CASE 3527: Application of EL PASO
TO DRILL SEVERAL WELLS AT UNSPECI-
FIED UNORTHODOX LOCATIONS.
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PHONE 827~2741
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Mr. Emery C. Arnold
Supervisor, District 3

0il Conservation Commission
1000 Rio Brazos Road

Aztec, New Mexico

Dear Emery:

Please send me a copy of the letter from
El Pasn Natural Gas Company requesting approval
of non-standard locations for Project Gasbuggy
for our files.

Did you approve two or three non-standard
Incations?

Very truly yours,

Mw.&éféz

GEORGE M. HATCH
Attorney
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May 11, 1967
AQOWESS ALPLY TO
POBY OFFICE BRON 890
FARMINGTON, NEW RELICO 8740

Mr. Emery C, Arnold
Cil and Gas Congervation Commission

1000 Rio Brazos Road
Aztec, New Mexico

ST . ¥
2axr oill

Pursuant to Order No. R-3197, E! Paso Natural Gas Company hereby
requests approval for the drilling of GB1, GB2 and GBE {(emplacement)
at Ground Zero as indicated on the attached plat of Scction 36, Township
29 North, Range 4 West, N, M, P.M., Rio Arriba County, New Mexico.
The directional drilling will not be utilized in any of the three wells,

Your approval of this request is respectfully solicited,
Very truly yours,

r5) Capried)

D. N. Canfield
Site Coordinator

DNC:ss
w/attachment
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May 15, 1967

€] Paso Natural Gas Company

PO Box 990
Farminatan. Naw Maxlecn 875‘0

Attention: Mr. 0. N, Canfleld

Dear Sir:

We have your lettaer of May 11, 1947 requusting approval of two non-
standard locat!icns of tha followlng wells:

- G8 #1 Lloc. 1324 F/SL 1614 F/UL Sec 36-T 290~ R 4W
v 6B #2 " 1218 F/SL. 2070 F/ulL N 1 "
~ GBE {emplacement) Loc., 1218 ¥/SL 1770 F/W1 Sec 36-T29N-R LW

The Secretary Director of the New Hexico 0!1 Conservation Comnmission
has delagated to ma the autiwriiy to approve these non-standard locations
pursuant to the provislons of R-3197 and they are hereby approved.

Yours very truly,

Emary C, Arnold
Supaervisor Dist #3
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LAND COMMISSIONER
GUY TON 8. HAYS

GOVERHOR
DAVID F. CARGOC
CHAIRMAN

State of Netw Mexico
®il Tonservation Tommission

STATE GEQLOGIST
A, L. PORTER, JR.
SECRETARY - DIRECTOR

MEMBER
P. O. BOX 2988
SANTA FE
February 23, 1967
Re: Case No. 3527
RI. Richaxd oL Morxiz 2xdexr NS, ggiwy

Seth, Montgomery, Federici & Andrews
Attorneys
Post Office Box 2307
New Mexico

Santa Fe,

at Law

Applicant:

EL PASO NATURAL GAS CO.

Enclosed herewith are two copies of the above~referenced Com-

mission order recently entered in the subject case,.

ALP/ix

Very truly yours,

A G

A, L. PORTER, Jr.
Secretary-Director

Carbon copy of drder also sent to:

Hobbs OCC

b 4

Artesia OCC

Aztec 0OCC
Qther

x
Mr. Ben Howell




BEFORE THE OIL CONSERVATION COMMISSION
OF THE STATE OF NEW MEXICO

' IN THE MATTER OF THE HEARING
! CALLED BY THE OIL CONSERVATION
arvvey  weTvurT o

! COMMISSION OF NEW MEXICO F
THE PURFOSE OF CONSIDERING:

12
NJAN

; ’
- gt : CASE No. 3527
o i Order No. R-3197

) APPLICATION OF EL PASO NATURAL GAS COMPANY
FOR AUTHORITY TO DRILL AND TO DIRECTIONALLY ,
! DRILL SEVERAL WELLS AT UNSPECIFIED UNORTHO- .
" DOX LOCATIONS AND TO PRODUCE THERIFROM AND
VENT NATURAL GAS IN CONJUNCTION WITH
- .

V 2ddN &
"DhATeAMm AR CRTICAY ¥ nTO ARRTRA COIINTY . NEW
IV, .

P

Ii MEXICO.

e e —

ORDER OF THE COMMISSION

BY THE COMMISSION:

This cause came on for hearing at 2 a.m. on February 15, 1967,
at Santa Fe, New Mexico, before the 0il Conservation Commission of
hereinafter referred to as the "Commission."

New Mexico,

NOW, on this__23¥& day of February, 1967, the Commission, a
gquorum being present, having considered the testimony presented

and the exhibits received at said hearing, and being fully advised
in the premises, ’

E R —

FINDS: 5

: (1) That due public notice having keen given as required by |

i law, the Commission has jurisdiction oi this cause aud the subject |

matter thereof. E‘
|

{(2) That the applicant, El Paso Natural Gas Cuwpany, sccks :
authority to drill several wells at unspecified unorthodox loca- |
tions in the SW/4 of Section 36, Township 29 North, Range 4 West,
NMPM, Choza Mesa-Pictured Cliffs Gas Pool, Rio Arriba County, New
Mexico, for testing, instrumentation, and the detonation of a
nuclear explosive to determine the feasibility of increasing the

recovery of natural gas from low permeability reservoirs.

(3) That the aforesaid effort to determine the feasibility
of increasing the recovery of natural gas from low permeability
reservoirs by means of nuclear detonation is to be conducted by 1

I
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the applicant in cooperation with the United States Atomic Energy
Commission, the United States Bureau of Mines, and the Lawrence
Radiation Laboratory of the Unxversxvy of California and is
designated "Project Gasbuggy."

{(4) That the applicant also seeks authority to produce and
flare natural gas both before the detonation and afterward, as
required, to establishi produneing characteristics of the formation
at the test site and to otherwise properly evaluate the test.

{5) That the applicant further seeks the establishment of
an administrative procedure for approval of the location ¢f such
wells as wmay be required at unorthodox locations and LU GiruLiiun—
ally drill said wells as and when the applicant is able to deter-
mina the number of wells, the unorthodox locations, and the
directional drilling that will be necessary to properly conduct

“Project Gasbuggy."

(6) That the applicant proposes to drill a well or wells in
the SW/4 of said Section 36 prior to any detonation of a nuclear
explosive in order to conduct extensive coring and logging opera-
tions to determine the acceptability of the site for test purposes.
The applicant also proposes to produce said wells and to flare
said production in order to establish the exact producing charac-

teristics of the formation.

(7) That the applicant proposes to drill an emplacement well
within the SV /4 of said Section 36 at a site yet to be selected
and for the detonation of a nuclear explosive therein in the
Pictured Cliffs formation at a depth of approximately 4200 feet,
if the aforementioned test wells establish that satisfactory
conditions exist for the conduction of a nuclear explosion and

test.

(8) That after the aforementioned detonation, the applicant
proposes to drill a reentryv well, and other wells as way be neces-
sary, £or the purpose of producing gas £rom and deterwining the
extent of the fractured area and to produce and flare gas from

the fractured area under the supervision of governmental author-~
ities until such time as appropriate governmental agencies
including the United States Public Health Service determine that
said gas complies with all health and safety reguirements.

(9) That in order to properly conduct and evaluate the afore-
said test to determine the feasibility of increasing the recovery
of natural gas from low permeability reservoirs by means of nuclear
detonations, it will be necessary for an as yet unspecified number
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!

féof wells to be drilled and to he drilled at unorthodox locations,
égto flare a minimal amount of gas before and after detonation, and
il possibly to directionally drill some of said wells.

(10) That the above-mentioned test is in the interest of
conservation of the natural resources of New Mexico and should
i provide invaluable information iLoward determining the feasibility
of increasing the recovery of natural gas from low permeability
reservoirs by means of nnclear detonations; that the drilling of
said wells at unorthodox locations, directional drilling of said
wells, and the tifaring of a minimal amount of gas are necessaly
varts of such study and will not violate correlative rights

and may well result in the recovery of large amounts of gas that
would otherwise be unrecoverable thereby preventing waste.

: .{11) That an administrative procedure should be established
§ whereby the applicant can receive authorization to drill a well
§ or wells in the SW/4 of said Section 36 at unorthodox locations
)| and to directionally drill said wells if necessary when the
applicant has determined the location or locatiocns to be drilled
| and the necessity for and the manner of directionally drilling

said wells.

IT IS THEREFORE ORDERED:

(1) That the applicant, El1 Paso Natural Gas Company, is
hereby authorized to drill an unspecified number of wells in the

11 SW/4 of Section 36, Township 29 North, Range 4 West, NMPM, Choza

Mesa-Pictured Cliffs Gas Pcol, Rio Arriba County, New Mexice, to
drill said wells at unorthodox locations in said SW/4, and to
directionally drill said wells if necessarv:

PROVIDED HOWEVER, that the applicant shall apply to the
_Secretary~Director of the Commission for approval for each and
every well to be drilled and shall apply to the Secretary-

N Director for approval for any directional drilling to be done
and shall receive approval from the Secretary-Director for said
wells to be drilled and for said directional drilling;

PROVIDED FURTHER, that should any of the aforementioned wells
be directionally drilled, a directional survey shall be made of
the well and a copy of the survey report filed with the Santa Fe
Office of the Commission, Box 2088, Santa Fe, New Mexico,.

(2) That Form C-105 shall be filed in accordance with
Commission Rule 1105 and the operator shall indicate thereon
true vertical depths in addition to measured depths.
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(3) That the applicant is hereby authorized to produce and

o i flare from wells drilled in the SW/4 of Section 36, Township 29
L ' North, Range 4 West, NMPM, Choza Mesa-Pictured Cliffs Gas Pool,
‘ f Rio Arriba County, New Mexico, in conjunction with "Prcject

Il Gasbuggy" that amount of gas necessary to establish producirg ,
i characteristics of the formations at the test site and to other- |
g wise properly conduct and evaluate the test. ' ;
H

l

(4) That jurisdiction of this cause is retained for the ;
t»euu;y of su~h further orders as the Commission may deem neces-

ffsary.

DONE at Santa Fe, New Mexico, on the day and year hereinabove

desiognated.

STATE OF NEW MEXICO

OIL COMSERVARION COMMISSION
o
: 1A L 1 4

i O

DAVID F. CARGO S>a1 man

UY’I‘O%/% mys, Memb:eﬁ >~ D ;

\ ‘UW/ // ) {
A. L PORTER Jr.,Member & Secretary H

S EAL . i

esx/




DOCKET:

Docket No. 5-67

REGULAR HEARING ~ WEDNESDAY - FEBRUARY 15, 1987

OIL CONSERVATION COMMISSION - 9 A.M., MORGAN HALL, STATE LAND OFFICE PUILDING

SANTA FE, NEW MEXICO

ALLOWABLE:

CASE 3528:

(1) Consideration of the oil allowable for March, 1967;
Consideration of the allowable production of gas for
March, 1967, from thirteen prorated pools in Lea,

Eddyv and Roosevelt Counties, New mMexico: Consideration
of the allowable production of gas from nine prorated
pools ir San Juan, Ric Arriba and Sandoval Counties,

(2)

~ - - v -

JMEAIAT P a0 g g3 IEEE: -y s e e R " e e
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Application of El1 Paso Natural Gas Company for authority to drill
and to directionally drill several wells at unspecified unorth-
odox locations and to pruduce therefrom and vent natural gas in
conjunction with "Project Gasbuggy," Rio Arriba County, New Mexico.
Applicant, in the above-styled cause, secks authority to drill
and to directionally drill several wells at as vet unspecified
unorthodox locations in the SW/4 of Section 36, Township 29 North,
Range 4 West, Choza Mesa-Pictured Cliffs Gas Pool, Rio Arriba
County, New Mexico, said wells to be used as required for test-
ing and for the instrumentation and detcnation of a nuclear
explosive in conjunction with "Project Gasbuggy," which is to be
conducted in cooperation with the United States Atomic Enerqy
Commission, the United States Bureau of Mines, and Lawrence
Radiation Laboratory of the University of California, to deter-
mine the feasibility of increasing the recovery of natural gas
from low permeability reservoirs. Applicant also seeks authority
to produce and vent natural gas both before the detonation and
afterward, as required, to properly evaluate the test. Applicant
further seeks the establishment of an administrative procedure
for approval of the location of such wells as may be required at
unorthodox locations.

Southeastern New Mexico nomenclature case calling for an order
for the creation of one pool and the assignment of an oil
discovery allowable therein, and the creation, extension and
abolishment of certain other pools in Lea, Eddy, and Chaves
Counties, New Mexico:

(a) Create a new pool in Lea County, New Mexico, classified
as an oil pool for Abo production and designated the Emerald-
Abo Pool, comprising the following-described acreage:
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TOWNSHIP 17 SOQUTH, RANGE 36 EAST, NMPM
Section 15: SW/4

Further, for the assignment of approximately 47,220 barrels
of oil discovery allowahle to the discovery well, Elk 0il
Company's Aztec State Well No. 1, located in Unit M of said

Section 15,

(b} Create a new pool in Eddy County classified as a gas
pool for Atoka nroduction and designated as the Dagger Draw-

e LS Sl

Atoka Gas Pool, and desc:i’bed as:

TOWNSHIP 20 SOUTH, . RANGE 24 EAST, NMPM
Section . w/2

{(c) Create a new pool in Eddy County classified as a gas pool
for Canyon production and designated as the Hackberry Hills-
Canvon Gas Pool, and described as:

TOWNSHIP 22 SOUTH, RANGE 25 EAST, NMPM
Section 1: s/2

{d) Create 2 new pool in Eddy Ccunty classified as a gas pocol
for Canyon preduction and designated as the East Hackberry

D §

Hills-Canyon Gas Pool, und described as:

TOWNSHIP 22 SOUTH, RANGE 26 EAST, NMPM
Section 22: N/2

TOWNSHIP 19 SOUTH, RANGE 32 EAST, NMPM ;
Section 28: SE/4 é

(f) . Create a new pool in Lea County classified as a gas pool
for Devonian production and designated as the Paduca-Devcaian
Gas Pool, and described as:

TOWNSHIP 25 SOUTH,: RANGE 32 EAST, NMPM
Section 18: NW/4

(g) Create a new poonl in Chaves County classified as an oil
pool for San Andres production and designated as the West Tobac-
San Andres Pool, and described as: :
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TOWNSHIP 8 SOUTH. RANGE 32 EAST, NMPM
Section 26: SE/4

(h) Extend the Artesia Pool in Eddy County to include therein:

TOWNSHIP 19 SOUTH, RANGE 28 EAST, NMPM
Section 9: SE/4 NW/4 and NE/4 SW/4

(i} Extend the Atoka-Pennsylvanian Gas Pool in Eddy County to
include thereins

i

TOWNSHIP 18 SOUTH, RANGE 26 EAST,
Section 15: N/2

(j) Extend the North Bagley-Upper Pennsylvanian Pool in Lea
County to include therein:
TOWNSHIP 11 SOUTH, RANGE 33 EAST, NMPM

Szction 3: s/2 SE/4
Section 9: NW/4

(k) Extend the Big Eddy-Strawn Pool in Eddy County to include

therein:

TOWNSHIP 20 SOUTH, RANGE 31 EAST, NMPM
Section 19: SwW/4

n Andres Pool in Chaves County to include

oy vy

TOWNSIHIP & ?
Section 14: NE/4
Section 16: N/2
Section 17: NE/4

(m) Extend the Grama Ridge-Morrow Gas Pool in Lea County to
include therein:

TOWNSHIP 21 SOUTH, RANGE 34 EAST, NMPM
Section 33: all
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(n) Extend the Justis-Blinebry Pool in Lea County to include
therein:

TOWNSHIP 24 SOUTH, RANCGE 37 EAST, NMPM
Section 26: NE/4

5

.
~1 T oonem e Thmsacnm TN R
C) Extend the Middle Lonce-Permo Fenin yirvVaniai

{
\
County to include therein:

TOWNSHIP 10 SOUTH, RANGE 33 EAST, NMPM
Section 14: SE/4

(p) Extend the Lazy J-Pennsylvanian Pool in Lea County to
include therein:

TOWNSHIP 14 SOUTH, RANGE 33 EAST, NMPM
Section 3: SE/4

(gq) Extend the Malaga-Delaware Pool in Eddy County to include
therein:

TOWNSHIP 24 SOUTH, RANGE 28 EAST, NMPM

Section 13: E/2 SW/4

Section 24: NW/4

(r)} Extend the Osudo-Morrow Gas Pool in Lea County to include
therein:
TOWNSHIP 21 SOUTH, RANGE 35 EAST, NMPM
Section 6: Lots 1, 2, 7, 8. 9, 10, 15,
and 16

(s) Extend the Scanlon-Delaware Pool in Eddy County to include

therein:
TOWNSHIP 20 SOUTH RANGE 29 EAST, NMPM

Section 30: NE/4 SE/4

(t) Abolish the West Mesa-Upper Queen Gas Pool comprising
the following described acreage in Eddy County, New Mexico:

TOWNSHIP 1l¢ SOUTH RANGE 31 EAST, NMPM
Section 12: NW/4 & S/2

Section 13: N/2 & SW/4

Section 14: NE/4

(u) Extend the Mesa Queen Pool in Lea County, New Mexico, to
include all of the Queen formation in the following area:
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TOWNSHIP 16 SOUTH, RANGE 32 EAST. NMPM
Section 18&: NW/4 & S/2

and to include the Upper Queen gas pay cnly in the following described
area in Eddy County:

TOWNSHIP 16 SOQUTH. RANGE 3i BASYT, WNMPM
Section 12: Alil
Section 13: All
Section l4: NE/4

CACD 30272. Woriithiweolein New Meadlo auueucldture case calling tor an ordex
creating certain pools in San Juan County, New MexXico:

(a) Create a new pool in San Juan County classified as a gas
pool for Fruitland production and designated as the Pinon-
Fruitland Pool, and described as:

TOWNSHIP 28 NORTH, RANGE 11 WEST, NMPM
Section 18: Nw/4

PR T

TOWNSHIP 28 NORTH, RANGE 12 WEST, NMPM
Section 13: N/2 & SE/4

(b) Create a new pool in San Juan County classified as a gas
pool for Gallup production, designated as the Ojo-Gallup Pocl, |
and described as: i

TOWNSHIP 28 NORTH, RANGE 14 WEST, NMPM
Section 31: s/2

TOWNSHIP 28 NORTH, RANGE 15 WEST, NMPM
Section 26: N/2 & SE/4

- Section 25: NE/4
Section 36: N/2 & SE/4

(c) Create a new pool in San Juan County classified as an
oil pool for Dakota product.on, designated as the Slick Rock-
Dakota 0Oil Pool, and described as:

TOWNSHIP 30 NORTH, RANGE 17 WEST, NMPM
Section 36: S/2 sE/4

ir/




BEFORE THE
OIT, CONSERVATION COMMISSION g
STATE OF NEW MEXICO e

APPLICATTION OF KT, PASO NATURAIL
GAS COMPANY FOR APPROVAL OF
DRILUING, TESTING AND ALL OTHIER

OPERATIONS INCLUDED IN "PROJECT > -
GASBUGGY, " A PROPOSED TEST OF ) ¢2f7
NUCLEAR EXPLOSIVE TO STIMULATE CASE NO, ‘i

GAS PRODUCTION IN LOW PERMEABILITY
SANDS, EXPECTED TO BE CONDUCTED

ON SW/4 OF SECTION 36, TOWNSHIP
29N, RANGE /tW, N.M,P.M., RIO
ARRIBA COUNTY, NEW MEXICO

El Paso Natural Gas Company is a Delaware corporation,
authorized to do business in the State of New Mexico, herein-
after called "Applicant."

I.

Applicant, in cooperation with the United States
Atomic Energy Commission, the United States Bureau of Mines
and The Lawrence Radiation Laboratory of the University of
California have studied the feasibility of increasing recovery
of nmatural gas in place in low permcability rcccrveirs by deto-
nation of a nuclear explosive and have concluded that the use
of a nuclear explosive to frature the reservoir rock will sub-
stantlially increase the recovery of gas from a low permeablility
reservolr and make production economically feasible from reser-
voirs which are noncommercial under present recovery methods.

T,

The joint leasibility study has selected as an
appropriate place for such test the 3W/4 of Section 36, Town-
ship 29N, Range W, N.M.P.M., Rio Arriba County, New Mexico,
hereinafter called "test site." The test site and all land
within a radius of one-half mile from the test site is public
domaln and is subject to United States 011 and Gas Leases which
have been assigned to Applicant. San Juan 29-4 Unit Well No.
10-36 has been completed in and is producing from the Pictured

Cliffs Formatlon, and is located 1650 feet north ol the south



line and 1700 feet cast of the west line of said Seclion 36.

The test site and surrounding acreape lies wifthin the boundaries
of the Choza Mesa Pletured Cliffs Gas Pool and is not presently
subject to any proration order. The test site has been committed
to the provisions of the San Juan 29-I Unit Apreement and San
Juan 29-t Unit Operating Agrecment. Applicant is Unit Operator
for such unit and has submitted to the United States Geological
Survey and to the Commission a unit plan of development including
the operations contemplated ror Project Gasbuggy. The owners or
leasehold interests within said unit have agreed to the proposed
operations.

11T,

The Pictured CLiffs Formaticon in the vicinity of the
test site has low permeability and, under current methods of
well completion is expected to produce only a small proportion
of the natural gas in place in the reservoir.

Iv.

The proposed plan of conducting the test includes
operations as follows:

(a) Drilling a test well (GB-1) to a depth approximately

100 feet below the base of the Picfured Cliffs For-

mation to determine by extensive coring the exact

characteristics at the ftest site of the 0jo Alamo,

Kirtland, Fruitland and Plctured Cliffs Formations.

(b) 1If the test site is found acceptable and additional
information is desired, a second test well (GB-2)

may be drilled within the test site to correlate

reservolr information. Any such well, or wells, 1is

expected to be produced and, in order to obtain exact
measurements, gas produced will be metered to establish
exach producing characteristics of the formation at

the test site and vented. It is expected that the

volumes vented, 1f marketed, would not repay the cost

of makling pipeline connectlion.




(c)

(a)

(e)

—
o]
-~

If and when the test well{s) has established satis-
factory conditions for conducting the nuclear explosion
and test, an emplacement well (Go-E) will be drilled.
A nuclear explosive will be detonated under direction
of the Atomlc Energy Coimmission.
One or more reentry wells will be drilled, using such
portions of the emplacement hole as are usable and/or
a new location, for the purpose of drilling into the
fractured area and producing gas therefrom.
One or more test hulce may be drilled at appropriate
distances from the emplacement hole to determine the
horizontal limits of fractures resulting from the
expiosion and to gather other data.
By whipstocliing, directional hecles may be drilled
one or more of the above-mention=ad wells to determine
the extent of fracturing.
After completion of the reentry well or wells, gas
will be produced and vented under the supervision c.
governmental authorities until such time as appropriate
government agencies determine that'gas produced from
the test site complies with all health and saflety
requirements.

V.

Applicant requests that the Commission approve drill-

ing in excess of one well on this 100-acre drilling block as an

exception to Rule 104CII(b) and establish an administrative pro-

cedure for obtaining approval of locatling any of the above-

mentioned wells closer to the outer boundary lines of the tract

and to quarter-guarter section lines or subdivision inner

boundary lines than is permitted by the applicable spacing rules.

VI ‘

Applicant belicves that the operations contemplated

by this test will increase the total quantity of natural gas

ultimately recovered from this pool and requests approval of

e e




venbing volumes of gas required for the test and proper cvalua-
tion thereof.

WHEREFORE, Applicant requests that notice of this
application be given as required by law and that this matter
be set for hearing by the Commisslion at Lhe repular State-wide
Hearing on February 15, 1967, and that upon conclusion of said
tlearing an order be issued approving drilling of additional
wells upon the 160-acre test site, venting all volumes of gas
both before and after the detonation as are required for conduct
and proper evaluation of the test and establishing administrative
procedure for locating wells closer to boundary lines than is

permitted by the applicable state-wide rule.

EL PASO NATURAL GAS COMPANY

y %W/

e
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PAN AMERICAN PETROLEUM CORPORATION

SECURITY LIFE BUILDING
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PRODUCING DEPARTMENT DENVER, CoLORADO 80202 DiSTRICT SUYERINTENDGNTS
H. T. HUNTER W. M. JONEs
DI/I3ION PROBUCTION A E. Pirer
MANAGER February 10, 1967 T. M. CurTis

JOINT INTEREST
SUPERINTENDENT

File: AMR-302-986.51 S. B. RICHARDS

RE: Project Gasbuggy Hearing,
Case No. 3527. February 15, 1967

—

New Mexico 0Oii and Gas Coiiservaticn Commicsion
Post Office Box 871

Santa Fe, New Mexico

e

Gentlemen;:

Please be advised that Pan American as a firancial contributor
to "Project Gasbuggy' supports the application of E) Paso Natural
Gas Company for authority to drill and directionally drill several
wells at unsnecified unorthodox locations and to produce therefrom
and vent natural gas in conjunction with '"Project Gasbuggy."

Pan Amecrican hereby requests the approval of this application

by the commission.

Yours very truly,
< e - %
= Gt hds —

cc: E1l Paso Natural Gas Company
Post Office Box 990
Farmington, New Mexico
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™ BEFORE THE
NEW MEXICO OIL CONSERVATION COMMISSION
Santa Fe, New Mexicu
February 15, 1967

REGULAR HEARING

IN THE MATTER OF:
Application of El Paso Natural

Gas Company for authority +to drilil
and to directionally drill several
wells at unspecified unorthodox
locations and to produce therefrom
and vent natural gas in conjunction
with “Project Gas Buggy,” Rio Arriba
County, New Mexico.

Case 3527

B
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]
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[

BEFORE :

o

David F. Cargo, Governor
A. L. "Pele" Porier, Secretary-Director
Guyton Hays, Land Commissioner
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MR. PORTER: The Commission will take up Case
3527.

MR. HATCH: Case 3527. Application of El Paso
Natural Gas Company for authority to drill and to directionally
drill several wells at unspeclitied unorthodox locations and to
produce therefrom and vent natural gas in conjunction with

Aimes MAvioen.

"Project Gasbuggy,” K10 Arriva Cwwiiy, 22U i

MR. PORTER: T would like to call for appearances

case at this time. Mr. Morris.

-
o
r
Er
H -
1]

MR. MORRIS: May the Commission please, I am
Richard Morris of Montgomery, Federici, and Andrews, Santa

Fe, New Mexico, appearing for the Applicant, El Paso Natural

Gas Company. Also appearing for the Applicant will be Mr,
Ben R, Howell and Mr. Robert A. Meyer, attorneys, for El

Paso Natural Gas Company. After appearances, Mr. Porter, we
would appreciate a very short recess to post some exhibits on

the wall.

MR. PORTER: Are there any other appearances in the

case.
MR. SMITH: R. V. Smith, Phillips Petroleum Company.
MR. PORTER: Mr. Smith, do you anticipate putting
on any testimony?
MR. SMITH: No, sir, we do not.

MR. SOMMER: H. A, Sciamer, Pan American,
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MR. PORTER: Anyone 2lse? Are therenany people here

from any of the Federal agencies who would like to make a
statement or who would make a statement during the hearing?

MR. ANDERSON: Jchn Anderson, Regional 0il and Gas
Supervisor, U. S. Geological Survey, Roswell, New Mexico.

MR, WOODRUFF: Wayne R. Woodruff, University of
California, Lawrence Radiation Laborateory, Livermore, California.

MR, PORTER: We certainly appreciate your baing here.

MR, THALGOTT: Robert Thalgott, Atomic Energy
Commission, Las Vegas, Nevada.

MR. KELLAHIN: Jason Kellahin, Kellahin and Fox,
Santa Fe appearing for Continental Oil Company. We will have
no testimony.

MR. PORTER: We will have about a five-minute recess.

{Recess)

MR. PORTER: Hearing will come to order, please. The
Commission will recognize Mr. Ben Howell of El Paso Natural
Gas Company.

MR, HOWELL: May it please the Commission, the
application in this case is a request for driiling an indefinitd
number of wells at some indefinite locations within the
Southwest guarter of Seétion 36 Township 29 North, Range 4
West and a request for permission to .flare undetermined

guantities of gas. This indefinitness is inherent in thLe




and certainly the State Highway Department of the State of New
Mexico has indicated its desire to participate in a test which
we hope, will give a great many answers.

We have placed upon the wall at the extreme right a
sketch. We do not intend to introduce this as an exhibit.

Frankly, we don't have anybody in our organization who conld

-5691 & ALBUQUERQUE, NEW MEX:CO 87101

PAGE 4
fact that this is an experiment and is the first experiment
: in which the United States Government is joining with industry
i

testify under oath that he knows that is exactly what'cs going
to happen. That sketch is taken from the feasibility study of
Project Gasbuggy in which the Government Agencies and the
company participate, and while not drawn to scale, does reflect

the various formations and their sequence in the Basin, and
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does graphically portray the expected results. ;

We shall put on two witnesses; one witness, who is 3
Mr. Richard Lemon and is the Manager of our Reservoir Engineeri#g
Department, to testify as to the existing reservoir conditions
in the Pictured Cliffs Formation in this area.

We will also put on Mr. Leslie Truby who is Manager
of our Production Department, who will give the details which
are available as to the drilling program.

As the Chairman determined, there are present,

representativas of Government agencies who are prepared to

make statements covering a matter that, while puhlic health

!
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is not Ei;éé;i;-£ﬁé éoﬁéégﬁ 6f ﬁhig.égaﬁissi;;:mcertainly

we recognize that the Commission is interested in the fact that
the public health and safety will be protected, and these
gentlemen from the Atomic Enerqgy Commission and the Lawrence

Radiation Labcratory are available to make statements of the

4.

background conditions that will exist. ,
with this brief introduction, we shall allow the

statements to be made, if you so desire, then proceed with

our testimony.

MR. PORTER: Thank you very much, Mr. Howell. We
are going to allow these gentlemen from the Atomic Energy
Commission and the Lawrence Radiation Laboratéry to make their
statements first because it's very possible that Governor
Cargo will not be able to be with us through the entife
proceedings and we would like for him to have the benefit of
their background statements. So which of you gentlemen would
prefer to go first? You may come forward and sit in the chair
to make your presentation. We won'tl swear you in. We realize
that you are a representative of the Government agency and
would have to get permission for that.

MR. THALGOTT: Robert Thalgott, I am the Assistant

Manager for Operations of the Nevada Operations Office of the

Atomic Energy Commission., We are stationed in Las Vegas,

Nevada. My statement has to do with the studies and effort
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carried oﬁ pfidéuééwéﬁé detonation and the actions at
detonation time. From a safety standpoint, there are two
principal areas of possible concern from underground nuclear
explogsions. They are nuclear radiation and ground motion.

The radiation question is divided into, one,
contamination in the atmosphere, and two, contamination of
useable water supplies, The Atomic Enerxrgy Commigssion believes
that the possibility of any radioactive contamination reaching
the atmosphere is most unlikely. This conclusion is reached
because of the depth of the burial of the gasbuggy device which
is about 4,200 feet and the pilian method of back filling the
inplacement hole and other holes that may be drilled in the
vicinity of the detcnation. The depth of burial is
approximately four times the depth which would be used for a
contained detonation of the sane yield at the Nevada test
site.

For many vyears, the AEC has sponsored studies *o
determine the effectsz of the underground detonation on ground
waters. These studies include the geology of the area
involved, rates of movement of the ground water, possible rate
of transport of contaminants, fixes of radio nuclides with
the surrounding medie and dilution factors.

To verify that radicactive material is not present

these programs include post-shot monitoring of the test holes
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and in the vicinity of nuclear detonations, in addition to
theoretic and laboratory work. With the background of more
than 200 contained underqground detonations, we have not
detected radioactivity in ~round water, except in areas

immediately adjacent to the point of the detonation.

In our studies of the gasbuggy site, we feel that
1 ground water supplies wlll not pe adverseiry arrecied. xow;v::T
as is customary, at locations where nuclear detonations have
taken place, following gasbuggy, we intend to arrange for

continled sampling of ground water to insure that contamination
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Another consideration in the safe conduct of under-

ground detonation is the seismic affect or ground motion.
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Again, the AEC has been engaged in the major program to predict
the ground motion at various distances from detonation of the
given yield.

The program includes studies of the affects on known
cultural features such as buildings, pipelines, and wells.
Seismic measurements have been made on a large number of past
tests and these measurements are used to refine ground motion
preduction techniques.

These predictions will be reviewed and refined as

new measurements and data are obtained. Studies by the AEC 3

and its contractors do not anticipate damage from the gasbuggy
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detonation outside the test area. Our current predictions
indicate that the ground motion will be insufficient to cause
even plaster cracks and so forth at a distance greater than
abonut two miles.

The results of all safety studies are carefully

reviewed by the staff of the Nevada Operations Office, by

IXPERY TESTIMONY. DallY COPY, CONVENTIONS

independent consultants to the Atomic Energy Commission, and
by the Lawrence Radiation Laboratory to assure that tests can
be conducted with maximum safety. 1In the case of the gasbuggy,
it is our opinion that no adverse affects on man or his
environment will ensue.

However, in the event that through some unforseeen

mechanism there is an escape of radiation to the atmosphere
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the Atomic Energy Commission will, as a precaution, develop
radiation predictions. This includes the direction of the
cloud and anticipated; intensity of the radiation at various
distances. The U; S. Public Health Service will be prepared
to take action to minimize the exposure of personnel in the
path of the cloud, should such unanticipated release occur.
It is the policy of the AEC to conduct the nuclear test
program, though such people cannot be subjected to radiation;
and that if property is damaged as a result of the radiation,

a fair and equitable settlement will be made.

I have provided, for your information, a copy of a
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{—w;;;o;t enéitled "Safety Involving Detonation of Nuclear
- Devices," which was prepared in May of 1966 by the Nevada
B . Operations Office of the AEC. This document discusses in
great detail the matter I have covered briefly above,
I I would iike to say ithat although this document is
- less than a year old, we feel that conduction techniques
have improved since its issuance. I would like to deviate
from my statement here. We use every bit of the intelligence
and capability of all of our system consultants, and anybody
we can find, to assure ourselves that when 2 device is
detonated underground it will contain. We review very

carefully all of the factors, all of the knowledge of the

immediate geology of the detonation point to be sure we have
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no fissures, that type of thing. We lcok at the method of
covering the device, that is, the backfill. We look at
everything we can think of to be sure that it doesn't come
out, but when it comes to the actual time of detonation we
prepare for this detonation just as if we were to explode the
bomb on the surface. That way, we know that we are not going
to get anybedy in trouble except possibly ourselves.

So the rest of this statement concerns actions at

shot time and without that explanation, I was afraid that

you might think that we were just going to blow the whole end

of New Mexico up. ;

-
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I will return to this statement; following

previous reviews and preparatory meetings on the day preceding

the detonation, the AEC Project Manager who is responsible
for overall management of the project and it's safe conduct

convenes an advisory panel

for the pur
of the safety aspects of the project. The project manager's
gcientific advisor who, for gasbuggy, is furnished to the
Commission by Lawrence Radiation Lab, is chairman of this
panel, Members of the advisory panel have had extensive

experience in the conduct of underground nuclear tests, and

several members have had experience in atmospheric tests,

which were limited prior to the test ban treaty. Based on the

forecast, based on Meteorological Services Administration,
formerly the Weather Bureau, including the prediction of
radiation levels for the case of the worst dreadable release
of radiation, and with the counsel of scientific advisors or
members of the advisory panel, the project manager makes a
decision. Preceding, or waiting improved conditions from a
few hours before the detonation through detonation time, the
test manager and his advisory panel continue to review the
meteorological situation as to its acceptability.

As I have previously stated, it is a policy of the

Commission to conduct each nuclear detonation with emphasis

on safety being paramount. The detonation will only take place

Cogum
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when the Commission—-designated representative is assured that

the experiment can be conducted within this policy. That
concludes my statement.
MR. PORTER: Would you mind answering questions?

MR. THALGOTT: I will be very happy to.

MR. NUTTIKK: Dban Nutter, Chiel Engineer for the
Commission. Now, after the detonation there will be created

P - AU R TR PR SN SR o vy 4 1 3
avLuiGiing o wiig Skoton thomg, o cavity in the ~rannd whish

will contain gas. There will be, at the time of detonation,

and immediately thereafter, there will be a high level of

radioactivity in that cavity, is that correct?
MR. THALGOTT: That is correct.

MR. NUTTER: Now, eventually, some of that gas is
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going to have to be produced and initially vented to the air?
MR. THALGOTT: Yes.
MR, NUTTER: Now, we have heard of half lives of
radioactive materials. Would you explain what half life of
radioactive material means?

MR. THALGOTT: The half life of a radiocactive material

is that period of time which it takes to decrease the activity
to fifty per cent of its original activity. That is, if, in
abstract units, if y»u had a two year half life and you hagd

a hundred of any unit, at the zero time in two years, you woul#

-

have a unit of fifty.
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MR. NUTTER: Then it's anticipated or it is a fact
that some materials have much shorter half lives than other
materials?

MR. THALGOTT: Yes.

MR. NUTTER: It is anticipated that this cavity
will contain elements having high half lives and short half
lives; the majority of the radiocactivity, as 1 understand it,
however, will be of relative short half life, is that correct?

MR. THALGOTT: Yes, sir. Mr. Woodruff is going to
read a statement a little later which I think possibly might
clear some of this up and I think he can answer these‘
questions a little better than I.

MR. NUTTER: My line of guestion was going tu be
directed at the level of radiocactivity at the time of the
venting of the gas.

MR. THALGOTT: I think Mr. Woodruff --

MR. PORTER: Doges anyone else have any questions?

MR. PORTER: Mr. Woodruff,

MR. WOODRUFF: My name is Wayne R. Woodruff. I am
a physicist with the Lawrence Radiation Laboratory of the
University of Califorria, and at the Livermore site, and I
will be the test director for "Project Gasbuggy." I have been

the test director for the University of California Laboratory
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in their weapons program for three years preceding this
assignment at the Nevada test site.

I would like to read a statement about some of the
activities we will carry on after the detonation. "Post
shot re-entry drilling will be made in the device implacement
hole with drilling containment equipment, a practice now
employed at the Nevada test site. Some of this equipment is
common to gas field operations such as blow un preventers.
Gas is to be used as a circulating medium for the re-entry
drilling and has to be flared.

Upon completicon of the re—entry drilling there will
be some reservoir evaluation measurements which will also
necessitate the flaring of gas. During this time, a radio-
active monitoring system will be maintained. Measurements of
the amount of radiocactivity present in the gas, or gas quality
as it is called, constitutes one of the major objectives of
the experiment. Because of the complex chemistry exchange
reactions that exist ln the environment of the nuclear
stimulation process, ultimate radioactive concentration there
is in the gas to be recovered and are difficult to predetermine

It is very important to this and other proposed gas
stimulation experiments to make radicactivity concentration
measurements and to develop techniques to permit commercial

uses. No gas from the stimulation experimert will be put into
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any gas line for commercial consumption unless compliance is
assured with the radiocactivity concentration standards to be
established by regulatory agencies.

In closing, a comment should be made on the mis~
conception that a gas fire results from nuclear deténation.
Experience from the Nevada test site is that there is &

i
reducing, not oxidizing atmosphere in the nuclear chimney,

resulting from the iron present in the exploding cannister and

implacem=nt hardware in it. There is no oxygen to support
combusion.” I neglected to say that the iron from the casing
also would contribute to the reducing atmosphere.

MR. PORTER: Does anyone have a question of Mr.
Woodruff?

MR. NUTTER: In line with the questions I was
asking Mr. Thalgott awhile ago, what are the isotopes that
will be the most highly radicactive in the cavity immediately
after the shot,

MR. WOODRUFF: Well, thc ones, I thiank, that are

the most prominent which would be isotope of (zenon), isotope
of idine and isotope of crypton. By not performing tests
immediately, those where the flaring of the gas is involved
and a time like six months would probably be adequate, the

Idine which is considered one of the biggest problems, would
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have decéyedré;f;icieggif thgg“it should nn;vhp a nrohlem,

MR. NUTTER: It has a relatively short half life
then?

MR. WOODRUFF: Yes, sir, the zenon has even a shorteﬁ
half life, measured in days so it would be also no problem.,
Crypton 85 would still be present because of its rather
longer half life. However, it should rot be present in
tirat siould pe of any consequerice, as far as danger
to off--site population.

MR. NUTTER: Now, the concentration of Crypton
immediately after the explosion is much less than the
concentration of the idine and zenon isotopes?

MR. THALGOTT: Well, it depends on the mechanism
of the explosion. To give you an idea, at six months for
Crypton 85 there would be scmething like twenty curies of
crypton per kilaton of yield. There would be like one curie
of carbon 14 and at six months the zenon and idine are in-
significant.

MR. NUTTER: In the program that has beeun set out
for this experiment, then would it be that the well would be
opened up and vented to the atmosphere?

MR. WOODRUFF: Let me explain the post-shot program
a little bit more in detail. What we would plan to do is

as soon as we could after the detonation, re—-enter the
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implacemegt h;ie. You must understand we plan to implace a
device on pipe., We plan to fill the annular space between

the casing and this implacement pipe with material, also

the pipe itself. We then plan to attach a drilling rig to the
implacement pipe with the appropriate containment equipment,
re~enter the chimney as soon as we can, now, aiid withdraw
small samples of gas for analysis back at the laboratory. As
I mentioned in the statement, the gas quality experiment

is one that is very important. This analysis will then indicatp
to us when we could then re-enter the chimney and begin to make
the perimeter measurements that I referred to. Our initial
egtimate is it will be like six months.

Now, at that time, the problem of the idine will have
decayed away or by that time it will have decayed away. Then
at a time like this six monthe we will begin these reservoir
perimeter measurements in which the flaring is involved.

Now, during that time we will monitor the gas that goes into
the stack so that as a result of the combustion and the
dilution in the atmosphere and the meteorology of the situation
and the population leccation, we can assure ourselves that

there won't be any problem to the off-site personnel.

MR. NUTTER: Now, the services of the Weather Bureau
will be employed at the time and their predictions will be

taken into consideration prior to the shot, immediately prior
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to the shot, according to Mr, Thalgott?

MR. WOODRUFF: Yes, sir.
MR. NUTTER: Now, at the time that you begin to
vent the gas to the atmosphere, six or eight months later,

& of the Weather Bureau will again be emploved?

the se

MR. WCODRUFF: Tet me say they will be available and
they probably will be employed, 1 want to point cut that the
reactions that, as I said, that take place in the chimney,
they are so complex that quite frankly, we cannot make what I 1l
would call reliable predictions of what the situation is going
to be. I think we can make pretty good estimates of it and if
we are off, 1f we are being too conservative, for instance,
maybe the activity problem won't be as severe as we have
estimated, and as such one might he able to flare the gas and
take into account no meteorology that it won't be even a
problem to the on-site people immediately adjacent to the
flaring.

MR. NUTTER: Now, when you said that you were going
to reenter the implacement hole with containment equipment
I take it that you mean blow up preventors in good working

conditions?

MR. WOODRUFF: Yes, sir, at the Nevada test site

we reenter the chimney area in a matter of two or three days

after a nuclear detonation, so we feel that we are fairly
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weli equipped to handlé this kind éf situation. We have done
it, as Bob pointed out, since the resumption of testing, for
some 200 events, so I think that we have developed a
technique in that time that will permit us to make this re-
ing in a safe manner.

MR. NUTTER: Now, in the matter of acceleration or
ground movement, what do you anticipate as far as ground

movement, say, 10 to 12 thousand feet away from the zerxo

point?

MR. WOODRUFF: One of the criteria that we use for
ground motion is what we call particle velocity and this can
bhe related to damage that might occur to cultural features
such as buildings. Now, criteria that we use as a particlc
velocity of 10 centimeters per second represents the onset, or
the threshold of damage to residential structures. This would
be like plaster cracking, as Bok referred to it, or in the
case of a concrete building, you might have a crack in tha
concrete block. We would expect that kind of wmotion at a
distance of like 11,000 feet orlsomething like that, two
miles.

MR, NUTTER: Is there any house within two miles of
this shot?

MR. WOODRUFF: Well, houses, there is a place used

by the ranchers during round-up time, a couple of tarpaper
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FM;HAQ;QMQAQié";;V;dequate description, althouéﬁ I think they
are made cut of wood, all from ground zero.

MR. NUTTER: There are no permanent homes?

MR. WOODRUFF: Not that I am aware of.

MR. NUTTER: There are some gas wells south of this
area, T believe, ths closest one is *o the south.

MR. WOODRUFF: There is one about three thousand

£
ES

cr
3
4]

=¥ actiaon 1! in the nexi, I yuess you would call it,
TSWASGHLLE Suuill WesT OL ground zZero.

MR. NUTTER: Do the studies of acceleration indicate
that these wellis would not be damaged?

MR. WOODRUFF: Well., you are getting into an area

that's difficult to predict, and especially this is why I will
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have to hedge a little. We must obtain samples from the
material in which the detonation is going to occur and make
physical property measurements of these; and on this basis we
will then make better, as Bob referred, seismic predictions.
Now, as reported in the 0il and Gas Journal, s year or so ago,
we have mocked up Christmas trees and that sort of thing in
the Nevada test site in close proximity, no nuclear
detonations and indeed have not found any damage to these

detonations and some of these were as close as 500 feet from

a 5 kilaton explosion.

These were tested for electronics and that sort of
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FAthing afterward and there was no difficulty experienced.

However, one must recognize that these wells have been in for
maybe ten years or so. They have been subjected to an
oxidizing, rather hostile atmosphere and because of the
possibility of them being in a weakened condition, especially

subsurface, there might be some damage occur.

MR. NUTTER: Well. until tha cors Arilline ic CCIﬁPlG‘Cé}‘

and the actual nature of the rocks which will be penetrated

and which will be subjected to the blast has been determined,
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it's impossible at this
acceleration and ground
- MR, WOODRUFF:

estimates that I talked

time to predict exactly what the
motion would be.
We are prepared to make these

about, and, as I said, a range of

11,000 feet, we would predict roughly a ten centimeter per
second particle velocity. I think that, again, the seismic
damage gquestion is another major objective of this experiment.
Indeed, we want to find out what effect the experiment has on
surrounding gas wells and the seismic damage prediction area
is one that is still in its infancy.

A lot of the work needs to be done. This is

egspecially as I mentioned, impacts on the future application o

this thing because, again, many of the proposed areas for

future stimulation experiments are in or near existing gas

fields and this qguestion to existing facilitics is certainly
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a good one.

MR. NUTTER: This is one of the objectives?

MR. WOODRIJFF: Yes, sir, I might point out there are
roughly three major objectives for the experiment. One is the
gas production, just what effect does the experiment have?
Does it, indeed, increase the recoverability of the gas?

The second is the guestion of gas guality. can the gas
ultimately be used commercially, or, if it can't what can wc
do about making it useable commercially? A thixd one is the

area of seismic prediction. Ancther area which we fasl is very

v

important is the development of the engineering technolcgy
which makes Fhis and other experiments an economically.
attractive thing to do.

MR. NUTTER: Thank you very much. ’

MR. PORTER: Does anyone else have a guestion.
Governor Cargo?

GOVERNOR CARGO: I don't think so.

MR. UTZ: Are you prepared to make any estimate as
to the volumes of yas that you might flare?

MR. WOODRUFF: No, sir, I am not. I think maybe
Les, or Mr.'Lemon could make better estimates of that, I
would say that it could be two or three chimney volumes of

gas, and the order of the magnitude of volume there is about

a million cubic feet.
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MR. WOODRUFF: Yes, I think vou must understand that
the post-shot venting of the gas, the amount of the number of
chimney wvolumes that would be vented depends entirely upon our
ability to make these measurer .ts and I think again, this is

why we are doing the experiment, so we can make these

maasuranents. draw down the rvacervair and watrh tha nyoccurs

build-up and I wouldn't be prepared to venture a guess now.
As I said, that's getting pretty much out of wmy field.

MR. PORTER: That's why the Applicant indicated
indefinite volume, I suppose.

MR. HOWELL: That's right.

-
4
-

MR. UTZ:. When tnis gas is flared, will it be burned
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MR. WOODRUFF: Yes, sir, that's the plan.

MR. UTZ: Does the actual burning of gas tend to
reduce radiation?

MR. WOODRUFF: The mixture with oxygen would tend
i ‘ to reduce the concentration by about a factor of 200. 1In
other words, you take in -the normal consumption of gas that
in order to reduce the carbon dioxide concentration down to
whatever the standards called for, I think the normal dilution
with air is like a factor of 200. So from the burning process

you would expect like a dilution of a factor of 200 just to

maintain the standards for the carbon dioxide.
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MR. PORTER: Does anyone else have a question of Mr.
Woodruff? Mr. Woodruff, we certainly want to thank you and
Mr. Thalgott for coming here and makipq your knowledge
available to us concerning this experiment and we are certainly
happy that New Mexico has been chosen as the site for the first
experiment of that nature.

MR. WOODRUFF: It's been a pleasure and if there are
any further guestions we will be glad to come back and if you
will just get hold of us we will try to do the best we can to
answer them ourselves or see that we get the correct answers,

MR. PORTER: Mr, Haves wants to know if you are
going to invite the Zomrission up for the explosion?

MR. WOODRUFF: I was going to say, it would be a
pleasure to have you come up a.uy time. Especially now, it's
a delightful time to trudge through the snow and mud. About
a month ago I tried to bury a four-wheel drive vehicle cut
in it.

MR. PORTER: By the way, there v ' one other guestion
that might be answered later, I don't know. Could you give
us some indication of what your target date is for this
detonation?

A Yes, sir, I will attempt to. We hope that the

axperiment can be conducted by about the middle of November.
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I h;&é“;;”gﬁaliggméﬁi;"and s;; that the ti@e agW;g;Ch we
conduct the experiment is dependent upon the pre-shot reservoin
evaluation and we have set aside a period of, like 90 days, fon
this and I believe Les will talk some more about that, and if
this runs under or over a little bit the shot date could be
adjusted some. I think you must recognize that we must set
a siluL udie ana work toward 1it, just as a matter ot economy,
and to try to advance. It quite often runs into the
unnecessary expenditure of funds which are fairly short.

MR. PORTER: Is there someons elgse from one of the
Federal agencies that would like to make a statement at this
time? John Anderson, John, why don'* ,ou come down front?
They can probably hear you betier.

MR. ANDERSON: My name is John Anderson, Regional
0il and Gas Supervisor, United States Geological Survey,
Roswell, New Mexico. The Geological Survey has a definite
interest in this project. 1In the first place, the land on
which the oparations are to he conducted is federal land and is
subject to an existing federal lease and an existing federal
unit agreement which has been approved by the Director of
the USGS by the 0il Conservation Commission, and by the State
Land Commission.

Now, under this, land in the southwest quarter of

Section 36 and other land that may be effected are subject to
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the’San Jﬁahm§§—4<ﬂ;;t Agreeﬁéaé;-hégéréellswin Section 35 and
the gas in Section 36 and vicinity which may be effected by
this project are not owned by the working interest owners and
the royalty owners in Section 36, but are owned by all the
working interest owners in the Pictured Cliffs participating
area, and tho royalty owners in the Pictured Cliffs participatin
area.

This situation has made it necessary that the
project be operated as a unit project under a plan of
development which has recently been approved by the survey and
I belicve is pending approval by the 0il Congervation Commission

Under the terms of this lease and the San Juan 29-4 Un
Agreement, the Geological Survey has certain responsibilities
in connection with the drilling of wells to a gas producing
formation, the casing and cementing of these wells, stimulation
by explosives or hydraulic pressures, the production of gas,
its flaring and its marketing. 1In addition to our
responsibilities under the lease terms and unit agreement, the
Geological Survey acts as a technical advisor to the
superintendent of the Jicarillo Indian Agency. The Jicarilla
reservation lands are 3/4 of a mile east of the implacement
hole. The Geological Survey is prepared to recommend to the
Commission that it approve the project as requested by El Paso

Natural Gas Company.

it
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| MR. PORTER: Does anyone have a question of Mr.
Andacson? Thank you very much, John. You may be excused.

MR. HOWELL: I would ask Mr. Lemon -and Mr. Truby
to step forward, please to be sworn as witnesses and then have
Mr. Lemon take the witness stand.

(Witnesses sworn)

RICHARD F. LEMON, called as a witness, having been first duly

.. o~ [ P N | - PP S ) A R PP B T
SWorn 7 Wad caaliililed U LtedLlillitu ad LQLLIVUWD S

DIRECT EXAMINATION

BY MR. HOWELL:

¢ Please state your name for the record.

A My name is Richard F. Lemon.

Q Where do you live, Mr. Lemon?

-\ I reside in El1 Paso, Texas.

Q Are your qualifications on file with this Commission

as a Reservoir Engineer?
A Yes, sir.
MR. HOWELL: Mrx. Chairman, are they acceptable?
MR. PORTER: The Commission considers the witness

gualified, Mr. Howell.

Q (By Mr. Howell) What is your present position with

the company?

A I am manager of the Reservoir Engineering Department.

Q Generally, what are the functions of the Reservoir




[ S—
(= &)
[= &)
=
’
—_ N
as
o=
| S—
c
(=)
-

SPECIALIZING IN:

DEPOSITIONS, HEARINGS, STATI AENTS. EXPERT TESTIMONY, DAILY COPY, CONVENTIONS

1120 SIMMS BLDG, ® P.O, BOX 1092 ® PHONE 243.669) # ALBUQUERQUE. NEW MEXICO 87101
1205 FIRST NATIONAL BANK EAST ® PHONE 256-1294 & ALIUQUERQUE, NEW MEXICO 87108

PAGE 27

Engineering Department Manager?

A I am responsible for all gas reserve and gas

availability estimates for the Company.

Q Is that a continuing study?
A Yes, sir, it is.
Q Does that study cover this area in the San Juan

Basin of New Mexico?

A Yes, for a large number of years we have followed
the performance of the wells in the San Juan Basin.

Q Would you indicate the approximate number of wells
that are connected to the company's gathering system in the
San Juan Basin?

A Something on the order of 6,000 wells.

0 Approximately the number of wells which the company
operates either as owner or as joint owner with others?

A Approximately 3,000.

Q Will you briefly discuss the general aspects of
Project Gasbuggy?

A Project Gasbuggy is a joint undertaking of the
United States Atomic Energy Commission, the United States
Ruraan of Mines. Tawrence Radiation Taboratory of the
University of California and El Paso Natura Gas Company. The
project was initiated to =valuate nuclear stimulation of the

low permeability of the Pictured Cliffs formation in the San
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A&;;n Bésin,»iﬁ an";Eforgmgb inérease‘fhe gas recovery.

Q Mr. Lemon, what have been the means of stimulation
or increasing recovery that has previously been used?

A In the early days the wells were stimulated by
shooting the open hole with nitro-glycerin., Generally, on
Pictured Cliffs wells they used probably 1,000 gquarts. Later
hydrotracking or a process where you inject fluid and sand
simultaneously has been used. In fact, that's the most
predominent method now.

W would it be proper to describe this as a big shooting
of a well?

A Yes, sir, I would say, in terms of the shots that are
performed with nitroglycerin, this shot we have here would be

on the order of 10,000 times greater.

Q Now, have you prepared an Exhibit No. 1?
A Yes, I have.
Q Would you hand the copies to the Commission that

we have prepared for their use?

A (Witness complies)

0 Will you please go to the board and tell the
Commission what Exhibit No. 1 delineates?

A Exhibit No. 1 is the map of the San Juan Basin area.
The outside border here represents what would be called the

Greater San Juan Basin area. The inner area here shown in
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blue and black and dotted lines here represents the Central
Basin, most of the thousands of wells producing in the San
Juan Basin are located within this Central Basin area.

The Central Basin 1is defined on the west and north

and east by what is referred to as the Hog Back and I have

Wiiole perimeter here would be essentially the outcropping of
the Pictured Cliffs and Mesa Verde Formations. ‘The test site
is located in the eastern portion of the Central Bazin,

approximately 55 air miles east of the city of Farmington and

DEPOSITIONS, HEARINGS, STATE MENTS, EXPERT TESTIMONY, DAILY COPY, CONVENTIONS
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SPECIALIZING IN:

Q Do you know of any other inhabited buildings within -

a range of five miles of the proposed test site?

A I am not aware of any permanently inhabited
dwellings,
. ‘ Q While you are there, will you describe Exhibit

2 to the Commission and if you have copies, pass to the
Commission copies of Exhibit 2. Have they been distributed?
A Yes, sir, they have. Exhibit 2 is a plat of 29 San

Juan 29-4 Unit Agreement. The participating area within this

unit is outlined in green., It consists of all of Section 36,

the west half of Section 35, the east half of Section 6 and the
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west half of Section 8.

Q That indicates then that there is a rather small
area in this unit which has been found to be commercially
productive in the Pictured Cliffs formation?

A That is true. 1In addition to the green outline
there are some wells cutlined in bown whichh represent non-
commeicial wells which have been completed.

Q Now, immediately above the test site and to the
north, there are a number of sections there that are diagonally
hatched. What dc those sections represent?

A The diagonally hatched section represents acreage
that has been automatically eliminated from the San Juan 29-4
Unit.

Q Was the automatic elimination due to the surrender

of the leases?

A Yes, it was. It was lack of development of these
properties.
Q Now, immediately to the south what is the situation

as to ouwnership?

A The participating area in the 28-4 unit consists of
Section 11 and Section 12. These are half sections and El Paso
owns the working ianterest in that unit.

Q Those are leases which have been committed to the

unit agreement?
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A That's correct.

Q Do you know whether or not the test site in the
southwest quarter of Section 36 is within a prorated area or
not?

A It is not in the prorated area. It shows the Mesa
field which is not prorated.

n NMaer T o&b7o Lhal'o all Lot Lhie winute dt Tie poara.
I wish you would tell the Commission what criteria formed the
basis of determination? What criterias were used in determining
what would be an acceptable test site for Project Gasbuggy?

A If I may refer to the Project Gasbuggy Feasability

Study, on Page 8 are listed six conditions for acceptability

of the test site., First, low permeability depletion drive

reservoir in which conventional stimulation methods are

inadequate. Two; Reservoir having sufficient thickness to

effectively utilize the anticipated effect of the proposed

nuclear explosion, ideal thickness for 10 kilaton device is

approximately 300 feet. Of course, now, we ars talking about

20 kilaton device. Three:; reservoir sufficiently deep to

confine the explosion, but not so deep as to result in excessive

implacement and testing expenses. Ideally the depth should

o3
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range from 2,000 to 4,000 feet. Four: a site rcagcona

from habitation, but easily accessible. Five: sufficient

drilling in the surrounding area to produce adequate production
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in subsurfacé>d;£;;”;é£inoﬁwégé hithfwéroducég;;wés to be
subject to liability for the possible damage in swrface wells.
Six: Uniformity of lease-hold ownership and/or withdrawal from
leasing of unleased lands adjacent to the test site.

Q llave you prepared an Exhibit No. 3 which delineates

the formation as lying above the Pictured Cliffs and between

the surface and Pictured Cliffs Formation?

A Yes, I have.

o Have you distributed copies of that to the
Commission?

A Yes, I have.

Q Will you step up to your Exhibit No, 3; please, Mr,

Lemon, and explain this exhibit to the Commission?

A Exhibit 3 is entitled Generalized Stratigraphic
Cross Section, Project Gasbuggy Test Site Area. The index in
the right hand corner shows the location of the test site and
the wells in the area. The test site is the southwest quarter
of Section 36 of San Juan Unit 29~4, Shown on this map are the
traces which were used for setting up this cross section here.
The trace AA Prime which trends to the northeast and southwest
is represented by the horizontal line AA Prime. The trace BB
Prime trends northwest-southeast thrcugh thc well number 10
and is represented by the diagonal BB Prime. The center well,

as I said, is the San Juan Unit 29-4 Numper 10 Well.
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Q What are the other wells that are shown on your
cross section? Will you indicate both the location on the
plat and where you show them on your cross section?

A Starting up in the upper lefthand corner, the first
well is the Unit No. 4 well which is shown here on the map.
It's in Section 35, in the northeast quarter. Coming around
t¢ the right in the righthand coriner is wWell No. 16 which is
located in the northeast guarter of Section 36. To the south
and lower rig:;thand corner is the 28-4 Unit Well No. 7 which
is located in the southeast quarter c¢f Section 12. On the
lefthand side, between the center well and the left margin
is Well No. 6, which is located in the southeast quarter cf
Section 1ll1l. The well on the end opposite the A on the lefthand
side of the horizontal is the San Juan Unit 28-4 unit No. 3
Well, which is located in the southwest quarter of Sectionlé4.

Q On Exhibit 3 have you transcribed logs which were
actually taken from these wells?

A Yes, sir, the logs shown on this cross section
represent the electrical well logs which were available, with
the exception of this log on Unit No. 6 which was a radioactivity
log over the lower portion of the well.

Q Well, from those logs have you determined the

several formations and depths which they will be encountered?

A Yes, sir, the well logs have been arranged in such J
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a form here as to give a three dimensional affect., The first
formation that is encountered would be the: Ojo Alamo which
would be found at a depth of approximately 3,400 feet. The
next formaticn would be the Kirtland, which would be
encountered a little below 3,600 feet. Fruitland would be

encountered between 3,700 and 3,800 feat and Pictured C11iffs

formation wonld be encountered at approximataly 2 000 focoi,
0 wWhat lies below the Pictured Cliffs?

A The Lewis Shale is found below the Pictured Cliffs.

Q Would you describe, generally, the Pictured Cliffs
formation as it exists in this area?

A Pictured Cliffs section here is approximately 300
feet thick and is composed of interbed of sand and shale
deposits.

Q Is there any depth indicated from this cross
section?

A Study of the well logs in this area indicates that
tnere is a slight dip to the southwest.

Q Will you now proceed to Exhibit No. 4 and explain
what Exhibit No. 4 relateg to?

A No. 4 is electro logs on Well No. 10 which is the

center well on this cross section Exhibit 3. The well was

completed in 1956 for an initial potential of 1,348 MCF per day,

after being sanded and fracked with 95, 600 gallons of water
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ps
o
§ Exhibit is indicated the geological sequence of the beds.
8
: The second column is the formation:; with respect to the
i —
> O o
e gé formations starting at Ojo Alamo we would expect a section of
:£g
g ;E approximately 170 feet thick. The Kirtland 130 feet, Fruitland
2 43
- Z o
- w Z . . . .
£ Ju | would be approximately 140 feet, the Pictured Cliffs section
X ug
-
= £ §§ i anprovimataly 00 feet. This well is located approximately
i e3 .
I %; 430 feet north of the well which will contain the nuclear
5 33
z woN x
z §5 explosive.
£ 29
. & . . .
— g %é Q From your study of well logs in the area, 1s 1t your
a> = s,ﬁ
Ry b o . . > . * Y Y
E; g o opinion that Exhibit No. 4 reflects a typical Pictured Cliffs
e 2
k) P
- ; . Z . : i
as i g2 section over to the eastern porticn of the Basin?
[y— o<
= I g2
p — ot wn .
c~ < =% A Yes, sir.
as 2 g3
— ] % -2 . .
" g Now, what reservoir properties have you found to

exist in Pictured Cliffs rocks?

A Based on e¢nalysis of the available éore, in the
eastern portion of the San Juan RBasin I have calculated the
average porasity to be approxiately 11 per cent, average
water saturation 59 per cent, average gas saturation 41 per
cent, permeability of .14 millidarcies. To give some idea of
what Pictured Clitts formation looks 1like, I have a piece of
a core taken from a well in the eastern area of the Basin.

At first glance, it looks guite solid, but actually there are

small pores within the block, but because of the low
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permeabili;;“££e %és cannot move to the wellbore, so what we
hope to do is create a fracture network which will open up these
zones to the wellbor=.

Q viould yoa just hand the core to the Cormission for
their inspection?

A (Witness complies.)

Q Do you have available a core from any of these wells
which are shown on vour cross section?

A No, I do not.

0 I believe it's already been stated that one of the
purposes of the pre-shot wells are to determine the resexvoir
characteristics and rock characteristics at this particular
area?

A That is correct.

0 What is the formation pressure and temperature of
the Pictured Cliffs reservoir initially?

A The average pressure was 1259 PSIA, which stands for
pounds per square inch absolute, and 117 degrees Fahrenheit.

Q What formula did you use in your calculations and what
data?

A Utilizing the customary volumetric formula
compressibility, water saturation, an assuming that of.- the
300 feet of Pictured Cliffs section there, that 190 feet would

be gas saturated. I have calculated that the gas in place under

|
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Under l60-acre tract

one acre would be 3 million cubic feet.

you would have 5.3 billion cubic feet.

Q Do you have available exhibits which reflect the
cumulative production from the wells in this area?

A Yes, I have prepared Exhibits 5 through 10 which
depict the pressure production history of the wells in this

area.

o) There are copies available for distribution in the

auditorium, I assume they have already been distributed.
Please discuss these exhibits which are numbered 5 through 10.
A Exhibit 5 is the pressure production chart on the

San Juan Unit 29-4 Well No. 10 which is located in the

southwest quarter of section 36. That was the well I was
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referring to which will be the closest well to the implacement
well. Also, I might add that this well is the center well on
cross section Exhibit 3.

Exhibit 6 is the production chart on the 29-4 Unit
Well No. 4 which would be located in the upper left quarter of
the cross section there. Going around in kind of a cartwheel
fashion will be these additional quarters,

Exhibit No. 7 is on the 29-4 Unit Well No. 16 which
is located in the northeast quarter of Section 36.

Exhibit 8 is the chart on the 28-4 Unit Well No. 7

which it located in the southeast quarter of Section 12.




f—
o
(=%
=

)
——
[~
—
U
<3
ad

-

DEPOSITIONS, HEARINCS, STATE MENTS. EXPERT TESTIMONY, DAILY COPY, CONVENTIONS

SPECIALIZING IN:

1120 SIMMS BLDG. ® P.O. BOX '092 ® PHONE ; $3-6661 ® ALBUQUERQUE, N W MEXICO 87101

1205 FIRST NATIONAL BANK EAST ® PHONE 25¢-1294 ¢ ALBUQUERQUE, NEV/ MEXICO 87708

PAGE 38

S— — - "

| S

Exhibig 9 is the chart on the 28-4 Unit Well No. 6 whi&gw
is located in the southeast guarter of Section 11.
Exhibit 10 is on the 29-4 Unit Well No. 2 which I
don't have depicted on the cross section, However, it's on
the map there. It's located in the southwest quarter of

Section 35.

Q From a study of the production shown by these wells
have you drawn any conclusions as to the ultimate gas
recovery that would be anticipated within the life of the
project up here, the life of the pipeline?

A A review of the peiformance data on these wells would
indicate that the average recovery would be on the order of
half a billion cubic feet per well.

Q As I take it, some of the wells are less than that

and at least one of them is somewhat over that?

A Yes, sir, that's correct.

0 And that is an average fiqure?

A Yes, it is.

Q Now, about what is the ratio of recovery to the gas

in place?

A Relating the one half billion to the five billion,
the indicated recovery of the gas in place would be only ten
per cent. I might point out that in arriving at that

percentage it is based on the total gas saturation of the
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entire Pictured Cliffs section which would have sections in it

that normally wouldn't be conventionally stimulated because
of unaconomic, because they wouldn't be economical to

stimulate.

red Cliffe section in thie area have

e ~ 1
L4 A\ AR ] P - R - S VAL SR 0.5 ) A § S SR L

some lenticular areas in which there will be production inter-

| mingled with shal=? !
!

' ALBUQUERQUE, NEW MEXICO 87101

A Yes, sir.

0 As I understand your testimony, in many of these
areas, the economics and cost of completion prevent making that

uss?
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gas available to the wellbore,under the present techniqg

A That's correct.

. S Yy TR

Q And vour calculations are based upon the footage that
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wonld pe made available to the wellbore by use of the bhest
present methods?

A That's right.

Q Would you please describe the production tests which
you intend to take on the pre-shot wells which we shall refer
to as GB~1, the first well to be drilled, and GB-2, the second
well to be drilled?

A Upon completion of GB-~1 the well will be shut in
for 7 day pressure build-up test, following that test the well

will be produced for a short period of time in order to determine

the producing characteristics of the well, These tests will
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be vsed to determine choke sizes which will be used for a
constant rate isochronal type test. The constant isochronal
test will be a series of four flow rates for a period of time,
about six hours. The last flow rate of this series of
isochronal tests, will be continued for a period oi 24 hours at
which time the well will be shut in.

Upon completion of GB-2, similar type tests will be con-
ducted on that well and at the conclusion of these tests on
GB-2 the test equipment will bhe moved back to GB~1 for a long ti
term constant rate tests of 30 days. After this test, the well
will be shut in for pressure build-up. During the testing of
GB-1 on this 30-day test we will observe the pressure perfor-
mailce and GB-2 so that we might observe any change in pressure

that might occur due to the production of BG-1.

Q What data do vou expect to accumulate and learn from
these production tests?

A From these tests we would determine what the flow
capacity of the formation is under natural conditions. We
would be able to determine if any Wellbore damagde had occurred
during the completion of GB-1 and 2. And we might also obtain
soule idea of the drainage area being affected. All of this
material would be used as a basis in evaluating the effects of

the nuclear explosion.

me
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Q 'ig éﬁﬁ;} wsfé;, in ordéﬁ to determine what the
nuclear explosion did we want to find out exactly what existed
before it took place?

A That's correct. We would be hopeful that the entire

section of the Pictured Cliffs formation would be fractured.

0f course, you would have the chimney area which would represent]
& sizeable wellbore cnlargement, but too, we would have fracturés
exigsting out from this chimney area, and throungh these fractures

we would hope to be able to drain, substantially, all the

Pictured Cliffs Formation.
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ads
'gg Q Now, in connection with the pre-shot tegts which yon
= have described, do you regard it as being practical to attempt
=
= to connect those wells with the pipeline?
o
A =]

A No, I would not.

Q For what reason?

A The existing line pressure in the area is 500 pounds.
Because of the low filow rates anticipated on these naturally
completed wells in order to compare the producing rates
we would need a maximum flexibkility that can only be
accomplished by having minimum back pressure on the wells.

Q Do you anticipate any substantial amount of gas to
be vented during this testing?

A No, I would anticipate the volume would be

relatively smalil.

L
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The testswé;é n;£ éggn;vto be conducteé for a period probably
longer than thirty some odd days so the period of time is
short besides the low volumes that we would expect.

Q) I believe these wells will not have any stimulation
either by fracking or shooting prior to this testing?

A That's correct.

Q So the gas produced will be at the natural flow of

sk vou this, as to any gas that is

]

produced from the chimney after the shot, have you any thoughts
as to whether that gas would ever be produced if we don't
have the shot?

A I think certainly it would be gas that wouldn't
be produced otherwise.

0 In other words, some of this gas that will be
produced after the shot would be the 90% that you estimate is
going to remain in the rock if we doﬁ’t do something?

A That's right.

Q Will you refer again to the criteria and let me
ask you, without going through each item separately, if, in
your opinion, the site which has been selected does meet the
criteria as sei out in the feasibility study?

A I believe it does, vyes, sir,
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. Q Now, WeTE€ these Exhibits 1 throudh 10 prepared by \
z
3
- Z you, °F under YoOur airection?
S
v 13
x A Yyes, s1Y.
- 5
F 5% Q po hey correctly reflect the matters to which they
o&
L =29
é % relate?
A
% gz A yes, SiTr-
£ 238 MR. HOWELL? 1t it ple2se the commissions W€ offer
¥ 43
~ v " : : \
z %; gxhibits 1 throuch 10 1in evidence-
5 % _
L wh. oowTER: If there are no ob]ections, the
< 25
x o X
| g b gxhibits will be admitred.

o 2 Rd

‘&> 9 22 \ (Applicants gxhibits 1 through

= ¢ <3 10 admitted in evidence)

= &

— g 2% | Mp. HOWELL: That's &xt +he questions for MX. T,emon «

= =z 3 !

< 3 22 | . . .

a> 23 MR. PORTER: 1 asked our aistrict superv1sor, MY .

arnold, who is also @ geologist, if he agreed with youxr
geoloqy in Exhibit 3 that the Pictured cliffs was below the
‘ ' Fruitland and he said as of novw, he aidn't know what it would

pe after the explosion. poes anybody have & question of the

witness?

CROSS EXAMINATION

I nissed that permeability when you gave that.

as that averade permeability? \

) .14 millidarcies. \
Now, in the ori jnal drilli of wells in this area

@ NoWr T 9> __,,_.__.._,_______,,,EA,,__,___,,,/.,,,,/,,,LJ

-
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any of these wells prior to artificial stimulation?

A In some cases they had taken natural gauges. The
information is rather sparce though.

Q What do you anticipate one of these wells would
produce naturally for the pressure that is there at the pre-

gent time?

Ax‘z It's rather difficult to answer it, but I would
suppos;'érobably a hundred MCF to maybe 200,

0 Even with a 95,000 gallon treatment on this middle
well here the only potential is 1,3457?

A That's right., I might point cut, by referring to

Exhibit 3 you will note that the initial potential on all of

these wells is quite small. 1In fact, the one on the end, I

have been rather heavily fractured and that's all the gas we
got out of them, so I think it demonstrates the tightness of
| the formation so the anticipated volumes would be relatively
small.
Q For the thirty day testing period?
A Yes, sir.
MR. NUTTER: I believe that's all. Thank you,
MR. PORTER: In other words, you can't get a com-

mercial well here without some kind of stimulation?

[were any drillstem tests made or any production tests made of

think I show is around a hundred something. All of these wells

S T e
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A That's true.

MR. PORTER: Does anyone else have a question?

Witness mav be excused.

(Witness excused)
LESTER G. TRUBY, called as a witness, having been first duly
sworn, was examined and testified as follows:
EXAMINATION

BY MR. HOWELL:

0 Will you please state your name for the record?

a My name is Lester G. Truby.
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as Q Where do you reside?

=

§;~ A I reside in El1 Paso, Texas.
=

= Q By whom are you employed?
= ‘

. =

A By the E1l Paso Natural Gas Company.

R TR R R T

Q Will you state for the Commission your education as

an engineer?

A I araduated from the Colorado School of Mines in

1348 with a degree in petroleum engineering.

Q Are you a registered professional engineer in the

State of New Mexico?

A Yes, sir, I am.

Q Now, what experience have you had in petroleum en-

gineering since graduation?

- ‘ A Atter graduation from the school, I was employed by
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e

engineer

=01 ana Refining company as a petrole
from 1948 to 1955.

puring this time 1 was employed jn off-shore pro-
duction and drilling work in Lovishanafor approximately two
years. 1 then attended the Humble Reservoir Engineering school
and remained tnhere for approximately two years. working with
the theoretical aspects of raservoir engineering and teaching
in their company gchool. rhat, I was tralsferred to

southwest Texas and was associated with the application of

reservoir engineering to well reservcir engineering, to well

|-
I
\
\completions and projects of the type involving pressure main-

\

|
|

tenance and waterflooding work.

In 1955 1 pecame associated with the pacific North-
west pipeline Corporation, working primarily w' . the develop~
ment of the 'gas supply of that company . Tn 1956 1 was tyans-
ferred to salt Lake city and was agsigned as General Manager of
production operations which involved the production and ex-
ploration and gathering operations for that company . On the
mergexy of racific with El PasO 1 was transferred to El1 Paso
as manager of production.

0 Wwill you be the individual in charge of the drilling
of GB 1 and 2 which is under the control, OT participation

jet's saYy: of El Paso Natural Gas Company?

A Yes, 8iY, T will.

|
|
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0 Now, I believe we have already identified the lo-
cation of the first pre-shot well, known as GB~1, being in the
southwest quarter of Section 36. What is its distance from
the boundary lines?

A The GB-1 well location has been surveycd at 1,324 fee#

from the south line and 1614 feet from the west line.

(o] Now, what is the reason for drilling this first well
Known as GO -12

A This well will be drilled to evaluate the physical
and chemical characteristics of the formations to a point 100
feet below the Pictured Cliffs Sands,

o) And do you contemplate additional welis drilled prior
to the shot?

A Yes, sir, the GB~2 well will be drilled by El Paso
Natural Gas:Company. The AEC will supervise +he drilling of
the implacement hole and possibly a hole for seismic instrumen-
tation. This latter hole would be used to determine the shot
characteristics of the explosion and in no way concerned with
the evaluation of the production of gas.

0 So, there is a possibility of as many as four wells
being drilled prior to detonation?

A Yes, sir.

Q Now, will you describe the drilling program for GB-1,
the first well?

L
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A Perhaps, if I may refer to this sketch, from the
Gasbuggy Experiment, I could depict the drilling of the wells

from surface to total depth.

(Whereuron Exhibit No. 11 was
marked for identification)

Q Have you prepared a plat which has been numbered

Exhibit MNo. 11 which shows the location on the ground?

A Yas. @iv. a nlat wae mra-co-cd L0 iy Girediivil, 1
showing the location of the GB-1 well and the potential or
potentiallyv proposed locations of GB-2 and the implacement

hole.

{d

0 Referring then to the sketch a2nd when necessary,
to Exhibit No. 11, will you go ahead and describe the drilling
program as it is now set up for the first well, GB-1?

a Our well program calls for the implacement of
thirteen ané three eighths inch surface pipe at 500 feet and
drilling out from underneath this pipe with a twelve and a
quarter inch bit. This thirteen and three eighths inch pipe
will be implaced in a seventeen and a guarter inch hole. The
twelve and a guarter inch hole will be carried down to
slightly above the top of the Ojo Alamo formation. We will be
continuing to do so until we set the nine and five eighths
inch casing.

At the top of the Ojc Alamo, 3400 feet; we will re-

duce the hole size to eight and three quarter inch and continue
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drilling ahead with a core bit and anticipate continuous cor-
ing operations from this depth to total depth. We will take
a break for water tests approximately half way into the Cjo

liese water tests would be conducted by setting

3

Alamo section,
a packer at the very top of the section and actually running
a string of tubing down inside the drill pipe to wash the mud

cake off of the sand section, and then swabbing the well to

get the flowing characteristics of the well at this point.
This detaiied type of water test is to furnish in-
formation to the United States Geological Survey for their
hydrologic studies of the area. This same type test will be
run in the lower half of the 0Ojo Alamo formation with a packer
set at the center of the formation. We will cortinue on
drilling there with a core bit in the eight and three quarter
hole, from the base of the 0Ojo Alamoc to the top of the Fruit-
land formation. At this point, we will run a number of logs.
We are in this reduced hole éize and from the top of the
Fruitland, at approximately 3,780 to 3,800 feet to 3,400 feect,
and in that section of the hole we will run kip meters and
micrologs to give us additicnal information on the dip of the
formation and the permeability of the formation. Induction

received potential logs will be run from total depth to the

surface pipe to again review the stratograph. The varions ‘

radioactive logs, including density and neutron p.orosity logs.l
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will be ;unAat thi§”§;i££. Sogg;“i;;;hwill Be run primarily
agqain as a porosity tool, plus multiple space sonic logs will
be run to evaluate or to check the natural fractures as may
be encountered in the formation and as may be evaluaﬁed from
this type of log.

After the logging program is completed at this point

we would reem out the hole to a twelve and a quarter inch hole

to the top of the Fruitland formation and set nine and five
eigths inch casing.

c Will the Pictured Cliffs formation be cased?

A No, sir, when we continue our drilling, we plan to
drill out from underneath the nine and five eighths inch
casing with an eight and three quarter inch bit, again using

gas as the circulating medium., When I say eight and three

quarter inch bit, we will again continue coring operations
from the top of the Fruitland to a point 100 feet below the
base of the Pictured Cliffs formation, which will be on the
order of 4,250 feet to 4300 feet,

Q Do you have such an extensive logging program when

you are coring the well through all of those formations?

A These logs would be used to supplement the core
data plus to give us an opportunity to evaluate some of the
post-shot holes with cores, and, in this manner, obtain a

comparison before and after the shot. These logs may also be
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used for comparative purposes in other areas where nuclear

stimulations may be used and assist in the evaluation of other

preijects.

Q Well, now in the cores what properties would be

measured to determine core analysis?

A The chemical nroperties of the rocks would be de-

termined by the Lawrence Radiation Laboiratoiy, an
tests of the reservoir characteristics such as poTSSilsy,
rermeability, and fluid saturation would be made. 1In addition
to the chemical properties, the physical properties of the
rock would be detexrmined, such as compressibility, the ability
of the fluid to transmit; shock and sound would be included in
this analysis,

0 Is this an unusually extensive coring and logging
program for this area?

A Yes, sir, the coring and logging program alone for

this well will cost more than a conventionally completed

Pictured Cliffs well at the site.

Q It might be termed over-cored and/or logged
facetiously?

p. From a strictly e,oﬁemie standpoint, extremely so.

Q For the purpose of obtaining exact information and

data prior to the shot you Jdo consider it necessary?

A Ves, sir, from the standpoint that this is a

g/
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Q T wish ycou would discuss the effect of water en-
countered in any of these formations, beginning wi
0Ojo Alamo.

A The tests on the Ojo Alamo are to be performed at
the request of the USGS in order to cormr€Iiii. tneir estimates
of the movabilily of this water from one point to another.
They have indicated to us there is extremely very little move~
ment of any water in this area and these tests are to be
utilized in their studies. We do not believe that the 0jo
Alamo water has any significance to us from a production or
production test standpoint in that the fractures radiating
out from the chimney are not expected to reach that point,

As we drill into the Fruitland formation, while we
don't expect mobile water in this formation, it's highliy im-
prohrable, we must face the fact that it's possible; this is
primarily the reason for setting the nine and five eighths
inch casing in this first GB-1 well; in that, if water were !
sncountered in the Fruitland formation, we would be able to
case it off for further tests to the Pictured Cliffs with a
seven inch liner. We would core to the top of the Pictured
Cliff formation and if water were encountered, we wouid make
rather expensive tests of the water to evaluate the mobility

or ability of water to flow into the wellbore or its effect
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of flow from the nuclear induced fraé&ﬁies into the chimnéy.“
0 Would you consider satisfactory water conditions in
these formations as an important criteria for the test?
A Yas, sir, particularly from a production standpoint.
For example, if the chimnev wonld he fillad with wabar in o
matter of a year or less and we wguld consider that it was not

e
wer g

e

practical to handle the water production with the
could condemn this particular location as a site of the
nuclear test,.

Q Then if I uwnderstand youw correctly, it's possible
that in drilling this GB-1 first pre-shot test well, con-
ditions might be encountered here which would require select-
ing another location?

A It's possible, yes, sir.

Q Then water conditions could be so unfavorable as
one condition that would condemn it as a test site?

A That is corrzct,

Q Now, what other data besides {he existence of water
migﬁt be developed in this GB-1 that could make the continu-
ance of the project unfeasible?

A In the event the reservoir and implace volume as
calculated and indicated by Mr. Lemon were considerably less
than estimated, this would have considerable bearing on the

site. For example: if the core data of this exact site
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. indicated 100 per cent or nearly 100 per cent water satura-
z
o
; & tion in the available core space instead of 30 to 50 per
b4
Q .
A\
r cent, or estimated gas saturation, it may be necessary to
[}
v —
g £8 reconsider the site.
S oCs
§ ¥§ Q And the exact saturation in this area can't be
= k4
8 2E
B x 42 determined until von drill tha taet wallo
¢ 33 A That is correct.
] zg
< g3 Q What tests of the natural flow of gas would be made
LR while drilling?
“ o%
RS
g é? A While drilling with gas after setting the nine an4
= ¢ [
‘as ¢ gg five eighthsg inch pipe we do plan to evaluzte the natural
= & 93
é;- : ég flow of gas each time the core barrel is pulled. We will have
— 0 2k
z oz
;; : 1% facilities to direct the gas from a wellhead into a measuring
= e == device,
Q What measuring devices will you have?
A We have rigged up a test manifold that would involva
) ' the use of a conventional meter, run a positive displaceme
metexr and a critical flow oroofer. This manifold is so de-
signed that we can run the gas through all three of these
measuring devices or any combination of them that we desire.
Q As a production man, do you consider it feasible
to put the gas that might be produced during drilling and
during the testing period into a pipeline?
A No, sir, during drilling, of course, the measure-
e e . . _ !
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ments arewgbfmaliyﬂﬁéaéwat éiiremelykélose to atm;;pheric
pressure, and during the test we anticipate that they would
be made somewhere in the order of atmosﬁheric fifty pounds
back pressure, not knowing what pressure we need the flexi-
bility to hold whatever back pressure on the formation appearg
to be indicated at the time the tests are run. We would
have to put considerable compression facilitles in this area
to compress this gas for delivery into the pipeline,

v Tuu mAapeUL LU CUNIAUCL a4 LOT OI CTesSts llere at a
lower pressurc than the working pressufe of the pipeline in
that area?

A Yes, sir, the working pressure of the pipeline is
approximately 500 pounds, in this area.

0 Now, passing to GB-2 will you tell us whare it
would be located?

A We plan that the GB-2 well will be located approxi-
mately 400 feet east of £he GB~1 location, This site would
be confirmed after reviewing the data obtained in GB-1l well.

Q What is the purpouse of drilling GB-2?

A This well would be drilled to confirm the data
obtained in GB-1, and obtain any information that we might
skip or lose for some reason in GB-1l.

In addition, this would give us a method to note

the variation of the various reservoir qualities with horizon-

_
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tgiwéistance. The data from these two wellé wouldrthen be
used to select the exact location of GB-1, the implacement
hole, I should say. |

0 Would you describe briefly the well program for
GB-27?

A We plan to set nine and five eighths inch surface
pipe at 500 feet and seven inch casing on top of the PintnreAs
Cliffs Formation, after drilling 4own to this depth with mud.
wWe would then complete the GB-2 well naturally or drill with

gas throughout the Pictured Cliffs Formation.

0 Do you intend teo run tubing after the well is
completed?
A Yes, sir, in both wells and prior to the isochronal

and thirty day test the GB-1 and GB-2 wells would be tubed
as a naturally completed gas well in the area.

o} I believe it's already in the record that neither
GB-1 nor GB-2 would be fracked or stimulated in any manner?

A Yes, sir,

Q Now, do you intend to turn these wells over to the
Atomic Energy Commission and the government agencies for
their control prior to the actual detonation?

A At the completion of the test with the tubing, and
immediately prior to turnina the wells over to the A.E.C. we

would pull the reservoir pressure down in the welle pursuant
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to some additional logging program. We anticipate probably
a fifteen day draw-down on these wells. The purpose of
which will be to stimulate the gas to flow naturally into

the wellbore, and after this drawdown, we would pull the

tubing and set a packer in the formation and determine, to

the wellbores.
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After completing this coperation, the wells would 4

be mudded up 2s in a conventional mud-drilled hole. Addi-

tional logs would be run and we would turn the wells over to
the A.E.C. for instrumentation and stemming operation.

Q Now, will the wells continune to be capable cf pro-
ducing gas during the explosion?

A No, after this mudding up operation and th: stem-
ming operation, as contemplated or explained to us by the
A.E.C., would include the setting of cement and sand and/or
drilling mud in the wellbore to insure complete containment
of the nuclear explosion.

Q I believe you have already testified about the
possibility of an additional pre-shot well, which would be
ingtrumented to measure seismic shock, and about the im-
nlacement hole. Would you give us a little data as to the
present program, of the magnitudc of the explosions that will

be used in the implacement hole?
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A Ituis my“u;ééégg;;;;;g from the>A.E.C. that a 20
kilaton nuclear explosive will be utilized. This 20 kilaton
referring to an equivalent of 20,000 tons of TNT.

Q Where will this explosive be located and what do
you anticipate to be the effects on the formation?

A If I may refer to this schematic diagram, the
explosive will be located at a point fifty feet below the
Pictured Cliffs sandstone. The effect almost instantaneously
with the explosion, the cavity will be formed in the rock.
That is anticipated to have a radius of approximately 80
feet. Again, in a fiaction of a second, this cavity would
be lined with molten and crushed rock which would dissipate
tc the Lase of the sphere as noted on the sketch., Simultan-
eously, with the formation of the cavity fractures. Ox, it is
anticipated that fractures will radiate out from the shot
point.

These fractures, based on calculations by the A,E.C.;
from the data obtained in their underground shots in Nevada
would range to a point approximately 100 to 150 feet above the
chimney and from 200 to 400 feet laterally away from the

chimney. We are depending on these fractures from a pro-

duction standpoint, at any rate, to show or give the success-~
ful attributes to the nuclear explosion. These fractures

would be utilized as a flow channel for the gas to move from
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the éiqht matrick gérmation into the chimney formed by this
cavity.

I should mention that once this cavity is formed
the roof of the cavity will collapse. This collapse is
caused by the overburden of the rock above, and forms this
zone or chimney which is approximately 350 feet in height.

The gas would then hopefully migrate to this area to the

* ALBUQUERQUE, NEW MEXICO 87101

1205 FI4ST NATIONAL BANK EAST @ PHONE 256-1294 © \LBUQUERQUE, NEW MEXICO 8718

chimney through these fractures with pressure depletion,
which may be accomplished by wells potentially drilled
directly from GB-1, or two, into the chimney zone or drilling
new post-shot wells in the immediate vicinity of the chimney.

o) At this time, are you able to determine or predict

&

just what post-shot wells will be drilled?
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A No, sir, that's in the province of the A.E.C. and
would be determined definitely after the characteristics
of the explosion were noted.

o} I believe you show that the fracturing expected
does not go to any significant depth below the shot point?

A It is anticipated that the fracturing will extend
100 to 12C¢ feet below the cavity, or cavity sphere, into the
Léwis Shale Formation. This Lewls Shale is approximately

1000 feet thick in this area and is of no consequence rela-

tive to the test,.

0 Are there any other comments you care to make or
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testimony you desire to add?
A No sir.
MR. HOWELL: I believe that's all my questions.

I did not introduce his exhibit, Exhibit 11.

0 Was Exhibit 11 prepared under your direction?
: A Yes, sir, it was.
0 Does it correctly reflect the information which

it purports to show?

A Yes, sir.

PHONE 243-6491 @ ALBUQUER JE, NEW MEXICO 8710
PHONE 256-1294 ® ALBUQUERQ! E, NEW MEXICO 87108

MR. HOWFLL: We offer Exhibit 11.
MR. PORTER: If there are no objections the

exhibit will be admitted.

{Applicant's Exhibit 11 admitted
in evidence)

SPECIALIZING IN: DEPOSITIONS, MEARINGS, SYATE MENTS, EX' ERT TESTIMGNY, DAILY COPY, CONVENTIONS

1120 SIMMS BLDG, ® P.O, BOX 1992 o
1205 FIRST NATIONAL BANK EAST o

o—
(=]
ad>
=
1
——
QO
| ——
.
(5=
[~ &
-

MR. PORTER: Does anycne have a question of the

witness?

CROSS EXAMINATION

Q Mr. Truby, you were discussing all these tests that

would be taken in the 0Ojo Alamo, particularly to determine
if, indeed, it is a matter of static water there in place;
second, as I understand it, if you determine that it is

in a quafer, with water moving through it, another site could

be selected, is that correct?

A Well, actually, I think the USGS does believe it is
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an aquafer, but their confirmation of the hydrology in this
area would be with respect to this movement of water. Their
current data would indicate no movement. I think they are
thinking in terms with our discussion with them of 20 feet a
year, say, moving away from this area.

Q Some movement would be permissive, but an excessive
amount of movement would not and that's the purpose of the
test to determine the amount of movement?

A They dcn’'t anticipate any but this is an additional
test for confirmation.

Q Is 0jo Alamo utilized as a water source?

A' Not that we know of in this area. We believe that

it is fresh water but at the present time it is not being

utilized.
o liow far away is it from being utilized?
A It was a considerable distance. We don't know of

any water wells within at least five miles.

Q Now, your application, Mr. Truby, is for drilling
and for directionally drilling wells. What would the purpose
of the directionally-drilled wells be?

A This was for the administrative approval for the
post-shot holes, in that it has been discussed and either
GB-1 or both may be utilized for post-shot production by

going in and cleaning out the stem and cutting a window and




| -
(==
a>
=

'

=
a»
j ==l
f—
ca
ad

-

DEPCSITIONS, HEARINGS, SYATE MENTS, EXPERT TESTIN ONY, DAILY COPY, CONVENTIONS

SPECIALIZING IN:

5.669) ® ALBUQUERQUE, NEW ALXICO 87101

'r 254-1294 ® ALBUQUERQUE, NEW miX)

1120 SIMMS BLDG. ® P.O, BOX 1092 & PHONE 24

1205 FIRST NATIONAL BANK EAST ¢ PHO!

¢O 87108

PAGE §2

directionally drilling for fracture evaluation or gas pro-

duction evaluation.

Q in other words, Yyou would re-enter those holes and

at some takeoff point drill down to look for fractures?

h Fraciudes and crodlucticon, VRS, sir,
Q would you anticipate that GB-L or GB-2, either

one, woulad penetrate into the chimney?

A we assume they will be both outside the chimney.
calculations indicate they will poth be outside the chimney.

Q Again, the implacement well is to be a large dia-
meter hole. Then I pelieve one of the Government witnesses
testified that the device would be run on a string of casing
inside that hole. Now,‘I didn't understand completely if
that was to be drilled out and production made through that
well or another well would be drilled for production from the
chimney?

A I imagine it could be either, depending on the
experiment, although this initial production was strictly to
obtain a sample of the gas, or this initial re-entry into the
implacement hole, depending on what the conditions indicate
at this time; and as the project progresses, it could be
utilizecd in that manner, I think.

Q on the directional drilling, the directional sur-

veys will be run on these wells as they are drilled?




—
o
as
=
3
—
ao
—
| S—
c
Qo
-

DEPOSITIONS, HEARINGS, STATE M NTS, EXPERT TESTIMONY, DAILY COPY, CONVENTIONS

SPECIALIZING IN:

EW MEXICO 87101

1120 SIMMS LiDG. @ P.O. BOX 1092 & PHONE 243-6691 & A: BUQUERQUE, N

1205 FIRSY NATIONAL BANK EAST ® PHONE 256-1294

® A.BIQUERQUE, NEW MEXICO 87108

e

PAGER']

- . T
A Yes, sir, I didn't mention it, but on all these

wells, even the GB-1l and GB-2, while we are not concerned
with having the well absclutely vertical, we will run direc-
iional surveys from total depth to surface to give us the
exact location of these wells after they have reached total

depth.

o TV 21 {0ca vi yuur anplicaticn here Lo obtaln
general approval of this program and then to obtain administra-
tive appreval of the various locations and directional drilling
is that right?
A Yes.
MR, NUTTER: I believe rhat's ~ii.
MR, PORTER: Does anyone else have a question?
You may be excused.
(Witness excused)
MR. HOWELL: I would like to make an additional
very brief statement. Companies that are interested in this
have expressed a great deal of interest. There are several
companies that have expressed a desire to participate some-
what in the nature of a bottom hole contribution and joint
effort, and I would like at this time to give rredit to the
various companies that have so indicated a desire. That would

involve Aztec 0il and Gas Company, Mountain Fuel Supply

Comrpany, Colorado Interstat. Pipeline Company, Austral 0il

[T —
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Company. Inéidehtall}, Austral, a; ;égﬁprogggiy k;;w, is
sponsoring a project np in Colorado that may come along later
for an experiment, Other companies are the General American }
0il Company ~f Tavos, CoLlnern union Gas Company, and its
asseciated production company, Tenneco, Union Pacific Railroad l
and Pan American 0il Company.

MR. PORTER: El Paso ought to make money off this
hole.

MR. HOWELL: I don't know with 900 feet of core in
it., That concludes our case.

MR. PORTER: We had a number of appearances in the
case, Would someone like to make a statement at this time.

MR. SMITH: Winston G, Smith, Austral 0il Company,

Austral 0il Company, Incorporated, supports the application

of El Paso with regard to its Gasbuggy project. We feel that
this test will directly relate to Austral's proposed Rulesen
test near Acron, California. Application for Rulesen has been
made to the Atomic Energy Commission for the use of two 50
kilaton devices to be suspended in a hole to be fired, detona-
ted simultaneously at depths of 7500 and 8500 feet. Rulesen is
proposed to be a development proiject and we feel that if all
testing is possible, as will be indicated by Gasbuggy, then

we would look forward to commercially marketing the gas to be

produced from the Mesa Verde formation.
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| MR. SOMMER: H. A. Sommer, Pan American Petroleum.

I would like to enter into the record a letter which we will
present to the Commission. Pan American, even though we don't
have any acreage in this immediate area, feelae this is a re-
search type project that should be expanded. It has tremendous
posibilities in all areas. The letter reads:

"Thae 0il Conservation Commiecicn.

JQUEIQUE, NEW MEXICO 37104

Please be advised that Pan American is an affirma-

tive contributor to the project Gasbuggy and supports

the application of El Paso MNatural Gas Company to

72. 8 PHONE 243.6691 » ALBUQLIERQUE, NEV MEXICO 87101

drill, and directirnally drill several wells at
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Project Gasbuggy. Pan American hereby requests the

approval of this application by the Commission."
Signed by Mr. S. B, Richards, our Joint-interest
Superintendent.
MR. PORTER: Thank you, Mr. Sommer. Does anyone
else desire to make a statement? Commigsioner Hayes suggests
that this will come to you as quite a shock, but the Commis-
sion has decided to grant this application and an order will be

forthcoming. It will be an unusual order, Mr. Howell, because

of so many, what do you c¢all them, "Indefinite factors" in

the application, but we will go right to work on it. J
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STATE OF NEW MEXICO )
) ss
COUNTY OF RERNALILLO )
I, KAY EMBREF, Court Reporter, do herehv certify that
the forecoinog and attached transcript of proceedings bhefore
the New Mexico 0il Conservation Commission ¥xaminer at Santa

Fe, New Mexico, is a true and correct record to the best of

my knowledage, skill and abilitv,

i coéurt Reporter
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INTRODUCTION

The objective in publishing “Safety Involving Detonation of Nuclear Devices” is
to provide an updated version of the Nevada Operations Office Safety Program topics as
presented in nontechnical terms to headquarters personnel of the U, S, Atomic Energy
Commission (AEC) at Germantown, Maryland., The texts and illustrations used in this
publication are derived from the contents of transcripts and filmslides utilized during
this oral briefing on July 28 and 26, 1964.

The conrent of this publication is primarily directed to describing the long-range
stlety studies necessary to improve prediction capabilities and maintain pace with an
active testing program, The day-to-day detonation safety acriviries necessary to support
the testing program aredvscribedtothe extent required to give an overall, though limited,
version of event-related safety actions and procedures,

The activities of the AEC laboratories designing and testing the nuclear devices
are not described in this publication, The laboratories’ efforts, including safety efforts,
are betrer described in other reports published specifically for ithat purpose.
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CHAPTER I

SAFETY RESPONSIBILITIES AND SPECIAL ACTIYVITIES

By Janies L. Recves, Manager
Nevada Qperations Office
U. S. Atomic Energy Commission

SAFETY DEFINED

Tl dlcliccama) delitee sally e LHC UL LU UL DCIHE 5816 LLCCQRUIL LLUIT udiitagy
or hazard,” The sratus of safery knowledoe and preventive capability is far from cnabling
the detonation of a nuclear device to be “free from dangex or hazard.” Hopefully, how-
cver, through the studies outlined in the following chapters, this state will be more nearly
approached. There can he many different definitions of safety as it relates to nuclear
device testing, but one which most adequately expresses the Atomic Energy Commission

ININIONEY
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A nuclear device can be detonated safety when it can be ascertained that the detona-
tion can be accomplished without injury to peaple, cither directly or indirectly, and
without unacceptable damage to the ccological system and natrral and man-made
structures.

in assuring that NVOQO can determine the safety of a detonation two concurrent
efforts, project~associated and long-range, have been undertaken, Project-associated
ceffort is best defined as that effort required to proedict the hazards involved, 1o provide
tor the sate conduct of the project, and to provide an adequate post-=shot record of the
effects of the detonation, The project-associated effort requires input from the long-
tange eifore su hat the predictions may be accurate and the project conducted at the
least possible safety expense, Long-range study cifort is best defined as that effort
which is nccessary o provide more accurate predictions, to enable more cconomical
safety precautions for future projects, and to prepare capabilities for both new programs
and thosce which may not yet be envisioned,

SAFETY PROCEDURES

To provide and determine the safety of a particular detonation, several different
actions are taken. I'irst, an evaluation is madce ol the detonation design to be assured that
the NVOO safety definition cap be fulfilled, This evaluation includes consideration of such
items as geology, hydrology, ground shock structural response, air blast, radiation, and
so forth., The treatment of these ttems is described in the remaining chapters of this
publication., The woperational safely control fealures arce then established, based on the
cvaluation of the detonation design, in order that all identified hazards may be controlled,
In addition, every effort within limitations of official policy is made to convince interested
partics and the generat public that the project can and wili he conducted safely, When
contacting the public regarding a deiovnation, the technical and safety information should
be available so an accurate account of the detonation can be given, It is also necessary




that adequate supporting data be obtained to confirm that the project was conducted
safely and to defend the Government against unjustified claims for damages and deroga-

tory publicity.

The degree of effort that must be applied to the evaluation and preparation of
operaticial controls for a specific detonation is dependent upon several factors, in-

cluding:
(1) The device itself and its emplacement environment,
(2) The purpose of the detonation, (Is it planned for cratering, containment, etc,?)

(3) The geographical location and related populations, environments, and develop-
ments.

(4) The related political and local population attitude,

SCOPE AND SAFETY INFLUENCE

Paramount to determining the safety of a detonation is the ability to predict ac-
curately, and provide protection trom all potential hazards. l'hc relative accuracy of rhe
prediction capabiliity affects all organizational elements involved in these detonations,
A few examples-of how safety can affect some of the organization elements nvotve: 1n
planaing for and actually accomplishing a detonation include:

Planning— Unless accurate information regarding safety hazards is available at
an early stage, much planning may take p’ace on a project which may not turn out
to be feasible from a safety standpoint, Conversely, a project could be erroneously
dropped for suspected safety reasons due to limited capabilities in making the

safety determinations.

Operations — Operations personnel must have a good understanding of most safety
aspecis to plan properly for close~in activities, roadblocks, evacuation procedures,
and particularly to take sate cmergency actions when unforseen developments
arise following a detonation,

Scienufic — The laboratories, for instance, must have general capability in all
the hazard fields to accomplish advance planning and conccptual design of scien-
tific experiments with knowledge of the hazards that may be involved.

Eagineering — The phenumenology of nuclear explosions and their resultant effects
must be developed and made known to the designers of facilities so the locations
may be selected and designs developed to prevent or minimize damage to such
facilities ars drilling rigs, construction equipment, power facilitics, etc,

Public Information — All aspects of safety must be disseminated to the public in
laymen terms with a high degrec of accuracy and reliability, and without alarming
the populace,

Legal — The safety implications in the Jegal field are obvicus. Complaints and
claims have been prescented to the AEC duc to testing at the Nevada Test Sice
(NTS), most of which can be easily disclaimed as not being the result of nuclear
detonattons. towever, as we proceed to higher yields and to different locations,
it will become increasingly necessary that causes of damage he more accurately
defined in order that only legitimate claims be paid,

These are but a few examples of how safety affects most organizational ¢lements,
They are not solely applicable to NVOO or the laboratories; but also apply to Head-



“f divisions, and other government agencics, such as
Defense (Do) and Unived States Public Health Service (USPEHS).
As testing expands, other government agencics with delegaied responsibilities, such as
the United States Bureau of Mines (USBM), Department of Inierior, cte., will be brought
into the act. In addition, it has becn necessary to extend the efforts of organizations in-
volved in safety studies beyond those required for safety purposes alone as a result of
the Limited Test Ban Treaty.

quarwers program divisions, s
the Department of

As a result of the broad scope of influence of safety-oriented activities it is na-
tural, and healthy, that differences of opinion develop between oxganizations involved
in the nuclear detonation program. These differences are probably most apparent be-
tween the programmatic interests, such as lawrence Radiation Laboratory (LLRL),
L.os Alamos Scientific Laboratory (LASL), Defense Atomic Support Agency (DASA),
etc., and the operational management organization (NVOO). Cortlict of upinion on safety
predictions have not interfered with the exccoution of any project., The greatest impact
in the arca of i long-range satety eitort which has and will continue to result

has beoen

in ditferent appreaches toward sSoiubon Of Puielltidl propiens, SOMme may Considet tuis
as duplicate efforr and may suggest curtailment of legitimate long-yange studies. This
dupiication ol offurt, if @ 15 thal, should be luoked o as a bicalthy condition whici in-
creases the assurance that-some important safety problem is not overxlooked or inade-
quately treated. In this veir, it is most important that as much of the long-range study
effort as possible be placed in the hands ot conrractors, umversities, other government
agencies, etc., who, insotar as possible, cannot be accused of shading safety conclusions
in favor of the programmatic gains in going ahcad with a particular dctonation.

SPECIAL SAFETY ACTIVITIES

The above has been a general discussion of safety philosophy and safety responsi-
bility involved with the nucicar explosions. Mere information on the loag-range and
project-associated activities of contraciors and government agencies involved in the
safelty prograut is presuticd in (hie following chapters. There are two actlivities, how-
ever, that are not presented in the following cnapters that will be briefly described in
the next paragraphs. These¢ are the activities of the NVOO Safety Panel of Censuliants
and the Federal Aviation Agency.

The function of the NVOO Safety Pancl of Consultants in the Safety Program is
one of checks and balances. The Panel, composed of some of the most eminent people
in the fields of geology, hydrology, rock mechanics, soil mechanics, earthquake engi-
neering, etc.,, evaluates the programs conducted under the long-range study program
and prepares safety evaluations for specific events and scerics of eveats, as requested,
The NVOO relics most heavily on the Pancl’s efforts to assure thar all considerations
involved in long-range safety studies or in safely executing an experiment or series of
experiments have been thoroughly studied and thougihnfully considered. To facilitate the
use of the Panel, two sub-committecs have heen formed, cach to meet on a quarterly
basis with the full Panel meeting on an annual basis, Specific informaticn is furnished
the members two wecks prior to a meeting and general information on past evenis is
furnished by a consnlidated report (NVO-21, Consolidated Data on Sclected Effects from
Underground Nuclear Detonations) prepared primarily for that purpose, However, the
report is of assistance to any and all agencies, laboratories, and contractors involveed
in the safc detonation of nuclear explosives. This is a brief desceription of the Panel’s
function and cannot begin to describe che value of s decisions and recommendations (o
the nuclear detenation program,

The other safety activity ot specifically desceribed in the following chapiers is
thar which is provided by the Federal Aviation Agency (FAA) at no cost to the AEC,
The service the FAA provides is to define and disseminate a “Natice to Atrmen” to all
pilots who may traversce an air space that could be involved in o nuclear de-onation,




The FAA does not have the power to erforce a restriction on any air lane or air space
but can oniy advise military and civilian aircraft to request safe routing instructions.
An Alr Space Advisory Plan is prepared within vne or two days prior to the event since

ascd on predicted cloul frajectory, forecast winds, estimated cloud height, and
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estimated radiation release. It is then revised as necessary a few iouis pri

detonation time to account for actual meteorclogical conditions, Separare advisories are
not prepared for each event, but only for those events expected to release material off-
site, i.e., Plowshare, cratering, etc. If venting of the detonation occurs, the Air Space
Advisory Plan remains in effect until cloud passage is essentially complete, If the detona-
tion is essentially contained, the Air Space Advisory Plan is immediately removed. The
FAA keeps records of inquiries or incidents concerning any commercial, private, or
military aircraft that penetrates the area indicated in the Air Space Advisory Plan.

Much effort is still required in the field of safety. The remaining chapters in this
publication will serve to emphasize that fact.
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CHAPTER Il

HYDROLOGIC CONSIDERATIONS

By Frank W. Stead, Research Geologist
United States Geological Survey
Denver, Colorado

INTRODUCTION

The Geological Survey, as a scientific organization, docs not imuke managcinent
decisions in the overall safety program of the AEC, The responsibility of the Geological
Survey is to develop and present geologic and hydrologic information in the form most
useful to decision-makers for selecting the b2st solution te a problem from among alt
possible alternatives. Much of the provided information is in the category of quantita-
tive background data; such as, stream flow measurements, topographic maps and the
chemical quatity of water. Other information reflects the evaluation and interpretation
of fragmentary raw data and is more in the nature of an educated guess than a quanti-
tative measure. This would include the composition and structure of rocks at consider-
able depth, and the flnw rare and direction of underground warer,

‘The fivst paxt of this discussion is a brief outline of the types and uses of informa-
tion provided by the Geological Survey. The sccond part cencerns how this information
fits the needs of the AEC in programs invoiving the safety of nuclear detonations., The
thircd and final part presents the varieties and limitations of geologic and hydrologic
information required for management decisions on the safety of nuclear explosions.

Types of Information

Various types of information are provided by the four technical divisions of the
Geological Survey., Much of this work is interrelated and contributes to the public heatth
ang safety. The following organization chart presents a summary of specialized rescarch
subjects prepared for different divisions of the AEC,

CONSERYATION

WATER RESOURCES
DIVISION
Appraises the naton's

woler dvigurcer ond
does 1#loivd srsecrch

CIVISION
Classifes Frdesal lands
re maler power and
mneeal ialuey seper
vves devslopment pnd
produiton of auch min

1a woder . reav
gl ndes apgronate

\,l/ TYPES OF SPECIALIZED RESEARCH

AEC ORGANIZATION CONDUCTED BY GEOLOGICAL SURVEY

DIVISION OF REACTOR DEVELOPMENT - o RADIOACTIVE WASTE [ISPOSAL STUDIES

DIVISION OF RESEARCH —~— - cvimmv e GEOCHEMICAL AND GEOPHYSICAL RESUARCH

DIVISION OF BIOLOGY AND MEDICINE ~ === -~ v mmewes BIOFNVIRONMENTAL 5 TUODIES

DIVISION OF RAW MATERIALS - = = e m e o S URANIUM 34 THORIUM RESOURCES

PRIttt aies roare e (1A vronl £,
FROVILIGHI ANG UVALUATION ¢ DATA

DIVISION OF MILITARY APBLICATIONS (HVES)

DIVISION OF PEACEFUL NUCLEAR EXPLOSIONS (SAN) oo mee s - S SPECIAL STUMES



The Topographic Division provides 90 percent of the general purpose topographic
maps of the United States, Presently, two-thirds of the country is covered by adequate
I mile to the inch o1 larger scale maps.

The Geologic Division provides both general purpose geologic maps and specialized
geologic maps. Presently, less than 20 percent of the United States has adequate geologic
map coverage at a scale of 1 mile to the inch, and less than 40 percent has coverage
at a scale of 4 miles to the inch. Quite obvicusly, there are many areas of inadequate
coverage in topographic and geologic maps of interest to the ALC,

The Water Resources Uivision provides data on the occurrence, quantity, anc
quality of ground and surface waters; again with the better and adequate coverage in
the more populated and industrialized areas, and with scanty coverage in the less
populated and desert areas of the western states.

The Conservation Division provides considerable geologic dara on the federal
lands. By law, all mineral, oil, and gas operations on leased public tands must provide
to the Cenlagical Survey whatever geologic inforination is deemed desirable.

Uses of Information

Information provided by the Geological Survey fits the needs of various AEC
programs related to the testing or use of nuclear explos.ves, either at a major site
such as the Nevada Test Site, or at a smaller site snch as Project Gnome or Project
Dribble. As shown by the following chart, the provision and evaluation of topographic,
geologic and hydrologic data have multiple uses.

SAFETY CONSIDERATIONS
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Under technical programs conducted by the Los Alamos Scientific Laboratory
(L.A5L), the Lawrence Radiation Laburatory (LLRL), the Defense Atemic Suppert Agency
{DASA) and other groups,” the water content of thc rock in the immediate vicinity of the
nuclear explosion is needed to calculate the interactions between the explosion and the
surrounding medium, Under support and construction programs, the available volume
and chemical quality of water are needed for domestic and construction activities, Also
needed would be the volume of water to be handled in design and construction of deep
device-emplacement holes and shafts, Under safety considerations, the volume of water
likely to be initially contaminated, and the probable rate and direction of movement of
such contaminated water, arce critically needed., Thus, required daia consists of the
volume of water and its mobility at the site of any proposed underground nuclear ex-
plosion, that are then used for a varicty of purposes, Geologic information is essentially

6
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restricted to studies involving seismic safety and water contamination; little, if any,
geologic data are needed in radiological safety and air blast studies,

STUDIES RELATED TO HYDROLOGIC SAFETY CONSIDERATIONS
Geologic Environment, Nevada Test Site

The balance of this discussion concerns the geologic information required in
consideration of potential water contamination. A block diagram, 200 square miies in
area, of the northern part of Yucca Filat (Figure 2.1) illustrates the geologic environ-
ment of the major part of the Nevada Test Site. Rainier Mesa, where the first under-
ground nuclear explosions were detonated in tunnels, is at the northwest corner of the

I block. The small granite .nass in wiich the Hardhat event was detonated at a depth of
‘ onn feeor is ghown in the nerth-contral pare of the bleck. Essontially all of the

ahout
recent underground nuclear explosions have been detonated in deep drill holes in Yucca
Fiat proper.

)
1,00

Three major rock types are shown in Figure 2.1 as atluvium, velcanic tuff and
basement rocks of Paleozoic age. Most of the area of Yucca Flat is blanketed by 4 vari-
able thicknsss of alluvium that is composed of recent sands and gravels up to 2,000
feet thick. This alluvium effectively conceals the underlying volcanic tuffs and lava
flows; it also conceals the still older Paleozoic rocks such as dolomites, shales, and

quartzites.

In addition to adequate topographic maps that describe the surface of the location,
and accompanying geologic meps which tell what is there--hydrologic safety and other
.ochnical considerations require more specific information; such as:first, the configura-
tion of the rocks to considerable depth, including the thickness ol the rock units, their
depth below the surface and their structuratl attitude; second, the pianes of weakness in
the rocks such as faults, joints and cooling cracks; third, the detailed physical and
chemical properties of the rocks, sich as porosity, permeability and mineralogy, and
mere importantly the spatial variation of thesc properties; and fourth, the amount and
location of water in the rocks, particulariy the position of the water table below which

rocks are water saturated.

A |§’| lGl AR

PALEOZOIC GRANITE TUFF ALLUVIUM

7000

-3000

Figure 2.1, Block Diagram llustrating Geologic Envivonment of Northern
Yucca Flat, Nevada Test Site.




Ground Water, Yucca Flat, Nevada Test Site

Shown on the diagrammatic section (Figure 2.2) through central Yucca Flat,
where the surface is about 4,000 feet above sea level, is the water table at about 2,400
feet above sea level and about 1,600 feet below the ground surface. The important face
is that the water table is essentially flat and does nort tend to follow the ground surface.
This is contradictory to the normai behavior of the water tablc in mostenvironments.,
Enough deep test driliing has taken place at the Nevada Test Site to confirm this some-
what unusual behavior of the water table. Under the ridges to the east and west of Yucca
Flat the ground-water table is in the Paleozoic rocks, where the ground-water flew is
through delomite or limestone characterized by numerous fractures.

WEST EAST

wuuuwl{&my”!l @,?fg,? .I ”’”’ b
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Figure 2,2, Diagramuatic Secticn through Central Yucca Flat, Nevada
Test Site.

Initially, the Nevada Test Site was selected for surface and above surface testing
of nuclear dcvices with essentially no consideration to the an.ount and location ol ground
water or to the possible long-term significance of widespread radioactive contamination
of water at depth. Had the Geological Survey been asked to locate an area for under-
ground testing where the water table was at 1,500 or more feet below the surface, it
would have been difficult to find a better area than the Nevada Test Site.

Hydrologic Setting, Nevada Test Site and Vicinity

The present interpretation of the hydrologic setting of the Nevada Test Site is
shown in Figure 2.3. Such interpretive information, continually re-evaluated as new
data become avaiiable, is critically nceded for evaluating the possibility of watexr con-
tamination extending outside of the limits of the Nevada Test Site,

Shown in Figure 2.3 are the water table contours expressed in feet above sea
level, In Yucca Flat, located in the northeast part of the Nevada Test Site where the
ground surface is 4,000 feet above sea level, the water table is about 2,400 feet above
sea level or about 1,600 feet below the surface. The surtace drainage basins, outlined
by dashed lines, are mostly closed basins without any surface drainage outlets. Quite
obviously, the position of the water table and the regional movement of ground water
are not controlled by the surface drainage pattern; the ground-water flows primarily
through fractured FPaleozoic dolomites at depth and passes under the high ridges sur-

Yorer



rounding Yucca Flat. As indicated by the arrows showing the direction of ground-water
movement, ground water from the Yucca Flat area flows down gradient to the south-
west, passes under Mercury, and uitimately reaches surface discharge areas in the
Amargosa Desert near Death Valley Junction. The distance from Yucca Flat to the dis-
charge arcas in the Amargosa Descert is about 50 miles.
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Figure 2.3, Hydrologic Setting of Nevada Test Site and Vicinity,

The best estimate of the ground-water flow rate is based; first, on the measured
discharge volume in the Amargosa Desert; and second, on an assumption that this
volume passes through a cross-sectional area, 4 miles wide and 1 mile high, in Paleo~
zoic limestone and dolomites, under Mercury. The flow rate through the cross-sectional
area is 3 to 6 feet per day. The travel time of grouad water {rom Yucca Flag to the
discharge areas is then about 100 to 200 years. Although the foregoing is by no means a
quantitatively tight evaluation of the direction and rate of flow of ground water at the
Nevada Test Site, neither is it a wild extrapolation. Even though the control points—
observation and production water wells and other drill holes—are widely spaced, up
to tens of miles apart, additional observation wells costing many miilions of dollars
would not significantly improve present understanding of the movement of ground water.

POSTSHOT DISTRIBUTION OF RADIONUCLIDES

Very few of the underground nuclear explosions to date have been detonated in
saturated rocks below a water table; in even fewer cases has post-explosion exploration
been sufficient to obtain meaningful samples. Such samples are needed; first, for
determining the initial distribution and concentration of radionuclides in the rock and
the contained water; and second, for determining any significant changes in the chemi-
cal and physical properties of lhc rock around the explosion,

Illustrated in Figure 2.4 is the postshot distribution of strontium 90 in ground
water around two underground nuclear explosions, the S5-kiloton Logan event and the
19-kiloton Blanca event, at the Nevada Test Site. The post-explosion reentry tunnels
arc shown by solid lines and the device emplacement tunnels by dashed lines. The




analytical data, in rerms of curies of strontium 90 per milliliter of ground water, are
shoewn for the few localities where samples of ground warer draining into the tunnels
could be collected a few months after the explosions.

BLANCA ® srR-90
19 KT CURIES /ML
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Figure 2.4. Postshot Distribution of Strontium 90 in Ground Water around
logan and Blanca Events.

Based on these scanty data, several points can be made. First, strontium 90,
one of the few biological hazardous and long-lived fission products that must always be
considered as a possible water contaminant, is not highly concentrated in rhe ground
water; the highest concentration is just about at the continuous occupational maximum
permissibie concentration (MPC) for strontium 90 in drinking water, Second, the ob-
served concentrations of strontium 90 most probably reflect the initial expiosion-
produced distribution and the reaching of chemical equilibrium in-place, as the water
draining from the rock was volumetrically small and could not have traveled any sig-
nificant distance, Third, strontium 90 is not widely disrributed by direct explosive action
and is largely contained within the zone immediately around the cavity, shown here as
the shock zone. Fourth, no significant changes are present in the physical and chemical
properties of the rock.

These previcus points are not strongly founded either on fact or on theory. It is
all too clear that there has not yet heen developed sufficient knowledge on how fission
products and other radionuclides arc initially distributed, and on what actually may be
the initial chemical forms and solubilities cf these nuclides.

CALCULATION OF INITIAL DISTRIBUTION OF RADIONUCLIDES

The calculation of the initial distribution of a particular radionuclide, such as
strontium 90, in ground water around an underground nuclear explosion requires addi-
tional geologic data. A generally applicable cquation for such calculation or prediction
is:

_ Activity solid ~ Volume water
D Activity water ¥ Mass solid

#4

=y

4

w4



whoere the first term is the distribution coefficient, Ky, for a specific radionuclide,
the second term expresses the fraction of radioactiv. ions in the mineral phase divided
by the fraction of radioactive ions in the water, and the third term is the water/sotid
ractio for a particular volume of rock,

The value of the distribution coefficient, Kp, can be determined in the laboratory
by using a representative sample of a rock with “ts associated ground water, by adding
lrace amounts of a particular radionuclide— strontium 90, in this case--and by then
measuring the amounts of the nuclide on the solid and in the water; for example, an
average Kpy value for volcanic wff would be 100, For the second term, the total amount
of an introduced auclide must be known to apply this equation to a specific case, such as
1500 curics of strontium 90 from a l0-kiloton fission explosion, For the third term of
the cquation, the volume of rock inte which this activity is introduced must be known or
assumoed; more specifically, the physical properties of the rock must be determined so
that the total volume can be correctly proportionced between the volume of water in the
pore spaces and the mass of the solid,

Nuw asstine (hat a 10-kKileton fission oxplosion it volcanic waff distributes 1300
curies of strontium 90 by direct explosive action in the shock zone around the cavity,
aind  that the measured rock properues can be used 1o determine the voiume of waier
and the mass of the solid, The equation can now be solved for the activity in the water:

1560 Curies 1.2 x 1011 m

= X
Activity water 235 x 1011 g

itv watar - 9 7 fruries
ly waler 2.7 ~uries

2.7 curies in 4.2 x 10 ml = 6.4 x 10712 ¢/ml of 99

IFor this hypothetical case, the calculated concentration of strontium 90 in ground
water is 0.4 x 10-12 c/ml, almost the identical concentration measured in the shock

zone ayound the Logan event (Figure 2.4).

DISTRIBUTION COEFFICIENT VALUES

Shown in IFigure 2.3 are about one thousand distribution coefficient values for
cesium, mixed fission preducts, strontium and fodine as determined by radiocnemical
laboratorics for various rock types at the Nevada Test Site, In general, these values
refiect the best matching of the rock samples with their associated ground water ox
with solutions simulating naturally cccurring water; this is necessary to prevent
chemical mismaich and the provision of incorrect data,

The nature of the distribution coefficient is such that the higher the value, the
more of a particular radionuclide is held on the solid by ion exchange mechanisms. It
i immediately ohvious that the range of values for a particular nuclide in a given rock
type can be unpleasantly large, For example, strontium 90 in soils at Nevada Test site
has a range from 10 to 10,300, or three orders-of-magnitude; strontium in volcanic tuff
has a range from 100 o 4,300, Needless to say, a prediction of the concentration of a
hazardous radionuctide in ground watey that has a three order-of-magnitude spread ig
not entirely satisfactory; it tends to push the usce of such predictions toward the highly
coaservative and somewbhat implausible end of the spectrum.

1t



w
>
Y7
g 102 L—— = " B - ot
M
w5
S
2
2z 10 - ]
o
-
=
2
I L ——
a
N ) ) e
10° = =N
’ R
10-*
CESIUM MIXED FISSION STRONTIUM IODINE
PRODUCTS
PR (IMESTONE AND DOLOMITE
MAXIMUM AND MINIMUM DISTRIBUTION _ W oo
COEFFICIENT VALUES FOR 1ONS SHOWN S Turr B oo
ON SAMPLES TESTED TO DATE 5 GRANITE

Figure 2.5, Distribuiion Coefficient Values Deteriined for Varions Rock
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TRANSPORT OF RADIONUCLIDES BY GROUND WATER

After determining the initial distriburion of radionuclides, their transport by ground
watey wain beoeatenlated by relating the movement of a specific ion to the movement of
ihe water, Thus,

Flow (water)

Flow rinny =
1+ KDp
expressces the retardation or delay in movement of the nuclide in respect to the move-
ment of the ground water; where:

Flow (lon) = Average rate of advance in feet/day,
) Flow (water) = Average flow rate in feet/day,
K = Distribution coefficient (ml/g).

I,D = Ratio of mass to volume (g/ml), R

Here, the only new information required is the average flow rate of ground water,
ffor many sites of proposcd nuclear explosions, the average velocity and direction of
flow can be estimated cither from existing nydrologic data or from a few supplemental
obscrvation wells.

However, straightforward use of this cquation may be highly misjeading. For
example, dolomite cither at the Nevada Test Site or at the Project Gnome site is not
a porous medium in the strictest sense, and much of the ground-water flow in such
dolomite may be through cracks and fissures rather than through the rock matrix as a
whole, It follows that the ratio of the mass of the matrix available for jon exchange to
the volume of the ground water--the term o in the equation—would be far roo large
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by possilily an order-of-magnitude and would lead to erroncously low estimates of the
rate of advance of a specific radionuclide,

A sccond difficulty with this cquation is that laminar or tubelike flow must be
assumeced, with no spreading or mixing of the initial contaminated streamline. This as-
sumption is far too rigorous and idecalized for rocks, which tend to be highly variable,
particularly when distances involves miles between locations. In a nonuniform and quasi-
porous rock, considerable mixing and dilution of the streamline can be expected in
three dimensions.  Further, some paxts of the original streamline will move more
rapidly and some more slowly than the average flow rate.

DISTRIBUTION OF TRITIUM, NATIONAL REACTOR TESTING STATION

To iftustrate the mixing and spreading of contaminated ground water under natural
conditions, the distribution of tritium in ground water at the National Reactor Testing
Statjion is shown in Figurce 2.0, Starting about 10 years ago, tritium has been introduced
o e ground water through the ldahe Chemical Processing Plant (ICPP) radivaciive
waste disposal well and has now moved about 5 miles down gradient from the point of
injection, ‘The average rate of ground-water flow based on regional hydrologic data is
ahour 7 feer per day, in the southwest direction as indicated in Figure 2,6, The contours
indicate the tritium concentration, in pirocuries per milliliter,

“1CPP = ldoho Chemical Processing Plant
*CFA = Central Foacinties Ares

*OMRE 2 Grganic Moderoted Renctor Experiment
*EOQOCR 2 Experimental Organic Cooled Reactor
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The most significant point shown here is the spread of tritium over an arc of
about Y0V in traveling a flow distance of afew miles. Obviously, laminar or tubelike
flow does hold wrue in these rocks and usiug the flow equation as shown on page 12
watlld vield highly erroncous results,

A sccond point is the wide variation in ground-water flow rates between the input
disposal well—the ICPP on the Figure 2.0--and the observation wells shown by the black
dots, The flow rate averages 20 feet per day within a distance of a quarter of a mile
from the input well, but can be as high as 120 feet per day.

Third, these data clearly indicate the importance of the longitudinal and trans-
verse spreading of contaminated water and the care that must be exercised in using the
average rate of flow of ground water in predicting the movement of a radionuclide.

This case clearly illustrates a major preblem of how contaminated water spreads

LAY

ANd DECOMES ULIUECU 1 BOVIOE away 14U LI 2050 U THHLIAL cUBta i ivice « s o e an
solving this problem has been small and may or may not vield significant results in the
immediate future, The necessary rescarch is long-range and demands the hest rype of
personnel and support,

TRACER TESTS TO DETERMINE RETARDATION OF RADIONUCLIDE MOVEMENT

For a particular teer <ire, one of the best ways to defermine how much a rad:o-
nuciide might he delayed in its ground-water transport is to conduct a tracer test using
two or more closcly spaccd water wells. Shown in Figurc 2.7 is such a test conducted
at the Project Gnome site, near Carlsbad, New Mexico,

TRAVEL HME, CONCENIRATION TRACER OUTPUT H TRACER INPUT: IRITIUM ND STRONTIUM

| ; o e e ¢o 2 7 . .
. ; - FLOWRATE ' Flow (ACT) « FLOW (WATER)
{ A K25 GALMIN ‘ v L YrEpe :
i ’{_ i M FLOW CIRITIMIM) s FLOW (WATERY ni 40 HRS.
- 'y .
Iy ) FLOW (WATER)
o
o 8 FLOW (SR * o e
noox S : 1+Kpp
Ao pes 1
800 HR. . 20 .
L : . ) . VETARDALION FACTOR =20 s
e e ’, [ P e s e e --_-..——-—.....w__.___.._......“__
. l 185 F1 ermeeepy
4 Y . " 1 /] < < s | § A i GROUND WATER FLOW 05 T DAY

Figure 2.7, Tracer Test Canducted at Project Guame Sire,

As shown in Figurc 2.7, water is pumped continuously in a closed circuit until
stable flow conditions arce reached, Trace amounts of tritium and strontium are then
introduced through the input well, and the time of arrival of the radionuclides is meas-
ured at the ocutputput welt. Tritiwm for practical purposces moves with the water, and
provides the measure of the flow rate or travel time of the water between the two wells,
In 1his case, tritium took 40 hours 1o travel between the wells, and strontitm took
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about 800 hours; thus, the strontium moved one-twenticth as fast as the water, being
delayed by chemical interaction between the moving water and the solid phase of the rock.

In zctuality, such a tracer test using strontiumdetermines by a relatively straight-
forward empirical approach the denominator of the flow cquation shown on page 12;
that is, the combined in-place value of 20 for 1 plus Kp (the distribution coefficient)
multiplicd by p (the mass-to-volume ratio). This retardation factor of 20 for strontium
is in sharp conrrast to the value of about S00 obtained by inserting laboratory values for
Kp and p . 'This again demonstrates that many of the present methods used in evaluating
the flow rates of ground water and the concursent transport of radionuclides are limited
to typically porous rocks, such as sands or sandstones. Present methods cannot be in-
discriminately applied to rocks, such as granites and limestones where ground water
frequently moves through tfractures and cracks.

SURFACE WATIIR SAFETY CONSIDERATIONS

Hlustrated in Fieure 2.8 is a surface water nroblem, where fallout from a large
nuclear cratering cxplosion might lead to contamination of surface water supplies. This
may he vecapnized as a o somewhat simplified version of Project Chariot, which was not

executed,
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Figure 2.8, Contamination of Surface Water and Fallout Pattern  at
Project Churiot,

In such a case, the fallout pattern and radionuclide concentration on the ground
rust bue accepted as input data. The problem is then to select and to provide the geologic
and hydrojogic data needed for evaluaring the potential contamination of surface water,
Ssummarized in Figure 2.8 as surface water considerations are some of the data needed
over an arca of scveral thousand square miles: First arc the rainfall, runoff and stream
flow. Sccond arce the suspended sediments, dissolved solids and chemical and composition
for the surface water. Third are the variations in stream bed characteristics, such as
barce rocik, mud and sand; fourth is the character of the land surface, Fifth are the dis-
tribution cocfficients for various radionuclides for the whole and parts of the systeni.

fxtensive ficld tests were conducted to confirm theoretical calculations by using
typical fallout material from the Project Scdan nuclear cratering experiment at the
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Nevada Test Site and also known ainounts of radioactive cesium, strontium, and iodine.
These radionuclides were spreadg over ten test plotsin the proposed Project Chariot fall-
aut arca, Risking some broad gencraiizations, two distinct phases of potential water con-
tamination can bhe discriminated: First, contaminating cffects that arve due to fallout
dircetly on open-water surfaces with the radionuclides partitioned between the water
and solid phases in accordance with the distribution cocefficients for the system; this
resules in a wave of radionuclide concerntration moving downstream with reasonable
calcuiable attenuation and duration, Second, after the initial wave, further potential con-
taminatjon depends on actual movement of radicactive particulates to the sircams; thai
is, on rhe rate of crusion of the surface on which the fallout descends.,

Bearing on geologic data, a better characterization vi the iand surface, than is
provided by normal geologic mapping, is needed to discriminate bare soil, bare rock and
vegetated areas together with their geochemical and physical properties,

SUMMARY

To summarize, this discussion has reviewed the types and kinds of geologic and
hydrologic information required for evaluation of potential contamination of ground and
surface waters, with some of the limitations on such information and some of the diffi-
cult problems remaining to be solved. In general, topographic, geologic and hydrologic
data will be nceded in varying detail over an extensive area for any proposed nuclear
explosion, Most of rthis data will have multiple uses in the safety, technical and support

programs.

Some of the problems remaining to be solved are common to oiher activities of
tho AEC, In particular, the disposul of radivactive wastes 1o the ground and the resultant
possibility of contaminating ground and surface water. The solution of some of the more
difficult problems, such as the rate and direction of flow of potentially contaminated
ground water, must be sought on a lung-term continuing basis by ail groups competent

and interested in such studies.
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CHAPTER 111 —

GROILIND WATER CONTAMINATION PREDICTIONS

By Louis B. Werner, Project Manager
Hazleton Nuclear Science Corporation
Palo Alto, California

INTRODUCTION

Contamination of watexr by debris from nuclear detonations has becn regarded
for some time as a potential hazard to man and has been the subject of past studies and
control measures designed to safeguard the public. Current practice of limiting nuclear
detonations to underground emplacement climinates or reduces widespread radioactive
fallout. But petential contamination of ground water must be considered. Operational
safety evaluations are performed routinely to advise the rest manager of the probable
extent of water contamination, if any, and its practical significance with respect 10

current and future testing programs,

Field data demonstra.ing actual radionuclide contamination of ground water are
scarce for any of scveral tests which have been tired 1n saturated media, and only
limited ficld programs are underway to provide such data,

Nevertheless, analyvsis of known features of past shots shows that contamination of
ground water is a virtual certainty for certain shots, and will occur in future shots. As
a reminder of the magnitude of contamination porential, one can calculate that sufficient
$r90 is produced by one kiloton of fission yield to contaminate 1,7 million acre-feet of
water to the maximum permissible concentration (MPC) set by the National Committee
on  Radiation Protection (NCRP) and the International Commission on Radiological
Protection for this nuclide {or potable water. However, it should be added that sorption
on geologic materials, and in somce cases the time required for movement of ground
water and radionuclides, make it virtwally inconceivable that this degree of water con-
tamination would occur at water use points,

Radioactive contamination of ground water from controlled waste disposal prac-
tices has bheen obscerved at sceveral locations, At Hanford, tritium concentration in ground
water exceeds maximum permissable concentrations for drinking water for continuous
nonoccupational consumption (I 8 10-3 gc/ml) at distances up to 6 miles rrom waste
discharge points.

Examples of anaiogous contamination of ground water by chemical products illus-
trate the economic significance of uncomrolled disposal practices. At Rncky Mountain
Arscnal near Denver, chemical wastes have rendercd ground water in 0-1/72 sqoare
miles of land unsuitable for agricultural or domestic use, Land values alone in this
instance are about 2.5 million dollars, There is no evidence at present that suggests
that apalogous unintentional nuclear contamination of water supplies has occurred,
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of public safety the Nevada Operations Office has recognized the
nced for day-to-day opcorational evaluations of ground watcr contamination, and also,

In the interest

the need for improvements in the capability to predict contamination reliably, By this
means, & more reliable basis also should be provided for evaluation of possible depreci-
ation in value of natural water resources.

METHODS OF GROUND WATER CONTAMINATION PREDICTION

To estimale the probable extent of water contamination, it is nccessary to combine
information concerning phenomenology of nuclear detonations with nuclear, chemical,
hydrologic, geologic, and biologic data. In presenting the mcthod of estimating contami-
nation of water, as well as the long-range study program, it may be helpful to consider
the chronological sequence of events from formation of contaminanis to possible contact

with pcople.

Calculation of hazard requires that radionuclides be identificed, quamiti(.s and con-
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be provzded which are applicable to the particular radionuclides produced and circum-

srances of e tesi.

CONTAMINANT PRODUCTION

Possible contaminants consist of fission products, fusion products, and nculron-
induced activities. The location of these radioactive products is shown schematically
by Figure 3.1 in the initial cavity shortly after detonation in an underground emplacement,
Most products are present in the cavity in a gascous state mixed with other cavity gases,
such as water vapor. Melt lines the walls of the cavity. Radioactivities which arce in-
duced in the geologic medium outside the cavity walls may appear in the melt,

A  FISSION PRODUCTS

B8  FUSION PRODUCTS

il  iNDuceop DEvice

ACTIVITIES
® INDUCED GEOLOGICAL
ACTIVITIES
B MELT
BB GAS

Figure 3.0 Schematic Showing Location of Radicective Products in
Initial Caity Formation.
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Radionuclides produced by fission are well-known and the quantities of each are
rcadily calculated at various times. The following table lists nine fission products hav-
g the most contribution to radioactivity with over 0.5 year half-life,

Half-life Activity

{years) (curies /KT)
celd?d 0.78 5600
pm 147 2.5 810
Ru106 1.0 530
Cs 137 28. 180
sr90 30. 160
spl2d 2.7 67
EulSs 1.7 36
Kr85 10.4 23
sm1d1 90. 5.1

These are radionuclide products of spectrum fission of U233, [t may be seen that Cel44
contributes more radiocactivity than any other f{ission product. But for various reasons,
LS 1dUIVHUCLINE 1S 1€8SS Udzd41dous d8 & polenllgl WAler CONZIMLIANL thail O1 7~ wisiil
contrihnteg 2 lezzey aoonar of vadinactivity, G813/, which should be important, is so

effectively sorbed by many minerals that concentrations in water and rate of transport
by water are negligible under most conditions.

Of course, tritium is the important radiocactive praduct of fusion reactions. It is
reported in the unclassified literature that about 5,00C curies or tritiuin are formed per

kiloton of fusion yield.

Excess ncutrons froem fission or fusion absorbed by marerials of the device, or
surrounding it, produce various activation products. The species and quantities of these
products vary with clemental composition of device components, materials around the
device, and the geologic medium. Neutron-absorbing .materials may be added which
result in necnradionetive products, and hence decrease relatively the amouit of radio-
activity produced as a resuit of neutron capture. Characteristics of the neutron flux are
influenced by the device type. These characteristics arc important, also. Results of a
calculation are listed in the following table for a simple case oif thermal neutron acti-
vation of a geologic medium having the average composition of the carth’s crust.

Half-life Activity

‘years) (curies /KT) Reaction
Fe % 2.7 200 Fet (n, yy Fed3
Ccatd 0.44 80 catt (n,y)catd
n3 12.26 80 LiS  (, a)H3
Co %0 5.27 8 Co%% (n,y) CotO
Fuls2 13 5 Euldl (n,y) EulS2

Yields of radicactivity may be seen to be about an order-of ~-magnitude lower than for
fission products, but of course, become more significant in high fusion yield devices.
Of possible interest among these nuclides is the presence of substantial amounts of Co00,
These estimates of yield have proved useful for general orientation and discussion, hut
of course are not valid for detonations in drastically different media, such as salt, Also,
there may be circumstances in which shorter-lived radionuclides necd te be considered.
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Induced radionuclides from device and emplacement components, <uch as iron in
casings, can contribute large amounts of radioactivity. Because of variability of design,
each device and emplacement must be individually considered,

Spatial Distribution, Physical and Chemical States of Contaminants

Once the identities and quantities of contaminants have been determined; the
question of their distribution in space and time arises, particularly with reference to
location of water-bearing zones or aquifers. Recognized as two of the important mechan-
isms which may result in outward movement of radionurlides from the initial cavity
are melt and gas injectioninto fractures, and the penetration of rubbic aind othcéy porous
media by gaseous radionuclides. These phenomena are related to entrance of contami-
nants into water-bearing zones and to rate of transport away from the shot point. An
instant after formation, the cavity is presumed to contain gaseous materials at high
temperatures and pressures. The resulis of an analysis of possible subsequent events
are illustrated in Figure 3.2, This study was made as part of the long-range safety
studles. Consideration of stresses anout the cavuy led to the conclus1on that fractures
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tures until deplzted by injection and by rununing to the bottom of the cavity. Gas then
enters fractures, further opening and extending them.

In Figure 3.2, the detonation is depicted as having occurred below the water table
within a single stratigraphic unit that overlays a second water-bearing formation which
also has been penetrated by fractures and presumably contaminated. Such penctration
would be especially interesting if the deeper formation were more higilly conductive
and thereby provided a mechanism for more rapid transport of contaminated water to
use points at some distance from the test site. Although this seems a reasonable con-
ceptunl description of phenomena which are believed to occur at this time, it is largely
a qualitative one. The fracture frequency and extent of contaminant penetration arc twe
important parameters that are shown in Figure 3.2 of which liftle experimental data
exist. Much more basic data are nceded from which to derive more quantitative
descriptions.

Subseguent cvents arc shown in Figure 3.3 as a verrical chimney results. Cavity
collapse, which generally occurs in underground detonations, results in further dis-
persal of volatile radionuclides. Collapse takes place as roof support ceases, either
by diminishment of support pressure by cooling of gas, or equalization of gas pressure
around roof blocks by gas injection.

Those radionuclides, which are in a gaseous state, move progressively upward as
gas in the cavity is displaced; condensing as the temperature is lowered through contact
with fresh rock surface, or by radioactive decay of short-lived rarc gas precursors to
condensable daughter radicelements. As a result, certain radionuclides, such as Sr90
and Cs137, appear (o become distributed throughout a highly water-pcrmcablc mass of
rock, probably in soluble form. Available cvidence suggests that most radionuclides and
over two-thirds of ihe total radioactivity are associaied with ihe suiidified imelt. Mich
more data are needed on contaminant disrribution and coticentrations, and the chemical
states of contaminants to estimate accurately rhe degree of solubility of various radio-
contaminant in melt, rubble, and fractures when contacted by ground water.

Entry of Contaminants into Hydrologic Systems
After detonation in a saturated medium, various mechanisms can be visualized by

which water enters the rubble chimney or cavity. One of these mechanisms, shown in
Figure 3.4, results in adepressioninwater level if one assumes that water, which existed
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in the region of the rubble cnimuey below the water table, was displaced by the detona-
tion, As a result, water flows from the surrounding medium and filling of the cavity or
voids in the rubble chimney occurs with the consequent dissolution of contaminant debris,

Figure 3.4. Entry of Contaminants into Water.

To censider dissolution of the solidified glassy melt, assume that 500 tons of melt
are produced in a silicate medium per kiloton of yield for a pure fission device, Aftexr
equilibration of the melt with ground water, the estimated concentrations of radionuclides
in watcr axc listed in the following table,

Time for Radioactive

Decay to
Concentration Recommended Recommended
TV, in Water Concentration Concentration
V2
(years) (pre/mly NCRP (pc/ml) (years)
cel¥d 0.78 1x 1073 1x107° ~5
pmi47 2.5 2x 1074 2x 107t ——
RulUo 1.0 1x 10 1x107° ~3
Fe?d 2.7 4x107° 8 x 107 -
Cs137 30. 3x 1070 2x107° ~20
90 28. 3x10° 1x107 ~230
catd 0.44 2x107° 9x1p® ~1
Eul®5 1.7 g x 106 2x 107t —
cafC 5.27 2x 1076 5x 1070 —

Eul52 13. 1 x 108 8x10°° -
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These volues were derived by using about 100 ppm for solubility of amorphous silica
and silica rocks, and assuming ail cations to be dissolved to an cqual extent. The re-
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quired time is shown fer decay of C
these concentrations of radionuclides are in excess of MCP values. Further reduction
in coicentrarions should occur, since sorption and precipitation processes were neglected,

It is unlikely that melt dissolution offers a long-term deterrent to use of water.

Also, concentrations of radionuclides have been estimated in a rubble chimney
filled with water by assuming that a mixed-batch process occurs in which radionuclides
are uniformly distributed within the confines of the chimney. Entry of radionuclides into
water may be estimated from consideration of two simultancously occurring processes.
These are the solution of radionuclides from the debris and the sorption of dissolved
radionuclides onto the exposed surface of solids. Distribution of radionuclides between
aqueous and solid phases have been measured in the laboratory and expressed as distri-
bution coefficients (Kg).

Valucs determinad for Ky in the laborarory may be used to calculate concentrations
in chimney water; aithough results undoubtedly would be underestimated due to large-
sized fragments found in rubble chimneys.

Figure 3.5 shows calculared Sr90 concentrarion as a function of device yield and Kqa
value in rubble chimney water. For materials shown, all concentrations, calculated with
the lisred assumptions, exceed NCRDP reocommended MPCs.

TALTEN L
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Figure 3,5, Calculated $r%0 Concentration as Function of Detvice Yield
and K 4 Value in Rubble Chimney Water.
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Consideration of sorption does not apply in the case of tritium. Lstimated concen-
trations of tritium are listed in the following table for a 90 percent fusion device in a
rubble chimney filled with water.

Time to
Concentration Acceptabie
Yield Tritium Level
(KT} (g c/ml) (years)
100 6.0 x 10° ~95
1000 1.2 x 108 ~105

These data sugge:t that concentrations may result several orders-of-magnituée greater
than MPC {1 x 10~ 3 jc/m1) from underground detonation of fusion devices.

Transport of Contaminants within Hydrologic System

Significant contamination of water takes place in the clese vicinity of an under-
egromnd  detonarion in a <atnrared medium. in applications in which carly access to the
rubble is desired or where dewatering of the environs is required, such as in mining
applications, safe digposal of potentially large volumes of contaminated water would
become a practical problem. In other cases, during the time required for contaminated
water to travel to points of use, hazards decrease due to several factors., These are radio-
active decay, decrease in radionuclide concentrations by dilution by uncontaminated
water, and reiardation of rate of movement due to sorption which delays appearance of
radionuclides. Conditions of transport are depicted in Figure 3.6. A rubble chimney is
shown filled with contaminated water flowing from left to right in the direction of origi-
nal ground-water movement. Radionuclides, which are sorbed onto geologic media,
move at 2 slower rate than water. If sorption coefficients and sufficicnt knowledge of
the hydrclogic system exist, an esuimate can be made on the arrival time of contami-
nants at a location downgradient. Wide variations in velocity of regional water movement
exist, and sorptive properties of the medium may be quite variable over the area under
congideration. For example, carhonate rocks, such as the deep-lying Paleczoics at
Nevada Test Site, are often highly conductive and generally may have lower Kq values
than other media. Capability to reliably predict contaminant transport is particularly
limited by lack of adequate information on the rate and direction of water flow, and the

relative rate of contaminant transport.

In Figure 3.7, transport conditions are shown by a cross-section of a canal with
the water level above the regional water table. Also identified are location of contami-
nants, fallback from the detonation, and the rupture zone. Water moves from the canal
through contaminated fallback and the rupture zone into ground water. If the regional
water table were higher than canal water level, the direction of movement of water would
be through failback into the canal. Therefors, contaminants would move into the canal
water. Several important items of information are essential for calculation of effects for
a cenal siwsation. These are infiitranon rate, rate and direction of water fiow, and reia-
tive rate of contaminant transport.

Hydrologic Safety Criteria

Finally, if an estimate of radionuclide concentration has been made for some paint
in time and space, criteria must be applied to ascertain the significance of the esti-
mated concentrations in terms of radiological hazard. In the past, various criteria have
been vsed; for example, MPC for conrinuous, nonoccupational internal consumption, for
40 hours-per-week occupaticnal exposure, cr for emergency use of drinking water. Some
aspects of the problem of availability and application of relevant criteria arc shown in
Figure 3.8, which depicts various uses of water and routes by which contaminants in
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water reach man. Criteria, other than for domestic use of water, have not been formu-
lated. Water use criteria could be conceivably more or less stringent than MPC {for
drinking water., For example, a case has been studied where agricultural use of river
water, contaminated with reactor effluents to tow levels of Cs137, would have created a
greater external radiation problem to farm workers because of sorption on soil than the
internal hazard which would have rvesulted from use of the same water for drinking pur-
poses. An important consideration is the potential concentration of radionuclides in the
cecologic systems, particularly in food-chains leading to man as shown in Figure 3.8.
f.evels which might be quite safe for drinking water, posc a porential source of high
concentrations of contaminants in ingested foods. To illustrate, concentration factors
from 56 to 100,000 have been reported for various radionuclides in fish in the Columbia
River and White Oak Lake. LULittle guidance is available for evaluating significance of
such effects. The establishment of applicable MPC’s and evaluation of significance of
concentration factors are needed to provide adequate radiologic criteria,

—
1

domaestic

agricultural ecologic factors

Pigure 3.8, Radiniogic Criieria of Water Usage and Contaminant Routes
to Humans.

DATA REQUIREMENTS AND LONG-RANGE PROGRAM

It now should be apparent from the above discussion as to where some of the
principal nceds lie for additional data and basic studies. An attempt is being made to
meet these needs in the ground water program by data acquisition, analytical and
theoretical studies, and laboratory experiments. Data is being accumulated from the
published literature and from operational agencies, such as U, S, Geolugical Survey,

the Lawrence Radiation Laboratory (LRL), and the Los Alamos Scicntific Laboratory
(1.ASL),




Some of the long-range studies and data requirements in various program arcas
arc discussed below.

Contaminanis Produced by Detonations

An extensive effort is being undertaken by LRL to calculate quantities of radio-
nuclides produced by Plowshare detonations. In weapons tests, there may be less atten-
tion being given toacontaminant production. Innovatjons in device design and modifica-
rions of the device environment require constant review of potential contaminants of
water, for example, as proposed by addition of oxidizing compounds. To the degree that
sufficient information is not available, or cannot be obtained from other sources, it is
proposed to extend estimation of yields of radionuclides produced by neutron activation
of geologic materials to other media and ncutron flux conditions. The method of estima-
tion, which by necessity is an approximate one due to the complex nature of the time-
space-cnergy varjation of neutron fluxes produced by nuclear devices, should be checked
against experimental data for accuracy. Information from the labcratories on the char-
acteristies of these fluxes and the elemental composition of all significant quantities of
matcerials in, or placed near, devices is essential for this work.

Spatial Distriburion, Physical and Chemical Srares

The analytic study performed to estimate melt and gas injection intc fractures
appears to have provided some useful information on contaminant distribution, Predicted
cracking radii are uncertain by a substantial amount, especially in the downward direc-
tion, This is significant in some cases with respect to initial contaminant distribution
and subsequent water flow., Additional field dara and theoretical studies of this type are
needed. Physical chemical states, as related to solubility of explosion-radionuclides,
will be estimated by using available data and from fieid sampling and laboratory analyti-
cal studies.

Entry of Contaminants into Hydrologic Systems

The question of the extent to which contaminants enter ground-water systems is
determined only in part by their solubility properties, It is at least as important to know
how water comes into contact with contaminants. Very little is known about the effects
of & detonation on a hydrologic system and movement of water into explosion zones.

In view of the complexity of flow problems, it is proposed to find an approximate
solution by modeiing studies. Recommendations will be made for additional studies at
sites, such as Bilby in Yucca Flat, where a detonation took place in a saturated medium.

Transport of Contaminants within Hydrologic Systemszs

This is simuitaneously one of the most difficult and important problem areas with
respect to offsite movement of water. Very little car be said quantitatively about the
rate and direction of water movement, and hence of contaminant movement without
infimare knawledye of rhe hydrngenlngic ayarem. For complex systems, analytic selu-
tions are difficult, There is some hope that model and computer techmques will simplify

calculations for certain cases where sufficient data are available,

Measurements of rate of movement of contaminants have been made on a field
scate by well injection of radiotracers into ground water and pumping a nearby sampting
well, If radionuclide retardation in the field could be determined by single-well tracer
injection and pumping, costs of drilling a second well for sampling might be saved. This
technigque witl be evaluated and supported by alimited number of laboratory experiments,

Work will also be done to cvaluate surface transport of contaminants by wind and
rvain that may result in contamination of water supplics or recharge of contamirants to
ground water.




Hydrologic Safety Criteria

MPC’s or radioactivity concentration guides, which have been used to denote
maximum acceptable amounts of radionuclides in water, are undergoing review and
change by promulgating agencies. Studies are being conducted which may alter the
bases upon which criteria are set, Recent results indicate a shorter biological half-life
for retention of Sr90 in the body than had been thought earlier, and might justify raising
the MPC for Sr%0 significantly. In the future, information developed by the water con-
tamination study will be compared with any new criteria established by regulatory
agencies, and the significance of contamination of water supplies evaluated.

SUMMARY

In summary, phenomena from production of explosion-radionuclides to their
ingestion by man have bcen reviewed sequentially, and factors discussed concerning the
calculation of water coutamination hazard. Much required information is lacking and
remains to be developed. Input is required from other grcups working on associated
problems, and a long-range water contamination sgtudy is under way to improve the

state-of~the~art.

Present capabilities do not permit accurate predictions, nor is it possible to cal-
culate the error of current predictions. As an educated guess, the present accuracy of
predicting concentrations at distant locations may be no better than many orders-
of-magnitude, Nuclear detonations are potentially significant sources of contamination
oi water resources, but rauny factors tend to mitigate this potential, There are no data
to suggest that adequate safety has not been achieved in past events.

Program ol,cctives are directed toward achieving a better understonding of the
parameters for controlling contamination and transport prccesses. This should be
possible for a wide range of conditions td insure public safety and to do so in the most

cconomical manner.
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CHAPTER IV

GEOLOGICAL CONSIDERATIONS

By Frank W. Stead, Research Geologist
nited States Geological Survey
Denver, Colorado

INTROBUCTION

‘The Geological Survey provides a variety of needed geelogic infusmation to evalu-
cte the suimmmic saicty aspects of a particular nuclear explosion. The required data
range from being as detailed as possible close-in to the point of explosion to broadly
generalized over an area of hundreds of square mileg, or possibly stated better as
hundreds of cubic miles. In contrast tn potential water contamination considerations,
which requirc data on the geochemical and flow properties of the environment, seismic
safcly considerations primarily require data on the physical properties of the envir-
onment,

A sharp distinction exists between safety considerations bearing on potential
water contamination and those for seismic effects. Potential water contamination is
long-term and can extend over tens if not hundreds of years; further, remedial action
can be taken if contaminated water should be discovered moving in unanticipated direc-
tions after an explosion, Seismic effects are immediate at the time of explosion, and it
follows that all geologic information, possibly usefui in predicting structural damage,
must be acquired well in advance of a proposed explosion. The amount of information
obtained before an explosion cannot be cut back on the grounds that later remedial action
can be taken,

GEOLOGY RELATED TO SEISMIC SAFETY CONSIDERATIONS

Geologic Environment, Nevada Test Site

The block diagram of Yucca Flat in Figure 2.1 illustrates some of the needed
regional geologic data. In particular, the physical properties of these rocks are impor-
tant, such as the location and orvientation of faults of breakage planes.

For example, some of the faults shown on the front face of the block diagram break
through and offsct only the older Paleozoic rocks and have no effect on the overlying
younger rocks. The major Yuccafault, along which very recent movements have occurred,
clearly breaks through and offsets all the rocks. At the north edge of the biock, the
Yucca fault cuts through the small granite mass, in which the 5-kiloton Hardhat event
was detonated at a depth of about 1,000 fect. To the cast of the fault, the granite is
concealed by the alluvium, and is downdropped at least 1,000 feet, possibly sceveral
thousand fect. The scismic cnergy moving owtward from the point of explosion would be
distorted by the asymmetry of the geologic cnvironment for an underground nuclear
explosion, such as the Hardhat event which was detonated at about point “G” in the
granite mass. To the east, the scismic energy would initially propagate outward through
a considerable thickness of alluvium and tuff; to the west, the enexgy would move through
Paleozoic rocks with markedly different physical properties.
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Velocity and Density for Yucca Flag, Nevada Test Site

The diagrammatic section through central Yucca Flat in Figure 2.2 shows the
sonic velocities and densities for each of the rock types. These background data are
required input for calculating the transmission of seismic energy, the resultant ground

motion, and the possibility of structural damage.

Ir will be noted that the densities of the alluvium and che tuffs are about the same,

and are in marked contrast to the much higher density of the urderlying Palcozoic rocks

This density contrast permits us to interpret the depth to the older Paleozoic rocks
For example, the buried ridge of Paleozoic rock immedi-

from surface gravity dara,
ately to the west of the Yucca fault was predicted on the basis of a gravity survey, and
was confirmed by a shallow drill hole which penetrated Paleozoic dolomite at a depth of

100 feet.

Dependent on the point of an underground explosion,
possibility of structural damage might be much different over such a buried ridge of
high velocity rock than it would be over a deep trough filled with alluvium and

the ground motion and the

dense, :loci :
tuff. Thus, it tollows that the geologic character of rthe site of any structure near a
major explusion mwusi be provided in reasonable detail, and not broadly generalized.

Atlthough gravity and scismic suivey meihods can bo used succegsfull
it is imperative that some knowledge of the density and velocuy d1strwunon with

areas,
increasing depth is in hand; otherwise, the interpretation of the raw geophysical data
must assume a density and velocity distribution. It follows that in niew or complex areas

a few deep exploratory drill holes are needed.

Surtace Fractures in Yucca Flat
some of the nostexplosion effects and

Moving closer to the point of explosion,
their relation to geclogic structure are shown in Figure 4.1. The natural faules, with
g. Concealed faults, inferred

observable surface expression, are shown in solid black line
from geophysical methods, are shown by dotted lines, Explosion-produced fracture

observable at the surface, are shown by dashed lines
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{t will be noted that the explosion-produced fractures tend to coincide with the pre-
existing fractures, suggesting the possibility of renewed movement or differential com-
paction along the cld fadalt plancs.

Of more interest, the Bandicoot event, an underground explosion Jocated almost
on the subsurface fault inferred from gcophysical data, vented to the atmosphere, This
illustrates a nmajor requirement in evaluating the possibility of venting, that is, the pro-
vision of thc best possible ihrece-dimensional interpretation of faulrs, joints, and other
planes of structural weakness in the rocks around a proposed underground nuclear ex-
plosion. Such data are nceded out to a radius of a few thousand feet from the explosion,
and to a depth at least cquivalent to the depth of burst.

Geologic Section, Areas 19 and 20, Nevada Toest Site

Figure 4.2 snows a geologic cross-section of Pahute Mesa, covering a 200 square
mite area in rthe northwest extension of the Nevada Test Siie. This vertical section,
where the test depth will be about 4,500 feet, illustrates the complexnty of the
volcanic rocks at depth and the numerous faults that cut through the rocks. This inter-
prewation 1s based on one deep drili hole, b vacess of 12,300 feet, and on a few 5,U0u-
foot drill holes. Aithough sonie of the rock units can he projected into this area from
adjacent arecas, where they can be observed and geologically mapped; volcanic rock
unitss, such as lava flows are not continuous ii thickness ox composition over any sig-
nificant distance. As indicated, the velocity and density contrast among the various rock
units 1s smaii. This lack of contrasy sharply reducec rthe effecriveness of present geo-
physical methods, such as gravity and seismic surveys, for defining rock type and struc-
ture at depths of 1 to 2 miles. Every tidbit of information, nu matter how indirect, from
cach of the widely spaced exploratory drill holes must be used in interpretation of the

geologic setting at depth.
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Figure 4.2 Geologic Cross-Scction of Pabute Mesa, Nevada test Site,
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Favorable Areas fur Testing in Areas 19 and 20, Nevada Test Site

Figure 4.3 is an interpretive map showing the favorable arcas for the under-
ground testing of intermediate~yield nuctear devices in Areas 19 and 20 of the northwest
extension of the Nevada Test Site. The geologic cross-scction along tine A-A’ on the map
is given in Figurc 4.2.

This map expresses the usc of a wide variety of information, inciuding surface
geologic mapping, dritl-hole sample data, hydraulic pumping tests, and surface and in-
hole geophysical surveys. In essence this map shows the combination and interpretation
of all currently available information, guided by two major criteria; first, the spacing
of major fault planes at more than 2,600 feet apart at a depth of 4,300 feet, because
the possibility of venting radioactive debris to the atmaosphere along fault planes is a
major seismic safety consideration; and second, the rock types, at depths between 2,000
and 5,000 feet below the surface, which have low transmissibility to ground-water move-
ment. The latter is both a construction congideration and a hydrologic safety consid-

cration.
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Thus guided, the subsurface information has been projected to the surface to
indicate the relative favorability of local arcas for testing nuclear devices at depth,
It is immediately obvious, by using these two criteria which are highly conservative
and reflect the problems  imposed by nuclear cexplosions of the maximum proposcd
yield, that most of the overall arca s not favorable, If explosions of smaller yiclds
are proposcd, then much of the overall area indicated as marginally favorable could be
considered favorabie,
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Geologic  Section, International Mineral and Chemical Corp. GMCC) Potash Mine to
Project Gnome Siwe

Figure 4.4 is a geologic scction from the Project Gnome site through the IMCC
potash mines about 9 miles north of the 3-kiloton nuclear explosion. Most of this area,
near Carlsbad, New Mexico, is covered by dune sands where a surface geologic map
would not be particularly useful. Essentially all the data here shown come from deep
exploration drill holes for petrolcum and potash ore.
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Figure 4.4, North to South Geologic Section (hrough IMCC Potash Mine
to Project Gnome Sile.

Of particular importance to evaluation of ground motion from the nuciear explosion
is the marked velocity layering, that is, alternating high and low sonic velocities with
increasing depth. Such a geologic sctting opens up the possibility of wave guide or
ducting effects as the seismic wave energy moves out from the point of explosion. It
will be noted that the depth of the Project Gnome explosion, at 1,200 feet below the
surface, is very close to the depth of the IMCC potash mine, and that both the Gnome
explosion and the IMCC mine are in essentially the same salt beds.

Such geologic sections providing structure, velecity, and density data are needed
radially from the point of any proposed underground oxplosion to lucatities where ground
motion might cause structural damage to mines, pipelines, oil and gas wells, and large
surface installations.

Project Dribble, Velocity Sections

Figure 4.5 15 the Project Dribble site in southern Mississippi showing the tocation
of velocity sections radiating out from the Tarum sah dome in which the Salmon nuclear
cevent was detonated, In this case, the velocity sections serve a two-told purpose: first, 1o
provide data for scismic safery considerations, that is, Jor proedicting ground motion; and
second, to characterize the symmetry of the environment as necded input for the fong-
distance scismic detection studies under the Vela Uniform program.,

Fortunately, this arca of several thousand square miles has numerous deep ail-
exploratory drill holes as shown by the black dots. These drift holes provided extensive
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data at depth on the structure, stratigraphy, the physical properties of the rock units,
and the tocation and amount of fresh water, saline water, oil, and natural gas.

0
SALT DOMES

OlL FIELDS —

=

HATTIESBURG .
CONTROL WELLS

Figure 4.5. Project Dribble, Laocation of Velocity Sections.

Less than 8 miles to the southwest of the Project Dribble site is the Baxterville
oil field with numerous preductive oil wells. Velocity section No. 5 passes through this
field and provides data for evaluvating ground motivon avd possible structural damage.

Project Dribble, Section No, 7

Section No. 7 of Project Dribble is 24 miles long and abowt 2 miles deep as shown
in Figure 4.6. It 1s typical of the cight velocity scctions prepared for Project Dribble.
The primary control data {or this section came from the three exploratory drill holes
whose location and iotal depth arce indicated on the section; secondary data came from
nine additional drill holes.

Geologically, this section shows part of a deep scedimentary basia, probabty in
excess of 30,000 feet to the underlying crystailine rocks, The sedimentary rocks in this
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Figure 4.6, Stratigraphic dnd Velocity Cross-Section No. 7, Project
Dribble.

basin are characterized by relative uniformity over long distances and by essentially
no major faults, in marked contrast to the complex stratigraphy and struciure of the
volcanic rocks at the Nevada Test Site.

Only the continuous high velocity zones, greater than 10,000 feet per second, and
continuous low velecity zones, less than 1C "0 -t per second, are skown on the sec~
tion. The zones not so indicated have varidi..¢ sonic velocities and densities; that is,
the velocity in a particular sedimentary bed or unit varies from high to low between

adjacent drill holes.

Tatum Salt Dome

One of the best ways to assist in visualizing a complex geologic environment is
to prepare a scale model, such as shown in Figure 4.7 for the Tatum salt donwe. This
model is at a scale of 500 feet to the inch, to a depth of three miles, and with a cross
section out fromthe center of the dome about 2 miles tong. The point of burst of the under-
ground nuclear explosion — the planned S-kiloton Salmon event — is indicated by the black
dot on the 2,500-foot level,

By inspection, rhe position of the point of explosion in respect to the top and sides
of the salt intrusive can be determined. As an aid in cvaluating containment of the
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explosion, that is, the possibility of explosion-produced fractures extending cutside of
the salt mass, and thus providing channels for radioactive contamination, such a model
showing the irregularity in shape permits rapid identification of the minimum distance
from the explosion to the salt bourdary,

On the section across the top and down the side of the salt mass, the principal
water~bearing zones are shown as fresh water and salinc vater. In terms of possibie
contamination of water, this illustrates another .problem that must be considered. In
addijtion to considering contamination by radionuclides, there is also the possibility of
explosion~produced fractures breaking through between water-bearing zones and allowing
contamination of fresh water by salt water.

SUMMARY

The geologic information needed in support of seismic safery considerations
includes information on rock layering, the structures, the sonic velocities, and the densi-
ties of the environment to considerable depths below the surface, and radially outward
to tens of miles. As demonstrated by the examples shown, the geologic environment of
each proposed underground nuclear explosion tends to be quite different and must be
determined on an individual basis.. The properties of a new site cannot be generalized
with sufficienr accuracy whara information at denth ie lacking, In come areac anch as
southern Mississippi, considerable geologic information at depth is already available
because of previous petroieum and mining industry activities. In other areas, little if
any information at depth is availabie, which would necessitate rather extensive geologic
exnloration at a proposed site.

The limitations on obtaining adequate geologic information at depths, such as 1
or 2 mileg, are primarily economic rather than technical. Given sufficient funds for
deep-hole exploration, the geologic environment of any proposed site of a nuclear explosion
can be determined within a predetermined accuracy.
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CHAPTER V o
BlE|E|R'S

GROUND MOTION

By Roland F. Beers, President
Roiand F. Beers, Inc.
Alexandria, Virginia

Roland F, Beers, Inc., is assigned by contract the responsibility of providing
NVOO with predictions of the shock and seismic effects of underground nuclear detona-
tions. This work concentrates on predicting the type and magnituie of ground motion
and how this motion will affect containment of the shot; and also, the extent of damage
that may occur to¢ underground structures, Relative numbers define the amount of ground
movement from surface zero out to the limits of human perception, These predictions
are made for wide variety of tests at the specific direction of the contracting adminis-
trator. In the past these predictions ranged from those for shallow cratering shots to
deeply buried, high yield events. This involves studying variations in geology and em-
placement, as well as yields.

The AEC Manual defines the safety responsibilities of NVOO, Weapons laboratories
and interested agencies are fully aware of the need for adeqguatc safcty precautions. But
the responsibility for safety ultimately falls upon the Atomic Energy Commission, In
this respect the established policy of industrial operaticns is followed, where a system
of independent control of safety is common practice. There is no interference with oh-
jectives of the scientific program or obstruction to the indispensable drive for achieve-
ment in nuclear progress. In short, the NVOO Safety Program provides an independent
system of checks and balances. This is absolutely essential to insure confidence that
nuclear testing will always move forward effectively, but remain safely under control.

Activities in support of the NVOO Safety Program generally consist of a mixture
of established routine, improvisation and experimentation. The collected data and knowl-
edge are cumulative. Each year brings improvement in the degree of reliability and con-
fidence. Experience improves the acquired ability to overcome new and wuore formidable
problems.

In coping with a static problem, success moves forward at an uneven rate. However,
with dynamic problems in nuclear testing, pursuit of the moving target must progress
rapidly to promptly intercept and grasp new factors.

The safest testing progrant must be very conscrvative. To obtain optimum test
conditions, it is more realistic to strive for high accuracy in analyzing test'designs
prior to their detonation. New and valuable concepts develop, and innovations accelerate
the rate of nuclear progress. Safety provisions must be adequate but commensurate
with the expediency of the testing programs in the development of weapons and peaceful
nuclear applications.
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Substantial advances have been made in the past 2 years to increase confidence in
predictions resulting from theoretical and experimental studies. The studies include
shock waves, seismic propagation and the geology of shot environments. These factors
arc reclated to the problems of containment, seismic propagation and the terminal effects
of ground motion, Data processing systems have been designed for these studies. Equip-
ment has beern installed and ground motion data have been processed from scores of

events.

All these efforts have led to correlation between ground motion and distance for
various yields in a variety of geological settings. Computer programs have been developed
to calculate the effects where surface rock and soil are thrown upward, such as in the
spalling phenomena. Other programs derive true ground motions from field records,
and determis: seismic waveform frequency- and energy-content.

Detailed engineering analyses have been made of meore than a hundred shots.
These serve as a basis for improving methods used in evaluating containment. Com-

puter programs have been developed for use on models of containment and close-in
tcrminal cffects. Doy to day current studies ave thus based on the results of all avail-
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uble past rests. The objective is to deepen the understanding of all aspects of ground

motion and venting, and to thereby insure greater reliability in achieving conzainment
and avoiding damaging motions.

Theoretical studies have been purs:ed in five areas:
(1) The nuclear device as a source of energy.

(2) Thermodynamic equations describing the state-o
of-the shot media.

o~V e s

(3) Processes of encrgy conversion.

(4) The source model.
(3) Models for transmission of seismic wave energy throughvarious cuarini
Weapons development tests often include complex emplacement plans. These
consequently present new challenges in containment predictions which necessitate
theoretical studies. Current studies also emphasize possible damage to mines, wells
and underground openings. Additicnally, there are possibilities of triggering siides on
slopes and embankments. These are of particuiar interest in offsite tests. Increased
effort is devoted to planning field measurement programs that will yield better ground
motion data. Ultimately, this will improve the confidence in predicting greiund motions
over longer distances, larger yields and more varied geologic conditions.

The remaining discussion jis concerned with containment and venting, ground motion,
and damage to underground structures.

CONTAINMENT AND VENTING

When an underground detonatior. occurs, a cavity is produced, Fractured and dis-
turbed materials, resulting from shock waves racing outward, are found outside the
cavity, Their net effect is to produce fractures, plastic and elastic deformations of
material, and possible damage to structures, Figure 5.1 shows the formation of 4 cavity
with molten glass-like materials in a pool at the bottom, Radial fractures are developed
in the surrounding material, These may provide ducts for the injection of solid particles
and gases into the medium. At the free surface of the ground above the working point,
reflection of the shock waves may produce upward separation and cracking of the sur-
face layers, referred to as spalling. Spalling may extend from the surface down to some
predictabte depth and could provide channels for the possible escape of products of

the detonation,
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, Formation of Cavity with Associated Melting. Crushing and
Cracking.

Owing to the cavity size and fracwucing of earxth materiais surrounding i1, rubble
usually falls into the cavity, creating a chimney above the shot point as shown in Figure
5.2, The dimensions of this chimney will vary depending upon the yield, depth of burial

ocks., Because of the buiking nature of the rubble, the upward migrating
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Figures 5.4, 5.5 and 5.0 show schematically a sequence of cvents for a typical
hypothetical tunnel shot in rock with inclined bedding planes, Figure 5.4 shows sand
plugs placed prior to detonation at intervals along the tunnel as stemming devices to
delay passage of the shock waves down the drift, Figure 3.5 shows compressive shock
waves rushing outward from the detonation, squeezing tight the sand plugs or other
forms of stemming. As shown, stemming is vastly aided by implosive closure of the
tunnel itself. Figures 5.5 and 5.6 show compositely several possible mechanisms of
venting. Possible immediate mechanisms as shown in Figure 3.3, include radial frac-
tures which may develop and extend to the surface, Such fracturing may be aided by pre-
existing geologic structures, such as faults (A), bedding planes (B), or surface cracks
caused by spalling (C). Stemming of the emplacement tunnel may fail tc operate cor-
rectly, possibly due to gases by-passing the sand bag stemsiing, or tunuel closure, by
way of fractures (D) or preexisting bedding planes. Possible delayed mechanisms, as
shown in Figure 5.6, include leakage rhrough porous rubble of a chimney (E} or along
fissures created by slumping in conjunction with chimney creation (F).

Figure 5.3, Chimaney Extended 10 the Surface 1with Resaftant Subsidence
Crater.

R
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tagure 1. Composite of Possible Mechanisms of tmmediate Venting.

Figure 5.6. Composite of Possible Mechanisms of Delayed Venting.

The formation of surface spall, cavity, chimney and surface subsidence directly
affects containment of fission products. Each of thesc phenomena and the associated
venting mechanisms are closely controlled by physical properties of the medium, re-
quiring that cach geologic environment be treated separately, The U, S, Geological
Survey and other agencies provide data to compile a complete and accurate account
of the geolagy in local and nearby iegions inciuding e stratigraphy, lithology and physi-
cal propertics of the rocks, location and orientation of joints and faults, and hydrology.
Technical data must also be compiled from the event undex study as to the design yield,
maximum yicld, burial depth, chamber emplacement size and configuration, Calculations
arc made as o the expected cavity radius, the elastic radius, the cracking radius, the
extent of injection of radioactivity into the cracks, the chimney height and the depth of
spalling.,
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From a safety standpoint, the basic objective is to avoid venting without excessive
precautions for overcontainment. The total phenomenon and centributing mechanisms
must therefore be accurately and thoroughly understood.

Today, the principal limitations on evaluations for containment are geologic
uncertainties and a fack of sufficient empirical data. Data requiremenis to provide a
firm basis for future efforts encompass the bulk of terininai effects associated with an
underground nuclear detonation. Virtually no empirical information is presently available
on phenomena such as radial fracturing, radioactive injection into fractures, spalling
depths and the effects of geologic discontinuities. An understanding of these phencmena
is crucial to a containment evaluation. The quantity of data on available subjects is in-
sufficient to provide an accurate analysis of problem variables. Statistical methods for
treating these variables require a fund of data and are essential if risk factors are to
be understood. It is imperative to make a maximum effort in extracting all available

information during postshot work.

Better theoretical models are developed by obtaining this empirical data which
mav he used to extrapolate past results into predictions for high vield devices. Future
theoretical needs are:

(1) Methods of predicting pressure and teniperaiire-tine hisiory as 1aciors
in cavity formation,

(2) Improved procedures for obtaining pressure profiles.
(3) Improved models for the fracturing and spalling phenomena.

(4) Comprehension of strain and displacement effects upon the in sity physi-
cal environmeat,

GROUND MOTION

Present methods of predicring ground motion are based upon correlation (regres-
sion lines) derived from the recordings of all available previous tests. Regression
lines may be analyzed to scale amplitudes and other characteristics of ground motion
with respect to yield and distance from ground zero, Aiso, ground motion effects may be
predicted by applying analytical procedures bhased on equations of state-of-the shot
medium, This provides an independent approach to the previously described empirical
procedures,

Turning to general aspects of ground motion, only a fraction of the total energy of
the nuclear device is converted into elastic waves which radiate outward from the inner
zone of crushing, cracking and plastic deformation, These elastic waves temporarily
disturb the media, but do not produce. permanent changes in the surrounding earth,
Seismologists classify the principal modes of such elastic propagation as compressional,
shear, or surface waves, Measurements are in the form of particle acceleration, par-
ticle velocity and particle displacement,

Figure 5.7 shows a seismocgram of various phases of clastic waves arriving at
a given point at diffcrent times. These nhases include body waves, of which I’ is the
compressional mode and S is the shear or transversc mode, The surface waves in-
clude both Rayleigh and Love phases. The time of arrival and amplitude relations for
these various waves will vary depending upon the distance from the source,
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Figure 5.7, Seismogram of Various Phases of Elastic Waves Artivine at
a Given Point at Dillerent Times.

Figurc 3.8 shows wave mwotions being rocorded along three orthogonal axes.
Peak motions that do not occur along one of these axes, must he determined by analyz-
ing vector products. Ground motion i€ a complicated phenomenon, comprising a sequence
of disturbances of different cimracier at each point, They arrive by different paths
and at different velocities in complex sequences at different times. Analysis of the
individual waveforms requires separation and ideiitification of the different phases. It
also demands knowledge of the paths by which they travel, and an understanding of their
attenuation and waveform changes with distance. This calls for complex computer and
data-processing methods, using high-speed digital and analog cquipmcnt. Analyzing
the scparation of different phases is worthwhile, because they can be reiated to condi-
tions along their paths of travel. In turn, this leads to a better understanding of how

ground motion changes with distance and with geology.
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Figure 5.8, Wave Molions Being Recorded Mong Three Orthogonal Axes.

Analyzing ground motion data in this orderly manncx helps to predict damage to
structures, to foresee perceptions of ground motion by the general public and to antici-
pate other effects, In cstimating structural damage by ground motion, it is necessary to
determine the frequency, directional characteristics, duration of the waveforms and total
magnitude {including vector components), This type of information provides firms, such
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as John A, Blume and Associates with input data for making better estimates of these
cffects,

It is well known that the various waves arriving at a point are strongly influ-
enced by the geology along the rravel paths. Surface waves are of particular concern,
especially in alluvium. Figure 5.9 shows a comparison of possible variations in mag-
nitude of ground motion because of the lithology at the recording sration, Typical re-
gression lines are evident for botn hard rock and alluvium. It may be noted that for a
given yield of 100 KT, the altuvium acceleration is approximatety double that received
on hard rock. Thus the magriiudes of surface ground motion can be surprisingly high
under certain conditions. In order to predict these motions accurately, detailed studies —
must be made to understand how magnitude, frequency and wave mode vary with vield,
source conditions, geology and conditions at points of interest. To meet these needs,
field instrumentation programs arc designed. The programs must collect meaningful
data for the construction of clear relationships betwesn conditions of detonation and
observed ground motion, Obviously, the arrays of instruments must be carefully planned
to acquire cnough data relating to cause and cffect o establish retiable laws and re-
lationships. Scveral lines ol arrays are usually desireble, in order to detect asymmetry

around the source,
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Figurc 5.10 shows the relationship of population centers to the jocation of planned
instrumentation lines as being an impertant consideration for operational safety. These

instrumentation lines must bc picked with: full knowledge of existing topographic and had
geologic conditions, Instruments are placed at locations suitable to screen out background
conditions which may confusc the records,

——
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Figure 5.10, Relationship of Population Centers to location of Planned
Instrumentation {.ines.

A second factor in planning instxumeni arxyays ig the selection of appropriaie
recording equipment. Such equipment must have the right sensitivity and performance
characteristics to record the essential elements of ground motion. Moreover, the
records must be in form for accurate, low~cost playback and analysis. Magnetic tape
recording is preferred for these purposes.

Much thought has been given to the relative costs and accuracy of analog, digital
and hybrid computer systems. The options are many. All technical and economic fac~
tors have been carefully weigned. The end result of data collection and processing is
to show how peak ground motion varies with yield and distance, wave imode, stiot medium
and source geometries. The five principal objectives of record analysis are now standard

operating procedurcs as follows:
(1) Correcting recorded ground motion for insfrument distoriion to achieve
true ground motion.

(2) Using corrected instrument recordings to determine recorded peak values
~ of ground motion,

(3) Deriving particle motions which have not been recorded; for instance,
particle velocity by integration of acceleration records.
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(4) Dectermining frequency composition of waves of ground motion,

(5) Making stauistical analyses of amplitudes and periods as they change
with distance.

All  problems on the effects of ground moations are not so casily solved as the
rccord anasysis. Many complex situations require ncew methods of attack and demand
an carly solution. Some solutions to impending problems are cited herewith as exampies:

Collection of Field Measurements from Intermediate-to-large Nuclear Detonations

Recent studies have shown that predictions of ground motion and containment
must continue to be bascd upon empirical methods. Theories arc being developed from
fundamental principles and hopefully these may someday be used to extrapolate beyond
the range of actual mecasuremenis. There will be continued reliance in the immediate
future on field measurements, with appropriate statistical treatment to give the highest
accuracy and reliability. To obta’n data helpful to understanding future event., new and
more comprehengive instrumentation systems have been designed. These extend record-
ing into larger dynamic ranges, wider spectral bands and over a greater variety of
source and propagation conditivns. Such dala will be usced in future predictions. T'hen
too, the data will enable the testing of theorics and models of the earth as it responds
to underground nuclear detonations.

Development of Theories and Earth Models

Again current prediction procedures are based almost entirely upon empirical
methods. Extrapolation from regions of actual measurement to other ranges is permis-
sible to a limited extent; for instance, by a factor of 2 or 4, If carried too far beyond
limits of actual experience, questions are logically raisced as o the validity of the pro-
cedure. It must be said that extrapolation by lincs of regression might be carricd over
greater limits if the relationships were supported by theory. Since the beginning of the
NVOO Safety Program, cfforts have been made to develop these essential theories, At
the source, reladovnships are nunlincas, and thicrcfore puse difficaltics iu finding solu-
tions. Along wave propagation paths, in the scismic range, the difficultics are not with
lack of linearity so much as with the confusing varicty of possible wave path solutions.
Taken together, thesc two circumstances account for the heavy dependence on empirical

methods now in usc.

Development of Computer Codes and Programs

Work is going forward to set up and test reliable analyticai methods mainty by
numerical computer methads. As valid sotutions are found, they are compared with crapiri-
cal results in regions of actual measurcement. llictle by little, this will allow more under-
standing and better reliability in predicting owside the range of actual tests, Improve-
ments in prediction capability are being sought for (wo principal reascns:

(1) Increased accuracy and reliability on routine cvents.,

{2) Projecting these qualities into unknowns, such as very large yiclds, very
long distances of propagation and wider spectral bands of energy.

The sources of improvement must continue from the recorded data ot current
events, Machine analysis of these data has been completely successtful, Unit costs have
been reduced by a factor of 2 or 3, Further reduction in costs is expected if and when
improved instrumentation systems arce in usc. For example, recording by magnetic
tapc means a further rediction in unit costs by a factor of 3 or 4. Thus, the total cost
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reduction, including machine analysis and better instrumentation, might come to one-
tenth the original cost.

Some problems cannot be solved except by computers.  Some cases require digital
:nachines, others respond to analog. A hybrid computer system appcars very attractive
for maximum flexibility in its operations and possible cost reductions.

Finally, there are many miscellaneous problems which, in the aggregate, will
contribute to improvements in predicrion capability. The ontput of these studies adds to
the day-by-day understanding and leads to better results by trial-and-error methods.
The ultimate goal is increased accuracy and improved reliability of predictions and
cvaluations.

DAMAGE TO UNDERGROUND STRUCTURES

Underground structures which frequently xequire evaluation of possible damage
include nearby mines, pipelines and wells. As with other Beers, Inc. respoasibilities,
such evaluation rests heavily on the geology at the source, along the travel paths of
seismic and shock waves and at the location of the underground structure, Such intor-
mation is supplied by the U, S, Geological Survey and other agencies. In order to ascer-
tain expected stresses on such structurces, other technical data are necessary, including
design yicld, maximum yield, chambher emplacement size and contfiguration, distance to
the structure and its structural characteristics, From these data, the peak pressure and
particle veclocity are calculated together with their variation in distance. This is done
by using hydrodynamic calculations and empirical data, incorporating to as large a
degree as possible the effects of the geologic environmeznt, Empirical data from pre-
vious cvents, wherc similar structures existeq, areinvestuigated to determine damage
criteria. Information is also obtained from carthquakedata and routine blasting operations
for consideration in anticipating effects of ground motion, These methods provide guid-
ance on the possible extent of damage to underground structures,

To evaluate more accurately possible Jdamage ro mines, pipelines and other sub-
surface structures, more data are required on the local environment. These inciude
topographic and geologic mapping, stability of side slopes and mine rock cenditions.,
Improvements in these directions require: :

(1) Abundant close-in measurements of the effects of past cvents,
(2) Similar yiceld of postshot survey information,

Obtaining this information is uscful as the foundation of empirical laws te extend
predictions beyond the limits of prior tests, and also to test the validity of theories and
models supporting or substituting for the empirical relationships.
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CHAPTER VI

MINE SAFETY PROGRAM

By Paul L. Russell, Staff Engineer
United States Burecau of Mines
Washington, D. C.

INTRODUCTION

The concern of the Atomic Fnergy Commission fur e sufety of private mines
in the vicinity of planned nuclear detonations fully recognizes the legal responsibitity
of the U, S, Geological Survey and of the U, S, Bureau of Mines for private mining opera-
tions conducted under lease on Federal Luands. The technical competency in geology,
engineering, and safety fully qualifies these agencies to conduct safety programs rela-
tive to other private mines regardless of their location.

In recognition of their legal and technical ability, representatives of the U, S,
Bureau of Mines and U, S. Geological Survey make full use of their knowledge and abili-
ties as key members of all mine examination and safety survey parties.

The U, S, Bureau of Mines, at the request of the Atomic Energy Commission, has
accepted the responsibility for the overall coordination and execution of mine examina-
tion and safety surveys as defined under this scction of the Safety Program.

Purpose of Minc Safety Program

The purpose of the Mine Inspection and Safety Program is to establish a system
of controls from which to assess and evaluate any mine damage that may be alleged to
be attributable to the detonation of a nuclear device,

In the event that damage should occur as the result of a nuclear detonarion, infor-
mation obtained would be used to support paymentof claims for recasonable compensation,
If on the orher hand, claims are made for damage that can not he aticibuted to the nuclear
explosion, then information from the program would be used to refute such claims,

Initial Planning

Public safety is considered the controlling factor in the conceptual planning of all
nuclear experiments, Under the direction of AlZC/NVQO, a Pancel of Consultants homi-
nated by the National Academy of Scicnces, suitable Government agencics, and contracior
organizations are requested to study cach projoct from the standpoint of safeguarding
the project participants aid the public, and preventing damage to private, industrial, or
other facilities, The staff of the NVOO Dircector of Operational Safety, together with
other agencics involved, preposces a Mine Safety Programt on the basis of information
developed by this stady,




PRESHOT AND POSTSHOT MINE EXAMINATION

Scope of Work

Using this proposed Mine Safety Program as a basis, meetings are held with
each individual mining company that might be affected or concerncd by the planned nu-
clear detonation. Specific problems of each mine operator dre considered. If required,
the basic Safety Program is madified to include special problem areas. Thus, in an
area whcere scveral operating mines are involved, the Safety Program may differ at each
mine. A willingness by the Government to modify its program to fit needs expressed by
the mine operators is essential if industry cooperation for the program is to be obtained.

The scope of work required may vary according to a variety of factors, Location
of the nuclear detonation in respect to the mines is of primary importance, Fxpected
vield is also important, but in most cases this is of secondary importance since any nu-
clear detonation is viewed with alarm by most of the mining industry, and they want
assurance that their particular property will not be damaged, This facet of human nature
was evident in the Carilshad., New Mexico area. Project Gnome was performed in this
area with no damage [0 the nearby petash diliice. oveve OiuolOss, whica e saind st alie
was considered for usce of Project Coach, mines furthest from the site requested an ex-
tensive safety program, whiie one of the close-in mines showed little intercst in other
than a mirimal program.

The scope of work varies; depending upien the complexity of the problem, any or
all of the following investigations may be required: shaft inspection, mine inspection,
structure inspeciion, ground surface surveys, radiation surveys, scismic surveys, micro-
seismic¢ surveys, stratascope and roof sag instrument surveys, water level surveys,
orher instrumented surveys, photographic docume:itation, and recentry.

Company Cooperation

Litcle, if any, of this Minc Safety Program could he performed without the coopera-
tion of mine owners ur mining companies involved. in the case of idle or inactive miiies,
cooperation may consist only of permission for access to the property, In the case of
large operating mines, extensive cooperation is desirable to obtain mine maps; details
of operation, including rate of ore praduciion; types and condition of shafts; water prob-
lems, if any; access to all shafts for detailed inspection; engineering advice concerning
mine conditions from a structural and geologic viewpoint; knowledge of critical arcas;
assistance in locating and installing various types of instrumentation for safety evalua-~
tion purposes; and a variety of other information and assistance aimed at providing
the best possible system of controls for use in evaluating damage, if such should occur.

All Government work is performed on a noninterference basis, where possible.
However, certain operations, such as inspection of an ore production shaft, may require
loss of production as many mines work 24-hour shifts, 7 days a weck. In such cases,
compensation may be required, depending on compdany policy.

Since the problem of mine safety is a mutual one, company cooperation is usually
casy to obrain., However, the extent varies with company personnel and with company
policy. Diplomacy and tact by the Government agencies involved is a must if full benefits

are to be achieved,

Other Government Agency Cooperation

The number of agencies involved in any particular safety program varies accord-
ing to the scope of work required. Noone agency is capable of performing all of the arcas
of work necessary.
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Where operating mines are involved, the following agencies have participated
in the Mine Safety Program: U, S, Geologi :al Survey; U, S, Bureau of Mines; U, S, Coast
and Geodetic Survey; U, S, Public Health Service; local Staie Inspector of Mines; Sandia
Corporation; Holmes & Narver; Edgerton, Germeshausen & Grier, Inc.; and representa-
tives of the specific mine involved. This list is somewhat shorter where small inactive

mines are involved.

[Lach agency provides one or more services within its areas of specialization,
The services performed by the group as a whole provide a rather broad range of infor-
mation to assess the effect of any particular nuclear detonation in any particular mine,
Much of the information derived is important in prediction of effects from future nu-

clear tests.

DESCRIPTION OF PROGRAM

Obviously, a detailed description of each individual type of investigation cannot
be given at this time. The Project Gnome Mine Safety Inspection Report consisted of
nine volumes and weighec_i 26 pounds. The following discussion briefly describes ecach

vilase ol the invesriganion, °

Shaft Ingpection

In underground mines, this structure is the most impoxrtant single unit of the mine,
Ajl men and supplies must enter the mine through the shafts, and all ore reaches the
surface through ithe shatts. Shaft excavation is slow and ¢xpengive, with costs ranging
from hundreds to thousands oi doliars per toot in a few cases. Shaft linings may scal

out underground water that would otherwise prevent mining.

Possibility of damage to shafts is greater than to mine tunnels and repair is more
expensive. Usually a structural engineer conrducts the shaft inspection as this is con-
sidered one of the most important, if not the most important phase of the mine inspection
program. A mining enginecer and/or geologist, a photographer, and a company engincer
ride or climb through every foot of shaft, to note cracks in the lining or in the rock
walls, inflows of water and volume, weakness inany timber or steel structural memhbers,
and and other features that might be affected by the planned nuclear detonation, Preshot
and postshot photographs are taken of major features noted, Shaft construction drawings,
if available, assist in this work,

At least one and possibly two preshot inspections are made and at least one post-
shot inspecticn, A preshot inspection is made as close to shot time as possible and a
postshot inspection is made as soon as possible after the nuclear detonation. Inspection
notes, maps, and pliotographs are compared to determinethe effect, if any, of the nuclear
detonation on the shaft. Pumping records arc compared with preshot records for some
weeks after the shot 1o determine if water inflow increases or decreases.

Mine Inspection

Most producing mines are too large to permit detailed inspections, such as those
made in the shafts, and it is not warranted. The same inspection procedures are fuilowed
as for the shafts, but only areas of cbvious weakness or arcas deemed critical by mine
management are documented. Figures 0.1, 0.2, 0.3, 0.4, 0.5 and 0.0 are representative
of preshot and postshot photographic documentation,




Figure 0.1, Preshor Stalactites in ldle Mine So tion.

Proure 6.2, Postshaot Stalactites in fdle Mine Se 1iom,
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Figure 0.5.

Figure 6,0,

Proshot Timber Failure iv Stope Arca of Sheeliie Mine,

Postshot Timber Failure iv Stope Aeva af Sheelite Mive,

g




i3

-

3

b

Structure Inspection

The surface plant is considered a part of the mine 1or ‘e purpose of this survey.
A registered crructural engineer is provided by a participating agency and critical sur-
face and underground structures are documented preshot and postshot,

Ground Surface Surveys

In some instances control ground surface profiles are made to determine whether
surface subsidence into the mine increases following a nuclear detonation,

Radiation Surveys

The U, S. Public Health Service provides a radiation monitor to accompany all
inspection parties, Background radiation on the surface and underground is recorded
preshot and postshot for purpescs of comparison, 1f radiation could conceivably migrate
underground, these surveys are continued for months, or possibly years, following the
nuclear detonation,

Seismic Surveys

Seismic instrumentation is used to record acceleration and displacement on the
surface and underground that result from the nuclear deronation. In addition, seismic
recording of normal mine operations imay be made for comparison with those received

from the nuclear detonation.

Microseismic Surveys

Tests have shown that when rocks are stressed, the microseisinic rate — that is
the number of microseisms generated per unit of time — increases with the applied
stress. The increaseinthe rate is most pronounced as the ultimate strength is approached.

This characteristic of rouck is used to determine the relationship of the stresses
produced by normal blasting for ore production in mines with the stress developed in
the same test area as a result of nuclear detonation. Figure 6,7 represents the micro-
seisms produced by ihe Gnome nuclear event. Noterhar in the case of the nuclear detona-
tion, both the noise level and the time required to return to normal background level
was less than for normal ore blasting.
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Stratascope and Rordine Sae Insimmern suy

Converaence stations may be used to measure roof sae and difierential root sag
in arcas where pitlar vobbing wilt uwltimarely result in cavine. The purpose of such
stations is todetermine noymal convercence prior to 2 nuctear detonation and determine
convereencs rate change, it any, following the nuclear getonation, Holes are drilled up-
ward into the roof stone and visuatly cxamined by using a stratoscope as shownin o=
urce 0.8, Using this same instrament, pictures are made of cracks or bedding separations,
Using the information obtained, meotal measuring points arve instailed m other holes drilled
into the roof and Tloor as shown in Figure 0.9, Using an instrument called an extensom-
eter, the distance between roof and floor pins 1= measured a1 1000 < annch, and rare
of convergence or roof sag catculated. Figure o.10 shows thice rool converzenee rate at
onc of the potash mines 1 New Mexico tor a period before and after the Gnonwe nuciear
detonation. No change was nated in convergence rate following the Gnome test,

Frowre o, N0 Mothad of Usting Niratdascope,
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Water Level Surveys

Measurements of water table levels and rate of flow are recorded in mines and
shafts, where possible. These records assist in determining possible damage in shafts,
especially those which are inaccessible for visual and photographic documentation.

Other Instrument Surveys

Existing conditions in certain areas may require instrumentation of a special
nature for a particular purpose. An example of one such casc was th2 monitoring of
vibrations produced by the Gnome event at a potash refinery in New Mexico. In this
case the plant was old, and contained a high pressure boiler plant and numerous high
pressure steam lines. No damage was noted.,

Photographic Documentation

Preshot and postshot photographs provide ore of the best records in determining
just how any particular area reacted to a nuclear detonation. This tool is used to docu=
< vevery phase of the Mine nspeciion and Safety Prugiain.

Cylly pudoc

Mine management or upion regulations may require thai all workmen be removed
from underground mines located near a nuclear detonation. At company request in such
cases, reentry or postshot inspections are performed before men return to work under-
ground. Reeniry teams make preshot and postshot inspections for the purpose of noting
any change that may have resulted from the nuclear detonation. These reentry teams
usually consist of representatives of the following agencies; U, S, Bureau of Mines,
Safety Division; U, S, Geological Survey; U, S, Public Heaith Service; structural engineer
{Holmes & Narver); a State Inspector of Mines; and one or more representatives of
mine management. These teams make a preshot inspection the day preceding the shot
and a postshot inspection immediately following the shot.

PUBLIC AND INDUSTRY ACCEPTANCE

The Mine Inspection and Safety Program has been an effective one, and generally
well received by the industry. Perhaps it has been too well received in some cases, )
since AEC often receives requests for examination of mines so remote from the location
of a nuclear detonation that damage is inconceivable. .

The first reaction by many of the larger mining companies is that they really do

not expect damage, but why not do this whole thing somewhere else. However, once they

. accept the idea that a nuclear detonation is to be made, full cooperation to develop and
participate in the Safety Program is forthcoming. The attitude of the mining industry will

change and the work will become easier as experience is gained in the use of nuclear

cxplosives and evidence is demonstrated in the ability to predict effects from such detona-

tions. llowever, a demand for work in this area is expecred to continue for some period

of time.

N

CONCLUSION

The U, S. Bureau of Mines takes an active part in the Mine Eixamination Program
and feels that this is a dual roll in protection of both the Government and the mining
industry. This Program has been successful because of the splendid cooperation re- e
ceived from other participating agencies and from the mining industry.
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CHAPTER VII

STRUCTURAL RESPONSETO GROUND MOTION

By John A. Blume, President
John A. Blume & Associates, Research Division
San Francisco, California

RESPONSIBILITY AMD OBJECTIVES

John A, Blume & Associates Research Division is assigned by contract the re-
sponsibility of providing NVOO with predicted effects of expected ground motion on struc-
tures and facilities. This includes providing for temporary bracing, where damage is
probable, in order to reduce or prevent losses and'claims. The basic Jong-range ob-
jective is to conduct research and to compile this data in a manual that contains data
for the reliable predictions of srructural response to ground motion from underground
explosions; and also, the methods to minimize the extent of damage, if any, by temporary

bracing or other means,

Although a comparative newcomer to the NVOO Safety Program, this organization
has over 30 years experience in structural dynamics and in the response of structures to
ground motion induced by earthquakes. Much of this background is expected to be of
value in the structural response portion of the NVOO Safety Program.

There is a great deal to be gained by the careful application of data from the field
ot earthquake engineering and from the results of previous detonations conducted above
the ground. However, the degree of accuracy inierent or necessary in these (wWo areds
is not such as to be adequate for response resulting from underground experiments or
tor tuturce commercial applications of nuclear explosive energy. To state this in another
way, no one c2n be held responsible for an earthquake and for what it might do to some-
one else’s property, whereas man-mads ground motions docarry certain legal and finan-
cial responsihilities.

Although there will be little room for error, iov much conservarism could unduly
curtail the effective uses of atomic energy. Therefore, the indicated procedure is to
conduct new studics and to gather all possible empirical and other data leading to greater
accuracy with less gaps in knowledge than in earthquake and blast procedures.

Initially, while conducting research and assembling basic data, current prediction
mecthods and their limitations will be called upon occasionally to make response predic-
tions for specific events, This will be done capably from available data within the present

state of knowledge,

Of coursce, there arve various rule of thumb methods for predicting damage thresh-
olds to ground motion. Most of these are empirical, but are based unfortunately upon a
very limited number of tests and experiences, many of which were conducted under such
tow cnergy levels and short distances, and without consideration of so many important
parameters as to make one seriously doubt the value of extrapolations into higher levels,
Peak velocity is a favorite and convenient criterion for damage. It is one of the best
available when using a single parameter, However, a single parameter is not considered
adequate or compatible with the nature of the Safety Program. Pcak acceleration is an-
ather poapular criterion, especially when medifted by frequency, as in earthquake pro-
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cedures, But acceleration can be very misleading as a sole consideration, also. Excep-
tions resulting trom dynamic response phenomena can be many, and can be of serious
magnitude.

Comparisons to carthguake history are uscful, but of limited value and of unknown
or debatable confidence levels.

The basic problem is not one of statics but of dynamics, with energy, vibration,
highly variable ground maotion, and highly variable structures. The possible number of
combinations of paramecters and situations staggers the imagination. Since all possibie
combinations cannhot be ovaluated individually, in time they alt can be handled mathemati-
cally and practicatly by placing them into l)@,ual categories.

Applving Exampics of Karthquake Data to Safety Program

Some data and sketches from research in cavthquake engineering will iltustrate
certain points pertinent to the structural response portion of the NVOO Safety Program,

Figure 7.1 shows ground motion for a major earthquake. Acceleration, in the upper
portion, was recorded in 1940 by the U, 5, Coast and Geodetic Survey., This El Centro,
California carthquake of 1940 is perhaps the best example of carthquake motion to date
recorded anywhere in the world. The horizontal scale for all three porcions of the figure
is clapscd ume, 1n seconds, from the start of e recording insuwneni, Sodeiiy uniis
refer to the acceleration of gravity, or the rate of change of velocity of a falling object,
This particular record has a peak acceleration of about 0.33 g. Ground velocity values
were obtained in inches per second as shown in the center portion by careful integration
of the accceleration record. Ground disylacements were obtained in inches as shown in the
lowex portion by another integracion from the velocities. It is to be noted that the waves
become smoother and of longer duration from acceleration, through vetocity, and to
amplitude. However, there are many different wave paticrns ocCurring simuitancously
throughout these 30 scgonds of violent motion. The woirk in siructural response will need
similar complcte time history records of ground motion. These records of ground motion
wouwid bhe obtained by the U, 5, Coast and Geodetic Survey and processed by Roland F,
Beers, Inc.
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cept the rocking block (No. 0), the time required for free motion from one side to the
other and hack again, or the perind of vibration, is constant (unless maotion is otherwisce
forced by an outside agency such as the ground). However, the period of vibration de-
creases for the rocking block (No. 0), that is the frequency increascs rapidly 2s the -
rocking amplitude decreases, ‘
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Figure 7.3. ldealized Vibrating Systows.

When a disturhing force, such as ground motion, happens to have periods or fre-
quencies that correspond, or nearly correspond, with any of the nawural periods of a
structure, the structure’s motion can build up to many times that of the ground motion.
This happened recemly in Alaska, and o can possibly happen wo structures affected by -
ground motion induced by underground nuclear explosions,

The idealized vibrating motions illustrated in Figure 7.3 arce simple systems. Actual o
structures, such as buildings and bridges, are much more complex dynamically and

structurally, lFor example, in a typical high rise buiwding there are not only a great many

nagural modos of vihrarion, but other complications from the interaction of architectural .
clements (such as partitions, plasier, stucco, glass, cte,) with the structural frame, but -
also between the suructure and the ground upon which it bears, It could be said that a

simple pendulum is to a modern tall building as an amoceba is to the complex human haody,

Figure 7.4 indicates the first three natural modes of vibration of a more complex
system — 2 multi-story building. Any or all of these modes (and more) can vibrate at the
same time. The nades, or toops, of cach made oscitiate hack and forth, cach mode in its -
own period of vibration. A vibration record taken in a building undergoing all three of
these modes simultancously would indicate complex wave forms, Different types of
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Figure 7.4. Mode Shapes of a 15-Story Building.
ground motion can induce different combinations of mode responses. The circular sym-
bols indicate ideal positions for recording instruments to provide dynamic data on this
buitding. The particular curves “own are for an actual San Francisco office building

(Refs, 3, 4),

Figure 7.5 may be of interest to golfers, who know the great importance of the
grip as the only connection of the player to the club that strikes the ball, If the grip is
weak, or if it fails to transfer the enexrgy of the body motion to the shaft and finally into
the club head as the smooth swing of a compound pendulum, something goes very much
Viroitg; e scule Yises, aind perhaps souic iuinog financial losses are incurred. The grip
should be firm, hut not comoletely rigid. So it is with a tall and slender building, such as
the one sihown. There is a peculiar interaction between structures and ground that not
only changes the periods of vibration of the coupled system of structure and ground, but
in many other ways coumnlicates the life of a structural-dvnamicist, Two identical
buildings, onc on hard rock and ore onalluvium, will have considerably different dynamic
response characteristics,

T =

¢ wiadt )

grip : .
| —————————p =

) body motion (energy source) ‘7’

Figure 7.5, Grip for Structures Vital 1oo,
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Eneryy has many forms, and it does work, The kinetic energy of ground motion
resulting from released nuclear or chemical energy does work in a responding building,
It causes vibration, distortion, and internalstress. It will also cause damage if the cnergy
input is more than the structure can absorb in rhe nondamaging range of motion. Under
certain conditions, about which not nearly enoughis known, encrgy in some unxnown degree
is fed back intotheground as indicared in Figure 7.6. This can lessen the burden of energy
absorpiion for the building and perhaps prevent damage, This is another phase of ground-
structurce interaction that will be explored and tested to help reach the ultimace objective
of reliable prediction methods and data.

sy >

Figure 7.6, Energy Supply and Feedback.

Two separate parameters are combined in the schematic diagram shown by Figure
7.7. These are: (1) ground conditions (rock or alluvium}), and {2) the aistance from GZ, or
the source of ecnergy. Short period ground waves tend to dominate the complex spectrum
oi ground motion with (a) short epicentral distances (surface distance from the explosion
point or earthquake fault), and (b) in rock. On the left, the low, rigid huilding with its
short natural period of vibration would be excited into motion while its tall neighbor may
not. be affected. On the right, in another hypothetical case at greater distance from the
detonation, and bearing on alluvium instead of rock, the tall building may respond vigor-
ously while the small rigid structurc is quict, This phenomenon has occurrcd in several

Figure 7.7, Distance and Foundation Conditions,
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major ecarthquakes, and it can happen from nuclear explosive ground motion, as well,
There are valid reasons why things happen or do not happen in structural dynamics, it
one considers all the factors and the facts, The various anomalies and so-called super-

namural events, which are common in carthquake history, can be demonstrated with
mathematical procedures.

When a vibratory system is disturbed by an outside agency or source of energy,
which can be called a forcing function, there is forced vibration. Depending upon the
degree of tuning, or the ratio of the period of the structurc to the period of the ground
motion, the structure may respond from alittleto a great deal as compared to the motion
of the forcing function. In Figure 7.8, the response ratio represents the steady state mag-
nification over that of the ground motion. If the tuning is closc to 1.0, the response is
materially increased; the amount of the increase depends upon the duration of ground
motion and the damping or internal friction characteristics of the structure. Damping
for actual structures is another item that needs more retiable numerical values.
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Figure 7.8, Response to Harmaonic Mation.

Everyone has heard of the trovp of marching soldicrs breaking stride, or cadence,
when crossing a bridge. The sergeant may not have studied dynamics, but for one reason
or another he was ordering a random disturbance rather than a unified repeating rhythm
that might have been close to o natural mede of vibration of the bridge, or close to the
ratio of 1.0 in Figurc 7.8. Another example would be the violinist breaking a glass situ-
ated across the room from where he was playing. In this case, the violinist deliberately
sought the tuning ratio of 1.0, sothatihe air waves resulting from the viclin string vibra-
tions coincided with a natural vibration mode of the brittice glass.

Although perfect tuning, or a resonance ratio of 1.0 is not probable in structural
response, there have been many examples to show that stractures can and do respond
according to Figure 7.8, and at times in a very few cycles of motion that are not neces-
sarily closely tuned. This problem needs more reliable numerical values for structural
response safety,

Figure 7.9 illustrates another parametes about which there is much more to be
learned, the response characteristics of various building materials. There are two limits
or boundaries as showns ductile, represented on the left side of the figure; and brittle, on
the right side. The ductile material tends to streteh like a rubber band and to absorb un-
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wanted energy in the process. The britte material breaks suddenly with a snap. Actually,
there are all degrees between these two limits, The more work donz (as represented by
the area under the curves), the greater the ground motion that can be absorbed without
collapse, Same tests need ta be conducted in the more brittle matertals, including the
tvpical architectural finishes of buildings, in order to assess the response of finished
buildings and to reliably predict damage thresholds. The 1952 Tafy, California carch-
quake caused S1¢ million of nonstruciural damage to tall buildings in the L.os Angeles
area, locared from 75 to 100 mmiuvs 2way from the epicenter {Ref, S5).
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Figure 7.9. Brilding Material Characteristics.

Figure 7.16 is an elevation and soil profile for a forty-year old 15-story San
Francisco building which may be termed the earthguiake guinez pig of the world, Many
research efforts have been conducted in or about this traditional-type structure (Refs.
3, 4, 6, 7, 8, 9, 10, 11). The building has a steel frame, brick walls, concrete floors,
and its foundation is situated on alluviai matertal as shown.
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Figure 7,10 An Varthgnake Guinea Pig,
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In Figure 7.11, the guinea pig is responding to a minor earthquake (Refs. 3, 12).
The acceleration is plotted against elapsed time. The respange in the third natural mode
ol vibration { ¢ i/4 sccond) 1s obvious. Ut course, other response is also indicated. The
L1Oth story is plotted on the same side as the 15th (inverted) for convenience of viewing;
actually, in this third mode, asthe 15thstory moves in one direction the 10th story moves
in the opposite direction.
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Figure 7.11. Kesponse to Minor Earthguake in 1943,
In Figure 7.12, the natural modes of vibration are identified to show the respons<
; of the same San Francisco building by an artificial earthquake, or forced vibrations
(Refs. 3,4). A machine was developed in 1934 for this purpose by Lydik S, Jacobsen, a
P member of the NVOOQ Panel of Consultants,, and John A, Bilume (Refs, 13, 14), It is
planned to use modern machines with this same technique in certain tests and other
' buildings, The purpose will be to simulate mild ground motions to obtain numerical
values of damping {Refs. 15, 16), and other characteristics of selected buiidings as
additional guinea pigs of a differcnt typc,
v ; | 1oth sToRy
— - !
- < 2nd mode
' o 3rd L lnt-:tt:det
¥ w = maoe
o x 19
» > |
Lol () ¢
£o T -l w
. o 5
5
; 1 i _Z_ (k /
. B—e—‘—J”/—’e‘
oot \ bt 0.2 0.4 0.6 0.8 1.0 1.2
. PERIOD-SECONDS

Figure 7.12. Forced Vibration Response.




Figure 7.13, also of the same San Francisco building, shows that the period of
motion induced by the machine (by the forced vibration) is the same as that found under
response to wind and earthquakce motion (Refs. 3,4). The motion at the basement ievel

uitso indicates some ground structure interaction. This artiticial duplication of mild
response to ground motion js a valuable rescarch technique that does not depend upon
costly events,
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Figure 7.13. Comparison of Observed Vibrations,

l.as Vegas High Rise Buildings

The Biiby event caused suificient tall building vosponsc in Las Vegas to make
many pexsons notice the motion and thereby create newspaper headlines, There was no
reported damage., A basic question is, how much greater motion can be sustained in Las
Vegas and other cities in the future without reaching the threshold of damage? A re-
lated question is, if the damage threshold is to be reached, what would be the type and
extent of the damage, and what might he done, economically and practically, to prevent
such damage and still release the desixed level of energy? The structural response
effort will address itself to these and to many other related questions for various types
of structures and facilities,

Figure 7.14 shows the locations of the many high rise buildings in l.as Vegas. Cover-
age of this area by permanent scismic instruments is planned as shown with the U, S,
Coast & Geodetic Suxvey, plus special {temporary) instrumentation for Nevada Test Siw
events of significant magnitude. The accelerographs shown are accurate instruments
with time recording drums, while the scismoscopes are inexpensive instruments of less
reliability and no time scale. Attempts will be made to obtain the broadest possible
coverage of ifuture building motion in l.as Vegas resulting from ground mation, The
records obtained will he analyzed in detail, and will he corxelated with building inspcc-
tions where indicated and reports of motion perception in and about the buildings. In
addition, the detailed drawings are being obrvained and the buildings are being analyzed
structurally, dynamically, and with special reference to the more brittle architectural
materials and finishes. Models, mathematical and physical, will also be tested as in-
dicated,.

Plans have also been made to record and to document the responsce of certain tail
buildings to severe wind storms and to earthquake motion. It is known that some persons
have felt wind-induced motion in a severe lLas Vegas storm. L seems important that
this motion, resulting from nature’'s severe outbursts should be recorded as permanent
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records in connection with any problems or complaints resuliing from future ground niotion
being induced by the Nevada Test Site. The building owners, managers, and architects
have been most cooperative in this Las Vegas program; which is, of course, directed
toward the prevention of damage, or the proper settlement of any damage that might be
caused. It also provides valuable data for the structural response program in general.

Planned Experiments and Analyses

In addition to the already outlined problems and programs of high rise buildings
in l.as Vegas; varinns other resra and stucies are planned to develop data for the overall
long-range objectives of the structural response program, For example, other gperations

include;

)

(2)

The preshot and postshot studies of all possible existing buildings and struc=-
tures of all sizes and types, to be subjected to severe ground motion,

The instrumentation of certain structures to be subjected to severe, and pos-
sibly damaging ground motion, tcgether with special ficld tests, analyses, and
documentation of these effects,

The use of tesr structures and models of structures in the ficld at various dis-

tances from ground zexo and on various types of soils.

Studies and tests in both field and laboratory, of the interaction of structures
and the ground.

Forced vibration and other tests to develop reliable data on the various perinds
and damping values of buildings and other structures,

Structural and dynamic laboratory tests of building clements and materials to
provide data for cxisting gaps in knowledge or in reliable numerical values.
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(7) Analysis of structures and of their response to a whele spectrum of actual and
hypothevical ground motions,

(8) The continuing acquisition, study, and documentation of all applicable data.

The structural response program is plaaned to proceed simultancously under
several avenues of investigation, From time to time, there will be reconciliation of
all thesce cofforts and reevaluation as indicated. In time; as sufficient reliable data be-
come available, modern statistical and probability procedures will be introduced to weigh
the accuracy of the data and to make its application more meaningfui.

It is very likely that information will be developed in the course of this program
that will also be bencficial in the carthquake problem. With the AlC policy of prompt
dissemination of unclassified data through the technical literature and by other means,
such material will become avaitable for utilization by the design professions and the
building industry. It is to be noted that any enhancement of earthquake engincering data
would be only a by-product of the basic Safety Program, and would occur at no extra
expenditures than that necessary for the NVOO program.

Relationsnip with Uther Orgamzaiions

Efforts in structural response will depend in no small measure upon information
from_ and services hy orher agencies and contractors. Although there is no overlapping
of responsibilities, therc are certain interfaces of effort of two or more organizations.
‘There is every reason to expect close collahoration and effective teamwork through-ut
the progranl. Suppoit is expected in the following basic areas:

(1) Records are necded of event ground motion; processed to have the complete
timc history in terms of accurate acceleration, velocity, and displacement.
The recnrds are to be taken by the U, S, Coast & Geodetic Survey and to be
processed by Roland F, Beers, Inc.

Prediciioin of {rec-suirface particle moticn for coming evenis by Roland F.
Beers, Inc.

~~
[A%]
-

(3) Accurate reccording of the response of structures and adjoining ground with
simnirancous time indications from various points, as neceded., The distur-
bances to induce this response will include ground motion, vibration machinery,
applied forces, wind, and other factors. Most of the instrumental work will
be done by the U,S, Coast & Geodetic Survey, with the collaboration of John

A, Blume & Associates as indicated.

(4) Geoological information will be needed for the area in which strvctures are
located as well as for the area of underground detonations. The United States
Geological Survey will have this information,

(3) Information on the yield, depth, and certain other characteristics of the cnergy
source by Plowshare, Defense, and Vela-Uniform agencies and through NVOO

contractors,

(0) Construction and installation of test structures and mndeis are necessary at the
Nevada Test Site, and perhaps eiscewhere. Contracrors, such as Holmes &
Narver and Reynolds Electrical & Engineering Company will participate in
this work,

(7) Dertailed drawings of existing structures, subjected to motion or to be other-

wise tested as available, from operating agencies, public and private owners,
architects, engineers, building officials, and others.
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(8) Data and reports on all structural tests, or shaking of structures and facili-
ties from various sources within the AEC program and from other areas in

generatl,

(9) Overall direction and coordination by the AEC contract administrators at
the Nevada Operations Office.

CONCLUSION

A great deal must be done in the next few years to fulfill the responsibiiities of
the structural response phase in the Safety Program. There is every confidence that
with the continuity of effort and collaboration of the other organizations, the leng-range
objective of simple but reliable response prediction criteria and bracing procedures will
be achieved; however, thisdocs not underestimate the complexity or imporcance of the

nrohloem
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CHAPTER VIII
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SEISMIC MEASUREMENTS

By Wendell V. Mickey; Chief, Special Projects
United States Coast and Geodetic Survey
Washington D. C.

INTRODUCTION

The Special Projects Field Party of the Seismology Division, U.S, Coast and Geo~
delic Survey lias recorded over 8CC0 reismic data channels from nuclear detonarions
within the conterminous United States since September 15, 1961, Participation in seismic
monitering programs dates hack to the CROSSROADS experiments in the Pacific in 1946,

This history of earth vibration has been collected at the request of the Atomic
Fnergy Commission (AEC), Defense Aromic Support Agency (i2A5A), Air Foerce Tech-
nical Application Center (AFTAC), Lawrence Radiation laboratory (LRL), Los Alamos
Sciertific LLaboratory (LLASL), Nationdl Aeronautics and Space Administration(NASAJ, and
oihers to fulfill siringent data requirements with onc objective of supplying vital infor-
mation relative to the effects of large-scale detonations on life and property,

Possibly of passing interest is the physical range of seismic stations which have
been occupied. Seismic data have been recorded from locations in the depths of Carlsbad
Caverns to the heights of the Bren Tower, which represents the rallest structure made
by man and serviced by an elevator.

BACKGROUND

During this Safety Program discussion, othexrs have described the mechanics of
a nuclear detonation and the processes involved in the conversion of the proportions of
nuclear cnergy into scismic enexgy. There is the concomitant question of whether a
sound is generated if there is no ear to hear the falling tree in the forest; the Special
Projects Ficeld Party provides this missing ear for earth vibrations. There are earth
vibrations which do no damage, and there are those which result in the prcblems that

should be avotded,

Predictions are only as good as the information upon which they are based. This
appities to such diverse things as weather, horse racing, the world series, or earth
vibrations,

It is common kiowledge that carthquake effects are expressed in the change of
state of portions of the earth’s surface as it interests man or its cffects on structures.
Onc problem studied to various degrees of solution is the question of whether certain
vibrations of the earth’s surface are induced by the all encompassing elements of nature
or whether they are man-made, Therein hinge unsolved political as well as scientific
problems,

Much credit can be attributed to the pioneers who first studied our vibrating earih.
They chose to define the parameters describing this vibration within three basic cate-
gories of displacement, velocity, and acceleration. For simplicity, the dimension of
displacement can be assigned in inches of earth movement from some rest position,
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Simple ratjonalization will place velocity as the time rate of change of displacement
expressed in inches per second. Continuing along this same concept, acceleration can
be logically defined as the time rate of change of velocity expressed as inches per second
squared, or in parts of gravity. Periodic motion characteristics of vibration restrict
these oversimplifica definitions to recurring phenomena,

The effects of frequency of pericdic motion cannot be over emphasized. Bio-
physicists have shown, with controlled tests, that vibraticn perception thresholds from
1.5 o 4cps are approximately proportional to jerk or the time rate of change of accelera-
tion; while from 4 to 30 cps the response is between particle velocity and displacement,
Farthquake seismologists have long operated on the premise that 0.001 g is the thresh-
oid wiich is certainly reasonable for carth transmitted vibrations. Perception thresholds
for vikhrarions at higher frequencies than earth transmitted are equatly anomalous with
10 g being the threshold of nerception for tangential vibrations at 1000 cps.

A normal secismic instrument measures with reservations jerk, acceleration,
volaciry and dienlacoment . but it nrefers to look at one parameter better than any other:
tital i3, tts frequency responsc 1s tlat to one of the parameters wichin a certain range,

The Alaskan earthquake was recorded at Cape Kennedy at a distance of about
3,700 miies. The horizontal earth motion was over Z inches, peak~iv-peak at a pericd of
21 seconds, or 1 cycle in 21 seconds. It was not felt nor were there reports of damage.
in contrast to this, fingertip perception to tangential vibration at about 4 to 20 cps is
0.00S inch or equivalent to the thickness ot 1-1/2 human hairs.

The universal seismograph would record the three main paramciers of displace~
ment, velocity, and acceleration over frequency ranges of less than ¢.1 to over 20 cps.
It would record earth motions as small as that recorded by the NGC-21 and as large as
3 feet. As yet, such an instrumcnt has not been invented and it seems unlikely that it

will be.

On2 can infer from this that not only are instruments needed to measure each of
the three parameters, but sceveral instruments are required of each category to cover
the magnitude and {requency from large-scale detonations. Restricting the measureiments
to damage eriteria alleviates the problem to a degree, but does not eliminate it,

An unqualified comparison hetween earthquakes and explosions in terms of damag-
ing cffects is not vatid, but it is interesting to observe the effects of a smatl earthquake.

On April 4, 1901 at 1:32 a.m. an carth tremor caused a damaging slide at Terminal
Istand, f.ong Beach Harbor. It was felt as a slight carthquake in the arca of Long Beach,
San Pedro, and Wilmington, ong Beach reported an Intensity IV, The Modified Mercalli
Intensity scale of 1931 defines Intensity IV as “during ac day felt indoors by many, out-
doors by few,” Fire and burglar alarms were set oft in downtown buildings of Long Beach.
On Terminal Island, the subsurface damage to oil well pipes was estimated at approxi-
mately S$4.5 million; more than 40 wells were damaged and out of production; and at
least 3 wells, used for injecting water to halt subsidence in Long Beach Harbor, werce
damaged. An accelerograph in the Public {Utilities Building in Long Beach recorded
accelerstions of 0,020 g at 5 ops and displacements of 0.03 cm, This carthquake was so
small that it was not assigned a magnitude nor was it recorded at telescismic distance.

A wypical flow chart shows a representative sample of the agencies and organiza-
tions with scismic data requirements. One example shows Department of Defense (DOID)
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coordination through AEC/NVQO Operational Safety with the seismic program con-
ducted by the USC&GS Special Projects Field Party, If a particular program has analyti-
cal requirements, the data are processed through the USC&GS Analysis Section and a
report is prepared based upon the objectives of the seismic program. The flow chart is
then reversed with the initiating agency receiving the needed information.
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Y INSTRUMENTATION

A curaway drawing of a 21V velocity transducer is shown with the dynamic ele-
ments of the instrument in Figure 8.1. The mass (solid black) is supported by a helical
spring. Under ideal cconditions, the mass i< stationary with the case moving with the

N carth, A voltage is generated by thc movement relative to the cnil, lInder cerfain con-
ditions, this seismograph system is extremely sensitive and measures minute motions
b1 of the earth's surface.

- |

- Figure 8.1, Cutaway View of 21V Velocity Transducer.
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If & human hair could be split into 80,000 cqual parts and the carth’s surface were
to move equivalent to one of these splic hairs, this instrument would record this micro-
motion, Under other special conditions, it can record as much as /2-inch peak-tao-peak

maorion.
The system responsce is flat for particle velocities from about 1o 100 cps,
A simplified diagram of the 21V seismograph system is shown in Figure 8.2, The

scismometer or geophone senses the carth’s vibration, The signal is amplificd and con-
verted to an analog signal through a sensitive galvanometer recording on photographic

paper. Facilities are also available to recosd on magnetic tape.

ELECTRO-MAGNETIC \
SEISMOMETER ' AMPLIFIER . GALVANOMETER

(NATIONAL "21") /

N s { N v /4

\__’/ ) ~—— ¥

Figure 82, Simplijicd Diagranw of 20V Neismograph System.

Figure 8.3 shows a typical UsCRGS carthquake strong-motion seismograph system
that normally mecasures three components (vertical, tangential, and radiat) of carth vibra-
tion in terms of displacement and acceleration with recordings on photographic paper.

Over 10 of these instruments dre standing by as carthquake sentinels in the active
seismic arcas along the land masses bordering on the Pacific from South America 1o
Alaska. IF'or carthquake applications, this instrument is passive until the very first motion
of a scismic disturbance sends the instrument into operation,

This scismograph is used in the ranges of fess than 1/2 1o about 15 miles from the
nucicar detonation ground zero at NS,

I'he aceelerometers can measure less than 001 toover 10 g in the frequency ranges
of less than 1oto over 00 cps. The displacemoent moeters can measure carth motions of
0,01 to over 1o em at requencies of .1 10 100 ¢ps.

Fignme 83, USCEGS Acceleragraph,
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Several accelerographs  with pendulum  starters have heen put in operation in
multi-story buildings in las Vegas, Il an carthquake should occur ot if the building
shceuld move for any reason sufficient to actuate the starter, the motion witl automa-
tically be recorded, This should provide valuable data on building vibrations induced
from natural causcs, such as wind or 2arthquakes,

A 35 mm film recording seismograph system is shown in Figure 8.4, This is
typical of the installations which have been in operation in Las Vepas, Beatty, Tonopah,
Twin Springs, and Alamo, comprising a perimeter to the Nevada ‘Test Site,

Figure 8.4. Model ¥ Seismagraph Recorder.

Two components of horizontal motion are recerded in a NS-EW direction or
radial-tangential to a known source.

Figure 8.5 shows a Wood-Anderson torsional fiber scismometer. This so-called
standard seismometer is identical to that used in developing the well-RKiiown Richter
scale of carrhquake magnitude. The scismograph recorder shown in Figure 8.4 has two
of these istruments.

A Prmd slpnrng esiey e
§ 160 wrating veing wove
C-T sty Nwt et
B-Cnmpng fid coamph adrsiag ke m Y
{-Mow 13me
1 Moot mow b adwabng i Provdey
m*’mb"ﬂwwwﬂ

G ledag wres Lokt Foee = bowa

Figure 8.5, Waod-Andersan Torsiunal Fiber Seismameter,
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A\ tunesten Fiber, vorey shie iy o bined teong the vertead, bhos acomadt mass at-
vached, Horizomal carth amotions trasinet sor ona b metion tocthe Geber wheeh e mgidiy

attached o the top and Dottom of fhe Sor nesnelon, witeeec ovet il iereiit es about 40

inches, Recordime is by o b Beam througs b svateny of optical devers o photographic
paper o diin.

Plorizomal cropnd disphicement o tu0nol ro 0,00 G o frequencres of fess thon
I to ovedr T eps can be mneasured,

A st gage i pe aceelerometor e oshoawne i eare Sooowath phyveacal dimensions
ol about 38 b inches and =12 achers laph, Acccterimons e sonsed by this devicee
and recorded on photogvaphic paper ar magnetie tape with clectromic amphitication,

Figure 800 Strain Gage Iype Aceelerometer,

Fhe advantages of this small instrament are that it can be used in hore boles and
in small spaces. Two busic tvpes are cuvrently in use, measuring as much as 1t 3 ¢ at
frequencics up to H0O cps,

Sceveral more instroments are esed in addition to those shown in the previous fig-

urcs., The V=300 measures froom 28 1072 ¢cmoao Lmm of displacement at periods of
about 5 to 25 sceconds,

A new fong period strong-motion instument is being studicd for possible applica-
o, Tt measures from LO02 to 2 cm ot periods of 172w 15 seconds,

SEISMIC PROGRAMS

A typical structurad vibration response propram is shownin Figure 8.7 as developed
by John A, Blume & Associates Rescarch Division, Seismographs are operated at the top
of the structure, at the midpoint on {lootr 14, at the foot of the building, and on the ground
near the structure. Additional fpsiramoniation is operated on undisturbed ground at
some  distance from  the huilding, [t is proper here to poimt out that there are
no carthquake-proof stractures, but there are carthquiake-resistant structures,
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CHAPTER IX

WEATHER AND DETONATION 8§

—~ oy oty RN A, Y R
Dy rnilip w. Alles, MeleoionCgist o

Uniicd States Weather Burcau
Las Vegas, Nevada

INTRKUDUCTION

The interaction between detonations and the atmosphere is the topic under dis-
cussion for this part of the Safety Program. The geological areas already covered con-
tribute information as to the probability and magnitude of venting. The science of meteor-
ology attempts to describe the transport and behavior of radioactive material and of

blast energy in the atmosphere.

To a large extent, the direct atmospheric effects of nuclear tests have been re-
duced by confining the debris underground, but it has turned out that these effects can
neither be ignored nor relegated to relatively insignificant roles. Fortunately, radio-
active fallout is now rarely a mattey of real concern for the immediate safety of people,
but with the reduction of such immediately hazardous effects, the public concern has

Al
broadencd and increascd {n morc than compensating intensity to include the long-term
effects of accumulated small dosages of specific isotopes. Official concern now includes
the possibility of violating the bnuclear test treaty, wiich prohibits tests whicl cause
radioactive debris to be present outside the territoriallimits of the nation that is testing.

The Safety Program is directed toward the goal of vigorous underground testing
with minimum risk to safety and of treaty violation. Fortunately, failures tc achieve the
design objective of containment have been rare. Since our knowledge of all of the factors
affecting containment is not complete, preparations are necessary to deal effectively
with the possibility of major veniing with each proposed detonation. Venting involves the
introduction of significant amounts of radioactive material to the atmosphere in either
gaseous form or as a mixture of particles anc gases. A wide range of particle sizes is
possible, and a considerable variation {s possiblie in the isotcpes present on the particles
and in the gas,

In addition to the possibility of venting from deep underground dc-onations, the
proposced use of nuclear explosives in the Plowshare program to produce craters at
shallower depths, and the testing of nuclear rocket and ramjet engines are known to
inject significant amounts of radioactive material into the air.

By agreement with the ALEC/NVOO, it is the responsibility of the U.5, Weather
Bureau to study and to predict the transport and dispersion of airborne radioactive ma-
terials for the guidance of the AEC, its laboratories, contractors, the Department of
Defense (DOD), United States Public Health Service (USPHS), and other agencies so they
may take such actions as may be necessary to insure safety both inside and outside the

test area.
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ATMOSPHERE CONSIDERATIONS

The state of the atmosphere is also important in the transmission of blast waves,
For those events in which blast is a potential safety problem, the Weather Burecau con-
tributes measurements of the state of the atmosphere up to approximately 80 or 90
thousand feet, and Sandia Corporation makes similar measurements at higher altitudes,
These are combined in a manner discussed in Chapter Xii inw cvaluations of the degree
of blast hazard.

Funciione of the Atmosphere

The functions of the atmospherc in detonation safety can be summarized very
sirnple and briefly in Desirable and Undesirable categorics. Iirst, the motion of the air
very conveniently removes airborne debriz from the working arca immediately around
an event so that reentry is somewhat simpiificd, The torbulence of the air dilutes the
debris with air, thereby lowering radiation concentrations. And most combinations of
temperature and wind structurc will transmit blast waves upward into space where
they are harmless.

ATMOSPHERIC FUNCTIONS iN NUCLEAR DETONATION SAFETY

Desirable Undesirable
Removes dehris from working area Transports debris to other human activities
Can deflect binst unward Deposits particles on ground surface
Dilutes the debris Can focus blast

On the other hand, what is good for the test area may not he the best condition for
other people or projects. Undesirably, the atmosphere transports the debris to downwind
activities. When radioactive particles are present, the air allows them to be deposited
on the ground where they remain and continue to emit radiation; the heavier ones failing
firse, and those of submicrun size falling perliaps moitlis v1 years laics, Dunie cutnbi=
nations of temperature and wind can have the effect of deflecting blast back to the surface
and focusing it into limited areas, sometimes with destructive force.

Effective Use of the Atmosphere

In order to assist in maximum utitization of the PDessrable atmospheric functions,
to warn of those conditions which may be Undesirable, it is nccessary that metcorologi-
cal support be provided in four general functions related 1o states of nuclear test activity.

STEPS IN EFFECTIVE USE OF ATMOSPHERE

Preshot
Study otmospheric behavior (. ... ... ... Planning
Predicting behavior forevent . ... ... ........ Scheduling
Anticipating detonation effects . ... ..... Hazard Evaluction
Postshot

Documenting debris disposal. ... ... Documentation and Study
Before a nuclear experiment, especially if it isin a new geographical arcy, such as

Pahute Mesa or Tatum Dome, Mississippi, it is necessary to stwdy the general atmos-
pheric behavior in that arca to assist in planning the event, Having learned as much as
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possible about existing flow patterns, the next step is to predict the specific atmospheric
behavior for the particular event, in case the existence of unacceptable conditions at
shot time may require changes in the scheduling of the experiment. Weather delays are
still fairly common occurrences for events which arc less certain to be contained, or
are expecied to release vadiation. But, in order to assess the need for delay, predicted
behavior of the atmosphere must be translated into detonation effects, such as the in-
tensity of fallout resulting from maximum possible radiation release, exposure resulting
from immersion in the cloud, or blast effects. These contribute to total hazard evalua-
tion. Then, postevent, measurements of the motion and structure of the atmosphere are
used, togerher with availeble radiological measurements, to document the actual disposal
of debris. This informatien becomes the basis for official records and for study in rela-

fion to future events.

DATA ACQUISITION

Data acquisition is by far the most expensive portion of the weather program. The
atmesphere is a tremendansly 1aroe, complex, compressible fluid, having motiong reanit-
ing from all sorts of influences:, the rotational force of the earth and the heat of the sun
down through deflection by mountains, differential heating over land and sca, over forest
and desert, or over sunlit slopes and shadowed hills. Even the clouds in the sky can, and

froanantlse An
Irogquenny Ge

.......

2

The ability to describe the behavior of the atmosphere at any one time, is directly
related to the number and distribution of measurements at that time. These measure-
ments are in turn limited by available resources in money, personnel, and time, and also
by man’s ability ta handle and interpret large quantities of data,

Informoticon Sources

The most commoun source of meteoroivgical information is visual observation,
Although it is now possible to record clovds, visibility, and precipitation forms by
electronics, visual observation of these phenomena remains the cheapest and most
thorough, in most circumstances. Instruments surpass man, however, in obtaining the
information most directly usable in recording and predicting atmospheric turbulence,
wind, and temperature distribution., These cannot be seen,

From left to right in Figure 9.1, information is received from surface basud
barometers, thermisters in little touvred boxes, and wind sensors on towers, The upper
winds are tracked by optical theodolite from rising balloons, and by the more accurate
automactic rracking radar at NTS, Data concerning upper winds, temperatures, and
pressures are received from balloon-borne, radio-dircection-tracked radiosonde insiru-
ments which reach, depending on balloon characteristics, to 90,000 feet or higher. Winds,
when needed to those altitudes, may be obtained at higher levels by radar-tracked chaff
released at around 200,000 feet by meteorological rockets. The chaff floats gradually
down to about 100,000 fe:t, completing the measurement of wind through the full 200,000~
foot layer of atmosphere.

A tatal of more than 19,500 data items are collected in the 12-hour period immedi-
ately prior to any forecast. Data used in the preparation of a single weather forecast
are collected hourly from 180 surface stations in western U,S, alone, amounting to over
12,000 birts of information. Eight stations, operated for the AEC in and around NTS, pro-
duce at least 288 data bits in the same period. Thirty-nine national network and at least
three NTS network wind sounding stations produce more than 3600 data bits at intervals
of 1 to 6 hours. Thirty-three national and two NTS radiosonde stations produce some
3500 data bits at ‘ntervals of 6 to 12 hours, I needed, two national network and one
Sandia Corporatio rocket station yield over 130 data bits, All of the nationa! network and
much of the NTS network operates continuously, days, nights, and weckends.
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Figure 9.1, Available Weather Data from Western U, S. for Prepazing Gne
Weather Farecast.
Figure 9.2 shows the size and assembly of the two-stage JODY-DART wind sound-
ing rocket usced to obtain winds for the blast program by Sandia Corporation at ‘Tonopah
Tesgt Range. Although expensive individuaidy in comparison with balloon soundings,
Hmited usage of these vockets produces the data for altitudes above that reached by bal-
loons, and it is of great value in blast prediction.
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Fioure 920 Assembly of JODY-DART Wind Rocket,

S0




i

H

e

Figure 9.3 shows the national weather network stations in western U.,S. The scope
of their data acquisition is indicated by the coded symbols. Each sounding station also
takes surface data. Note the sparseness ¢f statiens in the immediate vicinity of NTS, To
counter this weakness, Figure 9.4 shows that the USWB at NTS has set up an extensive
network of surface statinns and regularly operates at least three uprer air sounding
stations for underground tests. A capability is maintained to field up to 15 upper wind
sounding stations for the niore difficult reactor, cratering, or atmospheric tests with
these temporary stations located in southern Nevada and adjacent areas, out to dis-
tances of 130 miles or more, The spacing between sounding stations is determined prin-
cipaliy by the scale of aumospheric eddy motion which must be known in order to predict
and interpret the trajectory of the radioactive cloud, secondarily by the degree or proba-
bility of hazard, and the cost.
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Figure 9,3 National Weather Network Around N'TS. Figure 9.4 Nevada Test site Weather Network.

[Data PProcessing

The flow of weather data plu(,"sslng, is shuwn by Figurc 9.5. Nearly all northern
hemisphere weather information is fcd by teletype, mdzo and other means into the
National Meteorological Center at Suitland, Maryland, whcrc it is processed initially
in two somewhat independent series of activities. First, using traditional manual tech-
niques, it is charted and subjected to scarching air mass analysis, with tentative fore-
casts being prepared by subjective methods. Sccond, but at the same time, these same
reports are received direcily from the teletype dnes by high speed computer, checked
for internal consistency, analyzed in terms of the air momentum, shear, vorticity,
thermal, and major terrain effects. These mutions are projected out to many hours in
the future by numerical estrapolation of their interrelationships. The end products of the
numecrical flow predictions are modificd somewhat by the information developed subjec-
tively, and the resulting forecasts clearly aresuperior o the purely subjective forecasts.,
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Frgure 9.5, Flow of Weather Dara.

The National Center transmits its results to rhe local and regional forecast offices
all over the country in the form of national or hemisphere scale charts for both current
and predicred weather patterns along with a written explanation.

The NTS weather station receives all of this information that it can conceivably
use, which is several times as much as can be used in any one weather situation, The
rest of it may be of vaiue on other davs or for other test problems, Therefore, all of
this information must be continuously available. In addition, the local station receives,
charts, and analyzes upper wind information coming directly from the western states
and northern Mexico, adding in the special soundings taken locally in Nevada., It adapts
or reinterprets the predictions received trom the National Center, making them appli-
cable to the local terrain, Jocal and more recenr measurements, local statistical guides,
and the nuclear problems at hand.

Numerous statistical aids and models have been developed by the Rescarch Station
over the 8 years the Weather Burecau has been studying the Nevada Test Site weather.
fhese are the result of accumulating large volumes of weather data, but are also an
outgrowth of studying the effects of forecasts un nuclear operations, and refating actual
radiation patterns with known atmospheric behavior.

The Mercury Weather Station uses all of the information at its disposat to preduce
the four categories of assistance to the NTS user organizations, These are:

(1) Routine daily forecasts for construction activities and miscellancous safety
problems, such as strong winds, thunderstorms, and perhaps severe tempera-

wres.

(2) Preshot readiness briefings, discussed in further detail below,
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(3) Weather monitoring, during thie arming, finai countdown, firing and period of
waiting to make sure venting will not occur. During this period weather advice
is available in case venting does occur to the test manager, scientific advisor,
cloud tracking aircraft, USPHYS, onsite radiological safety organizations, and
numerous other concerned projece leaders.

(4) Wearther monitoring and predictions are provided for the use of the test mana-
ger and his satety organization in case the dritlback for radiological samples
releases radicactive gas.,

A typical recadiness briefing weather forccast, based on consideration of all these
data studies, is illustrated in Figure 9.6 which shows the weather elements which bear
on the safety anu Jong-rangce detectability of an underground nuclear detonation. Many of
these items are reviewed, revised, or expanded as time progresses and they are needed,
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Figure 9.6, T'ypical Readimcss Briefing Weather Forecast.

(1) For background information, the predicted mean airflow is shown over the

western U,S,

(2) Vor the Nevada Test Site, the flow is broken down by altitude, giving the fore-
cast wind for every thoeusand fect up o rire maximum cloud height.

(3) Of course, the wind would not remain constant with time, 50 these wind changes
are charted for several heights.

(4) The height to be reached by a vented cloud would depend on many factors, most
important of which would be the depth of the wrbulent fayer of air near the
surface. ‘Thus, the temperature is predicted in refation o height, which will
determine the height reached by the cloud,
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(5) Trajectories are of primary importance, hoth on N'US where other test activi-
ties might be affected, and also downstream where milksheds, cities, ranches,
and air lanes may be located.

(0y Precipitation along the rajectory might accelerate deposition, and clouds
hamper cloud tracking aircraft, so clouds and weather are predicted for the
entire area of concern,

(7) Finally, but far from least, all of the wind information is combined with an
evaluation of the maximum conceivable venting to create a serics of pre-
dicted maximum dose-distance curves. These may be simple dose rates due to
immersion in the cloud, total infinity dose from deposited debris, or air con-
centrations of specific isotopes, depending on the nawure of the experiment,
the direction of the trajectory, and other factors

PROBLEM AREAS

3es .

The main meteorological problem arez is rcally tho scope of the prublem. Thero
are too many variables; too few measurements, too little knowledge of the atmosphere,
too high a cost, and all of these combined tend to argue against a full scale attack on
the problem. However, there are pertions in which progress is posgible, and is in fact

being made. A fow arc described below:
[LLimited Measurements

The scale of any spcecific measurement network is determined by the scale of that
particular problem. To describe the motion of clouds of radivactive debris, atmospheric
soundings are needed at least as close together in time and space as the changes in mo-
tion which are likely to affect the cloud. Studies have been made showing the occasjonal

need for far more strations rhan exisr ar nresent

If winds are steady for many hours or days, the national network schedule of two
soundings per day at stations hundreds of miles apart, adequately describes the motion.
This schedule 1s aderjuate to provide information about the large weather systems which
are tracked nationally. In other cases, soundings at 15-minute intervals on a 2-mile
station grid would not catch all of the significant changes. This is frequently true on the
local scale within Yucca Flar in the hours right after sunrise. It secmetimes takes more
time to receive and interpret the meaning of large numbers of frequent soundings, and
to predict future changes than for the changes to occur.

Slow Communications

The average time now used to reccive information from the upper atmosphere, 1o
interpret instrument diais and printouts, and to transmit this information nationally by
teletype and facsimile to all stations requiving it, approaches 2 hours. Information ob-
tained from instruments located within, or near, the Nevada Test Site can be processed
locally much more rapidly, the imc i s0ine Cases varying {rom instantaneous readoul to
a matter of 3 te 10 minutes in others, The measurment of upper level data takes longer
but this is only to wait for the balloon 10 ascend. At present, the area over which there is
ability 1o obtain data so rapidly is far too small, usually extending only to tens of miles.
A portion of the long-range development program of the Weather Bureau at NTS is to
design, procure, and install appropriate instrumentation to extend the areca over which
there is rapid measurement and communications, By using radar to acquire winds by
tracking balloons above the surface, there has been developed the capability of transforim-
ing upper wind information into a fallout plot within a minute or wwo of the tme iie rising
bailoon responds to the air motion up to the desired altitude. Design is progressing on
facilities to display the upper wind information remotely and currently, wherever it
is needed,

90

i
s

-t




flata Processing and Computation

Current Methods — Present methods of data processing at the Nevada Test Site
and subsidiary project sites include subjective analysis of data from all sources, appli-
cation of statistical computations and information, and the use and modificazion of elec~
tronically computed analyses from the National Meteorological Center,

The analytical processes include subjective interpretation and correlation of raw
data, both local and from distant sources, in order that the meteorologist can form a
mental picture of what the atmosphere is doing. He then identifies which of these pro-
cesses may be considered to be trends toward future motions. There are a number of
extrapolation techniques that may be used itor dynamic processes to project these mo-
tions intn future hours. The resulting set of future motions must fit acceptable descrip-
tive models in order to constitute a consistent forecast.

Having a tentative forecast, the meteorologist then checks it against climatology
as there is no point in forecasting something which rarely happens, without very good
reason. lie also applics the appropriate correlations between weather variables which
have been worked out for the Nevada Test Site over a long period of time,

The local forecast is always compared wilth that produced numerically at the
National Meteorological Center. Since the latter is a calculation ot equations of motion,
pasedq on d4ra grid points about 3UU miles apart over the entire norinern nernsphere, it
can give no consideration to small local phenomena. Therefore, this comparison covers
only broad scale consistency. An exception is made in the use of the trajectories pro-
duced by these computations. Because of their extended range, long trajectories come
more nearly within the arid scale of the numerical computaticn. Computer programming
for the extraction of long—range trajectories originating at N'1S has been compietad
recently, and the trajectory forecasis by numerical computer are being transmitted

routinely to NTS twice daily.

Studies for Improving Methods — The interpretation of incoming weather data can
be considerably accelerated and improved by the complete description or modeling of the
large numbers of circulations affecting the southern Nevada area. The Weatner Bureau
has a group working continuously to improve these modeis.

Now that some 8 years of data exist for portions of NTS, it has been possible to
develop some sets of correlations that are useful in forecasting specific situations.
Many more of these arc being compuier programmed now for future tesring. The large
quantity and varicty of meteorological information has always intrigued computer people,
and this is one arca of progress in developing new, faster, and more effective computer
techniques,

Much publicity has been given to the use of computers to solve the equations of
motion of the atmosphere on a hemispheric scale, Necded right now, but there is not
yet an adequate practical set of equations for describing the smalter scales of motion
needed to interpret carly nuclear cloud motion, Such equations when appropriately modi-

fied will probably require as inpud:
(1) Boundary conditions from computations of larger scale motions, such as may
be obtained from the National Meteorotogical Center.

(2) Numerous soundings from a relatively small but densc grid, covering Nevada
and portions of surrounding states.

(3) Mathematical models of local terrain features. Since ~ach new set of data
may introduce changes, the eguations must be recomputed frequently, perhaps
as often as every 2 or 3 hours.




To p

epare for these computations, many studies will be required to develop
icls of local air cireulation, The eventual system will be costly and achieved
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gradually over maay ycars., The courses to be taker are not clear cut, and those cfforts
being expended in that direction are currently rather small,
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Air Transport Processes

The transport of any radioactive debris from nuclcar tests influences the activities
of large numbers of workers at and near the test site, but there exist refationships be-
tween the amount or distribution of debris and restrictions placed on activities. There-
fore, the Weather Bureau attempts to predict the intensity of fallout; or more accurately,
the intensity of radiation, since it dones not all fail 1o the surface. A few of the factors
invalved in atmospheric trangport are:

Formation of Initial Cloud — Injection of marterial into the aimosphere creates a
cloud, which can be weferred to as a nuclear cloud as opposed to the moisture cloud.
What happens te the material in the nuclear cloud depends on several initial character-
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vertical momentum, it is considered stabilized. [t then moves with the ambient wind and
becomies subject to changes in the wind as It moves downsigeam. The resulting moiivn

hecomes its trajectory.

Diffusion (Turbulence)— Une of the characteristics of the atmosphere is its ten-
dency to be turbulent and mix, with eddies tending ro spread or diffuse horizontally and
id, not alwayvs at the same rares or in the same

thn ~la
18 Laluly,

vervicaiiy, and aiong or beldnd t
direction.

Settling of Particles (Fallout)— Since many clouds contain particles of varying
sizes and densities, these clouds produce fallout, which is simply the settling of the
heavier particles down to the surface in relatively short periods of time.

Precipitation Scavenging — The atmosphere contains areas which include rain or
snow showers, and somctinics broad arcas of precipitation. Faliing moistare drops tend
¢ither to gather the radioactive particles or to entrain them in their downward motion,
or in the case of some gases to absarb the gases and carry them down to the surface.

Deposition (Surface Effects)~ Fallout brought to, or near, the surface by one or
morce of these meteorological phenomena, the radioactive material then has available a
variety of mcthods for depesition or arttaching ifself to the surface. Among them are
settling, impingement, and adsorption., These methods depend on the nature of the ma-
terial, the nature of rhe meteorological processes at work near the surface, and the

nature of the underlying surface.

Pot's nowexamine same of the difficulties of derermining the struciure of the inirial

radioactive cioud. Each underground venting case may bedifferent, as discussed by Chap-
ter Vo oand Chapter XIII in the evaluation of containment. When material is injected vio-
lentdy upward through a fissure into the atmosphere under high temperature and pres-
sure, the cloud may go thousands of feet high and carry with it large quantities of heavy
particles of soil, which become heavy fallout particles. When venting has occurred
through cased shafts, the upward momentum has been great but the solid particulate
size was much smaller and sometimes e¢ven absent. In some cases, venting occurs as
slow scepage of gases through a porous medium and arrives at the surface with no buoy-
ancy, little pressure, and contains mostly long-lived gases, Cratering experiments
sometrimes cven include small mushroom clouds at the top of the cotumn of debris. The
Weather Burcau is cooperating with the laboratories and others to learn as much as
possible about the distribution of particles and uctivities in each of the possible venting
situations; and is also engaged in long-range studies to determine methods for predicting
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the cloud heights and activity distributions in the effluent from nuclear rocket and ramjet
engines, whether fired vertically, horizontalily, or at some intermediate angle, Consid-
cration hag been given towards initiating studies to determine the feasibility of using
infrared and laser radar techniques to learn more about airborne radioactive clouds.

Improvement of Fallout Computations

Figure 9.7 illustrates only a few of the major items of information useful in
radiation prediction. Several acceptable procedures exist for converting a known vertical
distribution of particies into a fallout pattern through a known distribution of wind and
temperature. In the absence of known initial particle distributions, empirical distribu-
tions for atmospheric events have been arrived at by detailed comparisons between the
measured fallour ficlds on the ground and the winds producing them, to infer what the
initial vertical cloud must have been. For underground tests, also, each fallout pattern
and  wind  field cage is carefully analyzed for irs canrributiaon to fallout computation

technotogy.
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Figure 9.7, Input to Radiation Prediction.

‘The 1op line in Figure 9.7 shows that the initial upward velocity, plume temperature,
and the vertical air temperature distribution are major parameters which determine
plume height, This is illustrated at the bottom where a vented radjoactive plume is shown
rising through the unstable air near the surface and being distorted by wind shear. The
first two parameters in the top line are centered in brackets because they are rarely
known prior to the cvent or even until tong after the radiation prediction has been made
and has served its purpose. It is up to the radiation predictor to make & preliminary
judgment on the basis of his experience as to what these two quantities wili do to the
prediction, The seccond line shows that plume height, together with the predicted wind
dircction and wind speed, determine the downwind arca that will be covered by the cloud
at sonte time during its travel. All of these can be estimated with useful accuracy. The
third lince indicates that the plume height combined with the total quantity of particulate
debris, the activity on cach particle size, and the distribution of these sizes through the
cloud, the rate of radiological decay, the wind speed, and the wind shear all contribute to
the prediction of fallout intensity on the ground, Again the bracketed parameters are rarely
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known prior to an underground event and are sometimes only approximated for even the
best planned nuclear rocket engine test. In the case of nuclear rocket engines, LASL and
other contractors arce approaching these quantities both experimentally and theoretically,
Much more information is needed o accurately fill these brackets. In the fourth line with
the exception of large particle contributions, the same quantities plus the vertical temper-
awure distribution contribute to the dosc acquired by a man standing linmersed 0 & pass-
ing radioactive cloud.

The rough indication coming from these radiation estimates gives the test manage-
ment of AIIC, RELECe, and UISPHS information on which to work, in case venting accuis,
to place into effect countermeasures in the form of evacuating onsite workers, install or
augment networks for the purpose of checking radiation and isotope levels, and if neces-
sary cven in extreme cases to divert inilk supplies or other food distribution processes.

Documentation of the path and intensity of debris after the cvent, whether by actual
measurement as accomplished by the USPHS, or by metcorological analysis as per-
formed by the Weather Burecau, provides protection to the government from unjustified
claims of radiation eifects, and in the more scientific vein it provides information of
value to the entire nuclear explosives industry in applying this form of encrgy to peace-
tul acriviries, Improvement in radiation prediction will come through carciul documcnia~
tion and study of all aspects of radiation release and transport for cach nuclear cvent.

Precipitation Scavenging

Much has been written in the literature on various aspecis of removing particles
and gases from the atmosphere through precipitation of rain and snow. Nearly all of
these experiments have been conducted either in the laboratory where water drop sizes
were accurately measured and particle sizes occurred in limited ranges, or in very
small poriiong of the armesphere under well controlled conditions, or sccurrad in the
larger atmesphere where the only measurement was made at the surface with no knowl-
cedge of the manner in which foreign particles and moisture drops came in contact, their
initial concentration, or the vertical changes in rain intensity. As a result, there exists
no information that can be applied directly to predicting quantitatively, the effect of
precipitation scavening. Add to this the general inability of meteorologists to predict
the timing, intensity, duration, and arecal extent of precipitation, and it is apparent that
precipitation scavenging is likely to remain for many years a large variable in radiation
hazard evaluation,

Deposition

A problem in trying to interpret radiation measurcements has been the micro-
meteorological conditions which inflfuence the deposition and collection of debris. This
was truce cven when levels were relatively high, during atmospheric tests, Now that con-
cern oxists cven with the low levels of exposure, and with measnrement technique being
improved, it is becoming more important te establish the metcorological and terrain
conditions which affect the delivery of radioactive material to the sampler. Fluctuations
in radiation levels with time have in some instances appeared to be related to the diurnal
fluctuation of thermal stability — with hicher readings being obtained at night when the
cloud came under a capping thermal inversion, or lower readings if the cloud was above
the inversion.

FFallout inrensitics have been measured on all sides of variable terrain, The re-
sules have not always been consistent with meteorological theory, but it generally is
believed, that with strong winds, faltout occurs a little more readily in the relatively
quiet but somewhat turbalent air on the lee side of large obstructions than on the upwind
side. If armospheric testing is ever resumed, this should be one of the fallout studies to
be pursucd. In the meantime, a largexr problem exists in understanding the deposition
of radioactive iodine from both underground tests and nuclear rocket engine tests. The
USPIS, with assistance of the Weather Bureau, is engaged in an extensive program of
ficld measurcment to study the uptake of radioiodine released from NES and NRDS, This
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work is expected to be mostly with very low concentrations of iodine 131, The program is
in three parts. First, routine mcasurements will be taken downwind of a!l underground
tests, even though the possibility of jodine release is very small. Scecond, sampling pro-
grams using animals and instruments arc planned in connection with reactor tests and
cratering tests. Third, there will be experiments involving onc or mere irrigated farms,

Meteorelogical experience with exposure of sampling cquipment in the paths of
pesticide releases over vegetation in general desert surroundings has shown a multitude
of cffects, reflecting on the representativeness of samples. The exposure of radiologi-
cal instruments and samplers in the atmosphere relative to the vegetation, to the sur-
rounding hills, to the heighe of the cloud,and to irrigation methods can affect the sampler
results by orders of magnitude, depending on local winds and on vertical temperature
distributions which can change air concentration or prolong or shorten exposures of the
instruments to the clouds of debris. Figurc 9.8 illustrates one such relatively frequent
effect, The continucus lines are isotherms, lines of equal temperature, The thin dashed
tiies are of equal fodiie concaiitvaiion, Nate that the irrvigated vegetation paich oi (he sus-
face has cvaporated cnough moisture to cool the air overhead well below that of the
temperature of the surrounding desert. An effective thermal barricr has formed over
the vegetation from the resulting temperature increase withheight. The top of the thermal
barrier is shown by the heavy dashed line through which the radioiodine has difficulty
pencitading, Therefore, measurements wken of radioiodine in thar pardicuiss segeiation
patch will show lower concentrations during the daytime than it should have. If the cloud
had passed ar night when cxacuy the reverse thermal condition would have applied, the
clou¢ would have mixed downward more readily into the vegetation and would have re-
ceived more deposition than the surrounding desert,
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Figure 9.8. Vertical Wind and Temperature Gradients Affect Deposition,

The Weather Bureau is cooperating with the USPHS in their field studies by instru-
menting each remote radioiodine sampling instrument and each farm patch cnough to
identify these peculiar meteorological phenomena, yet to be cconomical, with the hope
of heing able to assist in the interpretation of radiciodine results,
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long-Range Trajectory Prediction

One of the most interesting preblems facing the radiological saiety program at
the present time, is that of predicting lung-range trajectories of diffuse nuclear clouds. —
Air trajectories arce of interest for their value in locating the areas downwind ir which
reicased radiation might impose safety problems. Cloud trajectorics have been pre-
dicted for ecach atmospheric, cratering, and reactor event, and for all underground tests
at Nevada Test Site. Venting from underground tesrs presents a particularly difficult
problem in trajectory prediction. (See Figure 9.9.) The cloud, being introduced at the
surface with lttle buoyancy, remains near the sdrface and carly in its trajectory he-
comes subjected to the multitude of terrain-induced circulations in the mountainous
western srates, During the daytime, ecach cloud diffuses upward to the top of the mixing -
layer, which may be as shallow as 1,000 or 2,000 feet in winter or as deep as 10,000
or 13,000 feet in summer. Aircraft trackers who encounter the upward-diffused portion
of the cloud (shown o+ the right trajectery in this case) may follow it and miss the lower -
altitude, possibly more intense, portion on the left., While still in the small, difficult-ro
find stage, the cloud may also encounter dircctional or speed shear, or eddies which

bepar e the uppor from the lower partorthe left from the right portion, such as is shown
WIH eacn nAVIIT A aterent rra-
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jectory. This has ocrurrcd on uccasion, leading to confusion in the interpretation of
ajircraft and surface sampling results, because the aircraft located cloud wisps at peints
where nothing was detected on the surface and vice versa,

. Figure 9.9, Trajectories of Diffuse Nuclear Clonds,

The Air Rescarch Freld office, 12550, has established capabiiity for fioating piastic
halloons, cailed teivoons, at preselected altitndes, for the purposes of marking the air
for ousicr long- range tracking, Imagine the advantage of having cach cloud mass tagged =
as shown by the circles in Figure 9.9, which represent balloons in the iltusteation,
These balloons can be skin tracked by NT'S based radar out to about 20 or 30 miles and
to hundreds of miles by IFAA and USAF radarx, but the balloon-bhorne clectronic beacons
and receivers to be used in this system are still being tested and the system is not ex- -
pected to be operational for some months, An airborne system for ballogon positioning is
also heing developed, A crude model was tested in May, 1964 by the Weather Burcau Re-
search Flight Facility in Miami, and a more comprchensive test was run in mid-June, —
1904, Balloons releasced from the NTS were tracked across up 1o 300 miles of mountain
arca and covering 2 days of travel, The airhorne system will probably not be available
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for scveral months in the minjature form required for the light aircraft used at NTS in
routine cloud tracking. A major contribution of these balloons will be o evaluate tra-
jectory prediction on a routine basis, thexreby assisting in developing better prediction
methods. Routine use of tetroons by many Weather Bureau stations is soon to contribute
much valuable scientific information,

SUMMARY

The meteorologice! problems relating to nuclear detonation safety extend most
of the way across the spectrum of weather interpretation and prediction. The effort
expenced inthefield of meteorology has been relatively small due to cost and measurement
difficultics. The Weather Burcau and other federal agencies, engaged in studying the im-
provement of weather prediction, have expended hundrods of millions of dollars over
many ycars developing equipment for useful measurements, for data processing, for
developing staristical approaches, and more recently have developed mathematical and
computer appreoaches to many of the very same problems which affect the weather sup-
port of nuclear testing. The Weather Bureau Research Station, in operating the AEC sup-
ported meteorological service at NTS, has tried to avoid duplrcating wosk tnat 1s bemng
vifeciively pursugd elsewhere. Instead, resulis of other investigations are used as much
as possible with concentrated ecffort being given to the solution of weather prediction
problems which are peculiar to NTS and to those transport problems which are more
applicable to nuclear detonation safety, or are not being attacked adequately elsewhere.
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CHAPTER X

ONSITE RADIOLOGICAL SAFETY

By Victor M. Milligan; Manager, Radiological Sciences
Reynolds Electrical & Engineering Co., Inc.
Mercury, Nevada

INTRODUCTION

The Radiological Sciences Department of the Reynolds Electrical & Engineering
Co., (REECo), holds an enviable position in the nation’s nuclear program, REECo con-
tractually represents the AEC/NVOO and participates in many interesting and varied
nuclear test programs. The range of activities is quite broad, and includes support for
many scientific programs undertaken by the testing laboratories and agencies at the
Nevada Test Site and at oibes »Ciccicd locarions. For example, these services include
direct suppoii of the scientific laboratories in technical programs assccizted with
weapons and reactor tests, support in handling kilocurie radiation svuvccs, and rourine
radiological maintenance of the Nevada Test Site compiex,

Tne function of the Radiological Sciences Department is to provide comglete, inte-
grated health physics and technical support to users and contractors at the Nevada Test
Site., Specifically, the following requirements are Identified in the Nevada Test Site

operating procedures:

(1} Provide a pool of certifica radiation monitors, radiologicai instruments, and

Iy

equipment to the testing laborarories, uscr organizations, and coniraciors.

(2) Maintain an active onsite environmental surveillance program and distribute
- information to concerned ageacies.

(3) Provide radiological engineering assistance and training.
(4) Contyol and decument radiation exposures (o people.

(3) Prepare finai reports wirh accumulated radiological data from significant
rests or test series.

(6) Continuvally upgrade technical competence to meet the challenges of new com-
plexities and demands in the testing program.

BACKGROUND

Before considering how the overall radiological safety program is carried out, ir
may be appropriate to examine the scope of this program, Accordingly, a review of a
few of the developments that have influenced the department’s efforts over the years

is warranted.

Since the inception of the Radiological Sciences Department in 1956, the organi~
zariva of the program, its equipment, facilities, and capabilities have undergone revolu-

tionary change — especially during the fast 3 yeais,
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Although  potentially acute, the radiological health problems were simple and
straightforward during the days of atmospheric testing. The hazard limits of an arca
were quickly defined and easily controlled. Reentry personnel were simply excluded
from areas until the atmosphere had cleared. Radiation hazards were limited largely to
external exposure, and therefore, were casily monitored and controlled.

New problems appeared, primarily in tunnels, during the devetopment of under-
ground test techniques. Most of the radicactive debris was effectively confined at the
point of detonation, But reentry into the tunnels was complicated by both air-borne radio-
active contamination and toxic materials. Occasionally, failure of the stemming barrier
in a tunnel complex introduced widespread contamination problems and necessitated strin-

gent control procedures.,

The approaches to underground testing changed againwhen vertical shafts were used
for tests. Occasionally, at zerotime, therc was pressurized venting which released radio-
ACTIVE gases 10 LOC dUINOSPieie, SANpes wele fecovesad thiivdgh posisiot driliing and
graduaily the time between detonation and ground zere penetration was reduced from
weeks to hours, With this narrowing of time, the magnitude of problems increases many-
fold., On drillback, toxic gases and explosive mixtures were cncountered, along with
some leakage of the radioactive gases.

Monitoring aad arca access control at the work sites extended far beyond the prob-
lems associated with short-term health controls. The craftsmen — drillers, miners, and
radiation monitors — required for reentry worked under the standard control limits for
occupational exposure. {(This procedure was significantly different fromthose of the test-
ing operations during the 1950’z when special dose provisions werc sometimes granted
for a short-term series.) These specialized people developed skills peculiar to reentry
operations. It was essential, then, that radiation dose allotments be precisely defined,
thus giving to the exposure-control problem an importance greater than that of the
health factor.

During the pasi year, considerations relating to the dispersal of radioiodine con-
tamination and the test ban treaty have brought to bear new pressures, Consequently,
the radiological ground rules have been changed again.

Radiological safety to workers remains a prime factor. But all proccdurces, especi-
ally those dealing with documentazion of data, must be continually scrutinized to ciasurce
that international political commitments are upheid. Thus, the accumulation of vofumin-
ous and detailed data (both negative and positive) has become vital to the nation’s nuclear
testing program. All radioactive material transported or escaping by any means from
the point of production must be accounted for and fully documented. The sampling methods
and the subsequent analysis needed to produce these data are challenging 1o say the least.

SCOPE OF OPERATIONS

An understanding of the current radiological safety program is now appropriate.
It can be obtained best through a consideration of the support activities provided during
and after a typical test.

The services of the Radiological Sciences Department include radiation monijtozing
and decontamination, external and internal dosimetry, radiochemistry and low level
counting, radiological engincering for health physics procedures and equipment, instru-
ment maintenance and calibration, radioactive waste management, and source control.
These services are adapted for normal site maiantenance, tor specific tests, and for the
recovery of radicactive samples hy postshot mining and drifling.

The test directer of the laboratory in charge of a particular test is responsible
for the safety of people in test arcas during tests and until scientific data are rocovered.
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Radiological support ts provided to the test groups during these periods, and the require-
ments are stipulated by the test group beforean event. When test arcas revert to the con-
trol of the AEC test manager, support continues for radiation arca control, for environ-
menal surveitlance, and for nontest oriented programs by users and contracrors,

Extensive radiological data for cach test are obrained by radiation monitors and
health physic:s technicians. They use a varicty ot radiation detection and sampling instru-
ments as shown in Figures 10,1 and 10,2, This moritoring and sampling effort is supple-
mented by a network of remote monitoring stations and by a mobile, site-wide air
monitoring program.,

BETA, GAMMA HIGH AND LOW ALPHA SURVEY METER BETA, GAMMA GM-COUNTER
RANGE SURVEY METER ION-CHAMBER INTERMEDIATE
RANGE

ALPHA, BETA GAMMA HIGH BETA, GAMMA HIGH AND LOW GAMMA LOW RANGE SURVEY
AND LOW RANGE SURVEY RANGE SURVEY METER METER
METER

Figure 10,1, Portable Radiation Surres Instraminis,
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LOW VOLUME CORTINUOUS MULTI-POINT LOW VOLUME - HIGH YOLUME AIR SAMPLER
AIR SAMPLER CONTINUOUS AIR SAMPLER

Figure 10.2. Portable Air Samplers.

Members of the department staff participate with the AEC and the test groups in
planning for tests and in the readiness brietings before detonations, and with the advisory
panel during postshot drilling.

Staff members are thoroughly trained and experienced in the ~nplication of field
procedures, and in the actual usc of associated cquipment. Under emergency conditions,
or during unusually demanding test conditions, the staff participates both in carrying out
and supervising ficld operations.

Before each test, radiation monitors arce on duty at road blocks on the perimeter
of the test area, and ar manned stations within the controlled arca. The monitors con-
tinuously survey the local regivn during and immecediately after the tests for an assay of
conditions before personne! are permitted to enter the area. Other monitors make sur-
veys for radiological evaluation of test arcas immediately following detonation. A ream
of monitors is assigned to cover reentry parttics.

Two mobile teams, equipped with a full range of radiation detection and air samp-
ling devices, arc within the forward test area at zero time. The movement of these
tcams is directed from the control point as they measure radiation tevels and collect
samples in downwind locations if radivactive debris is released. These data are used by
the U.,S, Weather Burcau in development of models for fallout prediction, as welt as for
other documentary purposes.

The field supervisor malintdias communications with members of the manageincnt
staff who are located with the test manager’s advisory pancl. Contact is 2fso maintained
with the U.S, Weather Burcau, the U,S, Public Health Service, and the test group director.

A van-type truck containing safety cquipment, radiation detection instruments, air
sampling cquipment, and personnel dosimeters 5 positioned at the main security barvi-
cade near the actual test area. As soon as radiological conditions are assessed after o
test, the van is moved to a more convenient location for scorvice to people in the immedi-
ate test area.

One hundred and forty-cight small mohile air sampling trailers are used Lo assist

the test groups in source cvaluation, to measure and document released radioactivity,
and to augment normal environmental surveillance. (See Figure 10,3,)
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Figure 10.3. Mobile Air Sampler.

At least 18 of the units, and as many as 45, may be requested by the test group for
a partlcular evenr. Each unit hae eight sampling heads capab}c of continuous or scquential
2ir oo agdirien ¢ a2 gamma detecior ,...:i recoydcy. The 5ampicsrs are piacad at

fal
intervals arouiid the test area before eachiest. The equipment remains in use through the
conclusion 7 'rilling operutions and is not removed until the area is secured.

Adhesive surfaced trays for collecting samples of airborne dust are positioned at
quarter-mile intervals on roads surronnding the test area. If therc is an cscape of radio-
active debris during the operation, the collectors are retricved and analyzed by tae
laboratory, and the data documented.

Twou hundred remote radiation detector cChamnels aic avallabie Lo continuousty
evaluate radiological conditions and assess exposure hazards before the test area is
entered after detonation. (Sce Figure 10.4.) Approximately 30 of these units are posi-
tioned in each test area before an event. The detectors are placed in circular arrays, at
appropriate distances from surface ground zero. The distance of the detectors relative
to surface ground zero varies with the device yield and the predicted wind direction, An
additional 43 permanentiy established remote radiation detector stations operate con-
tinuously throughout the Nevada Test Site,

Radiological data obtained by remote monitors are carefully evaluated. When it is
determined that the gencral test area is radiologically safe, survey teams are sent to
monitor the area persnnally. Each team of twe monitors, equipped with survey instru-
ments, enters the area by a specified route, A detailed radiological survey of the area
is made; readings are transmitted by radio to the comrol peint, evaluated, and recorded,

Upon completion of the initial survey, a mobile radiological control swation is set
up near the surface zero site. All persons entering or leaving the radiation area must
pass through this facility. Those entering the area arc dressed in the necessary protec-
tive clothing, cuifitted with respiratory equipment if appropriate, and issuced self-read
pencil dosimeters. Personnel and equipment leaving the area arce carefully monitored,
and decuntanainated, if necessary. Filim badges are exchanged, dosimelers are reitieved
and read, and a composite dose record is made, reflecting the personnc! dosimeter read-
ings which are added to previous exposure rccords. IFilm badges are forwarded to the
dosimetry laboratory for evaluation and official documentation,

Radiolagical services during the rccovery of scientific samples include all as-
pects of the department’s capabilities. Gamma radiation detectors are placed at all sensi-
tive Jocations. The detectors are linked by hard wire to recorders and merers in the area
control facility. This instrumentation is augmented by the array of continuously aperated
air sampling trailers surrounding the work arca. samples may be screencd and gross
counted in a nearby mobile laboratory as shown in FFigure 10.5, and then comptetely ana-
lyzed in the main lcboratory for final documentation.
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A team of monitors is assigned to each shift during postshot drilling operations
typicaily, personnel are used in the following ways:

(1) Monitors at the area control facility ensure compliance with all arca entry
and exit requirements. They document personnel exposures and maintain a con-
tinual and complete log of activities in the controllied area. One or more moni-
tors are continuously in the work area to survey work activities, to gather and
evaluate special samples, 10 ensure that protective equipment is properly used,

and to inspect all personnel dosimeters periodically.

(2) During the retrieval of radioactive debris from the detonation point, monitors
survey and extract the core samples. Using tongs, lead gloves, aprons, and
other necessary protective equipment, they place the radioactive core samples
in shielded containers and arrange for shipment in compliance with regnla-
tions. At the completion of recovery operations, monitors decontaminate all
cpviment and vehicles, and finally secure the area by use of barricades and

warning sigis.

The 227 peeple, who 3IGET this program ai Cveiy 1eai wocatiun i ihe 1,200 syualc
miles of the Nevada Test Site, travel more than a million miles a year in providing ser-
vices. ‘The dosimetry laboratory processes and records the data on approximately
200,000 perscnnel film dosimeters annualiy. Fieid support Is provided [or more rhan
20,000 actual entries into radiologically controlled areas in a typical year.

Two categories of reported data are prepared. These coisist of site maintenance
reparts and test oriented reports. The site maintenance reporis are not related to test
activities, and are prepared on the foliowing basis:

Exposure and Dose Report . .« v v v v v ittt it e e e v ev s .. Daily
Activities Report ..... C v b et ittt et et et Monthly
Monthly

DOSe SUMMALY o Lt v v vt o s ot s n i s ot e st et ot v s e s
Source Locator Report . .. . . ...ttt veversonersnsa. Bimonthly
DOSe SUMIMALY  + « v o t v 18 v 0 s 6 s s st s o teveseserssaasss Quarterly
Environmental Surveillance Report .. .........vv....... Semiannually
Radioactive Waste Disposal Repott . .. . .. ..o v, .... Semiannually
DOSE SUMMALY « v v ittt v v e s vs et o s sansannssenss.... Annuaily

Tcot or Icihied repotls ate prepared as a primary requirement for the AEC or test group,

4oL UL

or both, as follows;

Event Support Plan .. .... .. ... AEC ang test group

Postshot Drilling Procedures . ................ Test group; copy AEC
ZetoTimetoH+6 . ...........v.evvvvsversr.. AEC and test group
H+6tosStartof Drilling ........ ..+ vvev..s.. AEC and test group
Postshot Drilling “‘Button-Up”* ................ Testgroup; copy AEC
H+ 30 Preliminary ........¢ i vv e e veeresenr.. AEC ang test group
D+3Weeks Final . . v« v vt v v v vt e v v v s v s e AEC; copy test group

Series Final ... vttt it en e et v AEC and test group

FUTURE IMPROVEMENTS

Plans for the future are directed toward increased sophistication of capabilities
and economy of operation. Investigation of procedures, techniques, and equipment is
stressed, Shortly, the sample analysis program will be automated by clectronic data
processing equipment (See Figure 10.6.)

Seieciive recruiting has boen rewarding. There is evidence of substantial strength-
ening of protessional capabilities in health physics and radiological engineering.
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Figure 10,6, Electranic Data Processing Equipment.

New applications of remote monitoring and automated work area air surveilisnce
Are now in rhe testing stages, These developments show prospecrs,; not only of improved
safety surveillance, but of increased ccoromy as well.

Comprehensive audit programs sor calibraton, radiochemical procedures, low
fevel counting, and health physics procedures are being developed.

CONCLUSION

In summary, ons. . radiological safety services at NTS arce characterized by their
dynamic nrature. Support is provided to a number of users, such as the Los Alamos
Scientific lLaboratory, lLawrence Radiation lLaboratory, Sandia Corporation, and the
Department of Defense, cach of which requires significantly different services, The
primary objective of the Radiological Sciences Department is to sustain a technical
service which reftects state~of-the-art capability.
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CHAPTER XI

OFFSITE RADIOLOGICAL SAFETY
United States Public Health Service
Las Vegas, Nevada

SCOPE OF OPERATIONS
By John R. McBride; Assistant Officer in Charge

INSTRUMENTATION AND ANALYSIS
By Allan E. Smith; Chief. Physics and Data Analysis Service

RADIOIODINE FIELD INVESTIGATION PROGRAM

Ry Nealhart € Barth: Chiaf
‘Jl Arw atin it v s EAeal 380 N SIA N Ay

SCOPE OF OPERATIONS

The general objectives of the Public Health Service programs for the AEC aie
aitained by providing a Radivivgicai Safety Program in desigriated offsite areas adjacent
ry the Nevada Test Site and orher testing locations as requested. The purpose of these
programs is to document the radicleogical situ
mental sampling and radiation monitoring in support of the nuclear testing activities,
As required, a public contact and information program provides assurance to the public
that all reasonable safeguards are being employed for protection of public health and
property from radiation. The Public Health Service performs specia! field investigations
to determine biological effects, and necessary investigations of incidents which might he
attributed to radioactivity that possibly could result in damage claims or create unfavor-

able public opinion,

In 1938, the first permanent staff introduced an envirenmental sampling program
within the designated offsite area, This continuous sampling program, taken at specific
intervals, includes air, water, milk, vegeration, and sometimes scil, In 1959, the Public
Health Service establisned rhe Southwestern Radiological Health Laboratory in Las Vegas,

Several types of portable monitoring equipmem are used, depending on the type of
testing, Normally there are 10 to 20 monitors available downwind, who are dispatched
in trucks equipped as stiown in Figure 11,1 with two-way radios, monitoring instruments,
background recorders, portable air samplers, and portable generators.

In Figure 11,2, a whole body counter is shown mounted on a railrcad car with a
lvaned passenger-type U,S, Army hospital car, This unit is located at Nellis Air Force
Base in Las Vegas. The equipment is completely calibrated and available to contractors
at the test site or anyone else who might need the facility at such times as may be neces-
sary.

Sampling aircraft as shown in Figure 11,3 is one of the recent acquisitions, An
air sampling program, utilizing two C-45 aircraft, began about 3 years ago, Two addi-
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sample by utilizing an c¢lectrostatic precipitator collector, these airerait also scerve 1o
give the monitors an idea of where the cloud is, its intensity, and its rate of movement

rional  C-43 aircraft have been acquired and have uadergone considerablo moditicaton
1o increase ajreraft safety, As tinal checkout and instrument calibration is completed on
the two moditied aircrafy, the original C-45 aircraft wiil be phased outy The C-45 air-
cralt are primarily used on shot day, and orbit near ground zero at shot time. he sam-
pling aircratt can 1ake both a gas sample by using a cryogenic collecior and particulate
and dircection,

|

The nose prebe used on the aircraft is shown by Figure 11.4, and the retractable
belly probe is showe by Figure 11.5.

Figure 11,4, Adrcraft Nose Probe.

Figure 11,5, Aircraft Refractable Probe.




Figure !1.6 shows the locations around the test site of the air sampling srations
which are in constan - veration., lf it appears the cloud might traverse a gap in the net-
wark, the field moniters may be directed to set up additional stations with equipment

carried on the trucks. All samples are returned for analysis to the laboratory on the
campus of the Nevada Southern University at Las Vegas. The currently operational air

sampling stations outside Nevada are shown in Figure il.7. All permanent sampling

stations are operated by people in the area, with the filters being returned by air mail _
on a daily basjs, Figures 11.8 and 1.9 show milk and water sampling stations, respec-

tively, Figure 11.10 shows dose rate recorder locations,
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Some other accomplishments during the past 10years include a film badge pogram

which was established in 1934, Originally, film badges were issued to all of the people

that could he found to wear them, without any statistical significance. Since that time, a

valid sample is obtained of the population exposure by determining the number of people
living in each given arca and distributing a statistically representative number of film

badges.

- An up-to-date census is maintained of the offsite area as to the number of peopie
in each community, individual ranches scattered in rhe deserxt, dairy cartle, wells, and
water supplies, both potable and domestic, If any activity is released, then this census
helps to determine where to go, what is there, and what it means in terms of health

hazard. :

A standby milk surveillance network has been established by cooperative arrange-

a ments with each adjacent state, This merely identifies the milk sources within the state

; so that if a venting should occur, the Public Health Service telephones to have designated

‘ milk samples shipped by air mail for analysis. Such samples may be scheduled to be

i taken daily or weekly, This method is inexpensive, and it is helpful in determining the

situation earlv in each srate,

Responsibility for veterinarian activities was asswmed on Juine 1, 1964, A herd of

- about 40 beef catile is kept on a ranch ar the Nevada Test Site, The herd has been re-

duced, bhut it remains valuable in establishing what amount of radioactivity thesc animals

absorb bv being on the test site, The veterinarian also participates in offsite activities,

where he will talk to ranchers, mect other velerinarlans, aid ve avatlable i Gueesiic
animals are reported injured after an event.

The Public Health Service collects samples in the field for study and analysis in
the laboratory, These data are correlated, evaluated, and eventually become a compre- |
hensive report, However, the most important part of the effort remains, in the prompt |
and honest dissemination of the data to the public. Neither the AEC or Public Health
Service can afford to be accused of withholding data from the public. This operation is
in a public area, and that must be remembered. All kinds of people can make measure-
ments with relatively cheap radiation detection equipment or a gamma specirometer.
The bes! interests of ail can be scrved by telling what happenced factually ond honestly,
rather than have others tc'l about it, based on hearsay or conjecture.

INSTRUMENTATION AND ANALYSIS

The concept of change is significant as appliea to the Safety Program at the
Nevada Test Site, and it is equally as important when considering the analyticair labora-
tory operations of the Public Health Service wiich serve in support ui tie Gifsiie
Radiological Safety Program.

Much of this change results from improvements in instrumentation and technique,
while this in turn has becn spurred by an incrceascd awareness of thi: public health
problems, both actual and possible, resulting from nuclear testing, The present con-
cern about radioactive iocdine in the human food c¢hain might serve to jillustrate this
point as appiied to the Olfsite Radiological Safcty Program, The development and
general avaijlability of pulse hecight analyzers made possible the identification and
quantitation cf the various components of fallout, and led to a change in emphasis from
the gross to the specific, As this change came about, it was realized that the biological
availability of cach isotope, and its uptake by man would be the dominant factor in con-
sidering any potential hazards, The advent of underground testing meant a high proba-
bility that any radioactive material released to the atmosphere would be in a gascous
rather than particulate form, and this in turn increasced the importance of the gascous
fission products (which of course included the isctopes of jodine). In order to best evalu-
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ate gascous releases, it was felt that a method of sampling for the inert gases, krypton
and xenon, should be developed.

Figure L Ilis a schematic diagram of the cryogenic air sampling system which is
mounted in an aircraft, Air is taken from outside of the aircrafr, and the particulate
materidls are removed by 4 high efficiencey prefilter, The reactive gases are removed by
an activated charcoal cartridge, and only the inert gases will pass throug!, (o the cold
trap, It is here that the kryptons awd xenons arc removed at very low temperatures.
The remainder of the gas passcs through a dry gas meter to permit calculation of the
volumc sampled. In addition to this sampling, the aircraft will atempt to define the
limits of the cloud height, width, and length, At the appropriate moment the sampie is
taken, and subsequently returned to the laboratory for analysis, All of this information
permits an estimate of the total content, in curies, of the cloud,

Although the content is presented in terms of curies, the most basic prohlem is that
! remely low levels of acrivity, Thus, the importance of refined labora-

ion rechniques is obvious,
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Figure 11.11. Cryngenic Air Sampling System.,

Figure 11.121is a schematic diagram of a precipitator air sampling system which is
installed in an aircraft to provide additional sampling capability within any cloud of
radioactive material, In this system particulate material is deposited on the walls of
the precipatarer tube by colectrostatic action, Particles which are too Jarge to be deposi-
ted arc removed by an 8- by 10-inch filter, The remaining gas is used to inflate a grab
bag type apparatus which is rceturned to the laboratory for irert gas analysis. In the laboxr-
atory, the precipita.or tube is washed with several solvents in an attempm to characterize
the chemical form of the various isotopes through a knowledge of their differential solu-
bilitics, Some work may also be done on particte sizes,
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These two sampling systems arce utilized only after a nuclear detonation and par-
ticularly in the cevent of a yelease of activity to the atmosphere. However, there are
many continuing programs wihich are maintained on a routine hasis, and merely intensi-
fied following a doeronation, Included among these would be the air survetllance syswem,

The present operational air surveitlance system utilizes a low [low rate, positive
displacement pump with an induction motor expected to provide several thousand days of
continuous operation, a Whaunan filter, and charcoal cariridges, where indicated, The
laboratory counting cquipment has been improved with a tow background beta system,
having an automatic sample changer and card punch output.

Routine programs for the collection of nulk and water samples from the offsite
area permit a continuing evaluation of environmental contamination, While this program
concentrates on individual farms and dairies, the Public lealth Service operates sur-
veillance programs designed to evaluate the concentrations of activity available 1o large
population arcas by examining processced milk sampies, The laboratory makes no dis-
tinction ‘as o the source of the sample, and the data from cach source serves 1o supple-
ment the other. As an example of theinteraction of these various programs, the detection
might be considered of high levels of 13 i pastuerized milk from Utah in 1962, foltow-
ing the Sedan event, This detection permitted more intensive investigation of individual
dairy farms and a more precise definition of the activity as a function of arca,

The general laboratory policy is to usce pulse height analyses for ail isotopes
emitting gamma rays, Chemical separations are avoided, excent where absolutely neces-
sary as for isotopes, such as Sr8Y and Sr¥%  which emit no gammas, The gamma spec-
trometer systenm is shown in Figure 11013, 10 consists of a dual shicld hoiding iwo 4= by
4- inch Nal(Ti) crystals, The ourput from each detectoris fod 1o one-half of a 400 channel
analyzex, cach half cexamining the range 0 to 2 million clectron volts, The data is pre-
sented as both typewritten copy and on punched paper tape, The paper tape serves as the
input to an IBM 1620 computer which performs the roathematical analysis, This is an
extremely rapid process for all long-lived isotopes. Certain problems stitl exist with
the analysis of specira containing many short-lived isotopes for which ne swandards are
available. It is hoped that a method to simulate the spectra of these isotopes may soon
be developed.

Figare TL3, Gamma Pulse Height Avalyzer System,
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Although the mumber of chemical separations is Kept to a minimum, a faboratory
capacity does oxist for handling scveral hundred such determi sations per week, In addi-
tion to the radioactive isotopes, certainstable clemonts, such as caleium and phosphorous
are of interest duce to similarity of their behavior wo thar of stroantium, These are rou-
tinely  determined, The awtomated jow background beta counting system is shown in
Figure .14,

e i .
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Figure 11.14.  Awutomatic Beta Counter.

Cerntain specialized equipment is avatlable for development projects related to the
averall programs ol the station, Included among these is a pulsed neutron generator,
having a nominal output of two or three times ten o the tenth fast neutrons per second,
Moot recently, thig has heen used to help develop a sampling system specific for radic-
active iodine, It is hoped that this sampler witl heip to define the chemical and physical
form of the ifodine in any radioactive cloud. Although this is sttl in the developmen
stage, sume success has already beon noted. The most recent additions include cquipmeoent
to be wsed in particle sizing of radioactive particulates, Particle sizing and counting
devices and an clectron microscope will inercase the knowledge of the biological avail-
ability of any activity reteased from the Nevada Test Site,

Figure 1105 shows the TBA 1020 computer system, having punched tape and card
input and ourput, This unit is instatied in the laboratory, and offers specd of analysis as
its primary advantage, This permits evaluation of any potential healdh problems within a
very short period of time after sample collection (usually less than 24 houre), This svs-
tem also scerves as a storage and rervieval system for all data associated with any activi-
ties at the Nevada Test Site, The importance of high speed rerrieval of information is
beecoming increasingly apparent,

Pigure 1E IS, IBM 1620 Camputer Console,

1t




i
]
i
]
i

s

1%

e

RADIOIODINE FIELD INVESTIGATION PROGRAM

In the spring of 1963, a committee met to make specific recommendations as to
what additional information was needed to better define the possible radioiodine hazard
that might result from venting of undcerground detonations, reactor testing, oxr from any
other rype of radioiadine source, This committee was divided as four subcommittees
to consider sources, monitoring, transport phenomena, and biological studies, Specific
recommendations were made by each of the subcommittees and, in order to partially
implement these recommendations, the Radioiodine Field Investigation Program was

formed.

In general, the program is not primarily concerned with source term definitions
other than from the standpoint of taking samples and attempting to relate these samples
to the probable sources, It is considered to be the province of the individual laboratory
conducting the test to define the probable radiation sources. Principal experimental
efforts of the Public Health Service are in the monitoring and biological fields, In addi-
tion, there is a combined program with the Weather Bureau in the area of transport

phenomena.

The general purpose of this study is to collect data to estimate the probable
average and the maximv.. value of radioiodine level$ in raw milk consumed by farm
families in the offsite popularion and to estimate total human dosages in this population
trom ingestion exposure pius any inbalaiion ¢xpusurc,

Tho (el vugective 1S L0 relate levels or radioactivity in the air to levels of radio-
iodine in the thyroids of selected humans breathing that air, Similarly, attempts shall |
be made to relate air levels of radioactivity to levels of radioiodine in raw milk col-
lected from individual farms at the same locations,

The Public Health Service shall do its best to establish these relationships, but
it must be recognized that there may not be any consistent relationships tc be found.
in sther woxds, there may be certain parameters which will alter the relationships for
specific cases to such an extent that it will be necessary finally to conclude that there
are no cousistent relationships which can be established.

The sccond objective is to seek to relate external gamma and/or beta plus gamma
measurements obtained with portable survey instruments and film badges to levels of
radioiodine in the thyroids of selected humans and to levels of radioiodine {n raw milk

produced at the same location,

The third objective is to seek to relate levels of radicactivity deposited on the
ground and on forage as dry fallout or as rainout to the levels of radioiodine in raw
milk at the same locationg,

The fourth objective, in cooperation with the Weather Bureau, is to assess the
signiticance of local meteorological variables, such as wind velocity, temperature,
precipitation, humidiry, and dew on the deposition of 1131 on vegetation.

The fifth objective is more long~range in naturce and will be to estimate dosc dis-
tributions to human tissues, organs, and organ systems resulting from various combina-
tions of ingestion and inhalation exposures to radiciodine,

In general, the approach to achieve these objectives will be to identify specific
paramcters which seem to affect these relationships significartly, and particularly to
scek the variances which might be expected under different conditions. The Public Health
Service will never be content to obtain, for example, a grand average relationship which
will relate external gamma taken with portable survey instruments to radioiodine levels
to be expected in milk., In ecach case, a plus and minus variance will be sought to anach
on the end of any relationships obtained, This will necessitate the taking of large amouns
of data under many different conditions. Emphasis will be put on field investigations as
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the final definitive data mwust be taken in the fieid, Thus, the laboratory will be uscd
only for the minimum ameount of tinie uecessary to achieve whatever equipment calibra-
tion is needed to interpret and evaluate the data collected in the field,

These objectives are being attacked on a rather broad front in terms of the scien-
tific disciplines involved. In particular, the program is organized as the Biomedical
Section, Physical Sciences Section, ard Agricultural and Soil Sciences Section, It is be-
licved that a team of biologists, agronomists, soil scientists, chemists, physicists, and
engineers is needed to solve the many and varied problems.

The objectives may be broken down into both short- and long-range objectives,
Short-range objectives are related to field investigations for specific cvents, kt is
appropriate to point out the relationship of the Radioiodine Program to the Offsite
Program, After an event occurs, the offsite organizarion detcermines how inuch acuvity
went where, and must necessarily operate over reiatively large distances to plot where
the cloud wenr and to give some quantitative information over large geographical areas,
Many various kinds of samples are collected during this period, but a specific location
is not usually sampled in depth, The task is more properly a function of the Radio-
iodine Program,

Fcllowing the PPike event for example, arrangements were made to moutt studies
at iwo local dairy farms after the offsite organization indicated that radicactivity had
passed over the city of Las Vegas, This study of the Latter Day Saints Welfare Farm and
the Habhbart Farm was set up in some depth in that daily samples of soil, water, air,
milk, hay, and vegetation were taken at both of these farms. A distribution study was
done in one of the fields to determine whether or not the deposited activity was homogen-
ous. A brief summary of some of the results obtained at that particular study is pre-
sented later,

To accomplish the long-range objectives, it will be necessary to have controlled

releases of radioactive aerosois at the Nevada Test Site, An experimental farm has been
established for this purpose as shown by the arrow marked UE-JiSD in Figure 11,16.
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At the pieseani time, 20 dairy cattle arce temporarily located in the vicinity of
Well 3B. Only the lactating cows are moved to the UE-15D site. In addition, there is
an area of approximately 20 acres of irrigated farm land where alfalfa and other forage
crops common to dairy farms in southern Nevada and scitiiern Utah will be grown,

Figure 11.17 shows a photo of the experimental farm building. Figure 11.18 shows
the interior of the barn ncar Well 3B with three of the experimental dairy animats,

Figure 11,17, Experimental Farm Site in Area 15,

Figure 1118, Interior of Cow Barn Near Well 38,
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The general appreach in this investigation can best be described as a systems
approach, For input there is a given level of 1131 in man’s environment; this is then
aperated on by some kind of transfer function in the system, man’s foad chein plus man,
with the output being a certain dosage of 1131 1o humans, The Public Healt  ‘ervice will
hegin with the rotal large system and procecd to the small subsystems, This is in con~
1rast to most basic rescarch programs, where usually the effort involves buiiding from
the small subsystems to the large total system, The plan is to seck the overall cffective
transfer function in the field, first; and then to break down this transfer function into its
constituent transfer funcrions at a later date,

One of the more extensive studies cenducted by the program followed the Pike
cvent and wok place at two Las Vegas dairy farms, Figure 11.19 shows the location
of the Later Day Saints Welfare Farm aod the Habbart Farm, These farms are approxi-
mately 3 miles apart with no major topographical features, such as mountainsg, valleys,
or streams between the two farms, At cach farm, arrangements were made with the
farm managers to separate three cows from the herd, placing them on green feed to-
gether with the normal supplement of grain and hay which dairy farmers usually feed in
this particular part of the country., The rest of the herd was to be kept away from all
areen feed and allowed to cat only dry feed,

LDS WELFARE FARM

[
RS ~1\;
PARADISE { =

Figure 11,19, Dairy Farm Locations.

The highest level of 1130 found in raw milk from cows on grecen feed was 420
picocuries per titer, This level was obscrved to decay with an ceffective half-life of
approximately 3-1/2 days,

For cows on dry reed, a maximuia of 70 picocuries per liter 1131 was observed in
raw milk with an cffective decay half-life of about 6-1/2 days. These half-lives are
probably correci to plus or minus one day,
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There are three findings which the Public Health Service believes might be signifi-
cant, Higher than expected 1131 levels were found for cows on dry feed only. There was
a significant difference in 113l Jevels between the Latter Day Saints Farm and the
Habbart Farm samples. For different samples, the Habbart Farm was higher by a factor
ranging from two to five, The highest level of 1131 observed in the raw milk of cows on
green feed at the Latter Day Saints Farm was 70 picocuries per liter compared to 420
picocuries per liter for the comparable sample at the Habbart Farm, Calculated ratios
of the 113! deposition on vegetation to the 1131 levels in milk at the Habbart Farm gave
apparent general agreement with similar factors calculated fellowing the Windscale
Reactor accident in England, This last finding was not expected, and it should be recog-
nized that it could possibly be due to fortuitous combinations of circumstances,

In conclusion it should be noted that this particular program has been coordi-
nated with many differeat laboratories doing related investigations, such as the group
at the Nativna! Reactor Test Station, Idato Falls, Idaho; the L.ovelace Foundation, Albu-
querque, New Mexico; and the los Alamos Scientific Laborawry, Los Alamos, New
Mexico, Copies of program documents have been rransmitted, and several liaison visits
made, to the Biomedical Division of the Lawrence Radiation Laboratory. There has
been general agreement in every case that the field approach with radiation sourcee sr
the Nevada icst bite wiil compiesaent other studies rather than result in unnecessary and

wasteful duplication,
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CHAPTER XII
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AIR BLAST PREDICTIONS

By Jack W. Reed, Meteorologist
Sandia Laboratory, Sandia Corporation
Albuquerque, New Mexico

INTRODUCTION

Need for offsite blast prediction for WNevada tests became known with the first
upciaiivil, Raigei, i1 Jaiuairy and i‘ebiuary 1251, Thcro worc no significant adverse
reactions to the first three shots, but a fourth test of 8 kilotons was shot on February 2
which sent a strong blast wave into Las Vegas, breaking windows and shaking dishes

from shelves. Four days later, a 22-kilotcn test went practically unnoticed.

It was established that atmospheric conditions caused this so-called anomaious
blast propagation, and that weather was often more important than yield in deiermintng
distant blast effects. For example, only a barely audibie compression was detected at
40 miles from a mulitimegaton burst at Christmas Island in 1962, In the opposite extreme,
an irate mother once claimed that her baby was knocked from bed by a 100-pound high-
explosive blast, 7 miles away at Sandia Base. Normalized for vield and distance differ-
ences, these two events demonstrate a factor of at least 150 difference in atmospheric

blast transmissions,

Blast predictions have been evolved and used at the Nevada Test Site so that, except
for one instance, there have becn only a few widely scattered and inexpensive damages
from subsequent test operations. The exception, Buster-Jangle Dog 21-kiloton shot in
November 1931, broke several large windows in downtown lL.as Vegas, Operational pres-
sures on that date had prevented further test delay in spite of a pessimistic blast pre-
diction, and late weather changes made ihings evei worse, Since ithat tine prediciion
techniques and confidence levels have been considerably improved, so that it seems
quite unlikely that serious accidents or incidents from air blast should recur.

PREDICTION TECHNIQUES

Atmospheric refraction causes nonuniform blas: pressure patterns to be propa-
gated great distances. A simplified illustration of this is shown in Figure 12.1, In a real
atmosphere temperature changes with altitude, as shown by the left curve, so that sound
speed is also different at different altitudes, Wind changes with height added to
temperature-determined sound speeds give a sound velocity versus height structure, as
shown by the dashed curve, A vertical plane wave, as shown on the right, would be propa-
gated through this atmosphere at different velocities at different altitudes and become
increasingly distorted with passage of time. Sound rays, perpendicular to the wave
front, arc curved upward from the ground in layers wherc sound velocity decreases with
heigh', These sound rays are curvedtowardtheground in layers where velocity increases

with height,
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Figure 12.1. Shock Wave Distortion by Layered Atmospheric Temperature
and Wind Structure.

‘This same bhending aftects rays from a point source cr explosion, as shown in
[Figure 12.2, A most important sound velocity versus height structure for explosions is
where sound velocity decreases, then increases with height above ground, Various rays

emanating from a burst curve upward, then are turned over by velocities aloft and return
to ground in a band some distance away.,

Relative blast intensities may be predicted from the density of ray arrivals.
There may be varying degrees of focusing of blast waves in these sound rings. This is

usually the sound velocity versus altitude profile which causes exceptional disturbances,
sometimes called caustics, ar long ranges.

There are three {ayered regions of the atmosphere which may give strong sound or
blast propagation, The lowest, a surface inversion layer, does nct often give significant
focusing but instead causes wave energy to diverge cylindrically rather than sphericaily,
and thus causes abnormally high blast pressures, This surface sound duct, as shown in
Figure 12,3, may be generated by a surface temperature inversion, where temperature
increases with height above ground in a shallow layer which is seldom more chan 1000

feet thick, Inversions develop at night when the ground zools by radiation and, then in
turn, it cools the boundary air layers by conduction,
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With temperaturce decreasing with height, as is normal in daviime when the ground
is lheated by the sun, wind direction or speed may change with height to cause a sound
velocity inversion. In either case, sound rays are ducted to first sirike at ranges of less
than a couple miles. These sound rays are almost perfectly reflecred by the grouna (at
least for frequencies and wave lengths given by most explosions) and repeat their cyclic
path many times as illustrated, Even small ground reflection losses become significant
after being compounded dozens of times, so this atmospheric duct is only of concern in
blast prediction 10 a few tens of miles, In Nevada this duct is generally blocked by moun-
tains at less than 20 miles range,

Weather conditions responsible for extensive blast damages in Las Vegas are
shown in Figure 12,4. Jet-stream winds, which usuaily blow from the west direction
quadrant, may have spceds as high as 2350 knots, Very low temperaturcs and sound
speeds at 25,000 t 40,000 feet are counteracted by these high wind speeds to give some
higher downwind sound velocities near tropopause altirudes than ar ground level, The
tropopausc is the level where temperature strops decreasing with altitude. A resulting
aound ring, with posgible strong focusing, may land at 30 to 100 mile downwind ranges,

depending on height and strength of ducting jer-stream winds.
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Pigure 12,4, Jel-Stream Sound Ducting,

AL higher altitudes, in the ozonosphere, there is a warm layer centered near
150,000 feet, where temperatures and sound speeds are nearly as high as at ground
level. This is shown by Figurc 12.5. Fairly steady, strong winds to 150 knots hlow with
scasonal directions at these high altitudes, fromwest in winter and from east in summer,
This creates sound ducting toward downwind directions which gives a sound ring at ranges
from about 70 to 130 miles, In most cases nominal yiclds, typical of past Nevada atmos-
pheric 1ests, do not give damaging pressures at these Jong ranges but there have been
several  scattered  incidents  of wirdows broken by waves which rraveled this route,
Rocket weather observations ac these high altitudes, which arc used to catculate ray and
hlast predictions for ozonosphere propagations, have been made only since 1958, Up-
wind, blast waves arce refracted away from the ground and only minor waves are dif-
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fracted into the silent zone, while stronger blast waves pass far overhead, These diffracted
waves have measurable but usually inaudible intensity, and about 2 percent of the downwind

pressure amplitude,
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Figure 12.5. Ozonospbere Wind Effect o Sound Ducting.

Even higher, in the ionosphere above 300,000 feet, very high temperatures also
duct waves to strike the ground at over 100 mile distances. These are usually carried to
directions opposite from downwind ozonosphere propagation, At such high altitudes, low
air densities cause most blast wave energy to be absorbed, so no structural damages
have been reported from this wave route, However, high frequency pops and rattles result
when ionosphere waves do reach the ground, which can cause stampedes on California

turkey farms.,

As stated previously, sound ray density gives a relative measure for blast ampli-
tude prediction. Actual amplitudes depend also on explosive yield and burst environment
conditions. A set of curves in Figure 2.6 shows how source strength depends on height
or deptih of buisi. [in ihe conter curve, a 1okileren nuclear hurst in free air ar 2500 feer
above ground surface is shown to give the same distant blast pressures as other yields
at other burst elevations. For a burst at lower heights above ground, the incident and
ground-reflected shocks fuse in a Mach stem with relatively large pressures. /.3 illus-
trated, only 190 tons yield burst near 500 feer above ground gives the same overpressures

ar fixed distances as a l-kiloton free air bursr,

Bursts at high altitude, as shown by the upper curve, are less efficient blact wave
sources, Note the changed altitude scale. At high altitude air density is very low, mean
frec paths of radiations are large, and a larger fraction of total yield is lost as radiation
before a shock wave is formed, It turns out that apparent blast yield decreases about in
proportion to the fourth root of ambient air pressure at burst altitude, Thus, it takes just
over 3-kiloton yield at 100,000 feet altitude to give the same pressure at the same ground
level range as given by a 1--kiloton free air burst at 2500 feet elevation,

Underground bursts are muffled by material surrounding the explosion, At shallow
depths used in cratering and excavation, for example, blast amplitudes at long range
(grcater than 10 miles) are 10 to 35 percent as large as expected from a free air burst
of the samc yield. As burst depth is increased, the yield required to give constant over-
pressures is increased in doubte logarithm coordinates as shown in the lower curve,
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This curve may be misleading for bursts larger than 100 kilotons because attenuation
of air blast scems to decreasc with increased yickds, other conditions being similar.
In fact, extrapolation of obscrvarions from a shot of 100-kiloton yield and another shot
of approximately 200-kiloton yicld shows that contained shots of a few megatons yield
would give air blast amplitudes aboat like air bursts, This seems absurd, but proof

vy U

awaits more measurcments from gradually increased test yiclds to determine the true
state of affairs.

Furthermore, data from shots in Rainier Mesa tuff show strong coupling into air
waves  at least in some dirvections, So far, it cannot be resolved whether this results
from il matettal near shul ccio o Froin e irregular ground surface and shape of
Rainier Mcsa. In fact, an cvent of approximately 20-kiloton in Rainier Mesa could have
been heard by a carcful observer in Las Vegas, while 100-kiloton shots under alluvium
and gravel in Jucca Flat arce barely detectable by using sensitive offsite microbaro-
graphs, It is not known how these terrain and yield parameters will affect plans for still
larger tests in Pahute Mesa., Observations will be made when that new test arca opens
1w find what yield limits are needed, An uncertainty in yield effect on blast from buried
explosives is also extremely imporiant to safety planning for much larger devices in-
volved in nuclear excavation of a new Isthimian sca-level canal,

Now tor a4 bhriet review o1 exXplosives blast overpressure versus distance curves and
yicld scaling laws, This may be familiar as these are shown in The Effects of Nuclear
Weapons, and many other handbooks and pubiications.

The bhasic blast overpressurc~distance curve is shown in Figure 12,7 for a 1-
kiloton nuclear explosion in free air at 1000-millibar sca-level pressure, It is adapred
from a theoretical calculation made at Los Alamos and called IBM Problem M, It varies
only slightly from other calculations, obscrvations, and handbook values, This calculation
was carriced out to Y000 feet range. IFrom there the curve has been extended by empirical
data from high altitude bursts which were titde affected by atmospheric refraction, This
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curve slopes with overpressure decreasing in proportion to the 1.2 power of distance,
Acoustic eapansion would gi-e a ~1.0 slope, but this will be discussed later.

Scaling laws as 1llustrated show that a given shock strenglh, or overpressure-
ambient pressure ratio A p/p, will reach to distances, R, which are proportional to the
cube root of yield, W, and inversely proportional to the cube root of ambient air pres-
sure, p. Subscripted M refers to IBM Problem M, This scaling has been applied to two
exampl:s, First, for a 1-megaton free air burstat sea level, given blast pressures reach
ten times their range from 1l-kiloton, The other example, 1-kiuloton burst at 50,000 feet
alutude, would give a blast overpressure curvce displaced to the right for distance scal-
irg; then reduced, as shown, for horizontal propagation to conserve shock strength or
averpressure-ambient pressure ratio. Propagatuon from one pressure altitude to another
is done similarly, bui ambient air pressure at gage height is used.
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Figure 12.7. Standard Explosive Ouverpre sure-Distance Curves.

Similarly, a standard curve can be generated for any known burst environment or
yield, True yield must be adjusted to an apparent yie'd for special burst heights, as
shown in Figure 12,6, before scaling distances. For underground bursts an attenuation
factor is used to decrease overpressure, depending on other previously mentioned con-
ditions, The resultant overpressure-distance curve is then what should be expected —
i our aimosphere were calm, homogencous, and not the refracting sound lens that it

truty is.

Atmnspheric ducting and tocusing, as shown in Figures 12,2 through 12,5, cause
ray concentrations which may considerably modify standard pressure predictions, as
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shown by Figure 12.8, For three distance ranges, 20, 50, and 125 miles from an assumed
120-kiloton free air burst, standard spherical propagations are shown to give various
millibar overpressures., Propagation under an inversion, however, may give 2 to 3X
amplitude magnifications to somewhat beyond 30 miles, On the other hand, much smaller
amplitudes would reach this range irom a shot on a calm sunny afternoon or a shot down-
wind from an obscrver. Most blast energy would then be refracted upward into the high

atmosphere,
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Figure 12,8, Atmospheric Effect on OQverpressure,

At 50 miles range, where jet-stream ducting may cause focusing, as much as 15X
amplifications have been ohserved from high-explosives tests at NTS; even higher values
may be possible in narrow regions missed by the finite numbers of microbarograph
recorders, Again, propagation upwind or on afternoons is much reduced.

At 125 miles downwind, near the midpoint of typical ozonosphere-ducted sound rings,
5X magnifications have been recorded from nuclear tests, and 2X amplification is about
average for all past tests. Some higher magnification has been observed from high-
explosives shots and a real safety limit may be near 10X magnification, Upwind from
ozonosphere circulations, amplitudes arce usually only one-forticth as large as at the
same distance downwind, $o that only extremely large bursils could causce any distant
ozonospherce~ducted disturbance in the upwind directions.,

All these factors arce asscmbled to make a blast safety prediction for a specified
cvent, A prediction for planning purnoscs miighi dvok I1ke the set of arcas delineated in
Figure 2,9, An operational prediction, for preshot bricefings would have pressure-
distance curves calceulated and drawn from weather obscrvations and forccasts. Of
course, prediction lines must be drawn with a broad brush to allow for aumospheric
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turbulence, wind variability, and other possible sources of error. Usually a factor of
two error in pressure, up and down, will encompass the actual results,

Here, huwever, in an example of planning and feasibility studies, ranges of likely
results are delineated and coiapared with their damage potentials, A standard
overpressure-~-distance curve is shown for l-megaton burst at a depth for maximum
cratering. Upwind there is little likelihood of any damage beyond 15 miles range. For a
burst under an early morning inversion, or with wind direction changing with height,
windows could be broken out to 50 miles if this sound channel were not blocked by moun-
tains, Jet-stream focusing could cause severc damages to 40 miles and is independent of
terrain, because this ducting takes place at 25,060 to 40,000 feet aititudes, This would
mean most windows smashed, dcors broken off, etc, With reflected cycling, this wave
duct could break windows to nearly 200 miles, Since strong jet-stream winds usually
cuxve as they cross a weather map, a blast wave would not likely encounter many further
repetitions of the same weather conditions needed to maintain sharp focusing through
many ground-reflected cycles. There ave no direct obscrvations of this defocusing after
sgveral reflecred cyveles from nuclear rests. Waves from small high-explogives are too
weak to record accurately at hundreds of mile ranpes. Also, shorter wavelengths and
higher frequencies from small bursts are more absorhed enroute, Scaled experiments do
not therefore, appear to be very helpful in determining just how far jet-stream focusing
can carry from low frequency nuclear test waves, On the bright side, a day or two shot
delay will usually bring changed weather and lighter wind speeds and no focusing.
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Ozonosphere propagation is comparatively more steady, If there is a possibility o)

distant damage, as shown in Figure 12,9 near 120 miles. a delay far relarive minimz it
upper wind speeds and total refracted propagation may be required, If yields larger than
I-riegaton are planned or somewhat worse blast pressures than this are forecast to land
on a significant commuuiity, the solution is to wait 6 months when wind directions will
be reversed, If this threatens another city in an opposite direction, firing could he at-
tempted during spring or autumn transition periods, when ozonosphere winds become
nearly calm for about 2 weeks, In these periods propagation amplitudes usually fali
below the standard curve in all directions.

Ar envelope for successive reflections of ozonosphere cycling extends almost in-
definitely becausc of the relative uniformity of high ailtitude winds, This scems to be
born out by observations of multimegaton test waves which have circled the earth two or
three times,

Damage level threshold is based on two incidents of large, single-strength, aged
glass panes breaking from 2-millibar overpressures, one case in Las Vegas and another
in St. George, Utah. At 7-millibar overpressure, quite a few moderate size panes were
broken in Johnston Island barracks by Orange shot. At the Nevada Test Site, 25-millibar
overpressure is the maximum cobserved at CP-1,

Nevada tests are ofien preceded or accompanied by !-ton, high-explosive shots,
On atmospheric nuciear tests, these are shot 1 to 3 hours before full-scaie zexe hour
and the blast waves are recorded offsite by a netwoxk of microbarograph stations, Depend-
ing on shot yield, seascn, and current weathcr, from 6 to 12 of the stations shown in
Figure 12,10 recoxd a given shot, These stations make recordings from the pretest high-
explosive shots and report them to the Blast Prediction Unit at Yucca Pass Control Point,
Results are compared with predictions calculated from weather reports. Amplitudes
are scaled to expected full-scale test yields and reported in final bricefings,
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only a few minutes from full-gcale zero time, Scaling from microbarograph results
shows that would be expected from: full-scale yield; but free air burst, Compairson with
actual full-scale shot wave amplitudes gives the muffling or attenuation factor caused

by shot burial.
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Some of the microbarographs are mounted in trucks, complete with power genera-
tors and radios, so they are mobile and may he quickly dispatched in attempis to ob-
serve predicted focusing, A final function of microbarograph measurements is to
document wave arrivals for use in assessing the validity of damage claims,

Blast predictions are thus begun with burst yieldand environment data as furnished
by LASL, LRL, or DASA (for effects tests), and an approximate date or season and time
of day, Weather data — rawinsonde observations of upper temperxature and winds and forc-
casts — are obtained from a U,S, Weather Bureau Research Station attached to AEC/
NVOO, Weather reports from above 100,000 feet are obtained from rockert firings by
Sandia Corporation at Tonopah Test Range, about 90 miles north~-northwest from Yucca
Flat, Onsite propagation in the lower layers ic calculared froiu detailed micrometeoroiog—
ical observation by wind and temperature systems which are mounted on towers,

LONG-RANGE IMPROVEMENT PROGRAM

Several uncertainties in blast prediction were stated previcusly in the prediction
techniques, Mostly, detailed explanations of certain pcculiarities arce needed, so that
confident extrapolations can be made to very large yields which, so far, have not been

tested at the Nevuada Test Site.

Currently, the major effort is to determine the attenuation of air blast from
buried shots, the rclations to yield, environment material, scaled buxst depth, ground-
to-air interface effects, and for model studies, high-explosive nuclear-explosive air
blast gencrating efficiency,

Reasonable predictions for air blast areabletobe made from single charge crater-
ing shots, but there is little information on blast from multiple charges in a row. One
documented experiment with eleven 8-pound charges, buried for maximum ditching, gave
a blast pressure pattern as shown in Figure 12,11, Waves from the several charges

BLAST FROM MULTIPLE CHARGES e \ —
/

BLAST PRESSURES

~ T~

ELEVEN CHARGE ROW DITCH EXCAVA”Oh\
3w

Figure 12,11, Blast fram Multiple Charges.
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merged or fused into a cylindrical source, in a manner similar to the formation of a
Maci stem wave by ground reflection from blast-aptimized burst height. Stronger blasts
were recorded normal or perpeindicuiar o tiie row than at Uie same distance off the ends
of the row. Even off the ends of the row, pressures were double the values expected for
single charges, Interpreted in terms of yields being considered for Panama Canal exca-
vation, this means that a row of eleven I-megaton shots would give the same blast ampli-
tudes in perpendicular directions as 36 megatons buried over three times as deep. Such
gross extrapolation from pounds to megatons is not casily defensible, so measurements
will he made of almost every Plowshare cratering event in hopes of refining the empirical
approach and aiding theoretical explanation,

Figure 12.12 describes another element of prediction that is not thoroughly undex-
stood — hlast attenuation caused by air, This attenuation is so small on a laboratory
scale as to be difficult to measure, but when compounded over hundreds of miles it may
well be significant, even for very long wavelengths and seconds per cycle frequencices
from large explosives. As previously shown by standard overpressurec-distance curves in
Figure 12,7, the empirical -1.2 slope indicated nonacoustic energy losses,
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Figure 12,12, -Atmospheric Effects on Shack Wave Form.

An acoustic assumption, that there is no energy or wave form change, is valid in
air oanly for infinitesimal compression waves, kven with weak but measurable shock
waves, the shock front travels slightly faster than the rest of the wave, so wavelength
is eventually increased. If energy is conserved, then overpressure must drop, This
condition may he calculated and appears to explain the -1.2 faw for the particular high-
altitude burst experiments where it was observed, However, this finite-amplitude offect
depends on the history of ambient air pressures and temperatures passced by the wave
and requires extensive computation for every long-range ray path, especially for ducting
at very high altitudes. This should be investigated further, and simpiified with a computer
program in the near future,
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Nearly 30 vears ago, the viscous sound attenuation coefficient for air was deter-
mincd, and that it was propordonal to sound frequency squared and inversely proportional
to air density, A few years ago it was found that this coefficient was about 30 percent
too small, but still almost insignificant for frequencies involved in nuclear blast predic-
tion. From calculation, it turns out that low frequency shock waves at long ranges from
I-kiloton air bursts are only slightly rounded off, as shown by the third line of Figure 12,12,
Megator waves are not detectably affected, Waves from l-ton high-explosive reference
shots, as shown in line four, arc damped by a factor of about two in travel through the

ozonosph:re and to 125 miles range,

Another mechanism for pressurc reduction, as shown in line five, is the energy
scattering effect of air turbulence, Recent Russian studies and texts have been applied
bv sonic boom researchers at the Boeing Aircraft Company with some success in ex-
piaining anomalies observed in recent Oklahoma City crials, This tov is a complex
calculation and may or may not be a significant and effective wave modifier for low
frequency explosion waves Air rurbulence power spectra are needed for this calcula-
tion and, so far, there are no verv good ideas on how to acquire these data at aliitudes

above tower heights,

A recent study at the Denver Research Institute has shown that even minute quanti-
ties of carbon dioxide in air may effectiveiy absorb cyciv pes second luw freguencics,
and give wave forns as shown in line six, This possibility nceds further study and calcu-
lation for applicatior to long~-range propaganons.

Many other categories of problems nced study as shown in the following list,
which includes some of the more interesting applications.

SANDIA LONG-RANGE STUDIES

PROBLEM : INTEREST

(7) Undergrouna surst
Biast Atftenuation. . .. . . .. ... l.arge Underground Tests, Plowshare,

and Detection

(2) Cratering Blast Attenuation. . .. .. Plowshare and Military
(3) Multiple Chatge Effects . . ... ... Plowshare
(4) Atmospheric Attenuation. . .. .. .. All Explosives, Sonic Booms, Detection,

and Rocket Engine Tests

(5) Ozonosphete Observation. ... ... All Distant Propagations

(6) Ozonosphere Climatology. . .. .. . Site Selection, Test Planmng, and
Plowshare

(1) Inversion Propagation .. ... .. . . Onsite Safety and Military

(8) Structural Response, . .. ....... Site Selection, Plowshare, Claims

Adjustment, Sonic Booms, and Rocket
Engine Tests

(9) High Altitude Bursts . . ... .. ... Vunerability and Military

(10) Underwater Bursts. . ... ... .. . . Plowshare and Military
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Undergrouad burst attenuation problems concern underground testing, clandestine
test detection, and some Plowshare programs. Crater burst attenuation factors concern
Plowshare excavation designs and military effects. Multiple charge cffects scem to
only concern Plowshare. Atmospheric attenuation problems affect any long-range blast
wave  propagations, whether from explosives, supersonic aircraft, or large booster
rocket engines.

Refined methods and systems are being pressed forward for ozonosphere wind and
temperature measurement. To date, Sandia has been unsuccessful with rocket-horne
temperature observation because of various equipment failures. However, some agencies
have had much better luck, Rocket wind observarions are satisfactory, but therc should
be further cest reductions. Recent price quotations for $425 per round are considerably
improved over $3,500 per round paid 5 years ago, A goal of $200 per round scems
reasonable,

With lower rocket prices it will be possible to make more observations and collect
climatic dara about diurnal (day-to-night) changes, day-to~day variations, and scasonal
weather cycles over larger areas of the earth and not be restricted to a few measure-
ments, made mostly in the United States, This will aid in safe site selection for tost and
Plowshare planning, and affect time schedules designed for Plowshare excavations,

Also, Sandia has supported some development of balloon systems to rise io
130,000 and eventually 180,000 feet altitudes, Hopefully, these would be cheaper than
rockets for many of the ozonosphere observarion requirements, hut sc far progress has
been very slow, The Air Force Cambridge Research Laboratory and the U, S, Weather
Bureau seem to be pushing this development about as fast as can be cffective.

Some new inversion propagation studies and experiments are expected with instru~
ments on the 1300-foot Bren Tower at the Nevada Test Site, Detailed weather dara and
high-explosive tests will allow checks on predictions from some new special solutions to
wave equations derived by the theoreticians, This research should help improve safe de-
sign of onsite installations and manned facilities, and provide useful data zbout weapon
effects on light military targets, such as helicopters, blimps, etc.

Very lirtle is really known about structural response to weak blast waves, That
windows imay break at 2-millibar overpressure is surprising, since in the laboratory
it has been impossible to break a window pane with less than 10-millibar overpressure,
Glass condition, age, and prestressing are all very important, and the mixed conditions
of a real city cannot easily be duplicated by design. Also, only very small breakage
probabilities are enough to cause considerable public response. This was demonstrated
in the explosion at Medina Base, Texas; where only thousands of window panes were
claimed broken from the millions of exposed window panes in San Arntonio. This incident
is being studied from a blast prediction standpoint, as it was largely intensified by wind
shear ducting and possible focusing, Results from this study will affect Plowshare plans,
nuclear test site selection, claims adjustment procedures, supersonic transport designs,
interpretation of current sonic boom tests at Oklahoma City, and test facility locations
designs for large rocket booster engines,

Although not directly pertinent to Nevada test safety, Sandia has studied and ob-
served blasts from high altitude tests in the Pacific and underwater explosions. Results
from high altitude tests concern the weapon vulnerability programs, and are of interest io
the military, Data from underwater bursts, besides being of military interest, also
concern Plowshare programs for cxcavations under shallow water or in saturated ground,
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CHAPTER X111 SN

STEMMING DESIGN AND SEISMIC NET OPERATION

By Byron F. Murphey; Manager, Nuclear Burst Physics
Sandia Laboratory, Sandia Corporation
Albuquerque, New Mexico

STEMMING DESIGN

A difficult problem in the past and for the future has tc do with the stemming of
tunnel shots., The first successful stemming of a tunnel shot was done by the Lawrence
Radiation Laboratory. Successful stemming is a matter of great practical importance from
the standpoints of reentry and reuse of tunnels, The release of radioactive iodine has

come to prominence as a potential hazard; thus, successful stemming is also very impor-
tant with resoect to public safctyv.

The involvement of Sandia in stemming design is in connection with underground
nuclear detonations sponsored by the Department of Defense. This discussion concerns
the stemming used on Marshmallow, a tunnel shat in tuff heczuge a reentry program was
carried out to try to find what features of the stemming plan were most effective.

The stemming used on Marshmallow is shown in Figure 13,1, where the dotted
areas show sand fill plugs., Sand fill is used to slow down shock progress down the tun-
nel, so that at some point the shock in the rock gets far enough ahead so that inward
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Figure 13.1. Stemming Outline of Marshmallow,
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motion closes the tunnel walls, This was expected to take place before the fourth sand
plug, Two very large pipes were in this tunnel, A special design, not shown here, was
used to close the pipe near the source. The short drift, leading off at an angle 37 feet
from the working point, was designed to aid tunnel closure, Tunnel collapse was hoped
not to occur beyond about 400 feet, as the station at 475 feet contained specimens 10 he
recovered., Additional recovery was needed at 800 feet., A venthole was placed at 984
feet to ajiow venting if large pressures appeared in the tunnel, The blast door at 1514
feet was designed to contain tunnel air pressures up to 73 psi. The combination of vent-
hole and blast door was to prevent contamination at the portal, In the future, an unfil-
tered vent pipe would be disallowed because of the Test Ban Treaty.

Six months after the event was fired, reentrywas made to determine how the stem-
ming plan worked. Figure 13.2 shows the reentry exploration., The dotted ellipse is the
border of the collapsed area as judged from radioactivity probes, The nose down the
tunnel is an area in which the tunnel was not completely closed so that voids and radio-
activity were present., Material from rhat general region was found jammed up against
the fourth sand plug with the large vacuum pipes completely crushed, Although the
angle drift perhaps contributed to the ellipticity of the collapsed arxea, it is not clear
wherher it in fact aided tunnel closure. The tunnel was nait collapsed at 475 feet, and was
only slightly radioactive so that sample recovery operations were started 4 days after
the shot, No appreciable pressure buildup occurred bchind the blast door,
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Figure 13,2, Reentry Study of Marshmallow Stemming.

I<ach event in a tunnel is unique in some respect, and so requires detailed atten~
tion to the stemming plan. Stemining adequate to assure the operational integrity of the
test site appears iwi o be difficult, Stemming adequate to 2ssure easy data retrieval and
reuse of a tunacl complex appears to be difficult, but was achieved in the instance of
Marshmallow,

Sandia also designed the stemming of the Sheal event in granite ncar Fatlon,
Nevada, In the case of Shoal, drilling for a radiological-chemical sample was delayed a
month, because of extreme concern about measurable release of iodine and possible
detection of radicactivity in violation of the Test Ban Treaty, Shoal stemming was suc-
cessful, and differed from Marshmallow, in that a button hook arrangement was possible,

and was employed,
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Stemming of liardhat, on the test site and also in granite, was like stemming a
hole shot rather than a tunnel shot, The problem on Hardhat had to do with possible
opening into the test drift. This did not produce a public safety problem,

Several wnnel stemming tasks now confront Sandia— all in connection with Depart-
ment of Defense events, Problems with these events have more to do with reentry safety
and the Test Ban Treaty than with public safety.

SEISMIC NET OPERATION

Another activity of Sandia that bears some relation to public safety is tne Sandia
gcelamic net shown in Figure 13.3. This net has been uperated long enough (since 1961)
that some of the test site areas are calibrated for seismic signal versus yield. This
allows a prompt estimate of yield shortly aftexr an event, The net has gathered informa-
tion which shows that the secismic signal is very much dependcent on the type of ground in
which the explosion takes place, and on the direction from the shot. Data from the net
have been used, along with datafromother sources, to predict motions from larger yields.

v
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Figure 13,3, Sandia Seismic Net.
CONTINUING ACTIVITIES

I summary, the activities at Sandia that relate to safety in detonating nuclear

devices arve:
(1) Long=Range Program on Distant Blast Damage
(2) Sremmung Desigh on Many Department of Defense Effects Shots
{3) Seismic Net Qperation
(1) Participation on AEC NYOO Safety Committees:

Radivactive Effluent Subcommittee

—  Teost Managers Advisory Panel
—  Site Setecnon Committee (Eifects — Ground Shock Evaluatién Subcommittee

Fyatuation Group) — Test Evaluation Panel
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Shut-in Wellhead Pressure, Psia X 100
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Shut-in Wellhead Pressure, Psia X 100
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