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De artment of Energy eROP05ED RULE

l '

Oa RidgeOperations 'M FR 366@ ~
P.O. Box E \ 1- ~

'Oak Ridge, Tennessee 37830 June 11, 1980 ,
,

DCCKETED g
USNRC -

Secretary of the Comission JUN 2 01980 > b3U. S. Nuclear Regulatory Comission cQe of th Secrebry '

ATIN: Docketing and Service Branch B Cds: & Senice
Washington, D. C. 20555 Emd 7

V
'-Gentlemen: o>

I wish to ccmment regarding proposed rules,10 CFR Part 50, " Fire Pro-
tection Program for Nuclear Power Plants Operating Prior to January 1, j
1979," dated Thursday, May 29, 1980. '

Section III. Specific Requirements, Part A. Fire Water Distribution
System - A policy statement reccmnending the use of water extinguishing
systems over energized electrical equipment is established. I support ,

this concept based on past events and experience. How ver, this policy |1s very controversial where personnel safety is involved. The amount ,

of research available which substantiates the effects of fixed water {
spray discharge over energized electrical equipment is rather limited. i
General Services Administration did corriuct limited testing in 1979 |

on this subject (report enclosed).

It is reccrmended that NRC support further detailed testing to thor- |
oughly examine all controversial aspects of this proposal. The effects

',

of water impurities, distance from nozzle discharge, water densities,
on-off type sprinklers, shielding configuations, drainage, etc., should
be examined arri documented for design guidance.

Sincerely,

/ James R. Hutton
U Safety & Fire Protection Branch

Safety & Envircmmental Control Division

Enclosure

,ggy end.h -
- THIS DOCUMENT CONTAINS

P00R QUAUTY PAGES

:

08f8007030
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ABSTPACT-
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>
.

This report covers a series of transformer rocn fire tc*.ts conducted by the*

General services Administration (C3A) . The tests were set up to demonstrate ,,

what shock hazard might be present when automatic sprird.lces crecated over
The test roen was 25 fcct long, 12 feet ,

energizcu cicctrical equipenent. *

wide and D f eet high. Fire protection was provided by standard one-half
135'r and insta11cd

-

inch pendent. autcratic sprinklers temperature rated at A 480 volt dry
to give approxicately 150 squaru feet per head coverage.
transfomer was used in the room to provide a 3-phase, 4-wire distribution
system, which is typical of the electrical systees. found in C5A buildings. -

The tests showed that the induced currents in the tesc rc vn during the
varicus tests were relatively small and posed no appredicM.a personnci
shock hazard.

Detailed der.criptions of the various tests, together with t*c results and
conclusions, are contained in the body of the report.
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It#TRODUCT!0tl

-

This report covers a series of transforner room fire tests conducted in a rc;m
- nfiguration which is typical of the electrical distribution systems found

,.

,

throughout G5A buildings.

'l.1 DAcxGRCUND
.

There has been much concern expressed about the shock hazards that night
result to personnel if autcmatic sprinklers were to discharge in areasespecially transformers
where there was energized electrical equipment,03A had established firesafety criteria which called'

.

and/or switchgear.
for sprinkler protection in typical ciectrical closets, telephone rocms

,
*

Although
and other rooms where electrical equipment would be located.
the firesafety design criteria has 'been in effect for several years,

, , ,

designers and trade unions have voiced strong coposition to installing
sprinklers in such areas. .

It is typical in GSA-owned and leased space that electrical distributionThe danger of a fire startingrooms are used for combustible storage. "'

in the combustible storage and spreading to electrical equipment er
Without sprinkler protection, a scall firevice versa is a real one.

can, spread and become a potentially large one that is dif ficult
to

ey----

manually extinguish.
* .

1.2 CBJECTIVE

The objective of this project was to determine what shock ha:ard to
personnel might be present if water from automatic sprinklers was
discharged over energised electrical equipment in a typical GSA
electrical installation.

e
1.3 sccPE

The scope of this project was designed for a series of thrae tests.
Results frem these series of tests wculd bestsed to either reinferce
or modify the firesafety criteria with respect to sprinkler installatiens '

in areas with energized electrical equipment.
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'tTST HETHOD A::D SETUP
m

2.1 TEST SITE _

ThetestsweresetupandconductedatthbTemporaryBuildingA,B,CcompicxThese two story wood
at Second and 5 Streets, 5.W., Washington, D.C.
frame buildings were built in the early 1940's and were scheduled to bc

,

torn down,

A test room was constructed on the first floor in Wing 6 of Tenporary
The room was 25 feet long x 12 feet wide x 8 feet high.

-

"

The walls and ceilings were constructed of two layers of one-half
Building B.

The room was built on a 31 feet x * ' '

inch gypsum board on steel studs.15 feet reinforced concrete pad which was equipped with a center floor-
Both *.he drain and the 15 mil wire reinforcing grid weredrain.

grounded.

'No 135'F pendent sprinklers on one inch pipe were supplied by the
The deflectors were five inches belew

building sprinkler system.The static water pressure was 55 psi. -
the smooth ceiling.

Th,e roem contained a manually controlled 3000 cfm electric fan '.hich
was used to exhaust the room after ca:h test. -

2.2 TEST SETUPS A.*D METHOD _
__

The test reem (see Figure 1 _) was setup to represent a typical *

Copper isolated conductors were
distribution transformer roem. These cenducters
attached to the walls of the recm with insulators.The current frem these conductors to ground was

*

si:nulated people. Two 475 chm and enemonitored with high speed recording arreters.
450 chn surge limiting resistors were installed in series with the :..

arrneter s.
in his

Charles F. Cal:lel of the University of California reportewthe average current at which
paper " Electric Shock Ha:ard", thata women would involuntarily grasp any object within her fingertips

For a man it was about
and not let go was about 11 milliamperes.He further stated that 500 ohms is the cceconly
16 milliamperes.

used value for the minimum resistance between extremities of the
hume.n body with regard to estimating shock currents with wet orThereforo, it was

'

liquid contacts during industrial accidents.
decided to evaluate the potential sheck hara'rd to personnel by
making measurements in the rocm between any two peints likely to
be touched during emergency egress and monitoring to see whether
or not ha:ardous curreat levels would be noted thrcugh a SCO chs

The lessee ohm resistors were used due to availability.resistance.
A value of 10 milliamperes was selected as the maximum current
acceptable to be considered to of fer no appreciable personnel
shock hazard. -
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The copper conductors (simulated persons) were 1/64 inch thick, four
inches wide and 852 inches inng. The conductor 5 were stacked on the
wall, i.e., the bottom person conductor was run around the inside

.

perimeter of the recm one foot above the floor with the middle person
conductor three feet above the floor and the top person conductor

Each of the copper ccnductors was insulatedsix feet above the floor. ,

from the wall by a space of 7/8 inches provided by several wood spacers
attached to the wall.

These conductors were three feet from the grounded case of the transformer. '

The top person conductor was one foot from the unshielded section of the
voltage supply conductor.

To obtain the voltage for the test transferrer and to simulate a typical , ,

3-phase, 4-wiec distribution system, the existing 120/2C3 wyc voltage
had to be rodified.

The voltage source started with a 13,200 volt wyc grounded voltage
source frem the local public utility. The 13,200 volts was reduced
to 125/216 wye then fed into a Delta Star transformer further reducing
the voltage to 65 volts phase to ground. This voltage was stepped .

* *
*

Thisup to 210 volts phase to ground, 375 volts phase to phase.
voltage (375 v) was used in all tests. The different transformers

This typewere used to obtain a 3-phase, 4-wire distribution system.
of system is typical of the electrical systers fcund in GsA buildings. ,

- The current to the test site was limited by 400 a. p,16,000 a.mp
peak let-through, fuses. See. Figure 2 for equiprent arrangement.

2.3 TEST PRCCRA.*1

To measure the ef fects of potential shock ha:ard, three tests were
scheduled. In case 1, the objective was to ignite cer.bustible sterage _"-

in the test rocm near an energi:ed transformer and monitor the current
,

flow to various copper conductors adhered to the roem walls at various
heights above the floor. The sprinkler discharge over the energi:ed
transformer would be observed. The shock potential of the water over
the wall and floor surfaces would be measured by electrical instru-
mentation.

In case 2, electrical current flows were to be menitored during a
.

phase te s'.a.e or an arcing control f ault in the transformer while*

sprinklers were discharging.

In case 3, a phase to phase, bolted fault was to be setup in the
transformer and electrical current was to be monitored while the
sprinklers were discharging.
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Tha t0st program w23 unstructurcd to the point that modificd tests
could be arranged if equipment was drmaged during the tests or if ======

results dictated a needed change in the test method. This proved ''
to be the case for this test program. Tests were conducted July 9-11, 1979.

2.4 MIASUREME!!TS
*

.

Both voltage and current readings were taken on each of the three
copper (simulated people) conductors for each test. Voltage was
measured on the main bus duct and ground current was monitored for

~

the main room ground, transformer and main drain line. ,_ ,,,,

2.5 INSTRUME!!TATION

The following were used in the meas'urement of test results:
'~

1. Bus Voltmeter by Weston instrument Company

2. Three-Rustrak high speed recording a.c.eters by Gulton Industries,-

Model P4116 range O to 1 amperes. Recording speed 1500 inches / hour.

*3 .- Recorder A-C A= meter by Westinghouse Type FM-44 Style WC-13324-1.
* Recording speed 3 inches /h'our.

4. Oscilliscope - Sony Model 335
*

| S. Tripplet volt-ohm meters.

|

2.6 MISCELIA::ICU3 ,

Af ter the first test in which the sprinklers were to operate by being *

fused by the heat of the fire, the sprinkler discharge was to be
I''"'"controlled by operating the manual shut of f valve on the sprinkler

feed line outside the test room. Therefore, all tests af ter ::o.1

|
would be simulating an accidental sprinkler discharge followed by
some type of ' fault on one of the electrical ccmpon6nts in the roem.
This latter type of simulation was chosen to nest closely duplicate
that condition which was of concern to electricians working in
rooms which contained electrical distribution equipment.

The sprinkler flow was approximately 64 gallon per minute (32 gpm
per sprinkler) or providing a density of 0.21 gpm/ft2.

2.7 EVALf1ATIot! CRITERIA -

The maximum let-go current for wet contact in the electrical distribution
room was established at 10 milliamperes. It was judged that 10 milliamperes

'----and below would offer no appreciable shock hazard to personnel.

.
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'

(cardboard, wood pallets,
f'In thic tcst, cppetximatcly 50 pou..os cf combustibics Tha combustibicowere stored cn3 foot from the transinrmer.end scrap paper)

wero ignited and burned for two minutes and thirty seconds before the firstactuated. The second sprinkler actuated 17 ,

sprinkler (one nearest door)The transformer was energized with a 100 amp load and maintainedseconds later. Ground amps measured 0.5 amps witha vsltage of 365 volts during the test.
the top person yielding 4.21 milliamps, the middle person 8.42 millia. psThe readings on the copper wall strips.

thd the tottom person 1.0 milliimps. The recording
wero taken on the voltmeter / recorders and on the oscilliscope.
cqalpment was very dif ficult to stabilize and raised doubts about the accuracy ~ *

_cf the data. _

- eTEST no. 2

As o result of Test No.1 it was decided to duplicate Test No. I controlling ,,,,,,

This time the Tripplet
tho water discharge manually through open sprinklers.
mini volt-a.mp meters were used to monitor the voltage drop across the three|

I
The pswer to the recm was energi=ed and the sprinkler systemconductors. The sprinklers discharged a total of approxLestelywas actuated manually.

64 gallons por minute. The water was permitted to ficw ten minutes and there
wsc no measurable recordings on the mini volt-amp meters.

-

.,

TEST M7. 3 .

P""""~_

Using the mini volt-amp meters again to menitor the voltage drep, this testThe cbject
was run with the manual disconnect switch panel lef t wide open.
was to see what af fect sprinkler water would have on the exposed switch and

The pcwer to
how this night af f ect the shock potential to recm occupants.
ths room was turned on, the open sprinklers were operated and lef t to run

During this time the inside of the switch panel was thoroughly
,__

two minutes.
No readings were measured on the upper two conductors and awat down.! The reading

reading of 1 milliamp was recorded on the bottom conductor.
for the total current to ground for the drain, transformer and disconnects &

)

was 0.5 amps.
.

JC57 NO. 4

The objective in this test was to have a phase to phase fault in the transformerThis would simulate what would happen ifwhile sprinklers were operating. The trans-
sprinklers accidently operated and a transformer fault eccurred.
former cover was removed and a ten inch long piece of No. 12 copper wire wasThe cover was replaced and the sprinklers' ccnnected between phase A and C. A bright arc
w2re turned on for ten seconds before the power was actuated. The circuitvcs noted at the base of the transformer with ensuing smoke.No current flows were measured on any ofbreakers tripped in two seconds.
the meters.
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TEST NO. 5

|7:] this test a solid copper bar eight inches long by three inches wide by
!

1/8 inch thick was clamped to A phase of the transforner and brought within
1/32 inch from a phase. A small piece of aluminun tag wire was placed
between 8 phase and the copper bar. The objective here was to have a

*

longer controlled fault. Again the open sprinklers were turned on for ten'

ccconds then the power was started. There was a small flash of fire at the
bottom of the transformer but no propagation. The only current measurable
w;s that on the bottom person. It read 1 millianp. The voltage of the

transformer held at 365 volts with a load of 100 amps. The reading for the -----

t tal current to ground for the drain, transforece and disconnects was 0.5
However, with a 40 to 1 current transformer ratio, there were 20 .'

amps.
amperes flowing through"the transformer case, floor and drain grounds. _

j TEST NO. 6

I This test was a duplicate of Test No. 5 except the gap between the edge of
the copper bar and B phase was only several nils. Again a small piece of
aluminum tag wire was placed between the bar and B phase. With sprinklers
running for ten seconds, the power was applied and.a flash of fire fellcwed *

by molten metal sparks came frem beneath the transforner. No measurable
currents were recorded mainly due to the fuses in the system blewing. The ,,,,,

voltage on the transformer dropped frem 365 to 80 volts due to the blown
fuses.

.

TEST NC. 7

This test was to determine what af fect a fault on the tus coming into the
roem would have as far as personnel sheck hazard. A 12 inch piece of No. 6
copper wire was wrapped between A phase and ground. Spria).lers were turned
en for ten seconds, the electrical system was energi:ed but no ncticeable "*
eparking or fire resulted. The voltage of the transformer held at 365 volts.
There was a slight current flow in each of the persen conductors. The top

conductor measured 25.3 microamps, the middle conductor ecasured 26.3 micro-e

caps, and the bottom conductor measured 26.6 micreamps.
.

TEST NO. 8
.

This test was a repeat of No. 7 with the exception that the No. 6 copper
wire was wrapped loosely between A phase and ground so as to permit more
intermittent arcing. With sprinklers operating the top conductor measured
5.26 milliamps, the middle conductor 5.26 millianps, and the betten conductor
yielding 5.55 milliamps.

-
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This test involved the faulting of the transfor-er by using a piece of
With the sprinklers

~6 copper wire between the A phase and the ground.id.
ficwing for ten seconds, the power was turned on and there was an arcing
ct the tr'ansformer. For this test, the transforver was under no load. *

then there was a flashThe circuitry held for approximately one minute, Atin the supply transformer located in the instrument reading rocm.
this point the power was shut down to protect those conducting the test. .

Tho current readings for the conductors were as follows: -

.10 milliampstop =

middle =, 10 milliamps N
100 milliampsbottom =

Ground current for the transformer, ficor, drain and disconnects was recorded
at 5.0 amps which multiplied by the 40 to i ratio yicids a current flow of
200 amperes.

result near:uremen ts.See Figure 3 for a summary of all the tes:
.
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Cot!CLUSIot35

e-
*

An accidental sprinkler discharge in a typical GSA electrical distri- ~ '1.
bution room poses mini.T.al shock potential to personnel within the room.

_-

" 2. An accidental sprinkler discharge in conjunction with various cicetrical
faults in the electrical equipment poses minimal chock potential to ,

,

personnel within the room. -

3. A phase to ground fault in a transformer will induce large current '

flows to ground which in themselves will be dangerous to personnel
coming in contact with it irregardless of a sprinkler discharge.

.

4. The fire protection criteria of chapter 5 of PBS P 5920.9, Building r

Firesafety Criteria, for providing sprinklers in electrical rocms
was valid. The criteria will be modified to provide specific design
details for sprinkler installations. (see recom.eendations.)
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RECCtEEllDATICr!S
- I

._

Automatic sprinkler protection shall be provided in alectrical distri- ~,

1.
bution rooms. To preclude accidental operation of sprinklers in
electrical distribution rooms, pendent uprinklers of the on-of f type
having both a rated fusible element and a temperature sensitive

(Central Sprinkler *

mechanism on cach sprinkler to control the water flow
and shall beCorporation On-Off Autcratic Sprinkler or equivalent)

equipped with a sprinkler guard to provide extra protcetion.
.

.

-

#e
e

--

O

e

0

e

e
N

9
.

t

4 m-W4h# *
g

d.b

+

e

== e e .se _
9

%
- - - - - - -



-- . . .

I Ilu l l i

~ ' FIPI EXPERIE!!CE IN ELECTRICAL ECUIPfiE!!T pct!!S.

i

Fires do and will continue to start in electrical equirrent roces. The need
-

to keep these rocms free of cembustible storage has been repeated nany times. .

Th3 need for automatic sprinkler protection as called for by CSA firesafety
criteria has been repeatedly reccmmended. Since fires will continue to
cecur, and keeping combustible storage cut of electrical equipment rcoms

*

is difficult to enforce, sprinklers must be installed.

The following fire experiences arc listed to highlight the problems assceiated
with electrical distribution rooms: ..

I

1. An electrical fire occurred on July 31, 1979, in an electrical distri-
bution room at a 20 , story high rise office building which G3A leased
for Federal agencies in 1:ew York City. A fault in a connecticn to an

'alucinum bus duct in an electrical distributien :::= en the 17th flect
of 1 LeFrak Plaza, caused a fire which ignited the plastic insulaticn
on the electrical wires and which spread to cardtcard cartons of filter
stored in the rocm. The building was not equipped with au:cmatic
sprinkler protection except in the baserent levels. Responding city

firemen extinguished the fire with fire extinguishers and hose streams.
1,100 pecple had to be evacuated. ,

2. The !!ational Fire Protection Association publicaticn " Fire Jccrual"
highlighted a fire involving electrical distributien equipment Es~ ' ' ' '

a nine story high rise office building. The July 1979 issue, page
22, noced that a loose connection'in a 600 volt switch box caused
a short. The arcing ignited polyvinyl chloride covered electrical
distribution wiring and telephone wiring circuit boards which were
mounted on plywood boards on the concrete block walls of the eight
foot by five foot electrical roon. The fire department responded
to this fif th floor room and used two 1-1/2 inch hoses and two
portable fire extinguishers to suppress the fire. Damage was mainly ,,,,,,

confined to the electrical equipment. Again, in this incident no
-- -

sprinkler protection was installed.

3. On January 10, 1978, an electrical equipment explosien in the boiler
room of a 12 story office building caused a fire in the building's
electrical switching equipment. However, the fire was quickly put
out by the automatic sprinkler system which had bqen installed to
protcet this high voltage equipment. The attached reprint of the
story from the Montcenerv County Maryland, Journal highlights the
benefits of having the sprinkler system for the protection of electrical
equipment.
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a retuf t or an exp!csion which knt<ked cut the build.n(s

i EVACUATED - The rhetograph of the sign ruperimposed s w ply. The bu3 dang is espected , to, be : f 11y.

on the above photocrsph of the Montgomery Center 8630 po=rt

. Fenton Street. 53,er Spring. wu posted laat week af ter. rexcupied os Monday. January 30., [rg', h j]ord photo.g // Rec'

~ 1.400 pers:ns had to ewuste the 124 tory office building u .
.

;7 r -'
-f,

! Explosion Empties Building %
-

,-

'". Under * cod tot tc a tete. and soon put it out. The
The dama;ed equerrent feft

phone and called several electrical cautpr9ent, salued at the building completely|' Dy Jehn R. Benedict without power. The foi owing1350.000, apparently oplace:2
( All 1.aN emploiees of the . building engineers and thenfor fire departrnent * hen the seepmg water came day and for a nummer of days
' 72 tenants in the Montumefy ca !edassistance. be:aase he had scen' in to centact with it.thereafter tenants were

3530 Fenton St.. A spokesman for the Fire a;tewed to sign their way intoCenter at
Silver Spring, are espe:ted to, water building up in the boiler' Marshal's Office tcld tne the budding cniy for the

that Of fice has temporary purpose ofbe able to return to the:r of.* groom.After making the telephone' Record that
.

been esacuated Ier a week and calls. Underwcod returned to | been adsocating for scme tirr.e gathering necced material
s----ficcs Mcnday after having

where he, the use of sprinkler systems to from their ofit:es. Many cf
a half be:ause of an can'osion the boiler room,
which lef t the building power. found the situation getting.' pr otect eq n; ment w hic h the tenants set up makeshifthigh voitage elec. sheps in the Holicay Irta and
le.ss on January 10. ' worse. Moments after Under. . handlestricity. The effectiseness of the'. cther fccatiensin the area.'.

The de elepict rroblem was wood had made his second exit
budding from the boiler room, whgh sprinkler system in the boiler ; Marce!!e Fry who managesof the Montgomery . the property (cr the' Careyediscosered by alert

security man Gorden Under. ; houses the building's electrical roemCenter preved the comt, he wmuon Cei tuny, cc'enbed
w ood while making reutine switching equipmerir, there

iric explosien wht:t.,s. aid. - the etter-ratwn of the tenants
The spek esman noted that it during the emergercy as .'*just

. Tuesday of last weetN' m. on .was a teushook the entire budding.reunh at. about 9t ~ *

iten he > r * .' .
.

fortunate %that the great." -

strived at the buement boiIer . ' Fortunately neither Under. . was
room of the l2. story structure, wood not anyone else in the t sprinklet system put the fire

By the latter part of last

he ntticed waten runnir.g Jewn mostly ernpty building was. out because 6t took firetren week the water had beensome time to get into tre ocder purrped out of the Capri
the wall on the Fenten St. side. injured. reem af ter the espmuon icek Theatre -no it was bems
(Heavy ram * as f albrit nuiside The emplosion caused a fire
en ter of snow frem an earlier but an automatic strinuer p: ace. He a:so cc:ntee out the etcanets up. Earlier this week
storm.)

system went into operat on good fortune of Underwecd's the Cc' den Hame Restaurant,having taken time to call ttr 'o:ated m the tatemant of the
building ene nters ie t'o r e bu Idmg as is ine theatre. =4se

, calhng for fire department ba:t in busicess.3

help. Had he e3 lied for the \ts. Fry mamiained ner
bremen fir st. sur er.d the ofhce in the Menigomery
spokesman, they could hav* Center throue'icut tr e e . tire

-

arrived and been in t* e boiler emergeecy period. Som*c"e
rnern at the time ti e (splesion Esd to wd the storewen,

happened. when i3 u u pcwcrl:ss!
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CCl?CLUDI!!G PS!'APXS_
hammmm.

i

This project had been contemplated for nearly four years and contract ngWhen the contracting
ef forts to conduct shock harard tests were processed.
ef forts f ailed it was decided to try to do these tests in-house.

-

for the
Due to lir.ited finances, many of the sophisticated arrangerentsJo abandoned. Howe ve r , we we re

design and r.onitoring of the tests hadconfident that the design and equipeent nonitoring arrange:-ents.eade
by

il lts.

the technicians of the two field offices would produce cred b e resu
These results

Wa feel that the results obtained from our tests are credible.tion
reinforce cur position to centinue to recorcend autematic sprinkler protecWe are pleased to note that the Nationale
in electrical distributic rooms. f

Electrical Ccde will be tevised in the near future to advecate the use ofor

cuto:-atic extinguishing systems, which include autematic sprinklers,
indoor transforrer installations where tne transfer:rers are of the type (i.e . , a liquid with
which are insulated with listed less fla.rrable liquidsThe revision will note that such0a fire point not less than 300 C).
protection is required for those installations housed in ecmbust2bic

~

Since me.= 2 s?ectrical distri' 2 tion rects in GSA spaceleck at this revisicaoccupancy areas.

habituplly are converted into quasi-storage areas, weas another support to our GSA firesafety criteria for autenatic sprin?. cr
l -

protection.
h into

We are he;eful that this testing effert eight encourage more researc
shock harard potentials under varying electrical arrangements including
high2r voltages. :

|
'

._

.

-

.

-

15
.

. .
,.

.
_...-..

**

A =

* ,.

,

%-
' ' '

, . ,
i. i


