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M:C Letter dated October 15, 1987,
(TAC No. 65164)

Subject: Quarry Operation in the Vicinity of Fermi 2

'he Edw. C. Levy Co. has applied for a wining permit from Frenchtown
Charter Township to operate a quarry on Toll Road in Monroe County.
The proposed quarry site is located approximately 5600 feet SSW of the
safety-related structures at Fermi 2 and approximately 1600 feet west
of the Nuclear Operations Center (NOC) which housee the Energency
Operations Facility (EOF). Detroit Edison has obtained a copy of the
application and also requested and received further information from
Edw. C. Levy Co. to review and evaluate the possible impact of the
proposed quarry operation on Fermi 2. A figure showing the relative
locations is attached.

Previously the NRC has evaluated the potential hazard due to the
operation of the Rockwood Quarry located 2 miles from the plant at the
closest approach. The NRC issued the Safety Bvaluation Report in
Reference 2 concluding that the hazards are insignificant with respect
to the Fermi 2 nuclear plant operation. Reference 2 required Detroit
Edison to reevaluate the impact of the quarry operations on the safety
of the plant if the distance from Rockwood Quarry to the plant safety
related structures became less than two miles. Since the proposed
Bdw. C. Levy Co. quarry is located less than two miles from safety-
related structures at Fermi 2, Detrouit Edison has performed an
evaluation of the possible inpact of the proposed y operation on

\i‘.’l;Li;
e
Fermi 2.

The evaluation considered the effect of quarry operation on
safety-related structures primarily. The conclusion was that the
proposed quarry will not affect safety-related structures at Fermi 2
or safe operation of the facility.

An assessment was alsc
quarry on the EOF., The conclusior

performed of the potential effects

v

was that the EOF structure
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withstand the forces due to the maximum amount of explosives expected
to be stored at the guarry.

Submitted for NRC review is the Detroit Edison "Evaluation of the
Proposed Toll Road Quarry," including Design Calculation 5117,
Revieion A, dated June 7, 1990, and information provided by

Edw. C. Levy Co.

The conclusions reached are highly deperdent on the information
provided by Edw. C, Levy Co. (Appendix 1) regarding location of the
qQuarry, maximum amount of explosives gtored on site, type of
explosives, transportaetion method including amount of explosives per
vehicle, guarrying method, and truck routing. The calculation is
especially sensitive to the truck routing which was described as I-75
North to Dixie Highway Bast to Toll Road, then south to quarry site.
Use of Fermi Drive would be unacceptable. The sum of the amount of
explosives on the truck or otherwise at the quarry site must not
exceed 25,000 pourds, Additionally, the information provided stated
that no dewatering would be performed at the quarry site. Therefore,
the effects of such dewatering have not been evaluated.

Following NRC review, and if the quarry ie constructed, relevant
information will be incorporated into the Fermi 2 Updated Final Sarety
Analysis Report.

If there are any questions, please contect Ms., Lynne Goodman at (313)
586-4211.

Sincerely,

W. S, Orser
Senior Vice President

Enclosure

¢c: Al B. Davis
R. W. DeFayette
W. G. Rogers
J. F. Stang
Frenchtown Charter Township
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EVALUATION OF THE PROPOSED TOLL ROAD QUARRY

Detroit Edison has been notified regarding the proposal of a stone mining
and processing Quarry in Frenchtown Township. Edw., C. Levy Co. applied
to Frenchtown Charter Township for a mining permit on June 19, 1989 for &
Quarry operation located on Toll Road, 3/8 mile S.E. of the intersection
of Toll Road and leroux Roed, Detroit Edison has obtained a copy of this
application and also requested and received further information from Edw.
C. levy Co. tou review and evaluate the possible impact of the quarry
oper+tion on Fermi 2.

DESCRIFTION

The proposed Toll Road quarry is located approxinately 5600 ft. &8W of
the safety related structures at Fermi 2 and approxinmately 1600 ft. west
of the Nuclear Operation Center (NOC). The guarry will extract dolomitic
linegtone uelng conventional technigues. The proposed guarry ooccupies 79
&cres, The area to be used for mining is 52 acres. Over 35 years, 7.1
million tons of stone is projected to be excavated which will be used as
con.rete and asphait aggregate or base for paving. The method of Quarry
operation will involve:

1. Overburden removal - pan sCiapers

2. Drilling and blasting - anmorium nitrate emulsion
3. No pit dewatering

4, Dragline casting on bank

5. Endloader to truck to hopper and crusher

6. Conveyors to plant processing

Procecsing neans enployed on site are solely mechanical. No dewatering
will be performed at the -::e. Besides explosives, the only other
pontentially hazardous naterial is & maximom of 1u,000 gallons of diesel
frel, stored mainly for earthmoving equipment.

The only potential concern for Fermi 2 is the explosives stored on site
for blasting, The explosives will be transported to the quarry by truck.
The maxinum amount of explosives per truck is 20,000 lbe. The truck will
travel 1-75 north to Dixie Highway, east to Toll Road and south to the
guarry site. The maximum amount of explogives on site will be 25,000 1lbs.
which will be contained in certified containers and equipment. Two types
of explosives will be used at Toll Road guarry, both of which have a TNT
equivalency of less than 1,0, HKigh Prime (5%) with INT equivalency of
0.96 and Pan 7000 (95%) with TNT equivalency of 0.72.
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EVALUATION OF THE PROPOSED TOLL ROAD QUARFRY
EVALARTION FOR SHIETY. RELAITD STRICIVEES
Potential Aixr Blast Elfects

Detroit Edison has evaluated the potential effects of a hypothetical
explosion of the explosives stored at the Toll Road quarry veing NRC
Regulatory Guide 1.91. The safe distarce required per Reg. Guide 1.9]
belween proposed Toll Road quarry and Fermi 2 safety related structures
is met to enswe that blast overpresswe effecte are insignificant.
Thie sefe distance is calculated for 25,000 lbe and 100,000 lbs. of
explosives stored in the guarry. In addition, the safe distance it
calculated for an accidental explosion during transit. Conservatively,
the maximum gingle highway truck weight with 50,000 1lbs. of TWI
equivalent explosives ie considered for the accidental detonatior
during transit. The actual distance between the Quarry and Fermi
safety related structures (RHR-SW Corner), calculated by scaling

gite aerial photographs, is 5600 ft. The transit route ie I-75 north
to Dixie Highway, east to Toll Road and south to the quarry site.

All actual distances exceed the safe distances calculated per Reg.
Guide 1.91 by at least & factor of approximately 3. On this basis
Detrcit Bdison concludes that the accidental detonation of explosies
associated with the proposed guarry operation will not pose any hazard
tc Fermi 2 due to overpressure effects.

rojit Edison concure with the judgement of the NRC Staft as stuted
.n the Regulatory Guide 1.91 that for explosione of the magnhitude
congidered here, the overpressure (air-blast) effects are controlling.
However, Detroit Edison evalucted the ground motion and hydrostatic
water pressure effects in addition to the governing overpressure
effects as described below.

Ground Effects of Routine Blasting

Detroit Edison also considered the potential ground motion effects
due to blasting. For this evaluation, U.S. Navy Design Manual 7.2
"Foundat‘ons and Eerth Structures" has been used. The conservative
calculi ng, assuning the blasting of 100,000 lbs. of TNT eqguivalent
explosives, indicate that a particle velocity of 0.15 in/sec. will
not be exceeded which falls well within the safe range of 2 in/sec.

Peak Hydrostatic Precsules

The cround acceleration due to the detonation of 100,000 lbs. of TNI

equivalent explogives at a distance of 5600 ft. has been estimated
d

conservatively. This ground acceleration has been conpared with the

safe shutdown earthquake (8SE) acceleration and the correspond ing

displacements we 2 determined and converted into eqguivalent hydro-
static pressures. The increase in the hydrostatic pressures was

then conpared to the hydrostatic presswe due to the probable maximun
flood at Fermi 2 and was found to be nificant.

A
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EVALUATION OF TIZ PROPOSED TCLL RCAD QUARRY
EVALIRTION I'OR SAFEIY RELATED STRUCTURES (Cont'd.)
4. Effects on Cround Water

The guarry will use well water as & source for product washing and
dust suppression, in a closed loop system. No pit dewatering will
be performed. Based on this information, Detrcit BEdison hee con-
cluded that the proposed Toll Road quarry activities will have an
insignificant effect on the ground water flow at the Fermi 2 site.

EVALUBTION TOR NOC

Detroit Edison has evaluated the potential efixcts of a hypothetical explosion
of the explosives stored at the proposed Toll Roa’ quarry using a similar
approach as detailed for the evaluation of sa. ety related structures. The
potential air blast effects and ground effects of routine blasting will be
acceptable for up to 25,000 lhe, of explosires. The blasting effects have
been correlated to ground accelerations ovd compared with earthquake design
accelerations,

NOC structure design utilizes bracing members in crder to transfer lateral
forcee. Reinforced concrete walls around the perimeter of the building aleo
help transnit these forces to the foundations., The EQF which occupies the SE
corner of the first fleoor of the NOC structure is completely enclosed by 15"
thick concrete shielding walle, Only a small porticn of the NOC lateral forces
are transferred thru FOF walls and the additional stresses caused by explosion
forces are guite small considering the capacity of the ECQF concrete enclosure,
Based on our evaluation, the EOF structure will withstand the forces due to the
explosion of 25,000 lbs. of TNT.

CQNCLUSION

Detroit Edison's evaluation concludes that the proposed Toll Road Quarry will
not affect safety related structures at Fermi 2, nor safe operation of the
facility.

Detroit Edison will continue monitoring developments on the proposed Toll Road
Quarry.

In addition, relevant information regarding the guarry operation will be
incorporated into the Fermi 2 UFSAR as they become finalized.
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EFFECTS OF BUARRY ON EF 2 W ‘I“l“

OBIECTWE : v EVALUATE THE EFFECTS ©OF ACCIDENTAL PETONATION OF
EXPLOS\VES AT THE PROPOSED NEW €.C.LEVY . QuarRY
LOCATED AT ToLL ROAD, To EVALUATE THE \NPACLT OF SUCH
DETUNATION oN FERM| L SAFETY RELATED STRUCTURES.

ASSUMPTIONS: THE INFORMATION PROVIDED BY Eow.C.LEVY CO. on
LETTER 70 L.CODDHAN.Dd-CJ\‘uV\-DH‘-OP Nacl. Licensine
PATED SEPT, 27,19€7 (REF.1) 1§ vsED 'N THIS CALL.

RiL OTHER ASsumMPTIONS ARE NOTED IN  THE Bopy oF
THE DESIEN CALCULATION.

ConNeLvSIiON: THE BLASTING ACTIVITIES AT THE PROPOSED LEVY OwARKY
INCLWDING THE SHIPMENT AND STORAGE OF EXPLOSIVES AT
THE BUVARKY DO NoT ADVERSELY AFFECT CAFETY
RELATED STRULTURES AT FERWI 2.
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EFFECTS OF GPARRY ON Fern (2. %Aw/ ,/,qho

REFERENCES

| "EDW.C. LEVY Co” LETTER § Ms.Goodman-Dil Edisen, dated seet27,89.

fipgendix |.
2. REG.GUIDE |41 USNRC. Reul, Feb1®. Ap.2

3. NAVFAC DM-T7.2 -us. NAVY DesieN MANUAL 7.2 . FounNDATION S
AD EARTH STRUCTURES. hgp3

L. D.C.4s\0.\Vok T Rev.A .EFFECTS OF OFF SITE BLASTING ON
FERM| 2.
Apy 4
5. AIR Forc€ DESIGN MANUAL -PRINCIPLES AND PRACTICES FoR PESIGN oF
HARDENED STRUCTURES, \»5 N Newmark , \Winois Univ,Utbana,lllineis,
December 1462,
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CALLULANOY MEMODS: THE PLlowing EFFELTS WERE CONSIDERED:

| .BLAST InDuCcED OVERPRESSURE ( REG euipe 1.4) (RFF. z)us YA
T CALVLATE THE EFFECTS OF BLAST INDUCED OVERPRESSURE.
2 - BLAST INDUCED GROUND MoTioN: NAVFAC DM -T7.2 US.NAVY DESIGN

NANUAL 7.7 -FOUONDATIONS As'D EARTH STF.UCTURES WAS Usep T
CVALUATE GROUND MoTion. (REF¥3)

2. PEAK HYDROSTATC PRESSURES

THIS AVALYS|S ONLY EVALUATES SAFeTY RELATED STRUCTURES, '\ T
DOES NOT CoOns i DER THE BLAST EFFECTS ON NON-SAFETY RELATED
STRULTURES SULH AS OFRICE BUILDINGS MID SECURITY SYSTENMS,

SUMMARY OF EXPLOSIVE INFO. USED 1N THIS CAL.CULA'nw(Rtt. { )

- Max. amount of explesives on sife € quarry : L5000 Ubs.
57,1-  f “Ha%k beime’ with 0.46 TNT EQ“N!\O\“/
qﬁ"/“”\s “Pan Tooo" with 077 TNT Ea'w‘vaf«nfj-

- Peak fachicle V«pcciH ot quarry enttancg <l'yu second
- Puak farkde Vebouky hmile sway: <BV'per second

~Truck ffans?orh‘nz «Fposs‘us w"“\ mq;.nmounf 20, ooo s
Truck rouke s 18 N h Dinie Hwy | E.» Tetf 4. end S T He

VAR,
-%@ A\S‘\WL &*\uun. ﬂw, ?topwd quat GA‘\A s (M&A
skuchutes ab Farmi 2 is 5600 ’C.W\'s%\\&m\}nu:&&*hau s

m ﬁa”‘sm&:\% ::\e‘cm-i ?ho?ozmr\ws o the powe”
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. DLAST INDUCED OVERPRESSURE:

Fum Reg. Guile 141, thesafe ditunce Rz4Sw'
[R)efect (W]elbs ke4S (welhicont)
Assume the explosive iz is comservativelsy 7, omd A5 The
T equivakemc of e mix wild be:
05396+ 45272 = 130 x 7Y
W= ™T equivalent = 74x 25000 » 18,500 s
Sa%p- distomce : R = 45, (IB,soo)/s_-_- 90 £t
Achal distonca : 5600 Pf
fs $u achuad distauce is farger Hiou Hhe Safe distomce , 1@ B
dow blast induced guerpressure will occur.
- Mbikonad !o%-dz me?w,s‘gi%%f_ 4.7
From these fesulls we can see hadk oven if 100,00 s (Sotons) of MTequiv
eqosives are shoed o the quatey the sofe distance wll stll fe fess
Han the achol distumce.
e dihuace: Re WS (100000) s 2010 B £ S600ft (Khued distons)
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CONS(DER OVERPRESSURE FROM ACCADENTRL PETONAMON OF BXPLOSIVES
W TRANS\T,

b 75

Mox  Insntory on Fruck : 20,000Ws.

WeTNT equivelent = 74 x 20,000 = 4800 Lbs
Sofe Uistamce : R:Hs.(w,soo)"’, 105 ¢¢.
Ackuad dostance : seoobtl. > 1oSge

Al howal Xm}v}j Fockor . ,'ilé.gg o8l & 0K

( CONSERVATIVE  ANALYSI S (FoR TRANSIT AND AT THE AURRRY)

Lec Rmz. GCud: |9 assume dhe moximuw grobable haze (dovy sokd

corge fot o single highway truck 50,000 Lbs 15 franspoted wiltia
™NT equivalency of | The safe distuma from as accidenBl explosion
of such a algo is R:lS wh

Rz 45 4 50,000" = 16584 = safe dictanca

Aclial dtance : Seoo £t ) 1658{t

hdditional saféty fackor: 5600 o34

1668
These tesubds indicate that ‘ﬁ\cvoTen‘\‘mQ ar blogt t{zcﬁs o_{ ethet
evy\osio\\ \'n*‘"\t q\umlor an ex?\os'\?n ok a s\\-(Pnu‘f a‘\ tfs neute-;‘f

OW\* *O“\t \tu\*‘ ate no)t Siam \wﬂ.win ffs‘xd’ ‘fo “\e sagcru ft,‘u(?td
2\««‘\' s‘\‘\'uc‘&"& 5“% 2
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7 . GROUND NOTION EFFECTS

To order t atmde % MOK M ?Mkicgc upoaka NMEAC DMA.2
(R*'S) bt been USed.
F&%.ID o£ (R{.B) . Scafed RM\&; - ‘R/vt/‘f! [&/Lk;"]

Where ;. Rz Distana QOM Blust ?ou\t Hﬂ
\1/:-‘30‘5“ ¢ zx?\cs(\k (‘\dra&_ [“75] o
Actuad W zG,wlLs,hOwcm vse \00,000“23 #r conserua4.'sna.

ﬁc*ut'lf R :9500&.

Rk = 5690 _ _ 1) f¢fs
/w o)t {t/e

Fuw Fig 10 the moimunn petick veloccky [infec) cortesponding fe
R=126 s =015 infsec. (consecvadive)

F.La,ll of Ref3 gives fhe quidabive & assesing ?otw.ka.f 4o
dawoge induced by sQuknj vibtakion. A partide wloa&a of 045,
4«”5 welf withw W&"Sqfe" fang: arbuck s 2in[sec.

The fwiMo_{) abose Vadues indicater Wat the “accidental
black &umz Yamsit” graund wetion effects witl also ol it
the safe (amae.

( Additionak safely qucteor o 2 .13

01S
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5. Vear HYOROSTATIC  PRESSURES ;

T consider foe offpels f peak hydmshabic pressute o comservadive
andlisis Wil Be yerfoimed, gleching Hhe ground alfenvatio n hacks
Laoder To eshimale dhe incrense in Hudrostabic pressure, o covparisen
is wade betueen i ground disglacewents due to fha defonation of explo
sins and e wox. gtound diplaceweds due to an ss€. |

Lec UFSAR  Fig 2567 Sheek |, ot disolocemant is 15 in. of
SSE eccelerakion of G153,

Fiom Ree 5, ?a.z.sa-s"e and G 1, Hhe «atouui accebetakion due o Hhe
defonation of. 100,000(bs of'mrqucc. explosives of a distomce of S600ft.

with an Ne.\kpodH of compressive Wave o,f 12,333 ptsec (Fms’i.-ursnk ?sug)
wii’(‘ ‘c mu(g\ smamer R\u\ 0.024. However H\w‘a&e of 0.023 Wos ySed (v

. f\lg"‘ Gor e ewaluahion of the' Rockuood duarey. R conservah gm we
Wil use ¥o soume (o.ol@ accelecokion yobe o His <aleubation

Notwalized dis placosm et = %_&1‘._;( 15)=2"

Cons ervchaly opgly dypame. fachr aﬁ.‘s for o Sepocementof 1552 3"

Bowivokewk otessure . 3" 624 . _1_ - 0.1] ps1
T ¥ 12" ; Juy "



DL-SUWT Voll

‘ ; %mﬁs
( EFFECTS oF (AURRRY oNFerNi2 %ﬂf \/MHO

Now we will compare Hhs pressute (o.NPs:) with e inerease tn
he hydtoshakic yressute due B a probable maximum flood. (PaF)

Fom  UFSAR Sechon 2.4.2.2 the PMF lewed s 5869 Bt

Assume wotmal Koke leuel of 575.5 £t The increase in #. l\do\fod.hc
ples suee due % & PMF = S864-576.5: 114 {X.

M4t x 624 # ,_,i.%‘ = 494 psi.

The M&(ocﬁkc pressute \hereas due b the up|os.‘0n (0 11psi) is
( moch smaller thor the incntaze due o o PMF (494 psi)

Lot Rﬁ{.\,no Jwafui'v\eé witl be performed ot $he quarry sile.

The rock Proptkcs at FamiZ are  assummed to be o same

as those evaluafed per Refil, sitagt0
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OBIECTWVE m okt Operakons Cenfir (NOC) is Kocated
O? {-tom‘ﬁ\eytoosd €.C.Loy Go. Quarey. NO‘C.."Su.\qu
e Shruthe, howsder Ewmergan
m}ﬂom Fou ‘cl(EOF) ackivities ore dufected drom NOC. Vef
s pipose, DL BIT is nevised (o include Hhe evaluoion
and n\pod' o‘ e QNfouJ Q\mtt% on ¥e NOC.

Assumy\wﬂ'u A\ ussvuv\wws usdﬁ w '\‘k\\s ®.C. ,gof '“u o boa -

x\o'\ rmM volid .
ie’%u Ossuw\ﬁ\ons are um! ﬂ.,.a w.QJ be adted in P
o& “\L A&)‘\%‘h de“'\w\

conciusion : NOC \MO V“\w wmeel ‘H\c, %A»Je&nes [} s*o\\'m\w\
NUREG 14 7towdd Hhat explosives ‘hm\spoﬁu\ and
shofed W *Snc quacry & not exceed 25,000 Lbs.

RereRENCES :

- Fermi 2 UFSAR . 2.8.4.12
- Dugs. CCT2\AR-20\4 4hru 2018
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|.Btast \nduced Overpressure:
Saf distance R eUSW'S Rl Reg Guide |31 &
R. 454(16,500) = 1130 f&
Achual distance :1600 £
7§ oy 25,000 lbs of esphosive wix o shored onsife per Rl % g

no hotw will occut {:ow\ Bast (nduced overpressufe.

Addihonal 8..{,)7 morgin %513

Collakede Hhe wox. ofowakle -THT equivalent - explos ivee stred
w W quatey:

Safe dishancs: R 1600 = 4S (W) 'y Wi mxuﬂ(:::;_:(f:\)u

W': 44949 Ubs » 2.2 tons.
OVERPRESSURE TROM ACCPENTRL DETONATION N TRAVS\T:
| %‘ \nepechion of P%.‘hﬁ this p.c. sa,ge distama Q\os {%) s
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September 27, 1989

Ms. Lynne Goodman, Director of Nuclear Licensing
Yermi 2

6400 North Dixie Eighwvay

Newport, Michigan 48166

Dear Ms. Goodman:

After consulting with the blasting company that has been working on the project
with us, we have developed the folloving information for you based on your
questions of 8/16/89.

1. Maximum amount of fuel oil stored on site? 10,000 gallens of
diesel fuel.

2. Maximum amount of explosives on site and type? 25,000 1bs.
which will be contained in certified containers and equipment.
None will be stored on site over night. The amounts of each
:ypc of explosive used per blast will be addressed in question

3.

3. The combination of explosives to be used and its TNT equivalence?
We expect to use 5% or less "High Prime" and 952+ of a product
called “Pan 7000".

Product INT Eguivalent
High Prime 0.96
Pan 7000 0.72

4. Peax Particle Velocity at quarry entrance and 1/2 mile avay?
By law we will not be able to exceed & Peak Perticle Velocity in
excess of 2" per second at the quarry entrance. Therefore, based
on available information the PPV 1/2 mile avay will be less than
approximately 0.1" per second.

S. ‘Transportation type? Truck
6. Maximum amount per vehicle? 20,000 1bs.

7. Truck route? I-75 North to Dixie Hwy. East to Toll Road and South
to the plant site.



Ms. iq‘.u. < oiiBAN
Septembe - ¢/, 1989
Page Two

8. Processing means? Sclely mechanical.

®. Any hatardous chemicals? None
It 4s correct that mo devatering will be performed st the site. I hope that this
information along with the information we will generate at & future date once
testing can be done on the actual site, will be sufficient in allowing you to
continue your documentstion of our project.

1f you have any questions concerning this information or any other that I can
help you with, please call.

Sincerely,

EDW. C. LEWY CO.
/..;— A

Jim Weber

Corporate Development

JW:sg
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> “""‘\‘ U.S. NUCLEAR REGULATORY COMMISSION "':"‘".;‘::':
\887) REQULATORY QUIDE

\

REGULATORY GUIDE 1.0 . .. . i H ,
EVALUATIONS OF EXPLOSIONS POSTULATED TO OCCUR “ ° = - - b

ON TRANSPORTATION ROUTES N

A. INTRODUCTION

Genera! Design Criterion 4, ‘‘Environmenta! ano
Missile Design Basis,'" of Appendin A, *‘General
Design Criteris for Nuclear Power Plants," 10 10
CFR Pan 80, ‘'Licensing of Production and Utilize
tion Facllities,'' requires that muclear power plant
struciures, systems, and components imporiant 10
safety be appropristel) protecied against dynamic ef-
fects resulung from equipment failures that may occur
within the nuclear power plant as well as events and
conditions that may occur outside the nuclear power
plant. These latier events include the effects of ex-
plosion of hazardous matenials tha! may be carried on
scarby transporwation routes This guide describes
methods sccepiable 1o the NRC staff for determining
whether the rish of damape due to an explosion on 8
peardy transportation route is sufficiently high to
warmant 8 detailed investigation. Accepuable methods
for evalusting structural adequacy when an investigs:
tion is wamanted are glso described. This guide is
limited to solid explosives and hydrocarbons liquified
wnder pressure and 15 not applicable to cryogenically
liquified hydrocarbons. ¢.§.. LNG. It considers the
effects of airblasts on highway, rail, and water routes
but excludes'pipelines and fixed facilives

8. DISCUSSION

In order 10 meet Genera! Design Criterion 2, *'De-
sigh Basis for Protection Against Natural
Phenomena.’’ of Appendia A to 10 CFR Pan 50 with
respect to tomadoes, the structures, systems, and
componei:s imporant to safety of 8 nuclear power
plant must be designed 1o withsiand the effects of 8
design basis tornado. incluging wind, pressure drop,
and the effects of missiles, without causing an scci-
dent and without damage that would prevent 8 safe
ané orderly shutdown. In addition, those struciures,

EAR NUCLEAR POWER PLANTS

systems, and components must be designed 10 8¢
commodete the vibratory ground motion associsied
with the Safe Shutdown Earthquake.

The effocts of explosives that are of concern in
analyzing suuctura) response to blast are facident &
seflected pressure (overpressure), dymamic (drag’
pressure, blast-induced ground motion, and blast-
genersted missiles. It is the judgment of the NRC
staff that, for explosions of the magnitude considered
in this guide and the structures, sysiems, and compo:
nents that must be protecied, overpressure effects are
controlling. Drag pressure effects will be much
smaller than those due 10 the wind loading sssumed
for the design basis tornado. The effects of blast:
generated missiles will be less than those associated
with the blast overpressure levels considered in this
guide If the overpressure criteria of this guide are
excesded, the effects of missiles must be considered
The effects of blasi-induced ground motion 8t the
overpressure levels considered in this guide will be
Jess than those of the vibratory ground motion 84
socisted with the Sefe Shutdown Earthquake

This regulatory guide describes 8 method for de-
termining distances from criticsl plant struciures (o 8
railwey, highway, or navigable waterway beyond
which any explosion that might occur on these trans-
poration routes is not likely 1o have sn adverse effect
on plant operation or to prevent 8 safe shutdown
Under these conditions, o detailed review of the
transport of explosives on these transporuation roules
would not be required

A method for establishing the diswances referred to
sbove can be based on s level of peak positive inci-
dent overpressure (designated as Py in Ref. 1) below
which no significant damage would be expected. It is
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the judgment of the NRC stafl that, for the structures,
gystems, and components of concern, this level ean
be conservatively chosen 81 1 psi (spproaimately 7
kPs). Bastd on expenmenial dats on hemisphenical
charges of TNT cited in Reference 1. 8 safe distance
<an then be conservatively defined by the relsticaship

L)
R» kW M

where R is the distance in feet from an exploding
eharge of W pounds of TNT. When R is in feet and
@ in pounds, k = 45 When R is in meters and W in

kilograms, k = 1§

The concep! of TNT equivalence, i €., finding the
mass of substance in question that will produce the
same blast effect 85 8 unit mass of TNT, has long
been used in establishing safe separation distances for
solid explosives A test program is required 10 estabd:
fish that equivalence (Ref. 2) For solid subsiances
more efficient in producing blast effects than VNT,
equivalents are known by the manufacturers. For
solid substances no! intended for use 8s explosives
put subject 10 accidental delonation, it is conservative
© use 8 TNT equivalence of one in estadlishing safe
nandoff distances 1 ¢ . use the Cargo mass in Eque-
ion (1)

Application of the TNT equivalence concep! 10
so88ible detonations of vapor clouds formed afier an
sccidenta) release of hydrocarbons 1s not & well
jocumenied However, investigations of accidents
hat resulied in blast damage have used this cont p!
m Btie Apts 1O estimate, based on blast damage, the
ffective yield of the explosion (Ref. 3). Most as:
sessments of this type have lJed 10 estimaies that
less than one percent of the calorific energ) of the
substance was released in blast effects Since the
ratios of heat of combustion of hydrocarbons to that
of TNT are typically about 10, this corresponds 10 an
equivalence on a mass basis of 10 percent. However,
therfe have been accidents in which estimates of the
calorific energy released were o3 high a3 10 percent
The blast energy realized depends, in gres! measure,
on phenomena that are sccident specific. e, the rate
of release of the substance and the way in which the
cloud is ignited. A reasonsbie upper bound 10 the
biast energy potentislly svailable based on experi
ments! detonstions of confined vapor clovds is 8
mass equivalence of 240 percent (Rel. 4). A dewailed
snalysis of possidle accident scenarios for particular
gites, including consideration of the sctua! cargo, site
topography. and prevailing meteorologica! conditions
mey justify o lower effective yield. But, when esuabd:
lishing safe stand-off distances independent of siie
conditions, use of an upper bound is prudent

Deiermination of the mazimum probable quantity
of hatardous cargo is ependent on both the transpor-
wiion mode and the vehicles vtilized. The mazimum
protable hatardous solid cargo for » single highwa)
wuck is 50,000 pounds (23,000 kg). Similarly, the
mazimum explosive cargo in ® single railroad box cer
is approximaiely 132.000 pounds (60,000 kg). The
largest probable quantity of explosive material trans:
poned by ship is approximstely 10,000,000 pounds
(4,500,000 kg) For illustrative purposes, the safe
distances, 85 defined by inequality (1), are shown in
Figure | for these quantities of TNT. Wher ship:
ments are made in connecied vehicles such as rail-
rosd car of barge wains, an investigation of the pos-
sibility of explosion of the conients of more than one
vehicle is necessary.

In cases where the distances from the transpora:
tion route 10 the structures, sysiems, and components
that must be protecied are not sufficiently grest o
sllow 8 conclusion (based on conservative 8ssump:
wons) that the peak positive incident overpressure
would be less than | psi (approximaiely 7 kPa), on
analysis of the frequency of hazardous cargo ship:
ment may show that the sttendant risk is suffaciently
Jow. It is the judgment of the NRC suaff that, if the
exposure rate, T, defined in Equation (2) can be
shown 10 be less than 1077 per year, the risk of dam-
age due 1o explosions is sufficiently low

t= s (2)
t = gaposure rate,

n = explosion raie for the substance and
transporiation mode in question in
explosions per mile.

{ » frequency of shipment for the sub:
siance in Question in shipments per
year, ané

s = exposure distance in miles (see Fig-
we 2).

If the substance in question is shipped on more than
one transporiation mode mear the plani, exposure
rates calculated for the modes should be summed

If an sdequate data dase for estimating the explo:
sion rate for 8 subsiance is lacking. an esumaie can
be made by utilizing nationwide satistics for the par-
ticylar transponation mode. i.¢ .

where

neE N o)
where n, = sccidents per mile for the ranspona:
tion mode. and

ny = cargo explosions per accident for the
transporuation mode

Becavse of the low frequency of occurrence of the
events under considerstion, estimates based on sver:
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ape frequency may have wide confidence bands, and
conservative estimates may be rn{cmd If estimsies
of explosion rete, frequency of shipment, and expo-
sure Oistance are made on a realistic or best estimae
Sasis, an eaposure rate less than 10" per year is suf-
ficiently Jow If conservative estimaies are used, an
::mun rate less than 10 per year is sufficiently
» .

If # cannot be shown that the distance 1o the trans:
poriation route is great enough of that the exposure
rate is low enough o render sufficiently low the risk
of damage 10 a structure housing 8 sysiem or compo:
sent tha! must be protecied, an snalysis of the blas!
boad effects may be made. The loading combination
10 be considered may be Iimited 10
CeD+L+Ty+R+B )
L = comb.. 4 load effect,

D = dead load effect,
L = live load effect (not including wind
ot snow loads),

T. = therma! load effect during morme!
operating or shuidown conditiont,

R, = pipe reaction effect during normal
operating o shutdown conditions,
and

B = blast load effect. with the explosion
source positioned 10 maximize the
load combination for the structural
element under consideration. Only
the incident (or, if appropriste, re:
fected) pressure loading need be
considered

Either 8 static analysis vsing twice the appropriate
pressure loading or an elastic analysis using dynamic
load factors (Ref. 8) is acceptable for computing blast
Joad effects The blast pressure should be considered
to act both inward and outward in order 10 accOUn!
for dynamic stress reversal Ovenurning and sliding
stability as well as the abilii; of supporting structures
10 carry loads transmitied from the directly loaded ex-
terior surfaces must be asscssed

C. REGULATORY POSITION

In the design of nuclear power plants, the ability to
withstanc the possible effects of explosions eccurring
on nearby transporiation rovtes shovld be considered
The following methods are acceptable to the NRC
suaff for ensuring that the risk of damage due 1o an
explosion on & meard) transporiation route is sufly-
ciently low.

|. When carriers that transpor: explosives can
spproach vita! structures of 8 Buclear facility mo
“cioser than the distances compuied using Figure 1, mo

where

further considerstion meed be given to the effects of
blast in plant design In calculating TNT equivalents,
assumpuions of 100 percent TNT (mass) equivaience
for solid energetic maierials and 240 percent TNT
(mass) equivalence for substances subject 1o vapor
phase explosions are acceplable upper bounds when
eflective yields generated test dats do not exit!
Lower effective yields may be justified by analyses
accounting for reaction kinetics, site sopography, and
revailing meteorological conditions when the
2ardous cargos can be identified.

2. If ansporuation rovies are closer 1o structures
and sysiems imporunt to safety than the disunces
computed using Figure ), the applicant may show
that the risk is accepadly low on the basis of Jow
probadility of explosions A demonstraiion that the
rate of exposure 1o 8 peak positive incident © 2
sure in excess of | psi (7 kPa) is less than 10° per
year, when based on conservetive assumptions, of
10" per year, when based on realistic assumptions, is
acceptable. Due consideration should be given to the
comparsbility of conditions on the route 1o those of
the accident data base.

3. If ransporwation routes are closer 1o structures
and systems imporunt 1o safety than thy diswances
compuied wsing Figure 1, the applicant may show
that the gisk 10 the pudlic is scceptadly low on the
basis of capability of the safety-related structures to
withstand blast and missile effects associated with de-
tonation of the hazardous cargo. In assessing the
capacity of structures to resist blast loads, o
simplified quasi-static analysis of blast effects usimg
the load combination of Equation (4) is scceptadle.
Effcctive yields based on analyses accounting for
reaction kinetics, site topography. and prevailing
meteorologica! conditions can be used when Justified.

D. IMPLEMENTATION

The purpose of this section is 10 provide guidance
to applicants and licensees regarding the NRC sufl's
plans for utilizing this regulatory guide.

Except in those cases in which the applicant pro-

s an aliermative method for complying with spec-

fied portions of the Commission's regulations, the
method described herein will be wsed in the evalue.
tion of construction permit applications docketed on

. or afier February 24, 1978.

If an spplicant wishes 10 use this regulatory guide
in developing submituals for applications docketed on
or before February 24, 1976, the perntinent portions of
the application will be evalusted on the basis of this

guide
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