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Summary of production wells drilled
for MAR site water supply, White Sands
Missile Range, New Mexico
Bv

Gene C. Dotv

Introduction

The water requirement, the geologic and tonographic setting of
the well field area, and the results of drilling to locate a suitable
water supplv for MAR site have been discussed in the report, 'Summary
of test wells drilled for MAR site water supplv, White Sands Missile
Range, New Mexico," bv Gene C. Doty, and the reader is referred to that '
report for background information. MAR production wells 1 and 2 were
drilled in accordance with the information obtained from the test drilling
program and produced enough water to meet the water requirement for the
facility. The location of the production wells in relation to MAR 1 test

well is shown on figure 1. MAR 1 test well is in the

Figure 1 (caption on next page) belongs near here,

SW¥;SWSW see., 17, T. 19 S., R. 5 E.(19.5.17.333). MAR 1 production
well is in the NW%SW;SW% seec. 17, T. 19 S,, R. 5 E,(19.5.17.331) and
MAR 2 production well is in the SE%SW%SV% sec. 17, T. 19 S., R. 5 E,
(19.5.17.334). For convenience of reference in this test MAR‘l test

refers to the test well; MAR 1 and MAR 2 refer to the production wells.



Figure l.--MMap of MAR well field area,

2a



Drilling operations

The MAR production wells were drilled by the hydraulic rotary
method by the Harold P. Doty Drilling Company of D, W, Falls, Inc.,
of Albuquerque, N. Mex. The general procedure for each well,
summarized from the contract specifications, was as follows: a pilot
hole was drilled to 650 feet, electric logs run, a bottom-hole water
sample collected, the hole reamed to 20-inch diameter, the casing
placed in the well, the gravel pack washed into place, and the well
developed and test pumped. (See table 1.) Work on the project was
supervised by an inspector of the Corps of Engineers with the advice
of the Geological Survey.

MAR 1

Drilling of the pilot hole for MAR 1 began September 16, 1963,
and was completed at a depth of 650 feet September 20, 1963, A water
sample could not be obtained from the lower part of the hole during the
period September 24-25, 1963. A critical examination of the cuttings

sample log (table 2) and electric log (fig. la) indicated that the

Figure la (caption on next page) belongs near here.

lowermost 100 feet of the hole penetrated little permeable material so

the finished depth of the well was decreased to 550 feet. The hole was
reamed to 20-inch diameter to a depth of 550 feet by October 7, and

10-inch casing was installed October 8, 1963. The gravel pack was emplaced
October 9, 1963, Development was completed October 21 and the well was

test pumped October 22-23, 1963.



Figure la.--Electric logs of MAR wells.
. Well MAR 1 (19.5.17.331) Electrical induction log.
Well MAR 1 (19.5.17.331) Microlog.
Well MAR 2 (19.5.17.334) Electrical induction log.

Well MAR 2 (19.5.17.334) Microlog.
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Table l.-=Recoras of wells - Continued

Well 19.5.17.231 (MAR 1) ~ Continued

Weoor=pearing formation: Bolson deposibs. Well was pumped 114 gallons

per minute for 24 nours with 37 feet of

Jrawdovwi .

Summacy of material penetroled: See table 23 650 fect of volson coposits.
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MAR 2

Drilling o tre nilot hole Ibr MAR 2 began October 3 and the
e ectric logsc were rua Octover 20, 1963. A vater caupie was obtained
by air jelting October 29, 1963. The hole was reamed to 20-inch
diameter ic a lepth of 650 fceil Trom October 31 to November 10, the
casing vas sct by November 12, and tic gravel pack was emplaced November
7%, 1963. Developrent was comnletel November 26 and the well was
test pumped November 27-28, 190%.

Redevelopment of MAR 2

The drawdown during tect punping ol MAR 2 was more thran expectied

a-d evcecded the drawdown in MAR 1 test and MAR 1 wells (fig. 2). To

Figure 2 (caption on next page) belongs near here.

2alke certain that the well was clean and open to the agquifer, tic well

23 redevelo ed by wwabbing with o surge bloek, tailing, trcavnent wite

Weitone (o erical mud dispersant), and sarging and pamping with a

TESL pumm.



. Figure 2.--Drawdown and recovery of water level from test pumping
MAR 1 test well and MAR 1 and 2 production wells and

discharge of MAR 2 production well,



The well was swabbed with a closed surge block containing wash
ports above and telow the block. The swab was made from a small bailer
fitted with six close-fitting gaskets, §~inch thick by 10~inch diameter,
of rubberized beliting raterial. The well was swabbed in 5 sections:

230 to 262, 280 to 355, 380 to W15, 484 to 520, and 564 to 600 feet.
Fach section was swabbed Tor 3 hours. The well was bailed to remove
accumlated file aiter cach section was swabbed; about 4 cubic feet of
£111 maverial was removed from the well. Four hundred pounds of Weltone
vas mixed with water and pourcd in the well and the sections were
swabbed again, using shorier lengths of swab travel within the sections.
The accumilation of fill in the well was removed periodically, totaling
about 6 cubic Ffeet of raterial. Fight hundred pounds of Weltone was
mixed, added to the well, and distributed throughout the length of

the well by rumning a large baller full depth of the well several times.
The secbions werc swabted for a total of 8 hours and the accumulated
7111 totaling about 4 cubic feet was removed from the well. A total

of about 15 cubic feet of sand, silt, and under-gage gravel pack .
particles, was removed from the well. The gravel pack did not méve
throughout the swabbing or ensulng pumping operations.

A test pump was installed in the well with the bowls at 400 feet and
with 20 feet of suction pipe below the bowls. The well was pumped and
surred to rerove material loosened by swabbing and then pumped at
different rates to determine the capacity of the production pump

(rig. 3).

Figure 3 (caption on next page) belongs near here.




Figure 3.~--Drawdown and discharge in well MAR 2, January 20-21, 1964.



Pumping MAR 2 to reduce sediment

Water from the well was turbid and contsined much sediment
during redevelopment pumping. The sediment was very fine sand and
silt. The well was pumped to waste April 822, 196k, to reduce the
turbidity and sediment. The well was pumped 8 hours a day with
alteraate periods of steady pumping and surging. The surging consisted
of stopping the pump for a few minutes, then pumping for a few
minutes. This cycle of surging was repeated several times and then
the vell was pumped steadily to remove any sediment washed out by
the surging. About one-half million gallons of water was discharged

during the pumping. Figure 4 graphically summarizes the program of

rumping MAR 2.
The volume of sediment was measured in a standard 1 liter Imhoff

cone; nove that the scale for sediment load is logarithmic and that

peak load concentration was reduced by a factor of about 100.

10



‘ Figure 4.--Depth to water, sediment content of water, and pumping rate

during test of MAR 2 production well, April 8-22, 1964,

11



The pumped water contains the most sediment when the water level
in the well declines through the interval 340-360 feet. The quantity
of sediment decreases as the water level declines below this zone. An
unstable bed of very fine sand, silt, and clay somewhere within this
zone probably is the source of the sediment. Pumping continuously for
periods of 2 hours or more significantly reduces the ratio. of sediment
to water and the regimen of pumping should be so arranged as to take
advantage of this fact. As production pumping continues, the material
from the unstable bed probably will stabilize or "clean up' and the
sediment content of the pumped water will decrease.

The well was pumped until the volume of sediment decreased but
slightly with each cycle of steady pumping; some sediment probably
will be produced for several months after the well is in regular
production. The volume of sediment produced by the well at the time
pumping to waste was discontinued was calculated to represent no
serious hazard to transmission or storage facilities. However, if the
well 1s pumped only for short periods of time, or if the volume of
sediment in the pumped water should increase, sediment may accumulate
in the main storage tank at the facility. Therefore, the amount of
sediment in the pumped water and the accumulation of sediment in the

storage tank should be measured periodically.



Water obtained

The MAR production wells yield sufficient water for present use
at the facility but not enough water for an increased demand. MAR 1
production well is expected to yield 100 gallons per minute and MAR 2
is expected to yield 90 gallons per.minute. The drawdown and pumping
rate of MAR 1 test and MAR 1 and 2 wells are shown by hvdrographs of
test pumping on figure 2. The production wells did not yield as
much water as MAR 1 test well,

Aquifer tests indicate that all three wells tap the same aquifer
and that pumping one of the production wells lowers the water level in

the others (fig. 5). The drawdown and recovery data for the pumped

Figure 5 (caption on next page) belongs near here.

well and observation wells were analvzed to determine aquifer

characteristics (fig. 6). Although the aquifer tests provided

Figure 6 (caption on next page) belongs near here,

sufficient data for pump installation, the data are not suitable for
determination ©f long-term aquifer characteristics because the aquifer

is inhomogenous and not areally extensive. Slow drainage from less
permeable beds and possible boundary effects distort aquifer test-data
plots. A wide range in coefficients of storage (S) and transmissibility
(T) was obtained from the data. Probably none of the coefficients
approximate long-term average conditions near enough to be useful in

predicting water-level behavior in the well field.

13



. Figure 5.--Water levels in observation wells during aquifer tests
on October 22-23 and November 27-28, 1963, in MAR well field.
6.--Drawdown and recovery of water level in wells MAR 1 and MAR 2

for dates shown.

14



The hydrographs and semilogarithmic plots of aquifer-test data in
figures 2, 3, 5, and 6 illustrate the difficulty in interpretation and
provide the interested reader with the basis for futher computation
and interpretation. Records of water level and pumpage for a neriod
of several months or a few vears will provide better data for the
determination of aquifer characteristics and prediction of well-field

life,

15



Quality of waler

Water oblained from tuie MAR production wells is of satisfactory quality
and within the limits of polablility esiablished by U.S. Public Health
Service standards, although the water is very hard (table 3). The
wvater is similar in quality to that I MAR 1 test well. Some
encrustation of plpes may be cxpected and more then norrel quantities
of soap will De nceded when this water 1s used for domestic purposes.
Speclific industrial requirements should be checked agalnst the table
of chemleal analyscs to determine whether or not treatment is required
for a special use.

Water pumped from MAR 2 contains sediment and may be turbid fér
periods of a for minutes. Thc turbidity is nol excessive, and
probably will be unnoticed because the turbid water will be diluted
writh nonturbid water from MAR 1. Turbidity as well as sediment content

£

of rater Ifrom MAR 2 should be measured periodically.

16
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Conclusions and recommendations

The MAR production wells were drilled in accordarce with findings
from the test-dyilling program and the contract specifications.
Redevelopment and pumping to waste of MAR 2 was required in addition
to the standard contract specifications. The MAR production wells
will produce a supply of water adequate for the present needs of the
Tacility, but inadequate for larger future water demands. The water
is potavle but very hard. Water pumped from the MAR wells is derived
from pecrweavle thin beds of sand and gravel in the bolson deposits,
nrobably old cnannel deposits. The yield of the production wells was
.e3s, and the drawdown in MAR 2 much greater, than expected from the
tese drilling data. Inconsistent figures for coefficients of trans-
mussibility and storage are obtained from aquifer-test data because
vy soow dralnage from less permeable beds and possibly, boundary effect
irom clay beds in the bolson deposits.

Water-level and pumnage records for a long period of time are needed
to determine averape values for coefficient of transmissibility and
coefficient of storage; these coefficlents can be used to predict water-
level chanpes in the well field. Water quality should be monitored
by annual sampling for chemical anglysis. Quarterly, or at least
semiannual, measurements should be made of turbidity and sediment in
the discharce from MAR 2, and in the storage tank at the facility. The
rerimen of pumping, except in emergency, should be such that both wells
are not pumped simultaneously and MAR 2 well is pumped for 2 hours or

longer in each cycle of pumping.
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Test welle should be driliced 1,000-1,200 feet west or southwest
of MAR 1 tertl weel 1T the waler derand at the facility increases and
nore vells wre neeoled in thie MAR -rell Ticld. A water supply should
Te esiobhiisied nrior to consiruction of pipelines and other facilities
Tecouze the bolson deposits in the well-1Tileld area range videly in
Lo e yilelding capability. Test wells constructed with & or 1C-inch
cas s, sciectlvely parfora od odlacent to permeable zZones, could be
_cweied as prodaction wel o 1f the yz‘.ela is adeguale. Such construction

probe>ly would regult dn arn overall cost saving, and permit exploration

oD the widesl area at minimm cost.

19
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Figure 4.--Depth to water, sediment content of water, and pumping rate during test of MAR 2

production well, April 8-22, 1964.
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Figure 5.--Water levels in observation wells during aquifer tests

on October 22-23 and November 27-28, 1963, in MAR well field.
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