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Mr Gayland Bloethe
Sargent & Lunady LLC
Fifty Five East Monroe Street |
Chicago, illinois 606035780 |
{
RE Ouane Armold Energy Center '
SUBJECT Transminal of Ampacity Calculation Comments
FILE. A-351
Dear Mr Bloethe

Enclosed are the IES comments conceming the S&L calculation DA-1ES-96-002: Verification of l
Ampacity for Darmatt- Wrapped Penetration Cables. Flease review the comments and contact Steve
Medanic (319-851-7259) or myseif (319-851-7131) to resolve these open ssues.

Please contact myself if you have any questions or would like to discuss the content of the enclosed
information

Sincerely, |
Steven Hailer |
Project Cngineer i

A 1) S&L Ca DA-1ES-96-002, Venfication of Ampacity for Darman- W rapped I
Penetration Cables, marnk-up ‘

2) As-Built Drawings for 1JX105A&C and Vanous Raceways Wrapped with 3 Hour '~
Barner Matenal

3 Kevin Hawks ( Transco Products), DOCU

A 1ES inousines Lompany
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SENT BYISARQENT" & .__sav z28pe" b= 2=%8 © 3:14PN | 122093787 DARCI®

To Steve Haller, [ES Utilities, Duane Arnoid Energy Center
From: W. G. Bloethe, Sargent & Lundy, Electrical Anaiyticai Division

Subject: Ambient Temperature :in the Dry Well Opposite the Penetraton Area at
Azimuth 270°, Elevation 757

This {s to confirm our previcus telephone aiscussion. The ambient temperature in the

dry well opposite the penetration ares at azmuth 270°, Tlevadon 737 is 115°F during
normal operation.

Please sign below 1o verify this information and return by fax at (312) 269-31856.

m.smw-uuv-mum-ppwmxwm

&-ﬁ&_ 106t

ol - WY
tMaryor ROy

IES Utihities  Project No 09977.000
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| TRANSCO PRODUCTS INC.

| INSTALLATION MANUAL FOR
| FIRE PROTECTION SYSTEMS

Document No.

KM1-IM-1

! Issue D, Rev. 3 | Page 2 of 43

i. Introduction

2. Product Information

3. Definition and Terminology

4. Identification of Panels

5.  Tool Requirements

6. [nstallation Techniques

A Inspection

Appendix !: List ot Qualifving Test reports and Tested Material Specifications
Appendix 2: Detaii Sketching of Darmatt KM1 Fire Protection System
[ES Utilities  Project No (0997 7-000

Duane Arnold Egerey Center
Caleulation No DA-IES.96.002
Safety Related
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. TRANSCO PRODUCTS INC.
| INSTALLATION MANUAL FOR
| FIREPROTECTION SYSTEMS

Document No.
KM1-IM-1

| Issue D. Rev. 3 | Page 3 of 43

I INTRODUCTION

This document is provided as a guide to assist in the process of installing the DARMATT
Fire Protection System for electrical raceways. Also included is a description of the instail.
of the protection of intervening elements and interferences of the electrical raceway.

The DARMATT KM1 Fire Barrier System is an endothermic fire barrier material whi
available for both one and three hour protection applicaticons.

The KM1 system can be supplied either as a partially pre-cut protection system (already ¢
size and ready to install)or as raw panels and conduit sections which can be cut in the fie
accordance with approved design drawings. In either case the system offers a flexible aitern

which can be field modified as needed, in accordance with the guidelines given in the ma.
erection procedure and drawings.

IES Utilities  ['roject No. U9977-000
Duane \rnoid Energy Center
Caleutstion No DA-IES. 96 N2
Safety Lelated

Page ) of F6
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| TRANSCO PRODUCTS INC.

‘ Document No. '
; ;?;EAUATION MANUAL FOR KM1-IM-1
PROTECTION SYS
!I i I‘ Issue D, Rev. 3 | Page 4 of 43 n
PRODUCT INFORMATION
2.1. Product Data Sheet

MATERIAL/SYSTEM PROPERTIES

L Thermal Conductivity 0.783 BTU in/hr sq ft °F
@ 156 °F Mean
3 Emissivity: 0.7
3. 1 Hour Tray System
3.1 Nominal Thickness 1.34"

3.2  Nominal weight/sq ft 6.5 (+ 10%) lbs

4. 1 Hour Conduit System

4.1  Nominal thickness 1.25" 2" < Conduit o.d < 4%"
1.53" Conduit o.d < 2"

42  Nominal weight (1bs/lin 1)
based on conduit O.D.

1" (%" nom. bore) 6.4 =~ 10%
1%" (1" nom. bore) 6.9 + 10%
1%  (1%" nom bore) 7.9 + 10%
" o (2" nom. bore) 6.7 = 10%
22" (2" nom. bore) 7.7 = 10%
3" (2%:" nom. bore) 8.7 = 10%
3%" (3" nom. bore) 99 + 10%
44" (4" nom. bore) 11,9 = 10%
5%" (5" nom. bore) 14.1 = 10%
62" 6" nom. bore) 16.2 = 10%

IES Uuihities ['royect No. 09977-000
Duane Arnold Energy Center
“aleulation No DA-IES-96-002
Safety Kelated

Page +3 ol F8
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| TRANSCO PRODUCTS INC.

| INSTALLATION MANUAL FOR
| FIRE PROTECTION SYSTEMS

Document No.

KEM1-IM-1

h

|
|
!
|

- R 3 Hour Tray System

3.1

5.2

Nominai thickness

Nominal weight/ sq ft

6. Three Hour Conduit System

6.1

6.2

Nominal thickness
Nominal weight (Ibs/lin ft)
based on conduit O/D:
1" (*4" nom. bore)
1%" (1" nom. bore)
1%"  (1%" nom. bore)
2" (1%2" nom. bore)
2%" (2" nom. bore)
» (2%:" norn. bore)
3%" (3" nom. bore)
4%" (4" nom. bore)
5%" (5" nom. bore)
6%:" (6" nom. bore)

i Issue D. Rev. 3 l Page 5 of 43 l
m

2.68"

12.6 £ 10%

2.5" 2" < Conduit 0.d < 4%"
2.78" Conduit o.d < 2"

17.0 £ 10%
17.8 £ 10%
194 + 10%
18.7 + 10%
20.6 + 10%
22.8 + 10%
25.1 + 10%
29.7 + 10%
33.9 + 10%
38.2 + 10%

lES Utilines  ('rojoct No ug877.000
Duane Arnold Energy Center
Caleulation No DA-IES-96-002
Safety \elated

Page 8 of F&
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CONTAINMENT
- ELECTRICAL PENETRATIONS
-000
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SECTION 1
INTRODUCTION

This gocument contains the gata ana the gescnpuon
ot Electnc Penetration Assemoiies for a nuciear power
plant. All lapor, matenais ana equipment, and the per-
formance of all operations and incidontals necessary for
the design, detaiing, fabncating and factory testng of elec-
trical penetration assemblies 8s outinea herein are fur-
nished by General Zlectnc.

ducted and wiil conduct to assure quality of
electnca' penetration assemolies.

Section 4 Engineenng and Application Data — Data
to aid Purchaser in summanzing the quanuty
of conductors that can be accommodated
with General Electric's penetration

, asgemblies.
More detailed information is contained in the sections

that foliow. They are:

Section § Field interface Accessones and Options —
Contains a brief descnption of the acces-
sories that can be supplied as & part of an
electncal panetration assembly order.

Section 2 Technical Description — Contains a
technical descnption of the electncal pene-
- tration assermnblies.

Gection 3  Tests and Anaiyses — Summanzes the lests Section 6 Quality Assurance Program — Contains

11

and analyses General Electnc has con- . quality assurance information.
EXPERIENCE SUMMARY
anmmtwm.mmmwwohOmmmumwwmaﬂuw
on the following plants:

Plant Neme Owner Nucisar Steam Suppty
Dresden 2 Commonweaith Edison GE
Teuruga Japan GE
Monticeilo Northern States GE
Nucienor Spain GE
Milistone 1 Northeast Utilities GE
Drescen 3 Commonweaith Edison GE
Fukushima 1 TEPCO GE
Vermont Yankee V-Y Nuc. GE
Quad Cities 1 Commonwealth Edison GE
Muhieberg 1 AXKM GE
Quad Cities 2 Commonweaith Edison GE
Cooper 1 Consumers Public Power GE
Diablo Canyon 1 PGAE W
3 Mile Istang 1 JCPEL B&W
Duane Amoid 1 lowa ELAP GE
Diablo Canyon 2 PGAE w
Shimane 1 Chugoxu GE
Hatch 1 Georg'a Power GE
Piignm Boston Edison GE
Peach Bottom 2 Philacelphia Electnc GE
Peacn Bottom 3 Philaceiphia Electnc GE
Fitzpatrick PASNY GE
Browns Ferry 3 TVA GE
Hawich 2 Georgia Power GE

IES Utilities Proj. No. 09977-000
Duane Armold Erergy Center
Calc. No. DA-IES-96-002

Page: G3 of GB
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SECTION 3
TESTS AND ANALYSES

PREPRODUCTION TESTS

Elecincal penetration assemply designs are quanied
Dy the following preprogucuon tests.

Thermal Cycle Tests are performea on each type of
moduie which simulale a typical reactor operaung cycie.
One typical cycle consists of a temperature change from
S0°F 1o 150°F, then back 1o 50°F in a 24-hour penod Al
100% relative humidity, One hundred and twenty (120}
cycies are performed.

Thermal Weld Tests, indicating the effects of weiding
on the penetration, are determined by Nsrumentng a
mmwmmllwlm-
tion weid. Critena for acceptance are that the temperature
of any module be no higher than 250°F dunng weiding,

and that there & NO degradation of penewranon assemoly
maienal.

Thermocoupis Tests determine circut calibration and
Smits of emor by sublecting each type of thermocoupie
muwdm.Wme
and measunng the effects (or emor). AcCepiance s based
on ANS! C.96.1 requirements.

Thermal PR Heating Test sffects are determined at max-
mum current and tempsrature on the surrounding amoent
temperature and on the module. The current is increased
ontl & steady-state tamperature of 190°F ¥eached on
the wire insulation, or the outside of the header rng
reaches a temperature of greater than 150°F. The current
vaiues measured dunng testing are used to obtain the
mEUUMUM penetraucn voitage and current rating.

IES Utilities Proj. No. 09977-000

Ouane Amold Energy Center

Caic. No. DA-IES-96
Page: G4 of G8 i

supplied at a rate of 15 warts/foot througn the Na. 10 and
No. 16 AWG modules cunng environmental lesung.

insuiation Resistance Life Tests require insuiated
cables to be subjected to 160°F mivimum, 90% to 100%
relative humidity and electncal sressing. The test s con-
tinuea untl no significant decrease In INSUIALION resISIance
is measured over a penod of one month. Each cadie 18
suDjecied 1o 120 measurements dunng this penod. The

cables are moniored for a penod of five months after
compietion of the initial test without current loading.

Short Circuit (Fault Current) Tests empioy three-phass

lesting of & group of three penetration conducton per test
for valuss Usted Dalow.

il 1

Asymmeticsl  Ourstion

S Srngreree (Cycien)
10 AWG 1,000 [
8 AWG 3,300 -
6 AWG 5200 ]
4 AWG 6,100 [3
2 AWG 13,000 L}
L7, U, IO —— 21,000 L]
T U, TO—— 26.000 . 8
40 AWG 42.000 I |
1600 MCM ......... oo~ 60,000 i

-1~ ¢ Shon-Term Qvericad (Motor Starting) Tests are per-

formed on low-voitage modules, three conductors per test
for & 20-second duration, 60-cycle nput at ambient tem-
perature in accorcance with the icliowing schedule:

Cmiec: woler BEXey &1 Quranon (T) olus 7 hours K & dursuon of 20 imranes

SURRS SR 10 (NS (8% NEve Dwen OreconaLoney 10f @G0l wlg CNA/ACIENSLCS. | & LhOfINalL Lyeang ang

AWG Amperes

Accident Environmental Qualification Testa are run at - TR LTrPRE—
the conaitions isted in Table 3-1 ; - - 2:‘

Ounng testng, leakage, insulauon resistance. and D70 .. esscasorssinserssmsmmassssasnassasnesasesisses BN
temperature are montored. Thermal "R heaung 's QJ0.......ooeeinessessriansansensassmarsspsssssnsmssnsranes s DECIR—— |

Table 31
CONDITIONS FOR ACCICENTAL ENVIRONMENTAL GUALIFICATION TESTS"™

Test Conaition 1 2 3 ) s

Temperature ('F) 240 12% 290 250 225

Pressuto (0910 125 82 62 s 20

N S S S DO 100 100 100 100 100

pH (waler sprav)’ 610 10 €100 61010

Duraton (T) 4 hours 5 hours 10 days 24 cays 1 year

g aLon

31




SECTION 4
ENGINEERING AND APPLICATION DATA

The cata in this section are presented as an ad 10
the Purcnaser for deterrmiming his total plant contamnment
electncal penetration needs. The opjecuva n presentung
these Jata is 1o assist the Purchaser in determining the
minimum quanuty of penetrations required. having a max:-
mum wire capacity per penetraton.

Factors considerad in sausfying this objectve are:
¢ Conductor load-carrying requirements
¢ Conductor size and quantity

e Maxmum head load (waitage) per penetration
foot

"o Maximum conductor density per module
. wmumwp«mm

Discussion regarding these factors and the use of
the tabular data found in this section follows.

CONDUCTOR LOAD-CARRYING
REGQUIREMENTS
The total penetration Nng requirements are

These recuirements will be used in .
mining CONAUCIOr Size &nd quantty, penetrauon heat lcads.
eic. Categones shouid be established as to function, i.e..

Control and instrurnentation
Shielded and unshielded signals
Low-voitage power
Low-voltage contro!
Medium voltage
High voitage
CONDUCTOR SIZE AND QUANTITY

The quantities and sizes of conducters should be
based on the load-carrying requirements as geterminea
above, derated for containmaent ambient temperature per
Tabie 4-1 ana derated for awversity per Tapie 4-2. The cai-
culation method I1s

ae ———

41

IES Utilities
Duane Arnoid

Caic. No. DA-IES-96
Page: G5 of G8 .
where:

la = allowable ampacity raung of wire
| = actual circuit load in amperes
t = temperatura derating factor from Table 4-1

d = diversity deratng factor from Table 4-2
{number of wires in a module).

Example: -, LCC’
Abwwmwwmoonmmw‘fuuwng
120 amperes at 600 voits, and at 140°F containment

ambient temperature. The mimmum wwe size is found
by:

| 120

la= =3 “ 087x080

= 223.86 amps

Using Table 4-3 (0 determine the proper wwe size.
it ts found that a No. 4/0 AWG wire would be the
minimum required to meet the need.

Table 4-1
DERATING FACTORS FOR CONTAINMENT
AMBIENT TEMPERATURE
Containment Ambient Oereting
Tempaeraturs, ‘C ('F) Fecior
30 (88) 1.00
40 (104) 0.80
i 080
60 (140) 087
65 (148) L O.QA
70 (158) 052
'mmmmnuw_ﬂ on_;—'w“ bass a3 not
e |
Table 4-2
DIVERSITY DERATING FACTORS
Number cf Wires Derating
in Use Factor
Less than 4 1.00
4106 080
71024 0.z
2510 42 0.60
43 above 0.50

“NOt Mese BCION am 10 DE ROPNEd DN R per MOUe DESH and rot

e wiee DONBIALON LS SUMODIv

Proj. No. 09977-00
Energy Center



Tabie 4.3
MAXIMUM WIRE AMPACITY
(AL 30°C with Three Conguctors in 8 Module)

Recommences Maximum Fesistance per
Function Wire Size Current Foot &t 90°C
(amperes) (ohmas)
Convrol No. 18 AWG 14 v.00815
Convol No. 16 AWG 18 000513
Convol No. 14 AWG 25 0.00321
Control No. 12 AWG 30 0.00203
Control No. 10 AWG 40 0.00127
L No. 8 AWG 50 0.000801
LV Power No. 6 AWG 70 0.000513
LV Power No. 4 AWG 90 0.000324
LV Power No. 2 AWG 120 0.000203
LV Power No. 1 AWG 140 0.000161
LV Power No. 0 AWG 158 0.000128
LV Power No. 2/0 AWG 185 0.000102
LV Power No. 4/0 AWG 238 0.0000625
MV/HV® Power 1000 MCM 758 NA

. Low-vm Power

Table ¢4
MAXIMUM ALLOWABLE WATTS PER FOGT*

Maximum Allowable Wans per Foot

Nominal Size
of Penstretion

Containmeant Temperaturs
7°C €0°C s0°C 40rC

G § T S, | 18 25 32
BN i rsimamasiomsie T 15 Fal 27
B RRSCR 12 17 21

“A manmum of 60 watts De° K001 I8 Dermasbie f The CeNeTaton © vered
0N 118 810 0ODONAS the wekd. Thia © anpecable to &4 NOZDS 32es Feater
than egm nehes.

Table 4-6
DUTY CYCLE

Tlu_nonmnemm Effective Duty Cycie (D)

- mvm’w“vﬁm 0to 1/2 howr 0
“ o 1/2 10 2 hours 08
Not Aopucanie 2 o & hours 10

MAXIMUM HEAT LOAD (WATTAGE) PER
PENETRATION FOOT

The heat loaa per penetration foot is calculated on
the heatng effect of a one-foct length of each actve con-
ductor. If aliowaole watts-per-foot vaiues are exceeded
(86@ Table 4-4), wire may e paraileled o7 a larger conduc-
wr size may be seiected. For control ang insrumentation
wies and power wires wnich have a low duty cycie, the
heat load may be negligible ang, theretore. enminated from
the heat load caiculations. See Tabie 4-5 for effecuve auty
cycie. The head load is caiculated as follows

Wt=NxFxRxD
where:

W/t = effective wattage (neat ioad) per foot for
(N} number of wires

N = number of wires of same size. carrying the
same current

P = actual ampacity. squared

R = resistance of wire per foot at 90°C 'rom
Table ¢-3

D = duty cycle (time on in eight hours) from
Table 4-5

42

Table 4-6 shows a format typically used 10 record
the above data in an orderty fashion for total penetration
heat loads. The following is a typical heat load calkculation.

Required are:

80 — No. 8 AWG wires, on 1 hour in 8, at 15
amperes

9 — No. 4 AWG wires, on 1 hour in B, at 35
amperes

9 ~ No. 4/0 AWG wires. on full time, at 120
amperes

Wh=NxPFxRAxD

W/t = 90x 15*x0.000501x05 = &.11
Wit = 9x35°x0.000324x05 = 1.79
W/t = 5 x120?x0.0000625x 1.0 = _9_19

Wit wotal = 18.90

Relerring to Table 4-4 it is noted that the caiculateg
heat 10ad 15 well within tne allowable imit previding that
the penelralion 1s vented on the end opposiie the weid,
of that a 10-inch or larger penetration 1s used.

tilities Pr
'53.:\’. Amold Energy Center
Calc. No. DA-ES-96-002

page: G6 of GB

oj. No. 09977-000



Table 4-5
CALCULATION OF HEAT LOADS*
(Typical Format)

Resistance of Heat Loaa* |
Penetration | Modu'e Wire Size | Number of | Amps per | Wire per Foot | Duty Cycie | per Foot i
jlumber | Numoer | (AWG or MCM) | Wires (N) | Wwire (1) at $0°C (R) | (D) (w/tt)
\1

* Hast losd = Effective wats/foo! of wwe(s): w/ = N x " x A x D.

MAXIMUM CONDUCTOR AND MODULE
DENSITY

Using the same data as in the example above, check
Table 4-7 for maximum wire censity, or the quantity of
wwes allowable per module Do not mix wire size or wire
type within any one module. This check indicates a need
for thrae modules with 30 No. 8 AWG wires in each. one
module with 8 No. 4 AWG wires. ad three modules with
3 No. 4/0 AWG wires in each

The total quantity of modules required 1s even. Check-
ing Table 4-8 indicates the need for a 12-inch pene-
tration/nozzie size

Checking again with Tehie 4-7 it shouid be noted
that there are some spares available The resultant spares
per module of the example 15 as lollows

43

3 mooulas with Mo, 8 AWG wire ... .. NO spares avaiable

1 moguie with No. ¢ AWG wwe...........5 spares aveabis
3 moduies with No. 4/0 AWG wwe ............1 avaiable spars
in asch moduie

The need for more available spares requires addi-
tional moaules and, in this example, another penetration.

The foregoing caiculation exampie and exampias of
the tabuiar data are of extreme cimpiicity. Often, ceveral
fterative calculations will be required 1o resoive the heat
load ana censity requirements.

It giticuity in deterrmining the total plant electr:cal
penetration 1s encountered. the General Electnc Market-
ing/Engineenng staft 1s available {or consullation and
assstance.

Proj. No. 09977—000

id Energy Center
N:TgA-'ES'OG'OOZ
G7 ot G8

|ES Utilities
Duane
Calc.
Page:




Table 4.7 Table 43
MAXIMUM CONDUCTOR DENSITY MAXIMUIA MODULE DENSITY
Totsl Nozzis Size, Namber of Modules Mumter
Conductors Conguctors Inches LV, Signal, TC Mipe Wy
per Module per Penetration
136 952 Bttt et 3
136 952 24 througn 3% . 3
7 539
a4 539
n £38 “ One eiectncal ferd through per module
28 198 ™ Adapt 18-inch design with weid fing
19 13
14 98 TC = Thermccoupe
10 70 MV = Medgium Voilage
7 L) HV = High Voltage
7 v
4 Fe ]
7 G
3 21
ag 280 Tymcal ponetration instaitation drawings, included for
:2 f: reference. are found at the end of this section. They are:
2 178 . Drawing
18 128 . onber
18 108 b
b o1 — Signa 12701608
44 vipie z Blectncsl Perwtration instaistion
70 pax — Low-Voltage Power 12701530
Electrical Peneranon inswasation
- Medium Voltage ..... . 12704778
W STP = Shislded twisted par
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Appendix H - As built Darmatt Loads on Primary Frame

Arcund Penetrations 1JX105A & C (Ref. |
XI11.26). .



Asbuilt Darmatt Loads on Primary Frame Around
Penetrations 1JX105 A & C
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Appendix [— E-Mail Massage Concerning the Conduits |

Inside the Darmatt Box (Ref. XII. 27).




319 651 "33 31228837878 2

Haller, Steve L -EC8016

From: Haller, S-eve L -E0BD15

Te: evlvund - S&L

Ce: ohlers, Brian R -EQOBB2E: dan 1angel
Subjeot: 1JX108A & C, Electricsl Penetration Roxes
Date: Manaay, February 03, 1987 3:19PM

Mr. Gayiend Bloethe, this note documents answers 1o the questions brought forth to |ES on Janusry 30,
1887 cencerning conduits near and inside electrical penetrations 1JX108A & C.

Question #1: Topic - Cance ning ¢conduits near the penetration 1JX105A & C.

The conduits unaer question etier enter 1JX105A or 1JX108C. Theretore all power cables have
been previcusly accounted for in the list of power cables for the two penetrations.

Question #2: Topic - Concerning conduits inside the DARMATT box

The stainiess steel pipe &t the lefr side of the encicsure is a test connection for our loop ‘A’ jet
pump sampie. This line will be at ambient temperature end wiil not contribute significant heat load In the
enclosure.

The conouit on the right hand side is '2C076' (conouit (abel). This conduit contains four cables for
solenoid veives. No power cables exist in this conauit,

All power cables that enter the DARMATT structure around 1.X106A & C have been previousty
identified.

If you have uny sdditiona! questions feel free to cell me et (3198) 861-.7131.

Steven Haller
273197
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Appendix J-— Extracts from Bechtel Drawing
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