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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 topographic setting of 

the well field area, and the results of drilling to locate a suitable 

water supply f or 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 Oene 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.

k sec. 17, T. 19 S., R. 5 £.(19.5.17.333). MAR 1 production 

well is in the NW^STASW% sec . 17, T. 19 S., R. 5 £.(19.5.17.331) and 

MAR 2 production well is in the SE^SWV+SW% sec. 17, T. 19 S. t R. 5 E. 

(19.5.17.334). For convenience of reference in this test MAR 1 test 

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



Figure 1. Map of MAR well field area.
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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 vras 

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 MM 1 (19.5.17.331) Electrical induction log, 

Well MAR 1 (19.5.17.331) Microlog. 

Well MR 2 (19.5.17.334) Electrical induction log, 

Well MR 2 (19.5.17.334) Microlog.
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Location: TlW-.;SW^-Sl-v-^ sec. 17> "-  19 £ > &  3 £ > Dona An;?, County,

i;. Mex. 

Al^ituae: Lana surface al-itb. u T,I;£ feet, interpolated from

USGS topographic maps.

De- r t,h : o3"0 fee : 1^ low laiiA surface

filling contrcet:or: ;_". .?. Dot; 7 Drilling Co., Albuquerque, IT. Mex.

.lu arillu-a ILO 630 feet wi h 10^ inch bit

Piloc ;:  J.e ream^i to 30 f^ej wi^h j>0-inch oit arid 30 feet 

of ^4-inch surf 1.1 co OR sir.;: cement el in plo.ce .

Pilot hole reamej. ":o 20 inches from 30 feeu to 5i>0 feet 

ana 10- inch caoin^ p-^rfooated from dy^> to 330 feee installed to 

33 : feet. Perforations are nill-cut sloto i/ S X 2-^- inches, 9 slots 

aroun.'., 3 rows per foot.

Th:. void around the caoin^ was gravel packed with 4^ yards of 

ror.nJujd gravel^ ':/-0^- to ^/'^-inch diameter.

Well developed by bailinr, surrinr; with surge olocl:, treating 

natj of wel^cne chemical, and curbing and pumping with

i on record: ",\T^11 equipped with turbine pump and ^0-hors empower 

electric motor, enclosed in steel well house ana 

connected to water supply main. Pump consists 

of 19 -stage, 6-i.ich bowle set a;. 330 feet wi',h



Table 1. Records of wells - Continued 

Well 19.5.17031 (MR l) - Continued

Wat^r-bearin^ formation: Bolson deposits. Well was pumped 114 gallons

per rninuue for 24 hours with 37 feet of 

drawdown.

Formation logs: (l) Description of cuttings (_) Microlog and induction 

electrical lo^s. See tables 2 and o"-

Water sample: See "cable ^ .

Suirjnary of mat-erial penetrated: See table 2; 6;;0 feeu of bolson deposit:



of w-lls -

IK.  '. a'., ion; G?'.tSv/-;-i3Tvv^ see. 17, --'  J? o.j £  ;> ^  .? Lcua Ana Ccv.ircy,

!-J. Mex. 

Altitude: -Land-surface aV I .'......<' --^1^6  :-?>-  .^

-,i:^d frorr, UI'GS -,ov.-ojruj:;.i

:..' .. i;.o^ v JdTip.j .. : Iioveijioer :?8, 19o;>j test punipea cwp,i 20-J1, 1964

D--i.Liiri.j contrac >of: M. T. Doty 1/rilliiig Co.^ Albuquerque, "  Mex. 

Ca^inL am well record; Pilot holj drilled to 6>0 feec vi./n IQj-inch bit.

ri^j'b iioio rearaoi oo :;0 i'e^t with 50~inch bit ana ^0 feet of 

rj-; rinch surf nee casing ccrruntud in place.

Pilot lioi.^ repjiiea .o ^0 inches from ;;Q feet -co 6^0 feet and 

lo-inch casir.r perfcraoed from H7 tc 6^0 feet installed to 6;~>0 feet. 

Perforations are mill-.--.ut slots 1/6 X £.;- inches, 9 slots around, 

5 rows per foou.

.... v^,, aroun-i {:he casing was gravel packed with ^0 yards of 

rounaed grav-'-l, ./&- -o ;;/">  i;uh diameter.

Well dev loped oy bailing, ourp;inc with surge "block, treating 

\;luh ".,^00 pounds of w-jltonc cr.ejriical, and surging and pumping 

vl":h teso pump. Well redeveloped, by same procedure in January, 1964. 

in an attempt ^o reauce dra'./down. Well pumped to v/aste April 8-22, 

1Q64 to reduce ourbiaity and sediment.



i_ i .-- .GJO-V,:; or .c.'u.j. - Concluded 

11 ..y.v .17.;/^ (''.'^r. r) - Concluded

- :  : W -1.1 ."nj.ipj.»;;J ,/i:h t< rein. pv.::ip

elccLj-'.o rr/^or, encle-^-o. l.n ntevl well house and 

co:'/i-:v.% ,  :> './f/jcr- apply main. Purip consists 

u/ ;'] -stage, C-l;ic:; bov;lr; oot a: ^00 fe^G wiui. 

 'r-J.n--1 '.. coli;r;ui pipr- .

-'.: 01: : Bolcon y,-}osi,-;:. Vr..o].l wrj.s pumpeo. pr,

P-. :  :.:?. v u . - 1'or -24- hoixrs T.;i ,1: llo Teet of 

on Ii^Yor:iL;< : * ^6-^Yj

(..) D-:nc.L'ir. ion oi c^o-in^s (£) Microioj and induction

. . wor s&J::j. I.-: Goo t-al I ,:  '-i .

'rnr^.jy o:' rr^toriL-1 pone". ro-teu: ^ee ^r.:--lo ?.; 0>0 feet or bol^Oij deposits



Taolo 2. Dv:n:cr.'.pti nis 01' ': ,tin^^ fruiri wells

Mat:rlal Deptn Interval (feet)

Sand ana. grave-x. -   ------   ---.--.--.-_----__.-     0-10

G'-.'av .1, '')/^ co 1 i:;a;i POI.J ;.ea to -tir.gu.lar,

:JOLie janj.  -        -----___«-_--_ _.-«____ 10--,0 

G: 1 - / -I arid roc,x fragments, rounaea to angular,

fjone sar.i and t^an clay  ----   -,--_-    __-._« 40-? 10

Cla\ _, ta'i, aril some gravel -------------------   - 11C-1<:':0

Gravol and POCK ii-a^^ntE, ac ^-G-ir.O, tan clay

am 30in-;-. sana -----------------   -------     -- lJO-1/5

G!JV, t>."., arpi gravel   --   -   -_----     __   --_ 175-190

Grave.L, ana rocK fra^merivP ana tan ola^   ------ 190-.;G^

Clay, ;-an, vrrivc.l, and so:n-- pand -  -   --     --  iO;-d;A) 

Gravel unJ. rc'CK. fra Lnj; XG, soinj cjand a;ii

t- :. 2la:   -     -    -.   -   -                 2^0- "50

Clry, car., and ;Gr2..} ^rav..-l     --   -------------- n'50-270

Grave 1 a;, i rocn fra£ iL-uL;:, GGIH: tan clay   -    - 270-290 

Clay, tan ana pom- ycavel ----------   --   ---   --

G-pave_, p;rar.ul^, cali-nt. c-i^ntGd, ronnded,

anl l;an clay   ------           -          

Clay, nan, rrcrnnU' .navel --------------------  

Clay, tan                                  

Clay, oan, POiT.e jranulo travel ------------   _--_





,rvvcl, 'inc., nngnl'vr to cubanjular, reii r,a:ia --  -- 0- 10

10- 30

G.-av^l a:-I roci-: frarmenu^, aG .^9.>j8 -----         60- 80

Clay and rravcl ------------------------------- --- 80- 90

Gravel, clay, anu. sanl ---------- --_-_.-_  ---  90-100

Gravel and rock rrae3HGnt.G --   -----   --------   __-  100-106

Clay, liL;;..-'::rcjv^. > some yravel -   ---       -   -   --- 10

day ------              ---._--        --_       12

Gravel a/id rock x'ra-merit:.-, come sand ----   ---   ---- I^

Gravel and rock i'rayniente, clay, come sand --------- l^-.'OO

Clay LUio. (jrCoVcI ----------------------   ----------  1;>0-_60

Gravel ana. san;, --   --------------------------   -_-- l6^-l8p

Clay, tan    -------       -       -      ...... 185-197

Eo'jr; t'rauEien^b ol uray to oiacJi dolomite and chert  197---10

Cia. , yravel, and sane  -                      -- 210-220



lacle --- .--Descriptions of cuutin^s from wells ' - Continued 

",v:Il 19 .5  '-7 - ^ (MAP; 2) - Continued.

D--.7:th ir:t-.'rvai (feet)

3r.ui.>, oiay, some fine gravel

Cl, ,;v^ GuicKy,, and gravel -----   -----    -. 

C-^y, jand_, ana fine ^avel -----   -----_. 

Ro .:.' ; frc-j:i3a":G of Liack and L :;ra do.loird.te

^ . ~ -i.i-r I .-, v,< ri«-. t-, 1{j i . , £,^ a i j_, ana sana                                                  

 '. ' v , _, clay, an! some sand --------------     -_-   - ^>^j-^'5

'- - .  A 1 and rock f-. :,'gmenus -------------------------- ^-^-^^O

Clat , somo gravel ana sana --   -------------------  .-.^^-^JQ

Clay and gravel -----    -    -    -----    ___    _-   :?9G rOO

G a./.;-l anj. sana, corns clay -------------   --   --_-  4j_^~4-20

Cl".y, -ravel, and sand  _-------_-----   _   __    _.._

Gravel and rocK fragment , ana yray clay ---------  

Clay, and some gravel ---------------------------.-_-

Clay, sane, and arav^l --------------------   --_   --



YiO.o L.   Description of cut>:i"i ; -n from veils - Concluded

Concluded

(feet)



MAR 2

Drilling of tv e pilot hole Tor MAJR 2 began October J and the 

electric logc were ran October 2e, 19^3- A water sample was obtained 

by air jetting October 29; 19^3- Tlie hole was reamed to 20-inch 

diameter to a "lepth of 6^0 feet from October 31 to November 10, the 

casing \:m cet by November 12^ and tLc gravel pack was eraplaced November 

13^ 1963- Development va,~ completed November 26 and the veil was 

test pumped. November 27-28, 1903- 

Redevelopment of MAR 2

The drawdown duriiig test pujuping of MAP 2 was more than expected 

a-':d exceeded the drawdown in K1R 1 test and M/LK 1 wells (fig. 2). To

~~Flgure~Y (caption on next page) belongs near__here.________

:;pjie certain Liiat the ve.13 was clean and open to the aquifer, -the veil 

was redevelcr. ed by svabbing with a surge blocl:, railing, ti'caument vitj.



Figure 2. Drawdown and recovery of water level from test pumping 

MAR 1 test x^ell and MAR 1 and 2 production wells and 

discharge of MAR 2 production well.



The veil was swabbed with a closed surge block containing wash 

ports above and below the block. The swab was made from a small bailer 

fitted with six close-fitting gaskets, ^-inch thick by 10-inch diameter, 

of rubberized belting material. The well was swabbed in 5 sections: 

230 to 262, 280 to 555, 380 to 415, 484 to 520, and 564 to 600 feet. 

Each section was swabbed for 3 hours. The well was bailed to remove 

accumulated filo. after each section was swabbed; about 4 cubic feet of 

fill mater j-al was removed from the well. Four hundred pounds of Weltone 

was mixed with water and poured in the well and the sections were 

swabbed again, using shorter lengths of swab travel within the sections. 

The accumulation of fill in the well was removed periodically, totaling 

about 6 cubic feet of material. Eight hundred pounds of Weltone was 

mixed, added to the well, and distributed throughout the length of 

the well by running a large bailer full depth of the well several times. 

The sections were swabbed for a total of 8 hours and the accumulated 

fill 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 move 

throughout the swabbing or ensuing 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 

stirred to rer.ove material loosened by swabbing and then pumped at 

different rates to determine the capacity of the production pump 

(fig- 3).

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

during redevelopment pumping. The sediment was very fine sand and 

silt. The well was pumped to waste April 8-22, 1964, to reduce the 

turbidity and sediment. The well was pumped 8 hours a day with 

alternate 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 well was pumped steadily to remove any sediment washed out by 

the surging. About one-half million gallons of water was discharged 

daring the pumping. Figure 4 graphically summarizes the program of

____ ^ure 4 (caption on next page) belongs near here"]

pumping MAR 2.

The volume of sediment was measured in a standard 1 liter Imhoff 

cone; note 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.
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The pumped water contains the most sediment when the water level 

in the well declines through the interval j!&0-360 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 is 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.

12



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.
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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 t>eriod 

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 water 

Water obtained from the MAR production wells is of satisfactory quality

and witliin the limits of potability established by U.S. Public Health 

Service standards } although the water is very hard (table 3) . The 

water is similar in quality to that Xv-j-i MAR 1 test veil. Some 

encrustation of pipes may be expected and more than norral quantities 

of soap will be needed when tills water is used for domestic purposes. 

Specific Industrial requirements should be checked against the table 

of chemical analyses to determine whether or not treatment is required 

for a special use.

Water pumped from MAR 2 contains sediment and may be turbid for 

periods of a few minutes. Tne turbidity is not excessive, and 

probably will be unnoticed because the turbid water will be diluted 

with nonturbid vater from MAR 1. Turbidity as well as sediment content 

of ,-:ater from MAR 2 should be measured periodically.

16



Ta,.;l;; 3 .--Analyse:, '_,:' wa'jer Liaripleo from well:: MAR 1 (19 o  -:('  331) and

MA!-:

Analyses oy Geological Gurve~, , United Spaces Department or the

(parro per million).

Well MAh 2 MAR 2 MR 2

68

0

170

1.- 

p. 7

23

Oo4 

0.00

79

Dat,e of collection 10- -63 lu-.l>63 11-28-63

Silica (.m)    -     d~; -, 2'-> 

Iron (F^)^ -issdved^'   - - 

Iron (pe), total       - - - 

Manhjanese (K-),

dissolve^          - - - 

Manganese (Mr.), total    - - 

Calcium (C- )           TO

41

..     43
P .aG^i-u:; (K)

Bleaa onate (liCG. )      ̂ 6 

C:-,-..onato (CO )         0 

Ga:_:aa (,',0 )          l3C 

C:._.o-i j-.- (C-)«-       ^ 

Fl .-r\:.o ( )           1.4 

ITl    . :,._  (10 )---     --  6.0 

L' .- id \':--: solids

:-,,   .    .    .    .  

j-.e^id^e on c vapor-'  .-

oion at a^a'C        - 

li'j,.- iiiGSG a;j CaCO       -;o4 -

l,o. - .- . !..-.- . ,.    ---    1^ - 

cpeeilic .jcn.u_2':an30

(.- a. caorilc- a: /; C C)    ^lo 807

0

176

56

.6 

6.4

3683^6

12^

80> SlJ

  ' In 30^' olo:; at tir.:-j of analyji;:

17



Conclusions and recommendations

The MAR production wells were drilled in accordance with findings 

from the test-drilling 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 

facility, but inadequate for larger future water demands. The water 

is potable but very iiard. Water pumped from the MAR wells is derived 

from peiiLeaole thin beds of sand and gravel in the bolson deposits, 

probably old cnannel deposits. The yield of the production wells was 

..ess, and -che drawdown in MAR 2 much greater, than expected from the 

tes'o drilling data. Inconsistent figures for coefficients of trans- 

roissibility and storage are obtained from aquifer-test data because 

v;i' s_:ow drainage from less permeable beds and possibly, boundary effect 

from clay beds in the bolson deposits.

Water-level and pumpage records for a long period of time are needed 

to determine average values for coefficient of transmissibility and 

coefficient of storage; these coefficients can be used to predict water- 

level changes in the well field. Water quality should be monitored 

by annual sampling for chemical analysis. Quarterly, or at least 

semiannual, measurements should be made of turbidity and sediment in 

the discharge from MAR 2, and in the storage tank at the facility. The 

regimen 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.

18



Tost vellr should be drilled 1,000-1,200 feet west or southwest

of MAR 1 tor! -we.il if the water demand at the facility increase a and 

UOT- wells uro needed in the MAR "/ell flelid. A water supply should 

!t estc^'! is'.od prior to construction of pipelines and other facilities 

1-ecaarje ^he "bol^on deposits in t"-'e veil-field area range widely in

-,;a - or yielding capability. Test wells constructed with 8-or 1C-inch 

cas-'?.^;, Ge]ectlvely per fora ed adjacent to peiTieab.le :^ones, could be

- c'LLV'.i-.er' as production we.V.s if the yield is adequate. Such construction

ly would result in an overall cost saving, and permit exploration 

the widest area at minimum cost.

19



LMAR site 
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0 50 100200
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Topography from drawing number 

71-05-32, plate I, sheet I, 
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Albuquerque, Corps of 
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NEW 
MEXICO
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Figure 1. Map of MAR well field area.
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