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THE VLF PRINCIPLE

Primary
radio waves

*

Secondary
field
e:jt:ant 5 The WADI! man
transmitter ] %
4

Water-bearing
fracture zone

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 transmittters are used for long-distance communi-
cation (see map), and they operate at 10-30 kHz. Con-

VUalues 10.2 at or 02470608384
ductive structures on the surface or underground, even Coordinates gogg 70 632
when covered with thick overburden, affect locally the
direction and strength of the field generated by the trans- When the surveyor passes over a conductive structure,
mitted radio signal. The WADI measures the radio signal the WADI displays a peak on a normally straight line.
distorsion and presents the result directly on a display By pressing akey, the WADI willindicate the depth to the
screen. conductive zone and its dip.

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

Frequency (kHz) Power (kW) Frequency (kHz) Power (kW)
Bordeaux, France (FUO) 15.1 500  Annapolis, USA (NSS) 21.4 400
Rugby, Great Britain (GBR) 16.0 750  Northwest Cape, Australia (NWC) 22.3 1000
Hegeland, Norway (JXZ) 16.4 350 Laulualei, Hawaii, USA (NPM) 234 600
Gorki, USSR (ROR) 17.0 315  Buenos Aires, Argentina (LP2) 236
Moscow, USSR (UMS) 17.1 1000  Cutler, Maine, USA (NAA) 24.0 1000
Yosamai, Japan (NDT) 174 50 Seattle, Washington, USA (NLK) 24.8 125
Oxford, Great Britain (GBZ) 19.6 Aguada, Puerto Rico (NAU) 285 100

The WADI tunes in automatically on the most suitable
transmitter located roughly perpendicular to your operation, the WADI tunes in on it since it is more

If a weaker, local transmitter (not listed above) is in frequency from the keyboard.

survey line. You will see the frequency on the display. suitable, it's also possible to setthe WADItoa specific A-10

=




r

Good drinking water can be obtained from hard rock. But
" drilling without previous site investigation seldom yields
L water in useful quantities. Effective water development
programs must include carefully conducted geclogical and
mgeophysical 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 divining rod, the

HOW THE WADI FINDS WATER |

WADI's results 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.

2o X’

mThe WADI finds structures where water may be trapped.

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

THE WADI IN A NUTSHELL

Measuring unit with
")attery compartment

A-0

Antenna unit




ABEM WADI

Simple, state-of-the-art water prospecting
instrument




ONE MAN

CONTINUOUS READING

EM3I-D

The Geonics EM31 provides a measurement of terrain conductivity withcut ground electrodes or
contact using a patented electromagnetic inductive technique.

Thus instrument is direct reading in millis:emens per meter and. over a uniterm half space reads
identicaly with conventional resistivity instruments with fixed array spacings. Using the mductive
method. surveys are teadily carried out in regions of high resistivity such as sand. gravel.
permatrost and bedrock.

The effective depth of exploration is aboul six meters making it ideal for many geotechnical and
ground water contaminant surveys. Other important advantages of the EM31 over conventional
methods are the speed with which surveys ¢2n be conducted, the precision with which smal
changes in conductivity can be measured and the continuous readout white traversing the survey
area. The new EM31-DL provides an anslog cutput of both the quadrature-phase and inphase
! companents which can be recorded coninucusly (on a digital or dual channsi analcg recorder)
) The inphase companent is especially useful tor detecting small. shaliow cre bodies and, in waste
PL site surveys buried motal grums.

Specifications

MEASURED QUANTITY Apparent conduchivity of the ground i mS/m
PRIMARY FIELD SOURCE Selif.contained dipole transmitter
r SENSOR Seli-contained dipole recerver
INTERCOIL SPACING  3.66 meters
OPERATING FREQUENCY 9.8 kHz
i POWER SUPPLY 8 disposable alkaline ‘C' ceils (approx. 20 hrs fite con-
i tinuous use)
CONDUCTIVITY RANGES 3, 10, 30. 100, 300. 1000 mS/m
; EASUREMENT PRECISION 22%, of tull scale
. || AEASUREMENT ACCURACY 25% at 20 mS/m
KOISE LEVEL <0.1 mS/m
OPERATOR CONTROLS eMode Switch
®Conductivity Range Switch
®Phasing Potentiometer

®Coarse Inphase Compensation

®Fme tnghase Compensation

Boom : 4.0 meters extended
1.4 meters stored

Console :24x20x18¢cm

Shipping Case : 145x 38x 23 cm

Instryment Weight . 11 kg

Stupping Weight  © 26 kg

i

[
W DIMENSIONS
P

GROUND COND
TWO MAN
VAR|ABLE DEPTH

EM34-3

Operating on the same principles 83 the EM31-OL. the EM34-313 designedto achieve a substantially
mereased depth of exploration and more tnformation about the vertical conductivity profite

Simple operation, survey speed and siraight forward data interpretation makes the EM34-3 2
versatile and cost etiective too! for the engineening geophysicist.

Tne crderlying principie of operation of this patended non-Contacting method of measut, | ..fain
conductivity is that the depih o! penetration is independent of terrain conductivity and 1§
aetermined solely by the intercoil spacing and coil orientation. The EM34-3 cande ue: . »: three
tixed spacings of 10, 20 or 40 meters and in the vertica! coplanar (as shown) ot horizon:,

- slanar
modes. sensing to approx. 0.75 and 1.5 umes the intercon spacing respectively

For surveys in regions of particularty high cuttural and atmospheric noise the high powere -

A3
reduces the noise 31 the 40m spacing by 3 factor of 10 and by a tacter of 4at the Wmand 20

.<ings

Specifications

MEASURED QUANTITY Apparent conductivity of the ground in mS/r
PRIMARY FIELD SOURCE Self-contaned dipole transmitter
SENSOR Seli-contained dipole receiver
REFERENCE CABLE Lightwe:ght, 2 wire stielded cable
INTERCOIL SPACING & @10 meters at 6.4 kM2
OPERATING FREQUENCY @20 metess at 1.6 kH2
® 40 meters at 0.4 kH2
Transmutter : 8 disposabte "D’ cells
Receiver  : 8 disposable 'C’ cells
CONDUCTIVITY RANGES 3,10, 30. 100. 300 mS/m
MEASUREMENT PRECISION 2% of full scale defiection
MEASUREMENT ACCURACY 5% at 20 mS/m

POWER SUPPLY

NOISE LEVEL <0.2 mS/m N
DIMENSIONS Recewer Console 19 5x13.5x 26cm
Transmittes Console : 15 x 8 x 26cm
Coils : 63cm orameter
WEIGHTS Recewver Consate - 3.1 kg
Recewer Conl . 5.6 kg
Transmitter Consote © 3.0 kg
Transmuttes Cot - 8.8 kg
Shipping Weight 43 kg
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seized and sheared at a depth of approximately 5 feet. The barrel was later
recovered during excavation operations.

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

Caliper and Gamma logs were taken by EUWD staff to reinforce the results
of the geophysics and boring programs. Of particular interest are the pro-
nounced voids and gamma log anomalies at approximately 30 feet below the
ground surface in borings B-9 and B-10, which are associated with 1lateral
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.



area. This observation 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 the 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 the 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. Continuous cores were recovered and stored for
later analysis. The rock strata were continuous horizontally, however the
degree of weathering wvaried 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 the core barrel

3 _3 _.3

)




Geotechnical Site Investigation

The subsurface conditions at the site were investigated in detail to
provide information for selection of test blast locations and to test the
accuracy of state-of-the-art subsurface exploration techniques. A flat area
with few trees was initially selected for ease of access and operation of
heavy equipment. Preliminary geophysical surveys were conducted to confirm
the subsurface continuity of the relatively uniform geologic conditions en-
countered on the surface. Shallow borings were taken at key locations to test
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-

tions during the blasting and excavation operations.

A.l Geophysical Surveys

The main base line ("Line A, Figure A.l) was laid out along the axis
of the stream bed that appeared initially to be the most likely location for
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-
gressed. Data was recorded on Geonics EM-31, EM-34 terrain conductivity
meters and an ABEM Wadi VLF (very low frequency) receiver (see enclosed
product literature).

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, aﬁd the lack of major

anomalies indicated that no major displacements were present in the immediate
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.9 1 LIMESTONE WITH RECRYSTALIZATION
(.17) VUGS; LIMONITIC
(.2) 12,“ : 1
1.22 -
.47 13_.€r: T
.45 B =
.33 !
; 14. 4T
00 TOT A A=
14.76.0191 1 B.O.H= 14 .7" -
15 .;
—‘ -]
]
]
+
T
- v
u
A-29 BORING N°_2
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FIELD BORING LOG (ROCK) uTrsa - CENTER FOR WATER RESEARCH

PROJECT UTSA CHAMPIONS PROJECT N° BORING p_3
I SURFACE ELEVATION 1026 FT| SH€ET 1 ¢cf 2
2l & 2 | nOTES "
N w | S ~ | &| ROTARY DRILLER CME55, 2%"CORE BARREL
S 2 | 8 w | S| DRILLER - DAN COSTILLO, .SWL
- g =L | + |~] GEOLOGIST - MICHAEL HOLDSWORTH
Ol& || L |85 | ¢ |8
a S Sz w © | ROCK TEXTURE, COLOR, TYPE, WEATHERINC,
22| 8| B | 5G| © | €| rracTuRe TYPE. SPACING, OF. ETC NOTES
1 .
01 0.0-2.0' SOILS DRILLED BY 8" AUGER
- P AND CONDUCTOR CASING SET PRIMARILY
100 Hl CLAY; LIMESTONE WEATHERING PRODUCTS
- J N
?| LIMESTONE: DENSE, HARD, RECRYSTAL-
2.6 | IZED VUGS. R
= PALEO SOIL "TERRA ROSA" CLAYEY,
) N
(.31) - RED, SOME LENSES OF DETRITUS
a2 |3 UH
T
[.17) o
l.32)]4.04= 2" prop
11
(.23)
4,9] 50190, 72 1. o CORE_BARREL SEIZED IN HOLE
.33 (5 FT TO 8 FT - TERRA ROSA)
(2
.87 6.
(.25)
TOTAL 2.34
7.
8. B.O.H. = 8.0 FT
9.
10.
11
A-30 BORING N°_3 ___

PLGE




FIELD BORING LOG (ROCK) uTsa - CENTER FOR WATER RESEARCH

13

3 3 3

3 3 3 3

)

PRO.{EC_I _UTS}_\ CHAMP;ONS PROJECT N° BORING RB--4
I SURFACE ELEVATION 1026FT | SEET 1 ¢oF 2
3 E & 2 | notes
s | 2 2 | 3 w |%| ROTARY DRILLER CME55, 2%" CORE BARREL
o | & ¢ | §. | € |%| DRILLER -_DAN COSTILLO, SWL
.ES - I B O i || _GEOLOGIST - MICHAEL HOLDSWORTH
Slas| B |33 [ 8 |3 mer e com o weareemic
= nv/B
o H& 0.0 - 0.6 .
[(.15) T LIMESTONE, VERY FRACTURED, VERT. & [HORIZ.
1381 Hillil_o.6'-2.3" (WELL DEFINED..COB[FACT €0.6'
OB very WEATHERED, CLAYEY,NO RECOVERY
€.7 E IN THIS INTERVAL, WASHED OUT WQRITTRY
"Umg,o‘J: 2.3 - 3.2
(.25) a LIMESTONE,VUGULAR,W/RECRYSTALIZATIQE &
ciof o D IN VUGS,SOME RED STAINING (FeCO,)? Borga sgrd
CONf Hrd 2.3 - 4.96"
.40 u LIMESTONE DENSE,SOME VERTICAL FRACT}
.56_h.o1§r] URING,NO VUGS
(67) 1.2 Hr
496 |332444 =T
) PO P 4.96 - 6.2 LIMESTONE DENSE, HARD
.44 T 1
T {PINK RE['URN
-79 b.0oTHird RED CLAY @ 6.2', THIN SEAM FILOW)
(.27) = LIMESTONE,VUGULAR,@ 7.0' VUGS ARE
(.08)] sl LARGE, UPTO 1.5" LINED W/ CALCITE
60 | " H& CRYSTALS, BY 38.3' VUGS DIMINISH,
(.22) ri LIMESTONE IS DENSE, UNIFORM
1.195. oHED
1.4 2
| HOLE TAKING WATER, PROBABLY IN 7-8°
P-OHT] zone
9.7 93 = :
3 (.15)no.u:I$E LIMESTONE DENSE, VUGS FILLED BUT
(.09) . STILI, VISISLE
94 . S

A-31 goRING no_4
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.F|E|_D BORING LOG (ROCK) uTsa - CENTER FOR WATER RESEARCH

PROJECT UTSA CHAMPIONS PROJECT NO BORING B4
’.:_ 2 SURFACE ELEVATON SHEET 2 oF 2
gl & _ | g|nores
b | 2 g | 2 w |%| ROTARY DRILLER CME55, 2%" CORE BARREL
e | ¥ £ |- | « |9] DRILLER - DAN CASTILLO , SWL
E) _g 2| $ |52z & |x| GEOLOGIST - MICHAEL HOLDSWORTH
2 | 3 s | & §§ § § ROCK TEXTURE, COLOR, TYPE, WEATHE RINC, NOTES
g g | & | 25 FRACTURE TYPE, SPACING, DIP, ETC 0
©) =
1.~
1.54 I
11
-48) 4| VUG FILLED WITH RED CIAY AND LIME-
. 1 1
1.56 "H| STONE, FRAGMENTS OF DETRITUS
o
—4ToT]
oTall 4.76f3.0 ] HORIZONTAL SEAM W Y
d - RECRYSTALIZED VUGS FROM 14.3 TO 15.p°
4.7
76 T vorp
150490) {85 L5.4417-] NO FLOW RETURN BELOW 15.0°
@ .62 T
.50 T
|
1.1?“6”“";L:
. 50| -
1 1
2.22h7. AJT_'BJ?_ AT 17.0',VUGS FILLED W/ 1/8 TOo 1/10| "
— L] CALCITE CRYSTALS, MANY VUGS HAVE
L
102 *i#ls 4 11 RED -STAINED WALLS W/ GRITTY TEXTUREE
200501 |100jroTal] 5.01 ~E IN GENERAL, VUGS ARE MORE ABUNDANT.
lll
19 .44
lll
14 B.O.H. = 20.0 FT
ZO. -
q
-
=
n

A-32 sorinG no_d
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FIELD BORING LOG (ROCK) uTsa - CENTER FOR WATER RESEARCH

3

El

|
PROJECT UTSA CHAMPIONS PROJECT N° gorRNG  B-5
c 2 SJRFACE ELEVATON 1026 PT} SHEET 1 f 2
3 z o |'~eTES
w o) - z
s | 2 9 3 w |¥| ROTARY DRILL CME55, 2%" CORE BARREL
2 g ‘g . w w DRILLER - DAN CASTILLO SWL
S1els| & 22 | £ | x| GEOLOGIST - MICHAEL HOLDSWORTH
> . (= (8]
(;) z a ] 50 § Q | ROCK  TEXTURE, COLOR, TYPE, WEATHERINC, NOTES
2| & g & ] FRACTURE TYPE, SPACING,DiP, ETC
) =
0 = LI'IESTONE, DENSE, GREY VUGGY IN
.42 1| uPPER 1.5

11

3

.48 b.o 1= RED CLAY IN LARGE VUG

(.28) e
.73 o
.50 b oHD
.83 2
1.5 T
.onf- Hxz
(.31) IJrI
OTAL 4.46} . 0" ,'jf
on TENI
4.6p12 |96 L0 TERRA ROSA (RED CLAY), GRAVELLY,
©) PO HE]  sanoy
(.14) TT] VUGGY FROM 5.0' TO 6.8°
.64 5.0-1:01
.52 ~ RED CLAY
.33 LT] PINK FLOW RETURNED @ 6.5 - 9.0°
.85 [° _lll LARGE VUGS @ 6.2 W/ RED CLAY
(.23) ] FILLING. /2 6.5' BREAK W/ RED CLAY
1.03k .0 AND LARGE CALCITE CRYSTALS
(.18) T .5' VERTICAL FRACTURES AT ABOUT 7',
.84 f T i
orarl 4.9 |- H=
(98 mEs i
101]4.985 10

=l

1. ><)

A-33 BORING N°_D
eace _1




F FIELD BORING LOG (ROCK) ursa - CENTER FOR WATER RESEARCH

PrROJECT UTSA CHAMPIONS PROJECT N° BORING . B-§5
]
- | s SURFACE ELEVAT:ON SWEET 2 oF 2
F 2| c & .| 8| nores
i s | 2 o | & w |@| ROTARY DRILLER CMES55, 2%" CORE BARREL
2|z Z | #- | % |S]| DRILLER - DAN CASTILLO SWL
olg|s| ¥ |szz £ | x |_GEOLOGIST - MICHAEL HOLDSWORTH
5 z a é gg 9 € | ROCK  TEXTURE, COLOR, TYPE, WEATHERING,
2| g | & | g8 FRACTURE TYPE, SPACING, OIP, ETC NOTES
F 3
[ BN
1.0 | 11487
ik '5 L1
I 1.4 r
1210
1.33 THEL
(.22)] ] VERY LARGE VUG AT 14.2'

-4 CALCITE LINED

=§ (T
]
44—“:'~

OTAIL 4.8 T

(94)

[
o>
1
D

152h.8%90 157

L

1

Y

3
l

EEEEEEEEENASSENEENEEENEEEEENERENEEN

—3

A-34 BORING N°_5__
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FIELD BORING LOG (ROCK) uTsa - CENTER FOR WATER RESEARCH

—3 -3 3 _3

3

3

3

3

-3

PROJECT UTSA CHAMPIONS . PROJECT N° BORING B-6
“ S ! ‘ SURFACE E_EVAT:ON 1026 FT | SHEET ] oF 2
5 i & - © | NOTES
5 | 2 a |3 w | 9| ROTARY DRILL CME55, 2%" CORE BARREL
g | & ¢ | g, | ¥ |9| DRILLER - DAN CASTILLO
é) 811 % ! 251 & |<| GEOLOGIST - MICHAEL HOLDSWORTH
[3 .s\; W = a (3]
z a & 38 w © | ROCK TEXTURE, COLOR, TYPE, WEATMERINC,
88| 8 g b © | ® | FRACTURE TYPE, SPACING, DIP, ETC NOTES
@ =
0 He= ;
(.16) UNCONSOLIDATED, WASHED OUT, «NO RECH
(.09) r| OVERY IN THIS INTERVAL,LOST CIRCUL
.62 |""Hred arion For 0.5
.58 2] LIMESTONE, DENSE, LIGHT GREY, FEW
2.11 o] vues
.42 ==
-
3. 045
o
4.0
(31) B CLAYEY, SAND SIZE LIMESTONE PART-
4.9p98 |76 S} ICLES, FAIRLY WELL CEMENTED
5.0 1,
_@ (.27) T 1
I
(.25) -
(.29)}6. o HoT
m
(.30) 1 RED CLAY, LOST WATER RETURN AT 6.5
(.30) 4t TO 7.0'. WATER FLOWED TO SURFACE
,. 1 i
(.23)|"" "5 rrom Mup p1T.
.42 Ill
.63 J8.o0tfT] LIMESTONE, MODERATELY VUGGY
1.48 to] SOME VUGS FILLED BUT VISIBLE
.61 .
1
(29) - -
975h.7465 |- T
©) .82 ho ¥ ﬁ' LIMESTONE AS ABOVE
.70 =
.40 oI
11.
1.23
A-35 BORING N°_6
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FIELD BORING LOG (ROCK) ursa - cenTER FOR WATER RESEARCH
PROJECT UTSA CHAMPIONS PROJECT N° BORING B-6
e g SURFACE ECEVAT:ON SHEET 2 CoF 2
5 [ z 2 | nOTES
e | = o |8 i |w| ROTARY DRILL CMES55, 2%" CORE BARREL
e | & g g._ g w DRILLER - DAN CASTILLO, SWL
(S) g | ¥ |s5 & |,| GEOLOGIST - MICHAEL HOLDSWORTH
T - a (%]
s - X ¥29 w | o] RrRoCk TEXTURE, COLOR, TYPE, WEATMERINC,
:|l 218 8 %8 S | ® | FRACTURE TYPE, SPACING,DIP. ETC NOTES
1. e
(.25) ==
.46 ‘,]f‘
1.0 [P e
1
P3' ) —
3 1
(94 : ' LOS {PL.ETELY
1 7| IN THIS ZONE, VERY VIGGY W/ SOME
49186 |90 4“_. 5=
. - RECRYSTALIZATION
a 1
s, 1]
F
u
r—
n
n
+H
r—
A-36 BORING No__©
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FIELD BORING LOG (ROCK) UTSA - CENTER FOR WATER RESEARCH

3

PROJEC‘I UTSA CHAMPIONS PROJECT N© BORING B-7 ‘7
A N SURFACE ELEVATION 1026 FT| sweET 1 oF 2
z v
2| = x _ | g voTEs "1
s | 2 e | 3 b |u ROTARY DRILL CME55, 2%" CORE BARREL
e | & g 8., v |u DRILLER - DAN CASTILLO
(\';') 8 | . E s E |« ENGINEER - DAVID LELAND &
o b (= a O ]
z a S 52 w O ] ROCK TEXTURE, COLOR, TYPE, WEATHERINC,
21 2|8| 8 | 88 | © |®] eracrune TYPE, SPACING, DIP. ETC NOTES
NOTE: AIR DRILLED O TO 8.09 FT. '”—“f
0 ]
( 0 FT TO 5 FT, SAME AS BORING #3) =
l.
2 -
3. =)
4. -
5 =
y 5 FT TO 8 FT - TERRA ROSA |
6.9 T
B s
7.9 -
~ ]
@ 8od ll
™ LIMESTONE: HARD DENSE, MICRO .
4 CRUYSTALLINE, NO OPEN VUGS.
5. 0k
.65 -
1.1 ho.dFo
19.4 (100X 100D .66 - -
Q 'OTAL 2‘“[11.
A-37 BORING N° 7. i '—}
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FIELD BORING LOG (ROCK) ursa - CENTER FOR WATER RESEARCH

PROJECT A _CHAMPIONS PROJECT N° BORING B-7
| a SURFACE ELEVAT:ON SHEET 2 oF 2
5 E & - 2 | noTES
s | ¢ 2 | & |, & |8|ROTARY DRILL CMESS, 2" CORE BARREL
s |3 £ ! ¥, | * |Y|DRILLER - DAN CASTILLO
SlEle| ¥ sz £ |5 |ENGINEER - DAVID LELAND
5125 8| B | B2 0 & |2 aacrune vvoc. semcmc o bre NoTES
2
11. e
.70 =
.43 I
42 12D
: (.20) =
.39 13.9FT LIMESTONE AS ABOVE
1.39
1.5? 0| AT 13.7', BEGAN TAKING WATER
y MM. i
TOTAY 5.2 | LIMESTONE, VUGGY, FROM 13.7’ DOWN-
11570100193 15. 9] WARD. REMINERALIZED VUG FILLINGS,
1

DECAYED LIMESTONE, SOME CALCITE

__!

ENENIENNEEE TSR NEERERAEAEN|

A-38 BORING N°._7__
PAGE __ 2




.F IELD BORING LOG (ROCK) ursa - CENTER FOR WATER RESEARCH

PROJECT  UTSA CHAMPIONS PROJECT N° g BORING B-8 7
| s | SURFACE ELEVAT:ON SHEET 1 oF 2

2 - x o | ~ores §
e w | ¥ = | &| ROTARY DRILL CME55, 2%" CORE BARREL

Sl & g 18 ¥ |3| DRILLER - DAN CASTILLO, SWL

5|3 § | X | £ |~| ENGINEER - DAVID LELAND

~ o { I 4 - x ﬁj
1z 13 g &9 § § ROCK  TEXTURE, COLOR, TYPE, WEATHERINC, NOTES |
g |2 | & & 85 FRACTURE TYPE, SPACING,DIP, ETC

o
1]
3

SMALL ROCK FRAGMENTS (2")
VOID a

| ﬁi LIMESTONE WITH SECONDARY DEPOSITION
1** %] 1v voips, nuuErous smaLn vorps, u
— RED SILTY CLAY (TERRA ROSA)
2. |
ﬁf LIMESTONE W/ VOIDS K
F LIMESTONE FRAGMENTS LOSING WATER,
3.04 “1] (VOID?), WATER RETURNING TO SURFACE i
] 214 THROUGH CRACKS.
4.0p MR STONE, CONRERENL FORRBARTS 1L - Bep sTaIn.
2.9 ' : LOSING WATER DOWN HOLE;CLAY (TERRA ROS2) j
I5.0](58) a8 - H LIMESTONE W/ VOIDS, SECONDARY DEPOS|ITION
2 5.01 4 LIMESTONE POROUS, SM. VOIDS, TERRA [ROSA STAID}
M voip?
6.0 LIMESTONE; COMPETEND j
o
4] LIMESTONE W/ CRYSTAL-FILLED VOID j
7.0 1 VvoID?
-?*? LIMESTONE; COMPETENT .
8.0
T
i e 9. 1% LIMESTONE, POROUS, W/ CRYSTAL FILL-
-6 |(10¢) 96 ] ED VOIDS - )
3 10 =1 LIMESTONE WITH VOIDS (SMALL TO MED)
L1 W/ TERRA ROSA DEPOSITS W/ SMALL T
L. LY CRYSTALS
A-39 BORING N° 8 1
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[

FIELD BORING LOG (ROCK) uTsa - CENTER FOR WATER RESEARCH

I
fl

PROJECT UTSA CHAMPIONS PROJECT N° BORING B-8
A SURFACE ELEVAT ON SWEET 2 OF 2
- & _ | g orEs
s | » 9 s | ROTARY DRILL CMES55, 2%" CORE BARREL
s | 2 | 8- | « |Y| DRILLER - DAN CASTILLO
R 18| . % - T ENGINEER - DAVID LELAND
olg|8] 2 lez| & |5
z | s 3 s W | O] ROCK TEXTURE, COLOR, TYPE, WEATHERING,
2lz|¢ & oY FRACTURE TYPE, SPACING, DiP, ETC
S Ay
=
122 ; LIMESTONE, COMPETENT W/ SOME POROUS
| ZONES
o
1345
=
14.E=
) |
L
=
15. ) 3 A
15 a

Ef ,,

T T T T L Iy LI L L L L L LI L LTI IT [T

A-40 BORING N©
sene 2




e
FIELD BORING LOG (ROCK) ursa - CENTER FOR WATER RESEARCH
PROJECT 'UTSA CHAMPIONS PROJECT N° BORING . B-9 i
S s SURFACE ELEVA" ON se€ET 1 ¢ 5
R & _ e lves &
e e | 5 L |%| ROTARY DRILL CMESS, 24" CORE BARREL
e | & 2 | 2. | ¥ |9]| DRILLER - DAN CASTILLO, SWL
E:) S1.| % |25] & |.| GEOLOGIST - MICHAEL HOLDSWORTH f=
@ S = a s
x S" w © | ROCX TEXTURE,COLM,TY’E,WEATHER!NC.
2128 8 |85 © | €| cracture TYpE. SPaciNG, O, ETC NOTES
@ = i
. :1; LIMESTONE, HARD, DENSE, LT. GREY.
'.-,3 4_[”. =] MICROCRYSTALINES, VUGGY W/ RED STAIN
R 1
38" L{ ON VUG SURFACES 7
73 |- "
.46" - Lﬁ]
.33 |2. o
050' IlI j
[~
17! 3 — REMINERALIZED, CLAYEY, CRUMBLY
13 1P YK NO RECOVERY OF CLAY IN THESE ZONES P}
-38' a (CALLED BY DRILLER) TAKING WATER @ $3'

392 TOTAL3. 92 {4 . oS
4.391)] 84 | DECREASING VUGS IN SECOND RUN j
@ T

5.0
.94'|”" HZH voID @ 5.3' SEEMS TO BE TAKING WATE
.88" T
i
1.756. opf . "j
.48" =
1-081, off:
5.13 T
s o I
T
IT—I
.:1 i
9. 6
y.75(94) | 94 H ..l
1® {.25)10 =
(.0811, ‘[ 7
.97 ll. 1

A-41 BORING N0 9
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FIELD BORING LOG (ROCK) uTsa - CENTER FOR WATER RESEARCH

PROJECT UTSA CHAMPIONS PROJECT N° BORING B-9
; 2 SURFACE EL_EVAT ON SHEET 2 of 5§
é I & 2 | notes
5 | 2 2 | 3 w |¥| ROTARY DRILL CME55, 2%" CORE BARREL
o | € 1 g |s. ol DRILLER - DAN CASTILLO, SWL
é g | . g s |, GEOLOGIST - MICHAEL HOLDSWORTH
S & R = a (5]
bal 52 ) O | ROCKX TEXTURE, COLOR, TYPE, WEATHERINC,
2] 2|8 8 | 83 | © || rracture Tvre. seacinG, o, ETC NOTES
11, e
1.27 r1] LIMESTOME HARD, DENSE, MICROCRYSTALS$
.63 | 12 ~T-]1 _VERY FEW OPEN VIIGS TN _RION 3
.46 : :‘m RED CLAY
1.5 h
lll
[roTay 5,1613 - Pl
1 1
1492} 995{953 1a L] AT 14.0' SUDDEN COMPLETE LOSS OF
: 1] WATER
=
1579 :::
O) —
.13 =
{ 15) 16 phed—
* T {NO RETIIRNS _OF WATER)
(.10) T
1
1.0 7 v
.60 LT )
.88 -
.75 18: .
.38 ;:;
508 .42 1o =
TOTAL}4.51 Ll
20.0}g9) |82 = REMINERALIZED, SOFT, YELLOW, BOY-
(5) 20, T4 TROYDAL
v T
.12 =
.12 121, 'r:
.38 TI
.33 29 -
.65 ’
A-42 goRING N°__9
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FIELD BORING LOG (ROCK) uTsa - CENTER FOR WATER RESEARCH

T3

PROJECY UTSA CHAMPIONS PROJECT N° BORING B-9 ﬁ
1
S PN SURFACE ELEVAT.ON SHEET 3 OF 5
é - x 2 | NOTES "
P e | 3 w |w| ROTARY DRILL CMES55, 2%" CORE BARREL
e | & g | 8 | ¥ |9| DRILLER - DAN CASTILLO, SWL
|8 e { = | z OGIST -- MICHAEL HOLDSWORTH !
ole || ¥ gz]|E5 |5 ]
& 52 W © | ROCK TEXTURE, COLOR, TYPE, WEATHERING,
2|8 8|83 ] © |%]rracture Trre. spacing, o, ETC NOTES ]
.88 4]
JC-13)55 LIMESTONE HARD, DENSE, LT. GREY I
.54 LY occaszoNAL LAMINAE OF RED, VUGS UPT( »!1
12)) . LU 1.5 LINED W/ CALCITE CRYSTALS .
12 T 1
(.13) T |
(.12)p4. 444 ﬂl
l -
(.14) " _
251 2541 4
(.12)
® (.12) . :
(.12)p6. 4} )\
355 [rorall 4.2¢] [} )
i l}
27.7 -
‘ ~/
.63 1 l
1.0 bs. g1 5 --
.96 - |
(.08) 9 |l| K.
oral 2.67 " Hiy .
I
1 ) §
303)(51) |50 bo. e
.75 s
B31.UTT
(.30) 1 |
(.19) ™ "’)
.63 Kko. 1 1
(.17) . 4!]
(.16) 1
33. 77 1)

A-43 BORING N°_9
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FIELD BORING LOG (ROCK) ursa - CENTER FOR WATER RESEARCH

PROJECT yTSA CHAMPIONS PROJECT N° BORING B-9
g S SURFACE ELEVAT ON SEET 4 oF S
2l y- 1 EEE
s | 2 g | &  |%| ROTARY DRILL CME55, 2%" CORE BARREL
2 | ¥ £ | - « |%] DRILLER - DAN CASTILLO, SWL
é) g | £ |52 X |x| GEOLOGIST - MICHAEL HOLDSWORTH
=l 5 182 & lelwc
a X 3 X TEXTURE, COLOR, TYPE, WEATHERING, }
218|828 | 85 © |®| rracTure TYPE. SPACING, OF. ETC NOTES
J(.06)B3. 4 _
(.08) 1 LIMESTONE, HARD, DENSE, LT. GREY
.38 1[1 OCCASIOMAL RED LAMINAS
.81 P4 7] FOSSILIFEROUS, UNIDENTIFIED
.48 17l SHELL FRAGMENTS
354 .71 B5.81
® .40 =
100) 82froray 5.12 N
1| LIMESTONE, HARD, DENSE, LT. GREY
(.13) ]'] VUGS FILLED W/ DECAYED LIMESTONE
1.3337.4471] SCATTERED RED LAMINAS,
.33| Hid rossiLrerous
1.0 H
38. 4
.33 .
2. 06| A LI4ESTONE, HARD, DENSE, VERY VUGGY
Torar] 5.2 B9.- ,% FILLED W/ DECAYED LIMESTONE
L
m
0. 1
406k100) 98] T 1
I
9 51
.17 K1. I 1 .
.75 ]l]
1
.17 42 1 1
‘2 0y l
.66 II
.54 L1
.79 la3. -
.71 Ill
44. T

A-44 ) BORING N°_9
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FIELD BORING LOG (ROCK) uTsa - CENTER FOR WATER RESEARCH

PROJECY UTSA CHAMPIONS PROJECT N© BORING B-9
| g SURFACE ELEVAT.ON SHEET 5 ¢ofF S _
5 E & Q | nOTES j
e v |3 w |w| ROTARY DRILL CME55, 2%" CORE BARREL
s | & ¥ | 2. | ¥ |w| DRILLER - DAN CASTILLO, SWL
e8| .| % |<5] & |.]| GEOLOGIST - MICHAEL HOLDSWORTH ™
Ql=12] 5 | 88| & |8[Focx vextume, coton, Tvee, wearmenme, NOTES
g |z | & & uY FRACTURE TYPE, SPACING, DIP, ETC j;!,
133 Jas. |
L R
458100] 91 .17 rf] LIMESTONE AS ABOVE |
Jll
I I .
-17 6. 7111 !
.83 L
1.5 'T'
.31 '
L
.38 1
.29 hs. 1 ’]
T
.60 III
250 o 4L T @]
017 r] 2
ToTAaLl 4.75) "l J’
3011 103 88 p0-4- ] B.0.H. AT 50.1 FT.
F l}
. |
i ]ﬂ
: ]
: 'H

A-45 BORING N°__ 7
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towamo e

DATE: 27 FEBRUARY 91

EDMARDS UNDERGROUND WATER DISTRICT==c=cmecmemoceancaaaa +
NATURAL GAMMA AND CASING COLLAR LOG

WELL NO: 4 g}u;@«z-m WELL DEPTH: 15.0 (BELOW LSD)

LATITUTE:s 29-38-54 LONGITUDE: 98-29-51 (D-M-8)

OWNER: UTSA/DR. BLANRY

LOCATION: 1.65 miles from WRST line and 1.60 miles from SOUTH line on

DRILLER: LABS. DRILLING METHOD: MUD ROTARY

CASING: (1) DIA: 3.00 FROM 0.00 ™: 15.00 (DIA=ID in INCHES)

(2) DIA: 0.00  PROM: 0.00 TO: 0.00 (DEPTHS = PEET)
HOLE: (1) DIA: 0.00 FROM: 0.00 TOs 0.00
(2) DIA: 0.00 FROM: 0.00 T™0: 0.00

LOG OPERATOR: DRP - LOG MPs LOG TD: L8D: 1028

GAMMA 1OGs YES CALIPER LOG: YES ELECTRIC LOG: WO (LSD fr TOPO sht)

WATER LEVEL (below LSD): 0.00

LOG SPEED: 30 (PT/MIN) VERTICAL SCALE: 5.0 (INCHES/100FT)

TIME CONSTANT: 2 COUNTS/SECOND: 100 / 20 (CHART DIVISIONS)

COMMENTS: UTSA BOREHOLE # B~1 AT CEAMPIONS.
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+ EDWARDS UNDERGROUND WATER DISTRICT
CALIPER LOG
DATE: 27 FEBRUARY 91
NELL NO: 4 WELL DEPTH: 1S.0 (BELOW LSD)
LATITUTE: 29-38-54 LONGITUDRs 98-29-S1 (D-M-8)

OWNER: UTSA/DR. BLANEY
LOCATION: IGSMMVWMISMMSLIBGHSB-QI

DRILLER: DRILLING METHOD:
CASING: (1) DIA: 3.000 PROM: 0.000 TO: 15.0 (DIA=ID in INCHES)
(2) DIA: 0.000 FROM: 0.000 TO:s 0.0 (DEPTHS = FEET)
HOLE: (1) DIA: 0.000 FROM: 0.000 T0: 0.0
(2) DIA: 0.000 PROM:s 0.000 T0: 0.0
LOG OPBMTORO DRP LOG MP: LOG TD: LSD: 1025
GAMMA LOGs YRS CALIPER LOG: YRS ELERECTRIC LOG: NO (L8D fr TOPO sht)
WATER LEVEL (below LSD): 0.00 .
LOG SPEED: 30  (FT/MIN) VERTICAL SCALE: S  (INCHES/100FT)
CALIPER CALIBRATED PROM: 2* TO: 6° ( IRCHES)

COMMENTS: UTSA BOREHOLE # B-1 n CEANPIONS
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R «cecececec~ee EDHARDS UNDERGROUND WATER DISTRICT--=eececa—mcanmceaaaeaat

CALIPER LOG
DATE: 27 FEBRUARY 91
WELL NO: S WELL DEPTH: 20.0 (BELOW LSD)
LATITUTE: 29-38-54 LONGITUDE: 98-29-51 (D-M-8)

OWNER: UTSA/DR. BLANEY
LOCATION: 1.65 MILES FROM W LIME AND 1.6 MILES FROM S LINE ON AY 68-21

DRILLER: DRILLING METHOD:
CASING: (1) DIAs 3.000 PROM: 0.000 TOs 20.0 (DIA=ID in INCHES)
(2) DIA: 0.000 FROM: 0.000 TO: 0.0 (DEPTHS = FEET)

HOLE; (1) DIA: 0.000 PROM: 0.000 TO: 0.0
(2) DIA: 0.000 FROM: 0.000 TO: 0.0

LOG OPERATOR: DRP T LOG MPt LOG TD: LSD: 1026
GAMMA LOG: YES CALIPER LOG: YRS ELECTRIC LOG: NO (LSD fxr TOPO sht)
WATER LEVEL (below LSD): 0.00
LOG SPEBED: 30 (FT/MIN) VERTICAL SCALR: S (INCHES/100FT)
CALIPER CALIBRATED PROM: 2° TO: 6° (INCHES)
COMMENTS: UTSA BOREHOLE # B-4 AT CHAMPIONS
+ Y comomcacse -
DEPTH CALIPER LOG
DIAMETER OF HOLE INCREASES ->
D > ' 4
| 1 2 &l
TBeLE z
AL 137l

20 +— 4; : L
al

L4 AL

-

] r——— 0t a3 . a= = gt a8 A at e af—. 3 3 3




T
wn
o

+ - EDWARDS UNDERGROUND WATER DISTRICT -

NATURAL GAMMA AND CASING COLLAR LOG

DATE: 27 mmmr 91

WELL NOs 5 (fy-43 —au) WELL DEPTH: 20.0 (BELOW LSD)
LATITUTE: 29-38-54 LONGITUDEs 98-29-51 (D-M-5)
OWNER: UTSA/DR. BLAMEY

LOCATION: 1.65 -Lluztm WEST line and 1.60 miles from SOUTH line on
DRILLER: SOUTHWESTERN LABS. DRILLING MRTHOD: MUD ROTARY
CASING: (1) DIA: 3.00 FROM: 0.00 TO: 20.00 (DIA~ID in INCHES)
(2) DIA: 0.00 FROM: 0.00 TO: 0.00 (DEPTHS = FEET)
HOLE: (1) DIAs 0.00 FROM: 0.00 TO0: 0.00
(2) DIA: 0.00 FROM: 0.00 TO: 0.00

LOG OPERATOR: DRP . LOG MP: LOG TD: L8D: 1026
GAMMA LOG: YRS CALIPER LOG: YES ELECTRIC LOG: NO (L8D fr TOPO sht)
WATER LEVEL ébolow LSD)s 0.00
LOG SPEED: FT/MIN) VERTICAL SCALE: 3.0 (INCHES/100FT)
TIME CONSTANT: COUNTS8/SECOND:s 100 / 20 (CHART DIVISIONS)
COMMENTS: UTSA BOREHOLE # B-4 AT CHAMPIONS.
+‘ - an an - e - - G G Cb ED ED G Wb 4R GD SR G 4D ab 4D
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CALIPER LOG
DATE: 27 rzanunnr 91
WELL NO: 68‘;!3 WELL DEPTH: 15.2 (BELOW LSD)
LATITUTE 29-38-54 LONGITUDE: 98-29-51 (D~-M-8S)

OWNER: UTSA/DR. BLANEY

LOCATIONs 1.65 miles from WEST line and 1.60 miles from SOUTH line on
map AY 68-21.

DRILLER: DRILLING METHOD:

CASING: (1) DIA: 3.00 FROM: 0.00 TO: 15.20 (DIA=ID in INCHES)
(2) DIA: 0.00 FROM: 0.00 TO: 0.00 (DEPTHS = FRET)

HOLE1: (1) DIA:s 0.00 PROM: 0.00 TO: 0.00
' (2) DIA: 0.00 FROM: 0.00 TO: 0.00
LOG OPERATOR: DRP LOG MP1 LOG TD: LSD: 1024
GAMMA LOG: YBS CALIPER LOG: YES ELECTRIC LOG: NO (LSD fr TOPO sht)
WATER LEVEL (below LSD): 0.00
LOG SPEED: 30 (PT/MIN) . VERTICAL SCALE: 5.0 (INCHES/100FT)
CALIPER CALIBRATED PROM: 4 TO: 8 ( INCHES)
COMMENTS: UTSA BOREHOLE # B-5 AT CHAMPIONS.
---------------- - .- - s D e ——--—------‘--------------------------------+
DEPTH CALIPER LOG
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NATURAL GAMMA AND CASING COLLAR LOG

DATE: 27 PFPEBRUARY 91

WELL NOs 6 (Q4-19-21) WELL DEPTHs 15.2 (BELOW LSD)

LATITUTE: 29-38-54 LONGITUDE: 98-29-51 (D-M-8)

OWNER: UTSA/DR. BLANEY

LOCATION: 1.65 miles from WEBST line and 1.60 miles from SOUTH line on
map AY 68-~21.

DRILLER: SOUTHWESTERN LABS. DRILLING METHOD: MUD ROTARY

CASING: (1) DIA: 3.00 PROM: 0.00 TO: 15.20 (DIA=ID in INCHES)
(2) DIA: 0.00 FPROM: 0.00 TO: 0.00 (DEPTHS = FEBT)

HOLE:s (1) DIa: 0.00 PROM: 0.00 TO: 0.00
(2) DIA:s 0.00 FROM: 0.00 TO: 0.00

LOG OPERATOR: DRP LOG MP:» LOG TD: LSD:s 1024
GAMMA LOG: YES CALIPER LOG: YES ELECTRIC LOG: O (LSD fr TOPO sht)
WATER LEVEL (below LSD): 0.00

LOG SPEED: 30 (FT/MIN) VERTICAL SCALE: 5.0 (INCHES/100FT)
TIME CONSTANT: 2 COUNTS/SECOND: 100 / 20 (CHART DIVISIONS)

COMMENTS: UTSA BOREHOLE # B-5 AT CHAMPIONS.
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e ==== EDWARDS UNDERGROUND WATER DISTRICT cmeneaat

CALIPER LOG

DATE:s 27 91

WELL NO: 2 43-2) WELL DEPTH: 14.8 (BELOW LSD)

LATITOTE:  29-38-54 LONGITUDE: 98-29-48 (D-M-8)

OWNER: UTSA/DR. BLANEY

LOCATION: 1.7 MILES FROM W LINE AND 1.6 MILES PROM S LINE ON AY 68-21

DRILLER: DRILLING METHOD:

CASING: (1) DIA: 3.000 FROM: 0.000 TO: 14.8 (DIA=ID in INCHES)
(2) DIA: 0.000 FROM: 0.000 TO: 0.0 (DEPTHS = FEET)

HOLR: (1) DIA: 0.000 FROM: 0.000 T™O: 0.0

: (2) DIA: 0.000 FROM: 0.000 70: 0.0

LOG OPERATOR: DRP = LOG MPs LOG TDs3 LSDs 1030
GAMMA LOG: YES CALIPER LOG: YRS ELECTRIC LOG: RO (L8D fr TOPO sht)
WATER BEVEL (below LSD): 0.00

LOG SPEED: 30 (FT/MIN) VERTICAL SCALEB: S (INCHES/100FT)
CALIPER CALIBRATED FROM: 2° TO: 6° (INCHES)

COMMENTS: UTSA BOREHOLE # B-2 AT CHAMPIONS
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- -~ RDWARDS UNRDERGROUND WATER DISTRICT- +

NATURAL GAMMA ARD CASING COLLAR LOG

DATE: 27 mmmu 91

WELL NO: A-63-2))

LATITUTRE: 29-38- 4

OWNER: UTSA/DR. BLANRY

LOCATION: 1.70 -iles from WEST line and 1.60 miles from SOUTH line on
map AY 68-21.

WELL DEPTH: 14.8

(BELOW LSD)
LONGITUDE:s 98-29-48

(D-M-8)

DRILLER: SOUTHWESTERN LABS. DRILLING METHOD: NUD ROTARY
CASING: (1) DIAs 3.00 FROM: 0.00 T™0: 14.80 (DIA=ID in INCHES)
(2) DIA: 0.00 FROM: 0.00 TO: ©0.00 (DEPTHS = FEET)
HOLE: (1) DIA: 0.00 PROM: 0.00 TO: 0.00
(2) DIAs 0.00 FROM: 0.00 T0: 0.00
LOG OPERATOR: DRP LOG MPs LOG TD: L8D:s 1030 -
GAMMA LOG: YES CALIPER LOG: YES ELECTRIC LOG: MmO (LSD fr TOPO sht)
WATER LEVEL (below LSD): 0.00
LOG SPEED: 30 (PT/MIN VERTICAL SCALE: 3.0 (INCHBS/IOOM)

TIME CONSTANT: 2 COUNTS/SECOND: . 100 / 20

(CHART DIVISIONS)
COMMENTS: UTSA BOREHOLE § B-2 AT CHAMPIONS.
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- ~- EDWARDS uunxmulb WATER nrsmcrn.;...,-.......a..-a.«»
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NATURAL GAMMA AND CABINBCOLMRW

DMRS 27 ‘FPEBRUARY 91

WELL WOt 1 A (AY-4g-al)

IAPITUTR: 29-38-54
OWNER: UTSBA/DR. BLANEY

LOCATION: 1.60 miles from WESY

map AY 68-21.

CASINGt (1) DIA: 3.00
HOLE: . (1) DIA: 0.00
“1 (2) pIAs 0.00
10G apmm: DRP
GAMMA LOG: YES

WATER LEVEL (below LSD)3
(PT/MIN)
COUNTS/8ECOND: 100 / 20

LOG SPEED: 30
TIMB CONSTANT: 2

..4—‘ .

WHLL DEPTH: 15.0 . ‘M !nBD)

LONGITUDE: 98-29-5¢

FROMS
FRON:
YROM:
LOG MP:

0.00

, namm
0.‘“ 1701
0.00
0.00
0.. 00

CALIPER LOG: YES ELECTRIC LOG: WO

VERTICAL SCALR: 5.0
(CHART DIVISIONS)

md
15.00
0.00
0.00

0.00 .-

20:

101
70t
LOG TD:

COMMENTS: UTSA BORERHOLE # B-6 AT CHANPIORS.
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DATE: 27 PEBRUARY 91

WELL NO: 1 A nq%«g-g;) WELL DEPTH: 13.0 (BRLOW L8D)

LATITUTE: 29-38-5 LONGITUDR: 9842954 (D-M-8)

OWNER: UTSBA/DR. BLANRRY

LOCATION: 1.6 MIIRS FROM W LINE AND 1.6 MILES PFPROM 8 LINE ON AY 68-21

DRILLER: DRILLING METHOD:

CASING: (1) DIA: 3.000 FROM: 0.000 ™: 15.0 (DIA=ID in INCHES)
(2) DIA: 0.000 FPRON: 0.006 T0: 0.0 (DEPTHB = PEET)

HOLE: (1) DIAs 0.000 PROMs 0.000 TO1 0.0 |
(2) DIA: 0.000 YROKI 0.000 m' o.o .

.LLOG OPBRATOR: DRP 10G MP3 LOG TD: L8D: 1026

GAMMA LOG: YRS CALIPER LOG: YRS ELECTRIC LOG: M0 (LSD £fx T0PO sht)

WATER LERVEL (below LSD): 0.00 : -

LOG SPEED:s 30 (FT/MIN) ' VERTICAL SCALEs S  (IKCHES/100¥?)

CALIPER CALIBRATED PROM: 2° T0: 6° (INCHES)

COMMENTS: UTSA BOREHOLE # B~6 AT CHAMPIONS
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+ ~=-c==~-= EDHARDS UKDERGROUND WATER DISTRICT~<encaserce~ -
' NATURAL GAMMA AND CASING COLLAR LOG

DATE: 27 nanmr 91
‘WEBLL NO: bé‘a‘)
LATITUTES 29 -
OWNER: U'EBA.IDR.

map AY 68-21.
DRILLER: S

(2) DIA: 0.00

TIME CONSTANT:

<+

LOCATION: 160.110- fxom WEBST line and 1.60 miles from SOUTH line oan

LABS., DRILLING METHOD: MUD ROTARY
CASING: (1) DIA: 3.00

HOLB? (1) DIAs 0.00
(2) DIAs 0.00

LOG QPERATOR: DRP LOG MP: LOG TD: LSD: 1026
GAMMA LOG: YES CALIPER LOG: YES ELECTRIC LOG: NO (LSD fr TOPO sht)
WATER LEVEL (below L8D)1: 0.00

LOG SPEED: 30 FT/MIN) VERTICAL SCALE: 5.0 (INCHES/100FT)

COUNTS/SECONDs 100 / 20 (CHART DIVISIONS)
COMMENTSs UTSA BOREHOLE # B-7 AT CHAMPIONS.

+

WELL DEPTN: 18.3 (BELOW LSD)
LONGITUDE: 98-29-54 (D-N~8)

PROM: 0.00 T™0: 15.30 (DIA=ID in INCHES)
FROM: 0.00 TO: 0.00 (DEPTHS = PRET)
FROM: 0.00 TO3 0.00

FROM:s 0.00 TOs 0.00

- - +
CASING COLLAR LOG DEPTH GAMMA LOG _

RADIAPION INCREASES COUNTS/SECOND-woff  : '
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CALIPER LOG
DATE: 27
WELL NO: 3 z b;_ ;u> WELYL, DEPTH: 1S5.3 (BELOW L8D)
LATITUTEs 29-38- LONGITUDR: 98-29-54 (D=X-8)

OWNER: MAIDR.

LOCATION: 1.6 m.xsmwx.mm 1.cmsmsmo.nso-n
DRILLER: DRILLING METHOD:
CASING: (1) DIA: 3.000 FROM: 0.000 %0: 15.3 (DIA=ID in INCHRS)

(2) DIA:s 0.000 FROM: 0.000 T™0: 0.0 (DEPTHS = PERT)
HOLR: (1) DIA: 0.000 FROMs 0.000 TO:s 0.0

(2) DIA: 0.000 FROM: 0.000 T0: 0.0
LOG OPERATOR: DRP LOG MP: LOG TD: LSD: 1026
GAMMA LOG: YES CALIPER LOG: YES ELECTRIC LOG: NO (LSD fr TOPO sht)
WATER LEVEL (below LSD): 0.00

LOG SPEED: 30 (FT/MIN) VERTICAL SCALE: S (INCHES/100PT)
CALIPER CALIBRATED FROM: 2° T0: 6* (IRCHRS)

COMMENTS: UTSA BOREHOLE # B-7 AT cmumxous
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- weeceee BDNARDS UNDERGROUND WATER DISTRICT-=—eceecea=a -+
NATURAL GAMMA AND CASING COLLAR LOG

DATE: 27 FEB Y 91
WELL NO: 11{ AY-(3-a) WELL DEPTH: 44.6 (BELOW LSD)
LATITUTEs 29-38-54 LONGITUDE: 98-29-51 (D-M-8)
OWNER: UTSA/DR. BLANEY '
LOCATION: 1.65 miles from WEST line and 1.60 miles from SOUTH line on
map AY 68-21.
DRILLER: SOUTHWRSTERN LABS. DRILLING METHOD: MUD ROTARY
CASINGs (1) DIAs 3.00 PROM:s 0.00 TO: 44.60 (DIA=ID in INCHES)
(2) DIA: 0.00 FROM: 0.00 TO: 0.00 (DEPTHS = PEET)
HOLEs (1) DIA: 0.00 FROM: 0.00 TOs 0.00
(2) DIAs 0.00 _ FROM: 0.00 TO: 0.00

LOG OPERATOR: DRP LOG MPs LOG TD:s 44.0 LSD: 1029
GAMMA : YES CALIPER LOG: YES EBLRCTRIC LOG: NO (LSD £fr TOPO sht)
WATER LEVEL (below LSD): 0.00
LOG SPRED:s 30 (?T/!(IN) VERTICAL SCALE: 5.0 (INC!(ES/IOO?T)
TIMR CONSTANT: 2 COUNTS/SECOND: 100 / 20 (CHART DIVISIONS)
COMMENTS: UTSA BOREHOLRE # B~10 AT CHAMPIONS.
% - - an en > a» GD Gn e S o . - e a» @ oo oo e =v B an o & +
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. RADIATION INCREASES COUNTS/S8ERCOND--->
o . N
&Y} Dl
HAdLE 17
0
=]
y v
o _ - ' Ry
307 ~—>
—
§o
— 7 1 T = s Ll e i e RE e SIS S B SR = A = S




09-¥

L LY T T Yy

CALIPER LOG
DATE: 27 FEBRUARY 91
WELL NO: 11 1"‘1;‘?*’) WELL DEPTH: 44.6 (BELOW LSD)
LATITUTE: 29-38-54 LONGITUDE: 98-29-51 (D-M-S)

OWNER: UTSA/DR. BLANEY
LOCATION: 1.65 MILES PROM W LINE AND 1.6 MILES FROM S LINE ON AY 68-21

EDNARDS UNDERGROUND WATER DISTRICT-=-caccccccce= ——eca——

-+

DRILLERS DRILLING METHOD:
CASING: (1) DIA: 5.500 PROM: 0.000 TO: 44.6 (DIA=ID in INCHES)
. (2) DIA: 0.000 PROM: 0.000 TO: 0.0 (DEPTHS = PBET)
HOLR: (1) DIA: 0.000 FROM:s 0.000 T™Os 0.0
(2) DIA: 0.000 FROM: 0.000 T™0: 0.0
LOG OPERATOR: DRP LOG MP: LOG TD: 43.0 LSD: 1029
GAMMA LOG: YRS CALIPER LOG: YES ELECTRIC 1OG: NO (LSD fr TOPO sht)
WATER LEVEL 3b°1w L8D): 0.00
LOG SPEED: 3 (PT/MIN) VERTICAL SCALE: S  (INCHES/100FT)
CALIPER CALIBRATED FROM: 4° T0: 8° ( INCHES)
COMMENTS: UTSA BOREHOLE # B-10 AT CHAMPIONS
> e o G D S G D G D S D D G TS R G G5 G G = S G OB S W GD S8 & - +
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NATURAL GAMMA AND CASING COLLAR LOG

DATE: 27 rxnmmu 91
WELL NOs: M -b%-a\ ) WELL DEPTH: %0.1 (BELOW LSD)
LATITUTE: 29~ 8-34 LONGITUDE: 98-29-51 (D=-M-8)
OWNER: UTSA/DR. BLAMEY '
LOCATION: 1.6S u%:aztm WEST line and 1.60 miles from SOUTH line on
map AY -21.
DRILLER: SOUTHWESTERM LABS. DRILLING MERTHOD: MUD ROTARY
CASING: (1) DIA:s 3.00 FROM: 0.00 TO:t 50.10 (DIA=ID in INCHES)
(2) DIA: 0.00 FROM: 0.00 TO: 0.00 (DEPTHS = FEET)
HOLE+s (1) DIA: 0.00 PROM: 0.00 TOs 0.00
(2) DIA: 0.00 __ FROM: 0.00 TO: 0.00

LOG OPERATOR: DRP LOG MP3 LOG TD: LSD: 1033
GAMMA LOG: YES CALIPER LOG: YES ELECTRIC LOG: NO (LSD fr TOPO sht)
WATER LEVEL (below LSD):t 0.00

LOG SPEED: 30 (PT/MIN) VERTICAL SCALE: 5.0 (INCHES/100FT)
TIME CONSTANT: 2 COUNTS/SECOND: 100 / 20 (CHART DIVISIONS)

COMMENTS: UTSA BOREHOLE # B-9 AT CHAI!PIOHS.

, S— EDWARDS UNDERGROUND WATER DISTRICT=ee~- c———t

CASING COLLAR LOG DEPTH GAMHA LOG
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P R 2 L2 EDNARDS UNDERGROUND WATER DISTRICT—-on ——
CALIPER LOG
DATE: 27 PEBRUARY 91
WELL NO: 10 WBLL DEPTH: S50.1 (BELOW LSD)
LATITUTE: 29-38-54 LORGITUDE:s 98-29-S1 (D-M-8)
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Transducers

B.1 Transducer Specifications

One transducer type was employed throughout the project for wuniformity
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 Dblast
would be recorded. With 11.8 K Ohm shunt resistors, the total instrument
damping 1is 58.9 8, the response is flat to approximately 15 Hertz, with a
roll-off of approximately 20 % at 10 Hertz. The instrument units are

waterproof.

B.2 Transducer Installation

Seven vertical geophones and fourteen horizontal geophones 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 1lead shot
(Figure B.1). Other packages were connected to the lifting loops and manway

covers on the outside of the tank.
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GEOPHONE SPECIFICATIONS




L=400 Series

Unique Innovations from Mark Products for Greater Results in the Field

m
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The L-400 Series is a complete new product line oifering
customers lightweight, subminiature construction, an
extremely low distortion index, and the broadest trequency
response in'the nndustry (spurlous clean band response :
to over 350 Hz).

The ruggedmed water proo1 ;,eophone employed in
the 400 Series is specifically designed for three- .
component recording, shear wave recording and
P-wave recording. The uniqueness of the 410
unit lies in its compactness and its W|de .
spurious-free band pass. The L-410'is engmeered
for ideal open circuit damping at 0.475 of
critical. This permits the customer the
choice’of damping to abate or enhance’
low trequencres ‘Additionally, the “
L-410's offset terminals assure uni-
form polarity. The anchor used in
the takeout holds the leader wire
tirmly in place, transmitting no .
stress to the geophone. Mark
Products is so confident of
_its endurance that a 4- -year,
W arrantv is provuded




L-400 3-D AMPHIB CASE

The rugged three-directional land case teatures a
high visibility ball-level indicator, making planting
easier and quicker. The case’s dual spike
configuration enhances ground coupling and
prevents rotation ol the unit. The 3-D Land Case is
constructed in three simple parts for easy
maintenance in the unlikely event of needed
repairs. The unit is fully O-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-410 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 cable
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 O-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.




L-470 Geophone

SPECIFICATIONS IR REES - Jl RESPONA CURAE
! ‘ Cd s aropmose
dE Hertz 10,14, 28 ] YOS UPU- SO Y ._.1 1GUHZ I OMM OO
Standard Frequency, , 14, '
Tolerance, +/- 5%
Standard Coil Resistance, Chms 330, 510, 795 e
Tolerance, % 7.5,7.5,10 oz
Maximum Distortion % 0.2 KL
@1.8 cm/sec M
(€0.7 in/sec) &
© 12 Hertz or Resonance if 33
Greater Than 12 Hertz . P —
Transduction Constant +/-10% i a cPEn 247y
v/cm/sec 0.01 ZZJ’RC ! S nmgzs £ 5
: : APPSR [ - “u20Ws 60
(vﬁnlm.’ . 0031 VRa) T 7T T ereGutney Rtz 0 Meoms oG
Open Circuit Damping _l§4F° n A veo ©¢ R R S22 88 g 28
Coil Current Damping 18.00 Rc
* Fo {Rc+Rs) ‘- —= 1
i : ; RESPONSE CURV
Suspended Mass M . ~ T £410 CEOPHONE
grams 7.0 it : ©v ] 1seHZ Twonvcon
(ounces) (0.25) ; ; T
Power Sensitivity o ; .
mw/cm/sec 0.378 WL Iy I T T T T I T LT T T
(mw/in/sec) (0.960) BLE B iieaingne
Case to Coil Motion - ——— = Se—
cm P-P 0.20 abd e Qe
Gins P-P) 0.080) NEL_ Y e ]
Basic Unit Dia. , 5, ¢ : o
om 2.23 : . - D T T CUAVE SHUNT DANPING
(ins) (0.88) ; R A oPth 035
S . B 2200mM5 0800
Basic Unit Ht. 3 A f = € 129T0MMS 0630
om 3.30 | 1 {eREouENCY—wERTZ, 1t | O MEOMUS  6TOC
(ins) (1.3) N h veo ©9 & R S22 88 g 8 8
Basic Unit wt.
grams 45.3 : y
IBRE o bedeas
s o HERRTNEl e
Min. Spurious Resonance 350 Henz | IREEE i /\ AR MOHZ 11 OHMCOR
Warranty 4 Years P z —
{Damage from physical abuse and high s S obe S
voltage excepted) s <t —
Specifications are subject to change without notice Atz —-‘4-7 —- e
. 2 é —_——————————
i
1 2 . 1
o i SIS B B S U N S
g SHUNT CAUNG |
o OPEN ¢
L) 312005 <5
- BIONMS €00
' 11} FPEOUENCY—wERTZ ;1 | 0 Toomws ¢
“eeg [ RYRSE8 E B §

L-410 Geophone
Actual Size

!

Mark Products, Inc. * 10502 Fallstone Road ® Houston, Texas 77099 ¢ (713) 498-0600 ¢ Telex 76-2069
Mark Products, Ltd. ¢ 1108 55th Ave., N.E. * P.O. Box 73, Station M ¢ Calgary, Alberta, T2P 2G9 Canada * (403) 275-3544
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DETAIL A DETAILC
Tank Lifting Lug Connection:
Tank Bottom Installation:

Package secured by plastic straps
to lifting 1ug. Stabilized by earth Package secured to bottom
fin. of tank by silicone adhesive.

Stabilized by bag of 1ead shot.
DETAIL B

End view of sandbag/lead shot bag
(typical)

.Manhole Cover Connection:

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

Figure B.1 Instrument Package Locations And Installation.

Techniques In Storage Tanks
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Data Acquisition System

The data was acquired on a PC-based system assembled by CWR staff from
state-of-the-art hardware and software components. When subjected to vibratory
loads, the velocity sensors (geophones) generated- a time-varying voltage
linear with the ground motion velocity (Appendix B). This signal was carried
over twelve-conductor-pair cables to the preconditioning unit, where each
channel of analog signal was amplified at a user-selected descrete level
between 1 and 1000 (Figure C.1, Table C.l). The conditioned signal then passed

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

digitized.

The sampling rate specified for each channel was 1024 samples per second,
allowing signal discrimination to above 500 Hz. The cut-off frequency was more
than adequate, because the geophones were only calibrated by the manufacturer
to 400 Hz. Most of the ground motion energy was transmitted at frequencies
below 200 Hz. The acquisition board functions were controled by dedicated
software (Figure C-2). The digital data was stored on a 160 megabyte hard
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-

tion system and to confirm proper ampifier gain settings for each channel.
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Figure C.1  PC-Based Data Acquisition Systenm
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Table C.1 - Available

Gain values

SWITCH RESISTOR GAIN
POSITION VALUE 1:X
b | OPEN 1.00

2 22 Kohm 2.00

3 5.6 Kohm 4.93

q 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

c-3
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Figure C.2 Analytical Capabilities For Data Acquisition And

Reduction Software System
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DATA REDUCTION PROCEDURES
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Data Reduction Procedures

D.1 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 indicaté 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
obtained to provide direction for further analysis.

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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Frequency domain response data for each record (blast event) were separated by
direction of motion (vertical, longitudinal, transverse) and plotted in a
three-dimensional display of amplitude versus frequency and channel (Appendix
E). Three plots were made per blast. Two-dimensional color contour plots of
the same data were also generated. The two sets of plots complemented each
oth;r, in that the three-dimensional plots demonstrated the continuity of
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
plots described above. These plots related response amplitude to charge
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
sample plots are displayed in Appendix E. In addition, the relationship

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



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 vdltage 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;

3
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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 gecophone 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:



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.

N
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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 / 204.8 units/volt

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

time history amplitude / 0.874 volts/inch/second

(5) AMPLIFIER GAIN CALIBRATION

time history amplitude / amplifier channel gain

r




SAMPLE REDUCED DATA




SECTION E-1
TIME HISTORIES AND FOURIER TRANSFORMS
FOR

INDIVIDUAL INSTRUMENTS IN SEQUENCE S04
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Blast s045 Longitudinal Channel 15 Time History
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Blast so4d Vertical Channel.23 Time History
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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



s045 Vertical Frequency Topo (v=4.157e—06:0.016;0.16)
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so45 Longitudinal Frequency Topo (v=5.332e—06:0.042:0.424)
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so45 Transverse Frequency Topo (v=4.686e—06:0.03:0.301)
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s048 Vertical Frequency Topo (v=0:0.193;1.934)
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so48 Longitudinal Frequency Topo (v=0:0.213:2.13)
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so048 Transverse Freciuency Topo (v=0:0.356:3.566)
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so4d Vertical Frequency Topo (v=0:8.997;89.98)
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so4d Longitudinal Frequency Topo (v=0.001:10.74:107.4)
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Blast so43 Peak Particle Velocity Report

sensor
location
=sSs|saooss=ss
(21, 3, 0)
(21, 3, 0)
(22, 3, 0)
(21, 7, 0)
(21, 7, 0)
(21, 7, 0)
(21,12, 0)
(21,12, 0)
(21,12, 0)
(21,17, 0)
(21,17, 0)
(21,17, 0)
(16, 8,-10)
(16, 8,-10)
(16, 8,-10)
(17, 3, -5)
(17, 3, -5)
(17, 3, -5)
(16' 8'-20)
(16, 8,-20)
(16, 8,-20)
(21, 3, -5)
(21, 3, -5)
(21, 3, -5)
(16' 3' -4)
(16, 3, -4)
(25, 3, -5)
(25, 3, -5)
(25' 3' -5)
(26' 3' -4)
(26, 3, -4)
(26, 3, -4)

channel
mode
i —1-+1-++++t1-$-1-14
vertical
longitudinal
transverse
vertical
longitudinal
transverse
vertical
longitudinal
transverse
vertical
longitudinal
transverse
vertical
longitudinal
transverse
vertical
longitudinal
transverse
vertical
longitudinal
trangverse
vertical
longitudinal
transverse
vertical
longitudinal
vertical
longitudinal
transverse
vertical
longitudinal
transverse

peak particle

velocity

absolute ppv:
absolute ppv:
absolute ppv:
absolute ppv:
absolute ppv:
absolute ppv:
absolute ppv:
absolute ppv:
absolute ppv:
absolute ppv:s
abgsolute ppv:
absolute ppv:
absolute ppv:
absolute ppv:
absolute ppv:
absolute ppv:
absolute ppv:
absolute ppv:
absolute ppv:
absolute ppv:
absolute ppv:
absolute ppv:
absolute ppv:
abgolute ppv:
absolute ppv:
absolute ppv:
absolute ppv:
absolute ppv:
absolute ppv:
absolute ppv:
absolute ppv:
absolute ppv:

0.1775

0.64208
0.64608
0.5534

0.69961
0.53955
2.00189
3.38645
3.29135
2.45084
6.38467
2.71437
0.28534
0.28814
0.2393

0.35564
0.15294
0.59692
0.14595
0.13329
0.13869
0.2116

0.12438
0.35891
0.23846
0.12447
0.21288
0.18175
0.26961
0.23247
0.08677
0.07231



Blast so44 Peak Particle Velocity Report

sensor channel

location mode peak particle velocity
(21,25, 0O) wvertical absolute ppv: 4.58711e-05
(21,25, O0) longitudinal absolute ppv: 0.00021
(21,25, O) transverse absolute ppv: 0.00033
(16,25, O) vertical absolute ppv: 0.00022
(16,25, O0) longitudinal absolute ppv: 0.0002
(16,25, 0) transverse absolute ppv: 0.00027
(16,30, O) vertical abgolute ppv: 0.00019
(16,30, 0) 1longitudinal absolute ppv: 0.00097
(16,30, 0) transverse absolute ppv: 0.00031
(21,25, O0) vertical absolute ppv: 0.00025
(21,25, O0) longitudinal absolute ppv: 0.00035
(21,25, O) transverse absolute ppv: 0.00021
{16,30,-10) vertical absolute ppv: 0.0004
(16,30,-10) 1longitudinal 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: 0.000S
(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) wvertical 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



Blast so045 Peak Particle Velocity Report

sensor channel

location mode peak particle velocity
(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, O0) longitudinal absolute ppv: 0.00745
(16,25, 0) transverse absolute ppv: 0.0074
(16,30, 0) wvertical absolute ppv: 0.00457
(16,30, O0) longitudinal absolute ppv: 0.01452
(16,30, O0) transverse absolute ppv: 0.01508
(21,25, 0O) vertical absolute ppv: 0.02054
(21,25, 0) longitudinal 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) 1longitudinal 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) 1longitudinal 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) wvertical 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

3 3

3

3
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Blast so46 Peak Particle Velocity Report

sensor channel
location mode
(21,25, O0) vertical
(21,25, O0) longitudinal
(21,25, O0) transverse
(16,25, 0) vertical
(16,25, O0) longitudinal
(16,25, 0) transverse
(16,30, 0) vertical
(16,30, O0) longitudinal
(16,30, O0) transverse
(21,25, O0) vertical
(21,25, 0) longitudinal
(21,25, O0) transverse
(16,30,-10) vertical
(16,30,-10) longitudinal
{(16,30,-10) transverse
(17,25, =-5) vertical
(17,25, -5) longitudinal
(17,25, -5) transverse
(16,30,-20) vertical
(16,30,-20) longitudinal
(16,30,-20) transverse
(21,25, -5) vertical
(21,25, -5) longitudinal
(21,25, -5) transverse
(16,25, -4) vertical
(16,25, -4) longitudinal
(25,25, -5) vertical
(25,25, -5) longitudinal
(25,25, -5) transverse
(26,25, -4) vertical
(26,25, -4) 1longitudinal
(26,25, -4) transverse

peak particle velocity

SEEEEEEsETooooseEss=

absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute

PpVv:
ppv:
pPpv:
PpV:
PpV:
ppv:
ppv:
ppv:
pPpVv:
ppVve
ppv:
PpV:
PpVv:e
pPpv:
pPpv:
PPV:
pPpV:
pPpv:
ppv:
PpVv:
pPpv:
ppv:
ppv:
pPpv:
ppv:
ppv:
pPpv:
pPpVv:
PpV:
ppv:
PPV:
ppv:

0.00639
0.00387
0.00624
0.00419
0.00801
0.00801
0.00459
0.01443
0.01506
0.021s3
0.05681
0.03179
0.0011

0.0011

0.00163
0.00217
0.00128
0.00295
0.00076
0.00111
0.0006

0.00146
0.00117
0.00254
0.00218
0.00073
0.00137
0.00162
0.00449
0.00159

6.47127e-05
5.05001e-05



Blast 8047 Peak Particle Velocity Report

sensor channel
location mode
(21,25, 0) vertical
(21,25, 0) longitudinal
(21,25, 0) transverse
(16,25, 0) vertical
(16,25, 0) longitudinal
(16,25, 0) transverse
(16,30, 0) vertical
(16,30, 0) longitudinal
(16,30, O0) transverse
{21,25, 0) vertical
(21,25, O0) 1longitudinal
{21,25, O0) transverse
(16,30,-10) vertical
{(16,30,-10) 1longitudinal
(16,30,-10) transverse
(17,25, -5) vertical
(17,25, -5) longitudinal
(17,25, ~5) transverse
(16,30,-20) vertical
(16,30,-20) longitudinal
(16,30,-20) transverse
(21,25, -5) vertical
(21,25, -5) 1longitudinal
(21,25, -5) transverse
(16,25, -4) vertical
(16,25, -4) longitudinal
(25,25, -5) vertical
(25,25, -5) longitudinal
(25,25, -5) transverse
(26,25, -4) vertical
(26,25, -4) 1longitudinal
(26,25, -4) transverse

peak particle

velocity

absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
abgolute
absolute
absolute
absolute
absolute
absolute
absolute

PPV:
]
PpV:
ppVv:
ppv:
PpV:
pPpVv:
ppVv:
ppv:
pPpVv:
ppv:
ppv:
PPV:
ppvs
ppv:
ppv:
ppv:
ppvs
PpV:
ppv:
ppv:
ppVv:
PpV:
ppv:
ppv:
ppv:
pPpVv:
pPDV:
ppVv:
ppVv:
ppV:
PPV:

0.00711
0.00385
0.00622
0.00441
0.00765
0.00872
0.00633
0.01449
0.01505
0.02088
0.05935
0.03649
0.00111
0.0011

0.00175
0.00298
0.00136
0.00323
0.00076
0.00109
0.00069
0.00152
0.00154
0.00271
0.00203
0.00077
0.00137
0.00178
0.00441
0.00154
0.0002

0.00011

-3 3 3 __3

3 3 3
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Blast so48 Peak Particle Velocity Report

sensor channel

location mode peak particle velocity
(21,25, 0O) wvertical absolute ppv: 0.03651
(21,25, O0) longitudinal absolute ppv: 0.04062
(21,25, O) transverse absolute ppv: 0.09165
(16,25, O0) wvertical absolute ppv: 0.04217
(16,25, 0O) 1longitudinal absolute ppv: 0.06601
(16,25, 0O) transverse absolute ppv: 0.04807
(16,30, 0) vertical absolute ppv: 0.16092
(16,30, 0) 1longitudinal absolute ppv: 0.16205
(16,30, 0O) transverse absolute ppv: 0.34903
(21,25, O0) vertical absolute ppv: 0.22119
(21,25, O0) longitudinal absolute ppv: 0.36602
(21,25, O) transverse absolute ppv: 0.12663
(16,30,-10) vertical absolute ppv: 0.02032
(16,30,-10) longitudinal absolute ppv: 0.02032
(16,30,-10) transverse absolute ppv: 0.01631
(17,25, ~5) vertical absolute ppv: 0.05352
(17,25, -5) longitudinal absolute ppv: 0.01314
(17,25, -5) transverse absolute ppv: 0.07222
(16,30,-20) vertical absolute ppv: 0.01862
(16,30,~20) longitudinal absolute ppv: 0.00977
(16,30,-20) transverse absolute ppv: 0.00898
(21,25, -5) vertical absolute ppv: 0.04963
(21,25, -5) 1longitudinal absolute ppv: 0.0223
(21,25, -5) transverse absolute ppv: 0.05877
(16,25, -4) vertical absolute ppv: 0.02268
(16,25, -4) ‘longitudinal absolute ppv: 0.0139
(25,25, -5) vertical absolute ppv: 0.05586
(25,25, ~5) longitudinal absolute ppv: 0.03469
(25,25, -5) transverse absolute ppv: 0.07023
(26,25, -4) vertical absolute ppv: 0.02156
(26,25, -4) 1longitudinal absolute ppv: 0.00838
(26,25, -4) transverse absolute ppv: 0.01106



Blast so49 Peak Particle Velocity Report

sensor channel

location mode peak particle velocity
(21,25, O0) vertical absolute ppv: 0.02383
(21,25, O0) 1longitudinal absolute ppv: 0.02336
(21,25, 0) transverse absolute ppv: 0.01952
(16,25, 0) vertical absolute ppv: 0.02032
(16,25, O0) 1longitudinal absolute ppv: 0.02132
(16,25, O0) transverse absolute ppv: 0.042
(16,30, 0) vertical absolute ppv: 0.10086
(16,30, O) longitudinal absolute ppv: 0.07025
(16,30, 0O) transverse absolute ppv: 0.24817
(21,25, O0) vertical absolute ppv: 0.06366
(21,25, O) 1longitudinal absolute ppv: 0.23345
(21,25, 0) transverse absolute ppv: 0.0603
(16,30,-10) vertical absolute ppv: 0.02783
(16,30,-10) 1longitudinal 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) 1longitudinal 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) longitudinal absolute ppv: 0.00016
(25,25, -5) vertical absolute ppv: 0.01962
(25,25, -5) longitudinal absolute ppv: 0.01355
(25,25, -5) transverse absolute ppv: 0.05222
(26,25, -4) vertical absolute ppv: 0.00459
(26,25, -4) longitudinal absolute ppv: 0.00081
(26,25, —~-4) transverse absolute ppv: 0.00012
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Blast sod4a Peak Particle Velocity Report

sensor channel

location mode peak particle velocity
(21,25, 0) wvertical absolute ppv: 0.02493
(21,25, O0) 1longitudinal absolute ppv: 0.01727
(21,25, O0) transverse absolute ppv: 0.04652
(16,25, 0) vertical absolute ppv: 0.01726
(16,25, 0) 1longitudinal absolute ppv: 0.01776
(16,25, 0) transverse absolute ppv: 0.03744
(16,30, O) vertical absolute ppv: 0.05666
(16,30, O0) longitudinal absolute ppv: 0.19491
(16,30, 0O) transverse absolute ppv: 0.10198
(21,25, 0) vertical absolute ppv: 0.07S
(21,25, O) 1longitudinal absolute ppv: 0.09293
(21,25, O0) transverse absolute ppv: 0.07341
(16,30,-10) vertical absolute ppv: 0.01172
(16,30,-10) 1longitudinal absolute ppv: 0.02069
(16,30,-10) transverse absolute ppv: 0.01801
(17,25, -5) vertical absolute ppv: 0.03014
(17,25, =-5) 1longitudinal absolute ppv: 0.01071
(17,25, ~-5) transaverse absolute ppv: 0.03515
(16,30,-20) vertical absolute ppv: 0.01503
(16,30,-20) 1longitudinal absolute ppv: 0.00733
(16,30,-20) transverse absolute ppv: 0.01779
(21,25, -5) vertical absolute ppv: 0.01916
(21,25, -5) 1longitudinal absolute ppv: 0.01576
(21,25, -5) transverse absolute ppv: 0.02169
(16,25, -4) vertical absolute ppv: 0.00947
(16,25, -4) 1longitudinal 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) 1longitudinal absolute ppv: 0.00057
(26,25, -4) transverse absolute ppv: 3.87988e-05
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Blast sod4b Peak Particle Velocity Report

sensor channel

location mode peak particle velocity
(21,25, 0) vertical absolute ppv: 0.13302
(21,25, 0) 1longitudinal absolute ppv: 0.09598
(21,25, O) transverse absolute ppv: 0.1115
(16,25, 0) vertical absolute ppv: 0.10464
(16,25, O0) 1longitudinal absolute ppv: 0.1087
(16,25, 0) transverse absolute ppv: 0.12425
(16,30, O0) vertical absolute ppv: 0.21983
(16,30, 0) 1longitudinal absolute ppv: 1.22387
(16,30, 0) transverse absolute ppv: 1.00063
(21,25, O0) vertical absolute ppv: 0.18111
(21,25, O0) 1longitudinal absolute ppv: 0.81931
(21,25, O0) transverse absolute ppv: 0.40542
{(16,30,-10) vertical absolute ppv: 0.06825
{(16,30,-10) 1longitudinal absolute ppv: 0.06814
(16,30,-10) transverse absolute ppv: 0.09501
(17,25, -5) vertical absolute ppv: 0.07128
(17,25, -5) 1longitudinal absolute ppv: 0.04677
(17,25, -5) transverse absolute ppv: 0.17991
(16,30,-20) vertical absolute ppv: 0.06728
{16,30,-20) 1longitudinal absolute ppv: 0.03824
(16,30,-20) transverse absolute ppv: 0.05476
(21,25, -5) vertical absolute ppv: 0.09635
(21,25, -5) 1longitudinal absolute ppv: 0.11371
(21,25, -5) transverse absolute ppv: 0.09411
(16,25, -4) vertical absolute ppv: 0.01589
(16,25, -4) 1longitudinal absolute ppv: 0.01506
(25,25, -5) vertical abgolute ppv: 0.04079
(25,25, -5) 1longitudinal absolute ppv: 0.02734
(25,25, -5) transverse absolute ppv: 0.07208
(26,25, -4) vertical absolute ppv: 0.02166
(26,25, -4) 1longitudinal absolute ppv: 0.0084
(26,25, -4) transverse absolute ppv: 0.0127
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Blast so4c Peak Particle Velocity Report

sensor channel

location mode peak particle velocity
(21,25, 0) vertical absolute ppv: 1.24524
(21,25, O0) longitudinal absolute ppv: 1.2262
(21,25, O) transverse absolute ppv: 1.18687
(16,25, 0) vertical absolute ppv: 1.19889
(16,25, 0) 1longitudinal absolute ppv: 1.2034
(16,25, O0) transverse absolute ppv: 1.27986
(16,30, 0) wvertical absolute ppv: 2.92459
(16,30, O0) longitudinal absolute ppv: 2.90509
(16,30, 0) transverse absolute ppv: 3.109
(21,25, O0) vertical absolute ppv: 2.89061
(21,25, O) 1longitudinal absolute ppv: 2.60357
(21,25, O) transverse absolute ppv: 3.05837
(16,30,-10) vertical absolute ppv: 0.30524
(16,30,-10) 1longitudinal absolute ppv: 0.30676
(16,30,-10) transverse absolute ppv: 0.52574
(17,25, -5) vertical absolute ppv: 0.97981
(17,25, -5) longitudinal absolute ppv: 0.28759
(17,25, -5) transverse absolute ppv: 1.24277
(16,30,-20) vertical absolute ppv: 0.40798
(16,30,-20) 1longitudinal absolute ppv: 0.52044
(16,30,-20) transverse absolute ppv: 0.34144
(21,25, -5) vertical absolute ppv: 1.1317
(21,25, -5) longitudinal absolute ppv: 0.52246
(21,25, -5) transverse absolute ppv: 0.59817
(16,25, -4) vertical absolute ppv: 0.23667
(16,25, -4) 1longitudinal absolute ppv: 0.27699
(25,25, -5) vertical absolute ppv: 0.42837
(25,25, -5) longitudinal absolute ppv: 0.30718
(25,25, -5) transverse absolute ppv: 0.52912
(26,25, -4) vertical absolute ppv: 0.30748
(26,25, -4) 1longitudinal absolute ppv: 0.07496
(26,25, -4) transverse absolute ppv: 0.17107



Blast so4d Peak Particle Velocity Report

sensor channel
location mode
(21,25, O0) vertical
(21,25, O) longitudinal
(21,25, O) transverse
(16,25, 0) vertical
(16,25, O0) longitudinal
(16,25, O) <transverse
(16,30, 0) vertical
(16,30, O0) 1longitudinal
(16,30, O0) transverse
(21,25, 0) vertical
(21,25, O) 1longitudinal
(21,25, O) transverse
(16,30,-10) vertical
(16,30,-10) 1longitudinal
(16,30,-10) transverse
(17,25, =-5) vertical
(17,25, -5) longitudinal
(17,25, -5) transverse
(16,30,-20) vertical
(16,30,-20) longitudinal
{16,30,-20) transverse
(21,25, =-5) vertical
(21,25, -5) 1longitudinal
(21,25, -5) transverse
(16,25, -4) wvertical
(16,25, -4) longitudinal
(25,25, -5) vertical
(25,25, -5) 1longitudinal
(25,25, =-5) transverse
(26,25, -4) vertical
(26,25, =-4) longitudinal
(26,25, -4) transverse

peak particle

velocity

absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute
absolute

PPV:
ppv:
pPpV:
PPV:
PDPV:
pPPV:
ppVv:
ppv:
ppV:
pPPV:
pPpV:
ppV:
pPpV:
ppV:
PDV:
PPV:
pPpV:
PDV:
pPpV:
PPV:
pPpVv:
PpV:
ppv:
pPDV:
pPpV:
ppv:
pPpV:
PPV:
ppV:
ppVv:
PPV:
ppv:

1.36806
1.84132
1.52979
1.8518
3.15066
2.73681
3.39169
3.87735
6.0167
3.76436
5.99932
4.15721
0.59268
0.59276
0.28373
1.11283
0.3892
1.34752
1.05369
0.39953
0.3326
0.71075
0.40596
0.867
0.39551
0.28904
0.54329
0.40915
0.97688
0.39996
0.12987
0.15784



I SECTION E-5
NORMALIZED MAXIMUM VELOCITIES VERSUS TOTAL CHARGE WEIGHT

7
3 FOR

TIME HISTORIES IN SEQUENCE S04
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Ave. Normalized Max Vel. for Longitudinal Time Histories in Seq. so4
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Ave. Normalized Max Vel for Transverse Time Histories in Seq. so4
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SECTION E-6
NORMALIZED MAXIMUM VELOCITIES VERSUS TOTAL CHARGE WEIGHT
FOR

FOURIER TRANSFORMS OF TIME HISTORIES IN SEQUENCE S04
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Ave. Normalized Max Vel for Longitudinal Frequencies in Seq. so4
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Ave. Normalized Max Vel for Transverse Frequencies in Seq. so4
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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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SECTION 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




o~

Averaged Normalized Velocity Vs. Depth for Frequencies for so4

5 T T T LWL T T T
451 Ny
0 -
35F 7
3L -
£ * = Vertica
§ 251 o = Longitudinal i
& transverse
2l -
1.5 1
1 - -
0.5 .
%.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Normalized Velocity

—d 3 .3 3 __3 _3 3 3 3 .3 __3 3 3 3 g 3 3 3 3



Depth

Shot so45 Normalized Velocity Vs. Depth for Frequencies
5 T T T T kT T T T
4.5
4 -
351
3 |~
* = Vertica
25 o = Bongitudinal
+ = transyerse
2 =
1.5F
1 -
0.5
%.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Normalized Velocity




Depth

3 3

4.5

35

2.5

1.5

0.5

Shot s048 Normalized Velocity Vs. Depth for Frequencies

T T T T T T

* = Vertical
i o = Longitudinal

+ = transverse

1 1 1

-

0 0.5 1 1.5 2 2.5 3 3.5

Normalized Velocity

Lf__a =3: El . g?l g .sl . __3 g | éj g 5 J g

‘—3 ~—-j = ——‘-—Q « .35 g



Depth

4.5

2.5

1.5

0.5

Shot so4b Normalized Velocity Vs. Depth for Frequencies

3.5

= Vertical
o = Longitudinal

+ = transverse

1 1 1 []

-

i 4

0.5 1.5 2 2.5

Normalized Velocity

3.5




Shot so4c Normalized Velocity Vs. Depth for Frequencies

5 & T T 4 1 T T T T
4.5 ]
4+ 4
351 ]
3L -
5 = Vertical
8‘" 251 o =\Longitudinal N
+\& tragsverse
2 - o
1.5 7
1r -
0.5+ .
?).2 0.3 0.4 0.5 0.6 0.7 0.8 , 0.9 1

Normalized Velocity

3 ) 3 3 3 3 .3 _3 I _3 _3 _A3 3 3 _13 3 3 3 _.3



Depth

4.5

3.5

2.5

1.5

0.5

Normalized Velocity

Shot sod4d Normalized Velocity Vs. Depth for Frequencies
L_ * = Vert al
o = Longitudinal R
= transvers 4
1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9




SECTION E-11
CENTER OF GRAVITY OF FOURIER TRANSFORM PLOT
VERSUS CHARGE WEIGHT
FOR

FOURIER TRANSFORMS OF TIME HISTORIES IN SEQUENCE S04
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Channel-33 Center of Gravity of Frequencies Vs. Charge Wt. for events in so4
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Channel-36 Center of Gravity of Frequencies Vs. Charge Wt for events in so4
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Channel-37 Center of Gravity of Frequencies Vs. Charge Wt. for events in so4
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Channel-38 Center of Gravity of Frequencies Vs. Charge Wt. for events in so4
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APPENDIX F
EFFECTS OF DELAY ON RESPONSE CURVES
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Effects of Delay on Response Curves

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
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
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
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
detonation. No omne simple charge weight parameter can include all of the
above effects.

An alternate representation of the blast energy, which was followed in
this report, is based on the total charge weight per blast, without regard
for delays (Figure'F.l). The result of this representation is a significant
reduction in the slope of the amplitude/charge weight curve with increasing
charge weight for blasts with multiple delays. This slope reduction reflects
two phenomenae. First, since the holes are not detonated simultaneously, the
energy from individual holes is not addative, and a significant amount of
energy cancellation may occur. Second, the-capability of the rock to transmit
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-
rupted, a significant amount of energy is lost to inter-block friction and gas
compression.

Dispite the difficulties in determining the energy output of individual
delays within a muiltiple-delay shot, the importance of this information in

the blast response prediction process requires that a basic understanding of
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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 1lb. production blasts was 40 1lbs., which equals
the to;al 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 1b. 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 1lb. 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 1b 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.
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APPENDIX G

MEASURED DAMAGE LEVELS




Damage Criteria

G.1 Accepted Criteria
- A review of the literature indicates that criteria for damage to light
structures have been well established from analysis of experimental data. The

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
withstand relatively high peak particle velocities and diéplacements at fre-
quencies well above the natural frequency of the structure. At relatively low
frequencies (eg. between 1 and 10 Hz), the ground motion is amplified by
resonant vibratioﬁs in the structure (Figures 38 and 39), and the allowable
peak vibration amplitudes are much lower. Both peak displacement (Figure 52)
and peak velocity (Figure 54) can be related to damage potential through
analysis of damage statistics. Combining the two in a single frequency-de-
pendent relationship (Figure B-1) provides more flexibility at high frequen-
cies while providing more protection at the low end of the frequency spectrum

where structural effects are more pronounced.
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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 1lb. production blast array A-4 (Figure 5.9, Table
G.1). The edge of the blast array was located 42 feet from the pipe éenter
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 1b. 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 inches/sec, 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
th? 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.



G.4 Tank Response

The steel tank was subjected to vibrations from a 160 1lb. production
blast, the edge of which was 23 feet from the center line of the tank. Peak
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).
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.

G.5 VWell Response

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
ground surface. Peak amplitudes ranged from 8 inch/sec at the ground surface
to 12 inch/sec at depths greater than 5 feet (Table G.5). The blast vibra-
tions were transmitted directly from the 13.5-foot-deep blast holes through
competent rock to the well casing. No structural damage to the casing was

recorded, although some permanent ground displacement was observed at the

surface.

G.6 Summary

At peak velocity amplitudes below 2 inches/sec, mortar joints in
buried pipes were not damaged. Amplitudes above 2 inches/sec induced relative
motion between pvc pipes and precast manholes, which cracked mortar joints at
the connections. Rubber boot seals were not, however, damaged by wvibrations
with amplitudes of up to 7 inches/sec.

The steel tank was not damaged by vibrations with amplitudes of up to
3 inches/sec, 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

‘ .

structures is consistent with the greater strength and ductility of steel

compared with the weak and brittle cement-based mortar.

G-3

3 -3 3 __3



—3 ~3 ~—3 ~ 3 T3 3 73

—3

Table 13.—Safe levels of blasting vibrations

for residential type structures

Ground vibration—peak particle
velocity, in/sec
Type of structure At low A high
frequency frequency
(<40 HD) (240 H2)
Modern homes, Drywall interiors -........ 0.75 2.0
Older homes, plaster on wood lath construc.
tion for interior wall$ —ceeeeecomnnnaanaa. .50 20

! All spectral peaks within 6 dB (50 pct) amplitude of the predominant ire-

quency must be analyzed.

(From Reference 2, Nicholls Et Al)
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APPENDIX B.—ALTERNATIVE BLASTING LEVEL CRITERIA

Safe blasting vibration criteria were developed
for residential structures, having two frequency
ranges and a sharp discontinuity at 40 Hz (1able
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.

Using both the measured structure amplifi-
cations (fig. 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).
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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.1 - 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 2450, 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

3




Table G.2 - Peak Velocity Amplitudes for 40# Test Pipeline Blast,
v Array A-5, 4-22-91 .

[ Instrument Channel Peak Velocity Predeminant Frequency
: Package (Inches/Sec) (Hertz)
F s-2 11 2.1 10

{Station 2+50, 12 2.5 (clipped) 10
F at surface) 13 2.5 (clipped) 10
F IP4 29 -1.8 12
|'- {Station 2450, 30 1.4 10
i at Pipe) 31 1.2 12
1

s-3 14 2.8 10

F (Station 2400, 15 2.5 (clipped) 11

at Surface) 16 3.1 (clipped) 10
F Ip2 23 2.8 15
: * (Station 2+10, 24 2.8 22
F at Pipe) 25 -2.5 10
F IP5 32 0.7 10
L

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

Instrument

Channel Peak Velocity Predominant Frequency

Package {Inches/Sec) (Bertz)

§-2 11 7.5 15, 45
(Station 2+50, 12 6.0 5, 20
at Surface) 13 6.2 15

IP4 29 7. (clipped) 45
(Station 2450, 30 2.8 14
at Pipe) 31 3.8 10

s-3 14 -1.2 38
{(Station 2+00, 15 1.5 25, 45
at Surface) 16 0.95 35

IP2 23 -1.3 100
{Station 2+10, 24 0.44 40
at Pipe) 25 -1.8 100, 140

s-1 8 3.2 12
{Station 3+00, 9 2.8 10
at Surface) 10 5.7 12

IP6 34 1.7 17
(Station 3+00, 35 1.4 10
at Pipe) 36 2.3 10

IP7 37 -1.2 12
(Station 3+00, 38 -0.27 12
at Manhole) 39 0.7 10

G-11
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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

IPS5 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




Table G.5 - 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 8.0 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 6f time sequence of detonation of each hole would
be required to determine charge weight per delay.
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