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‘EVALUATING ThE PROUND NATER RESOURCES
: OF THE HIGH PLAINS OF IEXASM.

Resu1ts .of Surface E1ectr1ca]
Res1st1v1ty Qurveys : L

ABSTRAcT"‘

The study was conducted as- part of the Department s High Plains: Aqu1fer .-h

-y

: fStudy The Wenner conf1gurat1on of e]ectrodes as used in the "Barnns Layer » o

Method" was emp]oyed to 1nvest1gate subsurface e]ectr1ca] va]ues of the’ H1gh

.P]a1ns aqu1fer to depths of 700 feet [213 meters (m)] and more. Qua11tat1ve
'_var1at1ons in hydrologic” propert1es are shown 1n terms of the aqu1fer s appar;_

". ent format1on factor and computer calcu]ated re s1st1v1ty In edd1t1on, the,v.;

'base of the Ogallala Format1on was e]ectr1ca1]y sounded
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INTRODUCTION

In 1978 the Texas Department of Water Resources initiated a reg1ona1

'iground water study of the H1gh Plains aqu1fer The study, ut111z1ng Department

: ._.personnel and geophys1ca1 equ1pment was part1a]]y funded by the U.S. Geo]og1ca1

TSurvey-and 1ts results are to:be included in that ag ncy s eight- state*study of -

".the H1gh P1a1ns aquifer, As part of the study, the Department conducted surracew -

'e]ectr1ca] res1st1v1ty sound1ngs in selected areas of the Texas High P1a1ns b.
(F1gure 1). These soundings represented the f1rst use of thws technique 1n A
_connect1on w1th a compretens1ve ground -water study of the High P1a1ns aqu1fer of
‘Texas The results will estab]wsh a basis for future stud1es of the ngh P1a1ns
'aquifer_and,other aqu1fer5's1mj1ar1y~composed of}ungonso11dated heterogeneous B

sediments.

~ Purpose and Scope

A maJor purpose of emp1oy1ng surface e]ectr1ca1 res1st1v1ty or vert1cat
e1ectr1ga1 soundings (VES) was to determine the geograph1ca1 variation in thev
High*Dlatns aquifer's hyorolog]C’propert1es based'on the differences in geo-;xﬁ
e1ectr1ca1 parameters. The seopeTof the project 1nc1uded (1)'conductinginS:dn
the’ f1e1d and (2) compiiattonﬁand analysis of datanpertaining to aquifer‘ﬂ;fln
res*st1v1t1es or formation factors to indicate trends 4n the aquifer's hydro;
1091c propert1es In add1t1on, each sounding was_evaluated to see if 1t cou]d:A

be used to determine the posjtﬁon.of the base of the-0gallala Formation;;ff

WC.}Acknow1edgements

' Appreeiation is extended.to»personnel of the'HithP]ains Underground._f.;
Waterhconservation Distr%ct.No,rl in Lubbock and’to_tbﬁ North_Plains Water

Conservation District No.'é'ﬁn'Dumas for their cooperation in furnishing‘geof
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ihydrotogica]-data used in conducting many offthevsurface electrical'res1%t4
:f;1v1ty surveys. w1111am“B' Klemt, Head of’the round Water Stud1es Un1t {s

’1xcred1ted w1th dev1s1ng the methodo1ogy ‘or conduct1ng the surface e]ectr1ca1
Ef?res1st1v1ty-surveys~ Robert«D Pr1ce geo]og1st, ass1sted in rev1ew-andhed1t—

f1ng of the manuscr1pt Thanks ere also extended to the farmers and ranchers_

-An the study area’ for perm1tt1ng the surveys to be conducted on the1r 1and

Personnel -
Th1s study was- conducted under the general superv1s1on of C.'R. Bask1n,
O P.E., D1rector, Data and Engineering Services. D1v1s1on, and Dr. Tommy R
=,Know1es, P. E Ch1efv Data Collection and Evaluat1on Section of the Texas
“Department of Water Resources ATl e.ectr1ca1 sound1ngs, tabulat1on of re-

:fsu1ts, preparat1on of 111ustrat1ons, and the’ wr1t1ng of this. report were done

.th»by Dan1e] A, Mu]]er, geo]og1st

. GENERAL GEOLOGY AND" HYDROLOGY

The Oga]]a]a Format1on is the major water bear1ng unit on the H.oh P1a1ns
'}of Texas It is composediof_unconso11dated,;f1ne—_to coarse-gra1ned,»gray to
red sand, clay, and siit;:In places, it containsisome quartz graveTIandff
.1ca1iche During ?liocenectine, large quantitdes'of eroded material:fron the
”:Rocky Mountain region. were transported by wind and water southeastward and

_depos1ted on the then ex1st1ng surface of pr1mar11y Tr1ass1c and Perm1an age

’ ~rocks In certain areas, the depositional surface was composed of Cretaceous

‘-oandLJurass1c age sed1ments The lTow valley areas were usua]ly f11]ed f1rst
;be;coarser materia]s:such;as grave]s and coarse. sand Pebbles and cobb]es off
,'quartz quartz1te, and- chert were not uncommon. Eventua]]y, with the a1d of

”sh1ft1ng streams, the ent1re area was covered by Ogallala sediments. unt11 a



. '.max1mum th1ckness of almost 900 feet (?/4 m) was attained in southwestern
71-‘J0ch1]tree County \Mu11er and Price, 19/9 Bell and Morr1son 7978).
) ' Water bear1ng areas of the Oga11a1a Formation are hydrau11ca11y connetted
except where the Canad1an R1ver has part1a11y or tota]]y eroded through the

format1on to. separate the. North and South P1a1ns

The saturated th1ckness of the 0ga11a1a Formation ranges from a few feet -

s to more than 325 feet (160 m). In genera] the areas of greatest satursted.

th1ckness occur 1n the North P1a1ns In the South P1a1ns betweén LuEbock and
' M1d]and the saturated zone varies from 1ess than 50 feet (15 m) to 200 feet
(61 my. Depth to*water below the ]and surface can range from. a1mcst 400 feet
(122 m) in parts of the North Plains to between 100 to.ZOO-feet {30 to 61 m)
throughout muth of the South P1a1ns | B |
| Oga11a1a ground water is genera]]y fre<h, containing - between 300 and
1,000 m1]11grams,per liter (mg/1) of o]ssolved solids of wh1eh3ca1c1um,vmagne—
sium, and:biearbonate are the prtncipgittonstituents. -
HydraU]teﬁeontinuity also ocCurs~between the-Oga]]ala Formation and the
under1y1ng Cretaceous, Triassic, and Perm1an formations 1n many areas of the

High P1a1ns Therefore, for the purpose. of this study, the H1gh Plains aquifer

will be cons1dered to consist of the saturated sediments of the Oga11a1a Forma-

tion and those under]y1ng potable. woter bearing units in hydrau11c continuity -

with it.

RESISTIVITY SURVEYS

Electr1ca1 methods cf <ub<urface 1nvest1gct1on consist’ of oeterm1n1ng
electrical parameterc and then corre]at1ng these values with the types of sub-

surface mater1als for wh1ch the va]ues are obtained.



. Basic Principles . . S

HE
o

Res1st1v1ty of the water bear1ng sed1ments of the High P1a1n§ aqutfer 13 )
“T}ja funct1on of the percentage of the clay, sand, and grave] part1c]es 1n the
’f‘sed1ments, and the qua]1ty of the 1nterst1t1a1 water An 1ncrease in the c]ay‘
Cor s11t content of the aqu1fer causes a decrease 1n res1st1v1ty prov1ded the
- res;;tjyjty,of the_1nterstJt1a1 water remains constant. If theAcqutfer is avw,'
; c1eanf§and,_i. e., non-sha]y,'then a ratio extsts sdchtthat (A]ger,'undated; 2

p. 11)5 - SR , e -tc‘.

F i'Ro/Rw orA R .=FR . . | . A4(1){fr‘

0 LW
5;Where: F = the format1on res1st1v1ty factor or
AR ’ formation factor (d1mens1on1e<s)
W Ro = the res1st1v1ty of the format1on in- ohm -meters ot
assum1ng 1t is saturated with water of res1st1v1ty R 5 andA
Rw = the format1on water res1st1v1ty in ohm ~meters.

{Both R and R are.corrected to 2“ cegrees cent1grade (77 FJ)

The formation water resistivity'(Rw)lmay be determined by (Alger, undated,;fl '

RWE%i103000/Specific condﬁctance at 25 degrees;cénttérade (77°F) .

Since‘theitormation resistivjty}dRo) in the above;straight-line relationehinif:
of equation (1) involves a~c1ean'sand, the e]ectric:cdrrent will flow-through;f
the e1e¢£?biyte or 1nterstitiaitnater and the sandxwilT'oe perfectly 1nsu?ai‘i~'
ting and -non- conduct1ng (Worth1ngton and Barker, ]972 ’p. 216) However,»the:';;
H1gh P1a1ns aquifer conta1ns c]ay, 911t, and sand; hence, the formation has - -
the‘capab111ty to conduct an electr1c current. The fresher the formation waéer:;'

il
H

(Rw), the more apt the current 1s to flow through the fcrmat1on matrix or

',so]1d const1tuents, espec1a11y when the clay content 1s h1gh The quant1ty ﬁif

1
) I
o . ~":‘ IR
7 . : i



“then -becomes an apparent formation factor (Fa) because the rat1o R /R departsl
from a stra1ght 11ne relationship when current passes through ‘the format1on§

: tmatr1x and a 1ower value for R resu]ts (Worth1ngton and Barker 1972 P. j
'k217) Conversely, poor quality 1nterst1t1a1 water tends to be a good e]ectro-
1yte and the’ format1on matrix will have 1ess 1nf]uence on R North*ngton and
Barker (1972). stud1ed this re]at1onsh1p on. the Bunter sandstone of northwest

‘England and showed'jt-as.
VFy= 1/ + ARy, L L (2

Where: A1 format1on matrix coeff1c1ent (the 1nf1uence |
: -of conductance through the formation).

i

'v As_Ai.approachespiero, Fa becomes-equa1 to F. Substituting eqpat%on (1) into
equation {(2), ytelds: o
n+AR) ’-RO . LT _ A
‘1/Fa‘—"—————— or' F _— o (3) -
R '.»'»“ Ry (1+ARg) " ‘
If: R 1s understood to be the computer interpreted format1on or aquifer
res1st1v1ty (Zohdy and Bisdof,- 1975)

Again, as A, approaches zero, equation_(3) becomes:
F =R /R I Y

' Using'theanethod of least squanes§iWOrthington and Barker (1972) titted a
straight 1ine‘to-ua1ues of 1/F and R obta1ned from numerous samp]es tested
in the 1aboratory and using e]ectro]ytetsa1;n1t1es of 300;-690_ 1 »200; 3,000;
6,000; and 1é;OOpiparts per mi]]ion-(ppm); The'intercept of,thﬁs 1ine on the
1/F, axis defines'the true formation factor In order to deterntne the coeffi-
cient A numerous 1aboratory tests. of test hole ‘cores wou1d be requwred Such'
procedure is beyond the scope of this study, therefore the apparent format1on

factor was~determ1ned by equation (4) by assum1ng that A, goes to zero; that

ey



'RO is the computer:interpreted formation or aquifer re s1st1v1ty, and R 1s the;'
;_nesistiyity of,the 1nterstitia1 water.
Assumptions

For th1s e1ectr1ca1 subsurface 1nvest1gat1on, the "Barnes Layer Method" )

wh1ch ut111zed the well-known Wenner array, was emp]oyed for the se]ect1on of ",;'

'electrode spac1ng to electrically eva]uate the water- bear1ng zones of the H1gh:; .

P1a1ns aqu1fer and attempt to de]1neate the base of the Oga1]a1a Format1on
(Barnes, 1954,-Henner, 1916). Furthermore, it was assumed that th1s methodx‘
would furnishfre1iab1e data to. depths of over 700 feet (213~m, even though

.Barnes - work was “concerned with <ha11ow depths of 18 to 50 feet (5 to 15 m)

and that the complex1ty of the f1e1d data, due to the greatnr depths of 1nves-i'.§¢.

‘t1gat1on cou]d be 1nterpreted ut111z1ng the computer 1nterpret1ve program
‘dev1sed,by‘Zohdy and B1sdorf (1975),_Latera1»changes 1nfsonlgre51st1v1ty were -
assumed. to be‘negligible.

: Equtpment

Equ1pment used during the survey cons1sted of a main d1rett current {DC) .

power source, a rotary DC to a]ternat1ng current (AC) 1nverter and step trans—' 2

former, a ma1n mon1tor1ng panel conta1n1ng an ammeter and vo]tmeter, and four Aft

e]ectrodes w1th connect1ng cable. | o o
The power source consisted of four heavy duty 12 vo]t (v) storage bat-

teries connecteduto‘prov1de 24 v. The'rotary DC to AC 1nverter*converted the

24 v DC«tO'a 100 Hertz (Hz) signa]thr transformer step;up»to'860'v The cur-

rent produc1ng th1s vo]tage was rect1f1ed and filtered to prov1de ripple- free,'j -

h1gh 1eve1 d1rect current for survey1ng “In the main mon1tor1ng pane], an
1nstrument was pr0v1ded to monitor current levels rang1ng from 0 to 3,000 m11—

- 1iamperes (ma); The potent1a]s deve]oped were measured w1th a prec1s1on DC

»
i



_4nu11 Hew]ett Packard modcl 419 A vo]tmeter w1th a sens1t1v1ty range ‘from + 3

f_‘;mncrovolts {pv) to 1 000 V. Two steel current e]ectrodes were mounted on re é]

’;;carr1ers WTLh cab]e suff1c1ent to prov1de 1 800 m e]ectrode separat1on Two d
“;add1t1ona1 brass potent1a1 e]ectrodes were s1m11ar11y mounted with enough
;'cab1e for 200 m- separatwon Aux111ary equipment - 1nc1uded battery chargers,

'r; add1t1ona1 e]ectrodes, and porce]a1n pots conta1n1ng a solution of copper su1~.
%'fate wh1ch were used as potent1a1 electrodes.. i E

| The aforement1oned equ1pment was contained 1n a van that cou]d be dr1ven

: to the sites that were to be eva]uated

41,.Method of Investigation -~

Se]ect1on of VES sites 1nvo]ved (1) choosing sites where a maXﬁmun_of

"aqu1fer saturated th1ckness occurred (2) avoidinéfconductors such-asipoWer-‘

11nes, buried cables, p1pe11nes, e]ectr1c fence s,'downed wire fences'or?barbedf

'w1re fences with meta]-posts; (3) 1ocat1ng s1tes in the proximity of a water

;~we11 S0 that a current stat1c water level and f1e1d specific conductance of

_ the ground water cou]d be measured, and (4) hav1ng sites for which 1nformat1on

.on the base of Oga11a1a Format1on and 11tho]ogy of the aquif er was - ava11ab1e
F1gure 1 shows the 1ocat1on of the VES sites. '

Fo]10w1ng se1ect1on of the VES sites, f1e1d'procedures ut1117ed in con-
duct1ng ‘the surface e1ectr1ca1 resistivity surveys included: (1) selecttng
the proper electrode spac1ng, (2) conduct1ng the,actua] soundings, andt(3)'
p]ott1ng the Tield VES curve f | :

The Wenner conf1gurat1on emp]oyed was the one in which two exter1or stee]
current electrodes (A and B) and two interior brass potential e]ectrodes (M -
’and N) are assembled on. 11ne and at equa]]y spaced intervals (F1gure 2) At

th1s po1nt it should: be Wade clear that the res1st1v1ty readings obta1ned in

the field are not for the individual beds of the_so1Jlor aquifer mater1a1,_but§

10

|
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WENNER ARRANGEMENT .
BATTERIES  AMMETER

(A

O

©'VOLT METER °

4].%—'

-

. ELECTRODE.

LAND SURFACE

A:LAYER DEPTH, .
:, . Crt Flgure 2
A Schemahc Verhcol Section of the Earth Showmg the _
Wenner Conflgurahon of Elecfrodes and Elecfnc Field Lines_ .. .. —— - —




b'for the‘sed1ment mass 1y1ng between the ground surface and a depth appoxi-
imate]y equa] to the Spac1ng between the electrodes.

| The next step cons1sted of spac1ng the electrodes at 10 meters (33 feet)

| é:vorvless, centered-about-the VES site; and taking a read1ng;for this depth. The
:reading,'recorded-as the potent1a1 betweenrelectrodes M and N.in volts at a
fspecified_curnEnt;tIOW in amperes throuoh electrodes A and B;Qrepresents the
apparentresistivity_of the top 10'meters (33 feet) ot_ﬁotit.These<steps were
continued attsuccessive e1ectrodeaspacings equivalent tovthe'depth of the
water tab1e, base of Oga11a1a Format1on, and a sufficient depth be]ow the
0ga1]a1a Format1on to determine the res1st1v1ty contrast between the Ogallala

and the under1y1ng sediments.

Cont1nu1ng ‘the methodo]ogy, the- next step was the computat1on of apparent

'res1st1v1ty for each of the. above e]ectrode spacings us1ng the following rela-\

t1onsh1p of - Ohm s law (Zohdy, Eaton, and Mabey, 1974)
Mﬁ%21rA V/i SRR (5)
Where: the apparent resistivity in ohm-meters, -

_the potential between electrodes M-and N in volts, and
_the current flow through electrodes A and B..in amperes.

e T
‘u i nn et

The f1na1 step in the field- procedure was the p]ott1ng of the field VES

_ sounding curve .on log-log graph paper ‘as apparent res1st1v1ty versus e1ectr0de

spacing. f" - T ) o

Interpretationuof,Resistivity Data

-Data,coiTected in the fie]d“on apparent resistivity-and'shown in Table 1

were 1nterprefed by uti]izationiof-Computer programs written by Zohdy and |

Bisdorf (1975)-for the Wenner conftguration With these programs, the field

sound1ng curve (VES) can be 1nterpreted by entering the - apparent field res1st-,

12
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|
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4
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!

- the distance between the equally spaced electrodes in meters,



€L

VES
Number County
1 Lubbock
2 Crosby
3. Floyd
a8 ) F]oyd'ﬂ
5 :,_:Hale
6 Hale
7 Lamb
8 Bailey
9 Lamb
10 Parmer
N ‘ Parmer
2 Randa
13 v . Deaf, Smith:
4 .‘ﬁ C%Effo';“
15= - .Casiro
16 Castra
17 Swisher
18 " Lamb
19 Lamb
20 Bailey
21 Bailey
S22 Castro

See Fdéthoteé at-end

Oct.
Oct.
Nov.
Nov..
Nov.
Nov.
Nov.
Nov.
Nov.
Nov.
Nov.
Novt
De@;
3De£
Dec.
Dec.

Dec.

May
May
May

May

May

Date

19, 1978
21, 1978
2,°1978
7. 1978
'8, 1978
18, 1978
18, 1978
19, 1978
20, 1978
29, 1978
30, 1978
1, 1978

L2y 1978

3, 1978
4, 1978
5, 1978

16, 1979

23, 1979
22, 1979
22, 1979
23, 1979

of table.

Table. 1 -'Summary«Datb'Der1véq:fromlvéffjbai Electrical ‘Sounding Surveys

Elevation

(ft)

3,259.
‘5,140

3,203 -
3,.1978." -
3,460 0

3,580
3,651
3,900
3,750
4,050
4,050
3,864
3,873

*3,880

C33
3,680
3,565
3,506
3,850

3,882

3,800
3,783

3,300,

Longitude

{deg. min.)

101
101
00

01

2102
.301
102
102
102
102
102
102

102,

102
102
102
101
102
102
102
103

..102 .

44

8 . -
.21;'
3
05

59

18

55
13
48
42
10
23;

o

22
06
52
07
35
51
02
12

Approximate.
Latitude " Altitude of
Base of
Ogallala
Formation
(deg. min.) : A{ft)
33 48 - 2,954
33 40 ' 2,775
wss . 2.0
3o ”;':25920<::
33 54 - L »é,TBO
3 16 3,291 "
N 3,350
3 16 3,705
3 13 3,549
38 27 3,620
38 43 3,525
3 10 "7 3,498
3 56 S 3,477
YR TS
3428 s
34.25 3,300
2 3,223
33 56 3,216
3 04 3,640
13 52 T 3,708
34 04 - 3,700

34 °30. - . 3,388

Aquifer -
Thickness

(ft)

100

230 1
‘ 188_-:_
178
'V115{

100
178
80
120
133
250
108

: gds”

AL
218
156 .

110
144
108 .
35

45
+.135

4Resist1vfty

of Groqu Water . Aquafer at
“at 77°F (Rw), S17°F (Ro)

(ohm-meters) (ohm-meters)

16.67 29;47 _
sz s a7
“‘ia;zo o llb 40.19
f1;79", to sse
7.89 .+ 33.40
hess . 7.
14,97 29.07
.19 48.46
11.19 26.07
17.01 - 80.37
16.25 61.62 .
16.95 - . T75.01
15,70 . e
Y1695 . 5g.05
17,95 . 8.46
15.75 . 53.58
15.23 36.61
9.85 © 28.58
11.08 ' 26.79
15.63 . 48.65
4.63 TR

R T O & T 7 N O

Res1stivity of

w N

N W

NN

Apparent
Formation
Factor
F

a

77
"1.87
.83
.00
.28
.69
04
.33
.337
727
.84
.43,
.92
.82
.70
.40
.40
.90
.43
.86
.31
.28
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N

VES
tumber County
23 Hale .
24 Hale
25 . Hale
2. ‘;H§1;‘“' v
21 e
28 . Modre
29 Dallam
30 Dallam
N ' Sherman
32 Hartley
33 Hartley
34 Hutchinson
35 . Hutchinson -
36 Hthhingon
37+ Sherman.
138 Hansford
39 Hansford
40 Ochiltree
4] Lipscomb
.42 Ochiltree
43 Lipscomb
a4 Moore

May
May

May

May :
June 27, 1979 . 3,465 °

. June

July
July
July
July
July
July

July

Jh]y

.Jﬁly

Aug.
Aug.
Aug.
Ang.

Aug.

Aug;

Aug.

Date

24, 1979
29, 1979
30,1979

30,1979 ., .

29, 1979
10, 1979
11, 1979
16, 1979
17, 1979
18, 1979
24, 1979

25, 1979

31, 1979
1; 1979
7, 1979
8, 1979
9, 1979
10, 1979
1, 1979
12, 1979

26, 1979

.

Table. 1 - Summary Data Derived .from Vertical Electrical Sounding Surveys :- Cohtiﬁueﬁf -

Etevation

(ft)

. 3,495
3,360
3,810

3.625
RPN
4,580
3,505
3,940
4,330
3,220
3,195
3,235 .
" 3,485
3,150
3,085
2,875
2,090
2,910
2,720
3,360

‘See'fqotnotés'ét'énd of taﬁl?l N

3,500 -

Longitude

(deg. min.)

102
101
101

101

01

o2

102

102

101

102
102

101.

101

01"
i

101
101
100
100
100

100
101

02

39

54

a8
52

07
32
59
a9
25
50
25
27

29 .
54

16
07
33
02
45
17
a1

3

Latitude

(deg.

34
3
34

34
s

36
36
36
36
35
36
k15
3

36
" 36

36
36
‘36
36
36

36
35°

min.)
03
15
01

8

03
17
20
13
55
03
03
02
00
Y
08

25

24

20
22
56

Approximate-
Altitude of
Base of
Ogallala
Formation

(ft)

3,150
3,014
3,060
3,150
3,130

2,937
3,678
4,300
3,005
3,475
3,851
2,840
21670
2,875°

T3,1600 o, 0

2,728
2,310
2,395
2,190
2,335

. 2,310

2,894

- Aquifer

Thickness

(ft)

+-193
.175
16Q
'156

.. ST

375
126
185
287
85
280
180
225
180
15
215
a2s
250
280
275
246
220

] Reéistiviﬁy
of Grougd-water‘
at 77°F (Rw)

(ohm-meters)

15.
23.

.goA
.06
79
.65
08
.43

Resistivity of Apparent

Aquafer at
7°F (RO)'

(ohm-meteré)

“a0.
35.
. 49,
a9

a0

2.
22.
a9,
16.
26.
2.
62.
120.
2.
5.
47.
66.
58.
" 28,

-50.
28.
40,

19
72

12

79 .

Formation
Factor

Fa



7.2/ 57

" VES
Number .

25
2
3/ a7
48
29
50°

1/.2/ 52

1/.2/ 53

Gt

2/ 58
2/ 55
2/ 56
2/ 57

2/ 58

59,
:Gbx

RN

62
63
64
65
66

Cohﬁtyi

Roberts

Roberts
Hemphill
Hemphill

Wheeler

“Don]ey
- Dallam

‘DaIIam

Dallam
Nallam
Hemphill
Gray
Gray
Armstrong

Carson *

+ Gray -
"Potter"n

‘Sherman

Sherman
Hansford
Hansford

Ochiltree

- See footnotes at end 6f table,

‘Table. 1 - Summary Data Derived from vertical Electrical Sdﬁnding Su%veys -=" Continued -

- Date ':"EiéQétion . :VL§n§ﬁtudé-”?
(ft) (deg. min.}
Aug. 20, 1979 3,010 100 45
Aug. 21, 1979 3,050 100 39
fug. 22, 1979 2,575 100 14
Aug. 23, 1979 2,430 100 01
Aug. 24, 1979 2,700 100 29
» Aﬁg. 25, 1979 3,205° » 100 58
Sept. 5. 1979 " 4,00, 02 28, ‘
Sept. 6, 1979 4,225 C 02 a0
Sept. 19, 1979 4,705 102 59
Sept. 20, 1979 4,505 103 02
Sept. 20, 1979 2,905 100 29
Sept. 25, 1979 2,800 100 34
Sept. 26, 1979 3,005 100 a8
Sept. 27, 1979 3,100 a0 10
Oct. 2, 1979 3,350 10117
Coct..3, 19i9,; “+.3,300 x*‘@‘: 03 .
Oct.'a, 1979 3,500 Jhor 38
Oct. 10, 19797 3.785 102 09
Oct. 11, 1973 3,700 102 06
Oct. 12, 1979 3,200 101 25
dct. 16, 1979 3,355 101 33
Oct. 17, 1979 2,950 100 58

(deg.

35
35
35
35
35

35"
36-

36
36
36
35
35
5
35
35

35
3.
36

36
36
36

36

. Latitude

min.)

‘a7

37

‘a7

49
n

28

20
28
03
38
30
19
09

20

23.

25

09
24

28

"Approximat

_Altitude of .-

*.Base’of ,

Ogallala’

Formation

1£t)

2,485
2,500
2,260

2,230
2,600

-2:700

3,926

- 4,07
4,687
4,095
2,183
2,500
2,687
2,850

e

2,820

2,775,
" 2,900
3,350
3,190
3,200
2,865
2,550

Aquifer -

'ﬂThickness

(ft)

200
30
100
_ 260'
VR
. 150
150
250
200
" 285
225

."Resiﬁtivity
©of Groug
at 77°F (Rw)

{ohm-meters)

20.00
20.00
23.81
15.38.
25.51

20,57

14.35

16.61
28.39
23.64
]8.55
27.62
20.00
19.92
18.87
' 23.53
18.05
18.94
18.87
18.73"
. 15.20

d Water

- Resistivity.of

Aqujfer at
77°F (Ro)

- (ohm-meters)

32.15

44.65
a.47

98.23
C21.83

. 80.37

a2.25

©17.75
48.22

98.23
64.30
62.51
371
. 83.05
33:04
8.93
71.48
66.08
52.69
44,65 -

:Apbareng

Formation -

Factor
Fa‘

0.19

3.27

2504
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VES
Number County
- 67 Ochiltree
AR . - 68 . Ochiltree .
o 3/.69 .. Carson
:é/‘70 © " LUipscomb )
f] Roberts
N 2/ 72 Roberts
2/ 13 Roberts
2/ 74 Hartley
2/ 75, Hartley
2/ 76 01dham

2/ 17 " Briscoe

l/:.ogalldlalFormatiOn‘dry:'saturéféd zone is

. Date

. 18,

9,
i,
)

. 25,
.27,
. 28,
. 28,
. 29,
. 30,

1979
1979

1979
1979

1979
1979
1979
1979
1979
1979
1979

. A
i

Elevation

(ft)

2,850

3,095 -

3,460
2,610
3,20
2,700
3,050
4,100
3,790
4,050
3,200

o

Long

(degq.
101

L1001

100 :

100
100
100
102
102
102

101.

“y : A

ing Cretaceous or: Jurassic sediments. .

in underly

101

itude Latitude

min.) ' '(deg.
3. 3 06
o 36 06
19 - 3 14
03 .. 3% 09
54. 35 39
01 35 59
56 35 a8
59 35 40
36 35 41
33 © 35 18
16 3 21

min. )

Approximate

Altitude of

Base of
Ogallala
Formation .

(ft)

2,255
- 2,505

3,015,
22800

2,545
2,525
2,525
3,985
3,811
3,013

2/ ‘Pr‘ﬁary purpdse.of soundiﬁg was to'eleétrica)1yvsohnd the base ‘of the Ogallaia'Formation.

3/ ETeétricé1 obstructions affect the results of the sounding.

Aquifer
Thicknéss

(1)

375 -
" 200
28

{2‘210 ‘
" 240
125
375
100

25

o

Table. 1-- Summary Data Derived from Vertical Electrical Soﬁnd{ng-SﬁiVeys_—i Continued -

Resistivity’
of Groqu Water

at 77°F (Rw) .

(ohm-meters)

18.66
11,43
2020 .
fg;zé

20,20

20.20
21.65

Resistivity of _Apparent

Aquafer at
77°F (Ro)

- (ohm-meters)

31.% N

. 49,12
205.39
66.08 -
62.51
17.86
35,91

Formatj’ on,
Factor

Fa



|
|
i

. ivittes in the following two ways: (1) all of the observed apparent res1st1v1-

‘“»Tsties-and-theirwcornesponding electrode spac1ngs are entered; and (2) the f1e1d

e .po1nts per ]og cycle

,sound1ng curve s d1gwt1zed and entered at the rate of six equa]]y spaced

|

"~ The program so]ut1on to the field VES curve 1s 1nterpreted in terms of

>v~fth1cknesses, depths, and resistivities as a deta1]ed ‘layering in wh1ch the
‘:i;°number of 1ayer5~equa]s the‘number of po1nts‘entered on the sound1ng.curve
' ",plus Six add1t1ona1 1ayers correspond1ng to an. automatic extens1on of the 1eft‘

L branch of the sound1ng curve through one 1ogar1thm1c cyc]e Add1t1ona]]y, %.

; Q'there is a reduced 1ayer1ng which is a geoe]ectr1c equivalent of the deta11ed

"}Layer1ng solution but.w1th fewer layers. Th1s resu]tant res1st1v1ty»}ayer1ng

_ 'of the subsurface is then entered into another computer program as depths and
g correspond1ng res1st1v1ty to give a solution as a calculated sounding curve in

__-terms of electrode spac1ngrand.correspond1ng apparent res1st1v1tles. It'was

' durfng this procedure~that'adjustments were made to the .entered resistivityvof

afthe layers, espec1a]1y the resistivity of the saturated layer or aqu1fer, s0

;;that the computer so]ut1on would be a curve match1ng the field VES curve Th1s

'f1na1 resistivity of”the”aqu1fer (Ro) and the formation water res1stjv1ty i

{

;\Rw), adjusted to 25.de§rees centigrade ( 77°F);fwere'then used to‘ca1CU]ate

Pthe apparent format1on factor us1ng equation. (4) The formation waterfresist-

.A1v1ty (RW) and temperature (aquifer temperature assumed equal to water tempera—

:'ture) were determ1ned from field tests of ground water from wells near the VES

‘.s1te or obtained from ava11ab1e data and reports , , B

i

¢

~ Formation water res1st1v1t1es (R ) and. aqu1fer resistivities (R ) Weref

.adJusted for temperatureA(ZS C or 77°F) us1ng data from the Amer1canAEub11c§'

ipHéa]th Association .and -others (1971, p. 3244325)‘and Sch]umberger Limited |

'_Justments st each app]1cab]e VES site ranged from 60 to 68°F {16 to 20 °c).

!

(1973, p. 9), respectively (Table 1). The temperatures used to make these ad-

l

|

.

|

17 4
!



‘These temperatures were as fo11ows (1) 60°F or 16°C atfstte 74; (2)‘64°F orf
18 C at: s1tes 30, 41, 51, and 52; (3) 6 F or 19°C at s1tes 9, 37 38, and 42
. K4)~579F or 19°C at sites 5, 7, 8,‘13 15, and 32; and (5) 68%F or 20°C at the

 remaining VES sites where data were'sufficient to make the adjustment.

- RELATIONSHIP BETWEEN RESISTIVITY ANDL
- HYDROLOGY OF THE" HIGH PLAINS AQUIFER

Base of the Ogaj]a]a Formation

As prev1ous]y discussed, the H1gh P1a1ns aquifer 1nc1udes the saturated

‘rocks .of the Ogallala Formation and: under]y1ng potab]e water bear1ng sediments

that are in hydro]og1c cont1nu1ty.~Genera1]y, the computer-interpreted res1st—_
ivities'of~theVSaturated»zone of the[Oga]]a]a Formation are greater than.those '

in the underlying-durassic, Triassic; or Permian sediments {Figures 3,14, and -

5). In areas where fretaceous'rocks may underlie the Oga11a1a'Formation,
res1st1v1t1es can be higher than in areas where only the Ogallala is satu-'
rated. Soils" and overburden may conta1n d1fferent proport1ons of sand, silt,
tclay, and ca11che, consequent]y, res1st1v1t1es can range from ]ess than ]0 to
400 ohm-meters and more, depending. upon the moisture content In northwestern
Da11am-£ounty~where the Ogallala 1s-not saturated and is under]ain by the
Dakota Sandstone and Purgatoire Format1on (shale) of Cretaceous age, electri-
cal res1st1v1ty surveys were conducted to investigate the base of the Ogallala
Formation and the under1y1ng Cretaceous sediments. |
The pos1t1on of the base of the Oga]1a1a Format1on was succ ssfully deter-

m1ned at most s1tes us1ng electrical 1ayer1ng contrasts suggested by the geo-
e]ectr1ca] mode] (Figures 3, 4, and’ 5) Agreement was generally hoted down to
depths of 150.to-200 meters (492 to 656 feet) where comparisons could he made

~ with drillers' 16§s in nearby wells. However, where there was an absence of

s

. Lo o tyet
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Figure §

Represéntof'ivé'_\/ertical Earth-Resistivity Sounding
Curves and Computer Interpreted Electrical Layering
of the North Plains of Texas
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geoelectr1ca1 contrast between the Ogallala Format1on ‘and the underlying - sed1

ments the base of the Oga11a1a was not well d1scerned

"Relation of Apparent Formation. }
Factor (F_.} and Formation or Aqu1fer o
Res1st1v1ty %R 7 to Hydrologic Propert1es ' o
) o

|

|

i

¢

|

,The'apparent formation'tactor (Fa) and formatton or aquifer nesistivityf"l
4”4R6)rof_the water-bearing sediments of the High Plains aquifer are a_functton)
of the‘percentage breakdown of the clay, sand, and grayé] particles, and thef

'quality of the interstitial watér. An. increase in the clay or silt content,in_,

: fthe aquifer causes a decrease;ﬁn'the formation or aqutter resistivity provid-'
ing the7nesistiv1ty of the 1nterst1t1a1 water remains constant. The apparent
format1on factor also decreases w1th an increase in c]ay content Equation (4)
‘also a]]ows for water quality changes affecting this’ parameter As the c]ay or'
Csilt content in the stratigraphic sediments of the aqu1fer increases, 1nter-"'
granularipermeab111ty and effective poros1ty or specific y1e1d decrease..There{’
fore; Variations in the hydrologic properties or 1ith0{ogy of the stratiQ' S
graphic- sed1ments due to d1fferent clay or s11t content can be qua11tat1ve1y é

represented by the ge ophys1ca] parameters of apparent format1on factor and for-

mation or aquifer res1st1v1ty

F0110w1ng determination of the apparent format1on factors {F ) and: forma--
tion or aqu1fer res1st1v1t1es.(RO), Figures 6 and 7 were constructed to show. 4}
the 1atera1 variation in format1on factors and format1on or aqu1fer res1st1r1 ;’
ties,. respect1ve1y These f1gures also indicate var1at1ons in 11thofac1es wath;
in the H1gh Plains aquifer, as the propert1es mapped genera]]y have an 1nverscy
re]at1onsh1p to clay or s11t content. The areas of best permeabilities, and :
spec1f1c yields (and 1owest c]ay content) are 1nd1cated by the highest appar—;

ent format1on factors and format10n or aqu1fer res1st1v1t1es
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i
“Inspection of Figures ‘6 and 7 1nd1ca+es the following with respect to the
o Lo
iapparent formation factor and aquifer resistivity isopleths (11nes) (a) a

'hotieeable trend -of high va]ues.extending from northern Hartley and southern

: Da]]am Count1es eastward 1nto southern Sherman, Hansford Ochiltree, and :

’L1pscomb Count1es, (b) a prom1nent, c1rcu1ar high in southwestern Gray County,
and‘(y) a northwest to southeast trend of h1ghava1ues through Parmer Castro,

' ‘AHa]e;.and~Floyd‘“ounties An anoma]y is shown in north central Hale County at

-Vfﬁ 27 In th1s 1nstance, the _apparent formation. factor of 1.78 is ]ow 1n com-
par1son to surrounding values. Cretaceous sed1ments wh1ch under]1e the. magor '.
port1on of southeastern Ha]e County might 1nf]uence these respect1ve sound1ng

resu]ts ’ ;‘ ,
The above delineated trends indicate favorable areas in which wells wou]d -
encounter the best aqu1fer permeab111t1es and h1ghest spec1f1c yields. EAam1na~
"t1on of F1gures 3, 4, and 5 will allow the readerﬂto;determ1ne repre sentat1ve'
aquifer-thicknesses ingsuch*areas. 1
O S ;
SUMMARY e
B | -
Th1s f1rst attempt by the Department of Water Resources to app]y surface
e]ectr1*a] res1st1v1ty techn1ques to the High Plains aqu1fer of Texas appears
to have successfu]]y shown that the methods are pract1cab1e for 1nd1cat1ng the
reg1ona1 var1at1ons in the hydro]og1c propert1es that contro] aquifer perfor- |
mance. Permeab1]1ty, spec1f1c y1e1d, and in a genera] way, variations in over-'
a11 11tho]ogy, were qua]1tat1ve1yvshown Areas of h1gh apparent format1on
factor (F ) and high formation or aqu1fer resistivities (R ), both of wh1ch
correspond we]] with the known areas of high permeab1]1ty and spec1f1c y1e1d

(

are shown on Figures 6 and 7,»respect1ve1y.
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A,

‘ oratory ana]yses

- known.

In most cases determ1nat1on of the pos1t1on of the base of the 0gallala f=
i

Format1on was poss1b1e using the res1st1v1ty method as determ1nedaby geoe%ec— ;

tr1ca1 mode11ng

LIMITATIONS

By 1ts very nature the surface e]ectr1ca1 reswst1v1ty method of 1nvest1-

»gat1on is restr1cted to supplying data that support other forms of geohydro-
1og1ca] 1nformat1on such as test ho]e data water-level measurements, and lab-
The results of th1s study are qua11tat1ve 1n nature since |
laboratory tests were not ‘conducted to determ1ne the -effect of c1ays within
»the-heterogen ous Oga]]a]a Formation and the degree to wh1ch curnent flows
through the format1on matrix. Quantwtat1ve results could be obta1ned on]y if

the Ogallala Format1on were a <lean sand or if the effect of 1ts c1ay were

26
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