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Thcre arc abnormalities in the temperature \·s. (Jppth 
relationship in t.he IVoLfcamp and old er beds of the Dela­
warc - Val Verde Basins of West. Texas and Southeast 
New ~lexico. Some major gas-produ~ing areas suc h as 
Puckett, Gomez. and Coyanosa have normal subsurface 
tempel'ature grad ie nts in the deeper bed s . Other field s 
like Toyah, Hershey, and Grey Ranch arc "hot spots" 
wi t.h abnormally high gradients. There are also SOllle 
non-producing high-gradient areas ill southeast Eddy 

County in New i\I('xico and ~outh Crockett and Val 
Verde Counti es in Texas. Subs urface temperature gra­
dients arc a s trai g ht-line Junction to approximately 
12,000 ft and then assume a shallow curved line with the 
gradi ent increasing with dcpth. Investigation of 17 we lls 
in one g a s field with an average dept h of 14,500 :ft indi­
cated drilling fluids have liWe cooling' erreet and that 
electrk- log temperature surveys repre~ent true bottom­
hole temperature. 

--_ .. _- ---

I.:"iTRODUCTION 

With the trend toward deep er drilling, it becomes 
lllore important that the oil industry have a better 
knowledge of subsurfa ce temperatures. This is espe­
cially true in the Delaware - Val Verde Bas ins, where 
wells nrc bein g comp le ted at depths ran g ing to 23,000 ft 
and temperatures in excess of 300 Fare bein o ' encoun­
tered. Both the prediction and control of mud and ce­
men t properties depend in pa r t upon the knowledge of 
down-hole temperatures. Acc ll ' t c temperature predic­
tion is also important in the liL- 'C:' n of logging and per­
forating tools. The main g oal ollhis study was to gather 
all of the temperature data avail able in the Wolfcamp 
and older beds of the Delaware - Val Verde Basin area. 
Using the temperature data collected, g radi ent maps 
and curves were const.ructed. The methods and tech­
nique for deriving these exhibi ts are di scussed following. 

DISCUSSION 

The first step in collecting and assembling the tem­
perature data was the construction of a base map out­
lini ng the generally accepted boundaries of the Dela­
ware - Va l Verde Bas ins. Ca re was taken not to include 
wells drilled on the Central Basin Pla tform, s in ce this 
is a deep basin study. The geographic desc r ip t.ion of the 
bas in a rea by counties was submitted to a compute t' 
well-data storage sys tem. The computer r e tri ev al indi­
cated that there were 300 well s drilled below 10,000 H 
within the study area. The temperature reading s Wl're 
then ta ken from electric-log surveys of t he well s . An 
attcmpt was made to secure temperatures from the vari­
ous operators who had conducted bottOlll-hole sampling 
or press ure surveys, but th is was Llll ~;UCccss rlll. Fig. 1 
represents the usual method of determinin g the gTadi­
ent values from surLlce to toLal depth . A mean suri"aec 
temperature of 74 Ii' was used for th e lIpp er mea sur(' -

:I,) hillip~; 'Petl'oh,ltJl1 c:, .. !'I Iidln!lfl. 'I'e xlls . 
t 1 rl' ~; l'l1kd at. tl )( · ~';Prllll! rlH'.·!IIl ~ ~ or lhl' Soulliw(,:.; tl'1'1I lJi :; ll'icl , i\ PI 
i)ivi :; ioll flf J'rodudinll, .March l !I'IO. 

ment in each well, and th e recorded bottom-ho le teni­
p erature is the second mea surement. A temp erature of 
7·1 F wa s used so as to coincide with work done by pre­
viou s authors all temp erature gradients. Using this 
method, the formu la for calculating the g radient in 
degrees per 100 it is: 

BottolJl-hole telllp er(l tll/"f~ - 74 F 
Tolal depth . x 100 

Fig. 2 shows the g radient from Wolfcamp to E llen­
burger and r epresents two meas nred bore-hole tempera­
tures in each well. The upper meaSUl'C!lI enC was taken at 
depth of the first log run, usually in the Wolfcalll]J, 
and the lower froll! the final log rUl1 at total depth in 
the Ellenburge r. The following formu la was used to cal­
culate the Wolfcal11p to Ellenburger gradient in degrees 
per 100 ft. 

Bollf}lJI-hole ICII I }J I'"}"alnrc - up-hall' teIl/.1JeH/.ture 
- --Tolul depth - depth 0/ np-hole 'readii-tg 

x 100 

After the temperature gradient was calculated for 
each wel l, the data were prog rammed into a eOl11puter 
and the plotte r mapped the g radient on a prcdctermined 
interval. Approximately 15 percent of the 300 gradients 
calculated were diseanled because values less th a n O. GO 
and g reaLl'r thnn 0.00 were cons idered in error, Bot.h 
Fig. 1 and Fig'. 2 were adjusted manually f or contour­
i ng irregul a ri t ies Iollowi ng" the COm]ill tel' plo1. r n COI11 -

paring Lh e t.wo maps', Fig. 2 shows much greatcr defini ­
tion o.f t.he tenlpe rature gradient "hot spots" in Lh e 
basi n arca. Neit.her map exhib its any nhnorrnaliLies 
along' the Pucke tt, Gomez, and Coyanosa g'a s-p roducinl{ 
trcnd. The higlws t gradienLs arc in t he deeper arcas or 
the bas in s and UH' gradienL dcc reas<.'s sil:n ifi canLly onlll 
Lhe Ccntral Ila s in Platflll·nl. Tahle 1 shows comparisons 
of tClllpera turc I,Tacii ent.s or Wo lf('amp and oldcr becis 
in .l:~ of 1.IJ1' majo r pl"odlll'ing' fields or l.h c bas in area. 
The valu es shown are ariLlllllelic averages. 
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Table 1 
COlllpClrison of TelllperClture GrCldients Reletted to W o lfcClIllP and Older Forlllotiolls in 12 Meljar Fields 

of the Delowme - V Cli Verde BClSins 

Number 
of Wl'lls Uppcr Measuremcnt 

Field Namc Investigated Depth, Pt Porma lion 
B£'II Lake 5 12,500 Penn 
Brown-Bassett 8 6,300 Woll'cnmp 
Coyanosa 18 10,000 \Volfcal1lp 
Gomez 25 10,600 Wolfcal11p 
Grey Ranch 5 10, '100 IVolfC'am)) 
Hershey 4 13,300 Wolfcamp 
Lockridge 10 11,300 IVo]fcmnp 
Oates 8 10,000 \Vo!fca mp 
Puckett 20 7,100 \Vo!fcalllp 
Toro 7 13,300 IVolfc:1 111p 
Toyah 5 5,400 Delaware 
I,"ol'sham 8 10,500 ',"olfcal1lp 

The temperature-gradient curve presented in Pig. 3 
represents 300 t emperature control points taken between 
5,000 ft and 22,000 ft. The minimum t emperature plot­
ted was 98 F and the maximulll 320 F. The curve shows 
a straight-line gradie nt of 1.0 deg pe l' 100 ft down to an 
approximate dept.h of 12,000 ft. At this clept.h it becomes 
a curved line down to the maximum depth shown of 
22,000 ft. There were 77 well s ill which the gradient was 
calculated between 10,000 and 15,000 and t he average 
was found to be 1.3 degrees pel' 100 ft; 100 we ll s be­
tween 15,000 and 20,000 ft showed an average gradient 
01' 1.4 deg and 60 wells below 20,000 ft showed an aver­
age of 1. 6 deg. 

It has been widely believed that temperaturE's meas­
ured in wells during 01' soon after circulation of drilling 
fluid s are not n ecessa rily true formation temperatures. 
A correction factor, varied with depth, is applied to 
adjust fo r the cooling of the formation by the drilling 
fluids. Table 2 shows the compari son 01' electric-log tem­
pera t ures with temperatures recorded from bottom-hole 

Average Avcrage 
Lower Measurcment /3 ott.om-Illllc 'fCnlpel'-

Tcm pprn Lure, atul'c 
Dept.h, Ft 1"01'11\1\ Lion Deg P Crndicnt 

15, 500 Devonian 20G 1.6 
15,000 l~llcnburger za5 1.3 
15,500 l ~ llenbul'geI' 221 1.'1 
21,800 Ellenburger 31,1 1.'1 
15,300 Ellenburgcr 2GG 2.2 
1G,500 Simpson 259 2.1 
20,000 Ellenburgcr 268 1.3 
16,800 Devonian 263 1.3 
14,400 Ellenburgel' 213 1.2 
20,500 Ellenburgcr 289 1.6 
12,800 Devonian 282 2,1 
17,300 Ellenburger 203 1.3 

pressure surveys in the Puckett Ellenburger Pield . 
Available surveys on 17 wells, with an average total 
dept.h of 14,500 ft, showed temperature values remark­
ably si milar using the two recording methods and with 
an elapsed period between surveys exceeding 30 days. 

A CK)." 0 W LED G IIIF:NT 
The writer wishes to acknowledge the cooperation of 

L. VV. Handcrson of Mobil Oil Company and A , R . Fish 
of Phillips Petroleum Company in preparing the ex­
hibits for this paper. Acknowledgment. is also m a de to 
Phillips Petroleum COlllpany for the use of their fa­
cilities and permi ssion to publi sh this paper, 

BI13LIOG RA PHY 
Nichols, E. A: Geother!Jlal Gradients in M id-Continent 

ancl Gulf Coast Oil Fields, 7''I'(l'IIs. Am. lnst . Mining 
ilJet. Bngn. (Petroleum D eveloplIlent and Tp.chnol­
ogy) 170, 44 (1970). 

l\Ioses, P . L : Geothermal Gradients, API Drilling and 
Production Pr(lctice, 57 (1961). 

Tab le 2 
COlllporison of Electric- log 

Well Name 
Evelyn Jo # 1 
Fishel' Bonsack # 1 
Glenna # 1 
Glenna;':2 
Odoltl "A" #1 
OdOlll "e" .#1 
Odom "D" # 1 
Odom " D" # 2 
Odom "E" .#1 
Puckett "C" .#1 
Puckett "D" .#1 
Puckett "E" # 1 
Puckett "K " ti l 
Puckct "L" " 1 
Robbi n 5 "A" .t;' 1 
Rosa "A" # 1 
nOSH l\I i tc hell itl 

Date 
9-19-54 
'1-29-5'1 
4-30-52 

12-11-54 
11- 7-53 
5-23-5 /1 
8-24-54 
4-20-G1 
6- 3-58 
5- 3-53 
4-25-53 
3-2.'1-53 
:l- 24-li tj 

11-2 1-5 '1 
3-25-55 

11 -1(j-58 
11-30-1i'f 

Temperatures With TelllperCitures Recol'ded from Bottom-hole Pressure Survey 
in Puckett Ellenburger Fie ld, Pecos County, Texas 

Tota l 
Depth, Ft 

13,472 
14,428 
14,525 
14,516 
15,307 
14,760 
15275 
15;112 
14,307 
14923 
14:327 
1.'),075 
1:1,780 
14,777 
12,G/17 
14,829 
1/1,404 

Electric-Log 
Temperature 

Survey, Deg F 
196 
200 
225 
318 
225 
305 
251 
223 
212 
208 
200 
210 
198 
20G 
190 
214 
268 

Date 
11- 2-54 

5-24-54 
7 -26-5 /1 
1- 5-5.'1 

12-15-53 
7 - 2-54 

10-21-54 
5-11-61 
9-29-58 
7-2G -G4 
5-16-53 
7-2G-fi4 
7 -26-54 
1- 4-5fi 
1(-28-fifi 
2-1:3 -fi0 
il-2(j-58 

Depth, Ft 
13,418 
14,403 
1/1,400 
14,446 
14,942 
14,6(15 
14,870 
15,03:3 
14,7G2 
1,1,518 
14,310 
H,775 
] 3,G7tJ 
1/1,708 
13,12G 
11,784 
14,3;'7 

T em perature 
from BHP 

Survey, Deg P 
195 
204 
226 
204 
200 
207 
208 
222 
207 
199 
2GO 
201 
]97 
20G 
102 
207 
203 
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