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SUMMAPRY

The effects of a hypothetical, 5 MT surface burst, nuclear attack on the supply and distribution
of natural gas by the Michigan Consolidaied Gas Company to 685,200 customers in its Detroit

District are investigated and evaluated.

Following the warning of an impending attack, the Company activates its Emergency Plan.

Principal provisions of the Plan to prepare the system for a nuciear attack are:

(1) Valve off, shut down and leave unmanned three of the four City Stations normally sup-
plying the Detroit District distribution system. The purpose is to delegate further control

of gas entry into the distribution system to a single, manned station.

(2) Reduce normal operating pressures in specified high pressure distribution mains. The

purpose is to minimize gas volume inventory in the distribution system,

(3) Relocate trucks and major mobile equipment to designated, less vulnerabie points outside

of Detrcit. This element of the Plan : . completed several weeks prior to the attack.

One hour after the detonation, supply to Detroit District distribution is shut off by the Com-
pany at the City Gate Station. The shutdown is made to stop gas leaking at a 16 MMCFH rate from
damaged gas facilities in the distribution area. After shutdown, distribution pressure declines to

zero pounds gauge in about 85 minutes.

in the immediate post-attack period, a part of the Detroit District distribution system surround-
ing and extending out from ground zero and formerly serving 592,900 customers is not restored to
service, Itis isolated from the balance of the system and left shut down indefinitely, because most
buildings and residences therein and need for gas fuel are wiped out by the blast and fire. The area
covers 227 square miles, comprising the City of Detroit and all or substantial portions of adjoining

communities.
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Gas distribution operations are fully restored in two separate areas, east and west of Detroit, J

containing a total of 92,323 customaers or 13.5% of the preattack number. Gas appliances therein

are progres:ively returned to use by Company personnel beginning nine (9) days after sturt of emer-

gency repairs; complation is thirty-nine (39) days later.

The separation boundaries between the distribution system parts restored and not restored 1o

gas service follow, in general, the outer limits of severe, secondary fire damage.

Principal damage to Michigan Consolidated aboveground facilities is to buildings of regulating
stations and storehouses. Lossas in supplies and incapacitation of operating stations is not critical in

the postattack pariod because the amount of system remaining to be operated is small.

The underground distribution ““grid” mains in the vulnerable area are cast iron employiilg cement

packed joints. High pressure “feeder’” mains interlacing the area are either steel or leak clamped cast

iron. )

it is expected that the grid mains (unclamped and most vuinerable) will remain operational to
at least the 20 psi overpressure radius. Distribution regulator vaults begin to experience damage at
16 nsi. As an area operational limit, neither value has significance in the immediate postattack
period. Both represent distances deep within the shutdown area, where need for gas service no

longer exists. b

Natural gas supply available for the Detroit area in the postattack period will be more than ade-
quate. Three of the four incoming transmission systems are undamaged and capable of resuming
normal deliveries. in addition, by late August, the amount of gas placed in underground storage by

Mietigan Consolidated will supply the reduced system for months if, for some reason, transmission

¢ .1es cannot be resumed immediately. i
The number of Detroit District uninjured personnel is ample to handle the system in the post- 5
attack period, except for a temporary shortage of certain skills during the emergency repair and .
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repressuring oparations, It is likely, although not pursued in the study, that help from other Michi-

gan Consolidated Gas Co. districts would offset the deficiency.

The number of undamaged vehicles is‘adequate at all times in the postattack period. Lass than

7 percent of the truck fleet is damaged. Gasoline is not a problem in view of a nearby undamaged

refinery.

Mobile radio is the sole means of communication for directing and coordinating recovery oper-
ations. Telephone facilities emanating from the General Office are damaged beyond short term
repair. The two surviving base radio stations of the Company and 485 mobhile, two-way radios in
vehicles provide adequate coverage of the area. Adding to the flexibility is a Company-owned base

station, mountad in a van type vehicle, which enabies the station to be moved to any location in

the area.

Gas supply to the Company’s adjoining Ann Arbor District and its 43,775 customers is unaf-

fected and uninterrupted by the Detroit attack.
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UNITED STATES
DEPARTMENT OF THE INTERIOR
OFFICE OF OIL AND GAS
WASHINGTON, D.C. 20240

FOREWORD

Under Work Order No. 43345-0CD—PS—66~100, the Office of
Civil Defense, Department of the Army, engaged the Office of
0il and Gas, Department of the Interior, to determine the
vulnerablility of selected gas utility systems to hypothetlcal
nuclear attacks.

This Is.a report of the vulnerability of the Detroit gas
system, the third in the '"Five~City'" series,

It describes normal preattack conditions and gas operations,
evaluates damage to gas facilities and casualties to employees
and the effects thereof, and outlines the area in which gas will
be served in the immediate postattack period,

it is hoped that the information contained herein will
further stimulate all gas utillty systems throughout our Country
to achieve an optimum state of readiness in the event of such an

attack.

John Ricca
Acting Director
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ABSTRACT

The portion of the Michigan Consolidated Gas Company gas distribution system formerly seiv-
ing 592,900 customers (86.5% of the preattack total) in the City of Detroit and substantiz! pal:ts of
adjoining communities totaling 22‘7 square miles of built up area is shut down indefinitely by the
Company. Gas service is not restored because most of the buildings and households therein and

need for gas service are wiped out by the 5 MT nuclear blast and ensuing fire.

Gas distribution operations are restored in two separated areas, east and west of Detroit, con-
taining 92,323 customers. Gas appliances in buildings and households therein are progressively re-

turned to use by Company personnei beginning nine (9) days after start of repair work. Completion

is thirty-nine (39) days later.

Principal damage to Michigan Consolidated facilities is to buildings and contents of distribution
regulating stations and storehouses. Losses in supplies and incapacitation of station operating equip-

ment is not critical in the postattack period because of the small amount of the former system re-

turned to service.

Postattack transmission system capacity is ampie. Three of the four incoming systems are un-

damaged and capable of resuming normal deliveries.

Physical system operating personnel, vehicles, and mobile radio comemunication facilities are

adequate for postattack repair and routine operation.

Gas supply to the Company’s adjoining Ann Arbor District and its 43,775 customers is unaf-

fected and uninterrupted by the Detroit attack.
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HISTORICAL

In September of 1851, the Detroit Gas Light Company began serving manufactured gas in the
City of Detroit. Twenty years later, the Mutual Gas Light Company also secured a franchise to serve
in the same area. Woodward Avenue, after a time, became the boundary separating the service areas

of the two companies. The gas, made from coal, was used mainly for illumination.

This arrangement continued until 1889 when a third company, the Michigan Gas Cormpany,
hrought natural gas to a part of Detroit from a field near Findlay, Ohio; and, a few years later, from

another source in Canada. The three companies combined in 1893 to form the Detroit Gas Company,

which was renamed the Detroit City Gas Company in 1898.

In 1902, the natural gas supplies failed, forcing a complete raturn to manufactured gas. This
second era of manufactured gas operation continued until 1935 when Panhandle Eastern Pipeline
Company, an interstate supblier, began a long term, annual delivery of 46.4 billion cubic feet of
natural gas to Detroit. The supply originated in the Hugoton Field of the Texas-Okiahoma Pan-

handle; delivery point was the River Rouge Station in the Detroit area.

Meanwhile, in 1906, the Company became a member of the American Light and Traction
Company—later to become today's American Naturai Gas System. By doing so, it became affiliated

with the Michigan gas companies of Grand Rapids Gas Light and Muskegon Traction and Lighting

in that organization,

Following reentry of natural gas into the Detroit system, supply mains were extended to Grand
Rapids and Muskegon and to new service areas and recently discovered natural gas fields in the
central part of the State. An interconnected network resulted which, in 1938, was renamed the

Michigan Consolidated Gas Company to reflect the integration.

PRECEDING PAGE BLANK




By 1945, when Panhandle Eastern supply began to approach inadequacy to meet the expanding
load, a new‘supplier-the Michigan-Wisconsin Pipeline Company—was organized by Michigan Con-
solidated. It built an interstate pipeline,-also tapping the Hugoton Field. The facility, for alternate
supply reasons, entered the State on the Lake Michigan side, reinforcing supply to Grand Rapids
and Muskegon while enroute to the underground storage fields (depleted native gas fields) in the Six
Lakes area of Central Michigan. Each year during warm months, part of its annual 53 billion cubic

feet delivery is stored therein for withdrawal during winter to heip supply the Detroit area.

in the early fifties, Detroit needed additional gas again. A second interstate pipeline—this time
from the Gulf Coast of Louisiana to Willow Run in the Detroit area—was built in 1956 by the
American-Louisiana Pipeline Company, later to be merged into Michigan-Wisconsin. Its initial an-

nual delivery of 110 billion cubic feet approximately doubled existing incoming supply.
Similarly, during summer months, part of its annual delivery is placed in underground storage. i

Subsequently, both Michigan-Wisconsin pipelines have been paraileled and compressor stations o
added. In conjunction with gas withdrawn from storage, the peak day deliverability of the Detroit

area system in 1965 to its 698,000 customers was about 1.6 billion cubic feet per day. i

At the time of the change to naturai gas in 1935, four manufacturing plants, having a total rated ‘l
capacity of 77 million cubic feet per day of 530 Btu gas, were operating in Detroit. Customers
numbered 385,548 and the peak day sendout of record was 73.4 million cubic feet. During this
time, in common with prevailing practice, cast iron pipe was used in the Detroit distribution system.}
Today, within the limits of the same service area, the system rernains cast iron except for steel feeder

mains added for reinforcement after 1935.

*tn 1969, customers and deliverability had risen to 702,000 end 2.0 billion respectively.
+E xcept service pipes which were wrought iron or steel.
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GENERAL

The State of Michigan is divided into two parts by the Straits of Mackinac. Locally, the
northern part is called the Upper Peninsula (or U.P.); the southern part is the Lower Peninsula, The

City of Detroit is in the lower Peninsula, see Figure 1.

Seven utilities serve natural gas in Lower Michigan. However, only two companies—Consumers

Power and Michigan Consolidated—operate integrated, area-wide systems.

L.ower Michigan is an oil and gas praducing region, but many fieids have been depieted and the
remaining reserves are limited. In 1865, local gas production contributed 5.8 billion cubic feet to
Michigan Consclidated’s statewide sendout of 291.6 billion. The deficit is balanced by importation
from out-of-state sources. Reached through interstate pipelines, these sources are: (1) the Hugoton
and Laverne Fields of Texas and Qklahoma, (2) the Louisiana-Texas Gulf Coast area, and (3) the

fields of Western Canada through interconnection with other pipelines.

Fourteen depleted fields with a total current capacity of 150 billion cubic feet have been con-
verted to underground storage reservoirs and are tied into the Michigan Consolidated and affiliated
Michigan-Wisconsin Pipeline systems as shown in Figure 1. Net working volume of the storage fields
applicable to Michigan Consolidated use is 69 billion cubic feet. The availability of storage space
enables the incoming transmission systems from out-of-state to be operated at high load factors by
storing surplus gas underground during low sendout days. As a result, up to 900 MMCF per day is
available from storage in winter to supplement the maximum 650 MMCF daily incoming from out-

of-state transmission.

NATURAL GAS TRANSMISSION SYSTEMS SUPPLYING THE DETROIT AREA

Natural gas is delivered to Michigan Consolidated in the Detroit area by the four transmission

systems shown in Figure 1.* Monthly deliveries, additions and withdrawals from storage are given

*The Michigan-Wisconsin Pipeline, which enters the State on the Lake Michigan side from the Hugoton Field, is not pertinant to
this study.
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in Table 1. Two of the system"s
are long-distance interstate

: pipelines entering the area
e s
I

L from the solith:
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GAS COMPANY

m jﬁ FeRTS N | 3 1. Panhandle Eastern
A ‘ i . . SR S ¢ Zimm" »

e e ' ] Pipeline Company, 22 and 26
inch Mains. This independently

ownad system originates in the

Hugoton Field of Texas and

Oklahoma. It delivers gas into
Figure 2. Station Office, River Rouge Michigan Consolidated Gas Company
Michigan through parailel mains
branching off in Indiana from the Panhandle trunk system. The branch system connects to both

Consumer Power and Michigan Consolidated.

Connection is made at Michigan Consolidated’s River Rouge City Gate Station, see Figure
5. On adjoining property, Panhandle maintains flow control and measurement equipment; terminal

pressure is controlled by Panhandle at its Petham Station, six miles upstream.

Contractual arrangements with Michigan Consolidated specify delivery of 46.4 billion
cubic feet annually at 150 psi at River Rouge Station, spread over the seven month period of April
through October or an average day rate of 217 MMCF. During other months, Panhandle has no

obligation, except to make up any deficiency in annual commitment,

Panhandle also connects with the Windsor, Canada system and its 29,000 customers by
means of a 16 inch lateral crossing under the Detroit River. It is one of several companies supply-

ing that system.
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2. Michigan-Wisconsin Pipeline Company—Gulf Coast System. This system, built in 1955 by
the American-Louisiana Pipeline Company—now merged into Michigan-Wisconsin Pipeline, an affili-
ate of Michigan Consolidated—originates in the Gulf Coast area of L.ouisiana and terminates at Willow
Station. Constructed originally as a single 30 inch pipeline empioying three (3) compressor staticns,
more than 400 miles,* as of 1965, have been looped and eleven {11) compressor stations totalling

141,000 HP have been spaced along the pipeline’s 1100 mile length.

Maximum operating pressure is 858 psi. Normal daily delivery at Willow is 5256 MMcf at 675 psi

terminal pressure, which can be increased to 650 MMcf by lowering terminal pressure to 525 psi.

At Willow Station, the gas is processed for heavy hydrocarbons, vielding an average of 0.7125

gallons of propane and heavier liquids per Mcf of gas.

Heating value after processing
averages 1025 Btu/cubic feet, dry

basis.

The Panhandle supply, stripped
to methane before transmission,
averages 980 Btu/cubic foot, dry

basis.

¢ During summer months, when
Fn :';.‘ 6- éroouun; éq@m Wi mn. | Panhandle supplies more than one

half of Detroit’'s requirements, Michigan-Wisconsin’s deliveries to distribution are minimal amounts
as shown in Table 1. Most of its volume flows through Willow Station to the Austin-Detroit system

via the 30 inch Milford main, principally to storage but partly for current Detroit distribution via

Northwestern Station.

*The last 30 miles of looping is scheduled for completion in 1969,
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The two intrastate systems, owned and operated by Michigan Consolidated, which enter

Detroit District from the north are:

A. Austin-Detroit System—Six Lakes to Detroit. This 130 mile long system, originating in

the storage fields of central Michigan, consists of three parallel mains, two 24 inch and one 30 inch.

All three mains are operated in parallel throughout the year for maximum deliverability to Detroit

in winter and maximum inlet pressure to the storage injection compressors in summer.

Delivery control point to Detroit is at continuously manned Northwestern Station.

Hourly capacity to deliver storage gas to Detroit ranges from 41.7 MMcf when storage is fuil

at 685 psi well head pressure to 29.2 MMcf at the end of the season when field pressures have de-

clined to a minimum of 335 psi

and the higher compression ratio

reduces Six Lakes comoressor

capacity to deliver into the 970 psi

Austin-Detroit system,

B. Belle River Mills System,
24 inch Main to Northeast Station.

This system transports gas to and

Figure 4. Gas Scrubbers Northwestern Station. from storage fields in the Belle
River area. Storage field operating pressures range from 500 to 1200 psi enabling 24 billion cubic
feet to be placed underground. Withdrawn gas is processed for condensate recovery berore trans-

mission to Detroit at 450 psi. Maximum deliverability to Detroit is about 28 MMCFH at start of

the season.
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Mains in both systems, including the 30 inch Milford leg connecting with Willow Station, are
protected by automatic valves.* Normal spacing is approximately 15 miles except in the 25 mile

long Milford main, where the valves are eight miles apart.

NATURAL GAS DISTRIBUTION IN THE DETROIT AKEA

Gas enters the Detroit distribution area through the tour City Gate stations of Willow, River

Rouge, Northwestern and Northeastern. Seasonally, two schedules are employed in their operation:

1. From November through March, Willow Station is the primary distribution point for the
area sending out incoming Michigan-Wisconsin Pipeline gas, supplemented as needed at Northwestern
and Northeastern stations with gas drawn from storage. During these months, Panhandle Eastern
has no obligation to supply Michigan Consolidated and receipts at River Rouge are 2ither small or

nil.

2.  From April through Gctober, River Rouge Station is the primary distribution point send-
ing out incoming Panhandle Eastern gas, supplemented as needed at Northwestern and Willow.

During these months, the bulk of the incoming Michigan-Wisconsin supply is diverted to storage.

Statistically, these seasonal changes in operating practice are shown in Table 1. Thus in August,
the month of the hypothetical attack, 68.5 percent of the area’s gas requ:rements were delivered by

River Rouge Station with the remainder coming from Northwestern.

Shown in Table Il are comparable statistics for August 24th (the day preceding the strike) and
February 3, 1965, the peak sendout day of the year. No ‘‘interruptible’’ gas was curtailed on the

peak day. Interruptible curtailment depends on the amount ot gas in storage rather than system

flow capacity. Curtailment, if exercised, is most likely to occur late in March when the volume of

*Mainline valves which automatically close under excessive flow rates from pipe rupture or other catastrophic damage.

14




o ey, I LT T
RS AU N ~.-,'.”,v'n‘llf?~v..

S “’W«W‘“ CHEL N

I Wit e
BRIBH TN Y .
~ : HERE RN | 1 R
N
\QIGHTUN
«\\ o |
RN — e T T WALY
L G N e S Y A | RIS - LA
t Qe o _*» > N ,:\* _
| I | - .
‘ NEW HUDSON || WIXaM f |
y - i \"\./)
! 3 R ' ’
| Fety o -~ = I N
ok HEEM NRK | o )
el | Gaa;
o / f s S gy NO
/ i z "\:'J”\,) v I
d xg - PP
A - g
- i
2
. :

N \rs. ) Lane

—.-l,étm(.....{;.T'—'"‘“"——~——-——‘_|; Y. S ——__L B
| ' g Herg

& |

|

DiIxBORO
;T - -
.
z
|

\
1
(]
A
/-(
]
{
1]
|
S
1
<o
‘ t
— £}
- I
-1 i
|
T

- TearivoRiAL
v _ Plymout
7 ,“\\, B
oow™ q‘o“ . SR . .
- S N
-t ’ S — 'DETROIT, . CISTRES
- b 4
. _ S
‘WARREN STA. BT §
Tt T ‘

e

-

R
soud b

TROIT™ DISTRICY | ] =

i MENTA s
EIRS Y £ B S

s
\s
——

kY
3 w; 4 °
: .‘/ ) ’ roao

4
e

’ . oy
- ( : 4 a0 . CxBIrn N
~, - 4 74, " 1 LA W ; T Yo
Y o LI aAnv anbor . . oY . bes ’ H
LR e = R R ot o0 o TN
K e ! B T T T T A Tvna

|
.
L
|
|
|
|
L
L
L 1 s
L
i
i
|
|
|
|
|
|

LAnTON

kli -
R
PRa

GUrY e e
DLt e ’




PR | w |
" - Bl 'E( " TROY "
\ k '3 ‘3
EE T . & K3
st T e : “ § ‘ i
.\ ) B
; \\‘ - = ‘
- I . :
A \ e
| BIAMINGRAM © CLAWSON ]
o sta - - M LE R0 o ‘Ps'
<, N » g g @ BEVERLY HILLS ‘ l
e _*ﬁgl‘\ g FRANKLIN - F \
> - Ngw Zg oAk i
: ‘Qg{-\ . 4N _ ROVAL MADISON l
o weme N s
P oy L ggg&g” N . : ) - EIGHTS
) . . . 17 MmE 'O ‘ LATHROP . He! i g
QUAKER- s | V'L.LAGE. BERKLEY &
TOWN - . : o IOE
- : [ Y~ - g
g i HUNTINGTON B
g L/ SOUTHFIELD N wooos .. }’
e , ' PLEASAnT RIDEE =9 pop)
— ‘;‘n ' Az ° ’ DQRK 1
.:F}E o OAK PORK FEANDALE |
-~ H :;g z -2 Psi
A v o :|;;m' £ /
- S 1 5 T ot
% ! E A Evergraep Sta’ DETROIT H_,Dlﬂa-l-c**"""’”‘ :
Py . e : AR T T e N S, f
— e e e s ) 7 JT ;T“ [ -—--,?;.11.5*)‘2“ b T
Tl o
s ; Ty . 7| we L, ook E&;x
TNILERD ' : ] '-. ? g - Tu‘, w N I s "‘:: I
e ORI / 7
T Q. ol
Temmo TN BT ’: ‘ ! :
- S 5 - A . i
N ot H !
. g A mBN 1\' ’ ; ; r .“c
. [
. e R ¢ 3
H o. "
o _ﬁ TSCMOOLLRAFT [+ 4 ity
. - .
i * 4y :
: i - ° !
z : PLYMOUTH Irg «’
3 ! i K
‘ i3 [ — b
R & i n’; d
<
: o gon I -""-,Ig e ‘d
. ¢ S 14 ‘ -
K i 4 Rove . : l'
‘./ ."-:‘11 . . ].
N 1
o E é \\\ \!IW
i {7 3 N
‘t.. i 2 ) 3y
- “, I-l"t
. ! AN
b ¥ \‘\
&C bas \
- 14 TN,
gi ‘ H \u\
LI SN i v "

o
i




0CHLSTER

e jaqy b
8 MILE RD

CLAWSON FRASER

— | Psi

e M wo

ROVAL 0AK

|
MADISON | :
R I ) MLt Re

HEIGHTS ROSEVILLE

B BERVLEY

CENTER
LINE

HUNTINGTON
wogoos

EQUINORE

o

PLERSANT RIDGE - ! o it w0
: SR HAZEL
y DAK PARK FERNDALE PARK

'... /2 Psi

—— e oo e v

RLY)

LG

GEFRFELD




N [é) .
o -
-
raap Baid o
B i
[f T (I
T T T ReRRN v F R ’ ) S “
+ 5 I
e K -
€ -
Y FQ Y ' .
A ERWEL 8 W -
= ) :
a ‘
N I
GEONES - A
I T shlden
U i
o . L; UTTE A
S = [Pt
b : St Proas
b b o ?\\ N A -
, """U ) N = 3402 V
, - . Y3 o4 " ar. \ W27 -
+ 5 N i B2 . . L o i - bt Ll * -
‘ 13 , "?""-"P'A-C'Z:Eé' T ’ 26 - econse e
. — !1 b= 1 . F
_ ; . Y5y WlLLOW
.- - \ “'-N‘ LINPN H
~ PSR AN
r:: \\ lEsngit 1.[ BUN
1 ! t P
- . L “*74— ' AIRPORT WMy Bt o
VT T e H ‘ t W S SRR RIS L S
i T IQF‘.A“ ! /x\ e e é :7
L‘J - ‘ ! l wiLLOW
Je i \ 1 N NE r/_,\,}a.)—?’\
E ) Ny e oy 1 ] G ‘/-\) /M e uno AWER
.. TR H Y 5 "
L j e a4 N B8 187003
’,’. - TRETILE ‘(D) 2] = T e
‘...Q-/' ~ ) - e D~
j‘,—/ M / ™ [-:.‘l TS i
g : ¢ / | 7 O
j el i§ ; ‘ [§ o -
o«
5 j N\ Eé : 2 ’
o3
— TTTTT T T eemis | ‘ \\ o - ‘T". - LY lh
y"r@ = N
AY
AN
N s
\ 7 ;"j i
i //
/ TTAARGRY T T
3 FYCE I T
RO I T G I
X WILLOW i
v .
L ¢
/ ~
J > I
. T TaRkeNA T 7T 73
’v/ MILAN ';

AS 4
aaTe .‘h IOM - —

. : ISR
x . » ~ l. L) ‘ L
< ; = ~

o N\
- / w \
; / 4 ~.

'
i
5
i




[ ) . of
B Miw o I o by s0¥
. b // \J :
/‘ 5 ?cu‘i‘ <
5 ] | .
. - : TUOTTTTTTN 2 s "
. )
- Fonro ottt _T:+'"“’1
.. @
: : Ricden J City
)
- “ LTI IEEITIES SPA .
. J .
;

e
[LI41 11 1984
ANNPOLIS 3"

2 - - 30,8

ATN e AT e e e

Mlddlebm
i & 312

1 Nt
(RPN . S —— : Ridd
tconst N
1397 . ! 3597
3898
o
a8y . Il i
K]
4
H
-3

ETAOPCL TAN
2458
87

SODDARD

N =
m
3
2
5

B ow &

PR N

T

z
q
z
DO 4
g
x

A - - BT TS " euresa
.

g
-3
-

— Foi e m e

S ¢ °
Y §
§
v I

INMSTER

AN
cptar Q\L\ o sieey
"},\\,ﬁ 8% 20stor

a— ‘( N

NG
e ¢\
Juse \

a
S S >,'""«._"'"~'

WALTZ

.
- ) 3 ! g1

et o L
WILL ARLLTON

. _ Lo oo
’ R 3}\ I |
. . A :

CALLETON - ROCKWOG D . - e AT

SRR T
o/
L
; L///
—~
- &
-

«

.\\—*—
\/“‘/
N
\A

b T T ThawedhT”

4



[/
River®

Rouge Sta. (N> CITY OF WINDSOR,CANADA

P
B ERZ I et FIG.5
[ §
Gas Supply System - Detroit Area
SHOWING
TRANSMISSION & DISTRIBUTIOM TRANSFER SYSTEMS
MICHIGAN CONSOLIDATED GAS COMPANY
' ¢ 1 : 2 : :
- SCALE  1/2"wm ONE MILE
- LEGEND -~
- TRANSMISSION MAIN____ Michigan Consolidated Gas Co.
e ——— T RANSMISSION MAIN____Other Suppliers
~amaremem—me  DISTRIBUTION TRANSFER MAIN____100-300 Psig
d s DISTRIBUTION TRANSFER MAIN 10 - 50 Psig
1050
e tisssarmememee  \ALVE & COMPANY NUMBER
f : LL ALl 7L DETROIT DISTRICT_ Michigan Consolidated Gas Co
!

) - CITY GATE STATION Michigan Consolidated Gas Co

| A DISTRIBUTION
| REGULATION STATION ___Michigan Consolidated Gas Co.
@ HEATING STATION______Michigon Consolidated Gas Co.
’ . . PELHAM STATION Panhandie Eastern Pipsline Co.




below establiched minimums.

August 24, 1965 and Peak Day 1965

gas remaining in storage is low. The purpose is to prevent storage field pressures from being drawn

I Table 11—Gas Deliveries to Detroit District Distribution

Peak Day MCF*

508,547
756,464
70,355
1,235,366
186,200

4
L3 Distribution Systems in the Detroit Area

various parts of the distribution area.

*See Glossary for definitions.

PRECZ_:1G PAGE BLANK
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August 24, 1965
Stations MCF*
l Willow —t
) River Rouge 199,961
l Northwestern 168,441
Northeastern (39,614} &
l- Totals { includi'ng interruptible) 328,788
I Interruptible 131,388
*Standard cubic feet @ 60°F and 14.73 psia.
l +On this date, Willow delivered 527,400 MCF to the Detroit-Austin system for storage.
- $To storage at Belle River Mills.

Two integrated systems distribute gas in the Detroit area. Locally, one is termed the Transfer

l* Main system;* the other is called the Distribution Grid System.*
i
A Transfer Main System. The principal facilities of this system are shown in Figure 5. The over-

all function of the system, as the naine implies, is to transfer gas from the City Gate stations to the




The system operates in two general ranges of pressure:

1. Pressure Range 100-300 psi. _Mains operating in this range are steel. They are identified

in the legend of Figure 5 and by pressures noted near individual mains in Figure 6.

The function of those operating at 300 psi* is to move large volumes from the City Gate
stations to the major distribution regulating stations of Evergreen, Coolidge, Lynch and River Rouge
{the latter when supplied from Willow). A heavy industry may be supplied directly by a 300 psi

main, for exampie the 16 inch, River Rouge, Zug Island main, to Great Lakes Steel.

From the major regulating stations, 100—200 psi facilities deliver gas to the secondary
regulating station, for example the 24 inch—100 psi main between River Rouge and Station A and
others. They may, in addition, supply branch mains and, in many instances support nearby trunks

operating at lower pressure levels.

2. Pressure Range 1050 psi. These mains, also shown and identified in Figures 5 and 6,
either originate at the regulator stations where distribution regulators control outgoing pressures, or

are pressure controlled branches from higher pressure facilities.

Their primary function is to supply approximately 800 district regulators in the Detroit
District of which about 575 are in the area encomgassed by Figure 6. The district regulators in turn

deliver pressure controlled volumes to the Grid System.

A secondary function is to directly supply individual service lines where a grid system

main is not nearby.

in the older parts of the system, transfer mains not exceeding 10 psig in operating pressure

are usually cast iron, originally installed for manufactured gas distribution.

*E xcapt in special instances, services sre not supplied from Transfer Mains operating sbovs 160 psig.
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Gas Distribution System - City of Detroit

FIG. 6
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Grid System. This system is composed of a highly interconnected network of headers and
laterals receiving gas from the Transfer System through district regulators. The grid system
directly supplies services of customers in built up areas street by street. Figure 7 is a typical grid

arrangement.

Grid system pipe is cast iron except in the suburban areas west and south of the Rouge River

where steel is employed. Thus, cast iron pipe predominates in the area most pertinent to this study.

The bell and spigot joints, every 10—12 feet, are sealed by jute packing held in place by an annular
ring of cement in the bell section. However, all cast iron joints operating above 10 psi and about 10
percent operating at or under 10 psi have been leak clamped, representing an estimated 12 percent

of total cast iron joints in the system,

Two pressure schedules are used for the grid system—1.5 psi in summer and 2 psi in wintér,

except in:
(1) suburban areas where grid mains are steel and pressures up to 50 psi may be used.*

(2) a 12.5 square mile ares extending out approximately 2 miles on each side and 3 miles up

from the foot of Woodward Avenue in downtown Detroit where pressure is 7 inches of water column.
Typical Piping Layout, Detroit Gas Distribution

Figure 7 is a map of a one-third square mile portion of the gas distribution system in the City
of Detroit. It shows a typical arrangement of underground gas facilities in streets. A series of similar

maps in fireprocf files at One Woodward cover the balance of the Detroit District system.

The area portrayed by this map surrounds ground zero. Distribution component parts typical

nf Detroit’s cast iron system shown by the map are:

1. A Transfer System 12 inch, 10 psi Cast Iron Main. The dashed line along Casper Street
identifies this main which, also, is the principal supply into the area. The portion of the main be-

tween Dresser couplings under the Edsel Ford freeway is stesl.

“Thare are aiso two small 2 psi pressure areas in downtown Wyandatte and Trenton.
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2. Agrid system 8 inch, 2 psi cast iron header main shows as a solid line along McGraw -
Street. A district regulator at McGraw and Casper taking gas from the 10 psi, 12 inch main supplies

the header with 2 psi gas.

3. A series of grid system 4 inch, 2 psi, cast iron lateral mains crossing McGraw. Each lateral

is connected to and receives 2 psi gas from the header at street intersections along McGraw.

Also shown is an example of load balancing in the area. In this instance, the boiler load of the -
school on Larkins Street is supplied from a branch main purposely extended 700 feet along Wagner
from a transfer main 3,000 feet east of Casper. The intent is to avoid overloading the 2 psi system

in the vicinity of the school. i

Not shown by distribution section maps are services pipes supplying customers. Terminal loca-

tions of services in the streets and at meter sets on customers’ premises, size and kind of pipe and

other data are kept in Service Order fireproof files on the eieventh floor at One Woodward. i-
The need for distribution section maps is to fix with reasonable accuracy locations of operating i

and non-operating {dead or abandoned) underground gas facilities. Nearby foreign underground -

facilities such as teiephone ducts, high voltage electric cables, for exampie the 120 KV cable in 7 -—

inch pipe conduit along Casper Street, are often identified and located in distribution maps. bt !

Valves
For sectionalizing and pressure control purpaoses, the Detroit District Transfer System contains -
approximately 1,250 valves. In general, distances between sectionalizing valves vary from one mile
or less for mains operating in the range of 10—49 psi to five miles or less for 300 psi facilities. Valve
spacing in Figure 6 are typicai. All valves are accessible without digging by being installed in boxes,

pits or vaults.

| RPRpNp §
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Grid systems generally do not contain sectionalizing valves. Rivers, freeways, railroad right-of-
ways or ott;er natural boundaries such as wide streets with mains on both sides and a minimum of
cross ties, or adjoining areas operating at different pressures are relied on if isolation of blocks of
customers should be necessary. Shutting down regulators feeding the area to be isclated and the
valving or cutting of cross-ties are required. Areas with these characteristics are present in Detroit,
for example the 7 inch W.C. low pressure part of the system in downtown Detroit and other sec-

‘tions separated by freeways, except for relatively few interconnecting transfer or header mains.

Distribution System Vauits
Excluding regulators installed in City Gate and named regulating stations (see Figure 5), ali
distribution regulators in the field are located in underground concrete vaults. There are 413 vaults

within a six psi overpressure radius around ground zero.

Four sizes of vaults are used, see Appendix A. The concrete roof slabs, usually at or close to
ground level, are 12 inches thick and reinforced with mats of 5/8 inch hars and two or three 10
inch | beams depending on vault size. Design criteria is a 15,600 pound concentrated whee! load
including impact and maximum stresses of 20,000 psi for stee! and 3,000 for concrete in compres-

sion. This loading on the top slab is equivalent to a blast overpressure of 13 psi.

The 12 inch walls and 4 inch fioor slabs are not reinforced and thus are vulnerable to fracture

by the lateral component of overpressure and by ground motion.

In the cast iron portion of the system all piping in vaults, including 15—26 foot lengths ap-
proaching and leaving, are steel. Entrance and axits of pipe from the vault are through the end

walls. Concrete is poured around the pipe in place resulting in rigid anchorage.
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Regulators ) .
Distribution reguiators in the field employ pilot loading. In stations, both pilot loading and
instrument control are used. Reguiator bodiss are cast iron and generally are supported by adjust-

able stands bearing on a concrete floor.

Company policy is to design protective features into regulator sets where regulator maifunction

could subject downstream facilities to unsafe pressures.

In distribution stations, each outgoing Transfer main is protected from over-pressure by a Hi-
Low Operator, a device attached to and capable of turning a plug valve immediately ahead of the
regulator. The device automatically counteracts regulator malfunction by alternately closing and

opening the valve to hoid pressure within set, safe limits.

in distribution vaults in the cast iron area, the grid system is provided protection at each supply

point where regulator inlet pressure exceeds 10 psi by:

(1) an Over-Under Operator, a device for turning a plug valve. It acts to automatically close

the valve if pressure exceeds or falls under preset values. Manual reopening is required.

(2) series, triple or monitoring® arrangements of two or more regulators. Redundancy of

equipment provides the protection.

Locations of regulators in vaults and kinds of installed protective equipment are shown in

Figure 6 and identified in the legend.

For customer protection in his premises, relief type service reguiators or other approved devices

are installed where inlet pressure to the service regulator exceeds 2 psi.

*In this arrangement, two regulators in series have 1 common downstraam pressure control point. One regulator is adjusted 10
control at a pressure slightly higher than the “working’ regulator. 1f the “working’* regulator fails to closs, the second one takes
control.
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Meters and Services
When Detroit was supplied with manufactured ga. . meters on customers’ premises were always §
installed indoors, usually in basements, to avoid low termeraitire ex »asure in winter. During this q

sare period, service regulators in meter sets were unneeded ', cause grid svstem pressure was only ;

slightly higher than the standard 7 inches W.C. pressure deiivers 1. 1oussiines

The subsequent raising of grid pressure to 2 psi required the addif.on of & service regulator to i
each meter set. '

Figures 8 and 9 show tyu:ical current indoor
and outdoor meter installations in the Detroit area.
The former is a basement iocation dating back to
manufactured gas distribution. The 1-1/4 inch
service enters the basement beiow grade. The regu-
lator, added after introduction of natural gas, is 1

inch and meter is a 10:300 tinned steel case.

The service regulator was fitted in the assembly
by cutting the inlet piping ahead of the meter and

inserting the regulator equipped with compression

type, rubber wedge seal couplings. The vulner-

(‘;““’“‘" ability of this arrangement to piping breakage from
Figure 8. Indoor Meter and Rogulator St in a Bassment.

e St

floor collapse appears less than meter sets in Opera-
tion Teapot (Reference 5). Meters in Detroit are strengthened by meter bars and, in addition, the

flexible couplings can absorb movement, features not present in above test.

Figure 9 is an outdoor meter and regulator set enclosed in a plastic case to enhance appearance.

Where not prominently visible from the street, plastic enclosures are not included.
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Within the area enclosed by 6 psi overpressure

of this hypothetical attack, 170,604 installed

meters, or 97.5%, are tinned steel case, 3501, or

2%, are hardcase and the balance of 593 are

rotaries. Except for 2842 hardcase meters in-

stalled outdoors, the balance amounting to 98.4%

of the total are located indoors.

Meter Test And Repair

[ (BN |

Gas meter test and repair operations for
Detroit District are conducted in a modern, over-
head conveyor, automated shop located at Tireman

Station.

The shop, presently employing 61 persons, has

. . . Figure 9. Outdoor Meter and Reguiator Set
a nominal capacity to repair and test 600 meters per Enclosed in Plastic Case.

B

8 hour day.

d

Service Lines

§oinne b

The average !ength of service pipe from the street main to meter sets on customers’ premises in
the cast iron area is 70 feet. Durinyg the manufactured gas period, the minimum size steel service
pipe for residential and commercial installations was 1-1/4 inches. Comparable sizes now with
natural gas are 1 inch steel or 7/8 inch OD copper or plastic tubing. Service pipe replacement in the

grid area is usually made by pulling copper or plastic tubing through the existing steel service.

Mileage of Mains in Detroit District
Mileage of gas mains supplying the 562 square mile Deiroit District are given in Table i1, listed
by ocperating pressure and pipe materials. Not included is piping in (1) distribution operating sta-

tions and (2) services to customers.
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August 1965

Table 1ll--Detroit District Distribution Mains Oparating Pressuras and Miles of Main

Stesl Mains

Operating Pressure

10 prig 0. less*
25 psig

40 psig

50 psig

100 psig

150 psig

200 psig

300 psig

Cast Iron Mains

Qperating Pressure

10 psig or less*
25 psig

50 psig

TOTAL DETROIT DISTRICT

Miles

1,690.27
1.02
47.02
79.27
45.08
52.64
20.76
89.63

2,025.69

Miles

2.850.73
42
60.09

29i1.24

4,936.93

*Principally 2 psi

As of January 1968 amounts of pipe were:

Steel 2300 miiles 44 .4%

Cast Iron 288%

Plastic 02

56.6%
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All pipe lis d is classed as distribution. Michigan Consolidated’s nesrby transmission such as

the Milford-Detroit-Austin, Northwestern snd Nosrtheastern systems are outside of Detroit District.

Panhandle Eastern transmission in Detroit District totais 31 miles of 22 and 26 inch and 8.5

miles of 16 inch.

Based on an average of 70 feet per customer, service pipe total is approximately 9,250 miles,
allowing for joint services. Principal sizes are 1 and 1-1/4 inch steel and 7/8 inch 0.D. copper and

plastic tubing.

Customer Service In Detroit District
Gas appliance adjustment and related services to customers are provided by a mobile force of

b82* servicemen, helpers and trainees.

To minimize driving time and truck mileage in covering the area, the force is divided into eight
groups working out of tho seven Service Stations shown in Figure 6 plus Eureka Station iocated in

Southgate outside of the area shown.

Typical summer night schedules are 38 on duty from 8:00 p.m. to midnight and 11 thereafter

from midnight to 8:00 a.m. I

During August 1968, an average force of 576 servicemen worked 78,000 service and 23,500
meter orders. For the year ending August 1968, annual totals were 1,050,000 and 316,000 re-

spectively or a total of 1,366,000. .

SYSTEM OPERATION—-SUPPL.Y AND PRESSUHRE

To the extent of arranging for gas supply to meet daily requirements and the maintenance of
proper pressures, operation of the system is assigned to the Company's Gas Dispatcher. The

Wear 1968




principa! duties involved in this responsibility are (1) forecasting of daily loads, (2) arranging for
delivery of forecast volumes from suppliers, and (3} supervision and adjustment of operating pres-

sures such that adequate supply is available in all parts of the system. 1

The Dispatcher and his staff are part of the Company’s Department of Production, Transmis- i
ston and Storage. Dispatch headquarters, which are continuous!ly manned, are located in the main

office at Cne Woodward Avenue, Detroit. : *
The Dispatcher arranges for gas supply:

{1) by consuitation with the Michigan-Wisconsin Pipeiine Dispatcher, also located at One : A

Woodward. This pipeline operates at a substantially constant rate in excess of 500 MMcf per day

throughout the year.

{2} by assuming, during the contract months, that the standard 217 MMcf is available from

»
5
i
¥
1
H

Panhandle Eastern. Either party, however, for operational reasons can temporarily change the rate.
A telephone call to or from Panhandie headquarters in Kansas City via Michigan Bell long distance

facilivies is required in that event.

(3) by ordering the injection or withdrawal of gas from underground storage to balance in-

cominy supply with forecast load. Being part of the Department which operates the storage facili- 3
ties and associated connecting transmission pipelines with Detroit, the Dispatcher has direct jurisdic-

tion over this segment of system supply.

For pressure conditions in both the Detroit distribution and the transmission mains owned and 4

operated by Michigan Consolidated, the Dispatcher exercises direct supervision by observation of

telemetered values from 53 pressure and 16 volume rate points in the system, supplemented by
hourly readings telephoned from City Gate and the manned regulating stations. He exercises direct
control in Detroit distribution by means of 17 reguiators in the field remotely controlied from his

office or by requesting station operators to make changes in station regulators.
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SECTION i
VULNERABLE LGCATIONS AND DAMAGE APPRAISALS
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INTRDODUCTION

The area in Metropolitan Detroit wherein the biast effects of the hypotheticai surface strike

can cause significant damage to gas supply facilities is divided in this study into two zones:

1. One is the crater area—0.42 miles in diameter and 500 feet maximum depth. All surface

and sub-surface qas facilities therein are considered without qualification to be totally destroyad

{Reference 1, page 202).

2. The second area, which surrounds the crater, extends out about seven and one-half miles
from ground zero to where overpressure is about 2.5 psi and damage, if any, to gas facilities ceases to

be significant. !n the intervening area towards ground zero, system damage (facilities and buildings)

grades from light to severe.*

The determination of severity ot damage requires consideration of the magnitudes of the physi-

cal produc:s of the detonation: {1) thermal radiation, {2) dynamic pressure, {3) airborne debris,

(4) overpressure, and (5) ground shock.

In the case of underground gas facilities, thermai radiation (including secondary fires), dynamic
pressure and associated airborne debris have little or no means to effect damage. The remaining two,

ground shock (ground motion) and overpressure, can cause major damage to underground gas facili-

ties and structures.

Ground motion, as the transmitter of ground shock, is considered to develop from a nuclear

explosion in two ways:

1. from pressure waves directly generated in the earth’s crust by the jar of the explosion.

The waves travel from the crater outwardly through the earth producing a motion similar to waves

*Light damage requires minor repair onty to return the item to its originel condition. Severe damage represents damage so extensive

that repair s uneconomical PREGEDING PAGE BLANK
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on water. The potential to damage underground cbjects does not extend much beyond the crater’s
ruptuie zone (Reference 1, page 202) because of large energy losses therein, Potential damage to
underground gas regulator vaults and cast iron pipe is further diminished by wave lengths of this
type of ground motion long enough for the gas facilities tc “roil” (Reference 1, page 202) with the

motion.*

2. from air blast overpressure acting on the ground surface as it moves radially outward from
ground zero. The effect is to momentarily depress the ievel of the surface foilowed by decompres-
sion and return to or near the original level as the blast front moves on. Simultaneously, a horizontal

displacement takes place resulting in the two displacements producing a wave-like motion.

Damage to underground gas facilities will be greater from ground motion produced by

overpressure than from directly gerierated motion {Reference 1, page 202).

In addition to producing ground motion with its wracking effect on underground structures,
overpressure force is transmitted downwardly through the soil subjecting such structures to exter-

nally applied force.

The mechanics of load application on the structure is the same as though it is aboveground ex-
cept that reflection pressure buildup does not take place and the horizontal force component varies

in intensity with soil properties.

UNDERGROUND GAS FACILITIES AND DAMAGE APPRAISAL

Underground gas facilities in Detroit vulnerable to damage are steel and cast iron piping, con-

crete vaults and gas pressure regulators therein. These facilities are stressed in varying degrees by

6&@73&'&»@: set up earth vibrations (waves) similar to seismic disturbances. Harmful vibrations from earthquakes rarvly have
frequencies exceeding 10 cycies per second. A range of earthquake periods frequently ussd in ssismic design is from 0.1 to 2.6
seconds. Using 1400 (Reference 3,page 202){est per second wave velocity in the nesr surfece s0il in Detroit, corresponding wave
lengths vary from 140 to 3100 feet. Half wave lengths excead vault dimensicns and the maximum 16 foot cast iron pipe lengths,
enabling these facilities to roll with the motion and sscape damage.
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ground movement and externaily applied forces from overpressure transmitted through the ground
cover,

Availatle data on underground gas facility damage is too general for application in Detroit. A
table (Reference 1, page 202) gives o minimum distance of three crater radii from ground zero to
points where damage to flexible pipe and small, heavy, buried structures is classified as light (minor).
However, the distance concerns directly induced ground shock and is further inappropriate for

Detroit because of the major amount of inflexible, cast iron pipe making up the gas system.

Three elements, characteristic of the Michigan Consolidated underground system, any one of
which can limit the surface overpressure that the buried system can absorb and remain operational
are (1) underground concrete regulator vaults designed for local conditions, (2) unclamped, cement

packed, bell and spigot joints, and (3} cast iron pipe.

Comiputed stresses in vaults from external loading imposed by surface overpressure transmitted
through the soil indicate a light damage limit of 18 psi for the vault size most vuinerable, see Ap-
pendix A. Ccincident ground motion components are 1.2 inches vertical and 0.6 inch horizontal.

It is not expected that these mc  .aents will increase vault damage to the extent that rebuilding-is
required, nor consisiently damage bell and spignt joints, the condition of the latter being measured
by gas leakage rather than physical damage. This conclusion regarding joints is based on the minute-
ness of the transient angularity (1/2 degree) developed momentarily between the longitudinal axes
of the parts making up the joint, see Appendix A. Horizontal motion, it is felt, will be absorbed by

pipe slaci and ground slippage.

{vemaining, however, is damage from circunferential fracturing of the cast iron pipe, particu-
larly at connections and service tees where differential movements are involved since fractures occur
from time to time under normal conditions from stress resulting from ground settlement, traffic

loading and other local causes, numerous fractures are expected. These breaks will occur not only
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near ground zero where damage is expectsd from high overpressures, but also in areas moi e distant
where ground motion dlone might not cause damage but when superimposed on pi; ¢ already under

stress frcm local causes produces overloading.

In the absence of test data equating overpressure and cast iron pip.. ~:mane applicable to
Detroit, it is the opinion of this study that cast iron pipe, light damage, lia:iting overpressure {ab-
_sence of dangerous leakage) should be set no closer to ground zero on the average than the 16 psi
established for Detroit vaults. This value is approximately 50 percent of the 30 psi found undamag-

ing to cast iron pipe in the Nevada test (Reference 5).

A reduction cf the Nevada overpressure is reasonable for Detroit in view of Detroit’s older pipe
imbedded in soil morz dense and cohesive than soil surrounding the newly laid pipe in the Nevada
test. Isolated instances of significant ieakage are expected, however, in Detroit areas of lower over-
pressure. Extensive precautionary testing by the utility for underground leakage will be required as

a cast iron system in the area affected by the biast is progressiveiy returned to service.

The frequency of fractures and degree of damage increases, of course, as ground zero is ap-
proached. There is, presently, no information nor could any be derived in Detroit which would per-

mit prediction of a severe damage overpressure limit.

ABOVEGROUND FACILITIES AND DAMAGE APPRAISAL BASES

Most Michigan Consolidated aboveground facilities employed in operation are station buildings
and their contents. Exceptions are overhead gas main crossings in the field, radio masts, a gas holder,

boiler chimneys and other miscelianeous items.

[
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{n station buildings, principal indoor contents employed in operating the physical system are
supplies® and tools, meters, vehicles being repaired and distribution operating equipment such as
regulators, compressors and accessories. The assortment of supplies and equipment maintained in ¢

particular station depends on the function of the station.

Station buildings, as a rule, are single story, cement floor, 12 inch unreinforced wall, load bear-
ing, brick structures. Roofs are gypsum stab, waterproofed with roofing paper and tar or interlock-
ing tile and supported by steel trusses or | beams whose ends are either bolted to the tops of or are

anchored in the walls. Window frames and outside doors are metal.

No significant quantities of combustible materials are used in the construction of operating
buildings except in two locations where the operations are r¢ stively unimportant. in addition, no

fuel arrays were observed within or adjacent to buildings containing operating gas equipment.

In non-operating buildings, for axample offices in servicet buildings, wood studs may be used
in metal lathe partitions, but furniture is metal. In storehouses, partitions are either metal or

masonry and all furnituse and counters are metal.

Based on building construction definitions listed in Reference 10, the single story, low profile,
industrial type Michigan Consolidated station buildings are equivalent to Item 3, Load Bearing
Monumental Type. Severe damage from overpressure is taken to begin in the range of 8.5 t0 9.5
psi. Unusual features of each building and exposure to nearby massive missiles are taken into ac-

count in the damage appraisal.

Damage to operating supplies in buildings depends on what happens to thé building.

Damage to operating equipment in huildings such as regulators, as it effects gas delivery, is related

-’F.};J,':E?gé’ Afhirt;ngs, vehicles in service and mos: portable equipment are stored outdoors.
tPartitioned office space in front portions of Garages used by Customer Service and Street Departments
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to the sirength of the functional parts of the item, building damage and exposure to missiles gener-

ated within or externa! to the building. Evaluation requires on-site appraisal.

Possibility of fire is evaluated by on-site inspection for fuel arrays, ignition of leaking gas, if

any: and, if in the fire spread area, the degree of isolation of the building from sources of firebands.
For trucks and mobile equipment, degrees of damage and associated overpressures are given
,under Trucks and Mobile Equipment in Section ill.
ABOVEGROUND GAS FACILITIES AND DAMAGE APPRAISALS g

In the area shown in Figure 6, there are 130 locations where gas mains or operating buildings
and equipment are aboveground and exposed to blast effects and fire. Including three City Gate

Stations located outside ofAthe area but pertinent to the Study, the facilities by groups are:

1. City Gate Stations. Distances from ground zero and attack environmental data are:

Station Dist. from G. Z. Overprgssure Wind Speed ;

(Km) (psi) (mph) ,y

River range 5.6 8.8 295 ,

Northeastern 19.6 1.2 <60 :

Northwestern 276 0.7 <60 :
Willow Run 43 0.4 <60

NOTE: < = "fess than'’ symbol.

River Rouge Station is exposed to major damage from blast; Northeastern is in the fire spread
area (Reference 8). For descriptions of the facilities and expected damage, see Damag: Appraisals

Nos. 1 and 2. For locations, see Figure 10 wherein corresponding identification numbers are used.

Both Northwestern and Willow Run Stations are outside of the fire spread area. The above

environmental data show the improbability of significant blast damage at either station.
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Locations of Damage Appraisals

MICH!GAN CONSOLIDATED GAS COMPANY

GAS FACILITY

GAS FACILITY
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RIVER ROUGE STATION
NORTHEASTERN STATION
ALLEN ROAD STATION
COOLIDGE STATION

EAST JEFFERSON STATION
EVERGREEN STATION
GREFN STRCET 3TATION
LAWTON STATION

LYNCH ROAD STATION

NOBLE STATION
TIREMAN STATION

EUCLID STATION

ABE STATION

PARDEE HEATING STATION
{-94 FREEWAY CROSSING
WYOMING -SCUTHERK CROSSING
ZUG ISLAND- RIVER ROUGE SPAN




' 2. Distribution Regulating, Mainte:1ance and Service Stations. There are eleven stations in
this category. All were inspected and damages appraised, see Damage Appraisals Nos. 3—13 inciu-

sive, except for Eureka Station which is outside of the Figure 6 area.

Eureka is a service operating center and a minor storehouse. 1t performs no distribution regu- ;

lating operations. Qverpressure and wind velocity are 1.7 psi and 60 mph respectively.

{
3. Heating Stations. Two stations are in the category: Pardee and Middiebelt, see Figure 6. ] *

Distances from ground zero and environmental data are:

Y

\ Dist. from G. Z. Overpressure Wind Speed
Station (Km) (psi) (mph)
Pardee 12.1 2.4 80
Middilebelt 17.2 1.4 60

Pardee is in the fire spread area, see Damage Appraisal No. 14,

Middlebelt is outside of the fire area.

4. Gas Mains Crossing Freeways, Rivers and Railroads via City Street Bridges. There are 116
installations in this grouping. In most instances, the steel gas mains are carried on hangers under the

bridges. Figure 23 shows a typical crossing structure.

The gas mains are not exposed in the sense that they are visible in a horizontal line of sight at
ground level. Instead, they are concealed by deep web | beam stringers which provide shielding from
airborne missiles and thermal radiation. Open field locations of the crossings afford protection from

fire except where debris might pile up and becorne ignited; pipe damage, however, is more likely to

result from overstrain as a result of bridge failure and lateral displacement of the deck.

PRECEDING PAGE BLANK
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L.ateral displacement of the deck sufficient to over stress the pipe is considered to occur when
dynamic pressure in the range of 6—15 psi® is applied under steady flow conditions normal to a
vertical s'de of the structure. The specific lateral pressure required to damage a particular overcross-

ing depends on its size and design.

The structures, siender in profile and open underneath, are affected mainly by aerodynamics
loading. Diffraction loading from cverpressure is minor. The time for the blast wave to envelop
the structure is so short that overpressure differential between the front and back faces of the struc-

ture is neutralized almost instantaneously.

The analytical procedure (Reference 1, page 202) indicates that a peak dynamic pressure
in the range of 8—9 psi normal to the side of the structure is required to exert a 6 psi average lasting
for the duration of the dynamic positive phase, a length of time probabiy short of duplicating wind-

storm conditions.

Two overcrossings and attached piping, which are damaged, are discussed in Damage Appraisals

Nos. 15 and 16.

The remaining overcrossing of this group and applicable environmental data are listed in Table

XM, inspection of the Table indicates that no other crossing is in danger of significant damage.

Whether or not pipeline crossings it Detroit are damaged is not material in the immediate post-
attack period. If damaged, they are located in the area purposely shut down by the utility because
of vast destruction of aboveground structures and the ensuing absence of need for gas service. If
needed in the immediate postattack period, replacement would be comparatively easy, even to the

extent of constructing a temporary span not dependent on a bridge for support.

*Recommended by Mr. P. Epstein, Assistant Enginesr of Design-Structure of Wayne County, Michigen.
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Not included in Table XiII are thirty-six (36) crossings located in the area of Figure 6 wheve

overpressures are less than 2.5 psi. The less than 85 mph winds at these locations are incapable of
inflicting significant damage.

5. Pipeline Bridge Over River Rouge. This is a Michigan Consolidated bridge supporting a

16 inch gas pipeline. It will be damaged, see Damage Appraisal No. 17.

DAMAGE APPRAISAL NO. 1-RIVER ROUGE CITY GATE STATION

l. Attack Data:

Distance from G. Z. 5.6 km Wind speed 295 mph
Overpressure 8.9 psi Thermal radiation 120 cai/cm?
Dynamic oressure 1.9 psi Residual nuclear radiation 200 R/hr

r

il.  Description of Facility:

G A N R O ER e

This station, occupying 15 acres of land, is situated near the south bank of the River Rouge.

About one-haif mile of open space intervenes between the station and the Ford Motor River Rouge

Plant located along the north bank

§

of the river towards ground zero.

A 240 foot radio mast, sup-
porting two antennae remotely

operated by Dispatchers at One

H

Woodward and guyed at four levels,

N ——— ’u .

is located in the yard. There are no

transmitting consoles in the station.

Activities handled by or from

Figure 11. Regulator Buikling with Master Valve end Office Buildings in
background looking away from direction of G. Z. the station are:
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1. Receives transmission gas from (a) Panhandle Eastern Pipeline at 150 psi and (b) from
Willow and/or Northwestern Stations at pressures up to 300 psi, regulates these incoming volumes

tu lower pressures and sends to distribution via eight principal outgoing Transfer mains, see Figure 6.

2. Odorizes incoming Panhandle gas to a prescribed level. Odorant is stored in a 5,000 gallon,

horizontal, cylindrical pressure vessel which contained 1,800 gallons at time of the attack.

3. Maintains and operates a 4-compressor, 800 MCFH each, 300 psi maximum pressure, gas
engine driven plant. The plant is used to send Panhandle gas to Northwestern Station when in ex-
cess of distribution needs. A second, similar plant on the property of equal capacity is out of

service.

4. Serves as the operating headquarters for the Distribution Station maintenance section of
the Street Department, Operating materials kept on hand are minimal, consisting principaliy of tools

and a few regulator parts.

5. Serves as operating headquarters for the District Regulator maintenance section of the
Street Department. Supplies on hand consist of a small guantity of parts for older regulators, Muetler
Tapping equipment, stoppers and other special tools. A file of regulator installations is maintained

at this location with a duplicate at One Woodward.

Station Buildings
There are nine major structures on the property plus nearby unmanned Panhandle Eastern

Measurement building.*

Four structures—the two compressor buildings, a former boiler house and a storeroom are steel

frame metal sheathed. All others have unreinforced, 12-inch thick, load bearing brick walls and

ing it into five rooms. Equipment consists of six 12-inch outdoor orifice meter tubes and individual flow controliers located indoors.
There ara no regulators; regulation is performed at Pelham Station, 6 miles upstream, see Figure 6. Additional items of equipment
in the building are a calorimeter, gravitometer and recordinp gauges.
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tiled peak or gable roofs supported by steel trusses. One brick building—the Office—is two story;

the balance are single story.

Figure 13. Interior of Master Valve Building.

Figure 12. Interior of Regulator Room.
River Rouge Station

River Rouge Station

Details of the buildings and equipment are:

1.  Regulator Buildirig. This is a 45 x 45 foot, 12-inch wall, one-story load bearing brick

structure divided into two equally sized rooms by an 8-inch thick, brick fire wall partition.

One room contairis pilot loaded Fisher and Emco regulators, valves and bypesses foir handling
incoming Panhandle and Willow and/oi Northwestern supplies and for sending out riagulated volumes
in eight, 12 to 24 inch, Transfer mains. Each ouigoing Transfer main contains an automatic, pres-
sure limiting Hi-Low Operator. Piping runs, valve bodies and regulators, except toading heads, are
encased in fibreglass blanket insulation. Centerline of piping is € feet below grade in a concrete

lined pit. Regulatorsare 8, 10 and 12 inch sizes.




The second rocm contains the operating gauge board and two 40 HP steam boilers for station
building heat. The boilers also supply a heat exchanger, installed outdoors, to preheat a portion of

the 300 psi incoming gas supply in winter to offset temperature drop from pressure reduction.

An outdoor bank of 23 bottles of carbon dioxide actuated by a heat responsive element auto-

matically floods the regulator room in event of fire.

Odorant proportioning pumps and the daily run tank are located in a separate room in the

regulator room half of the building.

1.  Master Valve Building. This is a 45 x 18 foot, one story, ioad bearirg brick building con-
taining outgoing Transfer mains, sectionalizing and bypass valves. Also located in this building are

two reguiators supplying the 24 inch 100 psi Fort Street main.

Ill. Personnel on Duty at Attack Warning Time:

Two Distribution Department empioyees are on duty. They leave the station after completing
preattack emergency measures (see Section V—Preattack Emergency Measures) and seek shelter

along with the general public.

V. Extent of Damage:
Al brick buildings are severely damaged by overpressure and missiles developed from four

shattered brick and metal sheathed buildings located directly upstream towards ground zero. Build-

ing walis facing ground zero are in a state of incipient coliapse. Roof tiles are badly cracked and

vartially removed; roof members are bent and shifted in their end supports.

The metal sheathed compressor buildings are destroyed. The stee! frame of the compressor
building in service and the adjoining afterccoler and attached piping are pulled from fsundation

bolts and are carried away.




The heavy compressors are not moved, but attached accessories are severely damaged from

impact of Window frames, sheathing and airborne parts of upwind shattered buildings.

In the regulator room, regulators and Hi-Low Operators* are severasly damaged and rendered
inoperative. Gas is leaking from small diameter broken tubing lines, sheared off pilot regulators and
castings cracked by impact of nitrogen bottles, window frames and other missiles propeiled into the

room.

Iin the boiler room, the boilers are severely damaged by collapse of most of the fire wall. The

operating gauge board is destroyed.

In the Master Valve building, valve damage is moderate, consisting of broken hand whegls,
gears and key wrer.ches. The two Fort Street regulators, however, are severely damaged when an

end of the building is crushed by the falling boiler stacks.
The radio mast is buckled by the 295 mph wind and falls.

The cdorant tank, stripped of connections and gauges by missiles, is dislodged from its cradle.

Contents drain out into a concrete sump.

The odorant pumps and operating tank are destroyed when the metal door and other missiles

are hurled into the room.

Incoming and outgoing mains in the station, including a 40-foot length of 24 inch at ground
leve! along the lee side of the Master Valve buiiding, are undamaged. Those of cast iron are leak

clamped and unaffected by the mild ground shock.

*See Ragulators in Section 1 for function of Hi-Low Operators. They possess sbout the seme degres of vulnerability as pilot losded
regulstors beceuse of smali diameter tubing used in their control. Demage to ths devicas will not be evelusted; their control ection
in 8 nuciesr demage situation hes little significance. Rupture of the tubing inectivates the device and the vaive remains open. In an
undamaged stats, Operator action is limited to preventing downstrsam pressure from sxcesding maximum opersting pressure by
maore than 10%. In such ceses the Operator alternately opens snd ciosss the velve to limit pressure. In sither event, whether demaged
or undsmaged, the Operator will permit ges to continue to flow at its preatteck rete.
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There is no fire in the station. Pilot flames in the boilers are blown out by the blast entering

the burner compartment through the breechings. There are no nearby sources of firebrands; closest

Poacidde 3
.

wood buil lings are more than 1,500 feet away.

V. Results of Damage:

The station, as an operating unit, is destroyed. Major repair and replacement will be required

Samasiioa: L
.

to return it to its preattack status.

The outgoing aggregate gas rate, immediately following the attack, depends on the nature of the i -
damage sustained by each regulator. Some kinds of damage produce a full open regulator rate; 3

others cause closure. The interplay of damage causing objects in the regulator room is not predict-

Elidarr §

able and an appraisal involving the assignment of specific kinds of damages to individual regulators
is not considered possible. It is certain, however, that some of the regulators wiil open wide; others
will close. The net effect, it is felt, is that gas flow through the station will continue for a short S

time at about its preattack rate, then increase to try to satisfy mounting downstream system losses. 1

Loss of the headqu. rter buildings for regulator and station maintenance personnel is not criti- y -
cal, Mueller tapping equipment, special tools and regulator parts were removed when vehicles were -
dispersed prior to the attack. Other miscellaneous supplies, such as extra bags and stoppers, left

behind in the cement basement are undamaged and available for postattack use.

An emergency type of gas service limited to 50 psi* could be reestablished in a matter of a few
days in Transfer mainst outgoing from River Rouge without waiting for regulator repairs if needed

in the immediate postattack period:

1. Valve off or otherwise strip the downstream rmains to be repressured of damaged con-

nected services and secondary branches not requiring repressuring.

*The maximum operating pressurs for leak clamped cast iron maine.
| These maings are cast iron, leak clamped and undemaged by overpresm.ire or ground shoGi .
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2. Bring into River Rouge Station a 50 psi supply regulated at undamaged Willow Station.

3. Route the emergency supply to the selected outgoing Transfer mains by using bypasses

around the damaged regulators.

DAMAGE APPRAISAL NO. 2—
NORTHEASTERN STATICON

Attack Data:

Distance from
G.Z. ...... 19.6 km

Overpressure . ... 1.1 psi

Dynamigc pressure. < 0.1 psi

Wind speed

Thermal radiation. 6 cal/cm?2
Figure 14. Station building and Meter Runs. Looking away Residual nuclear

from direction of ground zero. radiation ... 400 R/hr

11. Description of Facility:

Northeastern, an unmanned City Gate station, is the Detroit area terminus of the Belle River

transmission system.

When gas is being taken from Belle River underground storage for Detroit distribution, North-

eastern regulates incoming pressure to 300 psi and meters the hourly volumes delivered to the dis-

tribution system.

When gas is destined for storage at Belle River, Northeastern meters the hourly volumes delivered

to the transmission systern from Lynch Station compressors.




Regulators are remotely controlled from the Dispatcher’s Office at One Woodward over a

Michigan Bell wire line telephone circuit. Pressure and volumes at Northeastern are telemetered to

foarions ¥

the Dispatcher over the same facilities.

Two 8 inch regulators are aboveground in a room in the 30 x 60 foot, flat steel deck roof, load i ‘
bearing brick buiiding. Three 12 inch regulators are outdoors and buried, but gearing and control .
{

piping are aboveground. i.

The station is isolated with respect to neighborhood structures. The station building is near

the rear of a 375 x 450 foot lawn covered lot. The front of the lot faces in the general direction of

[Eoreee | ]

ground zerc and adjoins the Detroit Edison outdeor switching yard. Its equipment is approximately

1

£50 feet distant from the station building. There is, however, a large conical shaped, sheet metal

enclosed incinerator of the sawmill type used for daytime burning of dry materials about 400 feet

Vit &

from the station building in the direction of ground zero.

I1l. Extend of Damage:

The station building is undamaged except for broken windows. The telemeter equipment in a

M e gl d

windowless room is not damaged. The recording gauges, with their backs toward windows, suffer

only cracked and broken glasses in the gauge doors.

kst

The station is not endangered by fire. The nearest buiiding is more than 600 feet distant, and

the incinerator would be empty of burning material after midnight.

iV. Results of Damage: i

Normal use of the station in August is to meter gas being sent to Belle River underground stor-

age 11 could continue in that capacity in the immediate postattack period as soon as regulators at
Coolidin- are repaired. I
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Normal use in winter is to deliver regulated gas from underground storage to Detroit distribu-

tion. It would be available for that use as soon as its reguiators are manually readjusted.

DAMAGE APPRAISAL NO. 3—ALLEN ROAD STATION

i. Attack Data:
Distance fromG.Z......... 5.6 km Windspeed .............. 290 mph
Overpressure ............. 8.7 psi Thermal radiation ....... 120 cal/cm?
Dynamic pressure.......... 1.9 psi Residual nuclear radiation . . . 200 R/hr

Il.  Description of Facility:
Allen Road is primarily a service and maintenance station, being the operating headquarters for
a 145-man force performing customer service and Street Department distribution maintenance oper-

ations in the surrounding Allen Road service area.

It is also one of the principal storehouses in Detroit District, being the central supply for large
diameter steel pipe and fittings. In addition, its stocks of service and main supplies are substantial,

amounting to 12 percent of the District total.

Allen Road is not a distribution system operating station. Distribution regulation in the Allen
Road area is handied by River Rouge Station located approximately 1,000 feet directly upwind to-

wards ground zero.

There are five buildings on the 18 acres of Station property: two main buildings—the store-
house and the combination Office and Garage--and three steel frame, transite covered buildings
formerly employed in pipe wrapping operations, but now used for miscellanenus storage and new
vehicle outfitting. These latter buildings are located upwind from the main buildings in the direct

direction of gorund zero.
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Allen Road Storehouse with Office-Garage at right. Blast strikes
buifding front 9 degrees from head-on.

Oftfice-Garage Building. Oftices cre in from section.

Figure 15, Starehouse and Garage at Allen Road Station
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Details of the msain building are:

1. Storehouse. This is a single story, concrete floor slab, 57 x 257 foot building with 12 inch
unreinforced, load-bearing brick walls coiiiéining the Street Department local operating office in the
front. An extension to the original building is identified by high level windows and a flat roof. Low

level windows and saw tooth roof design are characteristics of the older portion of the building.

The roof of the newer part, constructed of interlocking, reinforced gypsum slabs and surfaced
with roofing paper and tar, is supported by steel trusses whose ends are bolted to the top of the

walls.

The roof of the older part, also of noncombustible siabs, is similarly surfaced and supported,

except that the truss ends are anchored in the brick walls.

2. Office and Garage Building. This 50 x 110 foot, concrete floor, load-bearing, single story
brick building contains the Customer Service and Street Department local operating offices in the
front. A brick, partition wall separates the garage from the offices. Office partitions are wood studs,

metal lathe and plaster. Interior doors are wood and glass; outdoor are metal.
The gypsum slab, pitch roof is supported by steei trusses whose ends are imbedded in the walls. ;

The gasoline tank is under pavement; pump is partially protected by a location in a niche in the !

loading platform on the ee side ot the Storehouse with respect to the direction of the biast.

Windows in the front parts of both buildings are draped, but fuel arrays are absent. Office

furniture is metal.

Iti. Personnel on Duty at H Hour:
Two garage mechanics are on duty. Three trucks are in the shop. Both employegcs leave the

station and seek shelter along with the general public.
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IV. Extent of Damage:
The blast strikes the building fronts at 9 degrees from head-on. Both buildings are severely

damaged.

The front of the storehouse is smashed by the blast and heavy missiles from upstream stcred
pipe and demolished building parts. The high facade is pushed over, crushing a portion of the saw
tooth roof., The rear wall is knocked down exposing stock contents. Sice walls nf the newer part

are badly cracked and roof frames are bent and shifted.

There ire no primary or secondary fires; drapes were removed prior to the attack. The station
is isolated from sources of firebrands. The amount of cardboard and other combustible items re-

maining in the debris is insufficient to propagate fire.
The gasoline pump is torn out and carried away, bul tank contents remain intact.

Stored pipe, stacked in tiers and generally parallel to the blast front, is rolled and scattered in

the downwind open fieids.

In the combination Office and Garage building, offices are completely dernolished; partitions
are down, furniture and counters are destroyed. Side walls are badiy cracked and the roof is pac-

tially coliapsed.

In the Garage, the roll-up doors are biown in, severely damaging three vehicles. The brick par-

tition wall is partially down.

V. Results of Damage:

The station is destrcred and can no longer operate even on an emergency basis.

The storehouse supplies ar? both buried in the rubble and scattsred cv:r a largs, duwnwind,

open field. Recavery, exclusive of pipe, will be confined mostly to the larger heavy items.
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Wrapped pipe, although recoverable will not be fully usable on account of dents, out of round

conditions and damaged vvrapping.

DAMAGE APPRAISAL NO.4-COOLIDGE STATION

| Attack Data:
Distance from G. Z......... 6.7 km Windspeed ............ 200 mph
Overpressure ............. 6.2 psi Thermal radiation ....... 85 cai/cm?
Dynamic pressure . ........ 1.0 psi Residual nuclear radiation . 32 R/hr

il. Description of Facility:
l.ocated on 14 acres of property, this station contains four buildings, a 10 MMcf piston type,
low pressure holder and a 210 foot reinforced concrete chimney. One building—the combination

compressor and boiler house--an empty holder and a boiler chimney are out-of-service.

Coolidge is an important distribution regulating station, in addition to being the operating head-

quarters and supplv point for a 165-man service and maintenance force.

Its distribution regulating equipment, unmanned and remotely controlled from One Woodward,
supply four outgoing 22-24 inch Transfer mains which service a substantial part of Detroit. Coolidge
is also the input point of gas destined for storage at Belle River via the 30 inch Crosstown main inter-

connecting at Lynch Station.

Coolidge »lso is a principal storehouse, ranking next to Tireman in the amount of heavy distri-

bution materiais with about 16 percent ol the District’s total.

1. Storehouse and Cffice-Garage Buildings. These two, single story, concrete fioor, load

bearing brick buitdings are similar to those at Allen Road.
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Storehouss. Looking svwey from direction of grourd zero.

interiov view in Storshouss. Looking 45 degrees to the left of ground zero.

Figure 16. Storehouse at Conlidge Station.
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Considerable quantities of combustible materials are intermixed with stock piled on shelves,
consisting of cardbrard cartons, wood pallets, rubber gaskets, cotton vnitorms and plastic tubing.

There are many instances of exposure 1o the thermal pulse.

2.  Regulator Building. This 36 x 40 foot load-bearing prick building nas a flat gypsum slab

roof supported by 6 and 14 inch | beams.

The building is divided into two rooms—regulating and instrument control- 5y an 8 inch hrick
partition. The regulating room, 36 x 28 feet, contains the reguliators, valves and Hi-Low Qperators
at graund level. Underground yard piping enters and leaves a full length concrete-lined pit below

grade under stee! grating.

The instrument control room contains a recording gauge board, telemeter instrunients and

control cabinet.

Emergency power is provided by an automatic start, gas engine driven 5 KW generator.

The 1/2 inch regulator control piping is brought into the regulator room at ceiling height, then
drops vertically to the regulators with the final foot or so being 3/8 inch steel tubing. Overpressure

operator tubing is also steel.

Heat needed in winter for gas pressure rzaduction is supplied by 6 foot diameter by 55 feet BS&B

integral hot water boiler and submerged heat exchanger. Gas fuel is valved off in summer.

In the instrument room are a storage water heater and two balanced flue, enclosed firebox

space heaters.

ill. Regulator Station Operation:
Norrnally, gas is delivered to Coolidge from Northwestern by the 26-30 inch Schoolcraft main

at pressures up to 300 psi. In the station, eight 8-12 inch Fisher and Emco regulators reduce
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Regulator Building and Portion of Holder.
Looking normal to direction of blast,

Interior of Regulstor Room. Looking towerds ground zero.

Figure 17. Regulator Building and Interior--Coolidge Station.
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incoming supply to 200 psi for the Crosstown main and 80 psi for four ov go + = 28 2 oss

iron Transfsr mains interconnected at a header {summer operation cnly}.

Following the warning of attack, incoming pressure from Northwesterr is iowesrac © 50 ns

and outgoing pressure in the Crosstown main is cut to 100 psi by the Disparcher at JIre Wow . v

IV. Personnel on Duty at Attack Warning Time:
Personnel on duty at attack warning time are two garage mechanics. Both leave the station

and seek shelter along with the general public.

V. Extent of Damage:
Storehouse and Supplies. The building sustains moderate to severe damage. The exterior wali

of the high ceiling part facing the blast is bowed and badly cracked.

A primary fire, started by the thermal pulse, spreads and consumes the combustible stored
materials. Cast iron system repair materials, including the stock set aside for emergencies, are
rendered unusable by loss of rubber gaskets. Some of this damaged material could have been saved

by storage on the dispersed vehicles.*
Garage and Office Building. The buiiding sustains moderate darnage.

The gasoline dispensing hose and piping (not a free standing cabinet type) are torn off by mis-
siles. The underground storage tank and the pump and motor protected by the ioading platform are

undamaged.

Regulator Building. The building is moderately, but not extensively damaged, due largely to

its squatness and absence of a nearby source of missiles.

*Sugpest that the thought be added that during time when emergency situstion pripr to nuciear blast beacame intense, extra
emergency fittings were withdrawn from stock and were stored on vehicles which were dispersed as previcusly noted. This is
normally done now during emergency situstions such as times of deep frost penetrstion.
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In the regulator room, equipment damage consists of smail diameter tubing control lines,
gauges and fittings leaking or broken by window fragments. Unhinged doors are not in locations to

directly damage the regulators.

In 2 instrument control room, the gauge board, telemeter stegl cabinet, alectric generator set,
v “ar and snace heaters are wrecked by a portion of the BS&B heater stack driven through an up-

! window.

Chimney and Holder. The chimney neither falls or is the foundation permanently tilted, see

Appendix A.

The holder top and sides are crumpled. Columns and side plates are bent over, but the structure
remains bolted to the foundation. The tar storage tank connections are ruptured releasing'about

40,000 gallons of tar on the ground.

VIi. Results of Damage:

Gas flow through the station immediately following the attack is expected to remain tempo-
rarily at about its preattack rate and then increase in attempting to satisfy downstream losses. The
multiplicity of regulators assures increased flow through the station; two regulators feed the Cross-
town main and five regulators in parallel deliver gas to a manifoid supplying the four outgoing

Transfer mains.

Tt.e Storehouse building is damaged beyond repair. All supplies, therein, with the exception
of small steel and brass fittings in the far end of the building, not involved in the fire, are lost. This

includes the emergency repair stock.

The station regulators are repairable with supplies on hand, but will have limited capacity until

telemeter equipment is replaced or the regulators are converted back to direct pilot operation.
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It is unlikely that the station would be needed in the immediate postattack period. A.i arranue
ment whereby the Transfer mains downstream from Coolidge would be supplied at b ns1 7 divectly
from Northwestern and back fed frem Lynch and Willow, whose reguiators are undamaged, woui.!
suffice to supply the remaining load in the heavily damaged area of Detroit for an indefinite post- ;

attack period of time.

DAMAGE APPRAISAL NO. 5—-EAST JEFFERSON STATION

. Attack Data:
Distance from G. 2. . ... ee. 11T km Wind speed ....... .o 0 miph
Overpressure ............. 2.7 psi Thermal radiation . ... . .26 wal/cm?2

Dynamic pressure. ......... 0.22 psi Residual nuclear radiati»n . 54 R/hr

il. Description of Facility:
Although this station contains distribution regufating equipment, two recordt storage buildings |
and a storehouse, it is primarily an operating headquarters for a 115-man force performiny Customer i

Service and Street Department maintenance activities in the East Jefferson servic.: area.

The storehouse has a satellite status in that needed supplies are requisitioned at frequent inter-
vals from other storehouses. Its stock, amounting to less than 0.1 percent of District rotal, consists

mainly of appliance service parts.

Details of the building are:

1. Storehouse, garage and Office. Thisisa 125 x 170 foot, ¢nncrete floor, brick building
containing the storeroom, garage and cperating offices. Sections are separated by concrete blnck

partitions.

*Maxirium opo;uting pressure for clamped cast iron mamns.
tPrincipally operetiry records of the kind that regulstory agencises reqquire be retsined for s stipulated number ot yoars befors beiy
destroyed. Important documents and other records ara ricrofime ¢ anvd stored in a fireproof vault et One Woodivard.
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The portion of the steel deck roofing over the storeroom is supported by light steel trusses and
| beam columns. The roof decking over the balance of the floor space is supported by the walis and

partitions.

-

baiowy ¥

Portion of frent of Station Building. Regulator Building is in left rear, Uni-
roysl tire plant in background. Looking in direction away trom ground zero.

A'TdIDNA0YdEY ION

tnterior of Regulator Building showing Regulators snxd i
Hi-Low Operators. Looking towsrds ground zaro, )

e

Figure 18. Service end RHegulator Huildings at & ast Jotferson Station.
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There are no fuel arrays. Front window drapes are exposed to the thermal pulse, but surround-

ings are not readily ignitable. Cartons and tires in stock are not exposed.
The gasoline pump is free standing ln the yard on the lee side of the building.
A gas-fired steam boiler, installed in a furnace room furnishes building heat.

2. Regulator Building. This is a 20 x 35 foot, i~- : bearing brick building containing two
pilot-loaded regulators {8 and 10 inch) and two Hi-Low Operators, all installed above grade. Piping

ioops and valves are below grade under steel grating in a full concrete-lined pit.

The regulators (unattended) supply the Beaufait and East Jefferson 10 psi mains taking supply

from the 50 psi Larned main. The pilot regulators and tubing lines are above grade and exposed.

3. Record Storage (main building). This is 36 x 132 foct two-story reinforced concrete
building with brick facing. Roof is a flat concrete slab. Records are stored in steel filing cabinets.

There are no fuel arrays in the building.

4.  Record Storage (annex). This is a 32 x 190 foot, wall-bearing brick building. Fioors,
stairs, partitions and roof are wood. Sales Department window displays also stored in the building

contain numerous fuel arrays.
There are two adjacent, non-Company buildings endangering the station in event of an attack:

1. atwo-story brick, light industrial building supporting a large advertising sign on its roof,

upwind and offset from the garage section by 60 feet.

2. the seven-story Uniroyal tire plant located 275 feet downwind from the Storehouse, but
only 60 feet from the main records building. The tire plant contains large quantities of rubber,

carbon black and other combustible tire materials.
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Ili. Personnel on Duty at Attack Warning Time:

Two mechanics are on duty in the garage at time of the attack warning. Both leave to seek

sheiter along with the generai public.

iV. Extent of Damage:

Blast damages to the buiidings are light consisting of broken windows, biown in doors and some

pracks in wall and partitions.

The advertising sign on the adjacent building is blown down and falls on the garage rcof,

causing extensive damage.

{n the reguiator building, one pilot regulater and both pressure loading tubing lines are snapped

off at fittings by window fragments and the metal door.
The gasoline pump is moderately damaged by missiles but usable as soon as power is available.
A primary fire develops in the Annex building,

V. Results of Damage:

The Storehouse supplies {small in amount) remain available for postattack use.

Both requlators shut off from loss or loading pressure. Neither are needed in the immediate
postattack period, but can be returned to service by replacement ot the tubing and pilot reguiator,

items normally carried in regulator maintenance trucks.

The Annex building and its records are destroyed by fire Th: records in the main records

building will not survive if the Uniroyal plant burns. The records, however, are not vital.
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DAMAGE APPRAISAL NO. 6—EVERGREEN STATION

I. Attack Data:

Distance fromG. Z......... 14.8 km Windspeed ............ < 60 mph
Overpressure ............. 1.7 psi Thermal radiation ....... 13 cal/cm?
Dynamic pressure.......... 0.1 psi Residual nuclear radiation . <5 R/hr

1l. Description of Facility:

This is an unmanned, regulating station receiving gas from Northwestern at pressures up to 300
psi. Three regulators, remotely controlled by the Dispatcher at One Woodward {(and associated Hi-
Low Operators), suppiy the 26 inch and 16 inch Seven Mile and Beech-Daily road mains. These
mains, in effect, loop the cast iron system on the north and west sides and provide one means for

the Dispatcher to balance the system.

The 24 inch Southfield main, originating at Northwestern Station and terminating at River
Rouge, bypasses station reguiation at Evergreen Station and operates at incecming pressures up to
300 psi from Northwestern. Except for a sectionalizing valve in a stee! platecovered pit in the sta-

tion yard, the main is underground and unexposed. |t does not enter the building.

The single structure on the 150 x 300 foot lawn-covered lot is a single story 50 x 115 foot
load-bearing brick building. The 28 foot west end section of the building has an interlocking, con-
crete slab tile peak roof supported by light steel framing. The roof over the balance of the building,
which contains a basement, is at a lower elevation and is a flat concrete slab supported by horizontal

I beamns.

The regulators and Hi-Low Operators are located in the concrete basement 4 feet below grade.
Also located in the basement is a heat exchanger supplied by 3-1.3 million Btu, 25 psi steam boilers.

Ti e boilers are installed aboveground in the west section of the building.
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Telephone wires for the telemeter
circuit enter the building aboveground

trom an exchange in Pontiac.

There are no fuel arrays either
within or adjacent to the building.
Furniture, paititions and doors are

stec!.

Emergency power is supplied by

an automatic start, gas engine driven

Figure 18. Regulator Building, Evergreen Station. Looking away
from ground zero and 45 degrees to ti.¢ left, 5 KW electric generator,

1. Extent of Damage:
Other than broken glass, unhinged doors and dislodged partitions, there is no significant damage

in the station.

The back side of the gauge beard faces ground zero and outside windows, thus protecting the
vulnerable front sides of instruments from flying plass. Gauges sustain broken glasses in the doors

and bent pens, but otherwise are operable. The telemeter steel control cabinet is undamaged.

The boilers {main burners are valved off in summer} are undamaged except for dislodged vents
and a few broken tubi g control lines and water glasses. The operating storage water heater is

undamaged.

Control lines (pipe ar.d steel tubing) from the gauge board to the regulators are undamaged.

Although the station is in the fire spread area, fire does not develop in the station; there is

neither esceping gas nor combustible material.
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vV, Result; of Damage: ' ‘ ' }
The station is unaffected by the minor damage and continues to be operable except for the

remote control feature. Until telemeter facilities at One Woodward are repaired, or the regulators

are converted back to pilot loading or hand controlled through bypasses, pressures and deliveries to
the Seven Mile and Beech-Daly road imains are restricted to rates and pressure settings at attack time.

These volumes and pressures, however, would be adequate for the immediate postattack remaining

load.

Delivery of gas to River Rouge Staticn from Northwestern via the Southfield main is unaffected.

DAMAGE APPRAISAL NO.7-GREEN AVENUE STATION

. Attack Data:

Distance fromG. Z......... 4.6 km Windspeed ............ 375 mph

Overpressure . ... ......... 12.7 psi Thermal radiation ....... 200 cal/cm?
Dynamic pressure ......... 3.3 psi Residuai nuclear radiation . < 500 R/hr

li. Description of Facility:
Green Avenue is a small, unmanned reguiating station. Two regulators, Hi-Low Operators,
valves and piping are contained in a single story, 40 x 18 foot windowless, load-bearing brick build-

ing. Aliso contained in the building is a space heater, partitioned off frcm the regul.;.tors by a brick

fire wal].

The tlat, gypsum slab roof is supported by 4-6 inch | beams lengthwise and 2-10 beams

crosswise.

A 40-foot side of the building facing ground zero fronts on a raiiroad right of way.
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The 8 and 12 inch pilot loaded regulators reduce the 50 psi Green Avenue main gas to 25 and
1Q psi for the Solvay and L.afayette Street mains. Two regulated taps from the Solvay main, down-

stream from the station, supply a small, isolated grid system with 1.5 psi gas.

1. Extent of Damags:

The building collapses into a pile of rubble partly carried downstream by the wind. Th. regu-
?ators are severely damaged from sheared off lcading heads and crushed diaphragm chamber castings.
The steel gas mains are dented but are not significantly damaged. Valve wheels and gears are broken.

The overpressure operators are crushed.

it1. Results of Damage:
The station is destroyed. Gas continues to flow through the reguiator valves heid partly open

by bent stems.

Gas leaks into the rubble from broken tubing and cracked regulator bodies. It is not ignited.

When fire spreads into the area later, gas pressure has declined to a low value and the flame is small.

The destruction of the station and loss of support for the Lafayette main is immateria! in the
immediate postattack period. The Lafayette main is in the area purposely shut down by the utility,
probably lasting until rebuilding again creates a need for gas service. In addition, Green Avenue is
only one of nurnerous other feecis into the 10 psi system; its loss in summer, even in normal opera-

tion, would not be critical.

The Solvay main supplies industry it. vhe area. Restoration of service to that main will require

replacement of the regulator.
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DAMAGE APPRAISAL NO. 8—LAWTON STATION

. Attack Data:
Distance fromG. 2Z......... 7.0 km Windspeed ............ 185 mph
Overpressure ............. 5.8 psi Thermal radiation ....... 77 cal/cm?
Dynamic pressure.......... 0.9 psi Residual nuclear radiation . 50 R/hr

Il.  Description of Facility:
Lawton Station is primarily a headquarters for a 60-man force handling custocmer service

activities in its service area and a 75-man inspection crew operating district wide.

Lawton storehouse supplies are limited to those associated with appliance servicing. It does
not stock distribution system repair, maintenance or main extension supplies. It is, however, the
buying storehouse for gas appliance service parts, small diameter galvanized pipe, brass and galvanized
fittings, employee uniforms, piumbing and janitorial supplies. 1n addition, it contains the District's

wood working shop and consequently stocks lumber and carpentry materials.

There is no distribution regulation equipment in the station, nor does it engage in distribution

system maintenance.

The station consists of a single story, 460 x 80 foot, concrete floor, cement block building.

The flat, metal deck roof is supported by light steel beams and columns.
The building is divided into three main areas: warehousing, the carpenter shop, and garage.

The amount of combustible material in the building is small. There are no identifiable fuel
arrays involving lumber. Furniture, partitions and counters are steel. Windows in the storehouse

section facing ground zero are opaque. Carpenter shop windows are in the lee side of the building.

The front side of the building, however, faces a residential district towards ground zero separated
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by about 150 feet. The station also adjoins a.bulk gasoline depct located downwind and offset from
the direction of the blast. Gasoline and other fuels are reported to be stored underground, although

there are ~boveground tanks. The back sice of the building faces a raiiroad right of way and open

fields.

1il. Personnel on Duty at Attack Warning Time:

Two mechanics are on duty in the garage. They leave the station and seek shelter along with

the general public.

IV. Extent of Damage:

The concrete block walls are fractured and collapse. Bins and supply mate:ials aie sca.ered

downwind in the open fields.
The exposed gasoline pump stand is sheared off and carried away.

The 2 inch gas pipe supplying building unit heaters is ruptured and gas esci par *nerefror . w :
is not ignited. It is ignited {ater from fire in the residential debris, but pressure 1 ~he .ystem 3 :

declined to a low value and the flame is smali.

V. Resuits of Damage:

The station is destroyed. Recoverable supplies are limited to the gasoline on hand and a sn: -

percentage of storehouse stock items.

DAMAGE APPRAISAL NO. 9—LYNCH ROAD STATION

{. Attack Data: i
Distance fromG. Z. .. ...... 13.4 km Windspeed . ........... 70 mph

Jverpressure . . .. ... ... 2.0 psi Thermal radiation ... .... 10 cal/cm? i

Dvnamic pressure. .. ....... 0.1 psi Residual nuclear radiation . 90 R/hr J

i
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Il. Description of Facility:
This station operates requiating equipment and a compressor niaby in additicn o paooviding
operating supplies, vehicle repair and being a headquarters for & 155 man force handling Custormer

Service and Street Department maintenance activities in the | ynch s»rvice area,

The compressor plant consists of two gas engine driv:n units hiaving a total capacity of two
MMcf/hr, 175 psi iniet and 300 maximum outiet.* A standby gas engine driven cooling-wate: pump
for the compressors and a & KW generator for electrical instruments enable the plant v operate

without cornmercial power.

A 125 foot, unguyed radio mast with two antennae remctely operated by Dispatchers at One

Woodward serves the area.

The station faces the runway areas of the Detroit City Airport. Nearest commercial building

is more than 300 feet away.

There are three buildings, active in operation, on the property. The unattended fourth building

is used for miscellaneous storage.

Compressor, Regulator and Boiler Buildirng. This combination building houses the compressors,
station regulators and two out-ot-service steam boilers. A low height, out-of-service, reinforced

concrete stack adjoins the building.

The compressor section of the building contains a built in steel frame for support of a 10 ton

hoist. The frame also reinforces the brick walls and provides partial support for the roof trusses.

Roof is gypsum slab supported by moderately heavy trusses. About one-half of the truss ends

are tied to the steei frame; remaining ones are anchored in the walls.

*A new 36 inch main, now under censtruction, which will directly connect Milford and Belle River transmission will eliminate need
for the ccmpressors after Winter 1969-70.
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Compressor Building with Regulator Building in Foreground.
Looking in direction away from ground zero.

d @LON,

g
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Interior of Regulator Building. Looking normal to direction of ground zero.

Figure 20. Views at l.ynch Road Station.
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The regulator room is a single story, steel grating floor, load bearing brick annex to the com-

pressor building. Its flat, gypsum slab root is supported by horizontal | beams.

The contained regulators and Hi-Low Qperators are above grade. Mains enter and leave the

building underground from a full-length, concrete lined pit.

In distribution operations, gas supply at 175-200 psi (or 300 when delivered by Northeastern

from storage) is requlated in the station to 10, 50 and 100 psi for six outgoing Transfer mains.

Storehouse and Combination Garage and Office Buildings. These buildings are essentially the

same as those at Alien Road.

Lynch storehouse is a satellite operation with appliance service and distribution maintenance
stores being limited to minimal quantities. Supplies, not at hand, are requisitioned daily from

Coolidge. Compressor planf repair parts, however, are adequate for normai needs.

There are no fuel arrays in the storehouse. Furniture, counters, shelves and bins are metal.

-4

e gasoline pump is located in a niche in the concrete loading platform on the side of the
g pump gp

storehouse radial to the blast and facing toward the airport.

I1l. Personnel on Duty at Attack Warning Time:
Two mechanics in the garage and two Distribution Operators in the compressor plant are on
duty. The Operators after shutting down the compressor and the mechanics ali leave the station and

seek shelter along with the general public.

IV. Extent of Damage:

The buildings are not damaged except for broken windows and blown in doors.

A few gauge door glasses are broken in the compressor room and several small diameter repair-

able tubing control lines to reguiators are ieakiny. Regulator operation is unaffected.

75




There is no fire, either primary or secondary.
The gasoline pump is undamaged.

The radio antennae is undariaged, but is out of service until telephcne facilities at One Wood-

ward are repaired.

V. Results of Damage:

The station is operable in the immediate postattack period as soon as there is need to distribute

gas from the station.

Appliance service and distribution repair supplies, amounting to about 0.13 percent of District

total, is available for postattack use.

DAMAGE APPRAISAL NO. 10-NOBLE STATION

Attack Data:

Distance from G. Z......... 6.0 km Windspeed ............ 255 mph
Overpressure . ............ 7.7 psi Thermal radiation ....... 105 cal/em?2
Dynamic pressure. ... . ..... 1.5 psi Residual nuciear radiation . 300 R/hr

Description of Facility:

Noble Station serves primarily as headquarters for the General Office of the St eet and Trans-

portation departments, and as the operating center for a 55-man service force handling Customer

Service activities in the Noble service area. All major vehicle repaivs for the Detroit District are done

at this station.

1t is also the storehouse for Company stationery supplies and automotive parts and, in addition,

is the District center for miscellaneous activities such as instrument rapair, photographic equipment,

film storage and others.
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Noble Station neither contains distribution regulators or performs distribution system

maintenance.
The Station consists of two principal buildings:

1. The Transportation building is a 3 floor, 135 x 200, reinforced concrete frame, brick wall
structure. The entire building, including its flat roof, formerly was devoted to vehicle storage and
repair. These activities are now confined to the first floor and a garage annex, the upper floors hav-

ing been converted to office space.*

Except for wood-glass doors and composition floor tile on a plywood base over concrete, the
upper stories of the main building contain little combustible material. Partitions are metal studs

and non-flammable dry wall materials.

The Noble storehouse, reached from street level by ramps or building elevator, is in the

basement.

The annex, wherein major repairs to Detroit District vehicles are made, is a single story 65 x
195 font, concrete floor, concrete block, brick faced, load bearing structure. The flat roof is steel

decking. The annex and Transportation building are interconnected by means of wide passageways.
Gascline pumps are located in a parking lot across a street.

2. The Service buildingt is an 85 x 185 foot, concrete floor, load hearing t.rick building,

largely used as office space.

'Thi‘;'gf;;;{;Tr.\—bullding use largely took place in 1969. Damage evslustion is basect on current status.
1 This purchesed building, 8 former supsrmarket, is structurally comparsble in strength: (o “spartment house type.”
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I, Personnel on Duty at Attack Warning Time:

Five mechanics are on duty in the garage. They leave and seek shelter with the general public.

PSR

iV. Extent of Damage:

B §

The reinforced concrete frame of the Transportation building is undamaged, but brick walls

are bowed and cracked. Glass block windows are blown in. Partitions in the upper floors are down.

[ ETWEERY

Furniture and office equipment, including instruments and test benches, are extensively damaged

and unusable.

[P RS |

The basement storehouse contents, largely stationery items, are slightly disarrayed but un-

[ S
*
s

damaged. Bins of automotive parts in a ground floor stockroom are blown over and scattered. but

P
items are salvageable. 1o
§
g
The annex is severely damaged. Walls are shattered, causing rocf structure to collapse. Nine i ;
i
trucks being repaired are severely damaged. L
r :

The gasoline pumps are sheared off and destroyed, but tank and contenis remain intact.
The Service building is destroyed. Walls and roof are collapsed.

V. Results of Damage:

!n an operating sense, the station is destroyed. The reinforced concrete frame of the Trans-

portation building is the or!y salvageable remaining aboveground structura! item. Walls and interior

will require complete replacement.

The loss of the station, however, has no immediate postattack effect; it contains no distribu-

tion gas supply facilities and, furthermore, is focated in an area which will be shut down indefinitely.
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DAMAGE APFRAISAL NO. 17--TIREMAN STATION

I.  Attack Data:

Distanceto G. Z........... 2.0 km Windspeed ............ > 1,000 mph
Overpressure ............. 69 psi Thermal radiation .......
Dynamic pressure. . ........ 96 psi Residual nuciear radiation . 300 R/hr

iI}. Descripticn of Facility:
Tireman is an important station. It not only has the largest inventory of distribution materials

in stock {about 46%), but performs district-wide centralized services as follows:

1. Meter test and repair 4. Prefabrication of meter manifolds
2. Laboratory testing 5. Valve and fitting salvage
3. Employee training 6. Tool repair

it is also the headquarters for 265 employees handling Customer Service and Street Depart-

ment operations in the Tireman Service area.

The station performs nc distribution regulation, *®

Five buildings are located on the property, plus an annex which provides office space for

Customer Service and Street Department operations.

Details of the building are:

1. Combination Laboratory, Employee Training and Meter Shop. This is a modern, single-
story, concrete floor siab, load-bearing grick building providing 62,000 square feet of floor space

for the foregoing activities 1. through 3.

;ﬁ;t;fa;;a;a]}pment in connection with Station J, a former gas manufacturing plant, has been remaoved.
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to the feft of ground cerg,

Portion of ieter Shop, Lovkiny away from directipn of gro

Figure 21, Views at Tireman Station
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Coatained in the building is an on-site gas engine driven generating plant. Two 300 KW genera-

tors {aé = a spars} and a 125 KW unit provide power tor the station.

2.  Storehouse and Garage. Thic is a 196 x 108 single story, cement floor slab brick wall

buiiding. The flat roof is supported by wood beams on a steel frame and columns.

3. Storehouse Storage Shed. This is a 27 x 183 foot steel frame, metal sheathed building

'used for storing various buik materiais.

I, Parsonnel on Duty at Attack Warning Time:

Three mechai.ss are on duty in the garage. They leave and seek shelter with the general public.

1V. Extent of Damage:

Ali buildings are destroyed. Remnarnts are swept away and wideiy scattered.

Gas supply pipes to the gas engines and building heat boilers are torn out. Gas escapes to the

atmosphere. |t is not ignited.

V. Results of Damage:
Forty-six percent of the District’s service and main supplies are destroyed along with the

buildings.

in addition, a modern 'aboratory and its equipmernt and an automatic conveyor type meter
repair shup with 16,200 meters being processed are destroyed. The loss of the station, however.
has nv immediate postattack effect: it contains no distribution gas supoly fecilities and furthermore,

is locater! in an area which wil! H2 shut down indefinitely,
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DAMAGE APPRAISAL NC. 12—EUCLID STATION

l.  Attack Data:
Distance from G. Z......... 5.3 km Windspeed ............ 316 mph
Overpressure ............. 9.7 pst Thermal radiation ....... 14 cal/cm?
Dynamic pressure ......... 2.2 psi Residual nuclear radiation . 135 R/hr

I. Description of Facility:

This is a small unmanned regulating st. “inn. It consiu s of a single story, 22 x 26 foot, load

bearing, brick wall building containing a pilot loacied 12 inch -egulator,
Gas is taken from the 50 psi Euclid main and recuced to 10 psi for the Twelfth Street main.

A four story brick veneer apartment house is located across a 20 foot alieyway from the station

towards ground zero.

i1, Extent of Damage:
The station building is crushed by the 9.7 psi overpressure and falling walls of the nearby apart-
ment building. The regu:lator and bypass valvzs are snapped off from impact of the falling material.

Gas, escaping to the atmospnere through the pile of rubbile, is not axpected t«: become ignited untii

fire spreads into the area.

IV. Results of Damage:

The siation is destroyed. The regulator and station piping will require replacement to function

again in a preattack capacity.

The ioss of the station has no adverse effect in the immediate postattack period. It serves zn

areda so beovily danaged that need nc lenger exists for either £as service or the station.
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DAMAGE APPRAISAL NO. i3—STATIONS A AND E

Attack Data:

Distance from G. Z......... 5.5 km Windspeed ............ 300 mph
Overpressure .. ........... 9.0 psi Thermal radiation . ...... 130 cal/cm?
Dynamic pressure ......... 2.0 psi Residual nuclear radiation . > 500 R/hr

Il. Description of Facilities:

These are two small unmanned regulating stations. 7he buildings containing the equipment

remain from former gas manufacturing operations at the sites.

Station A is a 40 x 130 foot, single story, concrete floor sicb, load-bearing brick building. The
40-foot front part of the building is the regulator room. !tsroof is gypsum slab supported by steel
framing and | bearmn columns. The back part, isolated by a concrete blcck fire wail, is used for stor-

ina advertising displays. It also contains a huilding heat, gas-Tired hot water boiler in a pit. The dis-

plays are generally readily ignitable.

The singte, 12 inch, pilot-lnaded regula‘or reduces 100 psi pressuie from the Fort Street rnain

into a manifold supplying four outgaing 10 psi r-ains, The Gas Machinery valves in the manifold

have cast iron bodies.

Station £ isa 15 x 20 foot, winidowless, single story, load-bearing brick structure having a flat,
gypsum slab roof supported by horizontal | beams. The single 10 inch pilot-loaded regulator io-

cated in a full length concret=.lined pit reduces gas from the Fort Street main to 10 psi for the
Lafayette main.
A two-story brick, commercial building butts against the station’- side wail on the ground

zero side.
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Regulator and Hi-Low Operator Station A

Regulator and Hi-Low Operator Station £

Figure 22. Interior Vicews in Stations A and E
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111,  Extent of Damage:

The Station A building is severely damaged. Walls are badly cracked and partialiy coliapsed.

The steel frame is bent. The firewall is shattered and coilapses.

Loose paper in a display next to an 8 x 8 foot window facing ground zero is ignited, but is ex-

tinguished when the lightweight articles are scattered in a downwind open fieid.

in the regulator room, the pilot regulator, Hi-Low Operator control and loading tubing lines
and the diaphragm chamber are wrecked by the coliapsed front wall and missiles generated there-

from. The valve stem is bent in the process, locking the regulator in the position existing at attack

time,

Torsional stresses are expected to crack, but not shear welds of elis in the manifald. The

castings and stems of the cast iron gate valves are cracked and bent.

The 2 inch gas pipe supplying the boiler is twisted off. Gas flows into the rubbie but rapidly
declines in volume as pressure drops from upstream losses. |t does not ignite or endanger the nearby

Ambassador Bridge because of station isolation from sources of firebrands.

The Station E buiiding is also destroyed. The impact of the falling walls breaks off the pilot,
the diaphragm chamber and cracks the regulator body. The escaping gas is ignited later as fire

spreads, but the flame is confined to thv2 pile of rubble.

The large diameter steel piping in the building is dented but otherwise undamaged.

IV. Results of Damage:

Both stations are rendered inoperative and will require rebutlding and extensive replacement

of equipment,
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Neither station is needed in the jmmediate postattack period; both are in the area purposely

shut down by the utility.

Station A, when needed to serve a restored industry, can be made operable by piping repair
and replacement of valve gearing and the pilot regulator. These latter items are salvageable for in-

stallation in the uptown shutdown area. Building replacement is not essential. -
Station E probabiy would not be returned to operation in any event. it is merely one of many

teed points into the 10 psi system.

DAMAGE APPRAISAL NO. 14—-PARDEE HEATING STATION .

i.  Attack Data: -

Distance from G. 2......... 12.1 km Wind speed

Overpressure . ............ 2.4 psi Thermal radiation ....... 24 cal/cm?

Dynamic pressure ......... 0.16 psi Residual nuclear radiation . 5 R/hr ‘t

{l. Description of Facility: ’ ]

The function of this unmanned heating station is to maintain gas temperature in the 24 inch

Beech-Daly Road main above 32°F in winter following a 150 psi reduction in pressure from the Van

Born main.

The equipment which consists of a one million Btu, 15 psi steam boiler separated from a heat

exchanger by an 8 inch brick firewall, heats a bypassed portion of the Pardee valume.

The equipment is housed in a 20 x 22 foot, unreinforced, 8 inch thick wall, load bearing,
masonry building (4 inch concrete blocks faced with 4 inch brick}. Building location is in the

center of an B0 x 130 foot lot. The composition shingie, peak roof is supported by 2 x 6 inch

ratters on 16 inch centers.



The surrounding area is not built up. Closest buiiding is a concrete block service station about
60 feet distant towards ground zero. Other structures in the area are singi.! story, concrete block

commercial buildings more than 200 feet distant.

There are no fuel arrays within or adjacent to the building. Yard surface s » - surrounded

on two sides by shrubbery and open space on others, except for the service stacion.

11}, Extent of Damage:
Windows are broken, :he metal doors are biown in and the roof is moderately damaged from

cracked rafters and orn off shingies.

Equipment sustains minor damage, consisting of broken gauges and glasses.

Because of its isolated locatio 1, fire is not expected from either primary or secondary causes

even though the building is within the fire spread area.

iV. Result of Damage:
Normally, the station is needed only during winter months. |t would be fully operable in the

postattack period after minor repair.

DAMAGE APPRAISAL NO. 15—-GAS MAIN CROSSING

EDSEL FORD FREEWAY—LIVERNQIS AVENUE

l. Attack Data:

Distance from G. Z......... 1.3 km Windspeed ............ > 1500 mph
Angle of incidence ........ 17 deg* Thermal radiation ....... > 1000 cal/

cm?
Overpressure ... .......... 215 psi

Residual nuclear radiation . 500 R/hr
Dynamic pressure .. ....... 290 psi

*The a‘n'glb b'ebstﬂweﬁn the blast front and the longitudinal axis of the bridge.
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ll. Description of Facility:

Two hundred and six feet of 8 inch steel main
cross the freeway on hangers under the bridge.
Main is anchored in bridge headwalls. An expan-
sion joint intervenes. It is one of several connec-
tions between cast iron header mains in that area
operating at 2 psi on both sides of the freeway. See

Table X1| for other locations of overcrossings.

ill. Extent of Damage:

Figure 23. Edsel Ford-Livernois Avenue Crossing. Both bridge and attached gas main are torn
Looking in direction away from G. Z.

out by the wind. The gas main pulis apart on each
side of freeway where transition is made from steel to cast iron. Gas blows to the atmosphere from

the broken ends until gas pressure in the area dissipates.

V. Result of Damage:
The loss of this tie across the freeway has no significance in the postattack period. It isin the
area purposely shut dowr by the utility because of destruction of buiidings therein and disappear-

ance of need for gas service until the area is rebuilt.

Need for this interconnection, in normal operation, occurs in winter; its loss in summer woald

not be critical.

DAMAGE APPRAISAL NO. i6-GAS MAIN CROSSING
WYOMING AND SOUTHERN STREETS

1 Attack Data:

Distance from G. 2. .. ... ... 2.4 km Dynamic pressure . ... ... 47 psi
Angle of incidence ... ..... 47 deg. Windspeed ......... .. > 800 mph
Overpressure .. ........... 46 psi Thermal radiation .. ... .. 750 cal/cm?
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1i. Description of Facilin ;s
Thus iostallation consisi of .- - fee: 7 12 inch wrapped steel pipe operating at 10 psi crossing
Wyoming on the sidewalk behin. - - inch th: o, 4 foot high concrete side wall facing in the direc-

tion of ground zero. ' he exposer’ e 0T NS @ -sser coupling near its midpocint.

i1, £xtent of Damage:

The overcrossing is destro-ed. Pipe = .+t at ecch end where transition is rv.ade to cast iron. (

iV. Results of Darnage:
The effects of the rupture of this main has o significance in the postattack period. itisin the

area purposely shutdown indefinitely by the utility. [ts replacement where needed would be a minor

joots

DAMAGE APPRAISAL NO. 17--PIPELINE BRIDGE

HIVER ROUGE--ZUG ISLAND

. . and — S Saciusa fromese owen e ——

I. Attack Data: E
DistancefromG. Z........... 6.6 km ,
- Angle of incidence .......... 39 deg.
Qverpressure ............... 6.6 psi
Dynamic pressure ........... 1.1 psi
Windspeed ................ 215 mph :
' .\V.ﬁ!".\;“ Thermal radiation ........... 88 cal/cm? : )
’ ) Residual nuclear radiation . . . .. 420 R/hr A
Il.  Description of Facility: '4
The 11 foot high by 12 foot deep, box-truss :*
A
center portion of the structure and the two 115 ,{
Figure 24. Pipeline Bridgs Direction is away from G. Z. root high towers support a 240 foot span of 16
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inch—300 psi maximum pressure gas pipeline over the River Rouge to supply natural gas te the
Great Lakes Steel Company. The structure is designed to resist 100 mph wind (0.24 psi). Struc-

ture is bolted to 40 x 40 foot concrete piers supported by piles.

1. Extent of Damage:

The structure fails* from a wind load 4.6 times greater than design specification. The gas pipe

is ruptured at one or more places by torsional stresses at ells,

1V. Results of Damage:

Natural gas service to Great Lakes Steel is interrupted until the span is replaced.f

Gas pressure at attack time is about 80 psi, lowered from the normal 150 at River Rouge Sta- -

o

tion as a preattack emergency measure.

Gas rate loss to the atmosphere is estimated at 3.5 MMcf/per hour based on a stabilized 40 psi

at River Rouge.

A nearby similar structure, owned by Great Lakes Steel and supporting coke oven gas mains

over the river, is assumed to be destroyed also cutting off all gas fue! to the steel piant.

.CL;nCIUSiQH of Michigan Consolidated Distribution Design Department and L. E. Daigle & Associates, Detroit, designer of the

structure.
tConstruction of piers and erecticn of structure and piping required nearly three months. In general, work on &ll parts of the struc-

ture procmeded concurrently.
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GAS SYSTEM SUPPORT FACILITIES AND DAMAGE APPRAISALS
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GENERAL

Gas system supporting facilities and services covered in this study comprise the following:
{1) electric power, (2) trucks and major portable tools, (3) storehouse maintenance and operating

supplies, and {4) communication facilities.

Description of the facilities, locations where employed, attack environmental data, expected

damage and effects on gas systeimn operation folicw:

ELECTRIC POWER

Electric powsar is not an essential requirement in the transmission or distribution operations of
either Michigan Consotidated or its suppliers—-the Michigan Wisconsin and Fanhandle Easterrs Pipe-
line systems, Station compressors of the three companies for transmission and underground gas

storage operations are gas engine driven.

Gas is not a factor in the generation of commercial power by Detroit Edison, the electric utility

in the Detroit area. Coa!” is the primary baciler fuel in its stearn electric plants.

Normal electrical needs of Michigan Consolidated in the Detroit area for lighting, office equip-
ment, power tools and other miscelianeous equipment are purchased from Detroit Edison except
for (1) Willow Station and its gas brocessing facilities and (2) Tireman Station. On-site natural gas
engine-yenerator sets and reserve spares supply alt electrical requirements at these locations without

crmmercial power standby.

*In 1969, Detroit Edison began using gas as supplementary fuel 10 Letromt area generating plants at an annual rate of 27.8 billion

PRECEDING PAGL BLANK
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At One Woodward, a roof mounted natural gus engine driven generator is maintained for emerg-
ency operation of one elevator, electronic data processing, standby radic transmitter, telemeter in-

struments and essential lighting.

For reguiator control in the unmanned regulating stations of Coolidge, Evergreen and North-
eastern, automatic 5 KW gas engine driven generators provide emergency power. At Lynch Road
and River Rouge, gas engine driven units supply compressor plant auxiliary equipment and neces-

'sary lighting.

Electric power, while a convenierice, is not essential for control of the gas transmission and dis-
tribution systems in the Detroit area. However, in conjunction with telephone circuits, it enables the
Gas Dispatcher to precisely regulate the system with the aid of 53 telemetered pressures and volumes

and by remote operation of maior regulators at seventeen strategic points.

Prolonged inactivation of telemeter faciiities, while a handicap to the Michigan Consolidated
Dispatcher, viculd not impair gas system capacity. The situation would be offset by stationing per-

sennel at critical locations to manually control in conjunction with mobile radio for communication.

Damage Appraisal
Damages sustained by Michigan Consolidated electric generating equipment from this attack
are listed in Table IV,

TRUCKS AND MAJOR PORTABLE EQUIPMENT

In normal cperation, Detroit District trucks and portable equipment are parked in the open in

the yards of the eight Service and Maintenance Stations listed in Table V.

Acting on advice that conflict seems inevitable because of increasing international tensions,

Michigan Consolidated in August 1965 relocated its trucks and mobile equipment in accordance with
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TABLE IV—-ELECTRIC GENERATING UNITS AND DAMAGE APPRAISAL
Michigan Conrsolidated Gas Company

. " No
Rating i Degres of

Coolidge 5 1 {standby emergency use for severe
instrumentation;
Evergreen 125 1 telemetering & minimal undarnaged
: lighting.)
Lynch Road 5 1 undamaged

Northeastern b 1 same undamaged

River Rouge 12.5 1 same severe
Wiliow Station 12.5 1 same undamaged

One Woodward . 250 1 as above plus computer and light
elevator,

Tireman 300 2 (continuous operation, total destroyed
energy needs.)

I Northwestern 125 1 same undamaged

Tirernan 125 1 same destroyed

- Willow Processirig Plant 300 2 same undamaged

its attack emergency plan by reassigning east of Woodward equipment to Northeastern Station and

west of Woodward equally between Willow and Northwestern Stations. The redistribution is shown

Table X! in Appendix B lists Michigan Consolidated equipment potentially available from loca-

tions outside of Detroit District,
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TABLE VI-EMERGENCY DISTRIBUTION OF TRUCKS AND MOBILE EQUIPMENT

Michigan Conwlideted Cus Company

Detroit District
STATIONS
AUTOMOTIVE -
Northeastern Northwestern Willow

Trucks, delivery and service: vans, station

wagons, panels 98 173 173
‘Trucks: pickup, compact, 1/2, 3/4, & 1 tor 14 35 34
Trucks: platform 1-5 tons 2 8 7
Trucks: utility 1/2, 3/4, 1 & 1-1/2 ton 44 75 74
MAJOR PORTABLE EQUIPMENT
Arc welding machines - 5 4
Auger - 1 -
Back fill 1 6 5
Back hoe 1 2 2
Compressors 10 14 14
Crane - 2 1
Dozer 2 1 1
Dump 2 7 8
Loaders i 2 1
Roller, asphalt 1 -
Tractors 1 7 6
Trailers and semi-trailers 1-10 tons - 5 5
Transit-mix - 2 2

Damage Appraisal
No significant damage is sustained by the trucks and equipment at the three relocation stations.

The damage potential of the blast wave at the locations is of a low order:

Station Overpressure Wind Speed
Northeastern 1.2 psi < 60 mph
Northwestern 0.7 <60
Willow 0.4 < 60
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There are, however, 38 one-ha!t ton service vans and six 1-1/2 ton compressor equipped dis-
tribution trucks or: duty in the Dis:rict in addition to 26 vans and 4 trucks in the station garages for

repairs at attack warning time.

Assuming that the on-duty vehicles are left parked in the streets in the general locations of the
job sites by the drivers seeking siwelier, the vehicle locations at H hour and damages sustained are

given in Table VII.

TABLE VII--TRUCK LOCATIONS AT H HOUR AND DAMAGE APPRAISAL

OVER. h—o——...OUTDOORS | INDOORS
PR ESS Streets Stations( 1_): Company Garages
psi | Service | 1-1/2T. Aall Damage | Service | 1-1/2T.| Other | Damage(2)
o Vans Trucks | Types | 1 Vans Trucks | Types
0.2 1“2 640 none 5 - 1 none
25 15 3 - | light 1 1 1 light-mod.
510 | 4 _ - mod- 12 2 5 severe
erute
over 10 5 1 - | severe 1 - 1 severe

(g mergency relocations stations of Northeastecn, Novhwesiers and Willow,
(2)Damage to indoor vehicles is based on damage to gara e butiding,
(3)passenger rehicles.

(4)E xcept cracked windoy. glass.

Nine service vans and two 1-1/2 ton trucks of the abovevrh tabulation, all undamaged by blast, are
in streets outside of the fire area, Thirteen service vans and two 1-1/2 ton trucks are in garages ex-
periencing severe damage. Assuming that vehicles in the strects in the fire area are disabled- by fire, a
total of forty-two vans and six trucks sustain severe damage. These numbers represent 9.5 percent
of service vans, 5.5 percent of 1-1/2 ton distribution trucks and 6.7 percent of total vehicles in the

Company’s Detroit area truck fleet.

Tte number of remaining operable trucks is ample for postattack needs.

Note: H hour is time of bomb burst.
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MICHIGAN CONSOLIDATED WAREHOUSES AND SUPPLIES

in Detroit District, maintenance and operating materials are stored in *i:» sup~'y sections of
the eight Service and Maintenance station§ shown in Figure 6.* In aregas ... i*sio« f D "« -t, stocks
are maintained at Ann Arbor, Muskegon, Grand Rapids, Six Lakes and twer - other locations so
supply the Company’s five additioral operating Districts and the Departmeirr of Production, Trans-

mission and Storage.

In Detroit District, three stations— Ailen, Coolidge and Tireman—contain the buik of steel pipe,
plastic tubing, fittings, valves, repair items and associated materials empioyed in new construction
{main extensions and new services) and for the maintenance of the existing distribution system.
These stations also have substantial stocks of supplies used in customer service work, such as meter

set comnonerits, appliance adjustment and repair parts.

Large diameter steel pipe, € inch and over, is stored only at Allen Station. Cast iron pipe is not

stocked; steel is used for cast iron replacement.

Eureka, East Jefferson and Lynch, three of the smaller stations, carry moderate stocks of steel
pipe (4 incih or under), gas main repair materials, service regulators and other items associated with
system repair and maintenance, running and renewing services and performing appliance service work

on customers’ premises.

Lawton Station operations are limited to customer service work and leak inspections, hence its
supplies consist princigally of parts for appliance installation and servicing. It does not stock ma-

terials for gas distribution system repair or maintenance.

’F:‘g').‘:;e-ﬁ-'i;c;es seven stations; the eighth—-Eureka—is !'ocatad in Southgate at Eureks and Allan Roads, see Figure 27,
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Noble, the sighth operating station, functions primarily as an automotive center, storing vehicle
repair parts and performing major automotive repairs. It is also the central distributicn point for
Company stationery, forms and allied materials. It does not store gas system repair or maintenance

materials.

All stations, except Eureka, Noble and Lawton, have case iron fittings and cast iron pipe repair

materials on hand.

The Company’s supply operations are not dependent on a central storehouse to order and dis-
pense supplies therefrom to satellite substores. Instead, one or more of the storehouses are desig-
nated as the “buying’’ storehouses for one or more stock items. Each is respousible for keeping its
stock of the particular item within prescribed limits. Other storehouses requisition from the buying
storehouse. For example, Tireman is the primary storehouse for black iron fittings, valves, meters
and other specific materials; Lawton handles galvanized fittings, uniforms, electrical supplies, ap-

pliance service items; Noble handles Company stationery and automotive repair parts.

Supply materials listed in the Company catalog for gas system operation, maintenance and new
construction number about 3,500 exclusive of stationery, office supplies, first aid and other items
not directly used in operating and maintaining the system. An inventory count August 1969 totaled
neariy 1.1 million individual items and 1.3 million feet of steel and plastic pipe of assorted sizes and

grades.

Damage Appraisal

Storehouse supply totals for construction, maintenance and repair of the gas system and for
gas appliance servicing are divided into two categories in Table VIII:

1. pipe and tubing

2.  materials for gas main construction, maintenance and repair and supplies used for servicing

gas appliances on customers’ premises.
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Givenvin the table are the percentage of total supplies in Detroit District for each storehouse

building.

Gas main operating and maintenance supplies contained in Tireman and Coolidge storehouses
make up more than 62 percent of the District stock. Although these two stocks are likely to be
either unrecoverable or unusable because of fire damage at Coolidge, no shortage of repair items
.develops in the immediate postattack pericd. Work in that period consists of cutting off and isolat-
ing the part of the gas system in the heavily damaged area, reprassuring the remaining operable part

and restoring service on customers’ premises. Supplies needed are moderate in quantity.

When valves are not available in the isolating process, cutting and plugging or capping of
mains are required. Steel mains present no problem; cutting and capping by welding offers many
alternatives without requiring stock fittings. Cast iron mains, however, require conventional cast
iron caps or, if not available, impose use of more difficult means such as wood or cement plugs,
bags or other substitutes. Fortunately, oniy 13 cast iron caps are needed in the isolating onerations,
see Section V. Except for the 12 inch size, which are dug cut of the debris of Allen Station, the

other smaller sizes are available from truck stocks.

Neither is there any shortage of supplies to reestablish service on customers’ premises. Appli-
ance service and repair parts normally carried in service vans will suffice for an indefinite time in

the postattack period because of the reduced number of appliances.

Gasoline

It is expected that gasoline tanks and stocks will survive and that commercial power will be
avanable for gasoline pumping at Eureka Station (postattack operating headquarters) as soon as

needed for Company vehicles.
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Capacities of gasoline storage tanks and stocks on hand at H hour are:

- ‘ UNDERGROUND STORAGE PUMP
STATION : DAMAGE
Capacny-Gaquns On Hand-Gallons -

- Allen 8,000 4,086 Severe
Coolidge 8,000 6,544 Moderate
Eureka 8,000 6,337 Undamaged
E. Jefferson 10,000 5,049 Light
Lawton 8,000 5,264 Severe
Lynchi 8,000 3,526 Undamaged
Noble 16,000 2,951 Severe
Tireman 8,000 2,343 Severe
TOTALS 74,000 43,110

Although supply on hand at Eureka is limited and inadequate to complete gas restoration
operations, it is expected that additional supply will be availabie to the Company for its high
priority public service from a nearby undamaged refinery in Trenton.

MICHIGAN CONSOLICATED COMMUNMICATION FACILITIES

The Michigan Consolidated (3eneral Office at One Woodward is the hub of Company com-

munication activities in Detroit District.

TELEPHONE FACILITIES

Communication by telephone between the Company’s departmants, offices and fieid operat-
1g centers is by means of wire line teiephone circuits and associated equipment leased from the

Michigan Bell Telephone Company.
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Also leased from Michigan Bell are the wire line circuits required for the telemetering of
volumes and pressures to the Gas Dispatcher at One Woodward and for remote control by him of

certain distribution regulators in the field.

Except in the central downtown area, telephone circuits enter operating station properties

{Allen Road, River Rouge, Lynch, etc.) from overhead wires or cables.

The PBX telephone board at One Woodward is located in a two door, windowless, interior
room on the 7th floor. Low strength partitions enclose the room. The switching equipment, lo-

cated on the 6th floor, is likewise enclosed in an interior room formed by iight partitions.

Damage Appraisal

The PBX board and switching equipment are extensively damaged when doors and partitions
are blown in by the 4.5 psi overpressure. This situation, in conjunction with similar damage at the
Cass Street Michigan Bell exchange, renders Michigan Consolidated’s telephone faciiities emanating

from One Woodward totally inoperative in the immediate postattack period.

RADIO FACILITIES

Communication between the Dispatchers of the Customer Service, Distriubtion, Street and
Production, Transmission and Storage Departments at One Woodward and their Detroit District de-
partmenta: personnel in the field is mainly by means of four base radio stations and 537 mobile,
two-way radios in trucks and cars of supervisors, A fifth base station with antenna on the Guardian
Building, located across the strect frcm Cne Woodward, is maintained in a standby status. All

radio equipment is owned and operated by Michigan Consolidated.

The distribution of radio equipped vehicles by departments is:
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VEHICLES
DEPARTMENT
CARS TRUCKS VANS
Street 50 80 -
Service 63* - 235
P.T.&S. 12 1 -
Other 28 8 -
Totals 163 99 285

*To reduce sir congestion, 2562 Customer Service trucks and cars receive and transmit on dif-
ferent frequencies, see Figure 25. Theay cannot communicate directly with each other.

The interconnections between the base statiens and One Woodward are shown diagrammati-

caily in Figure 25,

The Company also maintains an auxiliary powered, mobile base station. It can transmit and
receive on all frequencies assigned to Detroit District. The equipment is contained in a van type
truck normally garaged at Noble Station. In accordance with the Company’s Emergency Plan, the
truck with an added assortment of radio replacement parts is moved to Northwestern Station

prior to the attack.

Damage Appraisal
Normal use of radio facilities from One Woodward is completely disrupted as a result of dam-

age to the telephone equipment interconnecting One Woodward with the base stations. In addition,

radio masts, antennae and equipment are destroyed at the Guardian Building, Coclidge and River

Rouge Stations. One Woodward ceases to be a center for postattack comrunication.

Willow and Lynch Stations are undamaged. Willow, having its own power supply, remains
operable; Lynch requires a portable generator (available) for power. Neither station, though, is

suitable as a postattack communication center. Both are too far from the first area cof recovery
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operations west of Detroit, see Figure 27. In addition, less than 25 percent of the vehicles employ

the frequencies of these stations.

There is no problem, however, in establishing a postattack communications center for coordi-
nating the first phase of recovery operations. This is done by deploying at Eureka Station the
mobile base station with its muiti-frequencv equipment. Eureka is the logical choice, not only for

its undamaged building, gasoline supply and other facilities, but because its adjacent area probably

"will have early reinstatement of telephone service.

When east side recovery work is started, Lynch base station is returned to operation by bring-
ing in a portable generator. Both frequencies of the station are used in order to employ more vehicles

and persornel for the work of restoring gas service in the area.
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SECTION iV
ORGANIZATION AND PERSONNEL
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MICHIGAN CONSOLIDATED ORGANIZATION

The Company’s operating area is divided into five districts. All are within Lower Michigan.
Det-oit District is the largest in terms of customers receiving gas service. The four other districts
are listed in the outline of the Company's organizationa! structure shown by Figure 26. The

26 floor, main office building of the Company is located at One Woodward Avenue, Detroit. [t

functions as the Main Office of the Company and as the commercial and operating headquarters

for Detroit District.

The activities employed in conducting the Company’s business are grouped into the eight
categories shown in Figure 26. In Detroit District, each activity is administered by a Vice Prasident
and his s:aff. In other districts, the General Office groups provide staff assistance to local district
Managers, who are responsible for ail functicns within their areas except operations of the Depart-
ment of Production, Transmission and Storage in Lower Michigan. Operations of this department

in the areas outside of Detroit are directed from three headquarters of Belle River Mills, Six Lakes

and Big Rapids.

Personnel employed in Detroit District numbered 3,520 in 1969, of which 2,050 are located

at One Woodward and rent.»d space in the nearby Guardian Building.

PERSONNEL CASUALTIES

GENERAL

A casualty analysis is made to determine the number of uninjured, operating department per-
soninel who have the skills and experience to repair and restore to operation the salvagable part of
the physical gas system. The dashed enclaosures of Figure 26 identify the operating departments in-
volved in the analysis. The postattack functions of the employees analyzed are limited to restoring

and maintaining gas service and to provide a few supporting services in the field, for example
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transportation and radio communication. The skills of the seiected personnel do not extend to

other majo'r activities of the Company. [t is feit, however, that the developed survival rate is appii-

cable to other groups of employees and departments and enable conclusions to be made as to the

degree that other activities can be resumed.

Occupational Grouping of Operating Personnel for Analysis

A listing of 1,975 operating employees by departments, cccupational titles and residence ;

addresses was supplied by the Company. included were on-duty employees of these departments

by work shifts and location of operating headquarters. From these lists, 1,412 employees whose
occupational skills are considered essential in postattack restoration work, but not necessarily in
preattack numbers, are grouped into Company organizational units and subdivided into occupa-
tional categories shown in Table IX. The *“Management’’ item of each operating unit in the table
starts with second {ine supervisors and extends to and includes middie management assistant manag-

ers and superintendents of departments.

Basis of Analysis

At present, in the Detroit area, directly applicabie blast and fallout basic casuaity data is
limited to the 434 St:ndard Location Areas (SLA) within the City (Refe ence 6), These data esti-

mate Detroit City pogpulation overall casualties at 26.7 percent kiiled and 40.7 percent injured.

Inspection of residence addressas in the Company listing disclosed that 57 percent of Michigan
Consolidated operating personnel live outside of Detroit city limits. Being more remote from
ground zero, it is reasonable to conclude that this group of employees is subject to less casualty loss.
On that basis, it appears that sufficient personnel wiill remain uninjured to handle emergency re-

pairs and to operate the postattack system in its reduced size.

\ casualty determination, however, to be usable for estimating time to comp!ete minimum

repairs to the system should survey all selected qualified operating manpower irrespective of
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Table 1X—Postattack Gas System Restoration Parsonnel by Occupational Categories
Michigan Consolidated Gas Company

Company Organizational Category
‘Unit and Postattack Occupational Category Identification
Function . Number
. Operation Activity
(a) Street Dept. Management 1
distribution Supervisors 2
repair and Street Leaders, Dispatchers & Heipers 3
maintenance Pressure Operators 4
Equipment Operators & Welders 5
{b) Service and Mlanagement 6
Metering Supervisors 7
restoration of Servicemen, Service Dispatchers,
gas service on Carpeniers and Plumbers 8
customer
premises
(c) Gas Distribution Management 9
i station Supervisors 10
operaticn and Plant Operators 1
pressure Gas Dispatchers 12
controi
(d) Transportation Management 13
vehicle Supervisors 14
maintenance Mechanics 15
2. Engineering Activity
Distribution Management 16
Design and Supervisors 17
\ Technical Engineers 18
Services Communication & Electronic Technicians 19
K system capacity, Instrument Technicians 20
radio, telephone l_aboratory Technicians 21
and instrument
repair, gas main
‘ purging
Management consists of Assistant Managers, Superiritendents, Assistant Superinteridents, Supervisors
of sub-departments and General Foremen.
Supervisors consist of Foremen, Section Foremen and Supervisors of field operating groups.
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residence locations. To do this, the Dikewood data is used in modified form to predict casualties

among employees located outside of Detroit city limits.

The analysis, which includes al! selected operating employees located both within and outside

of Detroit city limits, adheres to the foilowing assumptions:

1. Al off-duty employees, except those voluntarily evacuating the area, are at home at the
_attack warning time. They are considered to follow the general population shelter plans established
in the areas. These plans, also, are assumed to be essentially the same throughout the Detroit area.
On-duty employees, except as provided for in the Company’s Attack Emergency Plan, will proceed

on warning to the nearest NFSS shelter in the area.

2.  Ten (10) percent of the Company'’s personnel in the Detroit District voluntarily evacuate
the area (Reference 2). A further assumption is that all evacuees are unharmed. individua! evacuees
are chosen by taking every tenth qualified emplioyee from the list, regardless of his occupational

category.
3. An employee injured by both biast and fallout is counted as a single casualty.

Map Plot of Operating Personnel
Residence locations of off-duty employees and piaces of employment of on-duty employees

are plotted by occupational categories in Figure 28, a general outline of the Detroit area.

Gas Operations Personnet Casualties

Estimated casualties incurred by gas operating personnel, both in and outside of the City of
Detroit, {except fallout casualties for employees outside of the City which will be estimated sepa-
rately) are given in Table X. Evacuees are included in the uninjured. Further details are supplied in

Table XV in Appendix C.
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Table X—Casualties Among Gas System Restoration Personnel by Cccupational Categories
Detroit District—Michigan Consolidated Gas Company

Category Nu::?er Casuaities Uninjured o
Numaer Employees Deaths Injured Number Percent
1 15 - 5 10 67
2 38 3 10 25 66
3 375 56 97 222 59
4 35 4 1 20 57
5 57 7 18 32 56
6 16 1 4 11 69 )
7 52 4 14 34 €7 i
8 633 67 166 400 63 !
9 4 - 1 3 75
10 10 1 3 6 60 i
1 49 11 12 26 53
12 8 1 5 2 25
13 4 - 1 3 75
14 5 - 2 3 60
15 67 15 20 32 48
16 5 - 2 3 60
17 . b - 1 4 80
18 8 - ] 7 87
19 8 - 5 3 37
20 13 - 3 10 77
21 5 - 2 3 60
Jotal or 1,412 170 383 859 61
verage

NOTES:
Inciudes on and off-duty operating personinel and evacuees.
Includes casualties from biast effects irrespective of employee location in the Detroit Area. :
Inctudes casualties from fallout for personnel within Detroit city limits, !
F allout casualties among personnel located outside of Detroit not includey, see text,

Within City limits, personnel casualties from blast and fallout are derived from the Dikewood
reports {Reference 6}). The determinations are made by computing the percentages of killed and
injured for the general population in each SLA of employee residence, followed by use of random

numbers to identify whether the employee is killed, injured or uninjured.

Qutside of City Limits, blast casualty percentages are obtained from curves similar to the i
]
graphs illustrated in ‘“‘Development of Typical Urban Areas and Associated Casualty Curves’’

(Reference 8). The curves developed for the Detroit area are reproduced in Appendix C. They are
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smooth curves constructed from Dikewnod's blast effect fatality and injury percentages in SLA's
piotted against the average distance of each SLA from ground zero. After extrapolation to zero
percent casualties, the curves are applicable to employees located outside of Detroit because of the

close similarity of land use and type of building structures in the concentric areas surrounding ground

2ero.

Fallout casualties among employees located outside of Detroit cannot be determined on an
'individual basis from available data. No consistent relationship exists between fallout casualties
and residual radiation intensity values in the SLA’s. There are, however, s'milarities between the
intensity contour patterns of the areas {inside and ouis'de of Detroit, see Figure 29!. Each hasa
zone of high intensity radiation with approximateiy egual areas of lesser values. On this basis, it is
reascnable to assign to the group of employees located cutside of Detroit the same number of fallout

casualties incurred by employees within Detroit. This number is one death and sixty injured.

A casualty summary, which includes the foregoing fallout casualties (one death and sixty

injured) is given in Table XI.

Table X|I—Casualty Distribution—Gas System Restoration Personnel
Detroit District-—-Michigan Consolidated Gas Company

Sk i g o T Rkl o e n i i

Casuzlties—Killed and Injured
Number Uninjured
Location of Blast Fallout
Personnel -
No. % No. % No. %
In Detroit 602 324 £4 61 10 217 36
Outside Detroit 810 168 21 61 7 581 72
Both Groups 1,412 492 { 35 122 9 798 57
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SECTION V
EMERGENCY MEASURES, POSTATTACK REPAIRS
AND

RESTORATION OF SERVICE IN THE DETROIT AREA
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designed to prepare the system for the attack, is activated.

GENERAL

The time interval beginning with official warning that an attack on the United States has started

and ending with restoration of gas service in the postattack habitable part of the Detroit area is

divided into periods identified as:

1. Preattack Emergency Measures—This period extends from the moment of warning of the

attack untii detonation of the bomb. Following the warning, the Company’s emergency plan,

2. Postattack Emergency Measures—This period extends from the detonation nf the bomb
untif the measures decided necessary by the Detroit Emergency Operating Center to control the

gas system are completed.

3. Postattack Repairs and Restoration of Gas Service—This period extends from the start of

emergency repairs until gas service is restored in the remaining habitable part of the area.
PREATTACK EMERGENCY MEASURES

Michigan Consolidated’s nuclear attack emergency plan, issued in 1962, provided for dispersal
of mobile equipment, the designation of postattack operating centers and the assignment of duties

by location to supervisory personnel.

Specifically, the plan stipulated that Willow, Northeastern and Northwestern Stations would
be the postaitack operating headquarters and that Detroit District mobile equipment (trucks, com-

pressors, arc machines, etc.) would be relocated at these thres stations.

1t was recognized, at the time, that defensive measures to prepare the gas system for an
attack and for its control, if damaged, aiso are needed. it was felt, however, that formulation of

suciy measures could be deferred until the need was more urgent and thus be based on the current
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The Company believes that under the circumstances of this hypothetical attack (Reference 2)

defensive action with respect to the distribution system would have taken the form of:

1. reducing operating pressures consistent with an estimated lower load on the system

following the warning.

2. providing means at a locaticn outside of Detroit for complete shut down of the distri-

.bution system, if necessary.

To secure single point control, the plan requires that gas supply into Detroit District would be
cut back to a single station—Northwestern—by shutting down and valving off the remaining City
Gate Stations. Northwestern is located in a non-industrial area nearly 20 miles from downtown
Detroit. It is easily capable of supplying at reduced pressure the “pilot light”” load of about 4.5
MMCFH remaining on the system after industry shuts down and other users turn off appliances.
To protect employees remaining on duty at Northwestern, a stocked, underground shelter is built
on the property. It is equipped with gas pressure and volume recorders for operating guidance,
radiation monitoring instruments and radio for communicating with the Detroit Emergency Operat-
ing Center. In addition, control piping employing gas pressure for remote closure of Llock valves
of incoming tranismission mains is extended into the shelter from a front gate location. These
valves and apparatus for remote operation antedate nuclear attack plarining, having been installed

in 1960 as a station safety feature.

Activation of Emergency Plan

When notified that an attack has started, Gas Dispatch instructs station operators to complete

the following predetermined elements of the plan before leaving for public shelter:

1. River Rouge Station—Shut off Panhandle Eastern gas at C 50 valve and place in operation
#1A and Glenwood regulators at 80 psig outlet pressure. [Notification of Panhandle Eastern is not

required; it is awar2 of the action that will be taken by Michigan Consolidated.
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2. Willow Station—Shut off the 30 and 36 inch Van Born & Van Born Paraliel mains. Con-

tinue to let incoming Michigan-Wisconsin gas flow to storage via the Milford-Austin Detroit

transmission mains. By-pass the Willow gas processing plant and shut it down.

3. Northwestern Station—Shut off the 24 inch—"'A’" Line incoming to the station and drop

outlet pressure in the 24 inch, 26 inch and 30 inch mains suppiying Detroit to 180 psig. This

station has its own underground shelter and also controls the unmanned Northeastern Station.

4. Milford-Detroit-Ausiin Transmission System—No specific precautions are considered

necessary for this transmission system. Its mains contain automatic valves capable of isolating any

Smgmod W
{ B

section experiencing catastrophic damage.

5. Coolidge Station—Reduce pressure in the Crosstown main from 200 to approximately

100 psig. (Accomplished by remote operation from the Dispatcher’s office.*)

e pouse

6. Evergreen Station—Reduce outgoing pressures to 100 psig. {Accomplished by remote

1

oneration from the Dispatcher's office.*)

7. Lynch Station—Shut down the operating compressor and isolate it and the East Quter

Drive main (Northeastern Station and Belle River transmission n:ain) from the distribution system.

8. Belle River Mills—-Stop injection into the storage and isclate the station from the Belle

River transmission main,

l 9. Other Remotely Controlied Regulators—Reduce 10 permissible minimum pressures.

'Lucatod‘;lf)no Woodward Avenus, Detroit,
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POSTATTACK EMERGENCY MEASURES

The effects of the blast (0.7 psi overpressure and less than 70 mph wind) neigh:ter damages
Northwestern Station facilities or harms the operators. About thirty minutes later the station
reports to E.O.C. that the gas pressure and flow meters indicate no change in the Detroit-Austin

pipeline system, but show a rising rate into Detroit.

In the meantime at the Emergency Operating Center, also unaffected by the blast,” advantage
is taken of the iow radiation intensity to make a visual survey from the shelter’s entrance. Nearby

structural damage to apartments along Whitmore Avenue and reflection of fires are noted.

A second report from Northwesiern Station a little later predicts that the flow rate into
Detroit, now at about 13 MMCFH, will level out at about 16 MMCFH. Additionai reports, begin-
ing to be received from Civit Defense shelters in other parts of the area, report widespread structural

damage and high radiation values indicating a surface burst.

Based on these observations and the following considerations, decision is made to shut down

the gas distribution system:

1. The 16 MMCFH rate in the 300 psi Transfer system downstream from Northwestern
Station indicates that these facilities are operating at maximum capacity in response to extensive

damage to the distribution system and gas loss therefrom. See Appendices D and F.

2. Inview of reports of substantial amounts of residual radiation, there is a feeling that
the delay and elapsed time before emergency repairs can be completed will be too long to perimit

that volume of gas loss to continue.

;Ovtrp;;s—luu 15 3.3 psi; stavion s desgned for 100 psi
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3. The alternative to a complete shutdown, namely to throttle at Northwestern to reduce
gas loss to an acceptable amount, would not maintain minimum operating pressures in the un-

damaged areas. The reduced volume would preferentially channel to the points of major damage.

Northwestern is instructed o shut down the supply into Detroit. It is accomplished froin the

shelter by remote operation of the block valves. The shutdown operation is complete about one

hour after detonation of the bomb and cuts off gas supply to the entire Detroit District distribution

system with its preattack 685,200 customers.

Time for System to Depressure

Pressure in the Detroit District distribution system declines to zero gauge in 85 minutes after

shutdown at Northwestern, see Appendix D,

POSTATTACK REPAIRS AND RESTORATION OF GAS SERVICE
IN DETROIT DISTRICT

The low intensity of 0.1 R/hr of residual radiation after 28 hours* along the western border
of the fire area perinitted inspection as soon as fire spread had stopped. Basad on the findings,
Michigan Consolidated decided to isolate and not to return to immediate service that part of the

distribution system coinciding, in general, with the area devastated by blast and fire,

The high level of 22 R/hr of residual radiation after 28 hours along the eastern boundary of

the fire zone delayed exploration and selection of a separation boundary in that area for a week.

The two parts of the system, west and east of Detroit, wh2rein gas service is fully restored in
the immediate postattack period, together with the shutdown area, are shown in Figure 27. The
restored areas include all sub-areas in units of one square mile where surviving buildings are 5 per-

cet or more of the original number, Reterence 7.

*intensities after decay from values shown in Figure J0.

125




The west side area is resupplied from Northwestern and Willow Station< via connecting Beech-
Daly, Van Born and Pardee mains. East side supply is brought in from Northeastern Station via

the portion of the 7 Mile main east of its intersection with the Outer Drive main.

The not restored area covers nearly all of the City of Detroit together with parts of adjoining
communities.* The grid and Transfer systems therein will remain inoperative for an indefinite
period in the future as an integrated system. Although the underground gas facilities sustain damage,
éspecially as ground zero is approached, continued shutdown is mainly because buildings and need
for gas service are wiped out by the blast and fire except for the small minority of surviving

buildings.

Table Xil gives statistics of the areas wherein both the grid and Transfer systems are restored : ;

to service and the required isolating operations:

Table Xli—Postattack Areas and Numbers of Customers Restored to Gas Service !

Area Waest of Detroit East of Detroit

Square miles 328 4 .
Number of customers 87,135 5,188 1
Number of services 75,116 4,472 :
Mains cut and capped:

cast iron 7 6

steel 54 - 3
Services cut and capped 2,253 223
Valves and regulators shut off 196 24 -

Time Required to Restore Gas Service in the Postattack Areas
The overall time required to isolate, purge and repressure the distribution syster. serving the

west side area and for Company servicemen to relight gas appliances in customers’ premises is

*The area of fire spread extends about 3.1/2 miles north of Esxght Miie Road by 17 miles iatersliy in Consumers Power gas franchise
ares. There are 131,200 gas customaers in the affected area. Destroyed premises sre estimatad st 80,500, Reference 7. Demage to
Company gas facilities on the premises will be burned out regulators, meters snd meltet of warped sarvice velve cores. Leskage
could reach 96 MMCFH if the system can maintsin normal service pressure. The sction taken by Consumers Power to handie the
stustion s not determined in this study.
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estimated by Michigan Consolidated to require a span of 39 ten to twelve hour working days after

start of the work and with ali work being done in accordance with its standard practices.

Operable appliances progressively become available to householders beginning about nine days
after start of th2 work. Work in the east side area, delayed for two weeks by residual radiation, is

carried on concurrently and completed 2E days after start in the west side.

The unit field operations necessary to restore gas service and the amounts of time to complete
each one, using restoration personnel to best advantage, are shown graphically in Figure 37 in

Appendix E.

RESTORATION OF SERVICE TO INDIVIDUAL ESTABLISHMENTS
IN THE POSTATTACK AREA SHUT DOWN !NDEFINITELY

The numerous high and intermediate pressure mains comprising the Transfer system network
in the isolated area shut down indefinitely, particularly the portion outside of the 20 psi over-
pressure radius where cast iron as well as steel facilities are r.ot likely to be damaged significantly,
will enable early reinstatement of gas service to be made to surviving important establishments
located therein. This is possible because most substantial users of gas are supplied from intermediate
pressure mains rather than from the grid. Generally, valving and purging with only a minimum of
cutting and capping are necessary to reach the locations even though the surviving buildings may

be iocated deep within the shutdown area.

Examples of the use of Transfer mains and the resupply of eight hospitals are shown in Table
XV1in Appendix E. These hospitals, subjected to less than 5 psi overpressure, may have use for

gas as soon as it can be made availahle.

PRECEDING PAGE BLANK
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MICHIGAN CONSOLIDATED DISTRIBUTION FACILITIES
iN DETROIT AREA NOT SHUT DOWN

The Company’s adjoining and undamaged Ann Arbor District with its 43,775 customers is

unaffected by the attack and continues to receive an uninterrupted gas supply.

it is assumed in this study that a proposed program instructing househclders to turn off gas
-supply to their premises at the service valve before taking shelter is not in effect. Thus, householders
returning to their premises have immediate, fuli use of their appliances. See Appendix F for a

general discussicn of the proposed turn off proposal.

COUNTERMEASUREY

The Michigan Consoclidated gas supply system in the Detroit Area possesses nuciear attack de-
fensive properties to a high degree. This favorable posture exists by virtue of (1) most distribution
operating facilities are underground, (2) the Emergency Plan for dispersal of trucks, mobile tools
and radio communication facilities minimizes potential damage to these categories of equipment,
{3) important operating buiidings are reasonably strong structuraliy; they are practically fireproof
and generally separated by several hundred feet or more of lawn, gravel or black top from the near-
est combustible buiidings, and (4} there are no fire arrays, either indoors or adjacent to ogperating
buildings, except the conventiona!l use of combustible packaging materials and containers in

storehouses.

The four City Gate and eight aboveground distribution regulating stations and one major gas
main overcrossing are the few elements of the system that are plainly vulnerable. From an operat-
ing viewpoint, however, none of these facilities is truly critical in a postattack situation when

considered individually:
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1. City Gate Stations. Their multiplicity in number and miles of separation from each other

virtually guarantees a supply of pressure reguiated gas for postattack operation.

2. Distribution Stations (distribuiion, regulation and maintenance and storehouse supplies).
The study shows that all stations, except two, experience disabling damage, yet postattack opera-
tion in the habitable areas is not significantly affected. The redundancy of pressure regulation,

characteristic of gas systems, permits bypassing of the stations and reassigning regulation to up-

stream regulating facilities.

Damaged or destroyed supplies leading to scarcity in the postattack period, while not

especially critical, would not be readily replaceable and, thus, warrant safeguarding by all practic:l

means.

Comments and recommendations for further hardening of specific eiements of the system

against nuciear attack are:

1. Castlron Piping. it is plain that the underground system would be less vulnerable if re-
placed with steel (or plastic where practicable) and by further expansion of the policy of leak
clamping bell and spigot joints. The Company is fully aware of the more resistant properties of

these other pipe materials and prccedures; and, in fact, has been using steel in cast iron pipe re-

placements for years.

A program to replace cast iron in order to harden the system against nuclear attack
cannot be justified. The study indicates that the cast iron system in its present state, possesses far
more resistance to damage than the aboveground facilities which it serves. To substitute steel
would merely enlarge the postattack operable part of the underground system deeper into the
area (towards ground zero) in which surface structures are totally destroyed and need for gas

service no fonger exists. Since years probably would be required to rebuild surface structures and
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recreate-a demand for gas, there is little reason to incur expense to strengthen a system ani i =

stand idle.

2.  Regulating Equipment in Stations. Distribution regulators and associated contro! equip
ment are located, as a rule, in brick buildings and thus are subject to damage from building ctis-
integration or coliapse. In a few instances, major regulators are located outdoors in steel grating or

plate covered concrete pits when indoor floor space was unavailable.

Regulators would be less vulnerabie if located in pits, preferably grating covered, where
noise is not a factor. But again, the study shows that this equipment is not indispensable in the
postattack period and outdoor relocation, simply for nuclear attack hardening, is not justified.

Neither is strengthening of the already strong buildings.

Accordingly, it is recommended that consideration be given to below grade location in
pits for future relocations or new installations of statior: regulators. This location does not apply to

gauge boards, telemeter or other accessory control equipment not suited for pit conditions.

3. Storehouses and Supplies. 1t is recommended that defensive measures with respect to
storehouses be directed towards fire prevention. The buiildings are reasonably strong (810 psi
required for severe damage). The value to he derived from the cost of further structural strengthen-
ing is questionable, since the storehouse stock would still be salvageable even though the buiiding

is ceverely damaged, providing fire is not involved.

Storehouse construction is practically fireproof even with use of roofing paper and tar
10 waterproof the gypsum roof slabs. Storehouse supplies, however, contain appreciable quantities

of cardboard, cotton uniforms, rubber, plastic, wood and other combustible materials.

Fire tiability arises mainly from potential primary ignitions by fireball thermal radiation

penetrating storage areas through large, clear glass window areas. Ignition from firebrands is less
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Aoty because of wide distances separating most storehouse buildings from the nearest combustible

siructures,

Fire prevention recommendations proposed for storehouses and similar buildings are pre-
attack meas 2s. They consist of the opaquing of clear glass windows or, as an alternative, the
elimination +f ;. .door materials such as window coverings, drapes, exposed paper in office sections
anc - ckaginst materials, paper, cotton uniforms and other readily fiammable items in warehouse

LSRR A R

4. Overcrossings. Sections of gas mains crossing freeways, rivers, etc., are steel and, generally,

are hung in protected locations from the undersides of the steei-concrete bridging structures.

Although vulnerable to a degree, their change to underground iocation is not justified.
The bridges are strong with respect to dynamic pressure and, in addition, the crossings, with one

outstanding exception, are alternate supply routes and not the sole support for the area.

The exception is the River Rouge—Zug Island single crossing to Great Lakes Steel.
Months would be required to rebuild the overcrossing structure. A submarine crossing is not feasible.
Originally planned as an underwater crossing, instability of the soil of the river banks required change

to overhead construction.

5. System Shutdown. The purpose of system shutdown, in whole or in part, following an
attack is to eliminate leaking gas as a potential participant in the initiation or spread of secondary
fire. Rapid release of gas stored in the system at a safe disposal point wil! shorten the time duration
of gas leakage. It is recommended that a Company suggestion to use biow down valves at the shut-

oft point be added to its Emergency Plan as a potential action.

6. Service Valve Turn-off by Householders. |t has been proposed as @ countermeasure that

householders turn off gas supplies to their premises at service valves in the event of an imminent
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nuclear attack. The intention is to materially reduce postattack fire spread by eliminating gas leak-

age from damaged, gas household eqiuipmem as a potential ingredient for fire initiation.

Based on an examination of available data, it is concluded that service valve turn-off

would not have been effective in lessening fire spread in the Detroit area, see Appendix F,

.
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SECTION VI
SUMMARY
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SUMMARY

The effects of a hypothetical, 5 MT surface burst, nuclear attack on the supply and distribution
of natural gas by the Michigan Consolidated Gas Company to 686,200 customers in its Detroit

District are investigated and evaluated.

Following the warning of an impending attack, the Coinpany activates its Emergency Plan.

.Principal provisions of the Plan to prepare the system for a nuclear attack are:

1. Valve off, shut down and leave unmanned three of the four City Gate Stations normally
supplying the Detroit District distribution system. The purpose is to delegate further controi of gas

entry into the distribution systems to a single, manned station.

2. Reduce normal operating pressures in specified high pressure distribution mains. The

purpcse is to :ninimize gas volume inventory in the distribution system.

3. Felocare tracks and major mobile equipment to be designated, less vuinerable points out-

side of Detroit. This element of the Pian is completed several weeks prior to the attack.

One hour after the detonation, supply to Detroit District distribution is shut off by the Com-
pany at the City Gate Station. The shutdown is made to stop gas leaking at a 16 MMCFH rate from
damaged gas fecilities iri the distribution area. After shutdown, distribution pressure declines to

zero pounds gauge in about 85 minutes.

In the immediate postattack period, s part of the Detroit Disirict distribution system surround-
ing and extending out from ground zero and formerly serving 592,900 customers is not restored to
service. It is isolated from the balance of the system and left shut down indefinitely, because most
buildings and residences therein and need for gas fuel are wiped out by the blast and fire. The area

covers 227 square miles, comprising the City of Detroit and all or substantial portions of adjoining

communities, PREB[U'NE PAGE BMNK
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Gas distribution operations are fully restored in two separate areas, east and west of Detroit,
containing a total of 82,323 customers or 13.5% of the preattack number. Gas appliances therein
are progressively returned to use by Company personnel beginning nine days after start of emer-

gency repairs; completion is thirty-nine days later.

The separation boundaries between the distribution system parts restored and not restored to

gas service foilow, in general, the outer limits of severe, secondary fire damage.

Principal damage to Michigan Consolidated aboveground facilities is to buiidings of regulating
stations and storehouses. Losses in supplies and incapacitation of operating stations is not critical

in the postattack period because the amount of system remaining to be operated is small.

The underground distribution “‘grid”” mains in the vulnerable area are cast iron employing
cement packed joints. High pressure “feeder” mains interlacing the area are either steei or leak

clamped cast iron.

It is expected that the grid mains (unclamped and most vuinerable) will remain operational
to at least the 20 psi overpressure radius. Distribution regulator vaults begin to experience damage
at 16 psi. As an area operational limit, neither value has significance in the immediate postattack
period. Both represent distances deep within the shutdown area, where need for gas service no

longer exists.

Natural gas supply available for the Detroit area in the postattack period will be more than
adequate. Three of the four incoming transmission systems are undamaged and capable of resum-
ing normal deliveries. In addition, by late August, the amount of gas placed in underground storage
by Michigan Consolidated will supply the reduced system for months f, fo: some reason, trans-

mission deliveries cannot be resumed immediately.
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The number of Detioit District uninjured personnel is ample to handle the system in the post-
attack period, except for a temporary shortage of certain skills during the emergency repair and
repressuring operations. It is likely, although net pursued in the study, that help from other dis-

tricts would offset the deficiericy.

The number of undamaged vehicles is adequate at ali times in the postattack period. Less than

7 percent of the truck fleet is damaged. Gasoline is not a problem in view of a nearby undamaged

refinery.

Mchile radio is the sole means of communication for directing and coordinating recovery
operations. Telephone facilities emanating from the General Office are damaged beyond short
term repair. The twu surviving base radio stations of the Company and 485 mobile, two-way
radios in vehicles provide adequate coverage of the area. Adding to the flexibility is a Company-
owned base station, mounted in a van type vehicle, which enables the station to be moved to any

location in the area.

Gas supply to the Company’s adjoining Ann Arkor District and its 43,775 customers is un-

affected and uninterrupted by the Detroit attack,

Although not a study assignment, a proposed countermeasure that service valves be turned
off by househo!ders when an attack is imminent was examined. The purpose of the measure,

whose effectiveness on a national basis is not yet resolved, is reduction of fire spread.

Available data indicate that the measure would not have curtailed fire spread in the
Detroit area, since expected primary fires, initiated by fireball radiation, possessed capability to
spread without participation of gas. The absence of gas, at the best, would be to delay fire spread
in sorne degree, but not to limit its expansion. This suggests that, following ar attack warning, a

householders limited time would be better spent in clearing rooms of articles ignitable by fireball

radiation.
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ANALYSIS OF GAS REGULATOR VAULT DAMAGE BY OVERPRESSURE

Michigan Consolidated regulator vaults are shallow buried, concrete structures, their roofs be-
ing close to ground level, see Figure 28. There is, therefore, no attenuation in the attack environ-

mental overpressure exerted on the vault roof (Reference 3, Chart #5).

The lateral pressures developed on vertical surfaces of a buried structure may be as low as
15 percent of surface overpressure in dry, well compacted silty soils, but generally are greater for
" most soils and may approach 100 percent for porcus saturated soil {Reference 1, page 163). The
percentage used in this analysis is 25, being based on the assumption that near surface, Detroit soil

is compact and moderately dry. This force is in addition to passive soil pressure.

The unreinforced four inch thick, floor slab has the least flexural strength. Damage to it,
however, will not nullity the vauit's postattack serviceability if the walls and roof remain intact.
Although the floor by itself is not necessarily a limiting factor as to the amount of overpressure

that the vauit will sustain, it is a controlling element in side wall resistance to lateral force.
if the floor remains intact, the side wails are treated as a slab supported on four edges:

1. Load distribution for siab supported on four edges

W, = L. 0.5 where W, = fraction of load
S carried by short span
L = length, long span
S = length, short span

For Vault 318E (see figure 28, page 145), W, = 1.5 indicating computation is

based on short span carrying all load.

2. Bending momeant at failure

= fc X § where fc = 550 psi, tensile strength concrete
S = section modulus 228 in3 (12" X
12" beam)
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3. Bending moment in beam

w2 p X 12 X 12 _p

—80" 2 X 8 wherew—z
p = overpressure, lbs/ft2
I = length beam, feet

4. Overprassure at failure

560 X 288

A X8 X 144 - 11000

it

76 psi
5.  Overprassure for light damaget

08 X 76
61 psi

If the floor fails, the load on the bottom strip is transferred to the long span which is treated as

a beam with two end supports:

1. Bending moment

_ w2 2 = _ P 2
=8 X 12 = wherew—4lb/ft

| = beam length feet

2. Ovsrpressure at failure
_fe XS X4X38

144 X 12 X 144 - 204psi
3.  Overpressure for light damago
Vault 318E = 0.8 X 204
= 1§ psi

If both fioor and side wai!s remain intact, the roof may be the coniroiling element. Rooi

damage from loading is directly reisted to the strength of th2 | beams.

*Possive 30l ;r—mro for Veuit 318E wwhare botiosr ssb 18 B fest balow grade is 11,000 in-ibe.
1Overpressure for light darnage is taken us BO% of uilure.
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Damage is iight until elastic limit (35,000 psi) is exceeded. Stresses above that value progres-
sively proddce more damage. Severe damage is taken to occur when | beam stress reaches 55,000

psi. Overpressure for severe damage:

1. Weight carried by beam

p--.—

= 6.167 X 3.21 X 150 = 2,970 lbs
2. Load due to overpressure
= 6.167 X 3.21 X 144p = 2,850 p

3. Section modulus

k]

= 20.8in3

4.  Moment at failure (55,000 X 20.8)

= 1,144,000 in-lbs

5. E:nding moment

| ———

_ WX 12 2850p X 2970 X 6.167 X 12
10 10

' ' :

i

6. Overpressure at failure

p = 53 psi

7. Overpressure for light damage
= 34 psi where fs = 35,000 psi

In addition to stress induced by soil transmitted overpressure, vaults are subject to the unduiat-

ing motion of ground shock. Because of their thinness, floor slabs are more vuinerable 1o daii.a:

therefrom than other elements of the structure. It is then reasonable 1o base limiting overpressuse
on the premise that floors will fail. These overpressures are:

PRECEDING PAGE BLANK
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. Light Damage Limiting
V S ,
auit Size 0 re psi
U386k 34"
U3 29
u318D : 23
U318E 16

*Roof light damage overpressure is controlling for this vauit,

DISCUSSION OF BELL AND SPIGOT JOINTS

No usable data exists to predict the amount of ground motion that unclamped, cement
packed, beil and spigot joints in the Michigan Consolidated Detreit grid system can cbsorb before

damage to the sealant materials resuits in significant leakage.

The purpose of this consideration is to see if, in general, it can be concluded that these joints
will withstand the ground motion generated by 16 psi surface overpressure—the light damage limit
established for regulator vaults. 1f so, the amount of cast iron grid system piping in Detroit return-
able to postattack operation will more than service the area having repairable and ultimately usable

aboveground buildings.

A test in Nevada of buried steel and cast iron pipe and an unclamped, lead caulked, belt and
spigot joint reports nothing more than an insignificant leak in the joint after subjection to a 30 psi
overpressure {Reference 5). It appears, though, that the pipe !engths containing the test joint lay
parallel to the biast front, thereby enabling the joint to largely escape tlexural stress. Furthermore,
it would appear that the soil encasing the newly layed pipe in Nevada would be less compact and
permit the pipe to adjust itself with less flexural stress than the compact, cohesive soil surrounding

pipe for years in Detroit.

Jute packing is the main sealant against leakage in both cement packed and lead caulked
joints. No significant difference is considered to exist between the two types in ability to resist

development of ieakage under normal conditions.
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inswallation standards and other local influences.

A '-er raport (Reference 9, part 3, page 15) prepared for the Five City Study concludes, as
a general observation, that ground motions generated by surface overpressures of less than 10—16 psi
are unlikely 10 damage underground facilities of utilities, but cast iron pipe and bell and spigot joints
ara not specifically mentioned. It concludes further that a definite determination of an overpressure
limiting value is not possible at this stage of the art because df differences in physical properties,

degrees of deterioration of like items installed at equal distances from ground zero, dissimilar regional

in view of the abser.ce of data applicable to cemernt packed, bell and spigot joints, the only ;
course at this time for gauging damage to such joints in Detroit is to base a judgement on reasonable

assumptiois.

The front part of the biast wave where overpressure builds up from ambient to its peak value
produces the most damaging ground motion because of its short length of about 2 feet. * The
balance of the wave cycle is relatively long declining to ambient pressure in several thousand feet.

A length of pipe normal to the blast front would experience maximum deflection over its length.

In Detroit, cast iron grid piping and bell and spigot joints generatly are under 3-1/2 feet of
6 to 8 inch concrete paving. Pavement acts to distribute and project a concentrated force, such as

a tlast front, to underlying suil ahead of the front, but at decreasing intensities. It is assumeci that

this projection is at least & feet, a reasonable distance for concrete in view of 3 feet often u:sed for
earth cover to distribute loading from a concentrated force on the surface to undergrourd gas piping.
Twao (2) feet more can be added, this being the distance required for overpressure to build up from

ambient to its peak value.

& A g s e T S

Thus, seven feet of a ten foot .ength moves with ground depression developing ahead of the

front and can be assumed to be unstressed. Assuming further that pipe rigidity resists bending,

:()a)lcul.nt_};!“l-"or;w an overpressure rise time of 1.2 milliseconds and a shock front velocity of 1600 ft./second at 4 Km from G.Z.
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the remaining three feet is reguired to compress or shear surrcunding soil using the joint as fulcrum
point. The soil to be compressed by the three foot length varies from a maximum of 3/8 inches to
zeio over the remaining 3 feet of a 10 foot iength. Since soil under a pipe is the ieast cornpacted, it

is believed that pipe and soil will adjust accordingly without excessive strain on the joint.

Assuming that the faregoing adjustment between pipe and soil takes place, the transient anqg.-
larity between companion parts of the joint is about 1/2 degree. This risalignment is not cons’deved

'iarge enough to significantly damage the joint sealing materials.

The actions described are an over simplification of what may develop in the diverse piping
onfigurations in the field. It disregards pavirng expansion joints and locatinas where the pipe is not
under concrete or where the joint or piping is already highly stressed. The ahsence of concrete cover-

ing, however, does not change the angularity developed in the joints; it merely increases the amount

of soil under the pipe requiring compaction tc rermain straicht and rigid.

This consideration indicates that defiection taking piace in joirits under an applied 16 psi sur-
face cverpressure is smell. 1t is felt that the cast iror grid system in Detroit will not be systematically
damaged at the 16 psi overpressure radius arnd can be retiirned to operarion as needed after reason-

able amounts cf repair for izolated fractures and other irakage.

The Company has expressed an inte. est in making a test to determine the effect of pipe deflec-
tion on the gas tightness of a joint. Pipe in p'ace and about to be replaced or abandoned is con-
sidered best suited for a test. No test site riaterialized during the progress cf the study. it is hoped

that the Company can perform the test when the opporiunity develops and will make known the

results.

The tentative boundery of 16 psi overpressure radius is developed as a matter of interest only,
it has little postattack significance in Detioit since it is within the area where residences and most

buildings are totally destroyed »nd need for gas service no longer exists.
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ANALYSIS OF CHIMNEY AT COOLIDGE STATIONT

Comparison of overturn and resisting forces indicates that the reinforced concrete chimney will

continue to stand.

The bearing pressuie of 3.6 tons/ft? under the toe of the base is less than the accepted 4—5 tons

for Detroit soii at foundation depth, indicating continuance of chimney stabiiity.

Analysis

"\I
-'jr‘ ™"
2.
210 3
|
I
& -
e 30 >
Weight:

1,460,000 Ibs.

*Felerence 1, ppge 202.
Wy

mitack Data:

overpressure P = 6.2psi
reflected overpressure P, = 13.6 psi
dynamic pressure g = 10psi
duration of positive phase t, = 6.8sec
peak wind spead = 200 mph.
Overturn Resisting Momant:
1,460,000 X 15 = 21,900,000 tbs-ft.
i_oading from Blast Wave: *
. D
(a} from overpressure, psi = P m A
(b} from dynamic pressure, psi = C4 q{t) At
where 3 = awverage diameter of chimney = 1267 ft.
U = shock front velocity = 1300 ft/sec.
A = projected area of chimney = 25655 sq. ft.
qit) = dynamic press, at time (1) where §{ = D/U
-2t
t\? t 12.67
. t) = | —— + = ——— = el
{c) qit) q( 1’) e t 1300 0.00935
-2 X_0.00936
of1 - Q00E)  TER
{ g

drag coefficient » 034 @ 15 * 105 Raynolds Numb:

tSubsequent 1o wihing thas rapart this chirmney nas beern razed.
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12.67 -

{d) overpressure loading = 136 X 1300 = 0.133 psi
& Jyramic pressure loading = 0.34 X 1.0 X 0.297 = 0,340
total net loading = 0.473 psi
4.  Overturn Moment:
(a) center of gravity of chimney prevact i area = %%—?5—) .
where: )
a = top diameter - 210 (18+15.33)
b = bottom diameter 3 (9+16.33) ‘
= 95.9 ft. ‘
(b} moment

2555 X 0.473 X 144 X (35.y - B} = 17,600,000 Ibs-ft.

5.  Prassure under toe of base:

(a) area of hexagonal base = 8.66 X 15 X 6 = 779.5 f1.2 i
) 1,460.000
! (b} soil pressure 795 1873 Ibs/ft. 5
ic) load per linea! foot of cross section Rv = 1873 X 30 = 56190 lbs,

(d) horizental wind force acting on chimney:
0.473 X 144 X 210 = 14300 lbs.

(e} tangent of angle of resultant force
acting on chimney:

14300/1,460,000 = 0.0979
(f)  distance resultant force intersects base froni toe:
a=15-(95.9 + 50) X 0.0979 = 5.12 ft.
(g} force on ground under tor, t = 2-3—2" where a <—\;L
- ] v -1 : *
- e ! 2 X 1
RS 1 = 5«;(051%9—26—03 = 3.65 tons/ft.2
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6.. The safe bearing pressure of medium clay soil in Detroit is 4 to 5 tons per square foot.
Considering that wind force is short in duration, it is concluded that chimney will not overturn

<+ be significantly tilted.

ANALYSIS LOW PRESSURE HOLDER AT COOL!DGE STATION

This 10 MMcf, low pressure waterless holder is 218 feet in diameter by 320 feet in height. It

. is empty and the piston is landed. |ts early dismantlement is planned.*

The steel top and sides are designed for a maximum stress of 13,500 psi at a lateral pressure
of 30 lbs/ft.2

65,000
H = e—— = 2
Pressure for failure 13.500 X 30 = 144 \bs/ft

The combination of 893 Ibs/ft2 (6.2 psi overpressure) and a coincident lateral impulse of
380 Ibs/ft2 {Reference 1, page 202) acting when the blast wave just envelopes the holder will crush

and bend over the structure, but it will remain bolted to the foundation.

‘Subseguent to writing this repart this holder has beun razed.
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APPENDIX B




TABLE XIV-NORMAL DISTRIBUTION CF MOBILE EQUIPMENT DEPARTMENT OF P.T.&S.
Michjgan Consolidated Gas Company

. . . . , Mitford Jct.
Description Big Rapids | Six Lakes | Bolle Rivar Willow Station
Air Compressor 105125 cfm trailer 2 2 1
Back Hoe—Tractor w/front end ioader 1 1
Beveling Machine 4" —-20" 1
Crane, Motor w/Back Hoe 7—15 ton 1 1
Crane, Swamp Cat, Insley 1
. Extinguisher, 1000# skid mounted 1
Extinguisher, 900# trailer mounted 1
" Generator 1000—2400 watts 1 1
Lowboy, Lawrence FD 1 1
Oxy-acetylene Cutting Outfit 1
Pipe Layer w/Blade & Sideboom, TD 15 1 1
Pump, Water 1-1/2—3 inch 1 1 1 2
Pump, Water, Plunger, Engine Driven 1
Pump, Water, Centrifigal, Engine Driven 1
Pump, Hydrostatic Fill, 6" Engine Driven 1
Pump, Water, Trash ‘ 1
Side Boom, Crawler, TD 9 1
Side Boom, Crawler, TD 18 1 1
Tractor, w/Accessories |
Tractor, w/Bucket 1 1
Tractor, w/Winch 1
Trailer, Pipe and Fole 2 1
Trailer, Triole Axle 1
Trailer, Enclosed Equipment 2
Trailer, Low Boy 1
Trencher, #140 Cleveland 1
Truck, Flat Rack 1-3 tons, Winch 4 1
Truck, 1-1/2 ton Utility w/Compressor i
Truck, Platform 2—3 tons 2
Tiuck, Qump & Blade 3 tons 1
Truck, w/Fifth Wheel & Blade 5 ton i 1
Weider, Micro Wire 1 1
Welder, 200--350¢ Amp, Mobile 2 1 |
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GAS SYSTEM RESTORATION PERSONNEL AT ATTACK WARNING TIiME

The locations of operating personnel possessing the skills needed for restoration of the gas sys-

tem in the immediate postattack period are shown in Figure 29.
Off-duty Personnel

Plotted locations (residences) of off duty perscnnel are uncircled. Categories 3 and 8 represent

‘groups of ten employees. The location of a ten emiployee group is chosen by taking the residence

address of each tenth off-duty employee of that category from the Company list. Other off-duty

category locations indicate individual employees.

On-duty Personnel

On-duty employee employment locations are circled. Category 3 plot points represent two or
three man distribution maintenance crews working out of the Service and Maintenance stations.
Locations of the crews are determined by dividing the service area of each station into five equal

parts. The specific subdivision is then selected by use of random numbers, and its centroid is

assumed to be the job site.

Category 8 plet points represent 38 individual servicemen in the field plus 9 dispatchers at
One Woodward. Locations of servicemen are determined by approximate equidistant spacing in

the areas served by the stations. This method of job location selection is in keeping with operating

practice of working servicemen in specific areas.

The remainina on-duty employees (categories 10, 11, 12 and 15) have established work loca-

tions in the Service and Maintenance, Regulating or City Gate Stations and are presumed to be at

TR I I DR

thern at attack warning time,

PRECEDING PAGE BLANK

8 ST el T

163

P AR L L ]
g e et

EA




YPSILANTY

iy STA.

it

WIXOM

T
NORTHVILLE

20

LIVONIA
21
[}
7 4 8
e T
4 "
(e) N
a
7 1
1"
3 3
7
8
'8 e A
WAYNE 5
¢



PONTIAL

KEEGO
HARBOR

20

TROY

\BIRMINGHAM

y o
3 f
6 A . .
. 6 : p R
(1, NORTMWESTEAN * . L) 5%
<l sra . : . "
iy . \ . . ¥

-
~

s
.

. ROYAL OAK )

] "
L4 E
7 .

. 15
‘- '. . '
., 7 9" 3 .
: s 8"
. | . . . ‘.
SOUTHFIELD H e 7
.: Y 20 - . s
- < . 5 g
s : 12 Wy ) k
., : "  MAZEL )
s 7 . (s : 4 " 5 ~.PARK
) i 2 stg 4
) ., 5 . onx/muﬁ,/p»— Ll 5
~ 8 . J
e s g

N "
| > o < .
5 << 7 o ' : >
N 8 5 s s @ . - TR RN
4 2 . ; N \o - g
: S , | - kS " (5
. - 3 o — ‘ v ¢ /
". I \l“" i - 2 -7 (E‘ " “n l.' o
? 4 1| o S 7 \.f’ .
20 | 1977~ 2 g 3 S - .8
(E) E 9 7T 7 et - \) R 5 'S -.__.
o o . 8 .8 Lmvnm (\ \
: . )su (B eedeamermimsne S
. : COOLIOBE STA. S
20 vonta H "
21 ;
“+

A .

. 12
. (\l:"/

YI”A'N AN
¥4

.

; |l . i
Cd - )

":\
+
N

>

N 3
; N
o) : : i3 N nois
\ L B : Do . o ;
INKSTER 7‘2()\ 7 PR L3y oven 5| {/ //'-,
7 ‘(e ] .4 : . nouse ! / "500
. : v a (s : B B (8. s ") ,
3 v B P - s Lo (M > a e f/
ant L5 -2 8 . o - AN : WINDSOR
oM o N T " q LT (ll) b .. 7
L ‘\ . 20 'S N
wAYNE B '

. . ’ . \/"\
. “. . Y
: 8" - . [ ’ %‘~¢V
. - . 3 . MH,\/sNDALf, /
5 . IQ. ’ . /

. 5 : . ey R VIR /
. e s / ./  ROucE f
. 119 4 ., > AT ] /
- . . v !
. 2 " v, 5 ALUEN

o {..0.\‘._.

10O

3

. [ .

. Pl [« B "L .

. " LINCOLN -
. - 7 PARK |, ..
Sl K w3
. I " b '-‘

C‘ N i N - - b 3

UTiCA

“100

LO(G




p
(-

SELFRIDGE
AIR FORCE —/P

BASE
M 7

CLEMENS . LTS ==
.
/
7 /

)y /

uTICA
/T
|
:
?
L

|

»
:
8 3 s 8 4
8 6 2 7 :

8 BT

2 .-‘ -‘. .
" ROSEVILLE
5 >, 5
~ WARREN-, .2
’ 8 3
.".ZI "'- 6 .
. 6 s L4z s
zo™, s 5 8. 7'.__~ Sy
) " s /F_Asr -3
/DETROIT x
* '. 7 - a .
‘ ; 4 8"
“ 3 8 Vi .
- " e 2 -
" I 16 T / e =
. — = y s o . MARPER

C N . - .
o0 o (g), WO00S . 6 |t

RS

".400

~”
5 o S e s\ GROSSE POINTE
el 8 o & \u 5 20 PARK

. =5 A
o, 3,0 e OFCIL Ls
5 NN Sk sErFERS
“ S Al

3
. B)Q;»’\ 15 8 sy A
Fiagman 3 (i 5 i
1, 74 " NOSLE sTA !
3 0
15 .'-.‘8 _:\',,;

. TN
5 g 2

~—

“500 ’ —
WINDSOR

FiG, 29

..... s 500
LOCATIONS OF GAS OPERATIONS PERSONNEL
AT ATTACK WARNING TIME

100 poiNCH = 25 MILES
A . e




ERE AL A L o
c e
.-« -
| .
. ?
[
souT
3]
7 R
3
~ 18 .
cronr Wi AL “ . T
- : l
- | ~
. a .\\‘2
NORTHVILLE 3 | L
P
. 4 1 |
20 |
(& L,
. iq 'I
20 Lyvonta i
. k |
" N 1 I\
7 8 ; Y
i/
2 7 5 : 2/8 0
18 08 g
N |7/ 2 J
- 2 " 83 ‘Q g
(¢) ” JRET
g M ) :.
n 5 20 2| ®:Ia
7 : '
" 15 ; :
3 . \ '8
4 : :
L S P
INKST.,ER - 7‘ z()\
7 : (! e
; L
g ;
o AN Ay - S L E
8- wet : N\
— . //\ e : \
—— WAYNE 5 ; ’ \BJ
2 .’. |
Wi lCh STA, - : ...
) - |
) |
w . 21 1
oo T
. ’q ..
- P .. —
r ‘-. (
/ -
F‘/DENOIT 8
1= | .
— AIRPORT
- -
A "
L
FLATRO
e = : B )




E1GNT wicE KL

20 \voNia

CETROIT
INTER
ATRE(CRT

SOUTHFIELD

&

“ren. g .
[ -

o~
o
~

tseo,

crsvee,
© -
>

INKSTER
LrnT
M (e,/'

FLATROCK

3
- |67 7
20
6
s

hY
~

r
.,.,....,,__“’l w

(& ]
-.L'_.:i

et rent

ate”
et

~

H
-y
|

Ty

i3 )9
14 '._ 19 4
-
ALCEN
PARK
2 8'...

e
funena's.
sra. "

()

TRENTON

] .
COOLIDSE 'S TR
oo0s,
. N

7 . -
(@ . R\ 5 157,
3 L .

8 . LAWTON
(|5)sr‘ \9,

eusenreensag, |8
\ {8/; )

2\

o' 1
\

R
o
(8,

FERTT R
‘eea,

. 6'9*4‘0

5

1]
5

4 .‘ i
-3 o

TIREMAN
" A,

Lot Seny

n. Y
MELVINDALE
" /

/ RIVER

./ ROUGE

15, ri. 4

LN

., /
‘s

10 (s\} .y

24 107,

LINCOLN -

PARK ||

GROSSE

ILE




. » ]
s v .
‘ v s L]
: [ 2 ROSEVILLE
B 1Y ,, L
. WARRE W, 2
’ . ’ .. .
L] 3
4l
. 6 . -
a 17 3 e 1
20 - . § ..4 3 ‘&, 3 ]
. 5 . [ I . R
. . . T ., o
s . 5 . . . [ <
N g HAZEL .. ", ‘/[.51 ~..!5 .
R S T PARK '.. /DETROIT
Ky k4 - <3 ] '.‘v' 4 g+ 9
. . 2 «
A

(.'; 'HARPER
af)/_..wogos“ 6

.,‘\..‘ 5
1" \‘T‘»
i0 ~
6 ] .
3@ , 15
16
2 7
t 8 ~
2 8 -

¢ GROSSE POINTE
\ PARK

s
i \ .

) 15) 19 8 N -,
Fineman 3 YL .
STA. NCBLE STA s

AR

FIG. 29

LOCATIONS OF GAS OPERATIONS PERSONMEL
AT ATTACK WARNING TIME

e P o

L iNCH ®

2 5 MILES

-LEGEND-_

DETROIT CITY LIMITS

RESiDUAL RADIATION INTENSITY
ROENTGENS PER HOUR AFTEF ONE HOUR

eseriocane Sessiee “scsvnnnes

FLOT KUMBER INDICATES J0B CATEGORY OF EMPLOYEE, SEE TABLE. 1—-)(_

OF OFF-DUTY EMPLOYEE,

ULNCIRCLED PLOT NUMBER 15 LOCATION

UNCIRCLED PLOT NUMBERS 3 AND 8 REPRESEN" GROUPS OF 1C EMPLOYEES:

OTHER CATEGORY WUMBERS REPRESENT INDi /1DUAL EMPLOYEES.

CIRCLED NUMBERS ARE OW-DUTY EMPLOYLES AND PLACES OF EMPLOYMENT.
CIRCLED MUMBERS?3)ANG(I5)REPRESENT GROUFS OF 2 TO 5 EMPLOYEES, SEE TEXT.
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Tabie XV-Details of Casualty Distribution Among ¢ ~s Sy i+, m R > t:ration Persornel

Detreit District—Michigan Consciidat» Ga- Tompu iy

Inside of Detroit City Limits

!

Qutside of Detroit City Lim

Number
Category Pers(c)::\ ol Blast Effects Fallout Effects i Blast Effects
Ne. N“g}w At Home On Duty At Home On Duty N“g}ber At Home O
At | On Personnel Personnel
Home| Duty Deaths | Injuries | Deaths | Injuries | Death | Injuries | Death | Injuries Deaths| Injuries | Deathy
1 14 9 3 1 5 1
2 32 12 1 6 20 2 4 !
3 320 | 18 160 50 30 3 7 20 178 40 3 J
4 32 1 3 4 21 1 7
5 51 21 6 7 30 1 1 i
6 13 2 1 1 1 1 2 !
7 49 14 2 4 3 35 2 7
8 526 | 47 230 50 80 5 14 20 10 343 10 40 2
9 3 1 2 1
10 7 2 6 1 2
11 37 18 3 6 1 1 1 28 5 3 2
12 4 6 1 2 2 1 0
13 3 3 1 0
14 4 4 1 3 1
15 41 | 20 35 6 4 6 8 1 2 26 1 5 | 2
16 4 1 1 3
17 5 3 1 2
18 7 i 6
19 6 2 2 4
20 12 5 2 7
21 5 0 5
Totals (1,176 | 97 537 123 165 114 32 1 48 0 12 735

*Fallout casualties among outside of Datroit personnel not determined or adjusted for in this table, see text.




& (\/—Details of Casualty Distribution Among Gas Systern Restoration Personnel

Detroit District—Michigan Consolidated Gas Company

WEside of Detroit City Limits Outside of Detroit City Limits* Uninjured
Faliout Effects Blast Effects At Home
On Duty At Home On Duty Nug'fber At Home OnDuty [On c[’;uty Euacuess) Total
- Personnel
| Deaths | Injuries { Death | Injuries | Death | Injuries Deaths| Injuries | Deaths | Injuries| Number | Number | Number
H 5 1 " 1 10
20 2 4 19 6 25
3 7 20 178 40 3 185 37 222
21 1 7 17 3 20
30 1 1 26 6 32
1 1 8 3 1
3 35 2 7 31 3 34
5 14 20 10 343 10 40 2 340 60 400
2 2 1 3
6 2 4 2 6
1 1 1 28 5 3 2 23 3 26
2 1 0 0 2 2
0 2 1 3
3 2 1 3
6 8 1 2 26 1 5 2 26 6 32
3 2 1 3
2 4 0 4
6 1 6 1 7
‘ 4 3 1 2 3
| 7 1 9 1 10
P | ’ |2 S S
. REREE 1 48 o 12 735 23 | 132 | 9 719 140 | 859
B 0 adjusted for in this table, see text. -
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DERIVATION OF PRESSURE DECLINE EQUATION
Computation has established that at the moment of system shutdown at Northwestern Station:

1. The volume of pack in the 300 psig Transfer system is 10.1 MMCFH under an average

pressure of 87 psig.

2.  The flow :ate frem Northwestern to River Rouge and Coolidge Stations under cpen fiow

‘conditions is 16 MMCFH with 150 psig head pressure! at Northwestern.

The derivation of an equation to predict pressure decline assumes that the 300 psig Transfer
main complex is acting as a reservoir with gas being withdrawn therefrom through 6, 8 and 10 inch
Fisher and Emco regulators for delivery to intermediate Transfer system mains? at a starting rate of
16 MMCFH.

Gas flow at high pressure through an orifice is expressed by the general equation:3
*

P.-P
Qhr. = 40,700 C; Y D2 1/—-l~——2 (1
ST
For critical flow:

K
K-1

P, 2

P, K+1

AP = 0.453P,

?Nuclear Emergency Plan reduced operating pressure.
2pressure has dropped to 0.1 psig at moment of shutdown.
3perived from the basic flow equation in Reference 1%:

R B A
SfL T
;::;n:;z"gz't;n::‘o;;i:;:ianlge::g:" this apperdix. PREcEDING PAGE BI-ANK
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Orifice flow in Detroit is at critical velocity when pressure is above:
14.4/0.547 = 26.3 psia
Suvstituting for S, T and A P equatign (1) reduces to:

Q hr,

i}

1083 C, D? P,
(2)

Q min. = 18.06 C, D2 P,

where P, is upstream pressure of 101.4 psia.

Orifice Discharge Coefficient
Regulator coefficients in terms of nominal regulator sizes listed for “K’’ and ‘KB’ bodies in
fisher Catalog #10 are determined bv equating (2) with Fisher Controls fotmula for determining

reguiator capacity:

1083 C, D2 P, = 22 p ¢ sin [3‘”—2 é—’—’]

]

where C, = Fisher gas sizing coefficient

Cy

Fisher catalog values

Where the bracketed expression exceeds 90 degrees or more, critical flow is indicated.

Since the left hand part of the equation requires critical flow, the bracketed portion

1
/e

equals 1.00 and the simplified relation is:

1083 C, D2 =
C
Cq = 0.00119 ¢
D2
":\’“_ﬁ;;:n&-m deriven from:
- . _~__ V___; 5
x fey " ! o K
f e tff! 5(\ .;?‘
-1 4R ’! L ) ,i_‘»'___,___)
e N o
v 1 .2
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Regulator C, @ 100% travel 0.00119C,
nominal size D2 0.00118C, Cy=—""
inches Fisher Cat. #10 D2
6 36 15,100 18.0 0.50
8 64 24,200 28.8 0.45
10 100 42,700 50.8 0.51
Average 0.49

Similarly, the average coefficient for Emco regulators is 0.29 giving an overall average of 0.39

for district regulators in the system.

Equation (2) reduces to:

Q min. = (18.05) (0.39) (D2) (P,)
= 7.04 D2 P,
Internal Volume of Pipe:
P
Volume = V,  -t-
14.4
. . V, dP
Differentiai of Volume = dv = —-—-
14.4
Difteranvial of Ti g = 29f
| feranii ne 3 AR s e ;
ifferanvial of Time i (1A 17 L) inTE

Time Duraxior of Grivieal Frowe v

\i o aF

tc W - - \’ ..;.“;YA.\.‘ \.‘ \\\ 3 ————

(\‘w“ \) ‘o‘ - & Ry ) 5 Pl

263

_ 2.3V, o P,
(14.4) {7.04) (D?) %0 %3

. V‘ Pl
tc = 0.0227 6‘5 log‘o 5‘6—'3
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Time Duration of Subsonic Flow, t,:
After pressure drops to 26.3 psia, flow will be sonic and then decline to subsonic velocities.

The exparsion factor (Y) varies almost linearly from 0.7 to 1.0.* Using an average of 0.85 for Y

and 0.39 for C, equation (1) becomes:
. _ (40700) (0.85) (0.39) (D?)
@ min. = (60) (17.67) VP - 1447,

127 G2 /P?- 14.4P,

where P, = 26.3 psia.

Tinte for Pressure Decline at Subsonic Flow:
VvV, dP 0.00545 Vv, dP

$ = = A —
(14.4) (12.7) D2 |/ P3-144P, D2 /P7-144P,

The integral of this expression has the form:

dx 1
J’ = log, (tb+cx+ e ‘/a t 2bx + cx?

a t 2bx + cx? yC

letting a =0 C = 10and 2b = 144
=log, x-b+ |/X2- 2bx

Time for Prassure to Decline from 26.3 psia to Zero Gauge:

(2.3) (0.00545) V, 263-7.2 126.3)2 - (14.9) (26.3)
t, = log,q
D, 144-72 Y1442 - (14.9) (14.9)
V1
= 0.00896 --
D?

“seats ate 'O’ rinps and rounded.
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Totai Time for Pressure to Dacline to Zero Gauge:

0.0227 L | "L+ 0.00836

tow = O — logyy —— + 0.00896 —

o Dz " 26.3 D2
&

simplifying and substituting D2 = ———
7.04 V, ﬁ

0.0632 V, P, P,

Yiotat = Q min — 2.53 log,q Eé_:; + 1 {3) ‘

where P, initial average pressure = 101.4 psia

Q min. = initial flow rate @ Nerthwestern = 2.67 X 105 MMCF

Vv, = pipe volume containing 10.1 MMCF at standard
14.4
conditions = — (10.1 X 108}
101.4
vV, = 1.426 X 106 cf,

Time for System Pressure to Decline to Zero Gauge:

substituting in equation (3)

10.0632) (101.4) (1.426 X 106) 101.4
t = 2.53 logyg +1
2.67 X 106

85 minutes

10 inch siide rule accuracy.
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Q hr.

Q min.

SYMBOL.S

orifice coefficient of discharge

diameter of orifice, inches

ratio of specific heats of Detroit natural gas = 1.3

upstream pressure, psia

downstream pressure, psia

P, - P,

cubic feet of gas per hour at atmospheric pressure (14.73 psia, 60°F)
cubic feet of gas per minute at atmospheric pressure (14.73 psia, 60°F)
specific gravity of Detroitgas = 0.6

upstream temperature in degrees Fankin

internal volume of piping, cu. ft.

expansion factor

pipeline friction factor
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FIG.31

Time Required to Restore Immediate Postattack
Distribution Grid System-In Detroit District

MICHIGAN CONSOLIDATED GAS COMPANY

LEGEND

RESTORATION OPERATIONS ;

SN
I |

Close valves of transfer moins and shut off district reguiators. i

Excovate, cut ond cop for distribution system separation.

Purge transfer mains.

Excavote, cut, cap and reconnect for purging distribution system.

m o 0 *® >

Excovate purge points in distribution system,

Shut off all service valves on customer premises.

-n

Investigate ''No Gas" buildings for service pipes.

o

Cut ond cop service pipes to damoged homes and buildings.

|
\ ). Purge distribution mains.

J. Turn on service velves, purge and relight appliances.

N AREA
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DISCUSSION OF PROPOSAL THAT HOUSEHCLDERS
TURN OFF GAS SUPPLY TO THEIR PREMISES

Appendix F considers a proposed countermeasure that service valves be turned off by house-
holders when a nuclear attack is imminent. The purpose of this countermeasure is reduction of fire
spread. The Office of Qil and Gas, Department of the !nterior, recommends that this proposal

be given additional study (possibly, with simulated or experimental housing units, provided with

-typical underground service piping) before a ‘pre-attack shutoff'’ of “‘service valves by householders”

be adopted as a national program.

It has been proposed as national policy for civil defense that householders be instructed to
turn off gas supplies to their premises at service valves in the case of an imminent nuclear attack.
The intended turn-off is to be made by the househoider after being warned that an attack has
started but before he seeks shelter. At the completion of this report, the matter had not been fully

resolved—accordingly, the various opinions are herewith noted:

The need for the proposed countermeasures is based on the premise that expansion of second-
ary fire can be materially reduced by preventing leakage of flammable gas from damaged, household

gas equipment, (Reference 12). ignition is considered to occur in two principal ways:

1. From flaming articles set on fire by fireball radiation and scrattered in the premises by the

blast wave.
2. From pilot light flames of gas appliances in the premises.

Service valve closure, it is felt, will reduce ignitions by eliminating the downstream meter set
components, houseline, appliances and their connectors as sources of gas leakage, leaving only the

service valve and a few feet of exposed pipe still containing gas under pressure.

PRECEDING PAGE BLANK
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The American Gas Association, representing the gas industry, feels that the measure is not only
undesirable for one principal reason but cites a number of other objections questioning its need and

effectiver ess:

1. The stated undesirable feature is that the measure cannot avoid including service areas
unaffected by the attack. As a result, if householders follow instructions gas utilities in the postattack
period must divert diminished resources to restore ga.s appliance operation in the unaffected areas,

.which work would not have developed except for the turn-off measure. Completion of postattack
emergency repairs would not only be delayed but, in large metropolitan areas, weeks could be re-

quired to return appliances to operation in the unaffected sections.

2. If need develops to eliminate leaking gas because it may aid fire development, the in-
dustry feels that it is a more effective alternate by being able to shut off supply and do it completely,
whereas turn-off will only Be partial if the public is relied on. At the same time, the utility can exer-
cise selectivity in valving and avoid interrupting service in the undamaged areas and the unnecessary

buildup of work load.

This substitute action by the utility, however, has the weakness that gas will continue to
flow from leaks in the damaged area until pressure in the system is depleted. During this time,

which can amount to several hours or more, gas continues to be potential fuel for fire.

3. It is further contended that there is no documented proof that pressurized gas facilities
in households necessarily initiate or aid secondary fires in a significant degree. The generally light
damage to piping and appliances and the absence of fire in the Nevada Tests are cited as evidence

that gas is not a prime initiator of fire.

This conclusion, however, is largeiy invalidated by the exclusion of ignitable materials,
such as window drapes, upholstered furniture, paper, etc. or pressurized gas piping and lighted

pilots in the tests. In addition, the house piping systems lacked a reserve gas supply which would
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not be the case if served from an operating system where leakage and fire potential would be

prolonged.

On the other hand, neither is there proof that a significant reduction in secondary fires
will not follow the proposed mass turn-off of service valves. |f leaking gas is not present, it would
seern more difficult for flaming remnants of window coverings, paper and other room materials set

on fire by firebhal! radiation and scattered in the premises by the biast to initiate sustained fires in

" the premises.

Other stated objections to the program by the Association are householders’ unfamiliarity
with service valve locations, difficulty of handling hard-to-turn service valves and the probabxlity
that valve closure will be overlooked in many instances because of stress of the moment. In addi-
tion, the delay imposed on the householder at a critical time when seeking shelter cannot be ignored,
or the possibility of exposure of the householder to accident if he feels an obligation to turn it
back on after the attack or does not wait for a utility unabie to respond promptly because of the

work load.

These objections are not necessarily or entirely accepted by this study. Preparing the public to
turn off the valves could be merely a matter of issuing illustrated instructions by means of the news
media or postcard mailing prior to the attack. The matter of exposing a householder to accident
if he turns gas back on in the postattack period when his equipment may leak from damage could be
minimized by: (1) postattack broadcast of street boundaries determined by utility survey wherein
gas should not be turned on until the premises are checked and (2} by instructing householders to
limit appliance turn-on to top burners of ranges where there is unfamiliarity with lighting procedure
for other burners. This latter precaution, whose use would satisfy minimum cooking nieeds in the
household in the immediate postattack period, would ease the need for a "'crash’ program by the

utility to restore appliance operation and, instead, permit concentration on emergency repairs.
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Available data indicate that the measure would not have curtailed fire spread in the Detroit
area, since expected primary fires, initiated by fireball radiation, possessed capability to spread
withobt participation of gas. The absence of gas, at the best, would be to delay fire spread in some

degree, but not to limit its expansion.

No substantive field data evolved from the study to either confirm or absoive gas in damaged
buildings as a significant contributor to deveiopment of fire. The study, however, supported one
E criticism of the proposal, namely, that if househo!der turn-off policy had been observed in the
Detroit attack, the adjoining Ann Arbor District of Michigan Consolidated with its 43,775 custom-
ers wouid have been added to the postattack work load. The resuiting work, however, will require
less than two and cne-half days for the combined Detroit District and Ann Arbor servicemen.
Some space heating appliances may have to be deferred in order that these servicemen can be
used to verify that all service vaives have been turned off in the Detroit area to be returned to serv-
ice. This check will take about two days and aliow time to complete Ann Arbor without delaying
Detroit operations, see Item |, Fig. 31. 1t is obvicus that if there were imore households in Ann

Arbor some woulid have had to wait at least a week for Company service.

Figure 32, which shows the time duration of gas loss ‘rom the Detroit area gas distribution

system and the development of concurrent fire, provides a basis for some genera! assumptions.

Values for the plot of gas volume inventory in Figure 32 are taken from Table XVI! using
two reference points: (1) the emergency shutdown one hour after the attack and (2) the 85
minutes taken by the system to lose pressure. The solid line portion of the curve is obtained by
means of equation (3) in Appendix D; the dashed portion represents approximate intermediate

values between the two known terminal values.

Values for the plot of the buildings burned or burning at intervals up to 28 hours postattack

are taken from Reference 7.
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The graph indicates that leaking gas is not a participant in the major phase of fire expansion

in Detroit-beginning about 1-1/2 hours after the attack; gas voiume in the system is almost depleted

(R

and is issuing from damaged household gas equipment at low pressure, see Table XV!!.

[T |

Neither is ieaking gas in the preceding hour, i.e. beginning about one-half hour after the attack

likely to enter significantly into secondary fire initiation or spread. The chances of ignition of leaks

b iomf

by the two fire spread mechanisms of Figure 32 are considered to be small: *

'ﬁww—»l

1.  The leas, being within buildings, are shieided and unlikely to be ignited by firebrands.

lgnitions, if they occur, are probably from building fires already in progress.

2. Radiant heat from burning buildings cannot, by itself, directly ignite free gas in a room or

the atmosphere.

Thus, the period in which leaking gas ir: a building can be an important participant in fire initia-

tion in the Detroit attack is limited the first one-half hour after the attack. During this time, the leak i
volume rate is not oniy the greatest but ignition liability from flaming :natter scattered in the premises
by the blast is the highest. Responsibility of gas in fire initiaticn, however, is restricted to those indi- i '
vidual cases where the flaming articles which, otherwise, would have burned out harmiess'y, cause gas

ignition which, in turn, sets fire to the building. Unfortunately, factual data to predict the relative g
numbers of building fires started by gas flame as distinguished from those developing from sustained l

primary fires have yet to be determined.

Although decisive data 2s to whether service valve turn-off would have diminished fire spread in
Detroit are lacking, it is feit that two generai observations with respect 16 irplication of gas in igni-

tions of fires are valid:

*Within the 2 tu 6 psi ove: yressura radii in the Datroit aros where fire prevention in still habitable busidings is mesningful, an esti-
mated 91% of gas equipped buildings have bassmaents wherein most of the gas equipment, except ranges and an occasional room ;
circulator, sre located. With overpresures io excess of 5 ps raquired to extensively Garnage besamsats (Reforence 1, page 202), ‘
it is concluded that damage to gus squipmen? is Hight anc probabllity of fire thersfrom is of small order.
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“tion. It is concluded, therefore, that the predicted ignitions are solely, or nearly, the product of

1.” Service valve turn-off by householders would not have pravented nor reduced the extent

of fire spread in the Detroit attack.

The predicted percentage of buildings ignited by fireball radiation is a calculated value
based on a formula in which are assembled pertinent parameters involved in the mechanism of
igniting fuels arrays in a room tc ultirately produce a sustained fire {Reference 7, Vol. 1). The possi-

ble presence of gas or probability of its ignition, if present, are not discussed in the formula deriva-

fireball radiation and fuel arrays. They are unaided by gas and would have happened irrespective of

turned-off service valves,

2. The assumption that pilot flames are likely to ignite gas leaking from damagyed equipment
in an excessive number of instances is questionable. Consideration of pilot operation in an environ-
ment, violently altered by the biast, casts doubt that a pilot flame can remain lighted. To remain an

igniticn source, it must survive two effects of the biast:

{(a) Turbulent air conditions feading to flame extinguishment. Where gas equipment is
damaged to the extent that significant volumes of gas are released, air movement in the vicinity of
the pilot will be viulent from overpressures in excess of 2 psi and 70 mph wind entering the premises
thrrough blown in doors and windows. in contrast, laboratory test approval for pilot flame stability

employs a 7 mph air strcam directed at the appliance.

{b) Reversai of flow through the pilot orifice and interruption of pilot flame fue! supply.
This action is definitely possible as blast overpressure, measured in psi., seeks to equalize the 4 oz.
houseline pressure by back flow through the pilot orifice. Transient interruption of fuel fiow will

extinguish the piiot flame.

Although cverpressure will affect the service regulator too, the device's response is

relatively siow. In indoor sets (amounting to mora than 90% in Detroit) time is required for
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overpressure to travel through 5 to 6 feet of vent tubing and build up pressure in the diaphragm

chamber before the regulator can react fully and raise pressure in the entire housgeline. Air entering
the housr line at a point of damage can also equalize pressure tending to offset back flow througn
the pilot orifice. But again, it is a slower action since perceptibie time is required to fracture fiexi-

ble pipe. !n the meantirne, peak overpressure is present at the orifice to interrupt fuel flow.

Although there are many configurations of house piping and locations of regulators with
‘respect to a blast front, it appears that only where the device is subject to refiected overpressure can
it respond fast enough to offset overpressure at the orifice and prevent back flow through the pilot

orifice.

This study does not have laboratory or field data on this aspect of pilot performance under
nuclear attack conditions. The theorized actions seem reason and distinctly probable. it’is recom-
mended that detailed study be considered.

Gas System Volumas Immediately Prior to Attack and Prior to System Shutdown at
Northwestarn Station

The gas volumes contained in the distribution system parts are given in Table XVII.

The line pack vuiumes existing iminediately prior to the attack are caiculated from known
diameters and mileages of mains and pressures maintained therein by regulators for the “pilot light”

load of 4.5 MMCFH.

The 0.445 MMCF Volume of pack in the cast iron grid is depleted in a short time by an esti-
mated demand of 155 MMCFH resulting from leakage from damaged distribution facilities and
customer utilization equipment. Grid pressure declines concurrently and has stabilized at less than
0.1 psig prior to shutdown at Northwestern. At the moment of shutdown, the cast iron grid is
losing gas to the atmosphere at a rate of 15.3 MMCFH, its proportionate part of the 16 MMCFH

being delivered by the 300 psig Transfer system. Similarly, the 0.322 MMCF in the steel grid
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Tahle XV1—-System Pressures and Volumes Immediately Prior to
Attack and to Shutdown at Northwsstern

-
. immediately Prior to Shutdown
s Immediately Prior to Attack at Northwestern Stazion
ystem
Component Average Fressure | Volume | Average Pressure Volume
psig MMCF psig MMCF
Grid:
cast iron 1.5 0.445 < 01t Negligible
steel 10 0.322 < 0.2 Negligible
Intermediate Transfer
supplying:
cast iron grid 75 13.91 < 0.2 Negligible
steel grid 75 3.96 <03 Negligible
300 psig Transfer 150 17.70 87 10.1
Total system 36.33 10.1

*Calculated from thu uxpression:
p? - 14.4p (15.3)2
(15.9)2 - (14.4) {15.9) 166

where p is the pressure to discharge 15.3 MMCFH to the atmosphers.

declines rapidiy in response t. an estimated 7 MMCFH loss from damaged facilities and equipment

in its service area.

The 13.91 MMCF Volume in the portion of the intermediate pressure Transfer system feeding
the cast iron grid, plus 7.3 MMCF of its proportionate part of the 7.67 delivered by the 300 psig
Transfer system, declines to a negligible volume as the 358 district regulators with 370 MMCFH

capacity try to hold the 1.5 psig pressure in the grid.

The 10.1 MMCF is the calculated volume remaining in the 300 psig Transfer system prior to
shutdown at Northwestern. At shutdown, it is delivering gas to the intermediate system at a rate of

16 MMCFH.
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PROPOSAL THAT HOUSEHOLDERS TURN OFF GAS SUPPLIES TO PREMISES
DISCUSSION AND COMMENT BY OFFICE OF CIVIL DEFENSE RESEARCH DIVISION

1.
theless real. A more important source of ignition of gas issuing from broken connections is as

The danger from ignitions from pilot iights is probably not of major importance but is never-

follows. First, most homes would not survive at averpressures above 2 or 3 psi. However, since we
QO not know which homes will be in those regions we must assume that every home may survive.

At overpressures of one to three psi, for homes which survive, the following sequence of events
accurs. (Discussion for the present is confined to homes with basements.) The blast eriters the

first story through windows and doors. It loads the floor over the basement which very rapidly
(even before the blast overpressure can fill the basements) deflects from one to six inches depending
on the joist spacing and spans. For these kinds of houses the gas service commonly is firmly
attached to the under side of the joist and the service drops to furnaces, hot water heaters, and

dryers often entering vertically into a connection to the appliance burner.

Deflections of one to six inches would surely break a vast percentage of these connections and
gas (even at a pressure of 1/4 psi) will flow freely for a short time before the basement fills with
pressure. |f the appliance is burning at the time, there is a high probability that the gas will ignite
thus increasing the probability of a fire initiation. This low overpresstire in which the houses survive
is the very region where the probability of ignition from the thermal pulse is low. (There is also a

finite probability that the gas weuld be ignited by the pilot light alone.)

2. Pg. 187—Refers to the absence of fire in the Nevada tests. Gas was piped to an appliance in the
house at 5 psi but was turned off prior to the test. There was no fire. Gas was not available to the

houses at 2.4 and 4 psi and of course there was no fire. Gas was piped to the house {especially

strengthened for this test) located at 1.7 psi and the pifot was left burning.
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In addition to the fact that the house was strengthened and a small weapon was used, the

house had no basement. The blast blew the pilot out and there was no fire. In other words the most

common condition of greatest occurrence was never simulated in any tull scale field test.
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GLOSSARY OF TERMS

1. City Gate Station—A station, generally at the terminus of a transmission system, which re-
ceives and meters the incoming supply and delivers pressure regulated volumes to outgoing Transfer

Main System.

2. Gas Main—A general term denoting a pipeline transporting fuel gas within the distribution

system,

3.  Grid System—A network of interconnected mains in built-up areas from which gas service

lines are supplied street by street.

4.  Meter Set—An assembly of equipment, usually located on the customer’s premises, but owned
by the utility. The order of equipment items proceeding downstream from the service line termina-
tion are: service valve, service regulator and meter. The equipment functions to meter and deliver

gas at standard pressure to the inlet of the customer’s houseline,

5. Gas Service Line—The gas piping which conveys gas from the grid main in the street to the

meter set on the customer’s premises.

6. Transfer Main System—A local term denoting a network of major and secondary mains located
in city streets or public thoroughfares and operating in the range of 10 to 300 psig. The mains func-
tion to take gas from City Gate Statlons at pressures up to 300 psig and del ver volumes at 2 and

10 psig, after several or more stages of pressure reduction, to the cast iron and steel grid systems.

7.  Transmission System—A single pipeline, or several or more in parallel, generally of large diam-
eter, operating a high pressure and located on a private right-of-wa, used for transporting gas from
the area of origin (Interstate pipetine supplier, producing field, processing plant, compressor station)
to a City Gate Station.

PRECEDING PAGE BLANK
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