
Case History of the 
Seven Rivers Sand Waterflood 

Crockett County, Texas 

~1,~ Noe]ke Field, located apprOXinl~lte~y (i-1 :’ 

mjles Soutl~east Of Iraan in CrOclWtt C()LllltJ’. 
~~~~~~ (Fig, 1 ) covers some 2760 pl’OVel1 pIWiLl(‘- 

tive acres with an estimated 1300 acres being oil 
l,,.o(lucti\Te and the remainder being high enougll 
sll.uc.turall?; to carry gas saturation. The oil pro- 
,juctiVe acreage is contained in tW0 Sepal’LltC “oil 

rings or pendants” around t.he gas cap (Fig. 2). 
l<otl~ oil segments have been waterflooded--t hc> 
,,~~rtl~ern by Delhi-Taylor and the southern 1)~. 
;jmbassador Oil Corporation, General American 
oil Co. of Texas. and J. T. Holmes. 

‘I’llis paper will report on the southern seg- 
tnent only which lies in portions of Sections ‘0. 
24. pGq 29, and Xl Elk. GG, HE&Lf’T Railroatl 
Survey and Sections 60 and 77 m’. F. Millin SUF 

\‘?V. 

The tlisc~overy well in the southern segmen?. 

Soma Oil R! Gas Syndicates’ .J. T. Gouras h”o. 1 

(:Zmhassador Oil Corporation’s W. T. Nelke “G” 
Xo. 1 ) was completed in April l!)(X) at a total 
clepth of 1032 ft for an estimated initial potential 
of 10,000 ROPD flowing “guild” for al~l~~~~~xirn~~tel~ 
1:) (lays before being controlled. Ti:\~iticilcy of this 

c’xists in the dr\. creekt,e(l being (~o:\tccl \ritll 
q)halt-like material for several niilt>s into 
the Pesos Ri\rer. Two months later ~vhcw tlw V,TII 
\<‘x settled enough for a i.cliat)le test. ;I potciiti;il 
Of 77.5 IWPD \%ras reported to the Rai(lro;~(l Corn- 
nlission. Subsequent wells completed \vithin 1 X 
months also exhibited high potcnti;lls I)ut (]ue +(I 
the rapid clecbline in potentials ant1 the 10~~ 1)rjc.c 
of crude during early 1940-I!)41 ~#.I(~ pei. t)t)1) 
many proven to semi-pro\.en local ions \vc~(> not 
drilled. During 1940, 12 wells ~verc completetl ;in(l 
(iuringf 1941 17 wells \frerc coml)letc+. 111 194:j t\j80 
4vells estenticd the field to the So~~tl~ ( N(,~~]k(~ “J” leas:e) and in 1947 one infill well \f.;ls (lI.ilItvi. 

‘l‘llc> thl,ce ~IU~L~CWS in Section 24 were drilled 
in the late 1950’s encountering a significant sec- 
tion of pay sand whic,h contained highly \‘iscous, 
I)lacsk c,rucle. These ITells never produced COm- 
Iliel~c*iill 1)171ii;ii~y 01’ secondary oil. 

A total of 40 wells 126 oil, seiren gas and sev- 
en tlr~.) \t’;ls tirilled during primary life. Develop- 
mctnt drilling clueing subsequent waterflood op- 
ei‘;\ticlns resulted in an additional 1S wells pro\‘- 

i ii g ; I t()!;ll es(inl;ited 700 oil producti\*e acres and 
44:; (conformable waterflood acres in the south- 
(‘I‘ll sc’~lllen t. 

I’i~iiilal~), oil iv3~o\~er\. to economic limit was 
1 .:1-14.527 1)bl fol, the area in discussion or 1921 
11l)l 1x1’ acre. S;ecx)ntl;lly oil recovery to Januar! 
I. l!)C;5 has t)cten 2.502.7S!) bbl or 5650 bbl per 
ac’l‘e. 

‘l’hc Noclkc Field pI~~tl~~c~s from the Seven 
I’\i\.ci,s S;lnd (Soma lor~all>~) of the Permian Sys- 
tem. I>uc: to the high topogl~~~phic~al relief of the 
sui.fac,e. 1 he sand is fount1 at clepths ranging from 
lOO(i to l?r)(i t’t f\,c,rn the surfac,c. A\rerage surface 
elc~\.ilt ioll is 2(iOO ft ;ltjo\.e mean sea level and 
rclit~f rct:~c*l~es ‘175-700 ft between some offset well’ 
Ioc,;itions. ‘I‘hc I);IJ. zone dips ~1I)l)l’oxirnatelv 40-50 
i‘t 1)c’i. (Xi0 ft loc.;rtion to lli~ east anti southeast. 

‘l’l~ l)l,ociuc,ing sancl is most probably of la- 
vonai origin laid down along the southeastern h 
ctl,Iy of thv Central Plains Basin Platform, a 
thumblike projection extending into the old Per- 
mian Se:r from southeastern New Mexico to 
5,111 ltt’rtl (‘~u~c~kc~tt County. Texas. It was formed 
in c~:rl~l>~ I’onns?rlvani;ln time as a series of “en 
tY~ht~loll” mountain uplifts and thick Permian 
clt~l)osits \frtre laid down atop the old eroded sur- 



FIG. I 

FIELD LOCATION MAP 

54 



“.um 

9 

-------- 

FIG. t 

55 



FIG. 3 

-------I---i--- 

E 

A 

/ 
I ! 

4 

! 

!; 
\ 

STRUCTURE MAP OF 

SOUTHERN SEGMENT 
CROCKETT COUNTY. TEXAS 

CONTO”RE0 ON 

TOP OF SOMA SAN0 
CONTOUR INTERVAL IC FEET 

56 



I 
I 
I 
I --T---T------ ----_--_____-- 

FIG. 4 

t-- 

---r---- 
s 

: 

AMOASBAOOR OIL CORPORATION 

ISOPACHOUS MAP 
CROCKETT COUNTY. TEXAS 

CONTOURED ON 

SOMA SAND 
CONTOUR INTERVAL IO FEET 



face, Varied reef and lagoonal deposits lend avid- 
ence to this expositional history. The reef rock!: 
are very thick dolomitic limestones of Permian 

age, and on the mai 0 1-3 pins of the platform, elongat- 

ed kidney-shape6 sand bodies constitute la- 
goona] sand phases also of later Permian age. 
This appears to manifest itself In the Noelkc 

Field. 
The sand permeabllit? @inches out ~llY~Ulld the 

perimeter of the field. AlTerage sand thic,kness 
is 13 ft and ranges from O-22 ft (Fig.4). NO acti\.e 
water drive has been detected and the primal? 
producing mechanism has largely been through 
solution gas-drive and gas cap extension enc%:?-. 
ROCK PROPERTJES 

The producing horizon consists of a fine- 
grained, subangular, partially friable sandstone, 
cemented rather loosely with a siliceous material. 
The body is well formed and possessses the fol- 
lowing rock characteristics: 

Average thickness 13 ft 
Average porosity 21-23 per cent 
Average permeability 300 md 
Permeability range l-900 md 
Average connate water saturation 25 per cent 
Average original oil saturation 
in the oil column 75 per cent 
Average residual oil saturation 25 per (sent 
after flooding 

Original bottom hole pressure is estimated 
at 1500 psi. No original solution gas ratios 
were taken; however, it is estimated at 500 SCF ’ 
STB. Producing solution gas oil ratios were prob- 
ably considerably lower since a significant vol- 
ume of gas and pressure was exhausted rapidly, 
by the discovery well blowing “wild” for several 
days. 

FLITID PROPERTJES 
The oil is a 34’ API @ BOOF crude with an esti- 
mated original viscosity of 1.0 cp and 5.0 cp at 
deleted conditions. The oil is a black asphaltic 
base crude containing 20-24 per cent Jtalian type 
asphalt by anal.vsis. It is arbitrarily classified as 
a “sour crude” by the pipeline because of its low 
gravity and salt content; however this is some- 
what misleading because it contains only 1.5-1.8 
per cent sulphur by ASTM 129-39 standards. 
Flash and pore point are below normal atmos- 
pheric condition. 

PRIMARY COMPLETJON AND J’R()DIJCTJON 
HISTORY 

Completion procedure was to drill with cable 
tool to the bottom of the second fresh water sand 

Lit 400-500 f’?, set stlfficaient surfac,c casing to seal 
off 11~3 !)c~i from c~olltamination, drill into the pay 
ZOII(‘, :ct :\ncl c.r‘mc‘nt 1)roduction string (usually 
se\-c’n incall ().I>.) with 35-50 sacks ant1 drill into 
t hc 1);1!. zone “l)arr~foot” The top of t.hc pay was 
e;rsil>T dcqecqed I)! :in;il,vzing cutt.lngs and oil-gas 
i‘l0\\ :2lso. the pa> zone almost uniformly oc- 
C’I!~S 45 !‘t IK~IoM~ t hc t)ottom of the Yates zone. 

Initial l)otc~ntial.~ ri111getl from the estimated 
1~),000 1301’1) (1m.n to 20-25 1:OI’l) on wells 
tlirllctl ~1, to 1!132. ~‘ipl~~rc’i~tly, a number of these 
loner potentials \vc‘rc more a result of “blowing 
off” the rescr\.oir energ> by the discovery well 
t ban lo\v formation capacity. A few wells were 
tight anti we1.e “hand shot” with nitroglycerine 
to stimulate protluc*tion. No frac jobs were per- 
formed during this interim since the process had 
not been introdllcetl to the industry. 

Peak primary oil production in the southern 
segment reacshed a peak rate of 10,201 BOPM in 
.lanuary 1944 (Fig. 5) and declined rapidly there- 
nft~er \vit h most \\.ells reaching the stripper 
stage in 1!)51. Production continued at a low level 
until the waterflood was initiated in late 1957. 
Cumulative produc,tion was 1,344,527 STB by 
the primar,v recovery mechanism: this calculates 
to be I 1 .S per c*ent of original oil-in-place. 

J-‘Jl,OT \fYATI<:RFl ,OOD DF:VF:LOPMENT 

Following a cletailed engineering study which 
indic*ated that the Sc\rcn Rivers Sand (Soma) 
offered excellent ivaterflood possibilities, an 
application 1f.a~ made to, and approval given, by 
the Railroad Commission of Texas on September 
(i-1 !)57. Immediate work wras commenced to in- 
?!a11 a triple fi\.e-spot pilot flood consisting of 
eight injectors, \j’. T. Noelke A-l, A-5, A-G,k-9, 
C-l, D-1, 11-2, F-2 and two enclosed producers, 
W. T. Noelke A-4 and D-4. Noelke A-9 and D-4 
~vere newly drilled wells which were completed 
open hole with 5-1 ‘2 in. O.D. casing set in the top 
of the pa>‘. Core analyses showed the pay zone 
to hal,e ample ca1,acit.v to support desired in- 
,jection rates. Noelke D-l and F-2 were plugged 
back to an anhydrite stringer immediately below 
the pay zone. The remaining injection wells were 
cleaned out, logged, the casing pressure tested, 
and Dlaced on injection status. 

Initially 0nl.v a single water supply well, WSW 
No. 1, located on the W. T. Noelke “F” lease waF 
completed with I O-314 in. OD casing being se1 
at 482 ft with a slotted section opposite the water 
sands and gravel packed behind the- casing tc 
prevent sand flow into the wellhore. An eight in 
right-angle drive turbine was set at 434 ft and 
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the well tested at 45-50 GPM. When the injection 
wells were capable of taking more water, a set- 
and supply well, WSW No 2, located on the W. 
T, Noelke “E” lease was completed similar to 
WSW No ! and provided ample water for the 
pilot :,equirements The water from the wells 
was fresh water; as from all subsequent wells, 
and proved to be completely compatible with for- 
mation wat.er, presenting no treating problems, 
precipitstoin or corrosion. 

The water plant equipment consisted of a 
National F-60 triplex pressure pump powered 
by a Buda GM0 893 gas engine. This provided 
a capacity of 3000 BWPD at 1200 psi. Since 
electricity was not immediately available in this 
end of the field at this time, it was decided to 
operate the above gas engine and the two W-226 
Allis Chalmers gas engines on the supply wells 
with casinghead gas from the Noelke B-3, a well 
in the gas cap. 

Initial water injection was realized on NOV- 

ember 17. 1957 with all wells taking water 
readily at zero pressure. Initial flood response 
was detected at X7. T. Noelke E-l in July 1958 
or eight months after initial injection. Although 
the well had only a “two way push” the response 
was positive and significant, reaching 75 BOPD 
and no water in a month. 

EXPANDED WATERFLOOD PEVELOPMENT 

Immediate steps were taken to initiate an ex- 
pansion program to afford “backup” to W. T. 
Noelke E-l, thus prelrenting migration of oil 
into the gas cap and creating an intensified drive 
on the well. W. T. Noelke A-8 and G-l were plac- 
ed on injectoin status and the enclosed producing 
location. W. T. Noelke D-3 was completed and 
potentialed for 180 BOPD; response was antici- 
pated at the time. The W. T. Noelke A-4 and D-4 
commenced response and increased so rapidly 
that larger producing equipment was installed. 
It was also necessary to drill another water sup- 
ply well, WSW No. 3, located on the W. T. Noel- 
ke “A” lease. 

Expansion southward on the W. T. Noelke 
“A” lease and onto the “H” lease was commenced 
in early 1959, as production response became 
quite intense, reaching a level of 700 BOPD in 
December 1958. This necessitated larger pumping 
equipment and tubing on most responding wells. 
A unit was engineered for this particular appli- 
Cation (see section on Problems and Solutions), 
Larger storage capacity and a new, more reliable 

source of power were necessitated since an amp 
gas supply was becoming non-existent from t.1 
gas cap \vell. This was solved by electrifying tl 
southern portion of the flood from a REA lir 
and equipping the northern end wells with g; 
engines fueled by a gas supply secured from tl 
Citv of Iraan’s gas line l-112 miles north of tl 
flood. Extremely rugged terrain and lighter lo: 
requirements in the south end of the flood di 
tated the advisability of using electricity. 

Development of the \Y. T. Noelke “H” and “. 
leases was accomplished in the second quarter 
195!) with the drilling of six new injection we1 
and se\:en new producing wells, the conversic 
of three wells to injectors, the extension of tl 
lvater distribution trunk line, the installatic 
of another water plant and the completion of 
new water supply well, WSW No. 5, on the W. 
Noelke “H” lease. Also with the expansion 
the entire project, it was necessary to drill al 
complete another water supply well, WSW No. 
located on the W. T. Noelke “A” lease at wat 
plant No. 1. This well proved the best well of t: 
entire group, testing 148 GPM. 

With the increase in the number of injectic 
wells and the additional supply well it was nc 
essary to enlarge Plant No. 1 output. The N 
tional F-60 pressure pump was replaced with 
larger National J-125 pump. This doubled t 
plant’s capacity. The surplus National F-60 w 
installed in Plant No. 2 and equipped with a 
hp electric motor. The water supply well, WS 
No. 5, was equipped with a 3 hp submersit 
pump run on l-1 ‘4 in gal\Tanized pipe. 

A Cooperative Waterflood Agreement w 
finalized with the offset operators, General AI 

erican Oil Company of Texas and J. T. Holml 
resulting in equitable and fairly efficient flo 
patterns on all leases. The pattern along t 
northern boundary of the W. T. Noelke “B” le: 
was not completely satisfactory; however, 
view of legal difficulties preventing injection 
water into the Bouscaren Estate leases, the hi 
cost of drilling a line injection well and reduc 
oil recovery due to the proximimity of the g 
cap, it was decided that the best possible fla 
coverage was afforded.. 

W’ith the development of this northern secti 
and Completion .of the L. H. G. Bouscaren No 
in Section 25, complete field development u 
accomplished and resulted in the injection p 
tern shown in Fig. 6. A total of 25 producl 
and 26 injectors resulted. 
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FLOOD PERFORMANCE 
As previously stated, initial flood response 

was indicated in W. T, Noelke E-l in July 1958. 
W. T. Noelke A-4 and D-4 indicated response 
thereafter with the completion of W. T. Noelke 
D-3 for 180 BOPD. Production rapidly increased 
during all of 1959 and reached a peak rate of 
2580 BOPD in January 1960 (Fig. 5). Production 
declined mildly thereafter, as would be expected 
in a high rate flood with extremely high average 
permeability profile, and reached a level of 401 
BOPD during December, 1962 then gradually de: 
clined thereafter through 1964 to the economic 
limit. 

Water production commenced in late 1958 and 
followed an expected increase to peak at 3140 
BWPD in June 1961. 

Water. injection reached a peak rate of 8100 
BWPD in February 1961. Average per weil rates 
were 310 BWPD with a range of-200-600 BPD. 

Oil production reached economic limit on most 
of Ambassador Oil Corporation’s leases in late 
1962 and plugging operations were commenced 
with complete flood abandonment realized in 
January 1963. The W. T. Noelke F-2W and W. T. 
Noelke “B” leases were sold to General Ameri- 
can so the flood operations could continue to 
their economic limit. This limit was later than 
Ambassador Oil Corporation’s due to their leases 
being developed last. At the time of this paper 

their leases are at their economic limit, hence a 
very good picture of complete flood performance 
is available. 

Ratio factors are: (1) secondary vs. primary 
186 to 1, (2) water injected to secondary oil 
production 3.62 to 1, (3) cycle factor of 2.5 to 1, 
(4) total primary and secondary recovery in bbl 

Operator and Lease 

Ambassador Oil Corporation 

W. T. Noelke “A” 
W. T. Noelke “A” 
W. T. Noelke “C” 
W. T. Noelke “D” 
W. T. Noelke “H” 
W. T. Noelke “H” 
W. T. Noelke “H” 

General American Oil Company 

W. T. Noelke 
W. T. Noelke 

Well 

4 
7 
2 
4 
2 
3 
7 

2 
3 

62 

per acre 7571 and 582 bbl per acre-foot and (5 
cumulative produced water to produced set 
ondary oil 1.13 to 1.0. 

Several wells performed outstandingly, prob 
ably as a result of three factors: (i 1 almos 
complete saturation of pore space available fo 
hydrocarbon resulting from migration of oil fror 
the tighter flank areas into more perfeable set 
tions in the high permeability region throug: 
the center of the oilfield and (2) very good par 
osity (24 - 26 per cent) around the wells and (3 
some oil migration into their recovery patterr 
The secondary oil recovery figures for some c 
the wells are given as follows: 

SPEClAL PROBLEMS AND SOLUTIONS 

No special problems remained critical 10; 
enough to adversely affect flood performance 
however if they had remained unsolved seriou 
impairment if recovery efficiency or significar 
increases in additional cost could have resultec 
The most noteworthy problems and solution 
were: 

(1.) A serious oil sale problem was averte 
when negotiations with the pipeline car 
rier, Texas New Mexico Pipeline Co. rt 
sulted in their installing a connection-t 
their larger “Live Oak System” to th 
east of the flood. 

(2.1 Significant savings were affected by dt 
signing a pumping unit with adequat 
torque rating. Since the flood depth wa 
so shallow, standard API units had grosr 
excessive beam ratings but insufficier 
stroke length for capacities desired. Th 
resultant has unit has now become 
Standard API series. 

Secondary 
Recovery 

B/A B/A- 

246,474 11,000 76 
237,671 11,884 81 
325,524 16,276 1,17 
176,343 8,817 61 
125,814 6;990 59 
125,379 6,599 71 
105,980 . 4,999 67 

121,296 5,297 35 
371,052 11,076 5: 



(3.) An adequate shallow, prolific water supply 
was afforded with the approval of the 
landowner. 

(4.) Significant savings in fuel bills were af- 
forded through the contract consummated 
with the City of Iraan whereby gas was 
made available from their supply lines to 
the north of the flood. 

SUMMARY 

This shallow waterflood project proved highly 

successful despite several adverse features, i.e. 

severe terrain, inadequate power source, very in- 
complete field drilling and definition and diver- 
sified field ownership. It is believed that the flood 
performance will rank high in any analysis and 
that it is near the top of the Seven Rivers reser- 
voirs. 
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