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AIR LIFT AND INJECTION TESTING ON RRGI-7 
FROM AUGUST 1, 1978. TO AUGUST 3. 1978 
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Water level recovery data were collected following a twe'lve hour air 
1 i ft. The flow. as measured by the rate of fi 11 ;ng the mud tanks, B':8raged 

510 gpm with only r~latively small temporal variations throughout the test. 
The wellhead water temperature reached 172 OF which suggests a reservoir 

temperature in excess of 180 of. The recovery data, as measurad by chalk 
and tape. are plotted in Figure 1. An apparent abrupt decrease in slope, 
liS. from 11.72 to 5.766 ft/log cycle tit' occurs after approximatt~ly 56,.5 

minutes of recovery, t'. The slope, a,fter 56.5 minutes. is approximately 
half the slope of that for the previous data. Assuming an ideal homogeneous 
isotropic, and infinite aquifer. a linear impermeable barrier boundary 
results in a halving of the slope during recovery in response to the effects 
of the second recharging image well. Assuming only one real pumping well 
and one pumping image well resulted during the 12 hours of air lifting, then 
during the first 56.5 minutes of'recovery there would be the effects of one 
real pumping well, one pumping image well, and one injection image well. Thus, 
during the initial recovery segment. there is a net effect of one pumping 
well. During the second linear segment of recovery. there would be one real 
pumping well, one pumping image well. and two injection image wells. Thus. 
during the second linear segment of the recovery curve, there ;s no net 
withdrawal from the well. The decline of the water level in the well when 
tit' < 4.8 is presumed to be related to increasing density of the Itlater in 
the borehole as the water cools. The significance of the changing uellsity on 
the wellhead water level when tit' > 4.8 is not known. but could significantly 
contribute to the observed change in the slope of the recovery data. The ratio 
of Q/liS for the linear data segments tit' > 14 is 103.1 gpm/psi/log cycle tit'. 
The large value for Q/liS compared to values from subsequent tests sU90ests a 
significant effect of changing borehole water density on the observed depth to 
water during recovery. 

Injection testing using the drill rig pumps began on August 2. 1978. The 
initial injection rate of 840 gpm continued for 56 minutes. The rate was then 



changed to 675 gpm for an additional 80 minutes. The final injection rate 
of 450 gpm continued for 154 minutes beyond the end of the 675 gpm injection 

period. The injected water had a temperature of 125 of. The injection I'~tes 

were decreased because of the 1 imited capacity of the temporary water s upp ,y 

line from RRGE-3. Figure 2 is a semi logarithmic plot of the wellhead pres
sure data, s, versus the time since injection began. t. nuring the initial 

stage of the injection of 840 gpm for 56 minutes. approximately 20 minutes 
of injection were required before the data plotted as a straight line. 

Assuming a storage coefficient of 0.0005, and a T of 429.61 gpd/ft. approxi

mately 0.31 minutes would be required for steady-shape conditions to develop 
at the'well (u < 0.01). The wellhead pressure increased at the rate of 224 

psi/log cycle of time which resulted in a lIQ/lIs/log cycle time of 3.75 fJprn/ 

psi/log cycle time. No boundary effects were obvious during the initial 
56 minutes of injection. 

The second rate of injection extended from 56 minutes to 136 minutes. 
The wellhead pressure data for the 675 gpm test are plotted on Figure 2. 
Figure 3 is a semilogarithmic pl~t of the pressure difference, liS', between 
the wellhead pressure that would have resulted had the 840 gpm injection con
tinued and the observed wellhead pressures while injecting at 675 gpm versus 
the time, t', since injection at 675 gpm began. The data followed a linear 
trend after 40 minutes of injecting at 67S gpm. The slope, 665', of the 
linear trend after 40 minutes is 84.53 psi/log cylce of time, t', which 

results in a ratio of lIQ'/lI~s of (840-675)/84.53 = 1.95 gpm/psi/log cycle of 
time. The near1halving of the lIQ'/lIlIS' from the value of 3.75 gpm/psi/log 
cycle time. lIQ/lIS. obtained during the previous 840 gpm injection period sug
gests that the calculated lIQ/lIS and ~Q'/lIlIS' values may be dependent on the 
injection rate and/or hydrologic boundary effects. 

The third rate of injection extends from 136 minutes to 290 minutes. 
The wellhead pressure as a function of time since injection was first initiated 
are plotted in Figure 2. Figure 4 is a semilogarithmic plot of the pressure 

difference. AS", between the wellhead pressure that wOUld have resulted had the 
675 gpm injection continued and the observed wellhead pressures while injecting 
at 450 gpm versus the time. t", since injection at 450 gpm began. The wellhead 
pressure that would have resulted had injection continued at 675 gpm was calcu-



lated using the equation predicting the pressure buildup, s, that would have 

resulted had injection continued at 840 gpm (Figure 2) minus the pressure 

difference equation for 6S' (Figure 3) resulting from injection at 675 gpm 
The pressure buildup data, ~s", followed a linear trend beginning at approxi

mately 25 minutes and ending at approximately 110 minutes. The abrupt decline 

in pressure at 20 minutes is caused by a decline in injection ra1:(;. Tiit.: 

reason for' the devi at i on from the 1 i nea r trend beyond 11 0 mi nutes ; s not 
known. The slope of the pressure data is only 8.90 psi/log cycle time which 

results in a 6Q"/MS" ratio of (675-450)/2.90 = 25.3 gpm/psi/log cycle time. 

'This ratio of 6Q"MS" is considerably larger than the preceding values 
of 3.75 and 1.95 gpm!psi/log cycle time (Figure 2 and 3) for 6Q/t:.s and Ll,Q'/t,:iS'. 

The classical method of step test analysis (Jacob, C. E. > Drawdown Test to 
Determine Effective Radius of Artesian Hell, Trans. ASCE, CXII (1947) pp 1047-

1064) assumes the ratio of 6Q/6S and 6Q/66S to be a constant for each step. 
Since this is obviously not the case, an analysis for well loss coefficients 
was not undertaken. The relia'bility of the calculated values for lIQ/llS and 
6Q/66S decreases as the number ~f steps increase. The data obtained for the 
third step are probably unreliable with the second step data being much less 

questionable. The first step data are presumed to be reliable. 

Wellhead pressures after five years of injection at a constant rate were 
calculated hy extrapolation of the data procured during injection testing and 

by assuming an initial wellhead pressure of 0 psi. Based on the 840 gpm data, 
the equation s = 25.07 + 224 [109 (t) - 1J was used to calculate a wellhead 
pressure of 1239 psi with no interference after injecting five years at 840 
gpm. Figure 5 depicts the predicted wellhead pressures after five years 

assuming no interference as per the left scale and an estimated 100 psi of 
interference as per the right scale. In the absence of data to the contrary, 

a linear relationship was assumed to exist between wellhead pressures and the 
injection rate. The data from the 675 gpm test was used to calculate a well-

head pressure buildup s, using the following equation: s = 25.07 + 224 [log (t) -
1J - 16.36 - 84.53 [log (t') - lJ = 8.71 + 139.47 [log (t) - lJ, which predicts 

a wellhead pressure of 764.6 psi after five years. Similarly using the 450 

gpm data, the calculated wellhead pressure buildup was obtained using the 



/ following equation: s '" 8.71 + 139.47 [log (t) - 1J - 14.20 - 8.90 [log (til) _ 

1J '" 5.49 + 130.57 [log (t) - 1J, which resulted in a predicted wellhead pres
sure of 750.4 psi after five years of injection. These predicted we'11hedd
injection rate relationships are plotted in Figure 5. The most reliable pre
diction results from using the 840 gpm data. 

Wellhead pressure recovery data were collected following the cessation 
of injection using the digiquartz recorder and later when well water l~vels 

fell below land surface, a tape was used. Figure 6 is a plot of the recovery 

data using the digiquartz pressure sensor. The slope of the data, bs. when 

tit' ~ 12 is 18.38 psillog cycle tit'. The ratio Q/6s has a value of 31.28 

gpm/psi/log cycle tIt' assuming an effective injection rate of 575 gpm. When 
tit' < 12, the slope is believed to have changed from the 18.38 psillog 
cycle tIt' because of operations 'involved in disconnecting the kelly in 
addition to errors that would result due to trapped gases in the preSSllre line 
from the wellhead to the digiquartz pressure transducer. Figure 7 is a graph 
of the recovery data collected'using a tape after the kelly was removed. Tht~ 

slope of the data when tit' > 4;5 is 42.85 feet of water per log cycle which, 
assuming a borehole fluid temperature of 120 OF, ;s .equivalent to 18.37 psi/ 
log cycle tIt' ~ The values for the recovery slope per log cycle tit' are: 
essentially identical using the dig~quartz d~ta collected whe~ tit' > 12 and 
for the tape data when tit' > 4.5. This agreement supports the contention 

that the digiquartz data collected when tit' < 12 did not accurately represent 
aquifer pressures; In addition, since no observable change in slope occurred 
after 56 minutes of recovery, which corresponds to a tIt' of 6.18, the boundary 
or other pressure effects occurring at 56.5 minutes of the 510 gpm recovery 
data (Figure 1) were probably due to extraneous effects unique to the data 
collected following air lifting. The upward drift in the recovery data plotted 

in Figure ~ when tit' < 4.5,i5 probahly due to a gradually increasing tempera
ture of the borehole fluid. 

Assuming an effective injection rate of 575 gpm, a recovery rate of '18.38 

psillog cycle tit' for the recovery following injection suggests a reservoir 
kh of 63,057 md-ft. This compares to a calculated kh of 208,527 md-ft obtained 
for the recovery data collected following air lifting (Figure 1) and a kh of 

7559 md-ft for the 840 gpm injection test (Figure 2). Since RRGI-7 will be 



used for injection, conditions during injection testing are presumed to have 
a greater similarity to conditions that will be encountered while injecting 

into the well than the conditions dUring recovery. Thus, greater reliability 
should be placed on the injection test data than the recovery data for the 

prediction of wellhead pressures. 

During injection step testing. the wellhead pressure increased at RRGE-3 
but declined slightly at RRGI-6. Background wellhead pressure data were co'

lected for approximately 150 minutes prior to the initiation of inj ect:i on , 
During this period, the wellhead pressure at RRGE-3 declined 0.2 psi wher'eas 

no change occurred at RRGI-6. The long-term trends in wellhead pl"essures at 
these two w~lls are not known. An apparent wellhead pressure buildup at 
RRGE-3 during step injection assuming a constant temporally independent 
reference pressure is plotted in Figure 8. The apparent pressure increase was 
1.17 psi/log cycle time, but could be as great as 1.67 psi/log cycle time 
assuming a 0.2 psi decline in the reference pressure per 150 minutes. Effects 
of this magnitude would result'in < 10 psi interference while injecting at 
approximately 575 gpm. The temporally dependent injection \Aate technically 

invalidates the estimated interference of < 10 psi, but probably still pro-
, 

vides a reasonable estimate. The lack of response at RRGI-6, which is approxi-
mately 100 feet closer to RRGI-7 than RRGE-3, indicates reservoir heterogeneity. 

CONCLUS IONS 

1. The best prediction of wellhead pressure buildup results using the 840 gpm 
data as presented in Figure 5. 

2. The wellhead recovery data suggest a much larger kh than that obtained 
from the 840 gpm injection test. 

3. Step testing of a well results in calculated values of questionable 
reliability especially for the third and any other subsequent steps. 



4. Apparent responses occurred in the wellhead pressure at RRGE-3 during 
injection with no response being observed at RRGI-6. This unequal 
pressure response indicates a heterogeneous reservoir. 



TABLE r 

TEST DATA SUMMARY FOR RRGI-7 

Slope of nata on ~Q/Slope of Data 
flQ DUration Semi log Plot on Semilog Plot 

l.9.2!!1l (min) (psi/log cycle) {gpm/ps i /1 oiL cyclE:) 

Airlift Recovery 510 4.948 103. 1 

1st Step 840 56 224.0 3.75 

2nd Step 165 80 84.53 1.952 

3rd Step 225 154 8.90 25.28 

Step Recovery 575 18.38 31.28 
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