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ANALYSES OF THE PM-4 AQUIFER TEST USING

MULTIPLE OBSERVATION WELLS
by

Stephen G, MeLin

ABSTRACT

A 21-day aquifer test was conducted at municipal water supply well PM-d at a constant
discharge rate of 1494 gpm. This pumping interval was immediately followed by a 21-day
recovery period. Surrounding observation wells were used to record both drawdown and
recovery. These datareveal horizontal propagation of drawdown in the regional aquifer beyond
8,700 £t from PM-4, and a pronsunced resistance to vertical drawdown propagation at shal-
fower depths. Hyvdraulically, the regional aquifer behaves like a leaky-confined aquifer with
leaky units located above a highly conductive layer that averages about 850 f1 in thickness,
Classical distance-drawdown and fully confined aquifer behavior of early-time drawdown
data (e, less than 4 days) from individoual observation wells suggest that the highly condue-
tive taver in the regional aguifer between wells PV -4 and PM-2 has a transmissivity of about
6,431 ft*/day and a storage coefficient of about 0.00039. The corresponding hydraulic con-
ductivity is about 7.6 ft/day. The aquifer thins between wells PM-4 and PM-5 to an effective
thickness of abuut 490 11, but the aquifer transmissivity increases to about 6,817 f1°/day, and
the sterage coefficient increases to about $.00046, The corresponding hydrawlic conductivity
near PM-S is about 139 f/day. Comparisons of late-time drawdown data {Le., greater than
4 dayyt using leakyv-confined aqguifer models suggest that there is a gradual transition from
confined to leaky-confined behavior. These observations provide estimates for aguifer jeak-
ape factors,

This test has also demonstrated that regional sguifer materials below the central portions of

*ujarito Platean are strongly heterogeneous, and exhibit pronounced horizont and vertical
amisotropy in hvdraulic transmitiing properties. An ideatized radius of influence about 8,780
to 19,500 11 long extends outward from well PM-4, inciuding portions of the regional aguifer
below Mortandad Canvon, Numerows ohservation wells inside this radius respond to both
PX.d and PM-2 pumping influences. These dota also sugpest that two competing conceptual
maodels can represent the regional aquifer. First and most likely, aquifer drawdown data
suggest a traditional leaky-confined aguifer model is appropriate, Here leaky source beds in
the regional aquifer are located above a highly conductive layer of variable thickness that
extends between R-20 screen 3, PMA2, PM-4, PM-3, and R-14. A second possibility is that the
regional aquifer behaves like a leaky-confined model because it contains interbedded layers
of alternuting high and low hvdraulic conductivities that are sandwiched together into a high-
vielding zone, In this second model, the overlying units at the top of the regional aquifer may
not be a significant source of water to the municipal supply wells, This second conceptual
maodel requires the low-conductive layers within the alternating sequence to be leaking into
the adjucent high-conductive lavers. These competing interpretations cannot be resolved
without additional. deep, multiple-screened observation wells located near wells PM-4 and
P38 that characierize vertical leakage between adjacent lavers within the regional aquifer.
These parameters are imporiant becanse they provide experimental measurements of aquifey
responses (o controlled aguifer stresses, They also partially fulfill requirements for aquifer
parameter identifieation that support model verification studies,
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L INTRODUCTION
Purpose and Scope

A long-term aquifer st was conducted ar municipal water supply well PM-4 during
February and March of 2005 This st consisted of a 2 L-day pumping mierval followed
by 2i-day recovery peniod. Both drawdown and recovery data were collected at PM-4
and numerous observanon wells. The purpose of this aquifer test was the experimental
determination of regional aquiter paramcters that chasacterize the saturated porous media
below Pajario Plateau. This st consisted of pumping PM-4 at a constant discharge e
and observing water level changes tboth the pampmg and surrounding observation wells,
Charles Thas 019353 first introduced the theoretical response of an wdeal. contined aguiter
(O pUmpng w E He he wis wi ih the LS Geologwal Survey's district oftice in Albuguerque.
New Mexico, Using an analogy between two-dimensional (2-D3 heat and water flow, he
developed ananadvocal solution to the govermng partial differential equation that related
drawdown (o agumifer transassivity (0 and storage coefficient (5. Here 7 represents the
rute of Honw to a pumping well i gallons per minute through an mmaginary, vertical cross-
ws;;‘émn of aqudfer matenial vne foot wide and extonding twe full saturaied thickness of the
aguifer that s subjected 1o a hvdrmuohe gradient of o e Tody ?' s commonty expressed
i eginvalent units of length squared per unit tme (2777, Hydraulic conduetivity (K is
Es:c;mnmi by xémdmg 7 by the aquiter thickness si’n ';;Euca o amd K wre nnportant
becanse they dedme bow the apnifes will respond o stress te g pomping, natural discharge.
or recharged I addinon, ¥ i detined as the volume of waler vielded woa punping xx;‘#i per
ot area of saturated aquiler matenal per umt dechne i water level As such, S s dimen-
st less, \;m Hie storage 08 s determined after dividing 5 by b amd has units of inverse
fength, Aquiter paramet Em; Fandd 5 were ongmally developed Tor conhned aguiler
condiions assuming m!z L! 2-D, horizontal flow. However, in complex three-dimensional
£3-D1 groundwater representations, it is often best 1o use the parameters K and §_ because
the influence of & has been removed. The § rimary objective of this report is o determine
values tor the aguiter parameters 70K b0 S and S using test data obtained Trom both the
pumping well and numerous ohservation wells,

§
5

v abjective of this aguifer test was to characterize aguifer heterogeneity and
ansoropy v the regional aguiler. Heterogeneity is demonstrated when aquifer param-
elers change front well o well, Anisotropy shply micans that pwameter values may be
diecctionally dependent For example, hyvdraulic conductivity at one location may have
different horzontal 1K1 and vertical (R values, and the ratio (K, /K ) between the two
nRy vary from point to potat. Tvpicallv, K, 2 K §‘w Most ;ragizéibz‘ materials, Directional
varnions i A woulkd be seveaded by an ¢l Hiptic aiix shaped cone of depression rather than

A secondany

circadar one. This cone expunds Biterally outward from the production well i response
o prmping and reguires wl least two abservation wells at different locations o vents h{*
cliiphical shupe. Horzental anisolropy s nmportant because it reveals preferential wate
movermnent owand the sell more casiby o one honzontal flow <§mmu than i mtimt
f‘iiiﬂif;i?i%. variations i fs.‘v weaihd be revealed 0y different drawdown values recorded
adjacent uf\xu st‘m wolls (or nested prezometersy completed st different vertical depths
i the aquiter., Vertical anisotropy s important because it savs that water generally moves




more castly in the hovizontal divection than i the verucal direction (e, parallel 10 sedi-
mentary bedding planes rather f;m pcrpc wdicular 1 them). In addition, understanding
vertical hvdraoiic communication (Le., leakage)y between adjacent units depends on know-
ing somcthing about K tor Iﬂ(i{\!dﬂd} geologic units,

A third and final ohjective was o run the aquiter test long enough so that the cone of depres-
ston could expand radially outward o intersect any potential recharge or barner boundaries
that might be present. These boundary eftfects would typically be revealed by the differences
between measured drawdown inan ohservation well and wdealized drawdown predicied at
the same tume and focation using an approprise analvtcal aquifer model fe.g.. the Thes
confimed agquitfer model represented by the Thes tvpe curve

These ;;quif’m‘ parameters e impun;m{ because they provide experimental measuie-
ments of aquiler responses (nel drawdown and recoveryy to controlled aguiter stresses
{.e. pww; mur These aquifer Hmmm. v can then be used in numerncal models to simu-
late aguiter behavior and test the vahdity of aliernative conceptual models. Once verified,
these mmi Is can be used t s{nsmiim complex aguiter behavior (i.e.. anisotropy, leakuge.
or potential contamimant transport) with confidence or 1o test alternative geometric con-
figurations in the model or physical-chemical processes affecting potential contamimant
transport. They can also be used o idenufy data gaps where additional aguifer tests might
he helptul or 1o evaluate alternative aquifer momtoring configurations. Ulnimatelv, this
aguiter test parti u!!» fulfills requirements for aguifer parameter identification that can be
used tor model veriication studies,

Hydrogeologic Setting

Municipal water su g"s; sy well PM-d was completed on Mestta del Buey in 1981 (Purtymun
JOUS) atadepthhof 2.8 7’ ftbelow ground surface (1t bgs. This well is located vn the north
stde of Pajarito Road, approximately 3.25 miles northwest of White Rock (see Figure 1and
near the Technical Area 534 (TA-54) entrance. A number of znnmimmw wells (or Rowells)
have also been istatled over the past seven vears as part of the Hydrogeologic \%‘nr& Hlan
(LANL 190X in support of the Groundwater Protection \1 magement Program (DANL

F9900, Most ot these wells are focated i the contral portions of Pajanio Platcau dmi RIS
penctiate mio the regwonad aquifer. This yegional aquiter is the only source of potahle
dinkmg water for Los Alamos County, Los Alumos Navonal Laboratory, and Bandelier
Natonal Monument. Historicallv, the highest vielding water supply wells have penetrated
mito relatively thick sequences of the Puye fanglomerate (Griggs 19640 Purtymun and
Stoker TUSE) where axial deposiis of ancestral Rio Grande gravels (Le., the Totavi Lentil of
Griggsyare commonly encountered. Locutions of these and older high-yielding formations
are generally defined according o the location of a Miocene trough as seen in Figure 1.
Although the ureal extent of this trough has notbeen comipletely defined along the northern,
western, and southern portions of the platean, it has been clearly wentificd in numerous
Rewells i the centeal plateau region where PM-dis Jocated. This trough has been deseribed
by numerous authors fe.g. Broxion and Vaniman 2003 Broxton and Reneau 1996; and
Purtvmum and Stoker | 19881,



Fiovre | also shows the location of geologie eross-section A-A7 that runs west-to-cast
across Paparie Plateau and jus mnih of well PM-d This gealogie section is shown i
Figure 2 and is based onrecent work by Broxion and Vaniman (20051 This cross-section
is mportant because 1t ahows i complex reglonal aguifer that mc?mim weshward thicken
g, coarse-graned, alloviad fans denved from the Jemez ‘xfls}s:( e fiehd thig zwnm;ﬁgmi
in the western part of the Fepatiola Basin, These volcanogenic allovial fans overbie thick.
finer-prained. piedmont-stope deposiis derived from distal sources on the east side wi the
Fspanods Basin, Historscal information for the regionad aqguifer below Pajarito Platesu was
previousty desceibed mhm.m 1965 Griges 1964 Theis and Conaver 1962

Frgure 3shows anenfargedw casarrou inding well PM-dwhere numerous observation wells
are focated. Freare 3 udso shows an ides Aized radius of influence, of maximum extent of
measured drawdown, that was observed in the 21-day aguiter test at PM-4 This radius
is tdealized because one must assume homogeneous and sotropie aquiter properties that
generate concentric circles of equal drawdown in response 1o pumping at a constant rate.
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