frora thermal overpressure
conditions which can occur when the containment isolation valves are both closed (Refer to Figure C-1). The check
valve piping bypasses the inboard CIV and discharges back into the associated piping inside containment. This
problem was discovered during the Extent of Condition Review for PER 00-007819-000. This leakage would add to
the volume of water inside the containment after a LOCA. Calculations performed in Reference 43 determined that the
flow rate through any of the line breaks would be approximately 40 gallons per minute. Due to the rules of single
failure criteria, it is only necessary to postulate the limiting failure of one (1) of the valves to close in the condition
being evaluated, The valve associated with the broken line is assumed to be the one that fails.

Inside Containment Outside Containment

-t

LOCA induced line break
[ inside containment, «
o @t B ——— -
— —

Outside valve fails to close on a
Jl/."l Containment Isolation Signal.

Check valve allows flow from outside
containment to pass through and flow
out of the break.

FIGURE C-]

Containment Penetration Detail
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Appendix C

Flow Resulting From CCS and ERCW Line Breaks (continued)

The postulated failure of the outboard containment isolation valve would result in an unintended cooling water flow
path into containment. This could affect two areas of concem; the boron concentration of the recirculation water in the
containment sump, and the post LOCA flood level inside containment. The ¢ffect on boron concentration is cvaluated
in Reference 43.

Post LOCA Flooding Inside Containment

This calculation (WBNOSG4091) determines the maximum transient and equilibrium flood levels inside containment.
Following a large break LOCA, the flood levels are as shown below:.

1. The maximum trausient level inside the Crane Wall, prior to establishing equilibrium conditions on each side
of the Crane Wall, is 720.0 feet.

2. The maximum equilibrium level is 717.2 feet.

The 717.2 elevation is the maximum elevation spcci_ﬁed for the raceway between the Crane Wall and Steel
Containment Vessel on the Environmental Data drawing 47E235-42 (Reference 34). Flooding above this elevation
could impact safety related equipment.

According to page 62 of this calculation, the maximum transient elevation inside the crane wall occurs at
approximately 15 minutes after the Safety Injection Signal for a large break LOCA. After this time the maximum
transient elevation will decrease due to flow out through the Crane Wall sleeves located above elevation 716.0° into the
raceway and also into the reactor cavity. The flow through a CCS or ERCW line break will have negligible impact on
the transient flood level during the initial 15 minute time frame following the LOCA. Conservatism in the calculation’s
assuraptions will account for the slight difference in water flow into containment.

This calculation (WBNOSG4091) assumed the maximum postulated amount of liquid that could be dumped into
containment following a LOCA. System descriptions N3-61-4001 “ICE CONDENSER SYSTEM?” in subsection
3.2.19.3 (Reference 11), N3-63-4001, “SAFETY INJECTION SYSTEM” in Tables 7 and 9 (Reference 12), and N3-
68-4001 “REACTOR COOLANT SYSTEM™ on page 26 (Reference 11) provide normal minimum and maximum
values for the fluid volumes of the Reactor Coolant System, the Safety Injection System Accumulators, Refueling
Water Storage Tank, and the Ice Mass in the Ice Condenser. TABLE C-1 is based calculations performed in Reference
43, and gives a comparison of the values derived from the system descriptions with the values used in this calculation.
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Appendix C
Flow Resulting From CCS and ERCW Line Breaks (continued)
TABLE C-1
System Fluid Volumes
Coraponent Volume Volume Volume Maximum Minimum
total total per calc Difference Difference
Per Ref. 43 Per Ref. 43 | WBNOSG4091 gal gal
gal, minimum | gal, maximum gal
RCS 51,198 51,198 51,200 2 2
Accumulator 30,897 33,664 40,400 9,503 6,736
RWST 352,644 362,981 380,000 27,356 17.019
Ice Condenser 297,991 371,900 372,000 74,009 100
Total 732,730 819,743 843,600 110,870 23,857

As can be seen from the above table, calculation WBN-0SG4-091 provides conservative volumes for the water
contributing to containment flooding. Another difference is that the flooding calculation WBN-OSG4-091 assumed the
RWST completely emptied, when in actuality, approximately 28, 800 gallons of water remain in the tank. In addition,
it also assumes a complete ice-melt, which may not oceur during these LOCA scenarios, due to the location and size of

the LOCAs.

With a flow rate of approximately 40 gpm through the check valve (Reference 43), a LOCA induced ERCW or CCS
pipe break results in a flow rate of approximately 2,400 gallons per hour. Therefore, under worst case assumptions,
there would be anywhere from approximately 10 to 46 hours before the actual flood level reached the equilibrium flood
level in calculation WBN-0OSG4-091 based on the range of values listed in TABLE C-1. Tlis time span is based on
the minimum and maximum values for the quantities of water that are specified in the system descriptions and shown
in Table C-1. In actuality, the time to reach design basis equilibrium flood conditions will be longer since the types of
LOCAs that would break the ERCW or CCS pipe lines are not the same size as the design basis LOCA evaluated in
this calculation.
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Appendix C

Flow Resulting From CCS and ERCW Line Breaks (continued)
EVALUATION OF THE CCS LINE BREAK
Description

If the linc break was in the CCS system, a dropping level in the CCS Surge Tank would indicate a potential line break.
In addition, a rising water level inside containment, caused by the CCS line break, would also be identified by
Operations personnel.

According 1o subsection 3.2.3 of Reference 44, “Each of two surge tanks is divided internally by a baffle to separate
the Train A and Train B sides of the surge tanks. This internal division provides redundancy for a passive failure
during recirculation following a LOCA.” The A Train side of the Surge Tank is associated with the piping that
supplies the components in the Reactor Building served by the CCS.

In addition, subsection 3.3.2 of Reference 44 states, “Level indication is provided for each tank in the MCR and ACR.
Low and high level alarms in MCR warn of the loss of water, or inleakage of water to the CCS.”

Using the water level at which the high level alarm would actuate, it is possible to dctermine the maximum initial
amount of water in the Surge Tank that would be available to drain into the Train A header, if there was a line break
inside containment, Normally when the water level in the Surge Tank reaches the low level setpoint, valve 1-LCV-70-
63 would open and make-up water would be provided from the Demineralized water system. For the purposes of this
calculation, it is assumed the continuing need for makeup would additionally alert the operators to the potential for a
line break, and together with the status light for the containment isolation valve showing it was still open, action would
be taken to isolate the break in a timely manner. Either the break would be isolated, or the CCS pumps assigned to
Train A would be shut down due to low NPSH concerns if makeup water was not available,
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Flow Resulting From CCS and ERCW Line Breaks (continued)

Detenuination Of Time To Empty The CCS Surge Tank If Make-Up Is Not Available.
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Appendix C

The following calculation determines the amount of water in the surge tank and the time it would take to drain the tank
if there was a CCS line break inside the containment concurrent with 2 LOCA.

Lower Level Alarm

Volume of CCS Surge Tank

outside diaraeter =
outside diameter =

wall thickness =

inside diameter =
inside radius =

inside surface area =
inside surface area =

Figure C-2

CCS Surge Tank Outline

143375 inches
71.688 inches

16144 .951 sq inches
112.118 sq feet

12 fr
144 inches

5/16 inches

Page Added by Revision 9
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 __ Upper Level Alarm

Ref. 45
Ref. 45

Ref. 45
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Appendix C
Flow Resulting From CCS and ERCW Line Breaks (continued)
volume = 112.118 cu feet/foot of height
volume = 838.699 gallons/foot of height
Low level alann clevation = 765.08 fect Ref. 46
At height above lower tap 75 inches Ref. 46
Top of divider plate = 71.81 inches Ref. 45
Height of water above the divider plate = 3.19 inches
Volume above divider plate = 222.954 gallons
(below low level alarm)
Volume below divider plate = 2509.4 gallons  plus 790.5 gallons  Ref. 45
Volume below divider plate = 3299.9 gallons
High level elevation = 770.875 feet
Height from Low to High Jevel alanms = 1.795 feet
‘Volume from Low to High level alarms = 1505.464 gallons
Total Volume of Water to be drained
from the A Train side of the Surge
Tank (assuming no make-up) = 5028.318 gallons
Flow out of break CCS lins break equals 40 gpm Ref. 43

Time to drain from high level to

low level alarm = 37.64 minutes
Time to drain remainder of water,

assuming no make-up = 88.07 munutes
Total time to drain from the high level alarm = 125.71 minutes
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Appendix C

Flow Resulting From CCS and ERCW Linc Breaks (continued)
If valve 1-FCV-070-0092 or 0140 failed to close, and there was a LOCA induced line break inside containment in the
piping associated with the open valve, the dropping level in the CCS Surge Tank would provide timely indication that
there was a break in the CCS piping pressure boundary. Operator action to isolate the leak, by closing either the
containment isolation valve or a manual valve in the piping associated with the containment isolation valve, would
isolate the leak well before adversely impacting the maximum containment flood Jevel. The manual valves which could
be used to isolate the line break if the containment isolation valve fails to operate are listed below,

Isolation valve 1-ISV-070-501 (1-FCV-070-92)

(Refer to Drawings 1-47W859-1 (Ref. 51), -2 (Ref. 52), and 4TW464--9 (Ref. 56)

Isolation valve 1-I1SV-070-516 (1-FCV-070-140)

(Drawings 1-47W859-1 (Ref. 51), -2 (Ref. 52), and 47TW464-8 (Ref. 55)

Isolation valve 1-ISV-070-700 (1-FCV-070-92)

(Refer to Drawings 1-47W859-(Ref. 51), -2 (Ref. 52), and 47W464-2D (Ref. 53)

Isolation valve 1-1SV-070-789 (1-FCV-070-140)

(Refer to Drawings 1-47W859-(Ref. 51), -2 (Ref. 52), and 47W464-3D (Ref. 54), -11 (Ref. 57)
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Appendix C

Flow Resulting From CCS and ERCW Line Breaks (continued)
Evaluation of the ERCW Line Break

The ERCW line break concem is significantly different from the CCS line breaks. The difference is that the source of
the ERCW is the Tennessee River, and therefore, a line break could not be identified due to a loss of inventory in the
ERCW system as is the case with the CCS. In the case of the ERCW line break, the only indicators would be
indication that the containment isolation valve was open, and there was a rising water level inside containment.

As discussed previously, with a flow rate of approximately 40 gpm out of the linc break, the maximum calculated
flood level inside containment could be exceeded within 10 to 46 hours depending on the actual volume of fluid
contained in each system.

Further evaluation of the Ice Condenser System modifies the minimum time frame. The minimum time frame of 10
hours is based on an Icc Mass of 3,000,000 Ibm. The current Technical Specification requirement as defined in SR
3.6.11.2 is that the total weight of stored ice is = 2,403,800 lbm. The as left ice mass after the U1C3 refueling outage
was approximately 2,800,000 Ibm (Reference 54). As shown on the next page, with an ice mass of 2,900,000 lbm, the
minimum time frame for exceeding the maximum flood level inside containment becomes approximately 16 hours. The
ice mass in the Ice Condenser is not expected to increase above 2,900,000 Ibm mass. A 3,000,000 Ibm, that would be
the maximum value after the initial fill (or refill) of the Ice Condenser baskets. This value will not be reached by the
normal servicing of the Ice Condenser during refueling outages. In addition, ice weight reduction programs that are
currently being implemented (Refer to DCN D-50951-A) will further reduce the total amount of ice mass in the Ice
Condenser.

The flow path(s) can be isolated as described belo.,

Isolation valve 1-ISV-067-523B (1-FCV-067-107)

If Containment Isolation Valve (CIV) 1-FCV-067-107 can not be closed and a linc break in the associated piping
inside containment needs to be isolated, valve 1-ISV-067-523B is the only valve available for isolation. This will
isolate flow to both the 1B and 1D containment cooler groups and Reactor Coolant Pumps 2 and 4. Flow to these
components would already have been isolated by the closure of the other associated CIVs; therefore, it is acceptable to
shut. this valve. Valve 1-ISV-067-523B is located at elevation 709°-6" and near column lines A2 and U (47W450-2D),
and is the isolation valve for the connection to the 24" supply header.

(Refer to Drawings 1-47W845-2 (Ref. 48) and -3 (Ref. 49), 4TW450-2D (Ref. 50).
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APPENDIX C
WBNOSG4091,.Rev. 8 Flow Resutting From
WATTS BAR NUCLEAR PLANT, UNIT 1 CCS and ERCW Line Breaks
INPUT DATA
Volume Volume
each each
min max
Reactor Conlant System Spillage 413,000 413,000 fbm
Cold Leg Accumulalore 1,005 1.095 cuftal 100 (F)
Refueling Watcr Storage Tark Tots! Volume 370,000 380000 galons A 60 (F)
Relueling Walter Storage Tank Unused Volume
0.0.= 435 fn
w= 516 inches
lo o level = 312 inches
fce Condenser (Required) 2,403,800 2,900,000 Ibm
CALCILATION OF ALLOWABLE CCS/ERCW FLOW INTO CONTAINMVENT
Component Mass Mass Density Volume Vclume Volme Volume Quantity
tbm bm bicu & each each each each
min may autt cult gal gal
min max min max
190 (F)
Reactor Coolant Systemn 411,00x) 41300 (N.34302332 6,844 6,844 51,198 51,108 1
o him bnvou cyufl cuft gatons gallons
Cukl Leg Accumutators 2.4 67,880  £0.34302332 1,033 1.125 7,124 8,410 q
Ibin m tbai/cu A cuft cuft gations gafons
Refueling Water Starane Tank Yolal Valume 370,000 380,
Refieling Water Starage Tank Unirsed Voline
00D= a5 n
W= 5118 Inches
10. = 43.45 3
Helght = 31.2 wrhes = 2.600 feel
Volume = 3,855 cuft _ 3.855 28.836 28,836
RWST Volume Transferred al oo 344,164 251 164 cutt
RWST Volume: Tianslerred at Gor 2,844,673 2,028.054 tm
RWST Transferred al 190 F 2.844.613 2,928,054 (3034302332 47,142 438,523 352,644 32,981 1
tin hin mfeu it cnfl cufl gaflans gallons
lee Condenser (Required) 24034800 290000 60.34302332 39836 48,059 297,991 350 6503 [
Ibm Ita tben/cu R wil cutt pallons galions

2781373 Itvn 2s of Apr 1999
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Oensity of
water
bmiun

61.939051

62373587

Page 95

Prepared by J. F. Lund
Checked by D. W. Posey

Re'erences

Deslgn Inpul tem D
Ref. 12, Table 7

Ret. 12, Teble 9

Rel. €0
Ref. 60

Ref. 14, Sectlon 3.2.19.3

Volume volume Volyme  Maximum Minimum
lotal each percalc  Difference Difference

gal gal o3l gal oal

min max

51,198 51,198 51,200 2 2
30,897 33.664 40,400 9,503 6,736
352644 362,981 380,00 21,356 17,019
297,991 359,503 372,000 74,009 12497
732,730 807.346 843,600 110,870 36,254

daily flow rate 54,720 gallday
days to reach equitibrium flood efevation 2,03 0.66
hotrs to reach equilibrium flood elevation 48.63 15.90]
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Appendix C (Continued)

Flow Resulting From CCS and ERCW Line Breaks (continued)
SUMMARY

If one of the subject valves fails to close, remedial action should be taken to minimize the effects on the
water level inside containment.

In the cases of the Component Cooling Systems, valve position indication lights and a dropping inventory in
the CCS Surge Tank, or the requirement to frequently add make-up water to the Surge Tank would ensure
remedial actions are taken well within the 16 hour time frame before the water from the line break affects the
water level inside containment.

In the case of an ERCW line break the valve position indication lights and an increasing water level inside
containment would be the indications that there is the possibility ERCW was getting into the post-LOCA
containment water inventory. As long as the flow into containment is isolated within the 10 to 16 hour time
frame, there are no adverse consequences to the containment flooding analysis flood levels.
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WALRKDOWN DATA REQUEST FORM (Example)

|_Page 1 of 4

Walkdown Identification No. WBAM-0$64 ~07!1-TS¢C
Walkdovn Title _ sk Cpu)ﬁ-;lnuj LrodoTias of  Free Vilsmt Iﬂ.— KHR

(g STAomrnT Swm‘ .?&L‘.’z/ ‘ﬁ,/udw Ve 3-1»1

42uJ)170-1
Walkdown Initiating Documenr WRN-NSG4-07/ 4W'Nlo
. . FYNEIT!
Affected Documents (Atzach if Reguired) MR ?‘-!u-u-i {:Id'l?-l
( 41wz 00

Estimated Walkdown Manhours __ 40

PWL Code ___ 0T

. ] Walkdown J 2R zoz. B’ N —340 LowER  CONTA AT
‘I Location Unit & Bldg Elev. Azimuth/Col. lines Room/Area
-. . Walkdown Scope ' .
'“h}. . Wl/udbwl) u“ﬂ’ I Lw GJ * ’J— L4 i~ n&ﬁld ‘M“H“ ﬂ“

ﬁq uuw/é/ odlt/u-l- Jr\u,-t (S::(qw 7ln G/'/J/U ﬂ’v ‘/lw
P ¢ Lower Ujp-u-wf' %j ‘f‘"’“‘w’?"/ ‘7 U““jéf(alif)

AJ Valiied &,-1’-‘-4‘“ (.rfnd(-/ :fu)/ s, ,,i; pr)" .
. —LI/ .J.-u fo £b p(ldb - /unolv wu%d atﬁl’(’r i
Crome Vel /h-v r blw.f;d 7Lo}])l¢~ -b[w.ﬁ.uy '
e cree uw” U“N'u/’“‘f"j"”-‘(»qw Re Cwﬁi}»)' )
Puylh Jre 70287 To 7167 0 7207 (Pos hrhar e,
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Requirements [ Aeas l
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WALKDOWN DOCUMENTATION FOEM (Example)
| Page T of 4

Walkdown Identification Wo. WB~J— 564 07/~ 15C

Acrual Walkdown Manhours 7~ (é

Valkdovn Documentation

This following is a itemized list of items found outside crane
wall from az 11° to az 23° and from el. 702.78/ to el. 714.0’.
Piping and conduits in this area <2 1/2" and support steel
were not identified.

97-0 1/2" 1g. (CVCS)
97«1 1/2" 1lg. (CVCS)

97/-0 1/2" lg. (CCS)

9/-0 1/2" 1lg. (CCS)

1/2" 1lg. (cCcCS)

97-0 1/2" 1g. (CCS)

127/-9 1/2" lg. (CCS)

14/-10" 1lg. (CCS)

9. 4" pipe 10/-10" 1lg. (S.G. BLOWDOWN)

10. 4" pipe x 17¢-4 1/2" 1lg. (S.G. BLOWDOWN)
11. 3" conduit x 3/-6" 1g. (1VC-25803)

12. 3" conduit x 11/-3" lg. (PLC-10723A)

13. Junction box - 6" x 6" x 6" (1-JB-293-3923)
14. Junction box - 12% x 14" x 6" (1-JB-293-2516)

1. 3" pipe
2. 4" pipe
3. 3% pipe
4. 3" pipe
5. 6" pipe
6. 6" pipe
7. 6" pipe
8. 6" pipe

I R ]
©
|
[=]

D"’”‘s E"“:FEQ LQ ») QH—— /G- 1-92-

Data Taker (Print) Data Taker Signature Date

Georce M. Hereonl Hesiaa M. 77—/2»1.@»‘_ s6-4--92.

Data Verifier (Print) Data Verifier Signature Dacte

)
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WALKDOWN DOCUMENTATIOKR FORM (Example)

|_Page 3 of %+

Walkdown Identification No. (LIBA) - 08564 -07/ -)ScC

Actual Walkdown Manhours ~L0

Walkdown Documentation

This following is a itemized list of items found inside crane
wall from az 0° to az 15° and from el. 702.78/ to el.
708.78’. Piping and conduits in this area <2 1/2" were not
identified.

1. 3" Pipe
2. 3" Pipe
3. 4" Pipe

5/~6" 1g. (Station Drain)

10/-6" lg. (WDS)

10/-6" lg. (Fire Protection)

4. 4" Pipe 5/-0" lg. (WDS)

5. 8" Pipe 17/-3" lg. (HVAC Support)

6. Junction box - 6" x 4" x 4" (1-JB-293-1025)
7. Junction box - 6" x 6" x 6" (1-JB-293-798)
8. Junction box - 12" x 14" x 6" (1-JB-293-585)
9. TS 3" x 3" x 6’-6" 1lg. (Pipe Support ~ ERCW)
10, TS 4" x 4" x 3'-6" lg. (Platform Support)
11. TS 4" x 4" x 6/-0" lg. (Pipe Support - ERCW)

KKK KNX

I PR P&F-‘th'- QM~Q’L'L /6152

Data Taker (Print) Data Taker Signature Date

650265 M. Heproal Mm M/M—&w /1 6-5-192

Data Verifier (Print) Data Verifier Signature Date
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Page 7 of 8 “ :

WALXDOWN DOCUMERTATION FORM (Example) :
Continuation Sheet
| _Page ¢ of T

Walkdown Identification No. [wBaJ—0$64 —07/-/SC

" This following is a 1list of sleeves found betwee
elevations. 716.07and 721.0’that were not sealéd(ﬁ?lcwwawea

Roonm Elev. Sleeve- Pipe oty
. (£t.) Size Size
Acc. Rm. 1 716.3 4" i 1
cc. Em. 2 716.3 4" 1" 1
w, R T 718.5 g Emery / IR
Acc., Rm. 3 716.3 4" BRL 1
Acc. Rm. 3 718.5 8" Empty 1
Acc. Rm., 4 716.3 4 i 1
Acc. Rm. 717.0 4n 1 - 3/8" 1
: tube
Acc. Rm. 4 718.0 24" 14" (27m) 1 gl
Acec. Rm. 4 718.5 8" 2 - 3/8% 1
. tubes
Acc. Rm. 4 721.0 18" 2 - 3/8" 1
] tubes
Excess - 721.0 4" Empty 1
Letdown Hx.
Excess ’ Bot. el. 1.667 x Enpty 1

Letdown HX. 716.07 1.5/

Note: There were no openings in Cooling Rm. 1 & 2.

Kl

K '
- T, Ha$u 'OJM) . X%
.DEH-M s PElFF(:rL M 5@ i u_f_?:d: %Zg /rlfi-‘i’)\
Data Taker (Print) ' Data Taker Signatur Date 4
. Bl
GEORGE M. Hepeo!) A’W% 12/3/9%
Xﬁmmafﬂv7

GEOCLGE M. HERRON 2t : 16-10-92
Data Verifier (Print) Data Verifier Signature " Date
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APPENDIX A —PHYSICAL PROPERTIES OF FLUIDS AND FLOW CH.

ater

Temperature t Saturation Specific | - Weight Weight

of Water [ Pressure Volume ' Density

t ; p 1% P
Pounds per ! :

Deprees . Squarc Inch ¢ CubicFeet | Poundsper | Pounds

Fahrenheit ||  Absolute PerPound ;| CubicFoot : Per Gallon
2 F 0.08859 0.016022 |  62.414 8.3436
30 " 0.12163 0.016019 |  62.426 8.3451
50 : 0.17796 0.016023 62.410 £.3430
60 ' 0.25611 0.016033 62.371 8.3378
70 = & 0.36292 0.016050 62.305 8.3290
80 f 0.50683 0.016072 62.220 8.3176
90 ; 0.69813 0.016099 62.116 8.3037
100 ! 0.93924 0.016130 61.996 i 8.2877
110 I 1.2750 0.016165 61.862 8.2698
120 i 1.6927 0.016204 61.7132 8.2498
130 B 2.2230 0.016247 61.550 8.2280
140 ; 2.8892 0.016293 61.376 8.2048 . .
150 - 37184 . 0.016343 61.188 81797, T
160 ) 47414 ©  0.01639 60.994 8.1537
170 . 5.9926 .  0.01645] 60.787 8.1260
180 : 7.5110 0.016510 .  60.569 8.0969
190 4 9.340 0016572 !  60.343 §.0667
200 ¢ 11.536 0.016637 1 60.107 8.0351
210 ; 14.123 0.016705 .  59.862 8.0024
12 ‘ 14.696 0.016719 59.812 7.9957
220 17.186 0.016775 .  50.613 2.9690
240 24.968 |  0.016926 i  59.081 7.8979
260 35417 | 0017089 :  58.517 7.8226
280 49200 | 0.017263 |  57.924 7.7433
300 ; 67.005 *  0.01745 57.307 7.6608
350 v 134.604 . 0.01799 55.586 7.4308
400 I 247259 :  0.0186%4 : 53.648 7.1717
450 42258 . 0.01943 i  b5l.467 6.8801
500 680.86 . 0.02043 | 48.948 6.5433

" 550 1045.43 0.02176 |  45.956 6.1434
600 1543.2 0.0236¢ ; 42301 5.6548
650 2208.4 0.02674 37.397 4.9993
700 3094.3 0.03662 .  27.307 3.6505

Specific gravity of water at 6o F=1.00

Weight per gallon is based on 7.48052 gallons per cubic foot.

All data on volume and pressure are abstracted from ASME Steam
Tables (1967), with permission of publisher, The American Society of
Mechanical Engineers, 345 East 47th Street, New York, N.Y. 10017.
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APPENDIX A — PHYSICAL PROPERTIES OP FLUIDS AND FLOW CHARACTERISTICS OF VA,I.VES, FITTINGS, AND PIPE
¥

For Complete Lﬁ:

Pipe Diameter, in Feet~D

3 456,810 0%

.
=

-hs

Relative Roughness of Pipe Materials and Friction Factors

T pyte

o

.07

—.0E

—.05

.04

035
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—,03
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625
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Relative Roughness

~|-1d-14-

0
/8

Q

A

ﬂﬁﬂgﬂﬁﬁﬂﬂ
I'EEEEEEER

'}

(TR N

Pipe Diameter, in Inches ~d

f
-.V.

Data extracted from [Friction
Factors for Pipe Flow by L.F.
Moody, with permission of the
r. The American Soci-
cey of Mechanical Engincers,
29 West 39th Sercet, New York,

(¢D) = o.001

NS 012
N
01
N
\[-.009
—.008
4§ SE 810 30 40 5060 80 100 200 300

Problem: Determine absolute and relative roughness, and friction fac-
tor, for fully turbulent flow in 10-inch cast iron pipe (I.D. = 10.16").

Solution: Absolute roughness (¢) = 0.00085

Relative roughness
Friction factor at fully turbulent flow (f) = o0.0196.

J - For Complete Tutbulence, Rough Pipes
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CRANE APPENDIX A —PHYSICAL PROPERTIES mmo FLOW CHARACTERISTICS OF VALVES) INGS, AND PIPE A-29

K" FACTOR TABLE— SHEET 4%+ 4
Representative Resistance Coefficients (K) for Valves and Fittings

(for formulas and friction dota, see pcg: A-248)

PY

'é?'a PLUG VALVES AND COCKS STANDARD ELBOWS
‘éja’ Straight-Way 3-Way : 90° 45°
!?-EI
=
‘: == 1! Kajofr Kw16fr
=08 ] P S
l If: 8=t 16 far It 8 -1,
gia Ki=-18f Ki=30fr Ki~ocfr STANDARD TEES
i = If: 8<1...K;=Formulaé
city E’Fﬂ
lft i‘ P % e mm. evmANs, | '
!Z‘;Eiﬂ MITRE BENDS —_— Ii
l%u < X A CE—————
ey - / 0* 21f Flowthrurun....... K=20fr
=== ;g: g ;; Flow thru branch. ... K - 60 fr
> 45¢ [ 151
’E:' 60 | 254, e e e e e
75° | 40 fy
= - 90°* 60 fr
=ca oo B T PIPE ENTRANCE
; . 90° PIPE BENDS AND
g: . FLANGED OR BUTT-WELDING 90° ELBOWS
; ‘ AT 7 Tl * Inward Flush
K/ ’ Projecting
= 1 (20410 (307 t/d K .
2 124112 |34 K 0.00* 0.5
: 3 12|14 |3s#] 002- | 0.28
as . 4 J1afle |42 004 | 024 d
a6 pomi 6 [ w7u|rease 0.06 0.15
8 |24#]) 20504 0.10 0.09
™ . et Ko ¢ bends och . C.158up | 0.04
¢ resistance cocfficient, Kp, for pipe bends other *Sharo-edged
than go° may be determined as follows: K-o0.78 arpecee For K,
see table
Kg~{(n-1) (o.zs rfré+o.5 K) +K
n = number of 90° bends o
K = resistance coefficient for one 90° bend (per tablc)
— ' PIPE EXIT
Projecling Sharp-Edged Rounded
CLOSE PATTERN RETURN BENDS )

1
g

Keosofr : K10 K-to Ka1o0
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SUmmaK)%ormlulus \“ .g \®

To climinate needless duplication, formulas have ® Head loss and pressure drop
been written in terms of either specific volume V in straight pipe:
or weight density », but not in terms of both. since Pressure loss due to flow is the same in a sloping,
one is the reciprocal of the other. vertical, or horizontal pipe. However, the dif- ‘
Vel 1 ference in pressure due to the difference in head |
s v must be considered in pressure drop calculations: |
. . . sec page 1-3.
‘These equations may be substituted in eny of the l:g
formulas shown in this paper whenever necessary. Darcy’s termula: Equatien 3.5
L v _ S ‘lf;g
hy j'ﬁz_g = 0.1863 <
hy = 6260 1Le 0.0 MLe ﬂ{ﬁ
'@ Bernoulli's theorem: - Equation 3-) L= s = ¢ 311 T } ‘g
PRI LY S Y " /LB ~ LWV :
PR L= 001523 S = oo.,o.ts; o iﬁ
e a4 Py Y™ . 134 P Vs {Lp? LpV? | ‘
ar T T T T p’_"“';z""l- AP = o001 294 = : =o.coccc::3,-g‘f; B3
JLeg fLaO
® Mean velocity of flow in plpe: AP = 43.5 —F— = o.cco b —r— )
(Continuity Equation) KEquation 3-2
- JLeB® _ LW ‘
S L B oS-—Q— , LP = o.000 1058 —% oooooo;;ﬁ-—— ‘
B wV/ \\ AP = 0.000 000 007 26 -’—Li-(—q-flﬁ
v = 0.286 — =+ = 183.3 —F~ = ©0509 —&— d*P
r y2C 2
r = o.001 Yy 0.001 & q'»S, AP = 0,500 08¢ €10 59 -f-l‘-'(%:—)‘—gi-
. 34 Pld: - i 3 9 sz P

s L For simplified compressible Ruid
W WA formula, tee page 3.22.

V = o.cBbs P’hc'fl'- = 0.233 -
: o ® Head loss and pressure drop
with laminor flow in straight pipe:
For laminar flow conditions (R, < 2000). the friction
e R:}'lm'd.’ number favetion 3.3 factor is a direct mathematical function of the
of Hlow in pipe: quanen =3 Reymiolds number only, and can be expressed by
R, = Devp = Drp  _ dre the formula: f = 64/R,. Substituting this value of
R TR Y 1239 =~ { in the Darcy formula, it can be rewritten:

sl Equation J-6

Ri=122 7<>o%'3 473” 506(_2_5’ hy = o.0962 d‘:

ulq _ uLQ
6 d's 0.0393 4,

17.05%

q'hS' . . Bp hl.
M

e
Y
o
(V)
2]
|
o
da
(7]
~
a
I
I
(V.
$
?
=
"

; d LB L
R, = .2".. - dv = 7749—1-’- hy = 0.0275-%“,— = 0.004 QO "'“d_‘pT'

= g = Q w,v = ._Li = Lq
. R. = 1419 000 =5 = 3:63‘:’? = 394 —7— AP = 0.000 668 7 C.122§ —g~
: LB
AP = 0.000 273 fﬁ'TQ- = 0.0c0 19! -"T-

® Viscosily equivalents: Equation 3.4

= -ﬁ- - _F.. - M
4 p S AP = 0.000 0340 ax

® Limi
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CHAPTER 3 — FORMULAS AND NOMOGRAPHS FOR FLOW THROUGH VALYES, FITTINGS, AND PirE 3-3

Summary o&&ulus — continug Q% ‘o

® Limitations of Darcy formula

Non+comprecsible tflow; liquids:
The Darcy formula may be used without restriction
for the flow of water, oil, and other liquids in pipe.
However, when extreme velocities occurring in pipe
cause the downstream pressure to fall to the vapor
pressure of the liquid, cavitation occurs and cal-
CUIBCCd ﬂOW rates are inaccurate.

Compressible flew; gases ond vapors:
When pressure drop is less than 10%, of P, use por
V based on either inlet or outlet conditions.
When pressure drop is greater than 10% of £, but
less than 409, of Py, usec the average of p or V
based on inlet and outlet conditions, or use Equa-
tion 3-20.
When pressure drop is greater than 40% of P, use
the rational or empirical formulas given on this
page for compressible flow, or use Equation 3-1¢
(for theory, see page 1-g).

@ Isothermal flow of gas
in pipe lines

’ -\/ vx( 5 P') ((PW ;'.(P’g)z)

fD+2log,P,

wi- 0371 \/vl ( d! P,) ((P'.)’[;l(P':)?

/D+7.log. B

Equotion 3-7

@ Simplified comprassible flow
for long pipe lines

w = [f1448A° ((P'x)2 - (P’,)s)
) .« 'V f_é_ Pl‘
YD
w = 0.1072 _\/(_d‘ ) ((P'x)’ - (P':)’)
V|/L P

® Maximum (sonic) velocity of
comprassible fluids in pipe

The maximum possible velocity of a compressible
fluid in a pipe is equivalent to the speed of sound
in the fluid; this is expressed as:

v, = YkgRT
v, = kg144P’V
v, = 681 YEP'V

Equation J-7e

Equatien 3-8

® Empmcal formulas for the flow

of water, steam, and gas

though the rational method (using Darcy's for-
mula) for solving flow problems has been recom-
mended in this paper, some engineers prefer to use
empirical formulas.

Hazen and Williams
formula fer flow of water;

Q = 0.442 %3¢ («Pl -l: P,)o.u

where:

¢ = 140 for new steel plpc

¢ = 130 for new cast iron pipe
= !¢ = 1o for riveted pipe

Equation 3-9

Babeock formule

for steam flow: Equation 3-10

AP = o.0co oco 0363 (d '2,3‘6) wiLy

AP = o.a70 (d ;.3'6) wilV

Spitzglass formula for Jow pressure gas:
[pressure less than one pound gouge)

' Ak, &
s = 3550 3.6
5,1_(1-:--—"1- +c.o;d)

Flowing temperature is 60 F,

Equotion 3.11

Weymeuth formula
for high pressure gas:

g’y = 28.0 d* ‘"\/—((P l):Sl L'('P'z)’) (%9)

Panhendle formvia® for nalural gas
pips lines 6 1o 24.Inch diamater
ond R, = (5 x 10%) to (14 2 10%);

(P')t — (P'y) )o.mc
Ln

gas temperature = 6o F

Equation 3-12

Equation 3-13
T» = 36.8E dz.mz(

where:
S, = 0.6
E = flow efficiency

E = 1.00 (100%) for brand new pipe without
any bends, elbows, valves, and change
of pipe diameter or elevation

0.95 for very good operating conditions
0.92 for average operating conditions
0.85 for unusually unfavorable
operating conditions

tm
T
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k- | P

® Head loss and pressure drop

through valves and fittings
Head loss through valves and fittings is generally
given in terms of resistance coefficient K which
indicates static head loss through a valve in terms
of “velocity head™, or, equivalent length in pipe
diameters L/D that will cause the same head loss
as the valve.

From Darcy's formula, head loss through a pipe is:

L v
hx, = j' 'ﬁ- .1_8- Equotion 3-5
end head loss through a valve is:
12 - °
h;,. = K —;'E' Eqvatien J-T14
therefore: K=[f —g— Equation 3-15

To eliminate needless duplication of formulas. the
following are all given in terms of K. Whenever
necessary, substitute (f L/D) for (K.

- ’ud{\q. = 0.022 59 }-\ag: Equation 3-14

{B: KW=
0.001 170 T = 0.000 0403 —‘—1-‘-—

0.000 1078 Kpt* = 0.000 000 0300 Kpl?

AP = 362 —}\%r- = ©.000 017 99 —K—;;Q.—
AP = 0.000 008 B2 de;B’
Q\%
AP = 0.000 000 280 }\\;‘\
AP = 0.000 000 000 €95 -}\—("L',T—‘g!
d‘ P

) LAY 2

AP = 0.000000 001 633 Md:)p_s"

For compressible flow with hz or AP greater than epproxi-
mately 1095 of inlet absolute pressure, the denominator
should be multiplied by Y2, For values of Y, see page A-21.

® Pressure drop and flow of liquids,
using flow.coefficient

QN »
il (ﬁ) 62.4

Eqvation 3-16

- 614 _ AP
@ o ITE e
. Com Q. |—f o = 209d _ 2990d
AP (62.4)  FLJD vk
¢ - 891 d¢
= tcr

Summary of FOK«Z._:‘“*? Q o : ‘o

cient, K, for sudden and gradual
enlargements in pipes

If, 6245°,

K= 2.6sin g (1 — ) *Equation 317
It, 45° < 82 18°,

K- — 8¢ *Equation 3-17.1

® Resistance coefficient, K, for sudden and gradual
contractions in pipes

If, 6% 45';.

‘Ka=2ct sinf (1 — 8% *fquation 3-18

It, 45° < 62 180°,

. [ . 6
-l in— — 8%
K 54/ sin (1— 8%

*\ote: The values of the resistance coefficients (K)
in eguations 3-17, 3-17.1, 3-t8, and 3-18.1 are
based on the velocity in the small pipe. To de-
termine K values in terms of the greater diameter,
divide the equations by 8.

*Equotion 3-18.1

® Discharge of fluid through valves,
fitings, and pipe; Darcy's formula
tiquid flow:

[he OoP
g = c.0438 o .\,72"- = ¢c.525 d? .\/—k—p—

Q

Equation 3-19

]

-

19.65&\-’}%‘ = z36d’.\!%

h AP
o.o.;;Spd’.\/ -1_?" -o.szsd‘.\/T-E-
, APp

VK

i

w

W = |57.6pd’.\; —K"- = 1891 &*

Compressible flow;

AP Py
40700 Yd? \, TS S,
s 70 Y& [AP P,
24790 SN TR

9y = Equation 3-20

14
Ty =

AP P Yd? / LP#y

! dt  |APP
q = u.;o}’d’."%%-izb.&z,—’- _T(_l

- ’AP ., AP
' = o. = W=181 Y& |—
w = o0.525 Yd? K, 1801 iV,

Values of Y are shown on page A-12. For K. Y, and
AP determination, sce examples on pages 4-13 and 4-14.
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CHAPTER 3 — FORMULAS ANL NOMC

(

CRANE HS FOR FLOW THROUGH VALVES, FITTINGS, AND PIPE
Summmﬁ Formulas $8 ncludg ‘ :
@ Flow throuah nozzles ond orifices * . }clﬂc gravity of liquids

(hz and AP measured across taps
at 1 diemeter and 0.5 diameter]

Liquid: ) Equotien 3-21
q AC~2gh,

AP

g = 0.0438d2C~\h, = o.525d? C.\

Q = 19.65d2C~hy = z;od;’C\!—P—
w = 0.0438d2CVh, p* = 0.525dCvAP)

s— —
W =~ 157.6 d?C~Y hyp* = 1891 ' CVAP)
Values of C are shown on page A-20

Compressible fluids: Equation 3.22

"= 4 2. [AP P
g’y = 4c7cc Y di CV TS,
2 ——
s = 23 700 X-%E\'AP s,
'
AP P,
' e t =248 L1
qq = 6/8 Ydl C»\, TlS,

2 -
g = 412 Y(‘? c vAPP,
¥
, AP P
q n.aoYd? \/ TS,
¢ = 68; LUC (&P

S,
w = o.§25 Yd‘:C\/_AV%)

W = 1891 Ydsc\lﬁfp
Vi

Values of C are shown on page A-20
Values of Y are shown on page A-21

® Equivalents of head loss

and pressure drop Equetion 3-23
h, = 143 AP AP = heo
t ) 143

® Changes in resistance coefficient, K,
required to compensate

for different pipe 1. D.

. d. 4 Equation 3-24
s (4
dy (see pagu A-30)
Subscript a refers to pipe in which valve will be installed.

Subscript b refers to pipe {or which the resistance coefficient
K was established.

Any liquid:

( any liquid at 60 F,
p \unless otherwise specnﬁcd)

Equatian 3-25

$= P (water at 6o F)
Qils: Equatian 3-24
S (6o Ffbo F) = 1413

131.5 + Deg API
Liquids Nighter thon woter:

. . _ 140
S (-60 Fi6oF) = 130 + Deg Baumé

Equation 3-27

’
Ligulds heavier than water: Equation 3-28

_ 145
S (b0 F/6o F) = 145 — Deg Baumé

® Specifle gravity of gases
S, = R (air) _ _$3.3

Equation 3-29

R (gas) R (gas)
S = M (gas) - M (gas)
’ M (air) 29

® General gas laws for perfect gases
p'Ve = w, RT

_mo_ P 1ssP

# = V. TRT T RT

I
R = L4 _ }i‘.ﬂi Equetion 3-32

M pT

Equation 3-30

’
Equation 331

Equatien 3-33
p'Ve = naMRT = ng1544T = —uﬁ 1544 T

Equotion 3-34
o W b’'M - P'M - 2.70 P'S,
, Vo 1544 T 1072 T T

where:
n, = w,/M = number of mols of a gas

® Hydraulic radius® Fquatien 3-15

cross sectional flow area (sq. feet)
wetted perimeter (feet)

R”-

Equivalent diameter relationship:
D = 4Ry
d = 48Ry
*See page 1-4 for limitations.




CHAPTER & — EXAMPLES OF § PROMLIMS

. Application of Hydrauhc adius to Flow Problems: g :
? s ‘ Exar
Example 4-25.. .Rectcmgular Dvet
Given: A rectangular concrete overflow aqueduct, 25 feet® ~ = g Y Give
high and 16.5 feet wide, has an absolute roughness (¢) of unifc
.01 foot. ==Y dian
’ ' foot.
g} o |
zig
Find: The discharge rate in cubic feet per second when z:a
the liquid in the resgrvoir has reached the maximum height :  swmize |
indicated in the above sketch. Assume the average tem- g
perature of the water is 6o F. S reoui |
Solution: Fin
2 _ ( _/L) 16.5%23 =
-1 hy 22 (Kc+Kp) K.+ 41{ 5. Rp= m-.;.gw fc. oy Solt
R— 6. Eaquivalent diameter relationship: 1.
) A D=4Rpy=3%3.97=1988....... ... ... page 3-5 - g
‘ d=g48R;=48X3.97=230 vevverununnns page 3-5 ca g L
{ h mv a
. ~0.0438 d?  f—E— ...l 34 ;
9 43 \/ K-K page i for
N OHY %X\‘{"( 7. Relative roughness, ¢/D = 0.0005 ..page A-23 ==
q=8 osA l L D e SRR j ® O.0LT sovecranccnnansn [fu"\ turbulent fiow
TONEK A K o8 & e *assumed:; page A-23 § comp | 2
— - 200 ,
g=B.05A /———h"—L— - S\OS 9. g~ 8.05x25x16.5 '\/l - C.017 X 1000 == ,
K, f—— 3= i \ .
g 19-88 ==
g=3c 500
where; K, = resistance of entrance and exit 10. Caleulate R ~ E;
s - . e - ] 4
K, = resistance of aqueduct and check, f=0.017 for =30 500 cfs flow, '
1. = 02.371 iieeeeeaees page A-6 g .
To determine the friction factor from the Moody g 7 2
diagram, an equxva]cnt diameter four times the 3 p=11 . page A-] E=1
hydrauhq radius is used; refer to page 3-5. 5. R _ 473 %30 500 % 62371 =1
Ry ETOSS sectional flow area T 497 X 1.1 ! 6
& wetted perimeter R,=164 000 000 Or 1.64x 108 = )
R,= 4739¢p o page 3-2 14. f= o017 ... for caleulated R,; page A-24 E
R‘Z‘ 15. Since the [riction factor assumed in Step & _ ==
. — and that determined in Step 14 are in agree- .
4. Assuming a sharp edged entrance, ment, the discharge flow will be 30 500cfs. B= 7
Keos s page A2 6 If the assumed friction factor and the friction _
Assuming a sharp edged exit to atmosphere, factor based on the calculated Reynolds num- B )
K=e1o page A-29 ber were not in reasonable agreement, the former
Then, resistance of entrance and exit, should be adjusted and calculations repeated until R .
K,=0.54+1.0=1.5 reasonable agreement is reached. ) .
R =
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CHAPTER 4 — EXAMPLES' OF FLOW PROBLEMS

Application of Hydrauhc R

Example 4-26...Pipe Portially Filled
With Flowing Water

Given: A cast iron pipe is two-thirds full of steady,
uniform {lowing water (6c F).The pipe has aninside
diamete: of 21 inches and a slope of 3f-inch ger
foot. Note the ske:ch that follows.

water
Surface [
Lo r— 1

Find: The flow rate in gallons per minuze.

Seolution:

- .
8t dew

. Q- xg.bja'-‘\'}}"l{')

Since pipe is flowing parcially (ull un cguivaien
Jiameter based upon hydraulic radius is subsiizeted
for D in Eguation 1 (sec page 1-3).

¢ross sectional flow area

3. Ry= ————— ..., M -5
J- G wetted perimeter FARS AT
173qp i
L Rm A s rosy 5 D 32
* Ruu * Run ! ’
5. Depth of flowing water equals

- 703" = 19%:8" = 19.25°

Area C = rd: {:lSC«("le.& :l
. 365

-i\rca C - E(}L&&) - 2’-5 in:

~
.
.

3 360

. b= N =g avitio1b=115110n.

9. Arcad=~ArcaB=14(4B) = lifgxnd
Arca A or B = s2.0in?

ius to Flow Problems —

T RN o)

nNnued

10. The cross sectional flow area equals:
.-\—'-B-'.-C=n.6+u.b+z75=;‘.'.3.: in

2

A-B+ C= PRS-
4
I1. .,__;:g_.t__x_}_z_q_: 48 ,_’_
ek N5 <
’QQQ r((Cecoss v =T o)
78S
12, ix,_ - A= s;',s = c.cb15 ft per ft

3. The wetted perimeter equals:

EEREA
222 Q
* = =R~
13 3/ 3.53 C.53¢C
15, Eguivalent Jiameter d=gSRyeo..ile page 3-3
de=38(0.53¢) =27.8
(6. Relutive roughness = = c.coo38 A-23
D oS A SRR} pa"e -
. ~reE e s Tassuming fully turbu-
17 C.ot5% lent Alow: page A-23

19.  Caiculate the Reynolds number to check the
friction factor assemed in Step 17.

20. p= 02371

21. e 1.1

X324 scoX 02371
c.58cX 1.1
occ or 2.52 X 1t

...................... puge A-24

24 Since the friction factor assumed in Step 17
and that determined in Step 23 are in agree-
ment, the flow rate will be 24 500 gpm.

25. 1f the assumed friction factor and the friction

factor based on the calculated Reynolds num-
ber were not in reasonable agreement, the former
should be adjusted and calculations repeated until
reasonable agreement is reached.
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Figure 1-1 Figure 1.2 _ ’ ' Figure 13 : ‘

Lominar Flew Flow ia Critical Zdne, Betweon Tushulont Flow ‘ L

Actual photograph of colored Rlgments being Laminar end Trensllien Zones This illustration shows the turbvience in the .
corried along undisturbod by a stream of At the crifical velociry, the fllaments hegin to stream completely dispersing the colored :

water, breck wp, indicating fow is becoming filoments o short distonce downstream from +—f-

turbulent. the point of injection,

.

-
o
=,

A simple experiment (illustrated above) will readily Reynolds number: The work of Osborne Reynolds
show there are two entirely different types of flow has shown that the nature of flow in pipe . . . . that
in pipe. The experiment consists of injecting small is, whether it is laminar or turbulent . . . . depends
streams of a colored fluid into a liquid flowing in on the pipe diameter, the density and viscosity of p
a glass pipe and observing: the behavior of these the flowing fluid, and the velocity of flow. Thé :
colored streams at. different sections downstream numerical value of a dimensionless combination of
from their points of injection. these four variables, known as the Reynolds num-

. . ber, may be considered to be the ratio of the dynamic
{ the discharge or average velocity i all, the ' yn
! ge or g city is small forces of mass flow to the shear stress due to vis-

~'streaks of colored fluid flow in straight lines, as e : -
shown in Figure 1-1. As the flow rate is gradually cosity. Reynolds number is: :
K increased, these streaks will continue to flow in Drp
straight lines until a velocity is reached when the < T .
streaks will waver and suddenly break into difiused (other forms of this equation: page 3-2.)
teerns, as shown in Figure 1-2. The velocity at
.jch this occurs is called the “critical velocity™.
velocities higher than “critical””, the filaments
are dispersed at random throughout the main body of
t}{e fluid, as shown in Figure 1-3.
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Equatien 1.2

For engineering purposes, flow in pipes is usually
considered to be laminar if the Reynolds number is
less than 2000, and turbulent if the Reynolds number
is greater than 4000. Berween these two values lies
the “critical zone™ where the flow . . . . being laminar,
lee type of flow which exists at velocities lower turbulent, or in the process of change, depending
thdp “critical” is known as laminar flow and, some- upon many possible varying conditions . . . . is
times, as viscous or streamline flow., Flow of this unpredictable. Careful experimentation has shown
} nature is characterized by the gliding of concentric that the Jaminar zone may be made to terminate at
cylindrical layers past one another in orderly fash- @ Reynolds number as low as 1200 or extended as
jon. Velocity of the fluid is at its maximum at the high as 40.000, but these conditions are not expected
pipe axis and decreases sharply to zero at the wall. o be realized in ordinary practice. _
Hydraulic radius: Occasionally a conduit of non-
circular cross section is encountered. In calculating
the Reynolds number for this condition, the equiva-
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At velocities greater than “critical”, the flow is tur-
bulent. In turbulent flow, there is an irregular

random motion of fluid particles in directions trans- . . N
verse to the difection of the main flow. The velocity lent diameter (four times the hydraulic radius) is sub-

distribution in turbulent flow is more uniform Sttuted for the circular diameter. Use friction
across the pipe diameter than in laminar flow. Even factors given on pages A-24 and A-23.

though a turbulent motion" exists throughout the R o Sross sectional flow area

greater portion of the pipe diameter, there is always l wetted perimeter

a thin layer of fluid at the pipe wall . . . . known a5 This applies to any ordinary conduit (circular con-
the "boundary layer” or “laminar sub-layer™ . ... duit not flowing full, oval, square or rectangular)
which is moving in laminar flow. "but not to extremely narrow shapes such as annular

. . e or elongated openings, where widch is small relative .
Mean velocity of flow: The term “velocity”, unless ¢ Jength, In such cases, the hydraulic radius is - W

otherwise stated, refers to the mean, or average, approximately equal to one-half the width of the
velocity at a given cross section, as determined by passage.

e continuity equation for steady state flow:
9 _w _uwV . To determine quantity of flow in following formula:

v o= Y = z;- =2 Equatien 1.1 "D
. = o, Bd’ —<
(For nomenclature, see page preceding Chapter 1) g = c.ca3 "

“Reasonable™ velocities for use in design work are—The value of d° is based upon an equivalent diameterA
given on pages 3-6 and 3-16. \ of actual flow area §nd 4Rz 1(‘su ftuted jor L. "
. / - nn‘
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Calculation WBNOSG4091
MAXIMUM CONTAINMENT WATER LEVEL

Attachment 3
From: Jordan, Gary T.
Sent: Monday, December 03, 2001 10:14 AM
To: Lund, John F.
Subject: RE: Ice Mass
John,

We weigh our ice baskets during each RFO. During each RFO, we perform a 100% as-found
weighing and then service any basket below our established administrative limit on net ice weight.
The baskets that we service, we re-weigh to establish an as-left net ice weight. Any basket that
we don't service, we assume maintains the as-found ice weight. All of these weights are
documented in the MI-61.06 data package that is maintained in the vault. 1 also keep all ice
weights in my ICEMAN program plus | maintain an Excel spreadsheet that allows me to cut the
ice bed in any number of different looks to see just what's going on at any point. The number
provided to you is based upon the as-left netice weight of all baskets (either re-weighed or
assumed) and totaled by the Excel spreadsheet. That number for total as-left ice mass at the
conclusion of RFO2 was 2.78E6 pounds and does not credit any ice weight maintained in 14
baskets that were unweighable in either the as-found or as-left condition. These 14 baskets
could provide you with approximately another 21,000 pounds (assuming 1500/basket). Final
assumed as-left net ice weight in the Ice Condenser at the conclusion of RFO2 would have been
approximately 2.8E6 pounds.

If you need anything else on this, please let me know and we'll discuss.

Thanks.

Garvy 7. Sordan
NSSS System Engineer

System 61 - Ice Condenser
System 84 - Flood Mode Boration
EQB-1F, Watts Bar Nuclear Plant
Phone: (423) 365-1454
Pager: (Onsite) 450, then 40607
(Offsite) (800) 323-4853, then 40607
Fax:  (423) 365-7845
E-mail: gtjordan@tva.gov

-—--Original Message-—--

From: Lund, John F.
Sent: Friday, November 30, 2001 2:57 PM
To: Jordan, Gary T.

Subject: Ice Mass

Gary,

When I discussed this subject with you earlier this year, I got information that said the
ice mass was 2,781,373 lbm as of Apr 1999. Could you provide me a reference for
this information?

John



