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Refererces: 1) Fermi 2
NIC Docket No. 50-341
NIC License No. NPF-43

2) EC Letter dated cetober 15, 1987,
(TAC No. 65164)

,
,

Subjects. Giprry Cberation in the Vicinity of Fermi 2

The Edw. C. Levy Co. has applied for a mining permit from Frenchtown
Charter Township to operate a quarry on Toll Roa3 in Monroe County.
The proposed quarry site is located approximately 5600 feet SSW of the
safety-related structures at Fermi 2 and approxinately 1600 feet west
of the Nuclear Operations Center (NOC) which houses the Emergency

. Operations Facility (EOF) . Detroit Edison has obtained a copy of the
application and also requestcd ard received further information from
Edw. C. Levy Co. to review and evaluate the possible inpact of the
proposcd quarry operation on Fermi 2. A figure showing the relative
locations is attached.

4

Previously the NIC has evaluatcd the potential hazard due to the
operation of the Rcckwood Quarry located 2 miles from the plant at the
closest approach. . The NIC issued the Safety Evaluation 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 inpact of the quarry operations on the safety-
of the plant if the distance from Rockwood Quarry to the plant safety
related structures becane less than two miles. Since the proposed
111w. C. Levy Co. quarry is located less than two miles from safety-
related structures at Fermi 2, Detroit Edison has perforned an
evaluation of the possible inpact of the proposed quarry operation on
Fermi 2.

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

An assessment was also performed of the potential effects of the
quarry on the EOF. The conclusion was that the EOF structure can
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withstand the forces due to the maxinum amount of explosives expected -

-

to be stored at the quarry. '

<

| Submitted for NIC review is the Detroit Edison " Evaluation of the- ,

Proposed Toll Road Quarry," including Design Calculation 5117, ;
Revision A, dated June 7,1990, anS. information provided by -|, ,

Edw. C. Levy Co. !,

1
| t* The conclusions rezched are highly deperdent on the information I,

4 1._

provided by Edw. C. Levy Co.- (Appendix 1) regarding location of the 1
~

quarry, maxinum amount of explosives stored' on site, type of
explosives, transportation nethod including 'anount of explosives per

,
y vehicle, quarrying nethod, and truck routing. The calculation is j" especially sensitive to the truck routing which was described as I-75 )

North to Dixie Highway East to Toll Roa3, then south to_ quarry site. j
Use of Fermi Drive would be unzcceptable. ~ The sum of the anount of j;

explosives on the truck or otherwise at the quarry site must not j
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 NIC review, and if the quarry is constructed, relevant :

information will be incorporated into the Fermi 2 Updated Final Satety J
Analysis Report. i

m ;
'

If there are any questions, please contact Ms. Lynne Goo 3 man at (313) ;
586-4211. ;

i.

)
s .

I'

j!Sincerely,
j i

-|
:

W. S. Orser i

w..
Senior Vice President

;

.' Enclosure
, ,

cc: A. B. Davis
"_ R. W. DePayette
F 'W. G. Rogers
*

J. F. Stang
Frenchtown Charter Township

"
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LVALIATIO!1 OF THE PROPOSI:D TG1 ROAD GARRY
o.

EAGGGIO

Detroit Edison has been notif jed regarding the proposal of a stone mining
and processing quarry in Frenchtown Township. Fdw. C. Levy Co. applied
to Frenchtown Charter Township for a mining perinit on June 19, 1989 for a

- quarry operation located on Toll Road, 3/8 mile-S.E. of the intersection
g of Toll Road 'ard Leroux Road. Detroit Edison han obtained a copy of this

" application and also requested and received further infornetion from Edw.
C. Levy Co. to review and evaluate the possible inpact of the quarry
oper3 tion on Fermi 2.

DfjERTPPION
,

-The propose Toll Road quarry is located approxinately 5600 f t. SEW ef -

the safety related structures at Fermi 2 and approxinately 1600 ft. west
of the Nuclear Operation Center (HOC). The quarry will extract dolomitic
linestone using conventional techniques. The proposed quarry occupies 79
ccres. 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 [
cou, rete and asphalt aggregate or base for paving. The nothcd of quarry
operation will involve: 1

.

1. Overburden renoval - pan scrapers |
2. Drilling and blasting - anmonium nitrate emulsion ,

3. No pit dewatering -

4. Dragline casting on bank ;

5. EhSloader to truck to hopper and crusher i
6. Conveyors to plant processing

Proces.uing neans enployed on site are solely nochanical. No dewatering
will be perforned at the zi:,e. Besides explosins, the only other
pontentially hazardous material is a maximum of 10,000 gallons of diesel
ft:el, stored mainly for earthnoving equipnent.

'Ibe 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 anount of explosives per truck is 20,000 lbs. The truck will
travel I-75 north to Dixie Highway, east to Toll Road and south to the |
quarry site. The nexinum anount of explosives on site will be 25,000 lbs. '

_

which will be contained in certified containers and equipnent. Two types '

of explosives will be used at Toll Road quarry, both of which have a TNP
equivalency of less than 1.0. High Prine (5%) with wr equivalency of
0.96 and Pan 7000 (95%) with TNT equivalency of 0.72.

.

* 4 -r.
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LVALIATION OF ' HIE PROPOSED 'JOLL IGD QlAIUT

LVALIM'lQN IOR SAITIY P11ATED STIEC'IURES

1. Potentini Air Binst rifects

Detroit Edison has evaluatd the potential offects of a hypothetical
explosion of the explosives stored at the Tell Road quarry using 10C
Regulatory Guide 1.91. The safe distarce required per Reg. Guide 1.91
bet. ween proposed Toll Road quarry and Fermi 2 safety related structures
is net to ensure that blast overpressure effects are insignificant.
This safe distance is calculated for 25,000 lbs and 100,000 lbs. of
explosives stored in the quarry. In addition, the safe distance is
calculated for an tocidental explosion during transit. Conservatively,
the maxinum single highway truck weight with 50,000 lbs. of Tta
equivalent explosives is considered for the tecidental detonation
during transit. The actual distance between the quarry and Tenni 2
safety related structures (RIIR-SW Corner), calculated by scaling
site aerial photogrtphs, is 5600 ft. The transit route is I-75 north
to Dixie liighway, east to Toll rom and south to the quarry site.

All totual distances exceca the safe distances calculatcd per Reg.
Guide 1.91 by at least a factor of approxinately 3. On this basis
Dntreit Edison concludes that the accidental detonation of explosi';es
associated with the proposed quarry operation will not pose any hazard
tc. Fermi 2 due to overpressure effects.

!M.roit Edison concurs with the judgenent of the NIC Staff as stated
in the Regulatory Guide 1.91 that for explosions of the magnitude
considered here, the overpressure (air-blast; effects are cc>ntrolling.
Ilowever, Detroit FAison evaluatd the grourd notion ard hydrostatic
water pressure effects in addition to the governing overpressure
offects as described below.

2. Ground Effects of Routine Blasting

Detroit Edison also considered the potential ground notion effects
due to blasting. For this evaluation, U.S. Navy Design Manual 7.2
" Foundations and Ferth Structures" has been used. The conservative
calcult E>ns, asstning the blasting of 100,000 lbs. of Tte equivalent
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.

3. Peak I!vorostatic Pressorca

The ground acceleration due to the detonation of 100,000 lbs. of Tra
equivalent explosives at a distance of 5600 ft. has been estimated
conservatively. This grourd acceleration has been conpared with the
safe shutdown earthquake (SSE) teceleration and the corresponding
displacenents wcsa determind ard converted into equivalent hydro-
static pressures. The increase in the hydrostatic pressures was
then conpared to the hydrostatic pressure due to the probable maxinum
flood at Fermi 2 and was found to be insignificant.

,
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EVALtRTION OF 2C PROPOSED 7UL ROAD CLERIT

LEISTION IOR SMT'lY FFJATED STRUC'1URES (Cont'd.) ,

- 4. Effects on G wtg'LNatgII

The quarry will use well water as a source for product washing and !

dust suppression, in a closed loop system. No pit dewatering will
be performed. Based on this information, Detroit Edison has con-
cluded that the proposed Toll Road quarry activities will have an ;

insignificant effect en the ground water flow at the Fermi 2 site.

INALIRTION FOR NOC

Detroit Edison has evaluated the potential eftw::ts of a hypothetical explosion
of the explosives stored at the proposed Toll stoad quarry using a similar
approtch as detailed for the evaluation of saVety related structures. The

. potential air blast effects and ground effect.s of routine blasting will be
receptable for up to 25,000 lbs. of explosi' es. The blasting effects have
been correlated to ground accelerations arJ compared with earthquake design
recelerations.

NOC structure design utilizes brtcing nembers in order to transfer lateral '

forces. Reinforced concrete walls around the perineter of the building also
help transmit these forces to the foundations. The ECF which occupies the SE
corner of the first floor of the NOC structure is conpletely enclosed by 15" ;

thick concrete shielding walls. Only a small portion of the NOC lateral forces
are transferred thru EOF walls and the additional stresses cajoed by explosion
forces are quite small considering the capacity of the ECF concrete enclosure.
Based on our evaluation, the EOF structure will withstand the forces due to the ,

explosion of 25,000 lbs. of TNI'.

CONCLUSION

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

| ftcility.

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

In addition, relevant information regarding the quarry operation will be
incorporated into the Fermi 2 UFSAR as they boccxte fina)ized.

I

1.

,
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A) Des 6sn Calculation Number B) Volume Number
! B117 i

C) Revision D) P18 Number E) QA Level [X]Non-O
| A A30-00 []1 ()1M

F) ASME Code Classif6 cation [X)NA 0) Certif6 cat 6on Required []Yes
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J) Title
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'
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I O/September 27, 1989

Ms. Lynho Goodman. Director of Nuclear Licensing .

i Perni 2
|

6400 North Dixie Eighway
Newport, Michigan 48166

Dear'Ms. Goodmant i
-

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

1. Maxim a amount of fuel oil stored on site? 10.000 gallons of
diesel fuel. .

Maximus amount of explosives on site and type? 25.000 lbs.2. which will be contained in certified containers and equipment.
None will be stored on site over night. The amounts of each

-

type of explosive used per blast will be addressed in. question
,

#3.

The combination of explosives to be used and its TNT equivalence?3.
We expect to use 5% or less "High Prime" and 95%+ of a product
called " Pen 7000".

TNT EauivalentProduct

0.96High Prime. 0.72Pan 7000
.

Peak Particle Velocity at quarry entrance and 1/2 mile away?4.
By law we will not be able to exceed a Peak Particle Velocity inTherefore, basedexcess of 2" per second at the quarry entrance.
on available information the PPV 1/2 mile away will be less than

.

''

approximately 0.1" per second.

5. Transportation type? Truck

6. Maximus amount per vehicle? 20.000 lbs.

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

. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ = _ - . . . - . . . ._. . . . .. - , - _ . -.
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8. Processing amans? Solely mechanical.
.

9. Any hasardous chemicals? Dione

It is correct that no dovatering will be performed at the site. I hope that this ).

information along.with the hformation we will generate at a future date once
'

testing can be done on the actual site, will be sufficient in allowing you to
continue your doce entation of our project.

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

l

sincerely,

I

EDW. C.12W Co. |

yp.

Jim Weber
Corporate Development ]
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L ~ k/U.S. NUCLEAR RESULATORY COMMISSION @$)REGULATORYGUIDE |
,

-

OFFICE OF STANDARDS DEVELOPNIENT !
.....

'

-
..

s e . . . . . , ,

i
*

REOULATORY OUfDE 1.91. . . . .
,

EVALUATIONS OF EXPLOSIONS POSTULATED TO OCCUR' ~ * - ' -
s i.

l

ON TRANSPORTATION ROUTES NEAR NUCLEAR POWER PLANTS
1

A. Df7AODUCT60N systems, .and components must be designed to ac.
wmmodate es vbratwy ground motion asociated .

Osaaral Design Criterion 4. "Ravironmental anc with the Safe Shutdown Earthquake. /
Missile Design Basis " of Appendia A. " General

!
Design Criteria for Nuclear power Plants," to 10 The effects of esplosives that are of eeneern in

CPR Part S0, ',' Licensing of production and Utiliza analysing strucanal response to blast are incident c- .

tion Faellities, aqulus that nuclear power plant esflected pressure (overpressure), dynaale (drag)
structures, syssens, and components important to pmuwe, blut ihd grond h, ad him.
aafety be appropriately protected against dynamic ef. 8'aerstad miselles. It is the jud ment of the NRC8
facts resulting from aquipment failures that may occur staff that, fo esplosions of the magnitude considered
within the nuclear power plant as well as events and in this guide and the structures, systems, and compo.
conditions that may occur outside the nuclear power ments that must be protected, overpressure effects are:

plant. These latter esents include the effects of es.
plosion of hasardous materials that may be carried on controlling. Dres pressure effects will be snuch.

'

acarby transponation routes. This guide describes smaller than those due to the wind loading assumed

p methods acceptable to the NRC staff for determining for the design basis tomado. The effects of blast.
whether the risk of damage due to an explosion on a generated missiles will be less than those associated

, maarby transportation route is sufficiently high to with the blast overpressure levels considered in this
;

warrant a detailed investigation. Acceptable methods guide. If the overymasure criteria of this guide are
for evaluating structural adequacy w hen an investige. stesaded, the effects of missiles must be considered, i

tion is warranted are also described. This guide is The effects of blast. induced ground motion at the
,

limited to solid explosives and hydrocarbons liquificd overpmssure levels considered in this guide will be
under pressure and is not applicable to cryogenically less than those of the vibratory ground motion es. ;

i

liquified hydrocarbons, e.g., LNG. It considers the sociated with the Saft Shutdown Earthquake. .

d

effects of airblasts on highway, rail, and mater routes
but escludes* pipelines and fined facilities. This regulatory guide describes a method for de. ).

termining distances from critical plant structures to a ,*

S. DISCUSSION railway, highway, or navigable waterway beyond !

which any explosion that might occur on these trans. ;
In order to meet General Design Criterion 2, "De. P'''''I'" ''"'' ' '' "'' IIL 'I) '' "' ** ** *d ''''' 'II''' !sign Basis for protection Against Natural on plant operation or to prevent a safe shutdown. ;

Phenomena," of Appendia A to 10 CFR Part 50 whh adu esse undMons, a detened wh of es
respect to tornadoes, the structures, systems, and H8tr**sPonadonruto
compnen:s imponent to safety of a nuclear power "',",'{" 8f,81 y on

3 ,

plam mnt be designed to whhstand the effects of a A method for establishing the distances referred to
design basis tomado, including wind, pressure drop,

above can be based on a level of peak positive incl.and the effects of missiles, without causing an acci.
dent and without damage that would pmvent a safe dent overpressure (designated as P in Ref.1) below j

and orderly shutdown, in addition, those structures, which no significant damage would be espected, it is 1

|
'

, a Y'I"*.".'.8.,D".7"l '.1'U'. I'~'"e*.' ':|:L"C'IE""sE" *.".".L*"edWS*A
*~

::::.".: .::= .. ::r::::rJ. W .'.?; -.J . , . . , , , .

L'".:'*''.' ."'J';M.:'.:"" ":"O.'"r" "::*, :.*,':".' . .. s ...
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Determination of the monimum probable qunilty f
she judgment of the NRC staff that, for the structures, of hasardous cargo is dependent on both the eranspor. {
systems, and components of concern, this level can sation mode and the vehicles utiliaad. The manimum

*c
be conservatively chosen at I psi (approaimately 7

probable basardous solid sergo for a single highwaykPa). Based on esperimental data on hemispherical truck is $0,000 pounds (23,000 kgl. Similarly, the
'

charges of TNT cited in Reference 1, a safe distance
ean then be conservatively defined by the relationship

manimum emplosive cargo la a single milroad boa car
is apprealmstely 132,000 pounds (60,000 kg). The4

g , gy (I) largest probable quantity of emplosive material trans.m

Poried by ship is approalmately 10,000,000 pounds
where R is the distance in feet from an amploding (4,$00.000 kg). Por illustrative purposes, the safe
sharge of W pounds of TNT. When R is la feet and distaness, as defined by inequality (I), era shown in
W in pounds, k = d$. When R is in meters and W in Figure i for these quantities of TNT, When ship.
gg g,,,,,,g . gg, ments are made in connected vehicles such as rail.

eoad cars or barge reins, en lavestigation of the pos.
The concept of TNT aquivalence, i.e., finding the

mass of substance in question that will produce the
sibility of emplosion of the eenients of snore than one
vehicle is necessary.

same blast effect as e unit mass of TNT, has long *

been used in establishing safe separation distances for In esses where the distances from the transports.
,

solid emplosives. A sest program is required to estab. tion route to the structures, systems, and components
dish that equivalence (Ref. 2). For solid substances that must be protected are not sufficiently great to
more efficient in producing blast effects than YNT, allow a conclusion (based on conservative assump.
equivalents are known by the manufseturers. For tions) that the peak positive incident overpressure
solid substonets. net intended for use as saplosives would be less than I psi (approximately 7 kps), an

,

but subject to accidental detonation, it is conservative analysis of the frequency of batardous cargo ship.'

a use a TNT equivalence of one in establishing safe ment me) show that the attendant risk is sufficiently-

mandoff distances, i.e.. use the cargo mass in Equa. Iow. It is the judgmem of the NRC staff that, if the
ion (1). esposure rate, r, defined in Equation (2) een be

shown to be less than 10 ' per year, the risk of dem.
.

Appliestion of the TNT equivalence concept to,

.j sessible detonations of vapor clouds formed after an age due to emplosions is sufficiently low.

accidental release of hydrocarbons is not as well (2)r = missocumemed. However, investigations of accidents
hat resulted in blast damage have used this cont pt where r = esposure rate,

e atteopts to estimate, based on blast damage, the n = empbsin rate for ee subswe W
effective yield of the emplosion (Ref 31. Most as. transportation mode in question in

sessments of this type have led to estimates that emplosions per mile,

less than one percent of the calorific energy of the f = frequency of shipment for the sub.

substance was released in blast effects since the
stance in question. in shipments per

ratios of heat of combustion of hydrocarbons to that year, and

of TNT are typically about 10, this corresponds to an s = upsun disme h milu (we F4
equivalence on a mass basis of 10 percent. However, are 21

,

there have been accidents in which estimates of theIf the substance in question is shipped on more than
calorific energy released were as high as 10 percent. One HansPortation mode near the plant, esposure
The blast energy realized depends,in great measure, rates calculated for the modes should be summed.
on phenomens that are accident specific,i.e., the rate if an adequate data base for estimating the esplo.

of release of the substance and the weY n which thesien rate for a substance is lacking, an estimate cani
eloud is ignited. A reasonable upper bound to the be made by utilising nationwide statistics for the par.

blast energy potentially available based on esperi. ticular transportation mode, i.e.,

mental detonations of confined vapor enouds is a (3)* * S "8i
sness aquivalence of 240 percent (Ref, d). A detailed where ai = accidents per mile for the transports.
analysis of possible accident scenarios for particular tion mode, and
sites, including consideration of the actual cargo, site a = eargo emplosions per accident for the 's

topography, and prevailing meteorological conditions Wanspoftetkn mode,
may justify a lower effective yield But, when estab. Because of the los frequency of occurrence of the

.

.i
lithing safe stand off distances independent of site events under cortsideration, estimates based on aver.

; f

! conditions, use of an upper bound is prudent.

l.91 2
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spe frequency may have wide confidence bands, and funher eensideration need be given to the effects of

conservstive estimates may be ptektred. If estimates blast in plant design. In calculating TNT equivalents,
of emplosion rate. frequene) of shipment, and espo- assumptions of 100 percent TNT (mass) equivalence4

sure distance are made on a realistic or best estimate for solid energetic materials and 240 percent TNT
basis, an esposure rate less than 104 per year is suf- (mass) equivalence for suostances subject to vapor
faciently low, if conservative estimates are used, an phase emplosions are acceptable apper bounds when
esposure rate less than 10'' per year is sufficiently effective yields generated from test data do not exist.

nom. Lawer effective yields may be justifed by analyses
accounting for meetion kinetin alu espography, and

If it cannot be shown that the distance to the trans- 8 gg,"[I'I'''*h'"'h''*
penstion route is great enough or that the caposure {,,',' ",8,,",,',8 ' ,,'
este is low enough to render sufficiently low the risk
of damage to a structure housing a system or compo- 2. If sensponstion routes are closer to structures
east dist must be protected, an analysis of the blast and systems imponent to safety than the distances
load effects may be made. The loading combination computed using Figure 1. the applicant may show
to be c>nsidered may be limited to: that the risk is acceptably low on the basis of low

probability of emplosions. A demonstration that the
C = D + L + T. + R + B (4) rate of esposure to a peak positive incident e s.

where L. = combi. d load effect. sure in escess of I psi (7 kPa) is less than 10 per .

D = dead load effect, year, when based on sonaervative assumptions, or
L = live load effect (not including wind 30 ' per year, when based on realistic assumptions, is

or snow loads). acceptable. Due consideration should be given to the
T. = thermal load effect during normal comparability of conditions on the soute to those of

operating or shutdown conditions. the accident data base.

R., = pipe reaction effect during normal 3. If transportation routes are closer to structures
operating or shutdown conditions. and systems important to safety than th6 distances
and computed using Figure 1. the applicant may show

B = blast load effect, with the emplosion that the sink to the public is neceptably low on the.

source positioned to manimise the basis of capability of the safety related structures to
load combination for the structural withstand blast and missile effects associated with de-,# '

I element under consideration. Only tomation of the hazardous cargo. In assessing the
the incident (or, if appropriate, re- capacity of structures to resist blast loads, a
flected) pressure loading need be simplified quasi static analysis of blast effects ustng
considered. the load combination of Equation (4) is acceptable.

Effcetive yields based on analyses accounting for
I Either a static analysis using twice the appropriate reaction kinetics, site topography, and prevailing

pressure loading or an elastic analysis using dynamic meteorological conditions can be used when justifwd.
'

load factors (Ref. $)is acceptable for computing blast
load effects. The blast pressure should be considered
to act both inward and outward in order to account D. IMPLEMENTATION
for dynamic stress reversal. Ovenurning and sliding
stability as well as the ability of supponing structures The purpose of this section is to provide guidance
to carry loads transmitted from the directly loaded en* to applicants and licensees regarding she NRC staff's
serior surfaces must be assessed. plans for utillaing this regulatory guide.

C. REGULATORY POSffl0N Encept in those cases in which the applicant pro-

In the design of nuclear power plants, the ability to poses an alternative method for complying with spec-
.

withstano the possible effects of emplosions occurring sfied portions of the Commission's regulations, the

on nearby transportation routes should be considered. method described herein will be used in the evalue-
f The following methods are acceptable to the NRC tion of construction permit applications docketed on

staff for ensuring that the risk of damage due to an t or after February 24,1973.

}gp
1

i on a nearby transponation soute is suffi- If a appl wih a m &is pdej
in develciping submittals for applications docketed on# *

1. When carriers that transpon emplosives een or before February 24,1978, the pertinant portions of
-

approach vital structures of a nuclear facility no the application will be evaluated on the basis of this ..

; closer than the distances computad using Figure 1. no guide,

f .

.
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3. R.IFPABILITY. Rasavation asse or rippability can be asseemed apprestaate-
'

ly from fiald ebeervation is stailar asteriale or by estag estoste velocity,
fracture spacing, er point load strength sedes. Figure 3 (from Beforesee 10R
andbook of Riseina, by Caterpillar Tractor Co.) above an esemple of sharteI for heavy duty ripper performance (tipper sounted on trackad bulldoser) asI related to seismic wave velocity.

from various equipment annufacturere.Charte similar to Figure 8 are availableFigure g to for guidance and restrictedt
o appliesbility to large tracters besvier than 50 tone with enstaa boreepower

'

reater than 350 Ep. Ripper performance to also ralated $o acafiguration of
g

ipper teeth, aquipment conditica and sise, and fracture orientation.r

A
nother technique of relating physical properties of rock to estavetion asse
s shown on Figure 9 (from Reference 11,1,onaina the Mechanical Character of

e i

gk, by Frank 11a, et al.) Where fracture fraquency (or spacing) is plotted
gainst the point lead strength indes sorrected to a reference diameter of 50

a..

(See Reference 12, lhe point-Lead strenath Test, by Broth and Franklin.)
es.,

,

third and useful techniqua is naploration treaching in which the depth of
&.

k

ntippable rock een be establiehad by digging test treaches in rock using
p. A
' ri

ppere (or other escavation equipment) anticipated to be used for the pro-
The sies and shape of the area to be sacavated to a sign 1ficant factorle ct.

determining the need for blasting, or the equipasnt needed to remove the
]o

y- 1ock.
'

h. BLASTING. Of major concern is the influence of the blasting on adjacent#*
s ruct ures.' I y;article in the direction of the wave that is generated by the blast) isThe easian particle valoeity (the lohgitudinal velocity of aya

espted as a critarion for evaluattag the potential for structural damage
-

, 116duced by haasting vibration.
The critical level et the particle velocity.. de

pende on the freguancy abaracteristice of the structure, frequency of greed
.

i rock motion, nature of the overburden, and espability of the structure to
at,

wi thstand dynaste strees.
rticle velocity, which can then be used ta Figure 11 (from Reference 13 Figure 10 aan be used for estiasting the assimus:b 1 9e

Q,y,"
.#1a al

istina vibratione and Their Effecte on structures, by Bureau of Mines) to-{ j es
..

;1aate potential damage to residntial structures. Guidance for bear 'i ,., rei

j inserina of Rock glaetina on Civil Projects, by Mandron). posse to blasting vibrations to given in Figure at (from Rafarence 14,* Ra
&

On
e a it has been desarmined that bloettag is required, a pre-blasting surveyshe de be performed.

As a sintaa, this should includes (a) asasinatica ofth
e ette; (b) detailed examination and perhape photographic records of adja-

-

sa
structures; and (c) setablishment of borisontal and vertical survey son-

a
tro, pr %ts.

miidated, and monitoring statione and schedulee should be established.In addition, the poselbility of vibration monitoring shoulit bese
Du

rl ng eenstruction, detailed recorde should be kept of:(b
) location of blast point and distance free esisting structures (a) charge seight.
d !d) response as indicated by vibration monitoring. For safety, anall(e) delays,

an
,

sh
ar les should be used initially to aetablish a eita specif te relationship

,

be
ts !an charge weight, distance, and response.

>.
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