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EV ALU'A TI NG T'HE.GROUND-WAT£R.RfSOURCrS 
OF THE HIGH PLAINS Of TEXAS_ 

~~sult~.rif Surface El~ctrital 
Resistivity' Surveys 

ABSTRACT 

. " " , 

" .; . ,. 
" 

'; .. ,' 

.. nie study was conduct~'d 'as· part of the Departme'nt 's High Pl ai ils Aquif.er 

.. StudY. The Wenner configura'tion of electrodes as u~ed in the "Barnes Lay~t' 
" _. 

Method" was employed to investigate subsurface-electrical values of. the.'High. 
. ' . 

Plai'ns', aquifer to depths.of 7QOfeet [213 meters (m)] and mor..e. Qualitati'v.e:' 
'. " 

•. I 

vari-at~.?nsi n hydrologic propert jes are shown in' t~rms of the aquifer' sappa.r- . 

. ent :formation factor and cOl!1p~ter-calculated r.esistivity. In addition, the;:, 

base of· ,the Ogallala Formation was electrically sounded. 

.: . " 

.. ,' 

" 
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':'" 
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INTRODUCTION 

In 1978, the Texas D~par.tment of Water Resour-ces initiated a regional 

. gtq.uhd-:-water study of th~, Hi gh . Pl ai ns aqui fer. ' The study" utili zl ng -D.epartment 

pe~s6nn~"and geophysical equipment, was partially funded by the U.S. ~e6i'ogi<:al 
.. ' "-.J 

:Sur,~ey and its res\Jltsare lobe included in thatage"~cy's eight-state ~~_~~y of" 

the High Plains. aqui fer .As part of the study, the p~p'artmentconducteds~,r'face­

ele~~ri.cal resistivity soundings in selected areas of.the Texas High Plai:~s' 
'~ . .' 

(-figure 1).' These soundi ngs , represented' the fi rst " use' of thi s technique' in 
'. . ",-' 

connec:t; on with a comprehensi \Ie ground-water study of~the Hi gh Pl ai ns aquffer of 

Texas. 'The results will ~stabfish a basis for future studies of the High. Plains 

aquifer and other aqui fers siini 1 ar lycomposed of un~9n:s.o 1 i dated heteroge.n.eou$. 

sediments,. 

'. ".: Purpose and Scope 

A major purpose of emp10iing surface electricalresistivity or vertical 

electr:j~'a,l soundings (VES) was to determine the'geogr,aphical variation in the" 

Hig~ ~lai~s aquifer's hydr61cigit ~ropertie~ based ori the differences in geo~' 
. . 

electrical parameters. The s,,~pe~ of the project inc luded (1) conduct; ngV£S" in 
-.. ~-

the'field, and (2) compilation· and analysis of data pertaining to aquifer"'::,' 
" . .' 

resiSti ~H'i es or formati on fa~tors to i ndi cate trend's~ In the aquifer's hYdr'o,·" 

logic,pr,operties. In addition~ each sounding was evaluated to see if it could. 

be used to determine the PQ~~~i~n. of the base of theOg~llala Formation .. 

, '/ 
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Appr..eci.at i on is extended to per sonne 1 of the Hi gh Plains Underground 

Water Conservation District No. 1 in Lubbock and',to t.h~ North Plains Water 

Conservation District No.2'in Dumas for their c~operation in furnishing g~o-
'-, . 

3 
j' 



~! . . 

Bose ",om ¥,U.S, Geologicol Survey. 1965 

4 

EXPl~NA liON' 

38 • 
Jo(otion of sounding site 

Number de.notes the order in 
, whi,ch soundings were conducted 

'CO~!ult ~oble 1 for specific data derived 

, , 

~t " 

line,sho~ing the edge of th,e High .Plains Aquifer.~, 

~_~'O __ ~2,o_~'30t.'liles 
~_'i..0-=2",O~30 Kilometers 

'Figure 1 

Area of Investigation and Location 

of Vertical Electrical Sounding Sites' 
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,hydrologi-cal data used in -conducting -many of the ':surface electrical resi~t-
, 

.jvity ~urveys. Wil.liam B; Klemt, Head of the,{Jround Wat-er Studies Unit" 4~s 

.. credited 'with devising th,e methodology for conductin.g the surface el.ectri;cal 

"Y;esistiVity surveys; Robert·D. Price, geologi~t,assisted in revi.ew,:.-and.edit­

~n~ of the manuscript~ Thanks are also e~tended to the farmers ~nd ,r~nchers 

".in the study area fot. perrriitting the £urveys to be conducted on their 'land.' 

'.~ . 
Personnel 

This study wasc'onducted Lmder the gen.eral·supervision of C R.Baskin, 

'P.L:, Director, Data (lnd Engineering Servic€s.~f~ision; and Dr. Tomrnyf(. 

:Know,les, P.L, Chjef; Data'Collection and Evaluation' Section of the T-exas 

Department of Water Resources. All e~ectricalsoundings, tabulation.of re-
0." 

's.Lilts, preparation of ,{,ilus.trations, and the'writing of this report were done 

by'Dani-el A. Muller,' geologist. 

' ... ,". 

"GENERAL GEOLOGY ANDHYDRO~OGY 

. The -Ogallala Formation is the major water:';:bearing unit on the High P.lains 

" of Texas. It is composed. of unconsolidated ,·fi ne- to coarse-grai ned, gr'ay to 

red sand, clay, and silt.fn places, it contains': some quartz grav~l ,a,no 

c.aliche. During Pliocene.time, large quanti:t;ies 'of eroded material ,froin the, 

'.Rocky Mountain region.were transported by wind and water southeastward and 

depos ited on the then ,exi 5t i ng surface of primar:rJy Tri assi c and Permi an ·age 
• . 'f 

. , 

rocks'. In certai n are(l$', th.e deposit i ona 1 surface was compos,ed of Cretaceous 

'an'd',Jurassic age sediments. -The low valley areas .. ,~ere usually filled :first : 

bX,'-coarser material ssuc.has gravels and coarse 'sand. Pebbles and cobbl~s0f: 

."~uartz, quartzite, and ~hert were not uncommon. Eventually, with theaid,pf . 

sh.ifting streams, the entire area was covered bY,Ogallala sediments,l!ntir.a 

5 



'. maximum thi~kness of almost 900 feet (274 m) wasatta.ined in southwester'n 

OChiitr:eeCounty '(Muller and Price, 1979; .Bell and Morrison", 1"978). 

Waler-bearing areas of the Ogallala FOl'mation are hydrauJically connected 

except where the" Canadi an Ri ver has part,i'a lly or totally eroded through the 

formation to s.eparate the North and South Plains. 

The satur·a,~ed thickness of the Ogallala Formation ranges from a few f,eet 

to more than"5:25fe.et(160 m). In general, t~e ar:eas ·of gl"eatest satur'oted, 

thic'kness occLir-Tnthe North Plains. In the South Plains, betw~en Lutbock and 
. _. - - . 

Midland, the 's:at~rated zone varies fromiess than 50 f,eet (15 m) to 2DO feet 

(61 m)'. Depth 'to w(,.ter below the land su'r_face can range from almost 400 f,eet 

'(122 m) i·n part~ of ' the North Plains' to' b~tween 100 to 200fe(·t,(30 to 61 m) 

throughout much~,f the South Pl ai ns.' 

Ogallafa ,ground, water is genera.1lYfresh, containing be't,ween,300 and 

1,000 milligrams per liter (mg/1) of dissolved solids of which:"ca1cium, f11agne­

sium~ andbi~~rbonate are the princip~lcon5tituents. 

Hydrau1icc~ntinuity also occurs between the Ogallala Formation and the 
" ..... 

, , 

underlying Cretaceous, Tri ass i c, arid Pet'mi an format ions in many areas of the 

High Plains. Th'erefore, for the purpose :oJ this study, the 'High ,Plains aquifer 

w ill be cons i~ered to consist of the saturated sediments of -the" Oga 11 ala Forma­

tion and those, undedying, potable vJater:-bearing units in hydraulic continuity 

with it. 

RESISTIVITY SURVEYS 

E1ectrical:methods of subs~rface ~nvestigetion consist' of , determining 

electrical pa~ameter~ and then cofr~la~ing these values with the types of sub­

surf<lce materials for which the values are obtained. 

6 
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Basic Principles , 
l' . 

.' L 

Resistivity of the water-bearing sediments of the High Plains aquife~ i"S 
" . 

a"fu.nction'of the perc.entage-o{ the clay, sand, and gravel particles in,:t'hie 

sediments, and the quaHty of th~ ,interstitial water~ An increase in the qay 
, ' r 

or: si,lt··content of the aquifer causes a decrease in resistivity provi<led. tre 

resistivity of the interstitial water remains constant. If the ,aquifer is ~'" 
.'.- . 

clean, sana, i. e., non-shaly, then a ratio exists such that (Alger,' undate~~ 

. . ., 
Where: ." .', , 

F -~. /R or Ro FR . o w w' 

F = the formation, resistivity factor or 
formation factor {dimensionless);", 

,"' Ro = the resistivity of the formatiOri in::oh.m-meters 
, assuming it .is saturated with water of resistivity,.Rw.' "anci 

Rw = the format i'on water res i st i vity in ohm,-meters. 
'. 0 , , ' 

-'. {Both Ro and Rw are, corrected to 25ciegr,ees, centigrade [n FJ ),. 

" ' 

The formaHon water resistivi~y (Rw) may be determined by (Alger, undated" 
or ." 

, " 

p. 11): , , 

, , - .' 
(noF) . R'.~ 10, OOO/Speci fi c conductance at 25 degrees c€'nt i gra<le 

\'J " , 
"". 

~ 

Since the' 'formation resistivity::~Ro) in the above stra~.~ht-l i ne re 1 at.i onship' 

of equation (1) involves a clean sand, the electric cu~rent will flow through 
.. 

the elect~olyte or interstitial water and the sand wil!be perfectly insula~' 

ting arid ~non-conducting (Worthl,ngton and Barker, 1972;.'·p.2l6). HoweVEr, the 

High Plai!1~ aquifer contains ,clay, silt, and sand; hence, the formation has;' 
. ·1· 

thecap.abil.i(yt"o conduct' an' electric current. The fresher the formation water 
" 

(R ), the more apt the cur~ent:is to flow through the, ftrmation matrix or w. ", 
. 
I' . 
l-

. J 

, solid'c,bn,stituents, especially:.when the clay cont.ent is high. The quantity Fl' 

" i. 
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th€n,becomes an apparent formation factor (Fa) because the ratio.,RiRw deparits 
. . 

from'a straight~line rel.ationship when current passes through,the formation 
•• ' .' • • • , " •• " • ,< I 

matrix and a lower value for R r€s~lts (Worthington and Barker, 1972~ p. : 
. . '. 0 . .'. , 

.217), Conversely,. poor quality interstitial water tenDs to ,be a -goodelectro:-

lyte and the format jon matrix will hav'e j.ess influence on R··. \~or~h';ngton and 
'. ·0. 

Bark.er(1972)· studied this relationship·on.the Bunter sandstone' of northw,est: 

England and sho~editas: 

, . .:. 

Wher.e: ~:=~formation matrix coeffiCi~nt (the influence 
, .. of conductance through the format; on). 

As Ai approaches.zero, Fa becomes .equal 1:,0 F. Substituting equa~ion (1) into 

equation (2), yi.e·lds: 

Rw (1 + AiROI 
1/Fa = or' Fa =-----

Ro 

If: Ro i su.nderstood to be the computer-i nterpreted form~atj on or aquifer 
;., " 

resi stiv,~ty (Zohdy and B1 sdof ,: 1975), 

Again, as A. apprriaches zero, equation.(3) becomes: , 

.... : 

Us; ng the method of 1 east 'squar:es~, W.orthi ngton and Barker ( 1972) fitted a 

straight 1 i ne ·to~ values of 1 IF a and Rw.obtai ned from numerous .samp 1 es test.ed 

in the laboratory and using electroly~esalinities of 300; 6-nO; 1,,200~ 3,000; 
... ,,-

6,000; and 12,00,0 parts per million (·ppm) .• The intercept of .tliis line on the 
. . . 

, . . 
1 IF a. ax; s defi ne's .the true formation factor. I n order to determi ne thE: c·oeff;-

ci ent A., numerous'l aboratory tests ot-"test-ho 1 e 'cores woul'-d .-be requi red. S~ch 
. , 

procedure is beyond the scope of this study; therefore, the 'apparent format~on 

factor was¢etermined by equation (4) by assuming that Ai goeS·to zero; that 

8 



.-

'Ro is the computer':'interpreted formation or aquif~r r~s;st;vity; and Rw i~th€ 
I 

r.esi-stivity ol the interstHiai water. i 

'." " 

AssumPtions 

Forthfs, electrical subsurface investigation, the "Barnes Layer Method", 
. ., I 

whi ch uti liz-ed the we 11-k nown Wenner array, was employed f<ir the -se 1 ect i on: of . 

electrode'spacing to electricallye~aluate the water.,.b,earing zones of the High 

Plains aquifer and attempt to deliru:ate the base of the Ogallala Formation, 

{Barnes, 1954;- :Wenner, 1916). Further:more, it was assumed that this methodl 

would furnish 'reliable data to depths of over 700 feet {2.l3'm) even though 

Barnes'"work was~concerned wit~ sha-llow depths of 18 -to 50-,J.eet'(5 to 1'5 rnL 

and that the <complexity of the field'data, due to -thegreat;er,d-epths ofinv.es-:' 

tigat ion, ,coul~be interpreted ut il iz,Jng the computer i nt-erpret i ve program, 

devisedbyZbhdy and Bisdorf (1975). Lateral changes in soil resistivity were 

assumed to be negligi~le. 

Equipment 

.-:" 
Equi pme.nt' ,used duri ng the survey ,.'c.onsi sted of a lilai n direct current ( DC) 

". -,,; 

powersource,a, rotary DC to alt~rnating current (AC) inverter and step tr~ns-
" 

former, a ma;njnonitoring panel cont'aining an ammeter and.'voltmet,er, and four, 
, " 

electrodes wit.h. connecting cable. 

The power,source consisted of four heavy duty 12 volt (v) storag.e bat­

teriesconn.ected to provide 24 v. The'rotary DC to AC inverter 'converted the 
, -

,24 v DC to 'a 100 Hertz (Hz) signal ,for transformer step'-:up.!o 860 v. The 'cur-
, ' 

rent produiing:this voltage was rectified and filtered top~ovide ripple-free,' 

high level dfrei:t current for surveying. In the main mcinit~rii1g 'panel, an 

instrument wasprovi ded to monitorc.urrent levels rangi ngfrom. 0 to 3,000 mil-
" 

'liamperes (~a)'~ The potential~ developed were measured with_a precision DC 

9 
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nU,l1 Hewlett Packard model 4l9-A voltmeter with a sensitivity range 'frOmi 3 ' . 
. ' " . . .. 
m:i<;:rovo.lts(jJv) t-ol,OOCLv. Two ste.el curren,t electrodes w·ere mounted on r.eel 

. ca~ri:.er.s .with . cable suffi t i-el!t to provide 1,800 mel ectrode separat i on;;Two . 

additional brass pol.entiaTelectrodes were simila~ny mounted with enough 
. , 

'cab'le for ,200 m·separat.ion. Auxi'liary equipment included batterycharge!,s, 

'additiona'l electrodes,·andporcelain. pots containing a solution of ,copper ''Sul­

fat~ which were used as potential electrodes. 

The aforementioned.:e<luipment was contained in a van that could be: ,driven 

to the sites that were ,to .be 'eva 1 uated. 

,Method of I nve st ig at i on 

Selection of VES sites.involved: (1) choosiD9 sites where a maximum of 

. aqui fer saturated thi ckne,ss occurred; (2) avoidi ngccmductors ·such as 'power-­

lines, buried 'cables, pipe.lines? electric fenc:es, downed wire fences or>barbed 

wire fences with metal~osts; (3) locating sites in the proximity ofa'water 

.. well so that a current static water level and field specific conductance of 

t.he ground water could beme,asured; and (4) having sites for \'Ihich informati·on 
. . . 

on. t.he base of Ogallala Formation and lithology o'f the aquifer was available. 

'Figure 1 shows the location of the V£~ sites. 

'Following selection.,'b'fthe VES sites, field:procedures utili.zedlY)··.Gon­

~0t{i~g the surface el~tirical resistivity sur~e~s included: (1) select~ng 

t.he proper electrode spacl'~g, (2) conducting the actual soundings, and, (3) 

plotting the field VES,6urVe. 

'The Wenner conf~guratton employed was the one' in which two exterior steel' 

current electrodes {A'anqB) and two interior brass potential electr.bdes (M 

and N) are assembled on li~ne and at equally spaced' intervals (Figure"2). At 
.. 

this point it should be made clear that the resfstivity readings obt~ined i·n 

I 
th~ field are not for the individual beds of the_sailor aquifer materi~l,but 
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WENNER ARRANGEMENT 
BATTERIES AMMETER 

....---11 II 1-1 -~----~ 

VOLT METER 
" 

.',:, " II •. 

P 2 lT.'A V / , / I . I , ELECTRODE 

.I 

A'; LAYER DEPTH, . 

" Figure 2 

A Sc~e~otic Ve~tical Section of the Earth' Sh'ow'ingthe 

Wenner Configuration of ,Electrodes and Electric Field. Unes._ . ____ .--- _. ' ----, 
• __ ' __ " ~ 4 • ~.-' - - ~.'" _." - • 
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t:()r the 'sediment mass lying between the ground surfac,e and a depth appoxi­

mately equal ,to the spaci ng b.etween the. electrodes. 
. . . . 

The nexts-tep~onsisted of spacing the electrodes at 10 meters (33 'feet) I, 

or less, 'centered about the VES site,' and tak i ng a readi ng ,: for thi s depth. The 

reading, recorded ,as the potential between electrodes M'an<j Nin volts at a 

'specified curr::ent flow in amperes t~rough electrodes A and B, represents the 

apparent resistivity of the top 10 meters (33 feet) of "Soil. These steps w·er,e " 

continued at'suc<:essive electrodespadngs equivalent to '~he depth of the 

water tabl~,;6ase of Ogallala f6rmation; and a sufficien~depth below the . _. . . 
, 

Ogallalaformat,ion to determine the 'resistivity contrast betw;€en the Ogallala 

and the' underly-ing sediments. 

Continuing :the methodology, the next step was the computation ,of apparent. 

resistivity for each of the above electrode spacings using the following rela­

t i onshi p 6fOhm I s 1 a'w (Zohdy, Eaton,. and Mabey, 1974): 

P.= 2 ir A V /1 (5) 

Where:' " if ,= the apparent res i st i vity in ohm-meters, 
. A' =, the di stance betwee.n the equa lly spaced e lett.rQ(i.es in meters, 

V ,=, the potential between electrodes M and N in volts, and 
I = the' current flow through electrodes A and B,in amperes. 

The fin,a"f'Step in the field pr~cedure was ,the plotting:of the field VES 

sounding ~urve',on log-log graph paper as apparentresistiv~ty versus electrode 

spacing. 

Interpretation of. Resistivity Data 

'D?ta collected in the field on 'apparent reSistivity anq shown in Table 1 

were interpreted by uti 1 i zat i on of, eomputer programs written ,by Zohdy and 

Bisdorf (1975} for the Wenner confi~uration. With these programs, the field 
I 

sounding curve (VfS) can be int.er'pret,ed by entering the 'apparent field resist~, 
I: 
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Tabl'e. 1 -' SUl11l1!ary Data'Derlve'd :from.'Ver(ica1 Electrical, So~Ming Sur'veys 

YES 
Number 

3, 

A 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

'22 

county 

Lubbock 

Crosby 

Floyd 

Floyd, .. 

,Hal e 

Hale 

Lamb 

Railey 

Lamb 

Parmer 

Parmer 

Randall 

Date Elevation 

(ft) 

OcL 19, 1978 3,259 

Oct. 21, 1978 ,·3,140 

Nov. ,2,'1978 

Nov.,3",1978 .. ' 

Nov. 7, 1978 

Nov. 8, 1978 

Nov. 18, 1978 

Nov. 18, 1978 

Nov. 19, 1978 

Nov. 20, 1978 

Nov. 29, 1978 

Nov. 30, 1978 

, Deaf, Smith: Dei:. 1, 1978 

',' 3,20.3 

3,300 

3,460. : 

3,580 

3,651 

3,900 

3,750 

4,0.50 

4,0.50 

3,864 

3,873 

3;880 

3,773 

3,680 

3,565 

3,506 

3,850 

3,842 

3,840 

3,783 

Castro' C', 

Castro 

Castro 

Swi sher 

Lamb 

Lamb 

Bailey 

Bailey 

, Castro 

Dec'.;,2; 1978 

Dec. 3, 1978 

Dec. 4, 1978 

Dec. 5, 1978 

~lay ,16, 1979 

May 23, 1979 

May 22, 1979 

May 22, 1979 

, May 23, 1979 

See footnotes at end of table. 

longitude 

(deg. min.) 

101 44 

101 28 

',101 ,21 

101 ,32: 

,102 05 

101 59 

102 18 

102 55 

102 13 

102 48 

102 42 

',10.2 10. 

, : 10.2, 23: 

10.2 25 i 

10.2 22 

102 06 

10.1 52 

10.2 0.7 

102 35 

10.2 51 

10.3 0.2 

10.2 , 12 

Latitude 

(deg. min.) 

33 44 

33 40. 

33 55 

. 34 11 

33 54 

34 16 

34 11 

34 16 

34 13 

34 27 

34 43 

35 10. 

34 56 

'34 44 

34 24 

34, 25 

34 21 

33 56 

34 04 

33 52 

34 0.4 

34 '3D 

, ,~ 

Approximate 
Altitude of 

Base of 
Qgalla1a 
Formation 

(ft) 

2,954 

2,775 

'2,770. 

2,920. 

,3,fBO 

3,291 

3,350. 

3,70.5 

3,549 

3,620. 

3,525 

3,498 

3,4.77 

, 3,515 ' 

3,373 

3,30.0. 

3,223 

3,216 

3,6,40. 

3;70.5 

3,70.0. 

3,388', 

Aquifer 
Thickness 

(ft) 

100. 

230. 

188 

178 

115 

10.0. 

178 

80. 

120. 

133 

250. 

10.8 

20.5' 

147 

214 

156 

110. 

144 

10.8 , 

35 

45 

135 

, Resistivity 
of GrouBd Water 
, at 77 F (Rw) 

(ohm"meters) 

16.67 

15.72 

14:20. 

11.79 

7.,89 

12.55 

14.97 

11.19 

11. 19 

17.0.1 

16.25 

16.95 

, 15.70. 

16.'9'5 ' 

17,95 

15.75 

15.23 

9.85 

11.0.4 

15.63 

4.63 

14 • .73 

Resistivity of 
, Aqu~fer at 

77 F (Ro) 

(ohm-meters) 

29.47 

29.47 

40..19 

, 58.94 

33.40. 

71.44 

29.07 

48.46 

26.0.7 

80..37 

61.62 , 

, 75.0.1, 

45.81 

58.0.5 

48.46 

53.58 

36.61 

28.58 

26.79 

44.65 

10..72 

62.51' 

Apparent' 
Formation 
Factor' 

Fa 

1.77 

1.87 

2.83 

,5.0.0 

4.24 

5.69' 

1.94, 

4.33" 

2.33" 

4.n' 

3.84 

,4.43'. , 

2.92 

3.42 

2.70. 

3.40 

2.40. 

2.90. 

2.43 

2.86 

2.31 

4.24 
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Table. '1 - Summary Data Deri ved .from Vertical Electrical Sounding Surveys: "- Continued 

VES 
Number 

23 

24 

'25 

26 

.27 . 

28 

29 

1/ 30 

31 

32 

33 

2/ 34 

. .?/ ,.Y35 

36 

37· 

zr 38 

39 

40 

41 

.42 

43 

44 

, 

County 

Hale· 

Hale 

Hale 

.Ha1e' .. 

'Hale' 

Moore 

Dallam 

Oall am 

Sherman 

Hartley 

Hartley 

Date 

May 24, 1979 

May 29, 1979 

May 30,'1979 

. May 30,.1979 

June 27, '1979 

.June29, 1979 

July 10, 1979 

July 11, 1979 

,1uly 16, 1979 

,July 17, 1979 

July 18, 1979 

Hutchinson ,July 24, 1979 

Hutchinson ·Ju1y 25, 1979 

HlJtchinson J'u1y' 26', 1979 

She~m~n' . ,July 31', 1979 I. 

Hansford Aug. 1, 1979 

Hansford Aug. 7, 1979 

Ochiltree Aug. 8, 1979 

Lipscomb Aug. 9, 1979 

Ochiltree Aug. 10, 197~ 

Lipscomb Aug. 11, 1979 

Moore Aug. 12, 1979 

. See foot'notes' at 'end of table. 

Elevation 

(ft ) 

3,495 

3;360 

3,410 

3,500 

3,465 . , 

3,625 

4,125 

4,580 

3,505 

3,940 

4,330 

3,220 

3,195 

)',235 . 

3,485 

3,,150 

3,085 

2,875 

2,490 

2,910 

2,720 

3,360 

Longitude 

(deg. min.) 

102 02 

101 39 

101 54 

1~1 48 

101 ,52 

'10'2 07 

102 32 

102 59 

101 49 

102 25 

102 50 

101 25 

. 101 27 

. ·101 29 

101 54 

101 16 

101 07 

100 33 

100 02 

100 45 

100 17 

101 41 

Lat itude 

(deg.min.) 

34 03 

34 is 

34 01 

34. ,18 

3412 

36 03 

36 17 

36 20 

36 13 

35 55 

36 03 

36 03 

36 02 

36 00 

36 30. 

36 08 

36 15 

36 25 

36 24 

36 20 

36 22 

35' 56 

Approximate 
Altitude of 

Base of 
Ogallala 
Formation 

(ft) 

3,150 

3,014 

3,060 

3, 159 

3,130 

2,937 

3,678 

4',300 

3,005 

3,475 

3,851 

2,840 

2,870 

2,875 ' 

.3,150. 

2,724 

2,310 

2,395 

2,190 

2,335 

2,310 

2,894 

. Aqui fer 
Thickness 

(ft) 

193 

175 

160 

·150 

147. 

375 

126 

185 

287 

85 

280 

180 

225 

180 

1.45 

215 

425 

250 

286 

275 

246 

220 

Resistivity 
of GrouBd Water 

at 77 F (R
w

) 

(ohm-meters) 

12.30 

14.06 

14.79 

15.65 

15,08 

15.43 

22.78 

16.56 

20.20 

17.54 

20.00 

21.65. 

22.22 

22.22 

17.01 

16.37 

15.60 

11,36 

15.36 

9.09 

15.67 

23.26 

Resistivity of 
AquAfer at 

77 F (R ). 
. 0 

(ohm-meters) 

40.19 . 

35.72 

49.12 

40.19· 

26,79 

22.33 

49.12 

16.90 

24.11 

26.43 

62.51 

120.56 

24.11 

58.05 

47.80 

66.04 

58.05 . 

24.11 

12.68 

'50.40 

28.58. 

40.19 

Apparent 
Formation 

FaCtor 
Fa 

3.27 

2.54 

3~ 32 

2.5} 

1. 78 

1.45 

2.16 

1.02 

],,19 

1'.51 • 

3 . .13 

5'.57 

E09 

'2.61 . 

:. 

2.81 

4.03 

3.72 

2.12 

0.83 

5.54 

1.82 

1. 73 
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·Table. 1 - Summary Data Derived from Vertical Electrical Sounding Surveys --' Continued, 

VES 
Number 

45 

46 

31 47 

48 

49 

50 

1/.21 51 

2.1.?1 52 

2.1.?1 53 

2 1 54 

21 55 

2 1 56 

2 1 57 

21 58 

5? 
60·. 

61 

62 

63 

64 

65 

66 

Co'un'ty' 

Roberts 

Roberts 

Hemphi 11 

Hemphi 11 

Wheeler 

Donley 

. 'D~llam 

Oall am 

Dallam 

Oallam 

Hemphi 11 

Gray 

Gray 

. Date 

Aug. 20. 1979 

Aug'. 21. 1979 

Aug. 22. 1979 

Aug, 23. 1979 

Aug. 24. 1979 

Aug. 25. 1979 

Sept. 5; 1979 

Sept. 6. 1979 

Sept. 19. 1979 

Sept. 20. 1979 

Sept. 24. 1979 

Sept. 25. 1979 

Sept. 26. 1979 

. Elevation 

(ft ) 

3.010 

3.050 

2,575 

2.430 

. 2,.700 

3,205 . 

4,090. 

4'.225 

4.705 

4,505 

2,905 

2,800 

3,005 
, 

Armstrong Sept. 27. 1979 3.100 

Carson' Oct. 2, 1979 3,350 

, Gray Oct. .. .3. 1979 '3,300 

"Potter Oct .. 4, 1979' 3,500 

Sherman Oct. 10. 1979' 3.785 

Sherman Oct. 11, 1979 3,700 

Hansford Oct. 12, 1979 

Hansford Oct. 16, 1979 

3,200 

3.355 

2.950 Ochiltree Oct. 17, 1979 

See footnotes at end Of table. 

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

,"Longitude' 

(deg. min.) 

100 45 

100. 39 

100 14 

100 01 

1,00 29 

,100 58 

.102 28 

.102 40 

102 59 

103 02 

100 29 

100 34 

100 48 

.101 10. 

101 17 

'.101, 03 

,101 38' 

102 09 

102 06 

101 25 

101 33 

100 58 

. Lati tude 

(deg. min.) 

35 47 

35 37 

35 47 

35 49 

35 31 

35 '10 

36 '28 

36 20 

36 28 

36 03 

35 38 

35 30 

35 19 

35 09 

35 20 
." 

35 23. 

35 25'-

36 27 

36 09. 

36 24 

36 13 

36 28 

'Appr'oximate' 
Altitude: of 
. ·Base'of, , 
Ogallala' ,,' 
Formation, 

(ft) 

2,485 

2,500 

2,260 

2.230 

2.600 

, 2;79.0 . 

3,926 

4.071 

4,687 

4,095 

2.183 

2.500 

2,687 

2,850 

2,820 

2,775. 

2.900 

3,350 

3,190 

3,200 

2,865 

2,550 

. Aquifer 
-,Thickness 

(ft) 

225 

250 

125 

50 

50 

200' 

6~ 

20 

200 

30 

100 

200 

175 ' 

150 

150 

250 

2()0 

285 

225 

Resistivity 
of GrouBd Water 

at 77 F (Rw) 

(ohm-meters) 

20.00 

20.00 

23.81 

15.38 

25.51 

24.57 . 

14.35 

16.61 

24.39 

23.64 

lR.55 

27.62 

20.00 

19.92 

18.87 

23.53 

18.05 

18.94 

18.87 

18.73 

15.20 

Resi'stivity.Of 
Aqu~fer at 

77 F (Ro) 

(ohm-meters) 

32.15 

44.65 

4.47 

98.23 

21.43 

80.37 

42.25 

17.75 

48.22 

98.23 

64.30 

62.51 

3.7.51 

83.05 

33:04 

8.93 

71.44 

66.08 

52.69 

44.65 

::-: 

-. ----.- ---'--;-------

, Ap'parent 
~ormatioi1 
Factor 

Fa 

1.61 

2.23 

0.19 

6.39 

0.84 

3: 27 

2'.94 

1'.07. 

2,04 

5.30 

2.33 

3.13 

1.88 

4.40 

1.40 

6.49 

3.77 

3.50 

2.81 

2.94 
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.Table. l' - SU"'!'1ary Data Derived :from Ver.tical Electi-icai So~nd·;'.ng S~rveys -~ Continued 

VES Approximate 
Number County .Oate Elevation Longitude Lat Hude Altitude of 

Base of 
Ogallala 
Formation 

(ft) (deg. min.) (deg. min.) . (ft) 

67 Ochiltree Oct. 18, 1979 2,850 101 38 36 06 2,255 

68 Ochiltree Oct. 1~, .1979 3,095 101 01 36 06 2,505 

3'/. 69 Carson' Oct. 20 , 1979 :3,460 101 19 35 14 3,015 
,." '. 

21 70 L'ipscomb Oct. 24, 1979 2,610 100'.03 36 09· '2;240' , : 
,. ,I, 

71 Roberts Oct. 25, 1979 3,205 100 54 35 39 2,545 

21 72 Roberts Oct. 25, 1979 2,700 101 01 35 59 2,525 

21 73 Roberts Oct. 27, 1979 3,050 100 56 35 48 2,525 

21 74 Hart ley Oct. 28, 1979 4,100 102 59 35 40 3,985 

21 75. Hart ley Oct. 28, 1979 3,790 102 36 35 41 

21 76 Oldham Oct. 29, 1979 4,050 102 33 35 18 3,811 

2/77 Briscoe Oct. 30, 1979 3,200 101, 16 34 21 3,013 

", 
11. Oga1.1a1a 'Formation dry, saturate'd zone is in underlying Cretaceous or. Jurassic sediments •. 

YPr'imary purpose of sounding was to '~lectrically so~nd the base 'of the ogallaia Formation. 

31 Electrical obstruct.ions affect the results of the sounding. 

-;', 

Aquifer Re'sistivity Resistivity of 
ThickMss of Grougd Water Aqu~fer at 

at 77 F (Rw) 77 F (Ro) 

(ft) (ohm-meters) '. (ohm.-meters) 

375 .- 18.66 31.26 

200 11-.43 49.12 

.125 20.20 205.39 

210 13.23 66.08 

240 20.20 62.51 

125 

375 20.20 17.86 

100 21.65 35.91 

25 

---_.-....-- -- ,---------

. Apparent 
Formation 

Factor 
Fa 

1.67 

4.30 

.10.17 

4.99 

3.09 

0.88 

1.66 



ivities in the following two ways: (i) all of the-observ.ed apparent nesisi'ivi­
I· 
I 

· ties and theirwcorr:esponding electr-ode spaCings are entered; and (,.2) the tield 
1 

soundingcurve·is dlgitized and entered at the rate of six.equallYSpac.ed) 
I 

'.~, . point-s -per log cycl-e"~ 

The ,program so"lution to the field VES 'curve is interpreted in terms ·of 
,thicknesses, depths, and resistivities as a detailedlay.ering in whichthe 

, 

· number of l~yer.se,qua ls the t;lumber of poi nts entered on the soundingcurv~ 
. I . 

" plus s.ix additional layers corresponding to an automatic extension ,of the :left 

branch of the sounding~urve through one logarithmic cycle. Additionally, \ 

there is a r.educedlayeri,ng which is a geoelectric equivalent ofthe;-d.etai:l.ed 

~l.ayering solution but with fewer layers. This resultant resistivity layering 

· of the subsurface is then entered into another computer progra,mas depths ?nd .- :; . 

',corresponding resistivi(y to give a solution as a calculated soundlng curv~in 

.terms of electrode spacing and corresponding ~pparent resistiviti~s. it wa~ 

during thi s procedure that adjustments were made to the ·entered resi st i vity of 

··.·.the layers, especially the resistivity of the saturated layer or aquifer, so 

·that the. computer solu~:lonwould be a curve matching the field VES·curve. This 
,. 

final resistivity of the .aquifer (Ro) and the formation water resisti~ity ! 

·(I~w)' adjusted to 25 degrees centigrade (n°F);werethen used to calcuJat~ 

·the apparent formatio'n,fa'ctor using equation {4). The formation water: resis:t­

ivHy (Rw) and temperature (aquifer temperature assumed equal to water t.emp.era­

'ture) were .cJetermined from field tests of grbuncl water from wells near the iVES 

site or obtained from available data and reports~ ! 
, 

Formation water resi?tivities (Rw) and aqu'iJer resistivities fRo)' were! 

~djusted for temperat~r~ (25 0 C or 77°F) using data from the American' ~~blic! 

H~a1th Associationandoth~rs (1971, p. 324-325f'and Schlumberger limited 

(1973, p. 9), respectively (Table 1). The temperatures used to mak·e these a9-

.justments at each applicable VES site ranged from 60 to 68°F '(1;6 to 20°C). 

17 



These t.emperatur.es were as follows:· Cl) .600 F or l:6°C at site 74;. (.2)o40 F or 

lSOCat·s i tes 30, 41, 51, and 52; (3) "6'6°f or 190 C at s·ites .9, 37, 38, and '42; 

.(4)~7~F or 190 C at sites 5, 7, 8,13, 15, and 32; and (5) '6SoF or 20(){ at the 

remalning V£SsHeswhere data were ·sufficient to make the adjustment. 

RELATIONSHIP BETWEEN RESI STI VITY ANn' 
HYDROLOGY OF THE' HIGH' PLAINS AQUIFER 

Base of the Ogallala Formation 

As previri~sl~.discussed, the~{gh Plains aquifer includ~s the saturated 

rocksofthe.Ogallala Formation. anduriderlying potable water-bearing sediments 

that are in hydrologic continuity . .Generally, the computer-interpreted resist- I· 

ivitiesofthe·saturatedz~ne of the Ogallala F{)rmation are greater than. those 

in the underlY'ingJurassic, Triassic; o'r Permian sediments (Figures 3,4, and' 

5). I n areas where -Cretaceous 'rocks may under 1 i e the Oga 11 ala Formation, 

resistivities can be higher than in areas where oniy the Ogallala is satu­

rated. '-Soilsand overburden may contain different proportions of sand, silt, 

)clay, and caliche; consequently, resistivities can range from less than 10 to 

400 ohm-meters and more , dependi ng. upon the moi sture conten.t'. I n northwestern 

-Dallam{ounty· where the Ogallala is not saturated and is underlain by the 

Dakota Sandstone and Purgatoire Formation (shale) of 'Cretaceous age, electri-

cal resistivitysurveys were conduct.edto investigate the base of the Ogallala 

Formation and the underlying Cretaceous sediments. 

The position of the base of the.1)gallala Formation wassu~cessfully deter-

mined at most sit,es using electrical' layering contrasts suggested by the geo­

electricalmod~i (Figures 3, 4, and 5L Agreement was generally noted down to 

depths of 1-50 to ,200 meters (492 to 656 feet) where comparisons could be made 

~ with dri Hers I logs in nearby wells"~ However, where there was an absence of 

i8 

: . ; 
I 

t· 
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1. 6 7 8 9 10 2 _ 6 7 8 9 100 ° - 3 5 6 7 8 9 10C?0 

VES 26 - 12,n-m , 25 n-m 
VES 25 . 10,n-m : 
VES 21 55 !1-m , Bn.m 

VES13 20 n-m , 
VES10 20 !1-m 

VES .9 150 n-m 

VES 7 19,n-m 

VES " 20 n-m , 
6" 7 e 910 

Electrode Spacing (AI, in meters 

--, 60 n-m Y/45 n-m~ 20 n-m 
30 n-m .lj(55 n-m'/:] .'0' 

13 n-rn 
: 6,n-m. Lo'2 n-';'j 13 n.m 

65 !1-m ~S2 n-m~///i 
110 !l-rn ,!9"0 n";1 

75 !1-m V7-30n"";7~ 
: - 56 n-m .y//' 33 !1-m/'/A 

58 n.m· V-, 66 !1.m/'/i ,r;;! 
5 6 7 8 9100 

"'Oept!l, in meters 

Figure 3 

22 n-m 
18n."., 

°8 !1-iTl 

20 n-m 
·3 [2-rn 

; 
5 6 7 a 91000 

EXPLANAT ION 

12 [l·m -Electrical resistivitY,in 
_ ohm-meters 

.' :f4~P;ThAquifer 

Representative Ve rtica lEa rth-Res istivity Sounding Curves 

- - cind Computer Interpt'e-ted Electrical layering of the 

South Plains iPlainv·iew-Hereford Area) of Texas 
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YES 71 9.5 n-m : 
YES 60 11.2 n-m , 
YES 59 14 n-m 
YES 56 50 n-m 
YES 50 '1 n-m , 

3 4 5 6 7 8.910 

Electrode Spacing (A), in meters 

17n-m , 66.ri-m . '~70 n-m~ 43 f1-m 
, 

42 n:m 98 n-m ·:193 n-m:A 
110 n-m . 'v.:i2 n-m'/,l 

, 83 !1-m .1/"// /-110 n-m'l / hi 
58 f1-m , 100 n-m -.' 

.190 n-m 1 

4 5 6 7 B -9100 

Depth, in meters 

Figure 4 

52 !1-m 

6.7 n-m 
5.6 nom 

37 n-m 
300 4 5 6 7 8 9' 000 

EXPLANATION 

12 [l-m-E leetrical resistivity in 
ohm-meters 

,145 [l:lj1l-Aquifer 

Rep resentative Vertica I Eo rth-Res istivity·-Sound ing CUJves 

and Computer Interpreted Electrical layering of the 

South Plains (White Deer-Pampa Area) of Texas 
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Electrode Spacing·,(AI, in meters. 

I. 
t 

V.ES 74 63 n~ I 41 fl-m _Y////'45 n-m'/'////l14 n-m> 7.8 !1-m 
" VES 64 16 n-m '32 n-rri .- 105 n-m 82 n-m . ~74 n-ni'1 40 n-m 

VES"62 160 n-m 72 nom 340 n-m 
VES44 32 n-m 108 n-m 25 nom 
VES 43 16 nom 132 !l-m 68 n-m ,V//-32 n·m///-
VES 42 15 !l-m 64 n-m J0.'.58 n.~ 14.5 n-m 
VES 29 80 n-m 133 n-m 40n-m 

6 7 8 9 100 3 . 4 5 6 7 B 91000 

Depth, in meters 

Figure 5 

-EXPLANATION 

12 D-m -E lectrical resistivity' in 
ohm-meters 

fh'j'2;Tj-Aqu ifer 

Rep resentative . Ve rt i co I -Eo rth- Res istivity So u n din g 

Curves and Computer Interpreted Electrical layering 

of the North Plains ofTexos 

21 
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geoelectri·ca~ contrast ,between ·th.eOga llal a Format i.-on··and the under lyi ngsedi.,­

ments, the ··base of the Ogallala was not well discerned. 

Relation of Apparent Formation 
Factor (F) and Formation or Aqu-ffer . 

Resistivity 'R} to Hydrologic Properties ----=-,...... - 0 . ' 

The apparent formation factor (Fa) and formation or aquifer r.esistivity.· 

<·(R) of the water-bearing sedinients of the High Plains aquifer are a function o 
bf the perc::entage breakdown of the clay,sand, and gravel particles, and the' 

quality of the interstitial watet.An increase in the'~lay {)r silt content in 

the aquifer causes a decrease .in the formation or aqu,'fer resistivity provi-d­

ing ther.esistivity of the interstitial water remains:-constant. The appar,ent 

formation' factor also oecreas~swith an increase in ~lay ·content. Equation .(4) 
. . . .' .. I 

also allows for water quality changes affecting this' parameter. As the -clay or:! 

silt content ih the stratigraphic sediments of th~ aquifer increases, inter~. 

gra~~lat _permeability and effective porosity or ~pectfic yield decrea~e. ~here~ 

fo~e, variations in the hydrol~gic propertie~ or lithology of the strati~' 

graphic-sediments due to differ,ent clay or silt content can be qualitatively 
I. 
i 

represented by the geophysic'al' parameters of apparent formation factor -and for"" 

mation or aquifer resistivity . .:.' 
, i , 

Following determination of the apparent format.ion factors ~F a) and forni~-: 

tion or aquifer resistivities (R ), Figures 6 and 7 were constructed to show. I 
. '. 0 : 

the lateral variation in formation fa·ctors and formation or aquifer resistivi-
,", 

ties, respectively. These figur:s also indicate variations in lithofacieswithr 
. ". . . . 

in theHl~h Plains aquifer, .as the properties mapped ge'nerally have aninvers~i 
'. 

relatiohship to clay or silt content. The areas of best permeabilities and' 

specific yi.elds (and lowest cl.ay content) ar.e indicated by the highest appar­

ent formation factors and formQtion or aejuifer resistivities . 
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EXPLANATION 

i ' 
I 

I 
I 
! 
I 

.4,30 i 

Apparent formation foctor (Fa) de-rived 
from 'Vertical electrical soundings; 

Consult T~ble 1 for oddi!ional doto de~iyed 

-3-
line /lsopleths) joining -points of 

equal apporent formation foctors 

Interval 1 unit (dimensionless) 

~ 

line 5~owing the edge of the High Plains Aquifer 

to 20 30 Miles. 

10 20 30 Kilometer, 

Figure 6 
. ~. 

Variations in Apparent Formationfa<:tor 

in the High Plains Aquifer of T ex'Os [, 
, 'I 

23 



ease from U.S. Geolo9icol'S:~('vey, 1965 

24 

EXPLANATION 

64.30 . ,", 

Formation Or oqu)fer resistivity (Roj. in ohm~meters, 

derived from ~ertic~1 ~Ieclricol soundings 

Consult Tobl.e 1 lor additional'doto derived 

--80--
lines IhoplethsJ" joining points of 

equal formation or. a,quife, resistivity 

Intervol 20 ohm~meters 

~ 
line showing the edge of the High Ploins Aquifer 

'--_.i.'O_.-C.2.:.,O_...c.30 Miles 

10 '20' 30 K ilomtle" 

Figure 7 

Variations in Formation or 

Aquifer Resistivity (Ro) in the 

High Plains Aquile'r 01 Texas 



I 
i 
I 

, Inspection of Figures 'b and 7 indicates thefo,llowing with re'spect to th-e 
I i 

'appar:,e'nt ,formati,on factor and aquifer resistivity isopl€ths (lines): Ud la 

nbticeab le trend of high values .. extendi ng from northern Hartl ey and southern 

Qa n am 'Count ;<!s eastward ; nto sout her n Sherman, Hansford, Och; 1t ree, and \ 

" lipscomb 'C.ounties; (b) a prominent, circular high in 'Southwest·ernGray edt/My; 
, I ' . ' ' 

" 
and {<:) a northwest to south:east trend of high, va 1 u:e,s through Parmer, ca~~ro, 

Hale;,. and, 'floyd ·Counties. An anomaly is shown in nor:th.,c.entral Hale CounVyat . 
" .' . , , ' 

V'ES 21. In this instance, the,a'pparent formation fact..or of 1.78 is low in::c'om­

parison. to surroundi ng va lues. Cretaceous sediments which underl i e the ma!jor 
I, ' 

port ion of sout heastern Hale County mi ght i nf 1 uence th-ese respect i ve s'ciun~ing 

results. I 

i . . 
,nie above delineated trends indicate favorablearea's in which wells ~.ou}d 

encounter the best aquifer petmeabilities and highest",~peci'fic yields. E~~mina­

tion of Figures 3, 4, and 5, Will allow the reader to ,determine r.epr.esent?tiv.e 

aquifer thicknesses in ~uch 'areas. 

'. SUMMARY 

This first attempt by the Department of Wat-er Resources to apply sudac..e 

electrkal resistivity techniques to ·the High Plains a.quifer of Texas appears 
\' 

to have. s,uC'cessfully shown that the methods are practicable for indicatin~:.the 
, , 

regional variations in the hydrologic properties that control aquifer perfor-, 

mance. P.ermeability, specific yield, and in a general way, variations in Qver­

all l1th6logy, were qualitatively shown. Areas of high apparent formation. 
I 

factor~(f a) and hi~h formation or aquifer resistivities (Ro )' both of which. 

correspond·well with the known:areas of high permeability and specific yield, 

are shpwri on Fi-gures 6 and 7,respectively. 
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-In mo'St'~ca'S€s" determination of the positi-on ,of :the'tias.e of the ·Ogallala ' 
;J 

,F:ormation was,'~os-sible using the resistivity method as "aetermined ,by geoelec- ; 

trical,modelin9~ , 

LIMITATI(jNS 

BY, itsv,er.y .nature, the surface electrical resistivity 'methocjof inv.esti-, 

gati on ; s restr'i,~ted to supplyi ng data'that support other forms of geohydro­

logical inforrnati:on. such as test hole data, water-level measur~merits, and lab; 

oratory ana lyse? ~ ,The resu It s of thi''S study are qual itati ve in, tiatur.e s i nee 

laboratory tests were not conducted to det.ermine the ,effect of c'l ays within 

the ,heterogeneous Ogallala formation and, the degree to 'which curr..ent flow:s 

through, the formation matrix. Quantitative results could be obtained only if 

the Ogallala Formation were a'Clean's'and or if the effect of' its clCiY were 

known. 

..'." 
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