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Introduction
I've had a number of informal contacts during the past few weeks with staff members of
agencies charged with the "KAFB Fuel Leak Cleanup," and specifically those involved with
"identifying options for beneficial reuse of treated water (Fig. 1,from Agnew et al. 2015, slide
22)." As a result, I believe that there's an immediate need for additional background information
of a site-specific hydrogeologic nature on:
1. Past, present and near-future groundwater-flow directions (Figs. 2 and 3).
2. Aquifer-system and vadose-zone framework (Figs. 4 to 6).
3. Implementation of recharge-well construction and operation (Fig. 5).
4. Consideration of appropriate long-term strategies for reuse of treated water (Figs. 6 and 7).
Even though none of the following observations and suggestions have been formally
requested by entities involved in the "Cleanup" process, I trust that they will be accepted as pro

bono professional contribution by one who has devoted much of the past 3 decades to addressing
water-supply and environmental problems in the Albuquerque Metropolitan ((ABQ Metro-) area.
My early work in the ABQ Metro-area was mainly of an environmental-geologic nature,
with emphasis on siting of waste-management facilities (e.g. Hawley and Love, 1981 : Hawley
and Longmire, 1992). Most of the information presented here, however, is based on 1990s
hydrogeologic, geohydrologic, and hydrochemical investigations in the northern Albuquerque
Basin area by a team of NM Tech geoscientists from the Bureau of Mines & Mineral Resources
(NMBM&MR) and Research Divisions of NM Tech. This group, which I headed until my
retirement from NM Tech in 1997, was assembled at the request of Norman Gaume, then
Manager of the City of Albuquerque Public Works Department (COA-PWD), Water Utility
Division. We were charged with developing a state-of-art characterization of the Albuquerque
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Basin's hydrogeologic framework that would be used in new groundwater-flow and
hydrochemical models being developed by the US Geological Survey (USGS). Activities were
primarily funded by the COA-PWD, via research grants administered by NM Tech and the US
Bureau of Reclamation (USBOR). Almost all of these studies were done in collaboration with
the USGS, USBOR, Office of the State Engineer (NMOSE), and several private entities. Of
special relevance here are the hydrogeologic investigations that resulted in much better definition
of the Santa Fe Group aquifer system beneath parts of the ABQ Southeast Heights that include
KAFB, and potential sites for effective aquifer recharge in that area and along the adjacent
Tijeras Arroyo corridor (Figs. 2 and 7). It is also relevant to note that, while on the NMBMMRNM Tech staff, I was on site in drill-cutting collection and/or borehole-logging review capacities
during drilling of the following wells and piezometer nests: Ri-5 (1989), and KAFB-15 and 16
(1996), and Montessa Park and Mesa del Sol (1996). See Figures 3, 4, and 6.
I recognize three major or key components in the process involved in "identifying options
for beneficial reuse of treated water:" Recharge-well (and possibly recharge lagoon) siting and
construction, associated monitor-well installation, and variety of permitting requirements. Three
primary take-away points (following discussion) that relate directly to this process are illustrated
in Figures 1 to 7 and Table 1, and are supported by the cited publications listed at the end of this
document, including: Hawley and Haase, 1992; Thome and others, 1993; Haneberg, 1995;
Hawley and others, 1995; Kernodle and others, 1995; Whitworth, 1995; Hawley, 1996; Hansen
and Gorbach, 1997; Allen and others, 1998; Connell and others, 1998; and Haneberg and others,
1998. Special acknowledgement is due to Baird Swanson of Swanson Geoscience, LLC for
assistance in adapting Figure 2 and compiling Figure 7.

Figure 1
Figure 2
Figure 3
Figure 1 is an index map, extracted from a PowerPoint presentation prepared by Agnew
and others (11/17/2015, Slide 22), that shows locations of existing and proposed "Groundwater
Treatment System" facilities for "KAFB fuel leak cleanup" operations. Figure 2 is extracted
from a recent USGS map showing "estimated 2012 groundwater potentiometric surface and
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drawdown from predevelopment to 2012 in Santa Fe Group aquifer system in the Albuquerque
Metropolitan Area (Powell and McKean, 2014, Fig. 1). Additions of approximate locations of
Tijeras Arroyo, Wells KAFB-7, 15 and 16 (K-7, 15, 16) and USGS Turnbull piezometer nest,
and GW-:flow direction vectors (4) allow the map to also be used here has a general index map to
key locations discussed below. Figure 3 (originally from C.V. Theis, 1938) is include to show
the almost complete reversal in the direction of local groundwater flow that has occurred in the
past 80 years, with most taking place since 1960 (Kelly, 1992; Rice and others, 2014).

Figure 4
Figure 5
Figure 6

Figures 4 to 6 illustrate the major hydrogeologic components (hydrostratigraphy,
lithofacies, and structure) of deep water-supply wells (including Ri-5 and Lv-8) that are located
between Louisiana Blvd and Pennsylvania St., and extend north from the KAFB-7 andl 6 sites.
Construction details on most of these and several other nearby wells are included in Table 1.
Information on KAFB-16 well is especially relevant, because of its physical proximity to KAFB7 and their similarity in hydrogeologic setting and construction. Figure 5 is adapted from a
hydrogeologic cross section, with a Gibson Blvd. alignment, that was used as an exhibit in a U.S.
District Court hearing (1/7/2004) on the South Valley Superfund Site (Hawley, 2004, Re: Civil
Cases No. CIV 99-1118 & 1254 BSJ [consolidated]). It schematically shows subsurface
relationships (to mean sea level-msl) in the southern ABQ area between the Rio Grande Valley
and the Sandia Mountain front, which are based on analyses of borehole geophysical and
drilling-sample logs described in Hawley and Haase (1992), Allen and others (1998), and
Connell and others ( 1998). Figure 7, on Google earth base, covers the entire area of concern with
respect to the "Groundwater Treatment System (cf Fig. 1, Agnew et al. 2015, slide 22)." I use it
as a means of utilization of 2016 state-of-the-art hydrogeologic information in initiating multiinstitutional and interdisciplinary dialogue with respect to: "identifying options for beneficial
reuse of treated water."

Figure 7
3

Primary Take-Away Points
Point 1. The 2012 potentiometric-surface configuration (Fig. 2), coupled with the history of its
1950-2012 evolution (Bexfield and Anderholm, 2000; Kelly, 1982; Rice et al., 2014), documents
that, for the foreseeable future, once ''treated water" enters the local groundwater-flow system it
will move toward the East Heights hydraulic-pressure low (now near 4,850 amsl) that is now
I,,,._~ . , . _ _

located about 375 ft below 1-40 at~

o Blvd. (ABCWUA Ch-5, Table 1). Thus, there will

be no significant difference in impact of groundwater-flow direction with respect either to siting
recharge and monitor wells near and immediately west of KAFB-7, or to locating the wells or
even a deep infiltration/recharge gallery in the nearby Tijeras Arroyo Valley floor (Fig. 7).

Point 2. The basic hydrogeologic framework of the entire KAFB and ABQ East Heights area is
now very well documented (e.g. Connell, 2008; and Van Hart, 2003). Furthermore, a much more
detailed portrayal of subsurface relationships in the area directly impacted by the fuel spill has
been and is being developed as the result of ongoing work by USAF contractors that is now well
in the deep borehole hydrostratigraphic and geohydrologic information obtained concurrently by
the USGS and subcontractors during piezometer-nest installation. My intent here is to primarily
focus on the latter activities (e.g. Fig. 5), and better integrate them with earlier phases of
hydrogeologic-framework characterization coordinated by the NMBM[G]MR at NM Tech (e.g.
Fig. 4; and Haneberg, 1995; Hawley et al., 1995; Whitworth, 1995; Allen et al., 1998; Connell et
al., 1998; Hl;Uleberg et al. 1998).
As noted in the Figure 4 caption, the west-facing cross section of Upper Santa Fe Gp
(USF) basin fill follows a S to N alignment between Louisiana Blvd (W) and Pennsylvania St

(E). KAFB-16 near the Randolph-Louisian~ SE intersection at the south end of the section is
about 0.6 mi north of and on the same structural trend as KAFB-7 (Figs. 1, 2, and 7). The
Turnbull Piezometer Nest (TPN-Figs. 2 and 5) is about 1,500 ft SW of Well Ri5 of the
ABCWUA Ridgecrest Well Field (Table 1). All of the above-mentioned wells, plus Wells Lv8
and Th5 of the ABCWUA Love and Thomas Fields, respectively are located along the southflowing trend of a very thick, stacked-sequence of "Ancestral Rio Grande (ARG)" braidedchannel deposits (QTsa) that are capped by less than 200 ft of piedmont-alluvial (fan and
terrace) sediments with an ancestral Tijeras Arroyo source (QTsp ). Marker beds al and a2 in the

QTsa sequence comprise thick zones of inter-channel floodplain (slack-water) facies, which
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primarily consist of interbedded fine sands and silty clays, and have very distinctive boreholegeophysical log signatures (cf. Fig.5). The lowest fine-grained unit (Tma), which correlates with
the Atrisco Member of the USF Gp-Ceja Fm (Allen et al., 1998; Connell et al., 1998; Connell
2008), is not penetrated by wells in the KAFB area (Fig. 6). The marker-bed dips toward Well
Lv8 are interpreted as structural-deformation features formed during late stages of ABQ Basin
subsidence relative to uplift of the Sandia Mountain block. The coarse sand to pebbly-sand QTsa
sub-unit between the water table and marker bed a2 represents the unconfined upper part of the
USF aquifer system. Medium to fine sand layers below marker beds a2 and al are in confined to
leaky-confined parts of the system with hydraulic heads that usually increase with depth in the
area of the cross section.
As noted above, the USGS-ABCWUA Trumbull Piezometer Nest (TPN-Fig. 4) is
located about 1,500 ft SW of ABCWUA Well Ri-5 (Figs. 2, 3, and 7; Table 1). It is
representative of the hydrostratigraphic and lithofacies detail that is now (since 2013) available
for the shallow to intermediate parts of the USF aquifer system in the area potentially impacted
by the fuel spill. Information on borehole geophysical logs (electrical conductivity and natural
gamma ray) and screen settings was provided by Nathan Myers of the USGS-New Mexico Water
Science Center. Silty clay intervals in marker beds al and a2 (Fig. 3) are indicated by spikes of
high e-conductivity and natural-gamma values. The high-conductivity interval in the upper 180 ft
of the vadose zone correlates with piedmont-facies unit QTsp in Figure 3. All underlying
sediments are part of the ARG fluvial facies of the Upper Santa Fe Gp (USF). The "Shallow well
screen" records hydraulic head changes in the unconfined (uppermost) part of the USF aquifer
system; and it also serves as a hydrochemical sampling site for the part of the system potentially
impacted by the KAFB fuel-spill plum (non-detect conditions to date). The "Middle" and "Deep"
screen record potentiometric-head changes in the leaky-confined to confined parts of the USF
aquifer system that form the primary groundwater reservoirs from which wells like ABCWUA
Ri-5 produce. As already noted, hydraulic heads are usually higher than those recorded in the
"Shallow" screened interval; but have been observed record significant head drops (particularly
in the "Middle-screen" zone that reflect varying pumping effects of Well Ri-5 and other nearby
deep-well production sites (Table 1).
With respect to the deep production wells shown on the Figure 3 section (including
KAFB-7, all share two the defining properties: First, except for some minor post-depositional
5

structural warping, they penetrate the same hydrostratigraphic and lithofacies sequence (i.e.
QTsp/QTsa[u]/a2/QTsa[m]/al/QTsa[I]), and are on the same ARG-paleoflow and structural

trend (i.e. inferred footwall block of Coronado-Alameda strand of East Heights fault zone of
Connell 2008). Second, they are all constructed (screen type, screened interval, and gravel-pack
gradation) in the best way possible to move water from the aquifer (in some cases all three QTsa
intervals) to the well head. I've been working with well drillers since being hired (GS-2) by the
Indiana office of the USGS Ground-Water Branch in June 1954; and I long ago learned that well
construction is an art, with Murphy's Law events as common occurrences. Therefore, it is no
surprise to me that wells like Ri-5 (completed in 1989) are excellent producers, and ones like
KAFB-16 (completed in 1996) and probably KAFB-7 are marginal at best.
The key point in designing recharge wells (something learned through 40 yrs of close
contact with El Paso Water Utilities) is to always restrict screened intervals of recharge wells to
the most permeable zones in the unconfined upper parts of a given aquifer system. In the KAFB
area under consideration for recharge-well installation, the ideal target aquifer zone would be the
coarsest-grained QTsa zones above marker (and positive confining) bed a2. Wells must
obviously be designed (in terms of screen-type, gravel-pack grading, and recharge-water
chemistry) in a manner that most efficiently moves water from the well-head into the aquife;r (see
Gorder et al., 1995; and Whitworth, 1995). In summary, many production-well sites in the
general area proposed for "beneficial reuse of treated water" would be good choices for
recharge- (not "injection-") well location, including KAFB-7. However, simply because of
incompatible design and construction, the production wells themselves are unsuitable rechargewell candidates.

Point 3. Figures 6 and 7 provide two perspectives on the hydrogeologic framework of this part

of the ABQ Metro-area, one in the form of a schematic cross section from Rio Grande Valley to
Sandia Mountain front and to mean sea level (msl) elevation (Fig. 6), and the other in a Google
earth map format that covers the East Mesa and Tijeras Arroyo Valley area between the 1-25University Blvd, corridor and the Base Golf Course area (Eubank alignment). These illustrations
cover essentially the same area as Figure 1, and the map (Fig. 7) extend far enough north to show
the locations of well Ri-5 and the Turnbull piezometer nest (TPN).
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Rising piedmont-slope surface elevation toward the Sandia Uplift-, relatively flat watertable (and potentiometric-surface) configuration, and the hydrostr~tigraphic-unit/well-completion
information on Figure 6 clearly illustrate four basic hydrogeologic/geohydrologic facts: First,
vadose-zone thicknesses are appreciably greater and no medium- to coarse grained, USF2-ARG
facies are present beneath the Golf Course area (south ofLm 6, cf Van Hart, 2003). Second,
moving water through the pipeline from the groundwater treatment facilities near KAFB-7 to the
Golf Course is an upslope operation, while the opposite is true for sites to the west. Third, as
already indicated (Point 2), a number of optimal sites for recharge wells are present in near and
west KAFB-7, with respect to both hydrostratigraphy and aquifer lithofacies composition.
Finally, the contiguous inner valley of Tijeras Arroyo (Fig. 7) contains even better potential
recharge-well sites, simply because it is entrenched as much as 200 ft below the adjacent East
Mesa surface that extends west from fuel-spill area to the Sunport. For example the water table at
the Montessa piezometer nest on the arroyo-valley floor (Fig. 2) is within 220 ft of the ground
surface, while depths to water in wells Bu-1, 4, and 5 of the ABCWUA Burton Field northeast of
the Sunport are in the 450 to 500-ft range (Fig. 6).
While siting one or more large and deep recharge lagoon/infiltration galleries on the
Tijeras Arroyo valley floor is also technically feasible, I believe that recharge wells are the best
option for returning treated water to the aquifer, because they are the only viable direct method,
whether in a valley-floor or mesa-top geomorphic setting. These options a schematically
illustrated on Figure 7. From the perspective of drilling costs alone, valley-floor locations near
the Trestle site (Wyoming Blvd. alignment, Fig.6) or the Montessa Park-KAFB boundary (Fig.
7) appear to provide the most economical alternatives for siting of recharge wells and the
requisite number monitor well. The latter area would also be ideal for developing partnerships
with the ABCWUA, and other entities charged with implementing best water-management
strategies in such an environmentally sensitive part of the ABQ-Metro Area.
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Figure 1. Site-area index map,from Agnew and others (2015, Slide 22)-North-facing view of
west-central part of Kirtland Air Force Base showing locations of existing and proposed
"Groundwater Treatment System" facilities for "KAFB fuel leak cleanup" operations.
Approximate extent of the EDB fuel-plume observed to date is shown in orange in NW comer of
image. Yellow lines show locations of water pipeline (existing or planned); and blue lines depict
ephemeral channels of Tijeras Arroyo and its major tributaries.
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Figure 2. Albuquerque Metropolitan (ABQ) Area index map showing "estimated 2012
groundwater potentiometric surface and drawdown from predevelopment to 2012 in the Santa Fe
Group aquifer system" (Powell and McKean, 2014, Fig. 1). Additions of Tijeras Arroyo corridor
(pink dotted line), Wells KAFB-7, 15 and 17 (K-7, 15, 17), the USGS Trumbull Piezometer Nest
(TPN), and general groundwater-flow directions (pink arrows) by Hawley (1/12/16).

10

R.2E.

R.3E.

.

T.

II

T.
10

N.

T•

•
IL

Figure 2. Configuration of water table in Albuquerque orea in October,
1936. Ele1,•ation contours in feet .

Figure 3. Configuration of water table in Albuquerque area in October, 1936 (Kelley, 1982
reproduction from Theis, 1938). ABQ-KAFB area impacted by the fuel spill near the SE comer
ofT.10 N., R. 3 E.
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FIG~E 3-Pre~ary s~atigraphi~ correlation diagram along line B- B' of Fig. 1 illustrating stratigraphic correlations of basin-floor faCles of the Santa Fe Group, the Atrisco member and marker beds.
Refer to Fig. 2 for explanation of symbols.

Figure 4. Connell, Allen, and Hawley (1998, Fig. 3, p.3). The west-facing cross section of Upper
Santa Fe Gp (USF) basin fill follows a S to N alignment between Louisiana Blvd (W) and
Pennsylvania St (E). KAFB-7 is located about 0.6 mi S ofKAFB-16 (KA16), and the Turnbull
Piezometer Nest {TPN-Fig. 4) is about 1,500 ft SW of Well Ri5 of the ABCWUA Ridgecrest
Well Field {Table 1). Note that Well Lv8 of the Love Well Field, was originally designated no. 6
in the Water Utility's "Charles Wells" Well Field to the west. The above-mentioned wells, plus
Well Th5 (ABCWUA Thomas Field) are located along the south-flowing trend of a very thick,
stacked-sequence of"Ancestral Rio Grande (ARG)" braided-channel deposits {QTsa) that are
capped by less than 200 ft of piedmont-alluvial (fan and terrace) sediments with an ancestral
Tijeras Arroyo source {QTsp). Distinctive marker beds al and a2 in the borehole geophysical
logs comprise thick zones of inter-channel floodplain (slack-water) facies, which primarily
consist of interbedded fine sands and silty clays. The lowest fine-grained unit (Tma), which
correlates with the Atrisco Member of the Ceja Fm of Connell (2008), is not penetrated by wells
in the KAFB area. The coarse sand to pebbly-sand QTsa sub-unit between the water table and
marker bed a2 represents the unconfined upper part of the USF aquifer system. Medium to fine
sand layers below marker beds a2 and al are in confined to leaky-confmed parts of the system
with hydraulic heads that usually increase with depth in the area of the cross section.
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Figure 5. USGS-ABCWUA Trumbull Piezometer Nest (TPN) located about 1,500 ft SW of
ABCWUA Well Ri-5 (Fig. 2, Table 1). Information on borehole geophysical logs (electncal
conductivity and natural gamma ray) and screen settings was provided by Nathan Myers of the
USGS-New Mexico Water Science Center. Silty clay intervals in marker beds al and a2 (Fig. 3)
are indicated by spikes of high e-conductivity and natural-gamma values. The high-conductivity
interval in the upper 180 ft of the vadose zone correlates with piedmont-facies unit QTsp in
Figure 3. All underlying sediments are part of the ARG fluvial facies of the Upper Santa Fe Gp
(USF). The "Shallow well screen" records hydraulic head changes in the unconfined (uppermost)
part of the USF aquifer system; and it also serves as a hydrochemical sampling site for the part of
the system potentially impacted by the KAFB fuel-spill plum (non-detect conditions to date).
The "Middle" and "Deep" screen record potentiometric-head changes in the leaky-confined to
confined parts of the aquifer system that form the primary groundwater reservoirs from which
wells like ABCWUA Ri-5 produce. Hydraulic heads are usually higher than those recorded in
the "Shallow" screened interval; but have been observed record significant head drops
(particularly in the "Middle-screen" zone that reflect varying pumping effects of Well Ri-5 and
other nearby deep-well production sites.
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10x Vertical Exaggeration

Hydrogeologic Section-Gibson Blvd
John W. Hawley

January 3, 2004

Figure 6. North-facing, schematic hydrogeologic cross section of Santa Fe Gp basin fill
following Gibson Blvd alignment (Figs. 2 and 7), and extending across the southern ABQ area
from the edge of the West Mesa (Llano de Albuquerque) to the Sandia Mountain front (clipped
from an exhibit for a 1/7/2004 U.S. District Court hearing on the South Valley Super Fund Site
case (Hawley, 2004). ABCWUA Well Field symbols from W to E: Do-Don, WM-West Mesa,
Le-Leavitt, At-Atrisco, SJ-San Jose, Ya-Yale, Mi-Miles, Bu-Burton, Ri-Ridgecrest, and LmLomas. Major hydrostratigraphic units (Hawley and Haase, 1992; Hawley et al., 1995; Kernodle
et al., 1995; Thome et al., 1993): SF-undivided Santa Fe Gp (piedmont facies-dark green), USFUpper Santa Fe Gp-USFl-eastem piedmont facies (green), USF2-ARG fluvial (primary
aquifer-violet), USF3 & 4 ancestral Rio Puerco source (darker violet), Atrisco [aquitard] unit
(blue). MSF-undivided Middle Santa Fe Gp-MSFl-eastem piedmont facies (light orange),
MSF2-basal ARG (secondary aquifer-stippled orange), LSF-Lower Santa Fe Gr-undivided (light
brown). Proterozoic (undivided Precambrian) rocks in the Sandia uplift. Post-Santa Fe units
include: RA - inner river-valley fill (the only post-SF aquifer), TA-river-terrace deposits, VA valley-slope alluvium, and PA - younger piedmont-slope alluvium. Also shown are approximate
locations of the water table and the inferred buried trace (without offset) of the CoronadoAlameda strand of the East Heights fault zone-(Connell, 2008).
14

Figure 7. Map (Google earth base) of the KAFB-Sunport area and adjacent parts of the
Albuquerque Southeast Heights and the Tijeras Arroyo Valley. 1-25 and Eubank Blvd are
located, respectively, along the map's western and eastern boundaries; and the western edge of
the KAFB Golf Course is in its SE comer. Approximant extent ofEDB plume in orange. Wells
located on the footwall (upthrown) block of the inferred-buried Coronado-Alameda strand of the
East Heights fault zone (red-dotted line) are, in south to north order: KAFB-7, KAFB-16,
Trumbull [Piezometer] Nest, Ridgecrest (Ri-) 5, and Love (Lv-) 8. The red circle near Lv-8
delineate the area of minimum (4,850-ft asml) elevation of the 2012 potentiometric surface (from
Powell and McLean, 2014) in the ABQ East Heights area. The blue arrow show the general
direction of groundwater flow towards this potentiometric-low. Examples of several potential
sites for recharge and monitor wells in the Montessa Park area are outlined in green, with blue
line indicating potential pipeline route. (Basemap compiled by Swanson Geoscience, LLC).
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