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Commonw Edison 
Onlf. First Natio laza, Chicago, Illinois 
Address Reply to: Post Office Box 767 
Chicago, Illinois 60690 • 

September 27, 1976 

REGIJLAra~v DDi!lffr fli.E COPY 
Mr·. Dennis L. Ziemann, Chief 
Operating Reactors - Branch 2 
Division of Operating Reactors· .· 
U.S. Nuclear Regulatory Comrni'ssion 
Washington, D.C.· 20555 

Subject: Dresden Station Units 2 and 3 
Quad-Cities Station Units 1 and 2 
NRC Docket Nos. 50-237, 50-249, 
50-254, and:50-265 

Dear Mr. Ziemann: 

The following is in respon~e to your August 23, 1976 
letter requesting additional information in regard to long term 
cooling capability relative to Dresden Station Units 2· and 3 and 
Quad-Cities Station Units 1 and 2. 

The addit·ional information you requested is contained 
in the attachment. 

One (1) signe~ original and 39 copies are submitted for 
.your review. 

:?l!!!:Vrs, 
. G • CT. Pl irnl 

-. .. z/f';)<-, 
·-· 

Nuclear Licensing Adrninis trator 

Attachment 

10176 
.c J. , 
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QUESTION 1 
Calculation Method Description . 

The method ~sed for calculations pertaining to the LPCI·line break 

is described as follows. 

·The system in.question is comprised of t~o-two pump systems. Due 
. . . 

to the fact that.the two systems have different system losses, . . . . . ' . 

and yet are interconnected systems, th~two sysb:!ms will have 

different operating points. In·order to find ~he operating points 

it was necessary to solve thre'e head loss vers1;1s flow equations 

written for different branches of the system. · Incorporated into 

these equations was an equation that approximates ·the• pumps head-. 

capacity curve. Then an iteration procest? was used to solve the 

equations producing the ~ystems operating points. 

. . : 

. Piping and components equivalent lengths (~/D) were cal.culated · 
" •. ~· .. "!":"· 

using Sargent & Lundy Standard ME-2.16. A piping roughness 

coefficient, from Sargent &.Lundy Sta~dard 2.10, of .00015 feet.· 
. 

(commercial steet·or wrought iron) was assumed. The friction 

factors used were obtained from th~ Moody Diagrarn,.Sargent &· 

Lundy Standard 2.10, using'~he Reynolds number and roughness. 

coefficient for the particular piping segment in question. 

·., 
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Commonwealth Edison Company 
Dresden Station Units 2&3 

Low Pressure Core Injection Sys~em 
Piping Segment Summary 

PIPING SEGMENT SUMMARY 
. . ...... 

5810 GPM 
... : ~· -... 

Segment A - 12 Inch I.D. 

L/D -- · · Friction Loss Component K ·; .... :.· 
.. 

, 

1 ~ 90°.Standard Radius Elbow - 30 1.65 
l - Check Valve - 135 7,;.42 
1 - Gate Valve - 13 .... o. 71 
l·- Tee·· (Flow through branch} - 30 1.65. 
Straight Piping - 3 feet - 3 0.16 . .. 

: 
· Totals 0 211. 11.6 ... 

...... .. ~ 
Segment B - 17.124. Inch I.D. 11620 GPM - . 

Component .. K - J,./Jl. 
" ... .._. __ .Friction· Loss 

1 -90° Standard Radius Elbow - 30 1.59 
3 - 90° Long Radius Elbows - 60· 3.18 
1 - Tee (Flow· through run} - 20 1.06 
1- Gate Valve - 13 0.69 
1 - 45° Long Radius Elbow . . - 12 • 0.64 .. ... 

1 - Tee (Flow through branch} - . 60 . 3.18 
Straight Piping - 33 feet - 23.1 .1 .. 22 

'. Totals 0 ' 218.1 U.55 . .. 

.. Segment c - 17 .12.4. Inch I.D .•. . .•. ~. - ... -··17370 GPM .. . .. , ... 
.. 

Component IC ··L/D ·Friction Loss 

• 
2 ... ~0° Long Radius Elbows ··· .. - 40 4.65 
l - 90·Standard Radius Elobw · ·-· - 30 3.49 
l .-··Tee. (Flow through branch) -·· 60 6.98 - .. 
2 - 45° Long Radius Elbows - 24 . 2. 79 
1 - Angle Valve - 145 . 16. 86 
1 - Tee (Flow through.run) - 15.8 1.84 
Straight Piping - 89.5 feet - 62.7 7.29 

Totals 0 377.5 43.90 

,(Ft.} 

.. 

(Ft.) 

(Ft.) 
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Commonwealth Edison Comoanv. 
Dresden Station t:nits 2&3 

Low Pressure Core Injection ~ystem 
Piping Segment Suiiimary '.:--· ·- · 

· PIPING SEGMENT Stoo-'.ARY 

Segment D - 15.25 Inch I.D. 

· · Totals 

Segment E - 17 .124 In.ch I. D. 

.Componen.t 

3 - 90~ Long Radius Elbows 
1 - Tee (Flow through i;un) 
2 - Gate Valves 
2 - 90° Standard' Radius Elbows 
2 ~ 45° Long Radius Elbows 
S_traigbt Piping - 82.5 feet 

.Totals 

Segment F - 12.0 Inch I.D. 

Component 
. . ··~- ·:' . 

1 ~ 90° Standard Radius Elbow 
1 .;.. Check Valve 
1 ~ Gate Valve 
1 - Tee. (Flow through branch) 
Straight··Piping - 3 feet 

Totals 

. i 

17370 GPM r:;: 

K L/D 

0.05 -- 26 - 17.4 
- 12 - 145 
- 6() 
- 35.6 

1.0 -- :11. 7 

1.05 313.7 

5750.GPM 

K L/D~·-

- - . :,..•;--

- 60 
- 20 

. - 26 . 
- 60 

. - 24 - 57.8 

0 247.8 

5750 GPM 

K 
. ... 

. :---.. 

.. . .. -· .. ' 

L/D 

.. 30 
. 135 

13 . 
. 30. 

3 

211 

-· 

• 

Sheet __Ld'f _JL_ 

73.2 

Friction Loss (Ft.) 
- .. 

0.80 
0.27 
0.35 
0.80 
0.32 
()~·77 

3.3 

Friction Loss (Ft.) 

1.62 
7.29 
0~70 .. 
1.62 
0.16 

11.4 

" p; 

I 
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Commonwealth Edison-Company 
Dresden Station Units 2&3 · 

Low Pressure Core Inject~on System 
Piping Sessent S~ary 

PIPING SEGMENT SUMMARY 
··~-

I . .. 
Segment G- 17.124 Inch I.D. 5750 GPz.t ---.:.-

, .. , 
Component K L/D Friction Loss 

.. . 
·2 - 90° Standard Radius. Elbows ' 60 

.. 
0.80 .·· - -. 4 - 90°.Long Radius Elbows . - 80 .. 1.06 . 

1- Tee (Flow through run) - 20 . p.27· .· 
1 ;_ Gate Valve - 13 .. ... . 0.17 
2 - Tees (;F~owthtough branch} - .120. 1.60 
Straight Piping - 34.5 feet - 24.2 0~32 

·--- . 
Totals 0 311::L 4. 22. 

: : .. 

" Segment H - 32.25 Inch i'..D. See Note 1 
.,.,. 

~omponent K .. "·-·· L/D. . Fr:J,.ction Loss 
I 

l - Tee (Branch Flow} - 38.2 
7 - 22° ·single Miter Bends ' - 35 

. 1 - Tee (Flow through.;r;un) ... - 15.2 .·see 
1 .,. Tee (Flow"through run) . 16.4 , 

.. Note 1 -
1 - Tee (Flow through branch} . ' - · .. 30 • 
Entrance and Strainer loss - - . 1.0 
Straight l'iping_- 183.8 feet - 94.9 

... 

Totals 0 229.7 .. See Note 1 

·Segment I - 23.25 Inch I.D. 11620 GPM .. ... . 
. Component K L/D ·· Frict:l,o~ Loss 

. 

1 - 90° L"ong Radius Elbow · .. -· 20 0.32 
1 - 45° Long Radius Elb.ow - 12 0.19 
.1 ... Gate Valve - 13 0.21 .. 
1 - Tee .. (Flow through branch) - 5.7 0.09 
Straight Piping - 13 feet -· 6 •. 7 0.11 

Totals·. 0 57.4 0.91 

·. 

.. 
(Ft.} 

, . 

. '. 

(Ft.} 

. . 

(Ft.) 

I 
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Commonwealth Edison,Comoanv 
Dresden Station Units 2~3 

.. 
Low Pressure Core Injection Sys_tem 

Piping Segment Sum:nary 

· PIPING SEGMENT SUMMAR"'i 

....... _ 

.. 
Segment J - 13.25 Inch I.D. · 5810 GPM · ....... 

Component· K L/D - Friction Loss 
l·- Reducer (23.25 x 13.25) o .. 05 - '0.14 
2 - 90°. Standard Radius Elbows - 60 ~ 2.24 - I • 1 - Gate Valve - 13 ~. 0.49 
l -

0

Tee ·(Flow through run) · - 20 ~. 75 
~ 

.1 - 45° Long Radius Elbow - /" 13 . 0.49 ,. 

Strainer ·- - . 1 
Strai2ht PiPin2 - 4.5 feet - 4~1' 0.15 

: : 
. Totals 0.05 110.1 5.25 

Segment K ~ ·23.25 Inch I.D. 5·150 GPM 

. Component . K - : ....... J./D Friction Loss 
. 

·1 - 90°.Long Radius Elbows ' . 
.20 0.08 -

1 - 45° Long lladius Elbow .... · 12 0.05 ·.··. 
1 - G~te.Valve - 13 0.05 
1 - Tee (Flow through branch) 5.7 • 0~02 -
Straight Piping - 13 feet .. 6.7 0.03 

.. 

Totals 0 57.4 0.23 

Segment L - 13.25 Inch I.D. 5750 GP~ 

Component.· K L/D · Friction Loss . 
1 - Reducer (23.25 x 13.25) o.05 - 0.14 

·. 2 - -90° Standard Radius Elbows - 60 2.21 
1- Gate Valve - 13 I 0.48 
1 - Tee (Flow through·run) - 20 0.74 
l - 45° Long Radius ·Elbow - 13 0.48 
Strainer - - 1 
Straight Piping· 4.5 feet - 4.1 0.15 

Totals 0.05 . .110.1 5.19 

'·· 

.. 
(Ft.) 

I 

'" 

(Ft.) 

(Ft.) 

' 

I 
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Notes: 

. ...--

Commonwealth Edison Company 
Dresden Station Uriits 2&3 

Low.Pressure Core Injection System 
··Piping Segment Summary 

.·.· . -~· 

--
-------

1. Total L/D for the torus ring header was divided equally to each suction loop. 
With 11620 gpm to the loop with two operating pumps and 5750 gpm to the loop 
with one operating pUillp, separate friction losses were calculated. An entrance. and 
strainer loss of 1 foot was assumed for the two-pump loop and 0.25.feet for the 
loop with o~e operating punip. ·Total friction loss to the tWb~pump loop is 2.47 
feet; total friction· loss to the one.;.;.pump loop is. o •. 8 feet. 

· 2·. With pump centerline as refe.rence, torus water level is 15.o feet, Segment E is 
20.0 feet, location of pipe line break is 5.0.0 feet and injection header is at 
elevation 67.0 feet. 

··! . 



~argent & Lundy . 
Chicago, lllin~is 

() Denotes segment, folloved by 
Segment Friction loss in ft. H20 

© 
43.9 

17,370 GPM 

@ 
73.2 

COMMQmJ'EALTH EDISON COMPANY. 
DRESDEN STATION - UNITS 2&3 

LOW PRESSURE CORE INJECTION SYSTEM 

... 
... •. 

· .. Break in line occurs . here 

Riw 
Mechanical An~ytical Division 
Prepared by v~ R~:r.R-<'-'"'·Date ct-;;-?_::> 
Reviewed by / · ;-- ~~~. , Date J. , ,-1 

Approved by de~ 7 Date ~-J-¥ 
Sheet _6_of _a__ 

0 GPM 

® 
3.3 

v·.,---------~--------------------..-.------..---..;.... ...... .__ ______ ~--------..;....--------....;.--------------"=:1.-
S 750 GPM 

@ 
4.2 

@ 
11.6 

.I 

i e. 
@ 
11.6 

-.......::; ______ @ '" 
5810 GPM · 5 .• 3 

Pump D 
© 

. 0.9 
5810.GPM 11,620 GPM 

• 
·®· 

0.2 
·. 5.750 GPM 

© 
5.2 Pump A 

. . 

'·® 
.11.4 

SYSTEM C()NDITIONS: 1) Three pumps (A, C and D) injecting into ~o recirculation loops with one loop broken, 
2) · Atmospheric. pressure above the suppression pool and in the drywell, 

· 3) .. Torus water temperature of 130°F, 4) ·Vessel pressure of 56 psig, · 
5) Suction ring header has one entrance strainer plugged,· and 
6) Core spray pumps are drawing suction from suction ring header also. 

/ . 

.... .._ 
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argent & Lundy 
~hicago, Illinois 

COMMONWEALTH.EDISON COMPANY 
-DRESDEN STATION - UNITS ·263 

LOW PRESSURE .CORE ·INJECTION SYSTEM 

'lbe following,is for ~he case with the pumps (A, c and D) injec~ing 
into two recirculation loo~s, with one loop.broken. 

·1. Pump Cap11city GPM/P\nnp. 

II. Calculated Total Dynamic Head 
L · Total Dynamic.· Discharge Bead . 

a) Piping, valves, and components losses ·· Ft. B20 
b) Static Discharge head Ft. B20 
c) Total Dynamic Discharge Head Ft. H20 

2. Total Dynamic Suction Head_ 
a) Velocity head ·_Ft. H20 
b) Piping, Valves and Components losses Ft~ B 0 · 
c) Stati~ Suction Head Ft. H~O 
d) Total Dynarilic Suction Head Ft. H20 

3. · Total Dynamic Head Ft. H20 

MAD 
.Mechanical lytical Division 
ri-epared by ~· &_~,;-~--- ·Date q->- ?~. 
Reviewed by ,, · ·;; _Date" ;. ,_ •'t.: 
Approved by "If,/°.~ Date 9-J-# 

Sheet· _J_ of ~ 

Pump A Pumps C and ~ 

5750 5810 

136.0 140.3 
50.0 50.0 

186.0 190.3 
. ..... ... :: 

. - 2.8 - 2.8 
-· 6.2 ~ 8. 7 

15.0 15.0 
6.0 3.5 

180.0 186.8 

f . ··; 
'Based on the above flows and Bingham Pump. C~rve No. ?'6946, ! i 

Pump A Total Dynamic .Head m 185 Ft. B20 and Pumps C ·and D Total Dyn~ic Bead 1111 180 Ft. H20 _ 

, . ~· . 

: • I• 

•. 

.· 
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LOW PRESSURE CORE INJECTION SYSTEM 

The following.is for the case wi.~~ three pumps (A, C and D) 
injecting into two recirculation loops, with one loop b~oken. 

The worst ·NPSH case· is .for J>l,unps C and. D - operating . at 5810 GPM each. 

A~ailabie N~t Positive Suction Head - Puml>s.c and D 

1. Pressure over water in suppression pool . 
2. · Friction loss in suction piping and components 
3. Vapor pressure, 130°F 
4~ Static suction head 
5. ANPSH = (Item 1 + 4) - (Item 2 + 3) 

Ft. H20 
Ft. H20. 
Ft. H20 
Ft. H20 
Ft. H20 

Required NPSH (from Bingham Pump Curve' No. 26946) m 37 Ft •. H20 

.. 
. ' 

.• . 

I. 

33.3 
8.7 
5.2. 

15.0 

1 t .' 

34.4 - Call 34 Ft. H20 -

·-



Response to NRC Questions Concerning LPCI/RHR 
Pump Runout Situations · 

Question 2: For the case resulting -in :iargest RNPSH minus ANPSH, 
describe the NPSH available as a function of time, 
both short-term and long-~~rm, in the event of a 
postulated loss-of-coolant--accident •. Suppression pool 
temperatures versus time should be indicated, and 
the effect of pool temperature should be included in 

. the calculation. ..,~-. · 

Answer: The worst NPSH case analyzed in our letter.of August 
1 2, 1976 (from G.A. Abrell .. to D.L. Ziemann) involved 
_three LPCI pumps injecting.,.. into a broken loop at Dresden 
Station. For this case, the difference between RNPSH 
and ANPSH was, at worst, 3·- feet of head deficient. 

-~~· -~ 

. Al though the details of suppression pool teuqierature 
as a function of time are··not immediately available . 
for Dresden Station, this .. -information is included ·in 
the Quad Ci ties FSAR. The,_ assumption is made herein 
that the Dresden plant is,_pimilar enough to Quad Ci ties 
that the Quad Cities analysis is approximately 
applicable to Dresden also .. ! 

. ~·· 

The suppression pool temperature versus time for a 
postulated LOCA is illustrated by the attached figure 
5.2.17 from the Quad Cities FSAR. Also attached is 
the corresponding containment pressure plot. These . 
figures show that, "'while :.i;br.us temperature reaches 130°F 
within about 2 minutes, containment pressure in a similar 
time period approaches 25.psig• The suppression pool 

· temperature increase from 95°F causes mild decrease in 
available NPSH .for suction on the torus due to the increased 

·vapor pressure of the pool water·. However, the associated 
pressure increase easily compensates for the ·temperature 
induced deficiency. Incorporating both.the temperature 
and pressure effects in the NPSH calculations (this 
should not be in violation of appropriate Regulatory 
Guides, since credit for. the pressure increase is not 
required to provide adequate cooling flow.) yields 
an available NPSH at equilibrium of about 91ft :for the 
worst case (RNPSH for this case is 40ft ) • C.onsequently, 
adequate NPSH is available in even the worst case 
analyzed to insure that no danger to the pumps will occur. 

·.:· 



.. . 

Question 3: 

Answer: 

- 2 -

Provide the required NPSH vs time for a postulated 
LOCA with the worst pump configuration (pump . 
configuration resulting in th&largest RNPSH·minus 
ANPSH) for both short and long-term cooling. 

For the worst cases analyzed (Dresden 3 LPCI pumps­
injecting into a broken loop, and 3 LPCI pumps 
injecting into two loops, with one loop broken) , the 
required NPSH for each pump is shown in the tables 
attached to our letter of August 2, 1976, previously 
referenced. The RNPSH is a constant as long as flow 
requirements do not change. 

•' . - ·. 

·:.i·· 
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Commonwealth Edison 

Response to NRC Questions of August 23, 1976 
Concerning LPCI Pump Run OUt 

Question 4A: · "Following a LOCA, what indication of RHR pump flows 
would the operator have in the control room?" 

Answer: There are two flow elements in each injection path. 
One flow element provides input to an indicator and 
the other to a flow recorder. The flow recorders and 
flow indicators are located in the control room at the 
LPCI~ control panels. 

Question 4B: · "What indications would the operator have to know that 
the rum pumps were cavitating?" 

Answer: Potential cavitation would be revealed by indications 
of high flow. Severe cavitation could be indicated by 
instability of flow indications. 

Question 4C: "What action could be taken to alleviate such operation, 
and how long would such action take?" 

Answer: 

<··. 

cavitation could be alleviated by throttling the motor 
operated angle globe valves 1501-21A/B (Dresden) or · 
motor operate4 qlob~ yaly~EI l001-28A/B (Quad-cities). 
One throttle valve. is·located iri each injection. ~90P· 

<·These valves are controlled from the LPCI/RBR-control 
panels in the.control room. Action to throttle the pump 
discharge could be taken as soon as necessary from th~ .. 
control room. · Because restoration of the reactor vessel 
level is of primary concern to the operator in this, case, 
adjustments would be expected within minutes of the LOCA. 
In fact, all.configurations for which a $Illall.deficit in 
required NPSl{exists involve postulated faiiutes or 
breaks which prevent the reflooding of the vessel by the 
LPCI system. 
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. . • Commonwealth Edison • 

- 2 -

Question 5: 11 Assuminq the most limitinq si,nqle fa~ilure af fectiDJ lonq 
term coolinq capability'~ justify your .. assumption that 
three pumps is the minimuiil·-number of LPCI pumps that may 

Answer: 

be pumpinq directly to t~·break ••• " · · 

Only one type of sinqle failure (to our knowledqe) re• 
sults in the possibility of any LPCI pumps injectinq into 
a broken loop1 this is a failure of the loop selection 
loqic system (LSLS). If LSLS is operational, ~ pumps 
will pump to the break reqardless of diesel failure, etc. 

.... -· -

Assuming a failure.of the LSLS, we have analyzed situ­
ations with four pumps.injecting into. the broken loop, 

··three pumps similarly injecting, and three pumps in­
jecting into two loops ·with one loop broken and the 
crosstie valves open (t·his- last case assumes that the 
pre-selected 11 8 11 loop ~:s··the broken loop and that LSLS 
selected the "Au loop without deselectinq the 11 8 11 loop) •. 
The last case results in.fewer than three pumps effectively 
injectinq into a broken loop. we did. not assume that 
three pumps was the minimum number of LPCI pum~s that 
could be injecting directly to the break. 

Question 6: 
. . . . ... ~ :.:_. :· - . ' . - - , . ~ , · ' 

"Specify the number of pulilp~ ass.umed-'to be available in 

Answer: 

your ECCS Appendix K long term cooling analysis." 

In the Appendix K analysis, four LPCI pumps are assumed 
available upon initiation. One LPCI.pump may be out of 
sex-Vice for up to seven days, if all backup systems are · 

.:·,:--· .. ,,. te$ted daily.· For ·long term cooling (i.e., :·maintaining 
reactor vessel level· following recovery from a LOCA) 
only one LPCI pump is necessary. 




