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METHODS

To determine the Diesel Generator Upper Ambient Air Temperature
Limit, the following steps are necessary.

1. Determine the KW Capacity ~f the diesel generator without
considering the effects of elevated air temperature on jacket
water temperature or turbo charger intake.

2. Predict Turbochargelr intake temperature at elevated conditions
3. Predict Jacket Water temperatures at elevated conditions:
a. Determine fan flow rates at elevated temperarures
b. Compare fan flows to required flows to maintain jacket water
at 190 F and 208 deg F

4., Determine Deration factors from the predicted jacket water
temperatures and turbocharger intake temperatures
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1.

2.

8.

Ambient air pressures are considered constant

The diesels are in a cold shutdown ~ondition with the jacket
water at a temperature of 125 F prior to the s*art of the
accident.

« Turbocharger inlet air tempeirature delta T with outside ambient

air does not change dramatically with outside air temperature
increases, ie the outside air temperature to turbocharger intake
delta T from 90 deg F ambient can be used to predict
turbocharger intake temperatures at 110 deg F ambient
conditions.

The radiator fan intake is equivalent to outdoor temparature +
1 deg F. This is validated by test data gathered during the last
test performed on DG-2.
ror DG-1, the test data requires some interpretation. During the
hot weather testing performed in 1991, the outdoor ambient
temperature recorded was 95 deg F with fan inlet temperatures of
96 deg F on the north side of the radiator and 100 F on the
south side. The majority o:r air flow in DG-1 entering the fan
comes from the north side of the engine (ref EA-90-091 rev 0
attachment 8.8 fig 6A and & 7a). The configuration of the
equipment in the room is such that a natural plenum is formed
between the north wall and the engine skid through which the
fresh air travels. The air on the south side is mostly eddies
formed from fan blade tip recirculation containing heat
rejected from the radiator.
The 1 deg F assumption is justifiable based on the following
factors:
The fan shroud/fan blade tip clearance was reduces
substantially wher. the new fan blades were instal. d. This
resulted in reduced tip recirculation.
The majority of the makeup air comes from the north side of
the engine down the natural plenum
Any preheating of the air supplying the radiator is done by
heat rejected by the radiator or the diesel engine itself.
Heat removal from the engine by this air reduces the thermal
loading on the jacket water cooling system. Air that
backwashes from the blade tip /fan shroud gap removes heat
from the radiator but is not measured as fan flow during
testing, which indicates that more air cooling is supplied to
the radiator than can be meausured in a test configuration.

L

Only the minimum amount of emergency safeguards equipment

PED-QP-3.30
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ASSUMPTIONS

required to respond to a large break LOCA (s considered to be
the required load for the diesels. Additional optional loads
that may be desired to assist ope.ations in accident response,
such as station air compressors, are not included in the
required electrical load calculations.

6. Although the new fans draw more air , the air flow in the room
is such tha%t the turbocharger inlet air temperature is assumed
to be unaffec~ !,
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A

., MWO 913676 Replace Fan with Substitute Replacement Item per Ecw

. Fax Transmission from Young Radiator Company to Dan Borcyk dated

Letter From Ted Fryar to Randy Mueller , Dated 2/10/80 containo*
in EA~FC-90-062 r 2 Attachment 8.2-b

MWO 913677 Replace Fan with Substitute Replacement Item per ECN
91-306

91~306

Diesel venerator Deration Curves from EA~FC~997-062 r 2
Attachment 8 2-a

4/8/91

Fax Transmission from Young Radiator Company te Dan Boreyk dlti&
4/15/91 found in EA-FC~90~062 r 2 Attachment 8.9a

FCO03382 r 4 Diesel Cenerator LOCA Loads
Mechanical Enyineering Review Manual Seventh Edition

EA-FC~90~062 r 2 Diesel Generator Upper Temperature Operating
Limits
i
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NG=1 will operate within its 2000 hr Deration Curve Limits under
the following conditions:
1. 50 % Ethylene Glycol/ Water coolant mixture
ambient air temperature < 107 F (JW temp < 190 F)

2. Treated Water Coolant Mixture
ambient air temperature < 110 F (JW temp < 208)

3. 50 % Ethylene Glycol / Water Coclant mixture
ambient air temperature £ 110 F
Turbocharger air temperature < 115 F
Jacket Water temperature g 208

DG~2 will operate within its 2000 hr Deration Curve Limits under
the following conditions:

1. 50 % Ethylene Glycol/ Water coolant niv* . le
ambient air temperature £ 110 F (JW temp < 208 F)

2. Treated Water Covlant Mixture
ambient air temperature £ 110 F (JW temp < 208)

~

Discussion:

DG~1

Above 107 F ambient air temperature, DG~1's Jacket Water
temperature is expected to exceed 190 F. Per conversations with
Morrison Knudsen, the 200-208 curve must then be used for
determining the deration factor. This accounts for approximately
7 % reduction in diesel generator derated capacity. If the present
turbhocharger inlet tomperatures predicted for this ambient air
col ition are used, 107 F becomes the upper ambient air temperature
linit for DG~1. If the turbocharger air can be supplied at just §
F above ambient, the limiting ambient air temperature can be raised
to 110 F. ‘

As stated in previous versions of thig calculation, the
alternative method of achieving a 110 ¥ amiient air temperature
limit is to replace the 50 % Ethylene Glycol / Water coolant
mixture with treated water. This increases engine coolant
efficiency and improves radiator performance, and accounts for a
substant.al base power increase.

PED-QP-3.32
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DG=2

Due to the load reduction performed during the 1992 Refueling
Outage, DG=2 is in a satisfactory configuration up to 110 7 with
50 % Ethylene Glycol/ Water as a coolant media. Although the Jacket
Watur temperature exceeds 190 F, it remains below 208 F in this
temperature range. Because the demand was reduced on this Diesel
Generator, the derated power, even with the 7 % reduction from the
jacket water exceeding 190 F, exceeds the most severe accident
demand load.

Jacket water temperature data collected during the warm weather
testing performed in 1991 for both diesels were lower values than
predicted by analysis. This testing was performed i'sing treated
water as a coolant media. Confirmation testing with 50 % Ethylene
Glycol is expected to yeild data indicating that the same is true
for that coolant nixtu e and may indicate that the 107 F ambient
air temperature 1. it derived in this calculation can be increased.
Due to the increased fan flow on the DG-1 radiator cooling system,
the ambient air termperatures should be at least 95 F for this
testing to be performed. This is raquired to ensure that ali the
flow passes through the radiators and that maximum ambient air
temperature can be accvrately established,

i kil

PED-QP-13, 32




AL PAE W __,Ll_.
CALCULATION PREPARATION, REVIEW AND APPROVAL e
FORM PED-QP-3.4  Form Page Nu. 1 of 1 CALCULATION No.
EL-pl4le
PRODUCTION ENGINEERING DIVISION
CALCULATION SHEET Rev. No. C &
REF.

CALLULATE THE HNET ) AvsiLAbLL Tob Ebcyw DIESEL sl LATORL

NO.
cAsE 1 Fari AEPALLEBO K SO/E0 BTUYLEVE GLYLOL Ccoocaur
2000 hr RAT VG BASE MP

3 '-'1 ST wé 2o Lar~ Ene . ve ANYT N C
- 20 W LHTINTDA, TA TAWE @
- 2D W G b iR ARl L o@inite FAD

- | BO “P EV//B0 LYo SouwwTiow Cadsivia wathd

20O AVBILAGLE ENG HE MHPASETRoWER
Gl J&sar T [Pgvs GENGAATOA. SuTPuT

G630 MELM Mo A SEADW) ER.

fDpean-Y

£ M b BHP /T KW
il X - | ean
X A7 66 EFE [ sie-d

REVY



L L —
CALCULATION PREPARATION, REVIEW AND APPROVAL 7
FORM PED-QP-3.4  Form Page No.1 of 1 CALCULATION No,

- . |
[ (r’ o( - o
PRODUCTION ENGINEERING Dy ISION
CALCULATION SHEET

Rev. No. &
-
ALE 2 FAD AEP ALSS TRLATED WATER., SO0 AT NO.
Wil Y o) o v L S R ™
B0 ¢ 2o el AT G ﬂ®"b"
AP RAC \ATDE. Tam DA ®
- £ ’6_.-«&-“"?& P O LA o
T8/ C s AVBIILABLE S ~E  HOR LSS0 W ER
~ o NN G e ) (o) SRATL L 2 IdTreeT
L -l
X M BHP /KW
A —
T
- Lo load é‘c "b'lb“
275" K <=

REV]



CALPAEN. | =5

CALCULATION PREPARATION, REVIEW AND APPROVAL
FORM PED-QP-3.4 Form Page No.1 of 1

PRODUCTION ENGINEERING DIVISION
CALCULATION SHEET

CALCULATION NO.
El-2%e “
Rev. No. -y

FRo 2 P AN FlLow DATA Ot Vo) < - &r
5 AT & £ \
—ty, X
- r er
& [ F An (A
-
s -“ s - 4
A ¥ - Y Wq“
- { & e L& A
& ¢ opabaT { # o 4 &
Jw 9 -2 a0 I dTrl FAN
. .
Feow g 1\F, 967
..“ - b + 2 "kﬂ
“ 6% | | C e
TER 2 Y% P 1 4 oA | 1

" Aot tH

REF.

=

ELE JATe S ThuapibtaArialh )

3 Al 44T )

fEvl



AL PAGE N0

r———

"CALCULATION PREPARATION. REVIEW AND APPROVAL CALCULATION NO
FORM PED-QP-3.4 Form Page No.1 of ]

PRODUCTION ENGINEERING DIVISION
CALCULATION SHEET

Rev. No

-




Ai* Flow, CFM

115000
110000 *

75000 : AR 1SN el SRR S AP BN P - Y e
100 102 104 108 108 110 112 i14 116 118 120 122 124

Fan inlet Air Temp

—— Required Air Flow ——— DG-2 Air Flow ——— DG-1 Air Flow |
| (EG Coolant 190
(=)

5
o WaterCoolant @ — % WaterCoolant @ ~— # — Ethylene Glycol l
190 F 208 F @ 208




CALCULATION PREPARATION, REVIEW AND APPROVAL
FORM PED-QP-3.4  Form Page No.l of | CALCULATION No. J ‘
c (O8]
Pnooucn%n ENGINEERING DIVISION Ay .
CALCULATION SHEET ev. No. e
—M
REF,
NO.

From the Deration Curve (Ref 4) select the deration % for
the corresponding Jacket Water and Turbocharger Inlet
Temperatures.

Note: From discussion in EA-FC~-90-062 r 2 the Jacket Water
system does not immediately warm up. Usually it takes more
than 15 minutes of engine operating time before the TCV
valve is fully open aird the Jacket Water has reached its

normal operating setpeint, "Cmpecat. e

The Turbocharger intake temperature is taken from
‘ormation contained in attachment 8.8a-1 of
_.r."FC"QO"'Oﬁz 2-

%
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CERTIFICATE OF CALIBRATION AND TESTING @
TSI Model 8350 TSI Serial No 982 ¥ x"s_
el

Description VELOCICALC PORTABLE AIR VELOCITY METER

TR — ————————————

ol L
» a
Calibration Standard WIND TUNNEL CALIBRATION SYSTEM, SERIAL NO. 141 LD

e CALIBRATION VERIFICATION RESULTS — ’\-A‘

N

Calibration Instrument Percent Difference as a E \
LT

Slandara Queput Difference Percent of Tolerance
100% 0 “ 0% it
§td Ft/Min A | ’5')
36,0 w - A
69.0 5.9 - & I
159. B " ! vp‘q
338 ¢4 ;

664.

W

997 . ¢
1477,
e514.(
44+3.6
6993.2
8205.5§

T — —— —————————————— —r

P—— Tolerance ‘-———"-"“-7
e fheadior e +2.5% of reading +2 fim (30-500), |
|

Ambient Temperature: 21.]1°C 10 fim (500-2000), 50 f'm (2000-6000),
| Barometric Prassure: 760.0 mmHg [ 100 fim (6000~ ] 0000)

Indicated Temperature a1 32°F <€+ 3

!
;
L

TSI Incorporated does hereby cernfy thar all matenals, components, and workmansiip used in the manufacture of
this equipmens are in stct accordance with the appiicable speaficanions agreed upon by TS| and the cusiomer
and with all published specificanons. All performance and accepiance rests required under this contract were
SwecestTully conducted according 1o reguired specificanons, Furthermore. all test and calibranon data Supplied

by TS] has been obimned wnng standards whose accuracies are rraceabie 1o the Nanonal Insnitute of Standards ¢ d
Technology (NIST) or has been verified with respec: 10 InSTrumenianion whose accuracy is rraceale to NIST. or

IS derived from accepred values of phyvnical concraniys

Applicable NIST Test Report Report Numbew Date Date Last Venfied

e A S —

30-92 7=30-82

DC voltage 100061
§=26-92

Barometric Pressure P=-8077
Temperature i9=35°*C <13426
oeC 246369
60°C 216642
Pressure 0403/ 10 i
Velocity: Gage Blocks) ]
Frequency)

L]
'
@

i=19-80
3=-9%0
3=-90
3-88%
5-84
~84

IOV O -3
LU B B O B B O

e e D D b b e e

o
0O s
]
L

1
-

Dewpoint

q:-]z i/ ' Oct 16, 1992 -
Thibraeaby 1 ki Calibration Date ; N
4

TSI Incorporated Mailing Address: P O. Box 64394  S(. Paul, MN 55164 USA ! -,.m“r
Shipping Address: 500 Cardigan Road 5t. Paul, MN $5126 USA £

Phone: (800) 876-9874 or (612) 490-2888 Fax: (612) 490-2874 %
7 TR
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I
, Calec Preparation, Keview and Approval | J
, PED-QP-3.5 Page | of 2 | CALCULATION NUMBER
| Reviewer's Checklist-Calculations r 2 753/6 )
| 459/ R
!
| 0 N N/A |
i |
{ 1. Is Calculation Cover Sheet attached and ){ |
| completed, as required, to the calculation?
| 2. Is the calculation objective stated? Was )( |
i this achieved? : o
| 3, Are inputs correctly selected and incor- >‘, |
worated into the analysis? i
4, Have inputs and/or assumptions which require |
confirmation at & later data, been identified :
on the Calculation Cover Sheet and in the Y |
| calculation boay? ,
|
5. Are the applicable codes, standards, #
regulatory requirements, and other references :
including 1ssue and addenda identified such X ‘
that they are traceable to source document? |
!
6. Was an appropriate calculation method used? |
Was the basic theory appropriate? % ‘
7. Have assumptions been noted and justified? b.4 :
8. Are the calculations free of arithmetic )(
errors?
9. Is the calculation consistent with the
\ design bas's requirements? X
! 10. Is the conclusion stated? P f
11. Is the caiculation leg .le and suitable for |
microfiiming? X
|
| i
| |
. |
|
I
|
| PED-QP-3.34 ; : \
ev,

e e e e e e i i e L
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Calc Prenaration, Review and Approval I

PED-(P-3.5 Page 2 of 2
Reviewer's (wrcklist-Calculations

CALLJLATION NUMBER

FCASFIC g

13.

14.

Are all blocks on the Calculation Cover
Sheet addressed correctly?

Have Forms rED-QP-3.2, 3, 4 and 5 been used
and correctly completed?

If the calculation has been prepared to
supersede another calculation, has all the
valid information been transferred in the
new calculation?

REVIEWER COMMENTS:

ey 7
MI/ - / ,./ML

Reviewer ~ Late

S N N/A
X
4

PED-QP-3.35

Rev. 2
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.alc Preparation, Review ana Approval
PED-OP-3.7 Page | of | CALCULATION NUMBER

[ndepenaent Reviewer's Checklist - Calculations

f-0589/b, Low. O
MBS N0 N

i Are the calculation methods accurate

3 and appropriate? X

; o

| - 3 Are input data sufficiently detailed? B
3. Are the calculation ussumptions reasonable? X

’ 4, Has the basis for engineering judgement

been inciuded in ne calculation, when

usecd? _¢><

8. Is the calcuiation documented sufficiently
such that the analysis is understandable to
someone competent in the discipline
without recourse to the Preparer? 4)r’

6. Have the design interface requirements
been satisfied?

P

' R Are the results asonable and do they
resolve the calculation objective?

P

8. If an alternate calculation was used to
| verify the adequacy of the analysis, is it
! attached to the calculation?, X

| 9. If qualification testin? was used to verify
| the adequacy of the analysis, has it been

- documented using a reirievable source, or
attached to the calculation?

10. Are calculations involving Technical

Specification values and associated margins
of safety identified?

B

INDEPENDENT REVIEWER COMMENTS:

s il
ndependent Reliewer Date /

Pc.o.op‘3 . 38

Rev. 2



