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. 1-2 OON'l'BIBU'DONS '1'0 TD BDBOLOO!' or 'I'D 1J'lft'1'U S'l'ATU 

CUl.JOil well8eld IIDil proepectift IIUNIIJ weUa ba Galje OUIOL Oompatatt.a 

:m.a4e • tbe 11u1a c1 ~~JVaaUc eoemeaeota detUmiDe4 troa t11e P1JIIIPIDc ... 
JDdlcate tbat Jt wiD take at leut TO 7eua fw Ute ...,. tD tranno tbt G adlea 

tbi'OIIIb tbe qwHer &114 eeDtamlute tbt welllelda. 

INTRODUCTION 

When the town of Los Alamoa, N. MeL, was founded in 1M3, ita 
water supply'ftS obtained from the smallftowa of water in the upper 
naches of major c:anyODS west of the town. These surface 80Uftel 

aupplied water in quantities sufticient for cm1y the ear),f needs of the 

&ow.o. The water requilements ~f the new towu aooa outgrew the 

anilable surfa.ce.'W'Ilta' supply, and prespecting for ground water 

became necessary. The first uploratioDS for ground water were made 

early in 1946 in alluviUJil of :Recent age in the lowlands near the Rio 

Grande, bnt these were abandoned when test drilliDg indicated that 

we1Js yielding several hundreds of pllona per minute could be 

· oblained in Los .AJamoe Canyon Dl01'8 than a mile west of the Rio 
Grande, and thua cloaer to the town. The tint supply well in the 

Los Alamos Canyon well field was pla.cecl in operation on November '1, 
1946. Additional weDs were drilled a8 needed, and by DecemJ,er 1948 

m wells wereinoperatiml. 
The~ firm of Blact and Veatch f.l K•nBM 

City, Ko., made a study of the water eupply in Septembe-r 1948 and 

concluded that the surface-water supply and that from the m wells 
in Los Alamos Canyon would be inadequate to meet the ~wu's water 

demand by 1950. As the quick development of the ground,-water 

supply in 1N6-48 had permit;tAMl DO adequateatudy of the permanence 

of the supply, the Atomic Energy Ccmn1Jissi~ caJ1ed upon the. U.S. 
~logical Sune;y to make a study of the 14ieq1,11e1 of the :r..o.. ,.li!Q(18 
C».uyon 80Ul'C8 and to iepori on poEible fUture eollrtAis of water from 
the Santa Fe group of the· Rio Grande trough. Additional. we1JI 

probably will be located in nearby Guaje C&nyon. Thia report givea 
theresultsofpumping tests made in the LoB A Jam01 Can)'Oll well field 

in April mel !&,.1960. 

loOOA'UOJr· £JID PiiDG 

U. AJamc:a is in north-central New Vmco, aboU 26 miles north­
west of Santa Fe, the State c:apital. (See fig. L) '1'b& towu ia on the 

• eutBn slope of the Jemez HountaiDa at an altitude of '1,880 feet. 
Immediately west. of the town, ._ mountain alope1 rise abruptly to 

fonn the Sierra de loe.Valles, whose peaks !eaCh an altitude of about 
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plateau. The mouth of this cuyon at the Rio Grande is about 8 

miles upstream from White Rock Canyon. The easternmost supply 

well of the Los Alamos Canyon well field is about a mile above the 

mouth of the canyon at an altitude of 5,624 feet; the westernmost 

well is about 2.4 miles up the canyon from the easternmost well a.t an 

altitude of 6,915 fe&t. The other 4 wells are spaced between these 

9 wells, asahowu in plate 1. 

wm:.J.r.JI1JJIBBBDIG Sl'ftml 

Location numbers based oo the common system of subdivision of 

public lands aN used in this report tD identify the weUs. The loca­

tion number coosista of four segment& The first segment denotes the 

toWDShip north of the New Mexico base line; the second segment de­

notes the range east of the New Maico principal meridian; the third 

segment denotes the number of the mion within the tDwnship; a.nd 

the fourth segment denotes the subdivisions of the section. The sao­

lion is considered as being divided into four quarters, numbered 1, 2, a, 
and 4 for the northwest, northeast, southwest, and southeast quarters 

respectively. The first. digit of the fourth segment of the location num­

ber refers tD the appropriate quarter of the section, or 160-acre tract. 

Similarly,~ quarter section is divided into four quarters, or 40-

acre tracts. These 40-aere tract8 are numbered in the same manoer 

as the 160-acre tract& The second digit of the fourth segment of the 

location number refers to the appropriate 40-acre tract. The 40-acre 

tract is divided into 10-acre tracts and are numbered in the same man­

ner as the 160- and 40-acre tract& Thus location number 19.7.14.312 

identifies a location in the NEJA~SE% sec. 14, T. 19 N., R.7 E. 

A zero or &el'08 may be U8Bd in the iolllth segment of the location 

n1llllhe.r to indicate tllat the location of the point is known only to the 

ac:euracy of the preceding digit. The fourth segment of the location is 

atated even if all three of ita digits are zeros. 
In the event that more than one well is listed within a 10-IAll& tract, 

lowercase letters, a, b, c, are added to the fourth segment to identify 

the second a.nd succeeiling points in that tract. 

Wells referred to speclJically in the tat are numbend on maps in 

this report by using only the numerals of the fourth segment of the 

complete location number. Township, range, and section numbers 

appear elsewhere on the maps to aid the reader in identifying a loca­

tion when the complete location number is mentioned in the text. 

All r ., .. mentioned in this report are within T. 19 N., and B.7 E.; 

theref~ 1e tirat and second aegmenta of each well number have been 

omi~the ten for simplicity. ~ 

• 

• 
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The supply wells of the Los Alamos Canyon well field an known to 

Los Alamos wa.ter-eupply ofticials by the following numbering system: 

Los Alamos (L1), Los Alamos (1.2)-Loa Alamos (L6). Tbeae 

numbers, eDcloaed by parentheses and followiq the location number, 

are included on mapa, diagrams, tables, and in the test of this l9pOri. 

GENERAL DISCUSSION OP GROUND WATER 

All ground water of quantitative importance is moving from a point 

of recharge to a point of discharge. Because virtually no water can 

be added to or subtracted from the system underground before devel· 

opment by wells, the recharp and discharge over a period of years 

an equal, and the water body is in a state of appromnate dpwnio 

equilibrium. Discharge by wells is, therefore, a new discharge super­

imposed on a previously stable system, and the amount of water dis­

charged by wells must be balanced by an increase in recharge, a de­

crease in natural discharge, a loss of storage in the aquifer or some 

combination of these. Withdrawal from a well is thus a diversion 

for the natural circulation of ground water. · · 

Withdrawal of water creates a cone of depression in the water 

table or piezometric surface. The cone of depreesion re8ecta the hy­

draulic gradient in the aquifer that is required tD move the water 

to the pumped well. The shape of the cone is governed by the ease 

with which the aquifer transmits water and the amount of water 

the aquifer releases from storage. The water released from storage 

in the aquifer is related to the amount withdrawn from storage in 

a unit columo of the aquifer when the head is lowered a unit distance, 

and is denoted as the coefficient of storage. The eaee with which 

the aquifer transmits water is related to the volume of water that 

will move through a specified width of aquifer during a specified 

period of time under a specified hydraulic gradient, and, qU&Dtita­

tively, it is denoted by a coefticient of transmissibility. In this report, 

the coeflicient of transmiABibility is expressed as the number of gallons 

of water per day, at the prevailing temperature, that willftow through 

a mile width of aquifer under a hydraulic gradient of 1 foot per mile. 

The cone of depression expands by withdrawal of water from storage. 

It upands slowly if a large amount of water is available from storage, 

as is the case in a water body having a free surfaoo, or water table, 

in a porous material; and mon rapidly in a confiDed water body. 

where all the stored water available is that derived from compaction 

of the sediments and 8%pUWon of the water as the internal pressure 

in the aquifer declines. In leaky artesian aquifers, the shape ol the 

cone is modified by the water that is induced to enter the aqui-&• 

through confiniDg b8ds when the head in the aquifer is redaced. 

t11011 It_ I 
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A new at&te of dynamic equilibrium may be reached when the 
cone expands until it reaches the areas of recharp or discharge. The 
new equilibrium will be reached when the sum of the amounts by 
which the recharge ia increased and the natural discharge is decreased 
is equal to the amount pumped by the well. If the recharge is to 
be increased by the lowering of water level in the recharge area, water 
must pr.,vioualy have been rejected by the aquifer and there should 
be evidence in the recharge area of this water in the form of seeps 
or springs, or areas of water-loving vegetation, at leut through some 
se&80DS of the year. If water is not rejected by the aquifer, then a 
new equilibrium can be reached only by a decrease in natural dis­
c:harge in the amount yielded by the well. It thus follows that water 
levels must lower with pumping until consequent changes in natural 
recharge and (or) discharge are efl'ected. In other words, the dis­
charge from a we11 cannot be balanced by interception of precipitation 
over the areal extent of the cone of depression. 

AQUIFERS IN THE SANTA FB GROUP 

Wells in Los Alamos Canyon draw water from the Santa Fe group 
of middle( f) Miocene to Pleistocene(!) age, an unconsolidated or 
partially consolidated deposit of silt, sand, and gravel that was laid 
down in a long, wide dowufaulted trough along the Rio Grande. The 
Rio Grande and ita tributaries were the agents of d~position. In 
gsnaral, tha deposits grade from ClO&r88 near the mountains to fine 
beneath the old ftood plain near the center of the trough. However, 
eoar&B chAnnel deposits laid down by the old river also are a part 
oi the old ftood-plain deposit& 

Few of the water-bearing beds in the Santa Fe group contain 
well-eorted material, and, therefore, most of these beds have low 
penne&bility. HydrologicaUy, the formation consists of a few beds 
of moderate to high permeability, alternating with many beds of low 
to very low permeability; the transmissibility (the permeability of 
the whole deposit) is therefore considerably greater parallel to the 
beddinlz' than it is a.croes the bedding. 

After, and perhaps during, the deposition of the Santa Fe group, 
these strata were faulted and tilted in the area. Deformation of 
these rocks is plainly visible along the road between Santa Fe and 
Espanola. In the vicinity of the Los Alamos Canyon well field, how­
ever, there is little evidence of deformation in the exposed rocks. 
One fault on the north aide of the road between wells 13.1lf{Ll) 
and 14.222(1.2), with a displacement of about 12 feet, has been noted 

. by R. L. Griggs ( writum communication, 1952). Such a small dis­
placeDlftllt ordinarily would not be expected to intenupt the continuity 

• 
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of the more permeable beds across the fault zone in a fonnation. It 
is possible, however, that some of the beds at depth have been faulted 
or tilted without corresponding deformation in the younger beds. 
Hydrologically, this means that beds forming the lower aquifers 
tapped by the wells in Los Alamos Canyon may be at or near the 
surfa.ce nl't far from the well field. 
If the beds are nearly horizontal, the lower aquifers do not crop out 

in the general vicinity of the well& In this case the natural circula­
tion of water in them must be sustained by recharge by downward 
percolation through the overlying semiconfining beds in areas near 
the mountains and discharge by upward percolation through ~ 
beds in areas near the river. Wells 13.114(L1), 14:.22l(L3), and 
14.222(L2) originally ftow~ showing an upward hydraulic gradient 
in their vicinity; wells 14.812(L6), 15.434(1.6), and 22.114(L4) are 
deeper and appear to have had heads originally higher than those of 
the three shallower well& 

PUMPING TESTS 

DBSClUPTIO.B o• WJli.I.8 

The six supply wells of the Los Alamos Canyon field are constructed 
with a gravel pack around the screens. In wells 13.114(L1), 14.221 
(L3), and 14.222(1.2), 12-inch blank casing extends from the land 
surface down to depths of 60 to 105 feet; below the blank casing in 
each well is an alternating series of 10-inch slotted casing and 10-inch 
commercial well screens. In wells 14.312(L6) and 15.4:34:(L5), 12-
inch blank easing extends from the land surface to a depth of 4:20 feet; 
below that depth, 10-inch screens alternate with sections of 10-inch 
blank casing. Well 22.114(L4) is similarly cased, except that the 
top of the upper screen is at a depth of 764 feet. 

Three test wells-13.124, 18.114a, and 14.221.-.re located respec. 
tiveJy about one-sixth of a mile eat¢ of well13.114:(Ll), about 30 feet 
southeast of well 18.114(Ll), and about 60 feet northwest of well 
14.221(1.3). Test well 13.124 has 2-inch galvanized casing and a 
sounded depth of 271 feet below the land surface; its initial depth 
was 476 feet. Test well 18.114& has 4:-inch casing and a sounded 
depth of 305 feet .below the land surface; ita initial depth was 400 
feet. Test well14.22la is cased with 2-inch galvanized pipe and was 
sounded to a depth of about 164: feet below the land surface; ita 
initial depth was 316 feet. 

Other pertinent data for the 6 wells and the 3 test wells are given 
in table 1. The nonpumping, or "static", levels at time of completion 
of the wells are measured with reference to the land surfaoe at that 
time. The water levels in 19W refer to arbitrary measuring points. 
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The original land surface has been obliterated at each well, and the 
change in water level sint'l8 the wells were completed cannot be ob­
tained precisely by direct comparison between the original and 1050 

depths to water because the difference in altitude of the reference 
datums is Wlknown. 

The measured depths to watM given in table 1 for wells used in 
the test are the levels observed immediately before the &tart of pump­

ing, April17, 1950. The nonpumping level after a period of pumping 
depends upon the length of time since cessation of pumping and the 
amount of pumping before its cessation; the longer the period of 
recovery the higher the water level. The nonpumping levels given, 

therefore, are not the highest levels to which the water would have 
risen in the wells bad recovery been longer. However, a major part 
of the ncovery of water in a well takes place within a relatively abort 
time-a few hours to a few days, according to circumstances. As the 
time of recovery given for each well in the table is comparatively 
long, with the exception of that for well 14.312(L6), it is evident 
that the major part of the recovery in the wells bad taken place, and 
the measured levels given may be taken as an approximation of the 

"static" level. 
Nonpwnping water levels in wells 22.114(L4), 1UM(L6), and 

14.312(!.6) declined about 37, ISO, and 64 feet, respectively, from the 
time of their completion (table 1) to 1950. Nonpumping water levels 
in wells 13.114(L1) and 14.221(1..3), which originally flowed (as did 

well 14.222(1..2) ), declined more than 26 and 42 feet, respectively, 
from the time of their completion (table 1) to 1950. On an average, 
water levels were at least 86 feet lower in 1950 than in lHS, when 

most of the pumping began. 
The diac:harge rates, table 1, were determined by noting over an 

interval of time the difference in teadinga of a propeller-type meter 
inst&lled in the discharge pipe of each pump. 

The pumping levels gi-ven in the table, with the uception of that 

• 

~ 

for welll4.812(L6),.:were.obtained.by .. adding to the ~~-~::.·-·-~ '" ._, .. , ..• ,..._...,. .. _ ..... 
pumping level the difference between the nonpumping and pumping 
levels, u given on the. air-line recorder. In well 14.812(L6) the 
recorder was not installed in time to make a dinct correlation between 
ita reading and a tape measurement, and t~ pumping level was 
computed on the basis of the re}'Ol"ted length Jt air line. The pumping 

levels, like the nonpumping levels, vary with time-the longer the 
time since pumping starled, the lower the water level in the welt 
Pumpi.r ·'Plea in 8lro8EB of those given in the table would result in 
sligbtl;k, }ar pumping levels, and equal pumping times a year later 

also wooia .. -lt in dight..ly lower pumping Ienis. 
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The specific capacity ia pl,lons per minute per foot of drr.wdown 

is obtained by dividing the diflcharge rate of each well by the amount 
of drr.wdown in the respective well at the end of the period of pumping 

tot 

given in table 1. The specific capacities ranged from 0.8 to 6.9 gpm • • - I i 
per foot of drawdown. Speeific capacity varies with the length of • • • • 
the pumping period. Longer pumping times would give smaller i 

'V&lues of specific capecity, as the drawdOWDS would increase and the 
..J a 

discharge ratA!I8 decrease. Specific capacities of several we11a a.re not 
N ~ 

truly compa.rable unless they a.re computed from teats made on about 

c 
3 

the same date and of equal pumping-time duration. 
.. 

I 
I 

JmSCBIP"1''OB 01' ~ 
trl 

I I • I 

In order to eliminate from the test data as much as possible the J I I I ... 
'il 

elects on water levels caused by irregular pumping of the wells, 
• I 

pumping tests were made during April and early May, at which time § 
the demand upon the wells was expecPd to be at a minimum. At 
this season the supply of surface water to Loe Alamos is normally at a .. J 
lll&Simum aa r. result of spring runotf. 

.., 
~ 

Well 14.221(1.8) was selected as the well to be pumped for the 3 
principal pumping test becal198 of the comparable neamess of supply g 

wells 13.114(Ll) and 14.222{L2) and the three test wells, 18.124, = 
14.114:&, and 14.22la, in which observations of water level could be i 

, 
made during the test. A brief pumping test was made on well 

li! 

16.4M(L5). 
~ 
a 

Each production well was equipped with a recording pressure gage .. 
attached to an air l.iDe for determining depths to water. These gages i j 
were &lib and each bad a preasu.re-seale range from 0 to 2lSO pounds ~ 

per square inch, graduated to 6 pounds per IKIU&l8 inch, and a 24-hour I time acale, graduated to 16 minutes. Because of tha la.rg& pressure 
range of these instruments, readings of cluulgea of water level of less 

than 3 feet 'W8l'8 UDC&rtaiD. Measurements of tba Water level Wete 
1S 

made with & stA!e1 tape when~- ~19. 
I I 

Tha test, as planned, called for no pumping from any well for 2 f weeks, GC&pt that from well 14.312(L6) as neceBSiry to make up 
deJiciencies of water s'upply for lAB Alamos. At the end of this 9 J weeks, well14.221(L8) would be pumped for 9 weeks at a CODStant 

• • l 
rate of discharge. In this way, it was hoped to determ.ine the water- ) 

~ 

I 
level ftuctuatiana eauaed by the pumping of one well However, - - • I I I • • • 
because of the comparatively sm&1l amount of surface water availabie ..... ff· ~ i i ~ 

e 
in April and Kay 1960, well 14.312(L6) was pumped almost eon- ::l "' 

tinuously during tbe eotire__period of the test, and wells 16.434(1..5) 
:t ~ 

.. ~ 
~ 5 ... .. ... ~ 

and 22.114(IA) were pumped occasionally. Measurements of water 
.,; • ~ 

.., .. ... ... .. .. 
~-: lavet were nstrieted to saJl'DlY we1Ja 13.11,{Ll), l~l{L3), and .':-· ... : ::· 
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1"-S2(L9) and the nearby three teat well& The times of pumping 
before regular measurements of water levels were begun on April 
4 are given in figure 2. The times of pumping of each supply well 
during the teat are given OD plate 2. 

Supply wella 13.114(Ll), 14.221 (LS), and 14.222(1..2) were shut off 
after a short period of pumping on April 3, and measurements were 
made of the recovery of water level. During the 2 weeks before 
the start of pumping from well 14.221(1.3), the water levels in the 
a 111pply wells and the a teat we1Js rase at a continually diminishing 
rata, u is normal upon cessation of pumping from a well. The rate 
of rise in eadl well, other thinga being equal, is related in general 
to the amount of pumping in the past in the vicinity of the well. 
At no time did the water leveJs reach a "static" level, as they were 
still rising, although slowly, when pumping from well lf.221(L3) 
was startaL From noon of April 4 to the start of pumping of well 
14.221 (L3) oo April 11, the water level rase 14.3 feet in wells 
18.114(Ll) and 18.114&, 19.6 feet in well 14.222{L2), 22.5 feet in 
welll.u21(La), U feet in welll4.22la, and 1.0 foot in well 18.124. 

DuriDg this period of recovery there were eome alight variations 
in the rate of rise of water level in the weUa that might hav.e been 
the result of the irregular periods of pumping from supply wells 
14.812{L6), 1U:34(L5), and 22.114(L4). Even though the eBect.s 
of pumping from these supply wells were not definitely discernible 
by variatious in the rate of rise of the water level in the test observa­
tion wells, the overall rata of rise may have been somewhat lees 
than it would have been had those supply wells not been pumped. 

Pwnping f1'00l well 14.221(L8) started at 11:42 a.m. on Aprill'l 
and atopped at 9:16a.m. on Hayl. The wen was pumped continu­
oualy during this period acept for 7 minutes (7:65p.m. t4 8:02p.m.) 
011 April 19, but the gradual decline in pumping level in the well was 
accompanied by a gradual decline in discharge of the pump from 
about 460 gpm at the start to &bout 800 gpm on the last day of 
pumping. (See pL 8.) The average discharge during the period 
of pumping wu 3M gpm. 

The efect of pumping lf8}114.22l(L8) upon the water levels in 
wells 18.114(Ll), 13.114&, and 14.222(1..2) is shown on plate 2. 

A few minutes after pumphig of well13.22l{L8) began, the water 
level in well 14.222(1.2) virtually ceased to rise. The water level 

. remained nearly constant for about 8 hount. At about 9:00 p.m. it 
began to decline and eontinued to decline at a gradualJy diminishing 
rate until·'-~ end of the pumping period, at which t.ime it was de­

.clining .:._ ,4).6 fopt a day. 
The etr~f pumping well 14.221 (L3) was not .:S definite in wells 

11t11A/J.H .... .:I1'1111.t• .. •• .. - .. nuQQQ/TR\ 'M.·····• '-loin 
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wells 13.114(Lt) and 13.114& continued to rise, at the prepwapiDg 
nate, for 8 to 4 hours after the start of pumping from well14.221(L8). 
From about 4:00 p.m. on April17 to about •:ro a.m. on AprillS, 
the rate of rise decreased, after which time the water levels nsumed 
approximately the mtB of rise established before pumping began. 
By the time pumping from well14.222(L3) was stopped, the water 
levels in wells 13.114(L1) and 13.114a were rising at a rate of about. 
0.1 foot a day. Had pwnping continued, the water levels in t:a.. 
wells probably would have started declining in a few days. 

When pumping from well 14.221(L8) was stopped, the decline of 
water level in well 14.222(1..2) slackened almost immediately, and 
the water level began rising in 5 or 6 houn. The water levels in weUa 
13.114(L1) and 18.114a began rising at an accelerated rate 8 to 4 
hours after pumping from weii14.221(L3) stopped. SiJ: days tJun. 
after, the water levels in wells 18.114(L1) and 13.114& were rising 
about 0.8 foot a day, as compared with about 0.1 foot a day immedi· 
ately before pumping stopped. 

The water level in well 14.221a (pl. 3) began declining irn.medi­
ately after pumping began in well 14.221(1.8). When the water 
level declined below about 17 feet, water sprayed into the well through 
holes in the casing above the watBr level, and water·level IDeiiRIJ'8o 

menta could not be made with an Wlprotected measuring tape. 
Readings of water level below 71 feet were made either with tbe 
measuring tape protected by a rubber tube or with an electrical 
contact device. The irregularities in the Jlle880relnellta wen DOt 
the result of poor measurements becauae the readillga were COPaiateat. 
Rises in water level were noticed at four different timea, April 19, 
23, 2f, and 26. After each rise, a alight change in the rata of decline 
was noticed. The most pronounced rise (about 9 feet) occurnd on 
April 19, between • and 8 p.m. The pump OD well 1U:91(L8) · 
stopped from 1 :6G t4 8:02 p.m., and the subsequent ch&qge in water 
level probably is mainly the result of the interruption in pumping. 

The small erratic rises in water level in well 14.221& probably 
were caused by water breaking through holes corroded in the caaiDg 
at points above the water level in the well. The rise in water level 
on April 23 was accompanied by noise in the well such as would be 
caused by water pouring into tha well. Meager information indicatAB 
that only the lower 10 feet or so of the casing was perforated when 
the well was completed. 

Water levels in well14.221(L3) below about. 106 feet, during and 
after pumping, were obtained from the air-line recorder. .Aa the 
recorder is not accurate to changes of less than about 8 feet, 1111 

variations of water level are not apparent, and the alight IC&tteft. • 
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of points on plate 2 for levels below 105 feet may be disregarded. 
The water level in well14.221 ( L~) at the end of the 2 weeks of pump· 
ing was declining about 0.5 foot a day. Pant of the gradual decrease 
in the rate of decline of the water level was a result of the decrease 
in the discharge from the well. The drawdown of water level in 
this well before the pump was stopped was ~lU feet, as based upon the 
difference between the pumping level and the projected curve of 
recovery of water level before the pwup was started. (See pl. 3.) 
The specific capacity at the end of 14 days of pumping, based on the 
final discharge rate of 295 t,~m, was about 1.4 gpm per foot of 
drawdown. 

DiTDP:BET.AfiOlr 01' TBSTB 

Most of the formulas applied in analyzing pumping tests are based 
on the assumption that all the water discharged from the well, up to 
the time the pumping increases recharge and (or) decreases natural 
discharge of the aquifer, is being taken from storage in the aquifer. 
This assumption represents the hydraulic condition in most aquifers, 
and the applicability of the assumption has been repeatedly demon­
strated in many localities in the last decade. Although the tests on 
the wells in Los Alamos Canyon indicate by their inconsistencies that 
the aquifer does not conform strictly to this basic assumption, the 
treatment of the pumping-test data according to the usual methods 
(Theis, 1935) probably will give an approximation of the etfects of 
future pumping on water levels in the well field. 

The drawdown of a well pumping from stomge in an ideal homo­
geneous and broadly extended aquifer is given by the equation 

Uol.SO u• v' 
F= '1' (-O.tm-1••+•-2,2i +B.if- .... ) 

in which 
F==dnwdowD. ill teet 
Q=rate of d.lleharae of a weD. ID pllona per mlDute 
t'=eodldeat of t,raneml..tbWtJ, ill pllona per da7 per foot 
tF=L81r'B 

f'l 
~~ ID teet. from clladlari1DI well to poillt of obaervatlou 
B=eoealdeut of .t4rap, upreseecl u a cJ.eclulal fracUoa 
F=t1me, ID cla7l. well bal beell pumped 

In most aquifers, after the time of pumping has exceeded a few days, 
the quantity u is so small that all but the first two terms in brackets in 

• the equation above can be neglected and the equation written in terms 
of common logs is 

28fQ Tt 
,:= 2'( -0.2Gl+IOC 1.8'1flB) 

. This in turn, may be •xpreseed aa 

.,.,,_lli~~j;t~·· ·· . .. ,.,'/'< ( 
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!K9 f' 
F= 2' <-o-=+loc •+~oc,..8> 

This equation indicates that the rate of lowering of water le\'61 in a 
well after a short time will depend only on the transmissibility of the 
aquifer and the rate of pumping, and the plot of water level against 
the logarithm of tbe time since pumping started should be a straight 
line. 

The semilogarithmic plots of the various drawdowns and recoveries 
of water level are shown in figures 4 to 6, and the computationa 
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of coeliciata of tranmiasibility ud storage are shown in table 2. 

The ftiSlllts for the ooeGicieot of transmissibility ra.uge from about 

1,400 gpd per foot, as computed from the rate of rec:overr of well 

1Uil(L8), to "'-00 gpd per foot, u computed from the dr&wdown 
and teCOTer.Y of we1114.929(I.a). The coellcient of traosmirwibUity, 
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u indioated by the &a1 drawdoWDS in theae two wells, is abou 9,600 

gpd per foot. The approzimate coefticient of transmissibility indi· 
cated by the specifio capcr.citJ of we1llutl(L8) (U gpm per foot 

of dr&wdown &ftv li da:JI pumpiuc) Js about 2,{()0 (Tbeia uu1 
others, 1954:). -

The results from the drawclcnrn. and I'8COft1"J' of well 1U22(L9) at 
a distaDee from the pumped well probably are too high, baasmuch aa 

drawdown at a clistaDce from a pumped well i:a. a leaky aquifer il 
slower tlwl that in a JlQD}eaky cme. -TM cband.eristiCB of the ze. 

eDVfJr'! oune in a 1eU;y aquifer have not ~ determined, but the 
result obtained from the recovery in well lf.221(L8) probably is too 

low; the transmissibility of the part of the aquifer tapped by that 

well-epprozimitely the upper 1,000 feet-probably is about 2,GOO 

gpd per foot.. 
Probably the oone of depression of any one of the supply well' ..... 

t.eD.da to va&ioaa diatau.-ln the permeable beds of tbe 14. .-• 

... ' ' , .. · :.,~' 

:.:.t~..,.(\. 

;;i 

. -~1 

l 



(l. 
,,,(:_~.,. , •. ",...·,•;.;.: •. · '.';"f'' 

· oooo ~ ftc"'tf"-.. -:::r:r • -r.f'l 

.J-18 OONTBIBU'l'lONB '1'0 TB11 BYDBOLOG1' OJ' TBII 1JN1'l'BD BTABB 

\0 

~20 
iE 

~ 
!!130 

m 
J 
~40 

110 
II: 

"' " ' ', 
r...~ Welll4.22l(l3). ~ ~ ~ ,... ••• pm 

"' ""\ ~ ·""r-.. 
'~ r- T =2900 iPd per ft 

["\ 

' ~ . 

" "' 

I 

I 

I "'! 60 

i 
70 XI0- 1 I Xl I XlO 

TIM£, IN DAYS SINCE PUMPING FROM WEll. 14.22l(L3) STOPPED 

.,._ .. -Gnpla...,.... -.q ot _.. leftl wltll ftiiPIIIt to U.. Ill will 1Uila 

attar tf Gap ot ..ura- ....,... fl9a well 1UU(LI), Lilli .6lulol C'aaloa well ......................... 
Pumpi.Dg of a well thus causes dilferences in head at di«enmt deptha 

under the same map point and thereby c&WMII some cbangee in the ver­

tical mo~ of water. At some places water ia the lower beds 

that would JI01'!D&ll7 pereoJate upward ia diverted to the pumped well, 

ud at other plaoos tbe vertical ftow probably. ill reversed. Water 

poara down the casiug.iD. most of the supply welJi.whea they are 

pumped, indieating that the npp. aquifers have a higher head during 

pumping, at leut near the well. When well1U21 (L3) was pumped, 

tbe water level in well 13.114(Ll) declined alightl7 below ita position 

u extrapolated from ita previous rise within a few hours after the be­

sino inc of pumping, but declined no :furt.her during the next 88Veral 

d&ys. This action apparently indicates that a cone of depression 

neobing from well14.221(L8) to well 18.114{Ll) was fol'ID6Cl veJ1 

caickiy m,.. OOiibed or JelllicoD&necJ bed and' 1U4 aot spn.,d far.. 

• -.•.;.; 

___ _j 
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ther becau. it was fed by 80111$ source of water otWiide this particular 

bed. This apparent vertical paroolatioa between the beds mabs the 

interpretation of the pumping test diiJJmdt., aa the simpler pumpiug­

test formulas are not entirely applicable. 
A step drawdown test (stepped pumpiDg ratta, Borahaagh, UA) 

of well16.4M(LG) made on April SO and May 1, 1850, iDdicatecl a co­

e8lciellt of traDsrnianDility of aboat 6,100 gpd per foot. AJJ this well 

has a speed& capacity onJy &boat half that of eitlael' well 1U12(L8) or 

well22.114(1A), well16.48f(LG) probablJ does not tap any of the 

more permeable beds or parts of them; therefon, the avenp co­

eflicient of transmissibility of the deeper part of the aquifer is prob­

ably higher than that indicatAid by the test on well1UM(L5). Theae 

three wells tap the aqtlifer from about 800 to 1,800 feet. A. ama1l part 

of the t.ot&l.screen length in these weDs is set at depths eorrespondiug 

to those at which ecreen is set in welJa 18.114{Ll), 14.221(L8), and 

14.222(1.2) but most of the ecreen is at greatar depths. Wella 14.811 

(L8), 16.48f(L5), and 22.114(1A) ue at altitudes ebcMB 100 to 800 

feet higher thaD wells 13.114(Ll), 1Uil(L8), and 1U29(Ia). Tba 

altitude of the beds withia the Santa Fe group is UDlmon, IDd it fa 

uncertain whether or DOt the two groups of weUa draw water from 

cWrennt beds. When the wells C&ll be plllllped on a heel dledale, it. 

may be poiiSible to determine approximately from tbe iDterlerence 

effects of one group of weDs upon the other the eztent that their 

pumping affects the 8&DJ8 beds. The beds tapped by the two sets of 

wells probably are separate, and, therefore, the transmianDUities 

determined from pumping testa on the two groups of wells should be 

added rather than averaged. Adding the tiguns det.enniDed for tbe 

two groups of walla would give acoelllcientof transmisaibility of &bora 

8,()00 gpd per foot, for all the beda tapped by the weiJa. The actual 

transrniMibiJity" prOIJably .• CODitiderAW1 Jaraer because of the 

probable laipr transmisaibllity ill the· lower aquifer~ tbaa tha& 

indicated., the test on wellli.W{:U). 

J>et.ermJD&tloa of a eorrect 1Jgure for the 0!)881cient of tnuamiwi· 

bi1ity ia important becaUse tbe eomputation of the rat.e and ultima 

drawdown of water lent. iD. the well Jie1d ia Jarp17 clePendeDt an 

that~ 

PBEDlCTION 01' WATER-LBVBL TRENDS IN TBB 
WELL li'IELD 

J'igale 'l, which abowa the Hditional drawdown to be ezpected ia 

the l.cJe Alamos Omyon well field. is baaed oa the equatioDs giY81laa 

papa I-14 ud I-16. hia UIIUiled that the water will be withdrawn .. 

lrGm ~ ill the iqwter, tW the boundariea of tbe. aq~ wUl .... ::: 
.· ·:; •.· .• :.·'' • ,:. • . ·, • ;";>• v· ; :~~.;~}!i_~fi~j~;-~>~~t;··:f~· 
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not significantly afi'Elcl. the water level within the time considered, and 

that the coeftieient of transmissibility is 6,000 gpd per foot. This 

coefficient probably is conservative; it may be more than 9,000 gpd per 

foot. If the coefficient is larger than 5,000 gpd per foot, the rate of 

drawdown wil! be less than that indicated on figure 7. From the data 

• available the general decline of water levels in the well field appears to 

be about ll.~ feet from the beginning of pumping to 1950 and the aver-

• age r&\. ) pumping from the field during 1948 and 1949 was about 

roo gpift;-<Jl' about three-quart.&ra of a million gallons per day. In 1960 

and in totureyea:rs, the averagerateofpumping ia&88UDled to be 1,000 
-- .... •' - __ ,,_ 
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bad been pumped at this rate in the past, the generallcwering would 

have been about 70 feet, or twice as large as it was. As indicated by the 

formula, the drawdown varies as the log of time, other things being 

· constant, and therefore, the plot of expected decline on aemilog pa.per 

should be a straight line. The curve in figure 1 is based on the 888ump­

tion of constant discharges of 600 and 1,000 gpm, beginning in 1948 

and 1960, respectively. 
The graph indicates that in 1988 the general water level in the well 

field may be about 140 feet below its original position, or nearly 100 

feet below ita 1950 position. The prospective supply wells in Guaje 

Canyon would increase the lowering of the water level in the Los 

Alamos Canyon well field, but the amount ia not easily estimated until 

the welJs have been drilled and put into operation and the character­

istics of the aquifer near Guaje Canyon evaluated. The total lower­

ing probably would not be as much as twice that indicated on the 

graph; and, because the coefficient of transmissibility probably is high­

er than that 888umed in constructing the graph, might be no more 

than indicated by the graph. The pumping level in any well will be 

below the level indicated on the graph roughly by an amount, in feet, 

equal to the pumping rate, in gallou per minute, divided by the 

specific capacity of the well, as detennined after pumping a day or eo. 

EFFECTS OJ!' A LJ!IAKY AQUIPBR 

An independent approach to predicting the future decline in water 

level involves the theory of a leaky aquifer. Under this theory, the 

diacharge of the well is considered to be balanced by water drawn 

through a semipermeable bed overlying the aquifer from a reservoir 

constantly replenished from above. The theory would be the 11&1118 

if the water were rising under artesian pressure from a reservoir 

below. This appeal'S to be the caee in the Loa Alamoe Cayon well 

field. The theory requires only one aquifer and one aemipermeable 

conflning bed, whereas the Loa Alamos Canyon field has several of 

each. However, the idealized condition will give at 1eaat an approzi­

mate figure for the drawdown to be expected. 

This theory, as developed by Steggewentll and Van Nee (1939) a.Dd 

Jacob (1946), gives rise to the equation 

•-~Ir.(r{fD) 
in which Ko represents a modified Bessel function of the second kind 

of zero ordel' of the quantity following in parentheaea 

K' -the perrDMbWtJ ol_tbe aonADID& bed, lD plloaa per d&J. per ~quare ,,. ) 

D•tbloU. of~ oo~~~D~Dc bed, ID f8M 
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The average velocity of ground water through an aquifer is 

v.:!L 
7.4Smp 

in whicll 
V=- velocity, tD feet per da;y 
T- eoe11lclt>ot ot trallamlaslblllt;y, In plloDI per da1 per foot 

,,. aradJent of pieZOmetric aurtace 

•- thlekneu ot aquifer, tD feet 
,_ poroalt;y. 

In order to be conservative, and thus to indicate as rapid a move­

ment as &eeDlS possible under the conditions known or surmised to 

exist at Los Alamos, T may be estimated at 10,000 gpd per foot (twice 

the trusmissibility assumed to compute the lowering of water levels) ; 

g may be taken as about 60 feet per mile (twice·that used for com· 

put&tions of a leaky aquifer) or 0.011; m may be taken as SOO feet, 

it being assumed tha.t the greater part of the thickness of the Santa 

Fe is too nearly impermeable to transmit water readily, and p may be 

taken as 5 percent, indicating an aquifer of very poorly sorted 

material. Subetituting these values in the equation gives a velocity 

of 0.98 foot per day, or about 1 foot per day. To traverse the distance 

of about 5 :niles from sit.$8 of possible eunwnination to the well fields 

would take about 26,000 days, or more than 70 yeafS. 
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