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Application of a Lumped-Parameter Model Toward
Understanding the Behavior of the Mortandad Canyon
Perched Alluvial Aquifer System, Los Alamos, New Mexico

by
Eriec D, Koepig
Stephan G. MclLin

Los Alamos National Laboratory
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0.0 Abntract

The Mortandad Canyen perched aguifer in Los Alamos
County, Naw Mexico receives traated aeffluents from Los
Alamos National Laboratory that contain some radionuclides,
ineluding dspy, 2vpy, 24am, uranium and tritium,

The main purpose of this study is to characterize the
perched aquifar in Mortandad Canyen so that its contaminant
mags balance may be modeled, and future behavior predicted.
A secondary purpose is to make racommendations for Zield
ptudies that would help refine such a model., To meet the
first objective, a two-cell lumped-parameter model has been
constructed, obuervatgonal'data and inputs £or this model
are from monthly obsarvations and calculations made by
William Purtymun £rom June 1963 through June 1565 (8).

Parameter estimation for the lumped-parameter water
balance model and water leval observations indicate that the
responsa time of the parched alluvial agquifer is on the
order of 2-4 montha, Implementation of the water balance

- model using Purtymun's data suggests that most of the atorm

runoff and effluent that enters the perched aguifer leaves

via downward seepage, , :

Recommendations for further field studies include: the
installation of 8 continuous water level monitoring system
in current Mortandad observation wells; refurbishing and
monitering of Mortandad Canyon gaging stations; and drilling
deep observation wells to improve estimates of downward

seepage, -

1.0 Introduction

1.1 Los Alamos National Laboratory

Los Alamos National Laboratory (LANL) is located in Los
Alamos County, New Mexico, approximately 40 km northwest of
Santa: Fe (see £ig. 1). The laboratory comprises numerous
installations, or “TA's" (Technical Areas), spread over 111
km? of the Pajarito Plateau. Constructed for development of

- the  f£irst nuclear fission 'bomb during World War II, the
~ laboratory continues with its original mission of

weappngfdefenseA R&D, but addicionally supports basic



research in such fields as astro-, nuclear- and particle
physics, chemistry, geology and bio/medical sciences (11} .
Many resources have also been committed over the years under
the auspices of environmental monitoring, -remediation and
-protection. ‘This study is part of that effort,

1.2 Geology of the Pajarito Plateau

The Pajarito Plateau is an apron of tuff, volcanic
sediments and interfingering basalt flows that surrounds the
valles (aka Jemez) Caldera in north-central New Mexico on
the northern edge of the Basin and Range province (see
£lig. 2).

The Valles Caldera is a classic example of a resurgent
caldera —one of the largest in the world., Approximately 1«
to 1.4 million years ago, volcanic activity at the caldera
climaxed with two extremely large explosions, depositing
approximately 400 km! (100 ml?) of rhyolite tuff and other
pyroclastics (11), These strata, a formation khown as the
Bandelier TUEfEf, constitute most of the Pajarito Plateau,

Bandelier TUuff laps onto the older, exposed volcanics
of the Tschicoma formation that form the Jemez Mounitains,
the rim of the Valles Caldera. ‘The tuff shallowly dips and
gradually thins to the Southeast, toward the Ric Grande,
from a thickness of approximately 300 m (984 ft) dowh to 80
m (262 ft; see figures 3 & 4 (11}), Ephemeral streams f£low
southeast to the Rio in a parallel/dendritic pattern that
dissects the plateau into alternating canyons and finger-
like mesas. Most of the laboratory's T.A's are situated
atop the mesas.

The following passage on local stratigraphy is
evcerpted from the 1991 LANL report, Extent of Saturation in
Mortandad Canyon, pages 13-14 (10},



[Stratigraphy]

(In descending order)
"Bandelier Tuff

1,3

*Teghirege Membar

*Unie 1A Tuff, nonwalded, light-grey,
consisting of quart: and sanidine crystal and
crystal fragments, rock fragments of pumice,
latite, and rhyolite in a matrix of gray ashi
waathared grey, buff, light=- to dark brown in
color, pumice» and ash matrix weathered to

clay.

"Tsankawi Member

*Main lenaes of asilt, sand, and gravels
consinting of pumice, quart: and sanidine
crystals and rock fragments of latite and
rhyolite ranging in color from grey to dark
brown, ash and some pumice weathered to clay:
membar reprasents ercsion and deposition at
the top of a massive agh £low,

"Otowl Membar

“ruEg, nonwalded to moderately welded, grey
to dark brown when weathered, consinting of
quaxtx and sanidine crystals and crystal
fragments, numarous pumice frapmaents up to 2=
inches [5 em} in langth, rock E£ragments of
latite and rhyolite in an ash matrix: ash
matrix and some of the pumice weather to sile
and clays.."

Hydrogeslogy

Some of the ephemaral streams provide enough recharge
to thely canyons to maintain small shallow agquifers, perched
in the canyon alluvis far above the main aquifer's water

table.

The bottom of the perched aquifers may aextend 2rom

0= to about 30 m {0-100 £t), while the ground watar table
ranges in depth from 180~ to 325 m (about 600-1100 ft) below
the canyon floors (see fig. 5 {10)).



Groundwater from the main aquifer is the only viable

municipal water supply/source (1l1). Howevaer, the canyon
perched systems are important, because some receive treated
municipal or laboratory effluents. Mortandad Canyon
receives treated discharges from LANL facilities, TA-50,

located on the south rim of the canyon (see map), treats
radiocactive liquid wastes from LANL operations, and has been
a major industrial outfall in the canyon since the summer of
1963, Mortandad Canyon receives some heavy radionuclices
such as ¥py, 9Py, 2M0py, 24ipm, and uranium £rom the
discharge. These tend to become bound to sediment
particles, In the mid-~1970's, the laboratory consgtructed
three sediment traps in Mortandad Canyon (see map) to
prevent radionuclide transport off LANL property onto Native
american sacred lands through overland f£low. These consist
of a chain of three large, interconnected pits, each
approximately 40m (130 ft) across and surrounded by a high

berm to prevent overflow. Together, they held an
approximate total of 4.5 million liters (1.2 million
gallons) (10}, The stream channel terminates at the

sediment traps.

Another component of the treatment plant's discharge is
tritium-bearing water molecules (see table 1). Obviously,
the sediment traps will not prevent tritisted water £rom
entering the system. The water infiltrates and moves via
the perched aquifer down the canyon gradient., Losses £from
the perched aquifer occur due to evapotranspiration (the sum
evaporation plus plant transpiration) and seepage inte the

tuff below the alluvium, Seepage is .retarded by the
hydraulic properties of the strata below, that include
residual silts and clays weathered from the tuff (10)., Most

of the recharge to the main aquifer probably originates Erom
the Jemez Mountains and the Valles Caldera, not f£rom the
canyons on the plateau (10).

In the early 1960's, it was apparent that regular
groundwater monitoring would be necessary because of the
advent of the TA-50 outfall, William Purtymun monitored
gtream flow and infiltration using gaging stations, and
calculated perched aquifer .storage and £low by monitoring
water levels and computing gradients between observation
wells (8). He eventually assembled a water balance for



Mortandad Canyon by &8 Bummation process. He calculated
evapotranspiration using 8 modified Thornthwaite method (5]
and closed the balance calculation with vertical seepage
into the tuff (see tables 3, ¢ & 5 for his observational
date), conceptually dividing the canyon and aguifer into
three segments: the upper, middle and lower (see map). For
the purpose of model simplification, the middle- and uppes
segments have been combined in the simulations presented in
this report (see fig. 6).

The next section, the descriptions of the canyon
segments, has been excerpted £rom the 1951 LANL reporet,
Extent of Saturation in Mortandad Canyon, pages 14-15 (10).

“.The upper canyon is narrow and filled with
underbrush, shrubs, pine, £ir, box elder and oak trees.
The alluvium thickens eaastward from less than 1 £t at
plant outfall to about 18 £t (5.5 m) thick at MCO-4
[N.B.: the walls in Mortandad Canyon are designated MCO
for observation/sampling wells and MCM for neutron
moisture access tubes; some additional wells, used only
for obmerving water levels, are designated MT; numbers
increase downstream]. fThe stream f£low in this section
15 perennial from waste water and periodic releases of

industrial effluents, The stream channel is
entrenched. Masjor recharge tec the shallow aquifer
occurs in the upper canyon. Large losses by

evapotranspiration occur in this section of the canyon
due to the large amount of vegetation and to the
surface of the [perched) aquifer being near the ground
surface,

"The middle canyon widens and alluvium thickens f£rom 18
£t [5.5 m) to 36 £t {11 m) at MCO-6. The stream
channel is well-defined, but surface flow is
intermittent, The underbrush thins and the canyon
floor is covered with pines,

"The lower canyon becomes progressively wider and the

alluvium continues to thicken to about 60 £t [1B.3 m),
near MCO-8, The stream channel is discontinuous,
braiding ocut on the canyon floor. The number of pines
decrease eastward of the middle canyon with a



transition to & scattered pifion-juniper community,
“three sediment traps have been constructed between
MCO-7 and MCO~7 ASm“

1.4 rurpose and Soope

This study comprises & number of objectives., Ih order
to estimate the amount of downward seepage from the perched
aquifer into the tUff, a lumped parameter Water balance
evpression has been constructed, Another task was to
estimate parameters incorporated in the model, such as the
hydraullic response time of the system, t,. This parameter
is of special importance, because it may be used to
determine the frequency of fleld measurements heeded to
discern agquifer responses, :

In addition, this report will be used to indicate
shortcomings in the background knowledge essential to the
characterization of the Mortandad perched aquifey system,
and to initiate further f£ileld investigations to that end,

2.0 The Lumped-~Parameter Model

With the advent of powerful personal computers,
physical models of aquifer systams, except for the purpose
of educational demonstration, have fallen by the wayside,
replaced entirely by mathematical models. Mathematical
computer models of groundwater flow generally exist in two
forms: Jlumped-parameter and distributed-parameter models
(12}, EBach has different data regquirements, procedures for
parameter estimation, and underlying assumptions governing
their use and exacution,

Distributed-parameter models can account for spatial
heterogeneity as well as variations through time, They
employ a finite-difference or finite-element array of data
points or areas that may represent a surface- or cross-
gsectional area of an aquifer, Properties such as
transmissivity, storage coefficients, and degrees of
anisotropy with respect to hydraulic conductivity, can vary
spatially in these models. ' The output is commonly & water
level or potentiometric surface map or cross section that
displays transient effects with each computational



learation, Naturally, distributed-parameter models often
require a vast amount of data that is hard to acquire, For
gxample, Lif one needs transmissivities or hydraulic
conductivities or storage coefficients for multiple data
points, one would have to conduct an aguifer pumping teat at
gavaral of those points, Values for some of those points
may ba interpolated or estimated; but this results in lass

credible modals,
Lumped=paramatar modals are volume=averaged models that

are pood for simulating average- or systeme~wida changes
(32) . They do net ragquira the same exhaustive data on
spatial variation of paramatars, but thay do often require
long term gathering of information in order to estimate
paramataers by statistical means., Instead of using an array
of data that represents the aguifer system, the lumped model
usaes a single linear differantisl eguation to medel average
conditions, The system becomes a pingle cell or a few
diserete calls, The only major assumption inherent in this
approachh is that the system is pupposedly well-mixed (6),
that is, thac an average condition is represantative of the
whole cell, 7This ip a reasonable argumant for a relatively
small nystem like the perched aquifer in Mortandad Canyon.
Flgures 7 through 10 show wvariations in chloride
concentration for observation wells distributed along the
antire the length of the perched aguifer. Similar behavior
with raspect to chloride concentration over time is viasible
in each of the wells., Note that for the sampling months
indicated, all of the wells were sampled within a week of

each other,

2.1 Watar Balance General Sclution

For the full derivatien of the water balance general

solution, see Appendix A,
A general water balance expression for the perched

agquifer system in Mortandad Canyon can be written as:

n av/dt = Qu + Q) - Qer = Q* =~ Qom



where! n = effective porosity
Vv = the volume occupied by that: segment of the
perched aquifur
t = time
Qu = natural recharge {(volume/time)
Q. = arctificial recharge, e.g. the
effluaent from TA 50
Qur = evapotranspiration losses (aka ET)
0, = downward flow lnto the tuff
Qow = lateral groundwater transfers to the
downstream alluvial aguifer.

After summing all the recharge terms and ET together
into a net recharge term, B, integrating the eguation from
zero to some time, t, and converting the result to a forward
difference approximation, the final water balance expression
for the upper/middle aquifer is:

Vi = Vy exp(-At/ty)

+ [{aVgy + bVg)/{a + b)] [1 - exp(At/t,)]
[Bi/(a+b)] lexp(-At/3/ty) ~ exp(=At/t,)]
+« [By,/(a+b)] [1 ~ exp(-At/2/ty,)]

+

where! Vy = the volume of water in that aquifer segment
at the and of the month of i
B, = the net recharge for the month of i
At = one month
a = the slope of a begt-fit line on a plot of Qg
varsus v

b = the slope of a best-£it line on a plot of Qy
varsus V
Vow = the ¥V intercept on the Quy versus Vv plot
Ve = the V intercept on the Q, versus Vv plot
ty = the aquifer response time, equivalent to
(a4b)/n, where n is effective porosity

The above version applies in its entirety to the
upper/middle aquifer, However, the polution for the lower
aquifer segment is somewhat different, Lateral groundwater
flow from the uUpper/middle aquifsr is part of the recharge
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term. Stream flow i85 generally depleted by infiltration
before it reaches the lower aquifer, except during runofl
events associated with rainfall of high intensity or long
duration. In addition, the lower agquifer segment, for all
practical purposes, is truly the farthest downgradient, So
the entire output from this segment presumably seeps into
the tuff. Therefore, Qm 15 zero in the lower aquifer. Ncte
that the values of the constants change from aquifer segment

to agquilfer segment,
R dV/At = Qowiypper/niadie) = Qur = O

Vi = V; exp(=bit/2) + V[l - exp(=bAt/n)]
+ B/b (exp(At/[2t,]) = exp(=At/ty)}
* Bi,a/b (1 = exp(=At/[aty]))

where n/b equals t,, the hydraulic response time (aka
aguifer time constant).

2.3 Estimation of Paramesters

Az discussed in Gelhar and Wilaon (4), *.the outflow
from the aquifer can be approximated by the linear term

Q= a(h Lod ho,m“
where q is specific diascharge and b is the water level above
some reference datum, B,, This expression is intuitively
related to Darey's Law., 1In our derivation, we have:

Qm - l(V - v”) '

Through this relationship, one can astimate a and Vo by
plotting Qg Vversus Vv from Purtymun's data, and doing a
least squares analysis (12), ¥, b, and t, can be estimated
by approximating the integral of the water balance,

B Av/de w 2 = Qp = Qg

by Simpson's rule and then sblving for the:cona:ants (6).



Simpson's rule approximates an integral by gieting an
arc of a parabola over the function., The generalized form
of the approximation isi

I
f. fix) Ax = 1/3 (y, + 4y; + 2yy + 4y  #.40

ceoh A¥pa * A¥poy + ¥y)

where n is an even number, h = (b - a)/n, ¥y, = £{a) and
v, B8 £(b) (7). Substituting Qu with .

and Qg with
a.(V - 'Vm,),

Simpson's rule applied to the wéter balance for the
upper/middle agquifer is:

n (Vi = Vi) /4E = 1/3 (By,, + 4B, + Ei.,) -
b/3 Vi, + 4V, + V) + 6bV,/3 -
a/3 (Vi + 4V, + V() + Gavg/3
or
Bl + 42) + B(y = 3In/At (Vy,y = Vi) +

(5 +* b) (v‘t‘i ‘.' 4Vl + v1.1) bt G(GVW "‘ bV-,).

The latter equation is now in the form:
Yy o Ml o+ Bx: + C

where A = 3n/At
B=a++b

At equals one, a and V, are known beforehand, and the rest
can be solved for using linear regression. Deriving b and
V. by this method is better than plotting Q. versus VvV and
doing a least squares analysis, because the values for Q, in
Purtymun's water balance summation are not empirically
calculated like the values for Quy.

Once again, the approach to estimating parameters for
the lower aquifer is the same as that of the upper/middle



 aguifers; but the water balance éxpremuion changaes slightly,
so the rest of the eguations change slightly as well.

n Av/4t = Qowiypper/miadis) ™ Qe = Qr = 2 = Qp

Again,
Qe m BV = Vg,
Applying Simbaon‘a rule,
A(Via ~ Vi) = 1/3 (B, + 4% + 21,) =
DV, * 4V, + Vi) & GDVy
or
By, » 42 + By = 3n/At (Vg = Vi) *+
BV, * 4V, &+ V) = 6bV,

2.3 Mcdsl'concap:ualizacion and Applicaticn to Mortandad

2.3.1 : Conceptual Model

Instead: of using William Purtymuh's conceptual model of
an upper, middle, and lower aquifer, we combined the uppexr-
and middle segments for reasons discussed later {see

£ig. 6).
2.3.2 william Purtymun's Data (8)
The parameters gleaned from Purtymun's water balance
gummation calculations for use in this model included:

" monthly aquifer volumes, lateral groundwater flow, and
surface water inputs, ET was recalculated in order to be

maximized (see tables 2 & 3), A first approximation was
made using the Blaney-Criddle method (3), Rainfall was then
subtracted - off for & net ET, This net ET was then

multiplied by an “ET factor® to account for the change in
vegetation and depth to the perched wh;er table (see fig. 11
for graphical representation of ET). The only other forced
parameter was porosity, A porosity of 0.2 was used for the
upper/middle canyon and a porosity of 0.25 for the lower
canyon, 'These are reasonable values, since the alluvium is



mostly coarse sand and gravel in the upper canyon, grading
down to fine sand, silt, and clays in the.lower canyon (10},

2,3.3 Water lLevel Phenomena During 15951

In July of 1991, several Jlarge storms in close
succession, combined with TA-50 discharges, produced anough
runcff to f£ill the sediment traps to capacity. 'The wetting
Eront from the resulting high amounts of infiltration
eventually connected with the perched water table ahd
created a groundwater ‘mound' that gradually propagated down
the canyon, This rise 4in water levels, about 2-4 m
{(7-13 ft), took approximately one month to travel from well
MT-1 to well MT-4 (see map), This is about 50 percent of
the length of the lower aquifer segment (see £ig. 12 for
1991 lower aquifer segment water level chatiges).

3,0 Results

Tables 4 and 5 contain the numerieal results for the
lumped-parameter water balance simulations. Alluvial
aquifer water volumes are presented as average saturated
thicknegses (water levels) instead., Constants estimated in
the model are also displayed in tables 4 and 5. fThe actual
response time for the lower aquifer, as calculated from the
observed water level changes mentioned in section 2.3.3,
appears to be about 1,75 times longer than the value
estimated in the model.

Figures 13 and 14 graphically compare observed with
modeled parameters for the upper/middle agQuifer., Note the
similar shape of the simulated Qm data to the variation in
aquifer storage, due to the aforementioned proportional
relationship (see section 2.2),

Figures 15 and 16 both compare modeled- to observed
storage in the lower aquifer, fThe simulated response in
figure 15 was calculated using observed data, while the
predicted response in figure 16 was calculated using
simulated inputs from the upper/middle aguifer.

~de SPoCUuR e OQmEp



Pigures 17 and 18 both show predicted downward seepage
into the ‘tuff; but the saepage numbers used in figure 17's
plot were generated fxom Purtymun's obaserved storage, while
the onas in figure 18 ware calculated £rom the simulated
storage responsa, Once again, note the similar shape between
the upper/middle agquifer secpage in figure 18 and the
modaled storage remponse in figure 13,

4,0 Dipcupsion and Conclusions

4,1 gources of Rrror

There are a nunber of posasible aerror sources inherent
in the approach taken in this model, They range £rom
uncertainties in various forced parameters to differences
baetwean caleculations made hera and in William Purtymun's
work, Clearly the potential innaccuracies enumerated below
are & caveat against taking this paper as the last word on
Mortandad Canyon, but the objective was to obtain
approximate Elgures in order to make reasonable
recommandations for the naxt phase of study. '

One reapon the calculated aguifer volumes presented
here do not exactly match Purtymun's is that we lack his
originnl dats and computations, This includes water levels,
the surface areas he used for the middle- and lower aquifers
and the exact cross~sectional shape he used for the perched
aguifer, The surface area Purtymun used for the upper
aquifer segment is stated in his paper (8), The canyon
Lloor area, as planimetered from a large scale topographic
map generated from LANL's MOSS mapping system, was larger
for the upper canyon. Thus all the planimetered canyon
areas ware multiplied by a coefficient so that they would be
proportionally smaller, The coafficient was the ratio of
Purtymun's original upper canyon araea approximation to the
planimetarad upper canyon ares (sea table 2 for canyon areas
used)., Pupreymun used a trapesoidal or Ve=noteh shape for the
asquifer cross section (8), becauvse the perched aquifer is in
a sediment=filled styeam valley, However, the exact shape
and dimensions of the cross sections Purtymun used are
unknown, To Kkeap the model simple, the cross sactional
shape used in this simulatiun was rectangular, Note the



differences between the saturated thickness in figure 12 and
those in figures 15 and 16. Water levels have not changed
very much since the 1960's. Thus, the perched agqulfer must
be narrower than was assumed in the model or must bulge
upward in the middle of the canyon and taper toward the
canyon walls, away from the stream channel.

Another potential source of error is in estimating
forced parameters, Evapotranspiration is an especially
elusive quantity. Although numerous £formulas have been
suggested since the middle of the century, there is no way
to accurately estimate ET via some formula method alone, due
to the variation in soil and vegetation. Purtymun used a
method proposed by Hantush that 4is a modification on
Thornthwaite's evapotranspiration calculation (5). This
technique involves multiplying the potential ET values
obtained from the Thornthwaite calculation by the ratio of
actual- to “field capacity" soil moisture {5). The concept
of multiplying potential ET by some coefficient to derive an
actual ET in drier soils is intuitively reasonable, although
“field capacity' is a term that, over the years, has proven
to be quite nebulous. Addirionally, while Thornthwaite's
method has been successfully used in the eastern and
midwestern United States, some ©of its fundamental
agsumptions, such as the non-influence of moist or dry winds
on the rate of ET, do not apply to the semi-arid and arid
¢limates of the Southwest, The procedure chronically
underestimates evapotranspiration under those climatic
conditions (1).

As aforementioned, one objective was to get estimates
on vertical sespage into the tuff. In order to produce
conservative figures for seepage, Steve MclLin recommended
that vertical seepage estimates be minimized by minimizing
the net recharge, that is, to masimize ET (6), This was
accomplished by multiplying ET by an arbitrary constant for
each aquifer segment. There iz a gradational change from
abundant trees and vegetation, in the upper canyon to sparse
trees and mostly scrub growth in the lower canyon. Thusg, ET
in the upper canyon is multiplied by the lsrgest ‘gt
factor®, and ET in the lower canyon by the smallest (see the
header of table 3 for these coefficients, labeled ‘gt
Factor'), Hence, the result is actually an estimate of

me Orsidte DUBY



minimum seepage. Indeed, the fact that vegetation was not
nearly ae lush in Mortandad Canyon in the early 1560's as it
is today supports the notion that ET may be overestimated

here, albeit deliberately,
There are additional factors that meay affect the

accuracy of the pseepage figures derived £rom the model.
Seapage may not be linear with respect to the changes in
aguifer volumes, as previously assumed, Also, the areal
extent of the perched aguifer may change seascnally,
expanding in the late summer during the rainy season and
contracting in the late £fall and winter.

Other problems are inherent in the data. Twenty-four
data points is a rather scanty amount on which to base the
statistical outflow £fits, Also, it is difficult to see
whether the simulations diverge with the observed data over

such a short range.
4.2 Ffuture Work

The contaminant mags balance version of this model has
not been projected out into the future, Yet, such an
exercise should be an important part of the decision making
process for the £fate of Mortandad Canyon, but there: is
simply not enough data to run an accurate simulation of
future conditions at this point. The problem is principally
in the surface water data, There is abundant data on TA-50
plant discharge volumes, contaminant concentration levels
and rainfall covering the last thirty years, What 1is
lacking 4is bsurface water runcff/streamflow information,
That iz an important component in the water balance and
critical dilutien factor in the contaminant mass balance.
What is missing is the characieristic flood wave curves from
combined rainfall runoff and plant discharges. William
Purtymun calculated his monthly surface flow volumes £rom
puch curves obtained £rom gaging stations in Mortandad
Canyon, but this raw data is lost. In addition, using the
original hydrographa to generate simulations of future
discharges/runoff events may not be a sound method, because
the basin characteristics for Mortandad Canyon have changed
significantly over the last twenty-nine years, Numerous
buildings and parking lots have been coénstructed in the



Mortandad drainage basin since the early sixties, which is a
factor that greatly increases storm runoff.

4.3 Important Repults of Study

The aquifer response times, t,, are of key importance
in estimating frequency of data collection, Fleld
observations and parameter estimation £for the lumpad-
parameter model indicate the aguifer response time 1y fairly
ghort -on the order of a few months, Howevar, water level
observations from the suWwmmer and £sll of 1991 suggest that
the aquifer response time for the lower aquifer is almost
twice ag long as estimated in the model.

The other major finding concerns water losses from the
perched aquifer, It appears, avan after maximizing
avapotransplration, that most of the water that flows into
the perched aquifer leaves via downward sespage into the
tuff -on the order of 75 percent, conservatively speaking,
The high seepage rate combined with the fast response time
of the system means that the perched aquifer is regularly
flushed out.

4.4 Conclusions

1) Most of the storm runvff and treated effluent that
enters the Mortandad Canyon perched aquifer leaves via
downward seepage

2) The perched aquifer's response time is on the order
of a few months.

4.5 Recommendations for Model Refinemant

Statistically better correlation between storage and
outflow terms will result in a closer match between observed
and simulated aquifer responses., This can be accomplished
by collecting water level data for extended periods through
a monitoring system consisting of well transducers connected
to a computer data logger.



Syntheties hydrographs nead to be generatad from actual
tlood wave curves pso that axtanded simulationa of perched
aguifar behavior can be run , Refurbishing and menitoring
the gaging stations in Mortandad Canyon will yield the
necaessary dats, '

Seapage from the perched aguifer and evapotranspiration
are unknown guantities, Batter estimates of seaepage cah be
obtained from drilling additional obsaervation wells,
Blimination of npeapage 83 an unknown will help to quantify

ET,



i R
>

References

1) american Society of Civil Engineers, Jensen, Marvin E.,
Bditor (1973), Consumptive Use of Water and Irrigation Water
Requirement, A Report Prepared by the Technicql Committee on
Irrigation and Drainage Division of the erican Socliety of
Civil Engineers, ® 1973, ASCE, 345 East 47F9 Street, New York,
N.Y., 10017, pp.

2} Bowen, Brent M, (1989), Los Alamos Climatology, Los Alamos
National Laboratory Report No. LA-11735-MS, pp. 6,7,136,137

3) Chow, Ven Te, Editor (1964), Handbook of Applied Hydrology,
A Compendium of water Resources Technology, © 1964, McGraw
Hill, Inc, New York et al, pp. 11-25 - 11«33

4) Gelhar, Lynn W, and Wilson, John L, (1974), “Groundwater
Quality Modelling*, Groundwater, vol. 12, no. 6,pp. 399~407

5) Hantush, Mahdli S, (1959), Potential Evapotranspiration in
Areas Along the Rivers of New Mexico, New Mexico Institute of
Mining and Technology Professional Paper 101

6) MeclLin, Stephen, personal communication

7) O'Neil, Peter V. (1987), Advanced Engineering Mathematics,
Second Edition,® 1987, Wadsworth Publishing Co., Belmon:,
California 94002, pp. 43, 1070-1071

8) burtymun, William D, (1967), The bDisposal of Industrial
ffluents in Mortandad Canyon, Los Alamos County, New Mexico,

U.S. Dept. of the Interior Geologic Survey lcopy of an

original; published report number unknown), pp.10«14, 44.51

9) Purtymun, William D., personal communication

10) Stoker, Alan K.; Purtymun, W.D.} McLin, §.G. and Maes, Maw
N. (1991), Extent of Saturation in Mortandad Canyoh, Los
?iamos National Laboratory Report No, LA~UR~91-1660, pp. 4~15,

11) United states Department of BEnergy (1979), Final
Environmental Impact Statement; Los Alamos Scientifdce
Laboratory Site, Los Alamosg, New Mexico, U.S5, Department of
Energy, Washington D.C. 20585 Report No., DOB/EIS«0018, pp.2«3
- 2210, 3-2 - 3-15; Report available fromi National Technical
Information Service (NTIS), U.S., Department of Commerce, 5285
Port Royal Road, Springfield, Virginim 22161

12) Updegraf, C. David and Gelhar, Lynn W.(1977), Parameter
Estimation for a Lumped-Parameter Ground-Water Model of the
Mesilla Valley, New Mesxico New Mexico Water Resources Research
Institute Report No, 097

SR e SroOdifte nms



Appendix C
Theissen Weights

WELL NO - AREA(ft3) WEIGHT

ot 30 250 300 4 ¢ B I N DRt DR B2 XS N DB S5 8 0 2% VB T 10 OR S )8 I 1N

MCO-3 ~ - 112565 0.08
MCO~4 106769 0.07
MCO=-5 859940 0.06
MCO-6 354338 0.25
MCO~7 365557 0,26
MCO=7.5 400150 0.28

T R R R 2 2 F ¥y 3 ¥y B yy sy y Yy ¥y}

TOTAL 1429319 1,00

WELL NO AREA(ft?)

WEIGHT

MCO-3 112565
MCO=4 - 77873
" VIPPER _CANYON

0.59
0'41

MCO=4 28756
MCO=-5 89540
MCO=6 . 89566

MCO=6 264772
MCO=7 365557

MCO=-7,5 400150
LOWER CANVON

0.14
0.43

TOTAL 1429319
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9 Mortdndad Canyon Lower Aquifer
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Mortandad Canyon Net ET

6 Net ET = (Blaney—Criddie ET *+ ET Factor) — Precipitation
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Fig. 15 Mortandad Canyon Lower All
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'Fig.

16 Mortandod Canyon Lower Alluvial Aquifer:

N W >

llllIlI!lllllllllIllj_lIllllljlllLlill!lliiiiJJl_l_)

AVERAGE SATURATED THICKNESS (ft)

3
¥

Observed cnd Modeled Storage

066860 Compuled From Purtymun Dala
aaa88 Lumped Parameter

Lateral Groundwater Trunsfers

) | } . 1 X

3 ¥ 3 3 "3 3z ¥ 3 = .3 X ¥

odel Using Simulated

o

JUN

L] i J L] L]

AUG OCT

€ * v » L 2 AL L] L3 ¥ L 2 L] L

DEC FEB APR JUN AUG OCT

JUNE 1963 — JUNE 1965

3 X ) 4 3 3 3 ) {
L 2 » L L2 L LJ Ll

PDEC FEB APR JUN




(1000s ga)

WATER VOLUME.

4000

3000

N
Q
o
Q

1000

0

Fig. 17 Mortandad Canyon: Predicted Seepage Into Tuff

Caolculated Using Observed

Input Data

Ll 0 11

llllllll'lllllf!ll’!llll!lll

086686 Upper + Middle Al
68884 Lower Alluvial Aqui

luvial Aquifer
fer |

) 4 I 4 L I 4 4 i ¢ i 4 4 4

JUN  AUG oOCcT pEC

JUNE 1963 — JUNE 1965

L | d o | d & -  d i 3
& & & LI 5 L 9

FEH APR

I d ) o
LS LY & LY & 19 € 1 Y [ 3

JUN AUG OCT pec  feB APR  JUN

e e GraMifle ompy |



4000

WATER VOLUME .(1000s gal)
N o
= &
o =
S =

—n
e
=)
o

Q

Fig. 18 Mortandad Canyon: Predicted Seepage Into Tuff
Calculated Using Simulcted Input Dola

66660 Upper + Middie Alluvial Aquifer
ceasa Lower Alluvial Aquifer

Pyt bt e ettt

IO DO T DO N S AN O DO T O O A I

JUW AUG O©OCT DEC FEB APR JUN AUG OCT ODEC FEB APR JUN

JUNE 1963 — JUNE 1965



Table 1

Mortandad Canyon Tritium Data (10)°

Units = 1000's of cubic meters and nCi/l unless noted

ﬂﬂﬁﬂﬂﬂ:::=BL“.=====ﬂ=§=BBB==§BBHBHEHB=====BHBHHBHEH&BHEH

nunn:ﬂ=====:===nann=u=======n==na=nnunua:aunaaunusnnnaﬂ
)

Ta-50

Bffluent
Year Volumas
1963 27 .38
1964 51.39
1965 48.99
1966 52.80
1967 59.67
1968 60.28
1969 54,47
1970 53.17
1971 45.67
1972 57.07
1973 53.72
1974 40.60
1975 39.72
1976 39.89
1977 42.09
1978 40.54
15879 48.58
1980 52.83
1981 85.33
1982 39.76
1983 34.590
1984 35,05
1985 28.60
1986 30.50
1987 26,60
1988 29.30
1989 22.80
1990 21.10

Avg
Ta~50
Conc

367.20

104.60
325.20
99.80
654.60
4687.90
867.20
303.40
673.10
849.90
307.20
357,10
252.20
370.90
2426.60
2377.00
3759.40
716.70
701.80
568,70

Average Alluvial
ne

L eLohod: Robh

UPPER

85.52
31.51
31.49
648.64
43.69
54.07
55.56
58.88
135.14
944.49
338.55
180.52
67 .86
53.90
1l6.84
35.00
74.18
18.13
21.61
291.18
3722.75
75.13
200.96
S3.98

MIDDLE

109.5
8l.5
32.8

706.6
60.7
68.5
51.6
46.5
36.1

1478.0

492.9

276.7
64.4
28.6

384.3
70.3
67.1
50.7
2B.4

805.9

392.3

138.6

382.5

173.3

‘Blank spaces indicate "No data available"

=232 2--F-A-E-R-1 % 3-f-R-E-1-%-3-R-p-R-f-R-3-

THEISSEN WEIGHTS!
WELL NO AREA(sf)

-2 - 3-8 F-R-R-3-F 11 F-% 0 F-P-3 -2 -R-f-J-

NI ulds W

112565
106769

89940
354338
365557
400150

WEIGHT

0.08
0.07
0.06
0.25
0.26
0.28

LOWER

247.6
136.1
46.9
483.8
90.3
58.8
54.8
38.2
28.2
626.2
586.4
185.5
83.6
52.6
160.0
76.2
62.6
37.0
27.3
646.1
458.1
150.0
314.5
95.3



Tahlc 2
ﬁat Evapotranspiration Calculations

Blaney—Crlddle ET = kPt =
P = § of Yearly baylight Hours
t = Average Monthly Temperature (° F)

k = Crop Coeff1c1ent - NET ET = Blaney-Criddle ET - Precipitation
MONTH P t -k ET{in} PREC{in) ET-P _NET ET
63 JUN 0.09824  65.10 0.80 5.12 1,312 4.006° = 4.00
JUL 0.09980 68.20 0.90 6.13 3.18 2.95 2.95
AUG 0.03399 65.80 0.80 4.95 3.93 1.02 1.02
SEP 0.08352 60.20 0.70 3.52 1.63 1.89 1.89
oCtT 0.907849 50.30 0.50 1.97 1.52 0.45 g.45
NOV 0.06927 37.30 0.40 1.08 0.96 0.09 0.09
DEC 0.06801 30.80 .10 0.21 0.96 ~-0.75 0.00
64 JAM 0.07000 29.10 0.05 0.10 0.85 -0.75 0.00
FEB 0.06850 32.20 0.10 0.22 0.68 ~-0.46 0.00
MAR 0.08B346 37.60 0.35 1.10 1.01 _ 0.09 0.09
APR 0.08851 45.60 0.50 2.02 ..0.86 1.16 '1.16
MAY 0.09805 54.90 0.70 3.77 1.13 2.64 2.64
JUM  0.09824 65.10 0.80 5.12 1.12 - 4.00 4.00
JuUL. 0.09980 68.20 0.90 6.13 3.18 2.95 2.95
AUG 0.09399 65.80 .0.80 4.95 3.93 "1.02 1.02
SEP 0.08352 60.20 0.70 3.52 1.63 1.89 1.88
OCT 0.07849 50.30 0.50 1.97 1.52 0.45 0.45
NOV 0.06927 37.90 0.40 1.05 0.96 0.09 0.09
DEC 0.086801 30.80 0.10 0.21 0.96 -0.75 0.00
65 JAHN 0.07000 29.10 0.05 0.10 0.85 -0.75 0.00
FEB 0.056850 '32.20 0.10 0.22 0.68 ~-0.46 0.00
MAR 0.08346 37.60 0.35 1.10 i.01 0.09 0.09
APR 0.08851 45.60 0.50 2.02 0.86 1.16 1.16
HAY 0.09805 54.90 0.70 3.77 1.13 2.64 2.64
JuN 0. 09824 65.10 0.80 5.12 1.12 5.00 4.00

P T D T Ty T Y P
N S T N R T R S s T s s S o o s o ===

ET{in/y)= 30.15 17.83 14.2



Table 3

Volumetric Evapotranspiration Calculations

UPPER MIDDLLE UPPER + MIDDLE LOWER
William Purtymun's Areas (8)1 143000 Unknown Unknown Unknown
Areas in Eg2 Planimetered Surface Areasl 190538 208302 398840 1030479
Volumes in 1000's Adjusted Surface Areas| 143000 156332 1049838 773381
of gallons ET Factorl] 1.50 1.00 1.24 0.15
Net ET Nett ET * ET Factor
MONTH WP1 UPPER MIDODLE LOWER UPPER MIDDLE UPPER + MIDDLE LOWER
63 Jun 3156 389 1927 534.3 389.4 924 1445
JUL 460 263 287 1420 393.9 287.1 681 1065
AUG 365 91 99 491 136.1 99.2 235 368
SEP 290 164 184 911 252.6 184.1 437 6813
oCcT 225 40 44 219 60.7 44.2 105 164
HOV 55 8 9 43 12,1 g.8 21 33
- DEC 0 0 0 a G.0 0.0 0 ]
64 JAN 0 a 1] 0 0.0 0.a 0 ]
FEB a 0 0 0 0.0 _ 0.0 4] 0
MAR 20 8 9 43 11.8 8.6 20 32
APR 100 103 113 558 154.8 112.8 268 419
MAY 260 235 257 1272 352.7 257.1 610 954 -
JUNH 370 356 389 1927 534.3 389._4 924 1445
JUL 450 263 287 1420 393_9 287.1 681 1065
AUG 390 91 g9 491 136.1 99.2 235 368
SEP 270 168 184 911 252.6 184.1 437 683
ocT 180 40 44 219 60.7 44.2 105 164
nav 35 8 9 43 12.1 g.8 21 33
DEC 1] 0 (] a 6.0 0.0 Q 0
65 JAN 0 0 0 0 0.0 0.0 [t} a
FEB 0 t] o 0 g.0 ¢.0 a o
HAR 20 g g 43 11.8 8.6 20 iz
APR 100 103 113 558 154.8 112.8 268 419
HAY 250 235 257 1272 352.7 257.1 610 954
JUN 360 356 389 1927 534.3 389._4 924 1445
Net Adjusted ET: inches/year 21.42 14.28 17.69 10.71




- Table 4 .

a=20.1

b = 0.05
Var = -161 * 103gal V; =
Volumes in 1000°s of gallons, water levels [H({obs,calc)] in feet, Net ET in inches

—— e o e

129 * 103gal

Observed (8) and Hodelsd Parametars for Upper/Hiddis Aquifer

n=20.2
t, = 1.32 months

e o o i WO T e e S A e e M St A P e S

B

Qg (obs} ' Oy (calc) Q,

T i e s S e A T i o e T e e Y e ey e T . S e D Y L T e e e e Y e i A T e M i e Vi A A T . e A Y T Y M M e i A . . e ot Y S e e e i e e e g S e i e e s
Pt g findad = —

5.45 © 5.45 S ' 1880 355
8.61 8.61 5812 5131 . 2816 2608 694
7.46 9.81 3569 3334 3164 2884 822
5.57 7.74 2173 1736 2912 2406 600
4,01 5.43 1508 1403 2364 1876 353
3.54 4.47 1782 1761 1816 1654 249
2.64 3.67 1137 1137 1340 1469 163
2,21 2.95 1201 1201 980 1304 86
2.25 2.80 1351 1351 656 1268 69
3.43 3.18 1760 1740 484 1356 111
4.08 2.89 ‘1236 - 968 528 1289 79
4.55 2.21 1523 913 968 1133 6
11.76 5.90 6186 5262 2916 1984 403
9.66 6.39 1623 942 3440 2097 456
5.73 4.09 1420 1185 3280 15€7 209
3.58 2.96 1394 957 2404 1304 86
2.80 2.48 1277 1172 1672 1194 35
3.69 3.51 2396 2375 1004 1431 146
5.16 5.60 3277 3277 892 1913 170
8.06 8.23 4438 4438 1352 2521 654
7.78 9.49 3664 3664 1944 2812 789
8.21 9.44 3524 3504 2392 2800 784
7.66 8.74 3149 2881 2256 2638 708
6.14 7.64 3096 2486 2088 2385 590
4.77 6.53 3035 2111 1900 2128 470




Table 5

oOobserved and Modeled Parametexs for Lower Aquifer

n=0.25 b =10.22
ty = 1.15 months vV, = 288 * 10%gal
MONTH H{obs) H{calcl}® H(calc2)t Q,+Q, E! E(sim)** Qg QO (calcl)® Q, (cach)l ET{in}

63 Jun 3.22 3.22 3.22 2170 2170 3.00
JUL 3.47 3.47 3.47 0 1751 1543 0 2485 2485 2.21
aAUG 3.56 .42 3.31 0 2796 2516 a 2594 2281 0.76

- SEP J.42 3.44 3.19 a 2229 1723 Q 2421 2138 1.42
OCT 3.32 3.33 3.4a0 0 2200 1712 0 2292 1893 g.34
NOV 3.12 .16 2.89 o 1783 1622 0 2041 1756 0.07
DEC j.az 2.89 2.78 a 1340 1469 0 1920 1624 0.00

64 Jan 2.82 2.60 2.7 a 380 1304 0 1665 1476 0.00
FEB 2.61 2.32 2.58 a 656 1268 0 1410 1363 0.00
MAR 2.54 2.08 2.55 a 452 1324 a 1321 1328 0.07
APR 2.05 1.85 2.42 0 108 871 0 707 1166 0.87
MAY 2.01 1.67 2.09 0 14 179 0 650 751 1.98
Juy 2.17 1.98 1.93 0 1471 539 0 B57 946 3.00
JUL 2.35 2.63 2.06 0 2375 1032 0 1079 715 2.21
AG 2.58 3.22 2.25 a 2912 1199 a 1362 958 0.76 -
SEP 2.70 3.23 2.20 G 1721 621 a 1516 894 1.42
OCT 2.58 2.96 2.19 a 1508 1030 Q 1362 880 0.34
NOV 2.38 2.65 2.36 0 971 1399 0 1111 1097 - 0.07
DEC 2.41 2.41 2.65 g a9z 1913 0 1160 14513 0.00

65 JAN 2.61 2.42 3.a3 a 1352 2521 a 1403 1934 0.0a0
FEB 2.74 2.67 3.38 a 1944 2812 0 1564 2377 0.00
MAR 2.93 3.00 3.57 Q 2360 2768 0 1806 2614 0.07
AFR 2.86 3.07 3.49. 0 1837 2219 D 1718 2510 0.87
MAY 2.87 2.81 3.13 a 1134 1431 0 1732 2064 1.98
JUN 2.8%1 2.38 2.63 a 4355 683 ] 1651 1433 3.00

*Calculated using observed Q. (upper/middle aquifer lateral groundwater outElow) from Purtymun s data (8
tCalculated using simulated Qg

t0bserved Qg, (upper/middle] minus ET _

**Simulated Qg minus ET
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