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r Remember to specify your WADI's language when placing an order. 
WADI is a registered trade mark of Atlas Copco ABEM 

.:OrderCode Qty 

......... ~-~·· 

. 9139040023 6 
9133001845 1 

-:91360001.58 1 
9139~10004 1 

ABEM products undergo continuous development. Write or call today for the latest technical information and prices. r Atias Copco ABEM AB Yourdistributor 
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THE VLF PRINCIPLE 

The WADI utilizes the magnetic components of the elect
romagnetic field generated by already-existing radio 
transmitters in the VLF (Very Low Frequency) band. 
These transmlttters are used for long-distance communi
cation (see map), and they operate at 10-30 kHz. Con
ductive structures on the surface or underground, even 
when covered with thick overburden, affect locally the 
direction and strength of the field generated by the trans
mitted radio signal. The WADI measures the radio signal 
distorsion and presents the result directly on a display 
screen. 

Primary 
radio waves 
Secondary 
field 

Ualu~a 18.2 ~t ~C)or 
Coordlnat~• 988~/8 

• 

When the surveyor passes over a conductive structure, 
the WADI displays a peak on a normally straight line. 
By pressing a key, the WADI will indicate the depth to the 
conductive zone and its dip. 

, 
l 
1 , 
l 
I 

l 
l 
l 
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l 

Some VLF Transmitters VLF Stations that can be used with the WADI include: c l 
l 

Frequency (kHz) Power(kW) 

Bordeaux, France (FUO) 15.1 500 
Rugby, Great Britain (GBR) 16.0 750 
Hegeland, Norway (JXZ) 16.4 350 
Gorki, USSR (ROR) 17.0 315 
Moscow, USSR (UMS) 17.1 1000 
Yosamai, Japan (NOT) 17.4 50 
Oxford, Great Britain (GBZ) 19.6 

The WADI tunes in automatically on the most suitable 
transmitter located roughly perpendicular to your 
survey line. You will see the frequency on the display. 
If a weaker, local transmitter (not listed above) is in 

Frequency (kHz) Power(kW) 

Annapolis, USA (NSS) 21.4 400 
Northwest cape, Australia (NWC) 22.3 1000 
Laulualei, Hawaii, USA (NPM) 23.4 600 
Buenos Aires, Argentina (LPZ) 23.6 
Cutler, Maine, USA (NAA) 24.0 1000 
Seattle, Washington, USA (NLK) 24.8 125 
Aguada. Puerto Rico (NAU) 28.5 100 

operation, the WADI tunes in on it since it is more 
suitable. It's also possible to set the WADI to a specific A -1 0 
frequency from the keyboard. 

~--------------------------------------
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HOW THE WADI FINDS WATER r 
Good drinking water can be obtained from hard rock. But rdrilling without previous site investigation seldom yields 
water in useful quantities. Effective water development 
programs must include carefully conducted geological and 

rgeophysical investigations. The WADI finds structures 
where useful quantities of underground water may be 
trapped in rock fractures and cavities, thus enabling drillers 

"to select the most promising sites for their wells. 

~ The WADI combines state-of-the-art geophysics with 
forked-stick simplicity. But unlike the dMning rod, the 

r The WADI finds structures where water may be trapped. 

WADI's resuhs are convincingly consistent. And unlike 
most geophysical Instruments, the WADI presents your 
answer on site without requiring complicated interpreta
tion. 

However, the WADI simply finds physical structures. It 
cannot guarantee that they contain water (such structure 
might comprise an orebody for example). Nonetheless, 
the VLF principle on which the WADI Is based has an 
excellent track record when it comes to finding useful 
quantities of water in hard rock. 

r--------------------~ 
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THE WADI IN A NUTSHELL 

Hand-held controller unit 
(with strap-type handle) 

Measuring unit with 
"18ttery compartment 

Antenna unit 

(_ 
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ABEMWADI 
Simple, state-of-the-art water prospecting 
instrument 
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EM31-D 
The Geonlcs EU31 provides a meuurement at terrain condudivity without ground electrOdes cr 
conlld using a patented electromagnttic indudln tecltniQue. 

Tltls lnsUuntad is direct readinG In mllliSiemcns per mettr and. over 1 unitorm baH soue ruds 

ldenlicllly w1t11 conventiCitlalreslslivily tnstrvmenb willllixed array spacm;s. U11111111te mduttrve 
1111111011. surveys aro rudily carried GUt In 119icns of high resistivity SUCII 11 sand. gravel . 
permafrost and beclrcdt . 

The lflectiYe dll!llllll exploratron iS abclut Sill meters making it ideal lor many geotechnrcaland 
pound wata conllmlnant surveys. 0t11ct lmpcnant adwantages of the EM3t over corwentronal 
metllods are tile speed witt! wh1cll surveys can lie conducted. tile precision with whicll small 
changes In eoltdudivity can 11e measwed and tile contilluolls readout while traversing tile survey 
arsa. The new EU31·Dl prOVIdes an ana1110 11utput of both tile quadratur~se and tnpllase 
components whidl can be recorded continuously (on a dlgltalcr dual cllannelanalog recorder 1 
The 1n1111ase componalt is espccillly usetut tor datcctiftO 111110. sllallow ore bodies and. 111 wastt 
site surveys lluried metal drums. 

Specifications 
MEASURED QUANTITY Apparent conduchvlty ol the oround 1n mS/m 

r PRIMARY FIELD SOURCE Sell-contamed dipole transm1ner 

SENSOR Sell-cunta:ned dipole rece1ver 

; INTERCOIL SPACING 3.66 meters 

OPERATING FREQUENCY 9.8 kHz 
I r .. l ' POWER SUPPLy 8 dJSCIOSibll alkaline ·c· cellS (appro• 20 hrs Ide CCIII 
I r trnuous use) 
I . 

! CONDUCTIVITY RANGES 3, 10, 30.100.300. 1000 mSJm 

; ~EASUREMENT PRECISION ~2% ot tun scale 

i ~· dEASUREMENT ACCURACY ~5"1• at20 mSJm 
l llOISELEVa <0.1 mSJm 
I OPERATOR CONTROLS •Mode Swllch 
l r econduCIIVlty Ranve Swttch 

I ( ePIIaSIRO PCitenttometer 
' •coarse lnpllaSe CCimpensatton 

r DIMENSIONS 

r WEIGHT 

eFme tnpnase CompensatiOn 
Boom ~ 4.0 meters extended 

1 4 meters stilled 
Console : 2h 20 x18 em 
Slullllmo Case : 145 x 38 x 23 em 
tnsuument We!Qht . 11 kll 
ShiJIPIRO We1ght : 26 kll 

A-

.. 
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EM34-3 
Operating on tile same ~·nc•llltS as tile EM31·DL. tile EM34-31S dfSIOIIed to actueve a Sllbstantially 
mcreased depth ol explcrat1on and more cntorrnation abclulllle vertiCal conduttivity profile 

Simple operation. SUJVOY speed and straightforward data itlleroretat•cn maktS tile EM34-3 a 
versatile and cost eHectrve tool for the tngrnetnng geophysiCISt. 

The underlying priiiCIOie ol ooeratrcn of trus patencttd nun-contacting methOd ol rneasuu. • ..flin 
conductivity IS that tile depth Ol pemtrllion iS independent ol terrain COnduCitvltv ~no 1$ 

determilled solely by !lie llltercoil spaCing and coli onentauon. The EM34-3 can be 1n', • : three 
tixtd spacingsol 10.20 llf • metersand 1n thevenccal coplanartauhownl or llcrizon:; · ~lanar 
modes. sensing to approx. 0.75 and 1.51Jmes tilt intercort SPacing respectively 

For 1UfV1YS in regums at particularly ltioh cullulal and ltmOS!lllenc notse tile lliDI!POWtre -"3Xl 
lflduces 111e IICiise at tne 40111 spaCing 11y a tactcr ot tO and 11y alaclor at ~atllle 10m and~- . ~mos 

Specifications 
MEASURED QUANTITY Apparent conductcv•ty ol the ground 1n mS/rr 

PRIMARY FIELD SOURCE Sell-cuntamed d•pole transm111er 

SENSOR Sell-contained dipole rece1ver 
REFERENCE CABLE LtQhtwerght. 2 w11e Shielded cable 
INTERCOIL SPACING & eto meters at 6.4 kHz 

OPERATING FREQUENCY •20metersat1.6kHZ 
e40 meters at 0.4 kHz 

POWER SUPPLY Transmrner: 8 disposable ·o· cell!> 
Receiver : 8 CI•SDOSible ·c· cells 

CONDUCTIVITY RANGES 3. 10. 30. 100.300 mS/m 

MEASUREMENT PRECISION ~~'• Cll lull scale dellect•on 
MEASUREMENT ACCURACY ~5°/oat 20 mS/m 

NOISE LEVEL < 0.2 mS/m 

DIMENSIONS Rece~ver Console : 19 5 • 13 !I x 26cm 
T ransm1tter Consule : 1 !I x 8 a 26cm 
Cuils : 63cm 01ameter 

WEIGHTS Rece•ver CCinsole · 3.1 kCj 
Rece1ver Cod . 5.6 kg 
Transmitter Consule · 3.0 k~ 
T ransm1tter Coat 8.8 kg 
Shlpp•ng We1ght 43 kg 
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r 
r seized and sheared at a depth of approximately 5 feet. The barrel was later 

recovered during excavation operations. 

r 
r 
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r 
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r 
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r 
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Borings B-9 and B-10 were excavated to a depth of approximately 50 

feet to complete the geologic profile, to probe for the top of the Glen Rose 

formation and to provide locations for subsurface instruments during blast 

monitoring. Boring B-10 was air drilled with a 6 inch bit to provide better 

access for instrument installation, and no cores were recovered. Voids were 

encountered at a depth of approximately 30 feet in both holes. Later, as water 

receded from the flooded site, horizontally flowing water was observed in the 

voids, indicating an underground drainage system. 

A.3 Down-Hole Logs 

of 

Caliper and Gamma logs were taken by EUWD staff to reinforce the 

the geophysics and boring programs. Of particular interest are 

results 

the 

nounced voids and gamma log anomalies at approximately 30 feet below 

pro

the 

ground surface in borings B-9 and B-10, which are associated with lateral 

ground-water flow at this depth. Shallow gamma log signatures are similar for 

all the borings, with a peak at a depth of approximately 15 feet, reflecting 

the horizontal continuity of the geologic strata. 

A-3 



area. This observacion was later confirmed during site clearing and construc

tion activities. 

The EM devices, which induce and then measure the amplitude of current 

eddies in the ground, produced more positive results. The amplitude of in

duced current eddies is determined by che distribution of conductivity in the 

ground, and thus is indicative of the presence and extent of highly-conductive 

clay seams. The clay seams, _in turn, are often associated with sink holes 

and/or caves. The conductivity profile for line A (Figure A.2a) clearly shows 

an increase in amplitude in the vecinity of Cub Cave. Another anomaly at the 

southwest end of the line is associated with near-surface clay seams which 

caused the loss of che drilling subcontractor's core bit in boring B-3, as 

described in the following section. This same anomaly is reflected more 

strongly by the readings at the southwest end of line B. High conductivities 

were also measured at the intersections of lines C and D, where clay-filled 

caverns were later discovered in boring B-8 and during drilling and blasting 

operations along this line. 

A.2 Borings 

A total of ten borings were excavated to depths ranging from 5 to 50 

feet (See boring logs and Figure A.3). Initially, shallow borings 2 1/2 

inches in diameter were taken over a wide area to determine the nature of the 

bedrock to a depth of 15 feet. Concinuous cores were recovered and stored for 

later analysis. The rock strata were continuous horizontally, however the 

degree of weathering varied from one location to another. Hard layers of 

crystaline limestone alternating with seams of red clay and clay-gravel mix. 

Numerous crystal-filled vugs and solution channels reflected the effects of 

water percolating through the limestone. Thicker and more numerous stiff clay 

seams were encountered in borings B-8 and in boring B-3, where che core barrel 
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r Geotechnical Site Investigation 

r The subsurface conditions at the site were investigated in detail to 

provide information for selection of test blast locations and to test the r accuracy of state-of-the-art subsurface exploration techniques. A flat area 

r with few trees was initially selected for ease of access and operation of 

heavy equipment. Preliminary geophysical surveys were conducted to confirm r the subsurface continuity of the relatively uniform geologic conditions en

countered on the surface. Shallow borings were taken at key locations to test 

r 
[ 

r 
[ 

r 

the accuracy of the geophysical surveys and obtain direct measurements of rock 

quality (RQD, hardness, etc.). Finally caliper and gamma logs were taken in 

the boreholes to confirm the location of voids and measure rock characteris-

tics associated with specific strata in situ. The quality of predictions of 

subsurface conditions was later confirmed by direct observation of rock condi

r tions during the blasting and excavation operations. 

r A.l Geophysical Surveys 

The main base line ("Line A, Figure A.l) was laid out along the axis 

r of the stream bed that appeared initially to be the most likely location for 

r the blasting operations. Geophysical profiles were recorded along line A and 

subsequently along lines B, C and D which were laid out as the surveys pro-

r ' 
f 

gressed. Data was recorded on Geonics EM-31, EM-34 terrain conductivity 

meters and an ABEM Wadi VLF (very low frequency) receiver (see enclosed r product literature). 

r The Wadi data fluctuated considerably along each of the lines, but no 

clear trend in the data was detected. This instrument is most sensitive to 

vertical discontinuities such as clay-filled faults, and the lack of major 

anomalies indicated that no major displacements were present in the immediate 

r . 

I . 
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SURF'ACE Ei..EVAT!ON 1026 FT St<EET 1 cr 2 
NOTES 

ROTARY DRILLER CME55, 2~ INCH CORE BARREL 
DRILLER - DAN COSTILLO 
GEOLOGIST - MICHAEL HOLDSWORTH 

ROCK TEXTURE, COLOR, TYPE, W£AT11ERINC, 
NOTES FRACTURE TYPE, SPACING, DIP, ETC 

HARD, DENSE LIMESTONE ~·liTH RECRYST-

ALIZATION IN VUGS, LOW PO~OSITY 

EXCEPT IN VECINITY OF NEARLY HORO-

ZONTAL FLOW CHANNELS ~OLUTION? 

LIMONITIC, SIDERITIC SECONDARY 

DEPOSITIONS IN VUGS 

VOID (?) 

(RED CLAY IN VOID) 

LOST H20 @ ~ 7.0 FT (~30 GAL LOSS) 
BIT DROPPED 4". BROUGHT WATER TRUCK 
RESUMED DRILLING, LOSS ~5 TO 10 GAL/ 

MIN; REDDISH COLORED RETURN FLOW, 

THEN WHITE 

LIMESTONE 

-

(VUG) 
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NOTES 

ROTARY DRILLER CMESS, 2~ INCH CORE BARREL 
DRILLER - DAN COSTILLO 
GEOLOGIST - MICHAEL HOLDSWORTH 

ROCK TEXTURE, COLOR, TYPE, WEATHERINC, 
FRACTURE TYPE, SPACING, DIP, ETC 

NOTES 

BiD CLAY IN SEAM 

Lit-lE STONE 

2" DROP IN BIT AT 13 FT, WATER LOSS 

VUGS, NO CLAY 

B.O.H. = 15.1 FT 
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SURF'ACE Ei..EVATlON 1026 FT SMEET 1 cr 2 
NOTES 

ROTARY DRILLER CME55, 2~"CORE BARREL 
DRILLER - DAN COSTILLO, .SWL 
GEOLOGIST - MICHAEL HOLDSWORTH 

ROCK TEXTURE, COLOR, TYPE, WEAhcERINC, 
NOTES FRACTURE TYPE, SPACING, DIP, ETC 

o.o-2.o• SOILS DRILLED BY 8" AUGER 

AND CONDUCTOR CASING SET PRIMARILY 

CLAY; LIMESTONE WEATHERING PRODUCTS 

LIMESTONE: DENSE, HARD, RECRYSTAL-

IZED VUGS. -
PALEO SOIL "TERRA ROSA" CLAYEY, 

RED, SOME LENSES OF DETRITUS 

2" DROP 

CORE BARREL SEIZED IN HOLE 
(5 FT TO 8 FT - TERRA ROSA) 

B.O.H. = 8.0 FT 
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PROJECT t.1° BOR•t.IG B-4 

SURF'ACE Ei..[VAT·ON S..,EET 2 .:r 2 
NOTES 

ROTARY DRILLER C!iESS, 2J:i': CORE BARREL 
DRILLER - DAN CASTILLO I SWL 
GEOLOGIST - MICHAEL HOLDSWORTH 

ROCK TEXTURE, COLOR, TYPE, WEATH[RINC, 
FRACTURE TYPE, SPACit.IG, DIP, ETC NOTES 

VUG FILLED ~liTH RED CLAY AND LIHE-

STONE. FRAGr·iENTS OF DETRITUS 

HORIZONTAL SEA.'-1 W/ RED CLAY 

RECRYSTALIZED VUGS FROl-1 14.3 TO lS. pI 

VOID 
NO FLOW RETU~~ BELOW lS.O' 

AT 17.0',VUGS FILLED W/ 1/8 TO 1/10 II 

CALCITE CRYSTALS, MANY VUGS HAVE 
RED -5TAINED WALLS W/ GRITTY TEXTURE s 
IN GENERAL, VUGS ARE MORE ABUNDANT. 

B.O.H. = 20.0 FT 

. 
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PROJECT N° BORING B-5 

SiJRrACE Ei..EVA'!' 0111 1026 FT S.,.EET 1 :r 2 
!liCTES 

ROTARY DRILL Cl-1ES 5 , 21j 11 CORE BARREL 
DRILLER - DAN CASTILLO SWL 
GEOLOGIST - MICHAEL HOLDSWORTH 

ROCK TEXTU'fE, COLOR, TYPE, WEATHER•NC, 
NOTES FRACTURE TYPE, SPACING, [)IP, ETC 

LrlESTONE~ DENSE, GREY VUGGY IN 
UPPER 1.5' 

RED CLAY IN LARGE VUG 

TERRA ROSA (RED CLAY)., GRAVELLY, 
SANDY 

VUGGY FROM 5.0' TO 6.8' 

RED CLAY 

PINK FLOW RETURNED @ 6.5 - 9.0' 

LARGE VUGS @ 6. 2 T;7/ RED CLAY 

FILLIN~. /@ 6.5' BREAK 1"1/ RED CLAY 
AND LARGE CALCITE _CRYS_T_A__LS 

.5' VERTICAL FRACTURES AT ABOUT 7' 

. 
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PROJ£CT t~i0 BORING . B-5 

SUR F'ACE 'Ei..[VATION S"'EET 2 ::r 2 
NOTES 

ROTARY DRILLER CME55, 2~" CORE BARREL 
DRILLER - DAN CASTILLO SWL 
GEOLOGIST - MICHAEL HOLDSWORTH 

ROCK TEXTURE, COLOR, TYPE, WEATHERINC, 
FRACTURE TYPE, SPACING, DIP, ETC 

VERY LARGE VUG AT 14.2' 
CALCITE LINED 
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PROJECT N° BORING B-6 

SURFACE f~EVA"!':ON 1026 FT S"EET 1 ~r 2 
IIIOTES 

ROTARY DRILL CMESS, 2~" CORE BARREL 
DRILLER - DAN CASTILLO 
GEOLOGIST - MICHAEL HOLDSWORTH 

ROCK TEXTURE, COLOR, TYPE, WEATHERINC, NOTES 
FRACTURE TYPE, SPACING, DIP, ETC 

UNCONSOLIDATED, WASHED OUT, .• NO REC· 

OVERY IN THIS INTERVAL,LOST CIRCUL· 

ATION FOR 0.5 1 

LIHES.TONE, DENSE, LIGHT GREY, FEW 

VUGS 

CLAYEY, SAND SIZE LIMESTONE PART-

ICLES, FAIRLY WELL CE~mNTED 

RED CLAY, LOST WATER RETURN AT 6 • 5 

TO 7 • 0 I • WATER FLOWED TO SURFACE 

FROM MUD PIT. 

LIUESTONE, f.10DERATELY VUGGY 

SOl-iE VUGS FILLED BUT VISIBLE 

. 
LHiESTONE AS ABOVE 
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PROJECT ~ 80R•t~~G B-6 

SUR F'ACE E;.EvAT!ON S"'£ET 2 ~r 2 
NOTES 

ROTARY DRILL CME55, 2~" CORE BARREL 
DRILLER - DAN CASTILLO, SWL 
GEOLOGIST - MICHAEL HOLDSWORTH 

ROCK TEXTURE, COLOR, TYPE, WEATH(RINC, 
NOTES FRACTURE TYPE, SPACING, DIP, ETC 

13 . 5'. LOST RETURN FLOW ~T.V 

TN THT..S 7.0lJF. VF.~V VTTr.r..Y J&.l --SOMF. 

RECRYSTALIZATI_ON 

. 
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PROJECT No BORING B-7 

SURFACE E~EVATION 1026 FT S11EET 1 ~F' 2 
NOTES 

ROTARY DRILL CME55, 2~" CORE BARREL 
DRILLER - DAN CASTILLO 
ENGINEER - DAVID LELAND 

ROCK TEXTURE, COLOR, TYPE, WEATHERINC, 
NOTES 

FRACTURE TYPE, SPACING, DIP, ETC 

NOTE: AIR DRILLED 0 TO 8.09 FT. 

( 0 FT TO 5 FT, SAME AS BORING #3) 

5 FT TO 8 FT - TERRA ROSA 

LIMESTONE• HARD DENSE MICRO 
CRYS'l'ALLINE, NO OPEN VUGS. 

-
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¥ ENGINEER - DAVID LELAND 
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CORE BARREL 

i AOCK TEXTURE, COLOR, TYPE, INEATH(RINC, 
FRACTURE TYPE, SPACING, DIP, ETC NOTES 
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• 70 

.43 

• 42 
12 • 
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• 39 13 • 
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~ LUIESTONE AS ABOVE 
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1:; .,: "" > .., w ROTARY DRILL CMESS, 2~" CORE BARREL 

0< "" c .., c ... u w A u z 
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.... DRILLER - DAN CASTILLO, SWL z > A I ..J .... c 0< % GEOLOGIST - tUCHAEL HOLDSWORTH 
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PROJECT ~0 BOR•P~~G B-9 

S.JRrACE Ei..EVA"!' 0!1.1 S"'EET 2 ~r 5 
~OTES 

ROTARY DRILL CME55, 2~
11 CORE BARREL 

DRILLER - DAN CASTILLO, S\'lL 
GEOLOGIST - MICHAEL HOLDSl·lORTH 

ROCK TEXTURE, COLOR, TYPE, WEATH[RINC, 
,..OTES FRACTURE TYPE, SPACING, DIP, ETC 

LII-1ESTONE HARD. DENSE. MICROCRYSTAL 

UJ:'DV l"J:'tJ f'\'DJ:'1'J '\nl~~ TN JUll\1 1 

RED CLAY 

AT 14.0' SUDDEN COMPLETE LOSS OF 

WATER 

(NO RR'T'TTRN~ OF' W~'T'RR \ 

REMINERALIZED, SOFT, YELLOW, BOY-

TROYDAL 

A-42 BORING N°_9_ 
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FIELD BORING LOG (ROCK) UTSA - CENTER FOR WATER RESEARCH 

I 

PROJECT UTSA CHAMPIONS PROJECT ~0 
~' 

BOR•~G B-9 
... SUFI F'AC E Ei.. (VAT ,QN S"'HT 3 c~ 5 I ... 8 z 
~ .... >- 0 NOTES ... a: z w ... ROTARY DRILL CMESS, 2~" CORE BARREL 

~ 
l:i ,.: VI > w "" a: VI 0 "' 

<:) 

Q w w u 

""' "" DRILLER - DAN CASTILLO, SWL z ...... z > "' a: ... . .j 
w 0 a: % OGIST -·MICHAEL HOLDSWORTH .... u .... < ~z €) Is! :r ... " ~ WI- Q. u 

~ ::ECI "' 0 AOCK TEXTURE, COLOR, TYPE, WEATM(RINC, 
~ 

z Q u oz 0 a: NOTES I :;:, 0 0 ww FRACTURE TYPE, SPACING, OtP, ETC a: a: D: D: ... ..J 

.88 ~ 

~ 
f!!'il, 

. (.13) 
~ 

22. ~ LIMESTONE HARD. DENSE LT. GREY I 
II I OCCASiONAL LAMINAE OF RED , VUGS UPT< J, . .54 T 

( .12) II I 
1.5" LINED W/ CALCITE 

23. I CRYSTALS I 

( .12) 
II I -l I 

( .13) II I 
I 

( .12,) 24. II I 
I 

( .14) II I l I 

( .12) II 1 
~s. 

1 I 
25~ II I ~' ( .12) _l 

~ ( .12) IL.J 
1/ I - ( .12) ~6 _., -/ J -

rs3l 55 !rOT AI 4.26 -/ • -/ 
~7 .1 ~/ l 

.63 ... v .I 
1.0 128., v .] 1- .../_ . 
.96 n, I 

(. 08) I -j tc-9. 
II 

lrOTAI 2.67 I 
II I I 

I 
II I 

30.3 (51) so tJo. I 
II I 

(7) I 
I I 

.75 I 

11 
I I 

(. 30) f;S1.1 I 
I I 

( .19) I -) II I 

.63 13 2.1 
I 

II I 

( .17) _l -j II I 

( .16) _L 
II I 

~3. ( ~IX 
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r 
r 
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r 
r 
r 
r 
r 
r 
r 
r 
.r 
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FIELD 

PROJECT 

... ... 8 
~ ... ... 
~ ,.: 

a: 
Q .... 
z > ... c 
' u 

® ~ 

~ ~ a: 

35.4 
(8) 

100 

40.6 r1nn 
(9) 

BORING LOG (ROCK) UTSA ~ CENTER FOR WATER RESEARCH 

UTSA CHAMPIONS PROJECT N° 80RtNG B-9 

SUAF'ACE Ei..EVA'!' 0~ S"'EET 4 -:r 5 
.... 0 NOTES ·a: .... ~ z 

VI > '"' "' ROTARY DRILL CMESS, 2~" CORE BARREL VI 8 0 .... "' "' z ....... .. DRILLER - DAN CASTILLO, SWL Q a: ... I 
_, 

a: 
~ GEOLOGIST - MICHAEL HOLDSWORTH .... < ~% 

~ 
:I: ... .: 

!1! ... IL. u 
~ 

CJ~ 
.., 0 ROCK TEXTURE, COLOR, TYPE, WEATH[RtNC, Q u a c ....... Q cr: NOTES a: a: VI..J FRACTURE TYPE, SPACING, DIP, ETC 

1-

>< ..... 
. (.06) 33 • 

(.. 0 8) I LIMESTONE, HARD, DENSE, LT. GREY II -r 
.38 I OCCASIONAL RED LAMINAS rrr 
.81 ~4. ( I FOSSILIFEROUS, UNIDENTIFIED ITT 

.48 I SHELL FRAGMENTS I I 

.71 135. I 
fTI 

• 40 ..... ~ 
82 ~OTAI 5.12 I 

6 ·' 
l I 
I 

I I LIMESTONE, HARD, DENSE, LT. GREY 

( 13) 
I VUGS FILLED W/ DECAYED LIMESTONE lT 

1.33 37. T SCATTERED RED LAI4INAS, TT 

.33 T FOSSILFEROUS TT 

1.02 I 
1-'8. ll I 

.33 l 
I I 

2.06 1 
LI~.ffiSTONE, HARD, DENSE, VERY VUGGY ITI 

5.2 ~9. J FILLED W/ DECAYED LIMESTONE '!UrAL ll -, 
.I 
Ill 
l 

~0.' 
II T 

98 
I 

II I 
I 

[1 

• 17 ~1 • 
I 

rTT . 
.75 

I 
II T 

.17 1 
42. ll -. 

I 
.66 I 

.54 
I 

T T 

.79 43. 
T 

TT 

.71 
1 

'I I 
T 

44. 
II I 

f-IX: lllj 
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J 

FIELD BORING LOG (ROCK) UTSA - CENTER FOR WATER RESEARCH 
I 

Iii! 

PROJE!,:..! UTSA CHAMPIONS PROJECT ~0 80Rt~G B-9 

.... 
SUR F'AC£ Ei..[VAT.0"-1 S"'[ET 5 CF 5 

~ 
.... 8 ;;e 
::;) .... >- 0 ,.,.OTES ex .... ex z ..., ... ROTARY DRILL CMESS, 2~" CORE BARREL .... > .., > w 11.1 

~ 
0 .., 0 w 0 ex ..., u 11.1 DRILLER - DAN CASTILLO, SWL "' 

..., z kit ""' z > "' • ~ ..., 0 ex % GEOLOGIST - MICHAEL HOLDSWORTH ..... u <1 
~X" 

<;> 
..., 8 J: ... liC 
ex ......... CL. u 

"" ::E:CJ 11.1 0 ROCK TEXTURE, COLOR, TYPE, WEATHERtNC, I 
z "' u CJZ NOTES ::;) ::;) a 0 ..., ..., ~ II: 

FRACTURE TYPE, SPACING, OIP, ETC ex ex ex 0: V)_J 

~ 

~ ~ 

I ;33 44. 
.96 T ~ Tl 

1 
45,8 100 91 .17 T LIMESTONE AS ABOVE I JT 45. I 

~ 
]"T 

[Q I ,-1 
.17 ~6 .I 

J 
II I 

.83 I 
iT -1 

1.5 T I 
r:t7. l ""' .31 ll I 

I 
I .38 11 I 

• 29 ~8 • 
I ~ .. 

'I I 
I 

.60 II I I 
I 

~ 
.so 

9. 
rTI 
1 .17 T 

4.75 T 
L'l "AI ITI 

50.1 (10~) 88 ~0 ·"' 1 B.O.H. AT 50.1 FT. r- l -... 
-~ 

--
I r-

r-
~. r-

r-

'"'"' I 

r- J. 
r-

-r-

~ 

I -~ 
r- ~ 

r-

-r- I 
-J 
. 
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GAMMA AND CALIPER DOWN-HOLE LOGS 
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+-------------------- BDMARDS UBDBROROURDMkTBR DISTRICT----------------------+ 
IIATURAL GMIIA AHD CASIRG COLLAR LOG 

DA'l'B 1 27 PBBRUART 91 
WELL R01 4 /1Ji,1-~-;;21) 
LATITUTB1 29-38-~v 
OWHBR1 trl'SA/DR. BLAIIft 

WILL DBPI'Jia 15.0 
LORGITUDB1 98-29-51 

(BBLOW LSD) 
(D-K-S) 

LOCATIOHa 1.65 ailee fro. WBS'J.' lJ..De aDd 1.60 ll11H fa. 80tJ'1'B llae OD 
.. pAY 68-21. 

DRILLBR1 80U'1'IINBSDRJI LUIS. DRILLING Krl'HOD1 
CASIHGa ( 1) DIAl 3.00 PROMa 0.00 TOa 15.00 

HOLB1 
(2) DIAl 0.00 PROK1 0.00 T01 0.00 
(1) D~1 0.00 PROMa 0.00 TOa 0.00 
(2) DIAl 0.00 PROKa 0.00 T01 0.00 

LOG OPBRATOR1 DRP LOG JIIP 1 LOG '1'01 
GAMMA Ja()Ga YBS CALIPER LOGa 'IB8 BLBCTRIC LOGa 110 
WATER LEVBL (below LSD) 1 0.00 

MUD ROrARY 
(DIA•ID in INCHES) 
(DBP.l'HS • PEET) 

LSD1 1025 
(LSD fr TOPO aht) 

LOG SPBBD1 30 (P'l'/MIR) VBR'l'ICAL SCALBa 
TIMB CORSTAR'ra 2 COUift'S/SICOMh 100 I 20 
COMMENTS a U'l'SA BOREIIOLE f B-1 H CBAIIPIOIIS. 

5.0 (IRCHBS/100PT) 
(CHART DIVISIONS) 

CASINQ COLLAR LOG +-----~~-~-------~-------~-~-----~---------~----------------~--------~-------+ I DBPrH I GAMMA LOG 
RADIATION INCREASES COUNTS/SBCORD---> 

... 

r: ,., M L n. 

1"1' rlL lr m.., 

14" ,1-lullltFU±ttliiiJJ_LJd 
I I I I I I I - -- -. L -- l . I I i . I I . ..:j:- --- I --I ... L -- ·- .• --+-----~ _.:....._. ----1--..... ____ .___ 
I I I 1 I I 1 I 1 ±:i:.i:fT·f-1--i-·T ---: --~ -

f I I 1- I _l 

I I I I I I I I I I l_=t=t:-t=a=s--=r~ 
··---,- ....---,--,- • __l_ 

I I I 1:-J= I I t:tt~=--f~::J:j~=l:--. +.r-- .. -·-t--:1·--+-=-t:-l I -7-·--t--- -... _ 

~ .___j ,____] .______j .._jJ ~ ~ ~ .___j .______j • ._____j ~ ._jJ ,__3 .__11 ~ .____j ___j ~ 



> 
I 
~ 

CIO 

1--~_cj 1- "'11 ~---~"\~ 1--o_-,,'jJ 1~"'":-'1 r--'-->ij h•-.-"~ 
1--_,__, ___ il 1-----31 1---'="'@'j r-----_':"'"!1 1---=c-1) f"-c--cC--']1 

+-------------------- BDNARDS UKDBRGROURDWA~R DISTRICT----------------------+ 
CALIPBR LOG 

DAft 1 27 PBBRUARY 91 
1IBLL IIOa t 1I'BLL DBP1'111 15.0 (BBLOW LSD) 
LA~I~a 21-38-54 LOHGI~aa 98-29-51 (D-M-8) 
OMlOIRa trl'SA/DR. BLAllft 
LOC:It!IOH1 1.65 MIPS I'ROK W LDIB A1ID 1.6 IIILa PROil S LID Gl AY 68-21 

DRILLER& DRILLIIIQ D'l'HODa 
CASINGa (1) DIAl 3.000 PROHa 0.000 TOt 15.0 

BOLBa 
(2) DXAa 0.000 PROK1 0.000 T01 0.0 
(1) D1A1 0.000 PROMI 0.000 TOI 0.0 

, (2) D1A1 0.000 PROKI 0.000 '1'01 0.0 
LOG OPERATOR 1 DRP LOQ MP 1 LOQ '!D 1 
GA10IA LOG a ~ CALXPBR LOG a 'DII · BLa~!C LOG a 110 
WA'l'BR LBVBL (below LSD) 1 0.00 

(DXA•ID in IHCHBS) 
(DBM'HS • PBBT) 

LSDa 1025 
(LID f:r: 'l'OPO 8ht) 

LOG SPBBDa 30 (P'l'/Jmf) VBRTICAL SCALBa 5 
CALIPER CALIBRA'l'BD PROJia 2 • '1'01 '• ( IRCHBS) 
COJOIBMTS 1 1J'ISA BORBHOLB I B-1 H CU.IOBB 

(IHCHBS/lOOP'l') 

+~~-----~~-~~----~-----~~------~~---------~-~---~-----~---~-~----~-----~+ CALIPBR LOG 
DzAa"IB OW ... DICAII- ••·---:. 

., 

I f" .10 r" I J:"l:l L ~( 

I~ I ~ .t.L 

7f L ..)t ·- fl.. II 

r---~ 

14 "'*-..-4--f-'-+~--f.--1-J--+-+-+--+--+--+--+----+·----11-r--~ -
--~+-4-~~~-+-4~--~-~+-4-~~-~-+-~~-----

·-1- - ·l--+---+--+--1--+-·-4---+-·-

11"111111111 

, __ ,_""'"•j h----']1 



+--------------------EDWARDS UNDERGROUND WATER DISTRICT----------------------+ 
CALIPER LOG 

DA'1'Ba 27 PBBRUARY 91 
WELL 1101 5 1rBLL DBP'l'lh 20.0 (BELOW LSD) 
~ITUTBI 29-38-54 LORGITUDBI 18-29-51 (D-H-S) 
OWNER1 TI'NA/DR. BLA1IBY 
LOCATIO•• 1.65 JIILES PROil W LID A11D 1.6 11ILB8 I'ROII S LID ml AY 68-21 

DRILLBR1 DRILLING MBTHODa 
CASINGs (1) DIAl 3.000 PROMa 0.000 TOa 20.0 (DIA•ID in IMCHBS) 

( 2 ) DIAa 0. 000 PROKa 0. 000 '1'0 a 0. 0 (DEPTHS • FEET) 
HOLBa (1) DIA1 0.000 PROMa 0.000 TOt 0.0 

(2) DIAl 0.000 PROMa 0.000 TOa 0.0 
LOG OPBRA'rORa DRP - LOG MPa- LOG 'fDa LSDa 1026 
GAMMA LOGa "fB8 CALIPER LOGa '1'BS BLBCTRIC LOGa RO (LSD fr TOPO aht) 
WATER LEVEL (below LSD) 1 0.00 
LOG SPBBDa 30 (ft/KIN) VERTICAL SCALE a 5 ( IRCHES/100PT) 
CALIPER CALIBRATED PROMa 2• TOa &• (INCHES) 
COMMENTS 1 UT8A BORBHOLB f B-4 Nl C!JAIIPIOIIS 

+---------~----~---~--~-~-~----~------~------------------------------------+ 

/.. 11:1 ."'\ 

If'" II•L" 

DEP'!B CALIPER LOG 
DXAMBTER OF BOLE INCRBASBS----------> 

~4-'""""'--1-~11--4-1--+-+--+---f--f-.-.-+-+---+--+--t- --- f--
·- f-

~+-~~~-+~~~+--~-r-+-~--f-+-;-,--+--i--r-i·--
1---+--+-~-t--+---+---+-t--+--+--+-- ~-~·~-+--t--+--+--+--1---l 

.. 
• I" 

·-·-· ·--- --l 1----- --· 
-- --- -- ·-··t··- .--·· ---·- ···-- ·-----

,,_._ :t- ·~-r- ,..- - · _;t -·· . ·····' )l·-·· ......_J- - . )I - . _.11 
~-"'-!..'ill --.---"'--~~···.=-AI.- -~l...-~ .. _..._.._.J . -~-- ·•·-------~- .:--.-
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VI 
0 

+-~---~-------------- BDMaRDI URDBRGROURD~~RDIS!RlCT--~~---------------~--+ 
HA'l'URAL GAMMA ARD CASIHG COLLAR LOG 

DATBa 27 I'EBRUARY 91 
WELL NOa 5 {IW-iPS-d-1) 
LATITUTBI 29-38-54 
OWHBRa v.r8A/DR. BLAliB"'' 

WBLL o~. 20.0 
LOHQI~Ba 98-21-51 

(BELOW LSD) 
(D-M-S) 

LOCATIOita 1.15 1111- fEGa WB8'J.' U... aacl 1. 60 aU- fxa. SOOTII lille on 
-pAY 68-21. 

DRILLER I SOU"J:iiiiBS'.fBIUi LU8. DRILLDCQ JIB'l'BOD 1 HOD IODilY 
(DXA•ID in IHCBBS) 
(DEPTHS • FBBT) 

CASIRG1 (1) DIAl 3.00 PROKt 0.00 ~~ 20.00 
(2) D1A1 0.00 FROKI 0.00 ~~ 0.00 
(1) DXAa a.oo PROMs o.oo TO• o.aa HOLE a 
(2) D1A1 0.00 PROK1 0.00 ~~ 0.00 

LOG OPBM'l'ORa DRP . LOG JIPa LOG '!01 LSDa 1026 
GAMMA LOGa Dal CALIPER LOQa 'IBS BLBC'l'RIC LOGa 110 (LSD fr 'l'OPO aht) 
WATER LBVBL (below LSD) 1 0.00 
LOG SPBBDa 30 (1"1'/NIN) VBR'nCAL SCALBa 5.0 (IIICHBS/lOOPT) 
TIMB CONSTANTa 2 00~/SBCORDa 100 I 20 (CHART DIVISIONS) 
COMMENTS 1 trrSA BORBIIOLB I 8-1 H CIWIPIORS. 

+~--------------~~----------~--------~--~~~-~----------------~-~------------+ 
DBP:H I CASIHG COLLAR LOG 

'· 
GAMMA LOG 
RADIATION IIICRBASBS C0Uift'8/8BCOIID---> 

~~~~~~~~ ~~~~~4=~~~=+~~~+=~~ 

-
... -r- ·-- -- r--. -,;--. 

._ ...... 

f-- . -- ·-1---- - ·~4--~-+--+--1 --
1--+---+---+--+--+---t--+- ~---'--· .. _.J. -· ,_ ' 

I • I I I 
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+--------------------EDWARDS UNDERGROUND WATER DISTRICT----------------------+ 
CALIPER LOG 

DATEs 27 FEBRUARY 91 ~ 
WELL N01 6 ( A'f-h8 ~I) 
LATITUTE1 29-38-54 
OWNER I UTSA/DR. BLANEY 

WELL DEPTHt 15.2 
LONGITUDEs 98-29-51 

(BELOW LSD) 
(D-M-S) 

LOCATION 1 1. 65 aJ.lea fro. WEST liDa and 1. 60 alles fro. SOtrrH line on 
.ap AY 68-21. 

DRILLERa DRILLING MBTHODa 
CASINGs (1) DIAl 3.00 PROM1 0.00 T01 15.20 (DIA•ID in INCHES) 

(DEPTHS • PBET) (2) DLA1 0.00 FROM1 0.00 TOa 0.00 
HOLEs (1) DIAa 0.00 FROMI 0.00 T01 0.00 

(2) DIAl 0.00 PROMa 0.00 TOs 0.00 
LOG OPERATOR 1 DRP LOG MP 1 LOG TD 1 LSD1 1024 

(LSD fr TOPO aht) GAMMA LOG 1 YBS CALIPER LOG 1 1'BS ELECTRIC LOG 1 NO 
WATER LEVEL (below LSD)I 0.00 
LOG SPEED 1 30 ( rr /MIN) . VERTICAL SCALE 1 5. 0 
CALIPER CALIBRATED PROMI 4 '1'01 8 (INCHES) 
COMMENTS 1 UTSA BOREHOLE I B-5 M CHANPIOHS. 

(INCHES/100FT) 

+--------------------------------~----------~~~-------------------------------+ 

I I '"jt\1 IY 1· "'' I -i- I I I 

~-T I I I -+--: .. --~- ~+--= 
--f--+-+--+-..J.-4-f---l ! I 

I I I I I I l·-+ -4 

t I I :t I I tjJ-i=t 

-- ~----~--- .. t-L-.. --····-····-·1.. -·!·---
--···---!. --'-+---+- ___ J ....... ;.' -+ ·-- ~- ·-

DBP'l'JI I CALIPER LOG 
DIAMETER OF ROLB I~£8----------> 

-[ _r·-:_ , -r-1 .. -·-·· .. - ··--:-.. ::L.: 

1=1 .... ~Dfi-~-~--+~-~--§_:~t=tff-~~~ -~rn 
R t- -- ·-- -1----~--- -.. - -· 

.... - ..... - ··j :t·- -- -· -- ·--
. .-- .. ·-- --·· -r -- -·-- -- -:-.= -·- ····· 

0 
~--t~ -· =:=La·-i-.J-. .--l--+}lf=+ l:.:j ••j -'~ -· ~: !----- -- . -±:. +-+- 1--j-· -m-]--- -:--·,-+-+-- +- =+--'- :::t=t:.., 

A - - .... --· ' ' . I --· .;. ' . • • • . 4 ... L--· -- ._ __ 
~.j • 0 • 

,. .. . . . .... . . .. I -
· I · -r · ·- · · · · 
I ,. •- . •- • . .. . I 

-j--1-l--L.._J_:....t ... -1 --·---·-·-
•• • -- • • . • ~ "--·- -. ~ -- • J • • . ' 

~_______]____J________j~._j._....j)..____j 
......__j . ..____j . ____j) ____j i .....__._jl -.__j - I ___j ~ 
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+--------------------EDWARDS ONDBRGROUNDWATER DISTRICT----------------------+ 

> 
I 

U1 
IV 

NATURAL GAMMA AND CASING COLLAR LOG 

DATE1 27 l'BBRUARY 91 
WELL HOI 6 ( IW -"'$] ... ).' ) 
LATITUTBa 29-38-54 
OWNER 1 trftiA/Da. 8LAHBY 

WELL DBPTRa 15.2 
LORGITUDE1 98-29-51 

(BELOW LSD) 
(D-X-S) 

LOCATION 1 1. 65 ml.ea fro. D8'.l' l.~ aDd 1. 60 all.- fro. 800'1'11 liDe OD 
.ap AY 68-21. 

DRILLBR1 SOUftDIBSTBRR LUIS. DRILLIHG MB'l'HOD1 IIUD ROUltY 
(DIA•ID in IMCHBS) 
(DEP'l'HS • PBBT) 

CASING1 (1) DIAl 3.00 PROK1 0.00 TOI 15.20 
(2) DIAl 0.00 PROM1 0.00 TOI 0.00 

HOLE a (1) DIAl 0.00 PROK1 0.00 T01 0.00 
(2) DIAl 0.00 FROK1 0.00 T01 0.00 

LOG OPERATOR 1 DRP LOG MP 1 LOG TD1 LSDa 1024 
GAMMA L001 YBS CALIPER LOG1 '1118 BLB(!t!JUC LOGa W (LSD fr TOPO •ht) 
WATER LBVBL (below LSD) 1 0.00 
LOG SPBBD 1 30 ( FT /KIN) VBRTICAL SCALE 1 
TIME CONSTANTa 2 COU11'1'S/SBCOHD1 100 / 20 

5.0 (INCHBS/100PT) 
(CHART DIVISIONS) 

COMMENTS a U'l'SA BOREHOLE f B-5 U caa"PIOIIS. 

+----------------------------------~---------~--------------------------------+ CASING COLLAR LOG 

J-4-+--+--+-f--- -- --· ·-- ··
f-

I 

I:' I 

--- .•• - . 1--

---L-+.._+-+--+--+--+-+--!--·l-.. J._. 

t::t=t:::::t=t=t=:t=:t::1·---'---~-~-·· 

!--T-- r-- --t-~-+--·•· . . ! -

GAMMA LOG 
ltADINIICII 18CIUWia CGUIII8/DCOHD---> 

DBP'rll I 
~~~~-T-4--r-T-~-r-T·- ~~-~-----r~·-~--~ 

--1-· 

,4 ~-+--+-4-... -~ ..... ._+-+··-1--- -· ·--1- --··-+--+--i-- --1---4--+----1 
,. ·-·1--+-

J-4--+--+--+--i-t-+--t--· f-· -1--·- 1--··1--
J--1--+--+---L-, --+--+-...J ~-~·-1---4--L-.- .._ __ --+---4-f--1 -+--+-i 

• - • ·-·· - ··' - - ..•. --l... ··-· -~-------~ ·-1.-·-1--

t:±=~=t=t~==t=t=~~=+~----,-__ ~_-~·---+----t--~--~ 

J---4-+-~-+-+~-1-+-+-- -- - --4--+--t-~ 

t:t::t:::t::::t:::t=::t:~==t::t::: -- ---- - -l--=-+'---_.t:::t-=t:~ 

t- ·-4-· t'--t··_J·--·---~--t ·-"--·t··-1-··+-··4 ····-- .J_,_ ... _.L. --•··-- ·- - .I. ... - . • . • . . • I J .I--
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+----------~--------- EDNARDS UKDBRGROUHD~TBR DISTRICT----------------------+ 

DATZa 27 ~ 91 
WELL 1101 2 -hCS,. ;l' ) 
LATI~t-21-3 -54 
OWHERI 1JIISAIDR. 8LUBY 

CALIPBR LOG 

WBLL DBPTRa 14.8 
LONGITUDEt 98-29-48 

(BELOW LSD) 
(D-M-8) 

LOCA'liOlh 1. 7 MTLU ,._ 11 LID ARD 1.6 JIILBS PIIOK S LIRB C. AY 68-21 

DRILLBRt DRILLIBG MBTHODa 
CASINGt (1) DIAl 3.000 I'ROIIt 0.000 '1'01 14.8 (D%1.-ID in IRCIIBS) 

(2) DIAl 0.000 I'ROilt 0.000 '!01 0.0 (DBPl'HS • PBft) 
HOLB1 (1) DJAa 0.000 PROKt 0.000 '1'01 0.0 
. (2) D1Aa 0.000 FRONt 0.000 ~~ 0.0 

LOG OPBRA'l'ORa DRP l.oG JIPa l.oG 'l'Dt LSDa 1030 
GAJOCA. LOGt Dal-t:AtdPBR- LOG-1"08 a.BCftiC LOQa m (LSD fr !'OPO eht) 
WA'l'BR !.BVBL (below LSD) I 0.00 
LOG SPBBDa 30 (PT/liDf) VERTICAL SCALBt 5 (INCHES/100FT) 
CALIPBR CALIBRATED FROM1 2• 'l'Oa ,. (INCHES) 
COMMBH'l'S a v.rsA BORBIIOLB f B-2 U CBUIPIO.S 

+---~-~-------~----~----~-----~~------------------~-~~---------------------+ 

I DBP1'II . CALIPER LOG . 
DIMiftBil OP ... I...,......_ ____ ~ 
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+--------------~-~--- BDNARDS URDBRGROUHD~R DI~CT----~-----~~---~------+ 
lfA'l'URAL QAJIMA MD CASING COLLAR LOG 

DA'l'B I 27 nBR1JARY . 91 

~~~. ~,0;ta!'st..t') 
OWNBRa U'.rSA/DR. BLARBY 

WBLL DBPr.Ha 14.8 
LOMGITUDBa 98-29-48 

(BBLOW LSD) 
(D-M-S) 

LOCATION 1 1. 70 ailaa froa 1IBS'f lbMa and 1. 60 ll1lae faa SOU'tll 11De Oil 
.ap AY 68-21. 

DRILLBRa SCXJI1miBS'rBRI LABS. DRILLING U!RODa 
CASING a ( 1) DIAa 3.00 I'ROKI 0.00 '1'01 14.80 

(2) DIA1 0.00 FROKa 0.00 TOI 0.00 
HOLE a ( 1) DIAl 0.00 PROKa 0.00 '1'01 0.00 

(2) DXAa 0.00 FROHa 0.00 ~~ 0.00 
LOG OPBRA'rOR 1 DRP LOG liP 1 LOG 'fDa 
GAMMA LOGa '1'B8 CALIPER LOCh ~ BLBCTRIC LOGa 80 

JCDD llOt!IRY 
(DXA•ID in IRCBBS) 
(DBP'1'118 • PBB'f') 

LSDt 1030 
(LSD fr TOPO aht) 

WATER LBVBL (below LSD) 1 0.00 
LOG SPBBDa 30 (n'/MI.) VBR'.riCA.L SCALBa 
TIME CONSTANTa 2 C0~/88CORDa .100/ 20 

5.0 (IRCRBS/100~) 
(~ DIVISIORS) 

COMMBH'l'Sa trrM BORBBOLB I B-2 M CBAIIPIOIIS. 

+-~---------~~-~----------~---~~-~--------------------------------------~-+ CASING COLLAR LOG GAJIMA LOG 
RADIATION IlfCRBASBS COUlft'S/SBCORD---> 

- • • ....tl! ... ..., •• ,.. ••••. 
~· ·-· .. . .. . .. 

0 
r. lwl IA.I L r 

H rlJ.. lt!O. .. ~ -
i--- r---

I 

I --1 ._ ___ 
I I I I +--+--+-- - -·--+--+--+--+--+----t--+---4--f 
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DABa 27 ·natmARY 91 
~ .. ..Oa 1 A ( Al/·-bfJ-:tl) 1IILL DIPl'llt 15.0 . (IUILCM s.&D). .. 
ra-nfliRa 29-38-54 UHIOJ'ftJDBa 11-J'-st (D-11•8). · · .-
OIOIBib WD/DR. BLAHEY · . 
LOCA!rJOllt 1.&0 au- fna .iiBft lfgs .... 1.&0 •• , ••. ez. ioalll u-- . 

. ..p AY 68-21. . ··. . . . " . · . . . . . ·· . 
-~ .. . .. 'I'.Jl4*' ...... ~. . . 0 ·.: J • .-· • ~ 
CUDIGt .. (1). DIAa 3.00 PROKi · 0.00 .\'Ch· 15.00 .. .(DIA-ID iA 'D:K518). 

. . : ·. (2) DIAl 0.00 PR.Ollt 0.00 tot 0.00 (OIJtBS·,• ,...,, . 
JIOL&'&.: : (1,).. DIAa 0.00 IROXI 0.00 .. ma 0.00 · ; . 

. ,· (2) DIAt 0.00 YROX1 0.00· '1'01 0.00 . · . 
LOG' onM'IOl\t DRP LOG •• LOQ '!Dt . r.iD•· 1821 
~ LOGa ~ CALIPER U»a ~ BLBC'fttlC LOQa BO (LSD tr I!'OPO •ht) 

. . 
.. ~ ·• · .. 

WAftlt L8YBL (below LSD).I 0.00 
LOG 8HBDa 30 (Pr/IIIlf) VBR'l'JCU. SCALBa 5.0 (IlfCJIBS/100PT) 
TXMB CONSTANTa 2 COUHT8/8BCOBDa 100 / 20 (CHART DIVISIONS) 
COMHEN'rS 1 U'l'SA BORBBOLB I B-' H CBNIPIOBS. 

+-------~----~--~--------~---~------------~------------~----~---~~--------~---+ 
CASING COLLAR LOG 

CWOfA LOG ..... 'NJ~~:·····.·~ I DBP'l'B ·i . IUiiO!al- DIC~~ ... ~ -:". .' .. ~ ; . ~it_{ ~~.·a;..;. h ... ~ 
. . . . .. ' .. .. , . . . . -1 I I i I I I .. ··'-·· . .I . ( I I I I I . .... ..- I "I t I I I I ... . ... - .. 

0 ~ I I I I I I I I I I I I I I I -I I I I I 
II. u ~ .L , 

AA L • Ia J L ·H~o •• i 3lkJ: i f 
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r=r.--,--'"''jj-•'i="jj-~--·-'"''"fDN~ ~ ~~ ~~--~-----cr-~--~---,<r-r==c • - - CAL!PBR I.OCJ -- - -

DA'l£1 27 I'BBRUARY 91 
WRLL lf01 1 A /IJL{-,'g-~ J) 
LATITUT!t 29-~8-54 
OWNBR 1 '1PNA/DR. BLAllft 

ftLL DIPfH I 15.0 
LORGrruDBt 18•29•54 

(BBLOW LtD) 
(D-Il-8) 

LOCA'fiOR1 1.6 MU.BS l'ldl W LIB .ABD 1., XI:La ... 8 LD111 C. AY •1-21 

DRILLER 1 DRILL IRQ JIB!IIIOD 1 
CASINGs (1) DIAl 3.000 I'ROKt 0.000 '1'01 15.-0 

HOLBa 
(2) D1At 0•000 PROK1 0.000 ~~ 0.0 
(1) 01Aa 0.000 PROK1 0.000 ~~ 0.0 
(2) D1A1 0.000 PROKa 0.000 TOt 0.0 

·LOG OPBRA'.OORt DRP LOG KP 1 l.oG TD 1 
GAMMA LOGa "1118 CALIPBit LOGa 'IB8 ILBC'IRIC LOCJa liO 
WAftR LKVBL (below LSD) 1 0.00 

(DlA~lD in ~HII) 
( DBPftlll • ftft) 

t.ID• 1G2S 
(LID f~ '1'0PO abt) 

LOG SPBBDt 30 ( ft/KIR) - \'BR'!ICAL le.ALB 1 5 
CALIPER CALIBRA'rBD PN»>a 2• 'l'Oa &• (DICIIBS) 
COJOIBHTS 1 1J'l'SA BORBIIOLB t 8-6 U CBUIPIOJIS 

(UCIIB8/100W) 

+~~---~--~~--------~~~~~--~--------~-~---------~--~--~~~----------~--------+ · CALIPER LOG 
D'lAIIII'nal or .... Dlr:__.. ....... _ ........ _ 

1---j 1--~j 

\l . 
1. ' . I DBPrll I 

. • - -. : . • J 
. ... _ ... --·-·····- .- ,..............,·-r---r-..,..-1 I I I ---r--·r-·-.----·.,- --·r- ·r--

1
-~:r-'-r'l · 

AI L...l iP 1£ rc. ILJ'IL.o. 

J+th L ~ laf' /Ill 
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+-----~-------~----~~ BDMaRDI URDIRIRODBDWIIBRDJ~et~-~~-·-··---~~-------+ 
IIA'l'URAL CJAJafA ARD CASDQ COLLAR LOG 

DAR 1 27 l'IIBRtWlY 91 

·:.,:. ~,~A]\..._~Oll) 
OWIIBRt um&/DR. B1'.UIB! 

WBLL DBPr.lt 15.3 
LORQITUDit 98-2t•54 

( 8BL(Jif LID) 
(D-)1,.8)· 

LOCATIORt 1. 60 au.. fzaa Waft 1Jae aDd 1. 60 wt 1- fraa ICJDI.ftl lta. Gil 
.. p AY 68-21. 

DRILLER a SOll'l'BWBftBRa J.UIS. DRILLJRQ MBHOD 1 

CASINGa (1) DIAa 3.00 PROKt 0.00 ~~ 15.30 

HOLBa 
(2) DIAl 0.00 PROMa 0.00 TOt 0.00 
(1) DLla 0.00 PROK1 0.00 TOa 0.00 

IIDD IIJDD 
(DIA•ID in IICRBS) 
(DBPmS • FBBT) 

(2) D~a 0.00 PROXa 0.00 TOt 0.00 
LOG PPBRATORt DRP LOG MP t LOG !'Dt LSD 1 1021 
GAMMA LOGa US CALiftR LOGt 'I'B8 BLBCTRIC LOQa ao (LSD fr 'l'OPO aht) 
WATBR LBVBL (below LSD) 1 0.00 
LOG SPBEDa 30 (P'r/KJlf) VBM'ICAL SCALBa 5.0 (IRCHES/100P'l') 
TIME CONSTANTa 2 COUBTS/SBOOMDa 100 I 20 (CHART DIVXSIORS) 
COMMENTS 1 UTSA BORBIIOLB I B-7 U OIUPIOIIS. 

+-~-~~~~---------------~----------------------------------------~--~~~--~--~-+ CASING COLLAR LOG DBPl'll GAIOIA LOG 

·"'·- •. .. . .. IADJNIIOII ~~ eoutl.,.,.. •• <,:·: 
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+-------------------- BDNaRDI'UIDIIDAOUaDWl~DJ~~---·----------~··--+ 
CALIPBR LOG 

DADa 27 ~y 11 
WBLL RCh 3 /}lA-bQ-~ J) 
LATl~t 2 -~8-54 
OlOIBRt WIIAIDR. BLUIBY 

(DLOII LSD) 
(D-Ji-8) 

LOCATJO.h 1.6 "'LB8 1'101 W LDB AIID 1., JIIJ.88 .... 8 LID C* U' 18-21 

DRILLBRe DIULLIIICJ JGI'.fiiObt 
CASIHGt ( 1) DIAl 3.000 I'ROIIt 0.000 lfOt 15.3 

(2) DIAt 0.000 PROKt 0.000 !Oa 0.0 
(1) DIAa O.OOD PROKt 0.000 ~~ 0.0 
(2) DIAa 0.000 PROKa 0.000 ~~ 0.0 

L0q OPDM'ORa DRP LOQ MPa LOG 'l'Da 
GAMMA LOGa YBS CALIPRR LOGt 1'B8 BLBC'l'RIC LOGa 110 
WATER LBVBL (below LSD) 1 0.00 ' 
LOG SPBBDa 30 ( ft/Jttlf) VBM'ICAL SCALa 1 5 
CALIPBR CALIBRATED PROM a 2 • TO 1 6 • ( IRCH28) 
COMMEN'l'S 1 OTSA BORBHOLB f B-7 H ·CIWIPIOHS 

BOLla 

LSDt 1026 
(LSD fr 'l'OPO aht) 

(IIICHBS/100ft) 

+-----------------------------------------------------------------------------+ I DRPm I CALIPBR LOG 
DIAMirl'BR 01' BOL8 IIICAIASBS---------> 
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RATURAL GAMMA .AHD CASING COLLAR LOG 

WELL DBPTBt 44.6 
LOHGITUDB1 98-29-51 

(BELOW LSD) 
(D-M-8) 

DA'l'B a 27 PBB~Y 91 
WELL lfOa 11 ~ ... b~ ... ~'J 
LATITVTBa 29- 8-54 
OWHBRt 171SA/DR. BLMB'1' 
LOCA'l'IONt 1.65 a!.l- frca 1la8'.r llAe aDd 1.60 aU- fxc. SOU'l'll li:ne on 

-p AY 68-21. 
DRILLER 1 SClU!IIWII&.tBRII LaBS. DRILLING METHOD 1 
CASIHGa (1) DlAa 3.00 l'ROMt 0.00 TOt 44.60 

(2) DlAa 0.00 FROMa 0.00 TOt 0.00 
(1) DIAl 0.00 PROK1 0.00 TOI 0.00 HOLE a 

KUD RO'l'.AR'f 
(DIA•ID in IHCHBS) 
(DEPTHS • PBB'r) 

(2) DIAl_ 0.00 _ FROMI 0.00 TOt 0.00 
LOG OPJRATORa DRP LOG MPI LOG '1'01 44.0 LSDI 1029 
GAMMA J:.oGa 'I'BS CALIPER LOGt niS BLBC'l'RIC LOGt RO (LSD fr 'l'OPO aht) 
WA'l'ER LBVBL (below LSD) 1 0.00 
LOG SPBED 1 30 ( rl' /)liN) VERTICAL SCALE 1 5. 0 ( INCHES/100P"l') 
TIMB CONSTAM'1'1 2 COtJlft'S/SBCORD1 100 I 20 (CHART DIVISIONS) 
COMMBtrrS 1 U'1'SA BORBBOLB f B-10 H CBNIPIORS. 

+-~~~~-~~----~~-------~~-~---------------------------------------------+ CASIHG eor,r.g LOG 

ID&ftRI 
GAMMA LOG 
RADIA~IOR IRCRBASBS COUR28/8BCORD---> 

. _,. ____ ·-· ... I I i I I 2 1 T' I I I I I I I I I I I I 
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+-------------------- BDNARDS URDBRGROURDWATBR DISTRICT----------------------+ 

DAft 1 27 PBB~Y 91 
WELL R01 11 ~tt.:l-~J.)) 
LATITUTB1 29•3i~S4 
OWHBR1 ursA/OR. BLUmY 

CALIPER LOG 

WELL DBPTRa 44.6 
LOHGITUDBa 98-29-51 

(BELOW LSD) 
(D-M-S) 

LOCATIOR1 1.65 JIILBS l'ltml W LID Aim 1.6 IIIT.BS PR011 8 LID 011 AY 68-21 

DRILLBR1 DRILLIIIG KE'I'HOD1 
CASINGa (1) DLla 5.500 PROMa 0.000 TOa 44.6 

HOLSt 
(2) DIAl 0.000 PROK1 0.000 Tal 0.0 
(1) DIAl 0.000 FROMa 0.000 TOa 0.0 
(2) DIAl 0.000 FROKa 0.000 T01 0.0 

LOG OPBRA'l'OR I DRP LOG MP 1 LOG 'l'D 1 43. 0 
GAIOfA LOG 1 DS CALIPBR LOG 1 "DDS BLBC'l'RIC LOG a NO 
WATBR LEVBL (below LSD) 1 0. 00 

(DIA•ID in INCHES) 
(DBP!'HS • FBBT) 

LSDa 1029 
(LSD fr 'l'OPO eht) 

LOG SPBBD 1 30 ( PT /MIN) VBRTICAL SCALB 1 5 
CALIPER CALIBRA'l'BD PROKa 4• TQa a• ( IRCHBS) 
COMMBN'l'Sa U'l'SA BOREHOLE I B-10 M CIIAJIPIOBS 

( INCRES/100P'r) 

+-~-----~-------~---~~--~----------~~-~-----------------------~-----------+ 

'DBftB' 
CALIPD LOG 
DUIIB'l'IIR OP JIOLa DCUM88---.-... 

r----- ,-- •.• 

I I L..l ~~ ~ "1C.. ofrtlll JD I U EffBII PR 
H b .C II 

,.~, J.. I f#• ~~ .. 

b±::t I I I f. I I I 11=1=±-E:t=l I 1-E 
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+-~--~~--~---------~~ B~ URDIRGROUIDMkTBR DISTRICT-----------------~----+ 
IIA'.l'URAL QAIOCA AIID CASING COLLAR LOG 

DATB 1 27 I'BBRUARY 91 
WELL 801 10 (~-fo~ ... J\J 
LATrrotsa 29•38-54 
OWNBR1 UftA/DR. BLUBY 

WBLL DBP!Ha SO.l 
LORQI~Bt 98-29-51 

(BBLON LSD) 
(D-M-S) 

LOCA'liOih 1.65 ll1l.ea frca IIU'1' lJDe ud 1.60 all- fo. SOU'l'll liDe OD 
-pAY 68-21. 

DRILLBRt SOtr.l'IIIIRS'.l' LIBS. DRILLING MBTHOD1 JIUI) RO!ARY 
(DIA•ID in IRCHBS) 
(DEPTHS • FEET) 

CASIRG1 (1) DIAl 3.00 PROJII 0.00 TOe 50.10 
(2) DIAl 0.00 PROK1 0.00 T01 0.00 

HOLBa (1) D1A1 0.00 PROMI 0.00 TOI 0.00 
(2) DIAa _o.oo !'ROlla o.oo ro. o.oo 

LOG OPBRA'l'ORa DRP t.oa JIPa LOG TDa 
GAMMA LOG1 YBS CALIPER LOGa ~ ELZC'l'RIC LOG1 lfO 
WATER LBVEL (below LSD) 1 0.00 
LOG SPEBD1 30 (PT/MIH) VERTICAL SCALE1 
TIME CONSTANTa 2 COUJI'l'S/SI!:CORDa 100 / 20 
COMMENTS 1 U'l'SA BORBHOLB f B-9 AT CIIAJIPiOHS. 

LSDa 1033 
(LSD fr TOPO eht) 

5.0 (INCHBS/lOOPT) 
(CHART DIVISIONS) 

+-----~--------------~---~-------~------------~~---------------------------~--+ CASING COLLAR LOG 
I DBPTII GAMMA LOG 

MDINIIOII IJICUASBS CODlftB/Sacotm---> 

0 

fl.Q 1M ,.. LC ,., 
H. L • 1.C1 
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T----~--------.. _,. _____ BDifARDS 1JIIIDB'RGROUIID WAftR DISTR.IC'l-~ .. -.-------.. ----------+ 
DAT£1 27 PBBRUARY 91 
WELL HOI 10 
LA~ITUTBa 29-38-54 
OWNBRa UTSA/DR. BLPdtBY 

CALIPER LOG 

WBLL DBP!Ha 50.1 
LONGITUDBa 98-29-51 

( BBLOW LSD) 
(D-M-S) 

LOCATIONa 1.65 JI'TLBS .l'Rml W LDIB JUID 1.6 JliLRS PROil 8 LID 0. AY 68-21 

DRILLBR1 DRILLING MBTHOD 1 
CASINGa (1) DIAl 3.000 PROKa 0.000 TOa 50.1 

HOLE a 
(2) D1Aa 0.000 PROKa 0.000 TOa 0.0 
(1) D1A1 0.000 PROMa 0.000 TOa 0.0 
(2) DIAa 0.000 PROMa 0.000 TOa 0.0 

LOG OPBRATORa DRP LOG MP 1 LOG TO 1 49. 0 
GAMMA. LOGa US CALIPBR LOGa 1'B8 ELZC'l'RIC LOGa 110 
WATBR LBVBL (below LSD) 1 0. 00 

(DIA•ID in INCHES) 
(DEPTHS • PEBT) 

LSDa 1033 
(LSD fr TOPO aht) 

(INCHES/100FT) LOG SPEEDa 30 (P'l'/MIN) VERTICAL SCALB1 5 
CALIPER CALIBRATED FROMa 4• '1'01 a• (INCHES) 
COMMENTSa UTSA BORZHOLB I B-9 H CIIAJJPIORS 

+---~--~---~-~-------------~--------~-----------------~---------~------~-----+ 
IDBPrH 

_, •toft 

1-t C_L 11: ID 

OH ~"- I lil." 

~ 
~- --- 0-- - . ' - -

1-

-

CALIPER LOG 
D1AMBTBR OF HOLB IMCRBASBS----------> 
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t:::t::j:t::t:::t:::::t::::::):=+=1t=l=~__,o_o_ --+---~- --r-+ ·t-- 0

--+- 1--f--+---!--
1-.+--'+-+---1--.J--+--t---t---ir-t--r--t--;- - - ~+·-;.:--

0 )I:=±=Jtt:t:=t:::t:::::t:~r=:t::::t==t~': =--=-0 ~ -. f-- -+ .o- ---+-- ~ 
f--- - -- -- --- ---0---+o-

l--4---U--+~..__4-+-+--+-if--1--t---t--t---lt-t-o-t-- .,-+---+-
·-1-- -r-- - ·-f-_±-I(Joo ' -4 

l--+--H--+-+--1-t--+-0 ~ 1-~- ---!-- + _ _i -o-+- --+-
~-+--++-+-t--1-----'----+ 0-r-- .. - --· ---+- ---t---t---t-- _.__ 

' - 0 ... - .. ' 00 ..--- r--- -· •o-~o-oo ---1- 1- -··:··--r·- ' . 0 I I 1 

1--+--f-.r • ..,...-+--t--1-- ·-l--1--1-- 1--+-- --~--+----i- t + i 
~ • 0- -- -o 0 -~f--t-+- -:::i --~lo-::- ~.:.:.._ 

- .. . . . .. . ..•. . ~ •.. - -·-r--- . ·r ·-· - -t· 
3:) .... . . 

.r - -- - ..... ~
0

• -0 --- - -!.-- 0 --j--0 1" 0 0 ... --- o• ·-

1--~-+J---+-+--+-- = ~:0:_:!-:-:.:+0= 0:.:.- :.~ _-::.. ~~--==- 0::...: 0~- f:::t-0:_ .::--: 
1---f---Ho-+---f---t---f- ___ ,_i _ _ _ -.. -0 --f--o . 1-0 _ _ ___ 0 f _:~ o .... ,_ 

~+--+1--+o-+--lf--t_-_-__ ~~- ::: .. 0~=--=-=- =-~t=, __ 0 -- 0 0-- .. •o r-- .-t~~ ~-:-:-0 
~+--+1---t--t--t- t---1--- 0--- ooo•- 0-- --j-· ,---- - -0 .... l .. --, 0 0-i -I- 0 
1-4--H--+--f--f-~-- ,,_ - 0- --- ---· _0 __ 

1
_,. --- 1·-• _ -- __ 0 _ o , I o 



APPENDIX B 

TRANSDUCERS 



Transducers 

B.l Transducer Specifications 

One transducer type was employed throughout the project for uniformity 

an economy. The Mark Products L-410 geophone is a rugged (4 year warranty), 

high-output (0.874 volts/inch/sec +/- 10 %), miniature (0.88 inches in 

diameter, 1.3 inches high, 1,6 ounces) unit. A detailed description of the 

unit is given in the enclosed product literature. The resonance frequency of 

10 Hertz was chosen to assure that all significant energy from each blast 

would be recorded. With 11.8 K Ohm shunt resistors, the total instrument 

damping 

roll-off 

is 58.9 %, the response is flat to approximately 15 Hertz, with 

of approximately 20 % at 10 Hertz. The instrument units 

waterproof. 

B.2 Transducer Installation 

Seven vertical geophones and fourteen horizontal geophones 

a 

are 

were 

installed in aluminum blocks to make seven three-dimensional instrument

packages. Instrument cables were 26 gage twisted pairs with a rugged, 

waterproof jacket. The packages were clamped in the test pipes and the 

borehole by inflating a rubber bladder. The orientation of the packages in 

the pipes and borehole was confirmed by observation of LED's installed on the 

front (top) of each package. For tank (submerged) applications, the 

aluminum blocks were clamped inside waterproof PVC cases, which were fixed 

in place on the bottom of the tank with adhesive and bags of lead shot 

(Figure B.l). Other packages were connected to the lifting loops and manway 

covers on the outside of the tank. 
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Unique Innovations from Mark Products for Greater Results in the Field 
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L-400 3-D AMPHIB CASE 
The rugged three-directional land case ieatures ,1 

high visibility hall-level indicator, making planting 
ea~ier and quicker. The case's dual spike 
coniiguration enhances ground coupling and 
prevents rotation oi the unit. The 3-0 Land Case is 
constructed in three simple parts for easy 
maintenance in the unlikely event of needed 
repairs. The unit is fully 0-ring sealed for watertight 
integrity requiring no potting compounds or 
sealants. Cable life is prolonged by a spiral device 
that effects gradual bend of cable. 

L-400 V and L-400 H AMPHIB CASES 
These units are compact, lightweight and contain 
no screws, utilizing instead a convenient hex-nut 
assembly. The molded header employed renders 
the case water-proof and eliminates the need for 
sealants and potting compounds. As in all 400 series 
cases, the take-out anchor is polarized to match the 
L-4 1 0 offset terminals. The Horizontal Land Case 
has all the water-proof features of the Vertical Land 
Case with one important difference: the horizontal 
case incorporates a unique ball-leveling 
configuration. The ball-leveling device, unlike the 
obsolete bubble design, can be seen from several 
meters. In addition to the features introduced in 
these cases they offer the usual dependable 
qualities that have made Mark cases a leader in the 
field. 

L-400 M AMPHIB CASE 
The sturdy and compact marsh case features a 
unique Thread Lok assembly which prevents c,1hiE> 
loosening. A special anchor design assures that no 
cable stress is transmitted to the watertight seal. 
The unit is fully water-proof and contains no potting 
compound. In fact, its rugged case and 0-ring seal 
make it totally field repairable with no special tools 
required. The Amphib Marsh Case is the only one 
on the market which features a complete water 
block. 

Features described are covered by 
U.S. Patent 4438292 or patents pending. 
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SPECIFICATIONS 

SWMbrd fre«~Uency. Hmz 
Tol~rance. +/· 5% 

S~ndard Coil Resistance. Ohms 
Tol~rance.% 

Maximum Distortion % 
@1.8 cm/SK 
(@0.7 in/SK) 
4J 12 HHtz or Rftonance if 
Creal~ Than 12 H~rtz 

Transduction Constmt +/·10% 
v/cm/SK 
('11/in/f«) 

Open Circuit Damping 

Coil Current Dampins 

Suspended Mass 
srams 
(ouncn) 

Pow~r Sensitivity 
rrrw/cm/sec 
(mw/in/f«) 

Case to Coil Motion 
emP·P 
(ins P·P) 

Basic Unit Dia. 
em 
(ins) 

Bulc Unit Ht. 
em 
(ins) 

Basic Unit wt. 
srams 
(OZ) 

Min. Spurious Resonanc~ 

Warranty 
(Damage from physical abuse and hip 
voltage excepted) 

Sp«i6atlons are subject to change without notice 

L -4 r 0 Ceophone 
"dual Size 

10, 14,28 

330, 510, 795 
7.5, 7.5. 10 

0.2 

0.0122 -./Rc 
10:0~ 1 ~R.cl 

.4..ZS 
Fo 

18.00 Rc 
· fo(Rc+Rs) 

7.0 
(0.251 

0.378 
(0.9601 

0.20 
(0.080) 

2.23 
(0.88) 

3.30 
(1.31 

45.3 
(1.6) 

350 Hertz 

4 Years 
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DETAIL A 

Tank Lifting lug Connection: 

Package secured by plast;c straps 
to lifting 1 ug. StabiHzed by earth 
fjll. 

DETAIL B 

Manhole Cover Connection: 

A 

Package secured to manhole cover by plastic 
straps through vent holes. Stabilized by 
sandbag. 

B 

c 

DETAIL C 

Tank Bottom Installation: 

Package secured to bottom 
of tank by silicone adhesive. 
Stabilized by bag of lead shot. 

End view of sandbag/lead shot bag 
(typical) 

Figure B.l Instrument Package Locations And Installation. 

Techniques In storage Tanks 
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APPENDIX C 

DATA AQUISITION SYSTEM 



1 
Data Acquisition Systea 

The data was acquired on a PC-based system assembled by CWR. staff from l 
state-of-the-art hardware and software components. When subjected to vibratory 

l loads, the velocity sensors (geophones) generated a time-varying voltage 

linear with the ground motion velocity (Appendix B). This signal was carried l 
over twelve-conductor-pair cables to the preconditioning unit, where each 

channel of analog signal was amplified at a user-selected descrete level l 
between 1 and 1000 (Figure C.l, Table C.l). The conditioned signal then passed 

to the acquisition boards, where data from each channel was multiplexed and l 
digitized. l 

The sampling rate specified for each channel was 1024 samples per second, 

l allowing signal discrimination to above 500 Hz. The cut-off frequency was more 

than adequate, because the geophones were only calibrated by the manufacturer l 
to 400 Hz. Most of the ground motion energy was transmitted at frequencies 

below 200 Hz. The acquisition board functions were controled by dedicated l 
software (Figure C-2). The digital data was stored on a 160 megabyte hard 

l disk, then demultiplexed and stored as individual channels of digital data. 

The data was reviewed in the field to assure proper function of the acquisi- l 
tion system and to confirm proper ampifier gain settings for each channel. 

l 
1 

J 

l 
l 

I 

l 
C-1 l 
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Table C.l - Available Gain Values 

SWITCH RESISTOR GAIN 
POSITION VALUE l:X 

1 OPEN 1.00 

2 22 Kohm 2.00 

3 5.6 Kohm 4.93 

4 4.7 Kohm 5.68 

5 2.2 Kohm 11.00 

6 470 ohm 47.81 

7 330 ohm 67.67 

8 220 ohm 101.00 

9 47 ohm 469.09 

10 22 ohm 1001.00 
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Figure C.2 Analytical Capabilities For Data Acquisition And 

Reduction Software System 
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APPENDIX D 

DATA REDUCTION PROCEDURES 



Data Reduction Procedures 

D.l Preliminary Analysis 

The individual .time histories of digital data, recorded as described in 

Appendix C, were first converted from system units of amplitude to units of 

ground motion velocity, as described in "Time History Reduction Procedure." 

The converted data was then transformed to the frequency domain by standard 

signal conditioning techniques. The Fourier Transform plots generated by this 

technique indicate the distribution of velocity amplitude (ground motion) as a 

function of frequency, and are valuable in assessing the type of waves gener

ating the recorded motion and the possible effects of the motion on the ground 

and structures. 

The basic reduced data included the time history and the frequency re-

sponse plots on a single computer screen or page (Appendix E). From this 

information, preliminary estimates of the data quality (signal-to-noise 

ratio), signal duration, amplitude distribution and frequency content were 

l 
l 
l 
l 
l 
l 
l 
l 
l 
l 

obtained to provide direction for further analysis. l 
The recorded data was generally of good quality. Some D.C. shifting was 

encountered in the data with low signal level and high analog amplification. 

This shifting was corrected in the reduction process. A few of the records 

showed clipping due to excessively high signal level and/or high amplifier 

setting, while several others had a low signal-to-noise level due to weak 

signal and/or low analog amplification. Some signal distortion in the fre

quency domain plots was generated by overdriving. One record was lost due to 

electronics malfunction. A total of over 330 events were recorded and reduced 

with 10,560 data traces from individual instruments (21,628,880 data points). 

D.2 Secondary Analysis 

Several higher-level displays were obtained from the preliminary data. 
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r ' . 

Frequency domain response data for each record (blast event) were separated by 

r direction of motion (vertical, longitudinal, transverse) and plotted in a 

three-dimensional display of amplitude versus frequency and channel (Appendix 

r ' 
E). Three plots were made per blast. Two-dimensional color contour plots of 

r the same data were also generated. The two sets of plots complemented each 

other, in that the three-dimensional plots demonstrated the continuity of 

r ' 

energy from one trace (location) to the next at a given frequency, while the 

two dimensional plots allowed determination of exact frequency and amplitude 

at any point on the plot. 

Additional functions were generated from the data after analysis of the 

r . plots described above . These plots related response amplitude to charge 

r weight at a given surface location, and amplitude to depth within a given 

ground profile. The application of these plots is explained in Section 7, and 

r . sample plots are displayed in Appendix E. In addition, the relationship 

between predominant frequency and charge weight was plotted (Appendix E). 

r 
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TIME HISTORY REDUCTION PROCEDURE 

The initial form for each time history is a record of 12 bit samples. Each 

sample represents 1 of 4096 discreet voltage levels (hereafter called units) over 

a range of+/- 10 volts (20 volts peak-to-peak). COnsecutive units differ from 

each other by: 

20 volts/4096 units ==> 0.004883 volts/unit. 

Since the digitizer can only sense signals at discreet voltage levels, signals 

smaller than this constant may not be picked up by the digitizer at all. They 

will "fall between the cracks". Low level signals at amplitudes approaching this 

constant in peak to peak voltage will be severely distorted, hence the need for 

an amplifier prior to digitizing the signal. Also, the number of units which 

correspond to 1 volt is: 

4096 units/20 volts ==> 204.8 units/volt. 

Reduction of sample records to a useable format and to velocity units of 

inches/second follows five steps: 

1. All time histories in a blast record are input to the data reduction 

software as a signal matrix of dimensionless NUMBER- OF-SAMPLES by NUMBER-OF

CHANNELS. Each time history is converted from its native integer form to 

floating point representation during the input process. 

2. Any DC shift present in a time history is removed. The shift is 

calculated as the average of the last 512 samples in a time history. The 

average is taken from the end of the time history (recorded data) to allow for 

the transient signal to settle to what is supposed to be a zero signal level. 

The average taken is assumed to be the DC shift of the signal; 
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DC shift = mean (time history) 

It is subtracted from each sample of the time history. 

sample = sample DC shift 

3. Each time history sample is converted from dimensionless system units 

to volts using the following formula: 

sample 

sample = ---------------------
204.8 units/volt 

4. Each time history sample is converted from volts to velocity in 

inches/second using the following formula: 

sample 

sample = 
0.874 volts/inch/second 

This geophone response constant was obtained from the Mark Products, Inc. 

L-410 Geophone specifications. The following formula was provided: 

transduction constant = 0.031 * sqrt(standard coil resistance) 

where: standard coil resistance = 795 Ohms, and the transduction constant 

is measured in volts/inch/second. 

5. Each time history is corrected for any gain introduced by the signal 

amplifier, by the following formula: 

o-4 



sample 

sample = ------------
channel-gain 

The vertical time histories in the Judson/1604 and SARA blast series were 

recorded using vertical geophones with improper shunt resistors installed at the 

factory. For these blast records, the transduction constant was approximately 

10 percent lower than expected and this resulted in recorded vertical time 

history amplitudes of 90 percent of the actual signal. After reduction, each 

of these blast records was adjusted by multiplying the vertical time history 

amplitudes by the constant 1.1. 
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TIME HISTORY REDUCTION PROCEDURE 

(1) CONVERT RAW INTEGER DATA TO FLOATING POINT 

(2) REMOVE DC SHIFT 

time history amplitude - mean(time history amplitude) 

(3) CONVERT SYSTEM AMPLITUDE TO VOLTS 

time history amplitude I 204.8 units/volt 

(4) CONVERT VOLTS TO INCHES-PER-SECOND OF GROUND RESPONSE 

time history amplitude I 0.874 volts/inch/second 

(5) AMPLIFIER GAIN CALIBRATION 

time history amplitude I amplifier channel gain 
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SECTION E-1 

TIME HISTORIES AND FOURIER TRANSFORMS 

FOR 

INDIVIDUAL INSTRUMENTS IN SEQUENCE S04 
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SECTION E-2 

THREE-DIMENSIONAL DISPLAYS OF FOURIER TRANSFORMS 

FOR 

INDIVIDUAL RECORDS IN SEQUENCE S04 
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SECTION E-3 

TOPOGRAPHIC PLOTS OF FOURIER TRANSFORMS 

FOR 

INDIVIDUAL RECORDS IN SEQUENCE S04 
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SECTION E-4 

PARTICLE VELOCITY REPORTS 

FOR 

INDIVIDUAL RECORDS IN SEQUENCE S04 



l 
Blast so43 Peak Particle Velocity Report l 

sensor channel 

l ch location mode peak particle velocity 
== ====-======= ===========::= ====================== 

8 (21, 3, 0) vertical absolute ppv: 0.1775 
9 (21, 3, 0) longitudinal absolute ppv: 0.64208 l 10 (21, 3, 0) transverse absolute ppv: 0.64608 

11 (21, 7, 0) vertical absolute ppv: 0.5534 
12 (21, 7, 0) longitudinal absolute ppv: 0.69961 

l 13 (21, 7, 0) transverse absolute ppv: 0.53955 
14 (21,12, 0) vertical absolute ppv: 2.00189 
15 (21,12, 0) longitudinal absolute ppv: 3.38645 
16 (21,12, 0) transverse absolute ppv: 3.29135 

l 17 (21,17, 0) vertical absolute ppv: 2.45084 
18 (21,17, 0) longitudinal absolute ppv: 6.38467 
19 (21,17, 0) transverse absolute ppv: 2.71437 
20 (16, 8,-10) vertical absolute ppv: 0.28534 

l 21 (16, 8,-10) longitudinal absolute ppv: 0.28814 
22 (16, 8,-10) transverse absolute ppv: 0.2393 
23 (17, 3, -5) vertical absolute ppv: 0.35564 
24 (17, 3, -5) longitudinal absolute ppv: 0.15294 l 25 (17, 3, -5) transverse absolute ppv: 0.59692 
26 (16, 8,-20) vertical absolute ppv: 0.14595 

-:2.7 (16, 8,-20) longitudinal absolute ppv: 0.13329 

l "'28 (16, 8,-20) transverse absolute ppv: 0.13869 
29 (21, 3, -5) vertical absolute ppv: 0.2116 

..30 (21, 3, -5) longitudinal absolute ppv: 0.12438 
31 (21, 3, -5) transverse absolute ppv: 0.35891 

l 32 (16, 3, -4) vertical absolute ppv: 0.23846 
33 (16, 3, -4) longitudinal absolute ppv: 0.12447 
34 (25, 3, -5) vertical absolute ppv: 0.21288 
35 (25, 3, -5) longitudinal absolute ppv: 0.18175 l 36 (25, 3, -5) transverse absolute ppv: 0.26961 
37 (26, 3, -4) vertical absolute ppv: 0.23247 
38 (26, 3, -4) longitudinal absolute ppv: 0.08677 
39 (26, 3, -4) transverse absolute ppv: 0.07231 l 

l 
l 
l 
l 
l 
l 
l 
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8 
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10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

:28 
29 

.30 
31 
32 
33 
34 
35 
36 

!.37 
.38 
39 

Blast so44 Peak Particle Velocity Report 

sensor channel 
location mode peak particle velocity 

=========== ============ =====================g 
(21,25, 0) vertical absolute ppv: 4.5871le-05 
(21,25, 0) longitudinal absolute ppv: 0.00021 
(21,25, 0) transverse absolute ppv: 0.00033 
(16,25, 0) vertical absolute ppv: 0.00022 
(16,25, 0) longitudinal absolute ppv: 0.0002 
(16,25, 0) transverse absolute ppv: 0.00027 
(16,30, 0) vertical absolute ppv: 0.00019 
(16,30, 0) longitudinal absolute ppv: 0.00097 
(16,30, 0) transverse absolute ppv: 0.00031 
(21,25, 0) vertical absolute ppv: 0.00025 
(21,25, 0) longitudinal absolute ppv: 0.00035 
(21,25, 0) transverse absolute ppv: 0.00021 
(16,30,-10) vertical absolute ppv: 0.0004 
(16,30,-10) longitudinal absolute ppv: 0.00042 
(16,30,-10) transverse absolute ppv: 0.00065 
(17,25, -5) vertical absolute ppv: 0.00048 
(17,25, -5) longitudinal absolute ppv: 0.00038 
(17,25, -5) transverse absolute ppv: 0.0005 
(16,30,-20) vertical absolute ppv: 0.00019 
(16,30,-20) longitudinal absolute ppv: 0.00037 
(16,30,-20) transverse absolute ppv: 0.00025 
(21,25, -5) vertical absolute ppv: 0.00026 
(21,25, -5) longitudinal absolute ppv: 0.00022 
(21,25, -5) transverse absolute ppv: 0.00025 
(16,25, -4) vertical absolute ppv: 0.00063 
(16,25, -4) longitudinal absolute ppv: 0.00052 
(25,25, -5) vertical absolute ppv: 0.00043 
(25,25, -5) longitudinal absolute ppv: 0.00028 
(25,25, -5) transverse absolute ppv: 0.00038 
(26,25, -4) vertical absolute ppv: 0.00032 
(26,25, -4) longitudinal absolute ppv: 0.002 
(26,25, -4) transverse absolute ppv: 0.00241 



ch 
== 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
~7 
28 
29 
30 

:31 
32 
33 
34 
35 
36 
37 
.38 
39 

Blast so45 Peak Particle Velocity Report 

sensor channel 
location mode peak particle velocity 

====z====== ============ c;cc;================= 
(21,25, 0) vertical absolute ppv: 0.00701 
(21,25, 0) longitudinal absolute ppv: 0.00355 
(21,25, 0) transverse absolute ppv: 0.0063 
(16,25, 0) vertical absolute ppv: 0.00407 
(16,25, 0) longitudinal absolute ppv: 0.00745 
(16,25, 0) transverse absolute ppv: 0.0074 
(16,30, 0) vertical absolute ppv: 0.00457 
(16,30, 0) longitudinal absolute ppv: 0.01452 
(16,30, 0) transverse absolute ppv: 0.01508 
(21,25, 0) vertical absolute ppv: 0.02054 
(21,25, 0) long:Ltudinal absolute ppv: 0.0547 
(21,25, 0) transverse absolute ppv: 0.02918 
(16,30,-10) vertical absolute ppv: 0.00105 
(16,30,-10) longitudinal absolute ppv: 0.00106 
(16,30,-10) transverse absolute ppv: 0.00146 
(17,25, -5) vertical absolute ppv: 0.00202 
(17,25, -5) longitudinal absolute ppv: 0.0013 
(17,25, -5) transverse absolute ppv: 0.00268 
(16,30,-20) vertical absolute ppv: 0.00069 
(16,30,-20) longitudinal absolute ppv: 0.0011 
(16,30,-20) transverse absolute ppv: 0.00062 
(21,25, -5) vertical absolute ppv: 0.00127 
(21,25, -5) longitudinal absolute ppv: 0.00117 
(21,25, -5) transverse absolute ppv: 0.00206 
(16,25, -4) vertical absolute ppv: 0.00202 
(16,25, -4) longitudinal absolute ppv: 0.00074 
(25,25, -5) vertical absolute ppv: 0.0013 
(25,25, -5) longitudinal absolute ppv: 0.00155 
(25,25, -5) transverse absolute ppv: 0.00412 
(26,25, -4) vertical absolute ppv: 0.00144 
(26,25, -4) longitudinal absolute ppv: 0.00036 
(26,25, -4) transverse absolute ppv: 0.00026 

1 
1 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 



r 
r . 

r 
r 
r 
11" 
~ 

r 
' r 
r 
r 
r 
r . 

' 

r , 
t 

. r 
r 
r 
r 
r J 

I 

ch 
== 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

•28 
29 
30 
31 
32 
33 

:34 
.35 
-36 
.37 
.38 
"39 

Blast so46 

sensor 
location 

====-======= 
(21,25, 0) 
(21,25, 0) 
(21,25, 0) 
(16,25, 0) 
(16,25, 0) 
(16,25, 0) 
(16,30, 0) 
(16,30, 0) 
(16,30, 0) 
(21,25, 0) 
(21,25, 0) 
(21,25, 0) 
(16,30,-10) 
(16,30,-10) 
(16,30,-10) 
(17,25, -5) 
(17,25, -5) 
(17,25, -5) 
(16,30,-20) 
(16,30,-20) 
(16,30,-20) 
(21,25, -5) 
(21,25, -5) 
(21,25, -5) 
(16,25, -4) 
(16,25, -4) 
(25,25, -5) 
(25,25, -5) 
(25,25, -5) 
(26,25, -4) 
(26,25, -4) 
(26,25, -4) 

Peak Particle Velocity Report 

channel 
mode peak particle velocity 

============ ====================== 
vertical absolute ppv: 0.00639 
longitudinal absolute ppv: 0.00387 
transverse absolute ppv: 0.00624 
vertical absolute ppv: 0.00419 
longitudinal absolute ppv: 0.00801 
transverse absolute ppv: 0.00801 
vertical absolute ppv: 0.00459 
longitudinal absolute ppv: 0.01443 
transverse absolute ppv: 0.01506 
vertical absolute ppv: 0.02153 
longitudinal absolute ppv: 0.05681 
transverse absolute ppv: 0.03179 
vertical absolute ppv: 0.0011 
longitudinal absolute ppv: 0.0011 
transverse absolute ppv: 0.00163 
vertical absolute ppv: 0.00217 
longitudinal absolute ppv: 0.00128 
transverse absolute ppv: 0.00295 
vertical absolute ppv: 0.00076 
longitudinal absolute ppv: 0.00111 
transverse absolute ppv: 0.0006 
vertical absolute ppv: 0.00146 
longitudinal absolute ppv: 0.00117 
transverse absolute ppv: 0.00254 
vertical absolute ppv: 0.00218 
longitudinal absolute ppv: 0.00073 
vertical absolute ppv: 0.00137 
longitudinal absolute ppv: 0.00162 
transverse absolute ppv: 0.00449 
vertical absolute ppv: 0.00159 
longitudinal absolute ppv: 6.47127e-05 
transverse absolute ppv: 5.05001e-05 



Blast so47 

sensor 
ch location 
== =========== 

8 (21,25, 0) 
9 (21,25, 0) 

10 (21,25, 0) 
11 (16,25, 0) 
12 (16,25, 0) 
13 (16,25, 0) 
14 (16,30, 0) 
15 (16,30, 0) 
16 (16,30, 0) 
17 (21,25, 0) 
18 (21,25, 0) 
19 (21,25, 0) 
20 (16,30,-10) 
21 (16,30,-10) 
22 (16,30,-10) 
23 (17,25, -5) 
24 (17,25, -5) 
25 (17,25, -5) 
26 (16,30,-20) 

;27 (16,30,-20) 
28 (16,30,-20) 
29 (21,25, -5) 
30 (21,25, -5) 

.31 (21,25, -5) 
32 (16,25, -4) 

:33 (16,25, -4) 
34 (25,25, -5) 
35 (25,25, -5) 
36 (25,25, -5) 
37 (26,25, -4) 
38 (26,25, -4) 
39 (26,25, -4) 

Peak Particle Velocity Report 

channel 
mode peak particle velocity 

============ ====================== 
vertical absolute ppv: 0.00711 
longitudinal absolute ppv: 0.00385 
transverse absolute ppv: 0.00622 
vertical absolute ppv: 0.00441 
longitudinal absolute ppv: 0.00765 
transverse absolute ppv: 0.00872 
vertical absolute ppv: 0.00633 
longitudinal absolute ppv: 0.01449 
transverse absolute ppv: 0.01505 
vertical absolute ppv: 0.02088 
longitudinal absolute ppv: 0.05935 
transverse absolute ppv: 0.03649 
vertical absolute ppv: 0.00111 
longitudinal absolute ppv: 0.0011 
transverse absolute ppv: 0.00175 
vertical absolute ppv: 0.00298 
longitudinal absolute ppv: 0.00136 
transverse absolute ppv: 0.00323 
vertical absolute ppv: 0.00076 
longitudinal absolute ppv: 0.00109 
transverse absolute ppv: 0.00069 
vertical absolute ppv: 0.00152 
longitudinal absolute ppv: 0.00154 
transverse absolute ppv: 0.00271 
vertical absolute ppv: 0.00203 
longitudinal absolute ppv: 0.00077 
vertical absolute ppv: 0.00137 
longitudinal absolute ppv: 0.00178 
transverse absolute ppv: 0.00441 
vertical absolute ppv: 0.00154 
longitudinal absolute ppv: 0.0002 
transverse absolute ppv: 0.00011 
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ch 
== 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

. 33 

. 34 
35 
36 
37 
38 
39 

Blast so48 

sensor 
location 

=========== 
(21,25, 0) 
(21,25, 0) 
(21,25, 0) 
(16,25, 0) 
(16,25, 0) 
(16,25, 0) 
(16,30, 0) 
(16,30, 0) 
(16,30, 0) 
(21,25, 0) 
(21,25, 0) 
(21,25, 0) 
(16,30,-10) 
(16,30,-10) 
(16,30,-10) 
(17,25, -5) 
(17,25, -5) 
(17,25, -5) 
(16,30,-20) 
(16,30,-20) 
(16,30,-20) 
(21,25, -5) 
(21,25, -5) 
(21,25, -5) 
(16,25, -4) 
(16,25, -4) 
(25,25, -5) 
(25,25, -5) 
(25,25, -5) 
(26,25, -4) 
(26,25, -4) 
(26,25, -4) 

Peak Particle Velocity Report 

channel 
mode peak particle velocity 

============ ====================== 
vertical absolute ppv: 0.03651 
longitudinal absolute ppv: 0.04062 
transverse absolute ppv: 0.09165 
vertical absolute ppv: 0.04217 
longitudinal absolute ppv: 0.06601 
transverse absolute ppv: 0.04807 
vertical absolute ppv: 0.16092 
longitudinal absolute ppv: 0.16205 
transverse absolute ppv: 0.34903 
vertical absolute ppv: 0.22119 
longitudinal absolute ppv: 0.36602 
transverse absolute ppv: 0.12663 
vertical absolute ppv: 0.02032 
longitudinal absolute ppv: 0.02032 
transverse absolute ppv: 0.01631 
vertical absolute ppv: 0.05352 
longitudinal absolute ppv: 0.01314 
transverse absolute ppv: 0.07222 
vertical absolute ppv: 0.01862 
longitudinal absolute ppv: 0.00977 
transverse absolute ppv: 0.00898 
vertical absolute ppv: 0.04963 
longitudinal absolute ppv: 0.0223 
transverse absolute ppv: 0.05877 
vertical absolute ppv: 0.02268 
·longitudinal absolute ppv: 0.0139 
vertical absolute ppv: 0.05586 
longitudinal absolute ppv: 0.03469 
transverse absolute ppv: 0.07023 
vertical absolute ppv: 0.02156 
longitudinal absolute ppv: 0.00838 
transverse absolute ppv: 0.01106 



ch 
== 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
~.,27 

28 
29 
30 
31 
32 
.33 
34 
35 
36 
37 
38 
39 

Blast so49 Peak Particle Velocity Report 

sensor channel 
location mode peak particle velocity 

====,;:::::====== ============ ====================== 
(21,25, 0) vertical absolute ppv: 0.02383 
(21,25, 0) longitudinal absolute ppv: 0.02336 
(21,25, 0) transverse absolute ppv: 0.01952 
(16,25, 0) vertical absolute ppv: 0.02032 
(16,25, 0) longitudinal absolute ppv: 0.02132 
(16,25, 0) transverse absolute ppv: 0.042 
(16,30, 0) vertical absolute ppv: 0.10086 
(16,30, 0) longitudinal absolute ppv: 0.07025 
(16,30, 0) transverse absolute ppv: 0.24817 
(21,25, 0) vertical absolute ppv: 0.06366 • 
(21,25, 0) longitudinal absolute ppv: 0.23345 
(21,25, 0) transverse absolute ppv: 0.0603 
(16,30,-10) vertical absolute ppv: 0.02783 
(16,30,-10) longitudinal absolute ppv: 0.02806 
(16,30,-10) transverse absolute ppv: 0.03122 
(17,25, -5) vertical absolute ppv: 0.04653 
(17,25, -5) longitudinal absolute ppv: 0.0112 
(17,25, -5) transverse absolute ppv: 0.06561 
(16,30,-20) vertical absolute ppv: 0.01128 
(16,30,-20) longitudinal absolute ppv: 0.00925 
(16,30,-20) transverse absolute ppv: 0.00703 
(21,25, -5) vertical absolute ppv: 0.02247 
(21,25, -5) longitudinal absolute ppv: 0.02182 
(21,25, -5) transverse absolute ppv: 0.0352 
(16,25, -4) vertical absolute ppv: 0.00136 
(16,25, -4) lonqitudinal absolute ppv: 0.00016 
(25,25, -5) vertical absolute ppv: 0.01962 
(25,25, -5) lonqitudinal absolute ppv: 0.01355 
(25,25, -5) transverse absolute ppv: 0.05222 
(26,25, -4) vertical absolute ppv: 0.00459 
(26,25, -4) lonqitudinal absolute ppv: 0.00081 
(26,25, -4) transverse absolute ppv: 0.00012 
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ch 
== 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
,27 
28 

:29 
.30 
'31 
32 

:.J3 
34 
35 
36 
:37 
~8 
'39 

Blast so4a Peak Particle Velocity Report 

sensor channel 
location mode peak particle velocity 

=========== ========::;;;;=== =======;;============= 
(21,25, 0) vertical absolute ppv: 0.02493 
(21,25, 0) longitudinal absolute ppv: 0.01727 
(21,25, 0) transverse absolute ppv: 0.04652 
(16,25, 0) vertical absolute ppv: 0.01726 
(16,25, 0) longitudinal absolute ppv: 0.01776 
(16,25, 0) transverse absolute ppv: 0.03744 
(16,30, 0) vertical absolute ppv: 0.05666 
(16,30, 0) longitudinal absolute ppv: 0.19491 
(16,30, 0) transverse absolute ppv: 0.10198 
(21,25, 0) vertical absolute ppv: 0.075 
(21,25, 0) longitudinal absolute ppv: 0.09293 
(21,25, 0) transverse absolute ppv: 0.07341 
(16,30,-10) vertical absolute ppv: 0.01172 
(16,30,-10) longitudinal absolute ppv: 0.02069 
(16,30,-10) transverse absolute ppv: 0.01801 
(17,25, -5) vertical absolute ppv: 0.03014 
(17,25, -5) longitudinal absolute ppv: 0.01071 
(17,25, -5) transverse absolute ppv: 0.03515 
(16,30,-20) vertical absolute ppv: 0.01503 
(16,30,-20) longitudinal absolute ppv: 0.00733 
(16,30,-20) transverse absolute ppv: 0.01779 
(21,25, -5) vertical absolute ppv: 0.01916 
(21,25, -5) longitudinal absolute ppv: 0.01576 
(21,25, -5) transverse absolute ppv: 0.02169 
(16,25,' -4) vertical absolute ppv: 0.00947 
(16,25, -4) longitudinal absolute ppv: 0.00018 
(25,25, -5) vertical absolute ppv: 0.01728 
(25,25, -5) longitudinal absolute ppv: 0.00712 
(25,25, -5) transverse absolute ppv: 0.03037 
(26,25, -4) vertical absolute ppv: 0.0058 
(26,25, -4) longitudinal absolute ppv: 0.00057 
(26,25, -4) transverse absolute ppv: 3.87988e-05 



Blast so4b Peak Particle Velocity Report 

sensor channel 
ch location mode peak particle velocity 
== =========== ============ ====================== 

8 (21,25, 0) vertical absolute ppv: 0.13302 
9 (21,25, 0) longitudinal absolute ppv: 0.09598 

10 (21,25, 0) transverse absolute ppv: 0.1115 
11 (16,25, 0) vertical absolute ppv: 0.10464 
12 (16,25, 0) longitudinal absolute ppv: 0.1087 
13 (16,25, 0) transverse absolute ppv: 0.12425 
14 (16,30, 0) vertical absolute ppv: 0.21983 
15 (16,30, 0) longitudinal absolute ppv: 1.22387 
16 (16,30, 0) transverse absolute ppv: 1.00063 
17 (21,25, 0) vertical absolute ppv: 0.18111 
18 (21,25, 0) longitudinal absolute ppv: 0.81931 
19 (21,25, 0) transverse absolute ppv: 0.40542 
20 (16,30,-10) vertical absolute ppv: 0.06825 
21 (16,30,-10) longitudinal absolute ppv: 0.06814 
22 (16,30,-10) transverse absolute ppv: 0.09501 
23 (17,25, -5) vertical absolute ppv: 0.07128 
24 (17,25, -5) longitudinal absolute ppv: 0.04677 
25 (17,25, -5) transverse absolute ppv: 0.17991 
26 (16,30,-20) vertical absolute ppv: 0.06728 
~7 (16,30,-20) longitudinal absolute ppv: 0.03824 
:28 (16,30,-20) transverse absolute ppv: 0.05476 
29 (21,25, -5) vertical absolute ppv: 0.09635 
30 (21,25, -5) longitudinal absolute ppv: 0.11371 
"31 (21,25, -5) transverse absolute ppv: 0.09411 
32 (16,25, -4) vertical absolute ppv: 0.01589 
33 (16,25, -4) longitudinal absolute ppv: 0.01506 
34 (25,25, -5) vertical absolute ppv: 0.04079 
35 (25,25, -5) longitudinal absolute ppv: 0.02734 
36 (25,25, -5) transverse absolute ppv: 0.07208 
37 (26,25, -4) vertical absolute ppv: 0.02166 
38 (26,25, -4) longitudinal absolute ppv: 0.0084 
39 (26,25, -4) transverse absolute ppv: 0.0127 
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ch 
== 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

Blast so4c 

sensor 
location 

====-======= 
(21,25, 0) 
(21,25, 0) 
(21,25, 0) 
(16,25, 0) 
(16,25, 0) 
(16,25, 0) 
(16,30, 0) 
(16,30, 0) 
(16,30, 0) 
(21,25, 0) 
(21,25, 0) 
(21,25, 0) 
(16,30,-10) 
(16,30,-10) 
(16,30,-10) 
(17,25, -5) 
(17,25, -5) 
(17,25, -5) 
(16,30,-20) 
(16,30,-20) 
(16,30,-20) 
(21,25, -5) 
(21,25, -5) 
(21,25, -5) 
(16,25, -4) 
(16,25, -4) 
(25,25, -5) 
(25,25, -5) 
(25,25, -5) 
(26,25, -4) 
(26,25, -4) 
(26,25, -4) 

Peak Particle Velocity Report 

channel 
mode peak particle velocity 

======::===== ====================== 
vertical absolute ppv: 1.24524 
longitudinal absolute ppv: 1.2262 
transverse absolute ppv: 1.18687 
vertical absolute ppv: 1.19889 
longitudinal absolute ppv: 1.2034 
transverse absolute ppv: 1.27986 
vertical absolute ppv: 2.92459 
longitudinal absolute ppv: 2.90509 
transverse absolute ppv: 3.109 
vertical absolute ppv: 2.89061 
longitudinal absolute ppv: 2.60357 
transverse absolute ppv: 3.05837 
vertical absolute ppv: 0.30524 
longitudinal absolute ppv: 0.30676 
transverse absolute ppv: 0.52574 
vertical absolute ppv: 0.97981 
longitudinal absolute ppv: 0.28759 
transverse absolute ppv: 1.24277 
vertical absolute ppv: 0.40798 
longitudinal absolute ppv: 0.52044 
transverse absolute ppv: 0.34144 
vertical absolute ppv: 1.1317 
longitudinal absolute ppv: 0.52246 
transverse absolute ppv: 0.59817 
vertical absolute ppv: 0.23667 
longitudinal absolute ppv: 0.27699 
vertical absolute ppv: 0.42837 
longitudinal absolute ppv: 0.30718 
transverse absolute ppv: 0.52912 
vertical absolute ppv: 0.30748 
longitudinal absolute ppv: 0.07496 
transverse absolute ppv: 0.17107 



Blast so4d Peak Particle Velocity Report 

sensor channel 
ch location mode peak particle velocity 
== =========== ============ c===============c===== 

8 (21,25, 0) vertical absolute ppv: 1.36806 
9 (21,25, 0) longitudinal absolute ppv: 1.84132 

10· (21,25, 0) transverse absolute ppv: 1.52979 
11 (16,25, 0) vertical absolute ppv: 1.8518 
12 (16,25, 0) longitudinal absolute ppv: 3.15066 
13 (16,25, 0) transverse absolute ppv: 2.73681 
14 (16,30, 0) vertical absolute ppv: 3.39169 
15 (16,30, 0) longitudinal absolute ppv: 3.87735 
16 (16,30, 0) transverse absolute ppv: 6.0167 
17 (21,25, 0) vertical absolute ppv: 3.76436 
18 (21,25, 0) longitudinal absolute ppv: 5.99932 
19 (21,25, 0) transverse absolute ppv: 4.15721 
20 (16,30,-10) vertical absolute ppv: 0.59268 
21 (16,30,-10) longitudinal absolute ppv: 0.59276 
22 (16_,30,-10) transverse absolute ppv: 0.28373 
23 (17,25, -5) vertical absolute ppv: 1.11283 
24 (17,25, -5) longitudinal absolute ppv: 0.3892 
25 (17,25, -5) transverse absolute ppv: 1.34752 
26 (16,30,-20) vertical absolute ppv: 1.05369 
27 (16,30,-20) longitudinal absolute ppv: 0.39953 
28 (16,30,-20) transverse absolute ppv: 0.3326 
29 (21,25, -5) vertical absolute ppv: 0.71075 
30 (21,25, -5) longitudinal absolute ppv: 0.40596 
31 (21,25, -5) transverse absolute ppv: 0.867 
32 (16,25, -4) vertical absolute ppv: 0.39551 
33 (16,25, -4) longitudinal absolute ppv: 0.28904 
34 (25,25, -5) vertical absolute ppv: 0.54329 
35 {25,25, -5) longitudinal absolute ppv: 0.40915 
36 (25,25, -5) transverse absolute ppv: 0.97688 
37 {26,25, -4) vertical absolute ppv: 0.39996 
38 (26,25, -4) longitudinal absolute ppv: 0.12987 
39 (26,25, -4) transverse absolute ppv: 0.15784 

, 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 



~ 

~ 

~ 

~ 

~ 

fJ 

I ~ 

~ 

1 r 
I ~ 
~ 

~ 
I 
~ 

I ~ 

SECTION E-5 

NORMALIZED MAXIMUM VELOCITIES VERSUS TOTAL CHARGE WEIGHT 

FOR 

TIME HISTORIES IN SEQUENCE S04 



~ ·o 
0 

~ 
c 

-~ 
::s 

~ 
~ 
~ 
~ 
u 

~ 

-
Ave. Normalized Max. VeL for All Time Histories in Seq. so4 

80~-------,--------=-::.==-=--:.:~~----.---

, , 
/ 

/ , 
/ , 

/ 
/ 

/ 
/ 

/ 
l , , 

/ , 
,' 

/ 
/ 

/ 
/ , 

/ 

,' 
/ , 

/ 
/ 

,l~ 
/ 

/ 
/ 

I •• +-··-··-·····---···----··-------·-------·-------------------------------·-----·--·-·-----·---------------------------------

/ ~ . .• , .. , .. 
,'' ,,,'' 

,l ...... '" 
I , .... , .-/ , .... 

f ,/·· 
' .-' ,., .. 

,-,--· ,• 

~~------~------~--------~------~------~·- --~ ----- -L·-------·-···· 
20 40 60 80 100 120 140 160 

Charge Weight 

______j) .______jl "~ ~ ...____jl ' .___j ,_j ----...J ______j ______j ..._jJ .____j .___j ._j) ___j] ._________j] .__j) __JJ .____d) 



r r r r r r r r r r-r r r r r r r r r 

r
-
-
-
-
-
-
.
-
-
-
-
-
-
.
-
-
-
-
-
-
-
.
-
-
-
-
-
-
.
-
-
-
-
-
-
~
-
-
-
-
~
~
 

-

Q
 

-



-~ 
.9 
> r:: 

-~ 
::E 
'0 

.M a; 
~ 
~ 
~ e 
~ < 

_______jl 

r"\ 

Ave. Normalized Max. VeL for Vertical Time Histories in Seq. so4 
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Ave. Normalized Max. Vel for Transverse Time Histories in Seq. so4 

80~------~------~------.--------.-------.-------.------~,-----~ 

70 

,' 
I 

I 
I 

/ 
/ 

/ 
I 

/ 
I 

...... / .... 
.'/ 

I 

ll 

.... / 
I 

I 
I 

I 

--~~ 

I ,,~·---------------·----·---··-·······----·····-··-·---··········-····-·······--·······························-············ 

,' •" , .. , ~ 

I •' , .. 
t' ,,•' , .. , .. 

,' ,.," 
I •' 

I •' 
I •' 

./(.,' . .-··· 
I. •• .. 
,,,"'• 

20 40 60 80 100 120 140 160 

Charge Weight 

______J . __ _j ._j) ~ . ~Jl .____jJ .____j ._j) .___j ._____j ____j) ______j) ..__j] _____jl ._____j ..__j ..__j) .._____j ~ 



1----j r==jJ I- --~ I -~'"'jj r-----"~j I 'j 1- 'j I 'jj H•>j r----~ 1----j 1----~ 1--~~ 1"~------j 1 "'j I- cj 1 -~~~ 1- 'j 1---·-<j 

~ 

~ 
~ 
c: 

·I 
~ 
"'0 

-~ -as 

~ z 
~ e u 

< 

Ave. Normalized Max. Vel. for Transverse Time Histories in Seq. so4 

451 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

Po-• 
Charge Weight 



... c:: 
4J w 

....... 
~ 

'g 
~ 
§ 
8 
·~ 
~ 

& 
~ < 

_ ______j 

,.-.. -
Channel-S Ave. Max. VeL for Time History Seq. so4 

~~------~------r-------.-------r-------r-------.-------.-------. 

10 

l 
~ 

l 
~ 

20 

__jJ ,__jl 

40 60 80 100 

Increasing Charge Weight 

.____j} __j ____j) ___j __j .__j) ___j) 

120 140 160 

~ ___jl ___j) ._j) ._jJ .__j) ._.j) 



[- -j'J 

= & -~ 
'0 
.9 
~ 

·i 
~ 

~ e 
~ 

.( 

~ r='j 
1•-<j! ~ 1-- 11 r~--'""'-'il 1- -~ F=j I 'i ,. "'\ 

I ') ~ f -'1 

Channel-9 Ave. Max. Vel. for Time History Seq. so4 

r=, f-------=--<iJ I <j 1----co.'j 

120~------~------~------~------~------~------~------~----~ 

20 40 60 80 100 120 140 160 

Increasing Charge Weight 

1-c-<'3 r-•·--c-'j 



r -~ 

Channel-tO Ave. Max. VeL for Time History Seq. so4 

00~------~----~~------r-------.-------.-------~------.-------. 

c 
G) 

~ -~ ·g 
~ 
c 

·I 
::E 

~ 
G) 

< 

20 40 ro 80 100 120 140 160 

Increasing Charge Weight 

_____J__j)___JJ__j__j.__]._jj,______j___j,____j}____j______j__j)_____jl._jj___j]____j).__j]~ 



r r r r r r r r r r r r r r r r r r r 

8 -0 0
0

 

~
 -~

 
·-~ ~
 

ca 
0 co 
.5 ; e u c: 
-



... 
c: 
Q) 

~ 
....... 
~ ·-8 -
~ 
c: 

·~ 
::e 
~ 
«S ... 
Q) 

< 

~ 
_j) 

r ........... 

Channel-12 Ave. Max. VeL for Time History Seq. so4 

100~----~----~-----.----~------~----.-----~----~ 

30 

l 
~ ___j 

20 40 

_____] _____J .____j 

60 80 100 

Increasing Charge Weight 

~J _______j ..._.._j ~ __j) 

120 140 160 

___j ~ ,__] _______j ___j _j) .___ll ___A 



r r r r r r r r r ( 

r r r r r r r r( r r 

~
-
-
-
-
~
-
-
-
-
-
-
~
-
-
-
-
-
-
~
-
-
-
-
-
-
~
-
-
-
-
-
-
~
-
-
-
-
~
~
 
-0 ~
 

-8 -i ~
 --Q ·-~ 0 f!l 

a bO
 

.5 ; ~
 

u c 
-



c: 
~ 
tU -
.~ 

.9 
~ 

·I 
::?J 

~ 
4) 

< 

(' ~ 

Channel-14 Ave. Max. VeL for Time History Seq. so4 

00~------~------~------~------~------~------~------~----~ 

20 40 60 80 100 120 140 160 

Increasing Charge Weight 

___j ~ ,______] ~ __j} ___j) .__jJ .__jJ _____jJ ~__j) _____j) .__jJ ____j _____j _____jJ _J _______j __j ~ 



r r r r r r r r r r r rc 
r r 

.
-
-
-
~
-
.
-
-
-
-
-
-
~
-
-
-
-
-
-
~
-
-
-
-
-
.
-
-
-
-
-
-
~
-
-
-
-
~
~
 
-8 ...... 

~
 

~
 -~

 
~
 &
 

... .! 
(.) 
tiO

 
c:: 
·- en CIS 
f u c:: 
-



l l 
0 \0

 

l 
1""'4 

l 
0 -.::t 
1""'4 

l 

0 
l 

N
 

""'::t 
-

0 

l 
~
 

o-0 
(l.l 

~
 

l 
g 

8 
-
~
 

-
-

:c 
~
 

0 

l 
e 

~
 

E= 
( 

... 
~
 

c9 
... 

l 
i 

a 
"""" 
~
 

tiO
 

~
 

.5 
l 

as 
; 

::e 
e 

~ 
c
,) 

c: 
-

l 
~
 

\0
 

- • - 0 
l 

c: c: 
! u 

0 

l 
""'::t 

l 
~
 

l l 
0 

0 
0 

(
f'\ 

l 
lU

;>A
tf/ A

l
!
X
»
I
~
A
 unm

pce:w
 ~
S
l
U
~
A
V
 

l 



1-~~j 1- -@j F "'3 1-~-j 1---"-jl k~-'j I /]I 1---"•-'j r~-~<j 1~·--<m 1~---jl ~ 1-"---]j h'-~--jj 1~~~--j'J 1-"'""-'j 1--~--j F~>~ r--~---11 

.... 
c:: 

~ 
....... 

·t 
~ 
c:: 

·I 
~ 

&'o e 
~ 

~ ~ -
Channel-17 Ave. Max. Vel for Time History Seq. so4 

5 

20 40 60 80 100 120 140 160 

Increasing Charge Weight 



1 l 
0 \0

 

1 
-

l 
0 ~
 

-
l 

0 
l 

N
 

~
 

-
0 

l 
~
 

c::r 
~
 
~
 

l 
0 

8 
-~ 

-
.... 
:§, 

u 

l 
e 

~
 

·-E--
~
 

( 
... -9 

... 
l 

0 
J! 

.....: 
0

0
 

~
 

u
 tiO
 

~
 

c:: 

l 
·-

co 
~
 

co 
~
 

e 
~ 

~
 
-

~
 

l 
0

0
 

- • - u a 
l 

J! u
 

l l 
0 N

 

l 

l 
l 

0 
In

 
0 

M
 

l
U
~
3
 1 Al!::K)I:)A unm

pcew
 :
)
8
e
.
J
~
V
 

l l 



, ......................... ,1 , ............................ ,~ , ...................... , ............ 71 , .......... , ...... , ........ , ...... , .......... 'i , .... , ...... , ...................... , .. '1 , .................... , ...... , .......... '1 ,, ................ , ............ ,'1 , .......................................... j , ............................................ 1 ,, .................................. , .. 11 "" .............................. ,..il , ........ , .. , ...................... ....,1 ,...., ...................................... ~ , ........ , ........................ ......,11 , ...................... , ............................ ,g ....... , ........ , .. , ................ ® , ........ , .................... ......:j , ........................ +11 ""' .... , .. , .. , ........ / .. , 
I""' ......... 

= Q) 

w -~ 
] 
~ 
c 

·~ 
~ . ~ 
e 
~ 

Channel-19 Ave. Max. VeL for Time History Seq. so4 

m~------~------~------.-------.-------.-------.-------.-------. 

-~ 
.. 

20 40 60 80 100 120 140 160 

Increasing Charge Weight 



1 
~
 

l 
0 

l 
\C

 

-
l 

0 -.::t 

l 
-

l 
~
 

-.:to 
-

l 
0 fl) 

c:r 
~
 

l 
~
 

9 
8 

-~ 
-

-
:I: 

~
 

l 
It) 

·-
e 

~
 

(::: 

( 
... 

u 
J3 

f!l 
l 

...; 
0 

! 
~
 

Q
() 

u ~
 

~
 

c 
l 

·-
~
 

rn 
as 
~
 

~ 
g 

-l 
- 0 \C

 

~
 

...!. 
It) 

l 
c c cu 

.s:: 
u 

0 

l 
-.::t 

l 
0 N

 

l l 
0 

Q
() 

0 

l 
-

1
U
~
A
3
/
 Al!:>OI~A unm

pcew
 ~
S
e
J
a
A
V
 

l 



r rr r r r r r r rc r r r r r r rc r r 

r
-
~
-
-
-
-
-
-
-
-
~
-
-
-
-
~
-
-
-
-
~
-
-
-
-
~
-
-
-
-
-
-
~
-
-
-
-
-
-
-
-
-
-
~
-
-
-
-
~
~
 
-8 -i $ -ib ·-~ f> as 

.c: 
u ~
 

·- fl)
 

as 
e u =

 
-



1 
: 

l 
~
 

-
l 

~
 

l 
-

l 
0 

l 
N

 
~
 

-
0 

l 
en 

c-Jl ~
 

l 
g 

8 
en 
·-

-
.. 

:c 
-§, 

Q
) 

·-
l 

e 
~
 

·-f-. 
( 

... 
~
 

Ja 
... 

"ii 
i 

~ 
l 

>
 

co 
~
 

.5 
as 

; 
l 

~
 

2 

~ 
g 
-

~
 

l 
N

 
N

 I 

u c c 
l 

as 
.c

 
u 

0 ~
 

l l 
~
 

l 

l 
0 

l 
0 

JU
;M

3/ A
l!:lO

(:)A
 unm

pce_N
 :)8e.JaAy 

l l 



~·--1'·-~·-"~r-----~r-~F-~·c~l---~~~~-~~~-~~-~~~·~1,--~~t~<--~j~~~---~o~ 
r- ~ 

Channel-23 Ave. Max. VeL for Time History Seq. so4 

45~----~~------~------~------~------~------~------~------~ 

... c:: 
!l 
tll 
....... 
. ~ 
.9 

~ ~ 
§ 

·~ 
::E 
~ e 
~ 
< 

20 40 60 80 100 120 140 160 

Increasing Charge Weight 



,-.... ~ 

Channel-24 Ave. Max. VeL for Time History Seq. so4 

60~----~------~-------.------.-------.-------.------.-------. 

so 

... c:: 

~ 40 -·f -
~ 

j 
30 

t>o 
tG .... 20 
~ 

00 20 40 60 80 100 120 140 160 

Increasing Charge Weight 

_____J~.___j~_____j~..___j______j______J.__j)..__j._j)_____j.__j.____j..______]_______J.____.j--11 



~ ~ ~ r="j ~ r===j1 ~ ~~~11 ,_ -Jj ~ ~-----"jj r----~ ~ ~ •----<j h---'j r-----'j ~ r~----,__~ 

= ~ 
Ul -~ ·g 
~ 
= 
·I ::s 
~ e 
~ < 

I" ~ .. 

Channel-25 Ave. Max. VeL for Time History Seq. so4 

00 20 40 60 80 100 120 140 160 

Increasing Charge Weight 



, 
-------J 

= ~ w -~ 
~ 
~ 
§ 

·~ 
::s 
~ e 
~ 

r'· ~ 

Channel-26 Ave. Max. VeL for Time History Seq. so4 

120~----~~----~~------.-------.-------.-------.-------.-----~ 

' ~J 

20 40 60 80 100 

Increasing Charge Weight 

~_] ~ .~ ______jJ __j ~____j __j _____j ._____j ______jJ 

120 140 160 

_____j ____jJ ~ ~ ,___j .________j 111 
~ 



r t rr r r r r r r r rc r r r r r r r( r r 

~
+
-
-
-
~
-
-
-
-
-
-
~
-
-
-
-
~
-
-
-
-
-
-
~
-
-
-
-
~
-
-
-
-
-
-
~
-
-
-
-
~
-
-
-
-
-
-
~
~
 
-8 ...-4 

0 Q
() 

s .. ~ ~
 ~
 

... as 
0 co 
=

 
·-; 2 (.) 

=
 

-



l l 
~
 

...-4 

l l 
0 'V

 
...-4 

l 
0 

l 
N

 
'V

 
...-4 

0 

l 
en 

c::r 
~
 
~
 

8 
1 

g 
J 

.
~
 

...-4 -
:c 

j, 
u 

l 
e 

~
 

f=: 
&

 
( 

... ~ 
... 

l 
i 

.! 
......; 

u 
~
 

bO
 

~
 

=
 

·-
l 

~
 

=
 

~
 

e 
~ 

u =
 

-
~
 

l 
~
 I 

- u 
l 

=
 

=
 

1! 
u 

l l 
0 N

 

l l 
( 

0 
0 

0 
0 

0 
0 

0 
V

') 
'V

 
M

 
N

 
...-4 

l 
l
U
~
3
/
 ~J::Kli~A unm

pcew
 ~
S
w
~
y
 

l J 



, ........ ,.,, .. ,,1 1" .. ,,,,,,,iD ,., .... ,.,,,,"j) ~ , .. ,,,.,"''''·~ ,,,.,,,,,.,,,j , ... ,.,.,,,·'·'~ r.,.,,.,.,·"'·'iD ,.,.,,.,.,.,,,/j) •.. ,.,,,,,·<·'.'·:J , .... ,,.,.,,.,,·j •... ,.,.,.,,'·'11 ,...,,,,,,,,,.·''·jg ,., .. ,,,.,,,,,11 ,., ....... , ... ,, 'i i···.··< ''I •···.··.··.· ''11 r ... ,, ... , ... , .. '"j 

= ~ w -,e. ·-f.) 
..9 
~ 

·I 
~ 

& e 
~ < 

....-.. ,-... 

Channel-29 Ave. Max. VeL for Time History Seq. so4 

m~----~~------~------~------~------~------~------.-------. 

20 40 60 80 100 120 140 160 

Increasing Charge Weight 

, .. ,.,.,,,,,·'''1 

" 



l 
. 

l 
,.. 

( 

0 

l 
\0

 

-
l 

0 ~
 

l 
-

l 
0 N

 
~
 

-
l 

0 ~ 

o-~ 
l· 

~
 

8 
g 
-
~
 

-
-

X
 

§ 
i 

u 
·-

e 
~
 

J 
f: 

&>a 
( 

... 
l 

J3 
... 

0 a 
.....: 

Q
() 

~
 

co 

l 
~
 

.s 
tU

 

! 
~
 

~ 
(,) 
c:: 

l 
-

~
 

0 ~
 

l 
u c c tU

 
.c 
u 

l l 
~
 

l l J 

( 
0 

0 
0 

0 
Q

 
~
 

0 

l 
\0

 
V

'l 
~
 

(0") 

lU=»A3 1 .<J!~I=»A unw
pcew

 :»BeJ=»AV 

l 



, ....•.•.• ,.,,·:~ , .. , .. ,,.,,,.:'~ r·· ... ,.,,.,,,,, , .. ,.,,,,.,,,·,~ ,,.,., .. ,,, .. ,,,~ , ..... ,,,.,,,·it~ , .. ,,.,,.,,,,im , .. ,, .. ,'.'''·'<ID , ... ,,,, .. ,,,,11 ,.,,.,,.,,.,"·1 ,,.,,.,."'''''·'·!f!l ,.,.,,,,.,".""1 , ..... ,,,.,,,,"<m , .. ,,,,.,, .. ",·':~~ ,,.,,,,.,,,.·'"1 ,., .. , .. ,.,,,.,·'!f!l ,.,,,".,,.,"'1 , .. ,,.,,.,,,.,·<m , ... ,,""""11 " .~ 

ChanneJ-31 Ave. Max. VeL for Time History Seq. so4 

~~----~------~------~------~------.-------r------.-------. 

... c 
~ 
tll -~ 15 ·a 
0 -
~ 
§ 
8 ·a 
~ 

~ 
f! 
~ < 

5 

0o 20 40 60 so 100 120 t4o---·---··--i6o 

Increasing Charge Weight 



,-.. ~"""'· 

Channel-32 Ave. Max. VeL for Time History Seq. so4 

45~----~-------.-------.-------.-------.-------.-------.------. 

35 

= ~ -~ ·g 
25 -

~ 
c:: ::s e 
·~ 
::!1 
g, 
(0 

15 .... 
~ 
< 

5 

20 40 60 80 100 120 140 160 

Increasing Charge Weight 

____]._____ll____J_______j).___.j__j)._j).____ll______j}.___l}.______j._j),_____j._j).__j.___j.____j)._____JJ.__j 



r=-j I ~c''~ 1,- -~ ~ ~ f-·"j f'-""'''j 1-----c]j r - I ') 1--.v,j : "'j !----~ ---. -

I --j ! -<jj I 'jl 1--<g r=j ~ ~ 

Channel-33 Ave. Max. VeL for Time History Seq. so4 

00~----~------~------~------~------~------~------~------~ 

= ~ w .._ 

·g 
~ 

~ 
·~ 

::E 
~ e 
~ < 

so 

20 40 60 80 100 120 140 160 

Increasing Charge Weight 



r"' -· 
Channel-34 Ave. Max. VeL for Time History Seq. so4 

30~------~------~------.--------.-------.-------.--------.-----~ 

25 

-c 
~ 
~ ...... 
~ ·-u 
0 -
~ 
= 15 = 
·~ 
~ 

~ 
~ 

~ 

00 20 40 60 80 100 120 140 160 

Increasing Charge Weight 

~_j ________] _____j ._j _______j .___j _______j .____j ______jJ __j ___j .____.j ._____] ._____j _____j __j . .____j ~ ~ 



~ F"""j ~ r 1 ~ 1 , j 1 ''''II 1 '''i i'"''jl 1 ---:g r="'j 1 , 'I ~ ~ r j r ''fd r- j r , ~ 1 , '11 

a 
~ w 

....... 

. ~ 
8 
~ 

·I 
~ 

~ e 
~ 
< 

r- -. -

Channel-35 Ave. Max. VeL for Time History Seq. so4 
35~------~------~------~------~------~------~------~------. 

5 

0 ..!_ __________ .. , ... ___ , 

0 W ~ 00 ~ 100 lW 1~ 100 

Increasing Charge Weight 



l .., ! 

l 



~ F=jJ I ----,~ f- 'j) [---jJ I __ ,!J r--<jj k~'!J 1-'"''!J 1-- '!) I ---'j 1- jJ I --j I jJ 1---"~jj I -]I 1~--'j ~ ' '--<j 
_,;... ,-.._ 

Channel-37 Ave. Max. VeL for Time History Seq. so4 

50~----~~------~------~------~------~------~------~----~ 

.... c 35 
~ 
tll -b ·-8 -
~ 
= 25 :::1 

J 
u e 
~ < 15 

10 

5 

20 40 60 80 100 120 140 160 

Increasing Charge Weight 





~ j·.·.····jj ~ ~ •····'jJ •····'ij !m···1J 1····m ! ·"j l•·j , ..... ·.··jj l···c'jJ l··<j) •····cjj l····<j l··j ~ l·····tt r"···''TJJ - -
Channel-39 Ave. Max. Vel. for Time History Seq. so4 

40~------~------~------.-------.-------.-------.-------.-------. 

35 

30 -c:: 
~ w - 25 
-~ 
.9 
~ 
c:: ::s 

-~ 
::s 
a e 

15 

~ 
< 

5 

20 40 60 80 100 120 140 160 

Increasing Charge Weight 



I. 

SECTION E-6 

NORMALIZED MAXIMUM VELOCITIES VERSUS TOTAL CHARGE WEIGHT 

FOR 

FOURIER TRANSFORMS OF TIME HISTORIES IN SEQUENCE S04 
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SECTION E-7 

NORMALIZED MAXIMUM VELOCITIES VERSUS DEPTH 

IN 

BOREHOLE B-9 

FOR 

TIME HISTORIES IN SEQUENCE S04 
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SECTION E-8 

NORMALIZED MAXIMUM VELOCITIES VERSUS DEPTH 

IN 

BOREHOLE B-9 

FOR 

FOURIER TRANSFORMS OF TIME HISTORIES .IN SEQUENCE S04 
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SE;CTION E-9 

NORMALIZED MAXIMUM VELOCITIES VERSUS DEPTH 

IN 

MANHOLE AT STATION 2+00 

FOR 

TIME HISTORIES IN SEQUENCE S04 
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SECTION E-10 

NORMALIZED MAXIMUM VELOCITIES VERSUS DEPTH 

IN 

MANHOLE AT STATION 2+00 

FOR 

FOURIER TRANSFORMS OF TIME HISTORIES IN SEQUENCE S04 
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SECTION E-ll 

CENTER OF GRAVITY OF FOURIER TRANSFORM PLOT 

VERSUS CHARGE WEIGHT 

FOR 

FOURIER TRANSFORMS OF TIME HISTORIES IN SEQUENCE S04 
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APPENDIX F 

EFFECTS OF DELAY ON RESPONSE CURVES 



l 
Effects of Delay on Response Curves 

l 
Conventional plots of peak particle velocity versus charge weight (eg. 

Figure·4.8, reference 2) use the weight of charge per blast delay as a measure l 
of the magnitude of the energy source. The relationship is fairly linear on a 

log scale, however the scatter in the data reflects some inconsistencies l 
between one blast and another. In particular, vibrations from one delay may , 

reinforce or cancel the vibrations from previous or following delays. The 

magnitude and nature of these effects depends upon the predominant natural l 
frequencies of the rock, the velocity of transmission of the vibrations in the 

rock, the pattern of the blast holes, and the spacial and time sequence of l 
detonation. No one simple charge weight parameter can include all of the 

above effects. 
l 

An alternate representation of the blast energy, which was followed in l 
this report, is based on the total charge weight per blast, without regard 

for delays (Figure 1 F.l). The result of this representation is a significant l 
reduction in the slope of the amplitude/charge weight curve with increasing 

charge weight for blasts with multiple delays. This slope reduction reflects l 
two phenomenae. First, since the holes are not detonated simultaneously, the l 
energy from individual holes is not addative, and a significant amount of 

energy cancellation may occur. Second, the capability of the rock to transmit 1 
J 

energy locally in the vecinity of the blast is bounded by its failure strenth. 

Once the rock mass fails and the continuity between discrete blocks is inte- l 
rupted, a significant amount of energy is lost to inter-block friction and gas , 

l 

compression. 

Dispite the difficulties in determining the energy output of individual l 
J 

delays within a muiltiple-delay shot, the importance of this information in 

the blast response prediction process requires that a basic understanding of l 
l 

l 

F-1 

l 
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the magnitude of the interactions between delays be developed. Analysis of 

the data in Figure F.l provides insight into how that may be done. The charge 

weight per delay for the 160 lb. production blasts was 40 lbs., which equals 

the total charge weight for the largest of the single-delay test blasts. Thus 

the point (1) with coordinates (40 lbs., 44) in Figure F.2 represents the true 

normalized response for an isolated 40 lb. delay. Extending the curve past 

point (1) at the same slope as the curve below this point to a normalized 

velocity equal to that of the 160 lb. blast (point (2)), we can determine an 

equivalent charge weight per delay for the production blast (4) of approxi

mately 52 lbs, and increase of 24\ with respect to the isolated 40 lb blast. 

This weight actually could be larger if the charge weight per delay curve 

slope decreased at W greater than 40 lbs. The greater equivalent charge 

weight per delay for the production blast reflects the effects of positive 

reinforcement between individual delays of the production blast. 

F-2 
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(From Reference 2. The particle velocity intercept is the value 

of the measured velocity/distance relationship at a distance of 

100 ft. from the blast.) 
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APPENDIX G 

MEASURED DAMAGE LEVELS 



, 
Damage Criteria l 

G.l Accepted Criteria 

l · A review of the literature indicates that criteria for damage to light 

structures have been well established from analysis of experimental data. The l 
following general principles have been developed; 

(1) "Particle velocity is more closely associated with damage to 

structures than either displacement or acceleration." (Reference 1, p. 

22) 

(2) "A reasonable separation between the safe and damage zones 

appears to be a particle velocity of 2.0 inches/sec." (Reference 1, 

p.23 and Figure 3.7) 

Detailed analysis of blast damage data has yielded a more sophisticated 

criterion, based on the relationship between peak particle displacement, peak 

particle velocity and frequency (Reference 2, Appendix B; Table 13). The 

basic principle underlying this criterion is the ability of the structure to 

l 
l 
l 
l 
l 
l , 

J 

withstand relatively high peak particle velocities and displacements at fre- l 
quencies well above the natural frequency of the structure. At relatively low 

frequencies (eg. between 1 and 10Hz), the ground motion is amplified by ~ 

resonant vibrations in the structure (Figures 38 and 39), and the allowable 

peak vibration amplitudes are much lower. Both peak displacement (Figure 52) l 
and peak velocity (Figure 54) can be related to damage potential through l 
analysis of damage statistics. Combining the two in a single frequency-de-

pendent relationship (Figure B-1) provides more flexibility at high frequen- l 
cies while providi~g more protection at the low end of the frequency spectrum 

where structural effects are more pronounced. l 
l 

G-1 l 
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G.2 Analysis of Field Test Data 

Analysis of data from the present project for large blasts close to 

the pipes and tanks and wells has yielded consistent relationships between 

peak vibration amplitudes and structural damage. In general, the pipe connec-

tions showed some sensitivity to vibration levels, while the tanks and well 

were relatively insensitive. 

G.3 Pipe Response 

Peak velocity amplitudes at instrument stations on the ground surface 

and in the pipe midway between manholes 2 and 3 were on the order of 0.1 

inches/sec for the 160 lb. production blast array A-4 (Figure 5.9, Table 

G.l). The edge of the blast array was located 42 feet from the pipe center 

line. The measured amplitudes for this blast array are an order of magnitude 

below the commonly-accepted blast damage criterion, and were not associated 

with noticeable damage to the structures. 

Velocity peaks for array A-5, located 10 feet from the pipeline, were 

much higher. The 40 lb. test blast located at the southeast corner of the 

array was only 10 feet from the pipe and 20 feet from manhole 2. Peak veloci-

ties at the pipe were on the order of 2 inchesjsec, while peaks at the manhole 

were approximately 3 inches/sec (Table G.2). The array A-5 production blast 

was 10 feet from the pipe and centered between manholes 2 and 3. Peak veloci-

ties at the pipe exceeded 7 inches/sec, while maximum amplitudes at the man-

hole/pipe interface were on the order of 2 inches/sec (Table G.3). Cracking of 

the mortar seal between the precast manhole and pvc pipe was noted after both 

blasts, indicating that the peak velocities of 2 inches/sec were sufficient to 

cause minor structural damage. Air pressure tests conducted after the blasts 

confirmed that the rubber boot seals between the pipes and manholes had re-

mained intact. 
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l 
G.4 Tank Response 

The steel tank was subjected to vibrations from a 160 lb. production o7 3 l 
blast, the edge of which was 23 feet from the center line of the tank. Peak 

l 
velocity response amplitudes increased from approximately 1 inch/sec at the 

top of the tank to almost 3 inches/sec at the bottom of the tank (Table G.4). l 
The most efficient energy transfer was through the bedrock and up through the 

compacted fill to the base of the tank. No structural damage was observed. l 
G.S Vell Response l 

The amplitude of velocity response of a 4-inch-diameter steel well 

casing penetrating the Buda formation was also a function of depth below the l 
ground surface. Peak amplitudes ranged from 8 inch/sec at the ground surface l 
to 12 inch/sec at depths greater than 5 feet (Table G.S). The blast vibra

tions were transmitted directly from the 13.5-foot-deep blast holes through l 
competent rock to the well casing. No structural damage to the casing was 

recorded, although some permanent ground displacement was observed at the l 
surface. 

l 
G.6 Summary 

At peak velocity amplitudes below 2 inches/sec, mortar joints in l 
buried pipes were not damaged. Amplitudes above 2 inches/sec induced relative l 
motion between pvc pipes and precast manholes, which cracked mortar joints at 

the connections. Rubber boot seals were not, however, damaged by vibrations 

with amplitudes of up to 7 inches/sec. 

The steel tank was not damaged by vibrations with amplitudes of up to l 
3 inchesjsec, while the steel well casing was not visibly damaged by ampli-

tudes of up to 12 inches/sec. The greater resistance of the continuous steel 
l 

I 

structures is consistent with the greater strength and ductility of steel l 
compared with the weak and brittle cement-based mortar. 

l 
) 
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Table 13.-Safe levels of blasting vibrations 
for residential type structures 

Ground \'ibr.uion-pt>ak partide 
,·elocit v, iuls« 

Type of stru,ture At luw 
fr~ul"nt:Y 1 

(<4U Hz) 

Modern homes. Drywall interion --------- 0.75 
Older homes, plaster on woud lath construe· 

tion for interior walls ••••••••••••••••••• .50 

At high 
frequem:y 
(~40Hz) 

2.0 

2.0 

1 All sp«tr•l pt>aks within 6 dB (50 pet) amplitude of the predominant fre
quency must be analyzed. 

(From Reference 2, Nicholls Et Al) 
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Figure 38.-Amplification factors for blast-produced structure vibration (comers) of a single 1· 
story and a single 2-story house. 
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Figure 39.-Amplification factors for blast-produced structure vibration (comers), all homes. 

(From Reference 2, Nicholls Et Al) 
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Figure 52.-Displacement versus frequency 
summary, set 7 mean and variance analysis. 

(From Reference 2, Nicholls Et Al) 
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(From Reference 2, Nicholls Et Al) 

G-7 

, 
J 

1 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 

1,000 l 
l 
l 
l 
l 
l 



r 
r 
r 
r 
r . 

r . 

r 
r 
~ 
[ 

r . 

r 
r . 

r . 

~ 
L 

r 
r 
r 
r 
r 

APPENDIX B.-ALTERNATIVE BLASTING LEVEL CRITERIA 

Safe blasting \'ibration criteria were de\'eloped 
for residential structures, ha\'ing two frequency 
ranges and a sharp discontinuity at 40 Hz (table 
13). There are blasts that represent an inter
mediate frequency case, being higher than the 
structure resonances (4 to 12 Hz) and lower than 
40 Hz. The criteria of table 13 apply equally to 
a 35-Hz and a 10-Hz ground vibration. although 

the responses and damage potentials are very 
much different. 

u 

r 
Q.l 

"' ...... 
: 
>-- I ... I u 
0 1.0 .J 
w 
> 
w 
.J 
u ... 
a:: 
<t 
a. 

.I 

Using both the measured structure amplifi
cations Cfig. 39) and damage summaries (figs. 52 
and 54), a smoother set of criteria was devel
oped. These criteria have more severe meas
uring requirements, involving both displace
ment and velocity (fig. B-1). 

0. 75 in/sec, 
Drywall 

0.50 in/sec, ,/ 
plaster , _____________ _, 

.. 

I I t I I 

, , 

10 

FREQUENCY, Hz 

2 •n /sec 

! 
l 

~ 
J 

i 
1 
I 

J 

I 
I 

1 
. I 
100 

Figure B-1.-safe levels of blasting vibration for houses using a combination of velocity and 
displacement. 

(From Reference 2, Nicholls Et Al) 

G-8 



Table G.l - Peak Velocity Amplitudes for 160# Production Pipeline 
Blast, Array A-4, 4-18-91 

Instrument Channel Peak Velocity Predominant Frequency 
Package (Inches/Sec) (Hertz) 

S-1 8 0.13 (clipped) 40, 60 

(Station 2+50, 9 0.10 (clipped) 40, 60 

at surface) 10 0.10 (clipped) 40, 60 

IP4 29 0.10 (clipped) 30 

(Station 2+50, 30 0.10 (clipped) 30 

in pipe) 31 0.10 (clipped) 30 
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Table G.2 - Peak Velocity Amplitudes for 40# Test Pipeline Blast, 
Array A-5, 4-22-91 

Instrument Channel Peak Velocity Predominant Frequency 
Package (Inches/Sec) (Hertz) 

S-2 11 2.1 10 

(Station 2+50, 12 2.5 (clipped) 10 

at surface) 13 2.5 (clipped) 10 

IP4 29 -1.8 12 

(Station 2+50, 30 1.4 10 

at Pipe) 31 1.2 12 

s-3 14 2.8 10 

(Station 2+00, 15 2.5 (clipped) 11 

at surface) 16 3.1 (clipped) 10 

IP2 23 2.8 15 

(Station 2+10, 24 2.8 22 

at Pipe) 25 -2.5 10 

IPS 32 0.7 10 

(Manhole) 33 0.55 10 
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l 
Table G.3 - Peak Velocity Amplitudes for 160# Production Pipeline l Blast, Array A-5, 4-22-91 

Instrument Channel Peak Velocity Predominant Frequency l 
Package (Inches/Sec) (Hertz) 

S-2 11 7.5 15, 45 l 
(Station 2+50, 12 6.0 5, 20 

l at Surface) 13 6.2 15 

IP4 29 7. (clipped) 45 l 
(Station 2+50, 30 2.8 14 

l at Pipe) 31 3.8 10 

S-3 14 -1.2 38 l 
(Station 2+00, 15 1.5 25, 45 

l at Surface} 16 0.95 35 

IP2 23 -1.3 100 l 
(Station 2+10, 24 0.44 40 

l at Pipe) 25 -1.8 100, 140 

S-1 8 3.2 12 l 
(Station 3+00, 9 2.8 10 

l at Surface) 10 5.7 12 

IP6 34 1.7 17 l 
(Station 3+00, 35 1.4 10 

l at Pipe) 36 2.3 10 

IP7 37 -1.2 12 l 
(Station 3+00, 38 i -0.27 12 

at Manhole) 39 0.7 10 l 
l 
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Table G.4 - Peak Velocity Amplitudes for 160# Production Steel Tank 
Blast, Array CCC-3, 7-2-91 

Instrument Channel Peak Velocity Predominant Frequency 
Package (Inches/Sec) (Hertz) 

s-3 14 -1.4 12 

(Surface @ 15 -0.9 12 

Ctr. Tank) 16 0.3 10 

IPS 31 0.55 14 

(Top Tank 32 0.6 15 

@ Ctr.) 33 0.5 14 

IP2 23 -2.8 14 

(Bottom Tank 24 -2.0 14 

@ Ctr.) 25 -0.4 12 
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Table G.S - Peak Velocity Amplitudes for Production Blast 16 at 
Judson! Road and Loop 1604 

Instrument Channel Peak Velocity Predominant Frequency 
Package (Inches/Sec) (Hertz) 

7 14 -6.0 20 

(Ground Surface 26 8.0 20, 40 

at Well) 38 -5.8 20 

8 15 8.o 11 

(In Well 27 11.0 (clipped) 24 

at 5 FT) 39 12.0 (clipped) 20 

9 16 11.0 11 

(In Well 28 11.0 27 

at 27 FT) 

NOTES: 

(1) Closest Hole to well was 15 ft east of the well. A total 
of 46 holes with 675 #of mix were detonated (14.67#/Hole). Each 
hole was 13.5 ft deep, with 6 ft stem. 

! 

(2) Analysis of time sequence of detonation of each hole would 
be required to determine charge weight per delay. 
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