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o.o Abatract 

The Mortandad canyon perchad aqui~er in ~oo Alamos 
county, New Mexico receive~ trGated Gffluenta from Loa 
Alamos National Laboratory that contain aomG radionuclides, 
including 2Upu, 2apu, :Z~tlAm, uranium and trit:l.wn. 

'l"he main purpose of this study is to characteri:e the 
t:~erched aquifer in Mortanc!ad Canyon so that its contaminant 
mass balance may be modeled, and futur$ bthav:l.or predicted. 
A secondary purpose im to· make recommendations for field 
studies that would help. refine !SUCh a model. 'l"o meet the 
first o~~ective, a two•call lumpsc!•parameter modsl has been 
c:onstructecL Observational' data and inputs for this model 
are from· monthly obsirvationm and calculations made by 
William Purtymun from· June 1963 through June 19GS (8) • 

Parameter estimation for the lumped-parameter water 
balance model and water lev~l observations indicate that the 
responso t:l.me of the );lerchad alluvial aquifer is on the 
order of 2-4 month!!. Implementation of the wat.er balance 
model using Purt:ymun•a·data su;;eses that moot.of the storm 
runoff and effluent that enters the perched aquifer leaves 
via downward seepage, 

Recommendations for further field studies include: the 
installation of a continuous water level monitoring system 
in· current Mortandad obserVation welle 1 refurbishing and 
monitoring of Mortandad'Canyon gaging stations: and drilling 
deep observation wells to improve estimates of downward 
seepage, 

1.0 

1.1· 

Introduction 
Los Alamoa National Laboratory 

Los. Alamos National Lsborato::y (LANlJ) is located in Los 
Alamos County, New Mexico, approximately 40 km northwest of 
Santa' Fe (see fi;. ll . The. laboratory comprises numerous 
installations, or "TA's" (Technical Aream), spread over lll 
km~ of the Pajarit:o 'Plateau·. constructed for development of 
the.·· first nuclear fission ·bomb during World War II, the 

.laboratory continues with its ori'ginal misoion of 
we~pona/defense R&D, but additionally supports basic 
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research in such fields as ~stro- 1 nuclear.. and particle 
physics, chemist.ry 1 geology and bioi medical sciences ( 11 i . 
Many resources have also been committed over the years under 
the auspices of environmental moni t:.oring, -remediation and 
·protection. This study is part of that effort. 

1.2 Geology of the Pajarito Plateau 

The Pa:J~rito Plateau is an apron of tuff, volcanic 
sediments and interfingering basalt flows that surrounds the 
Valles (aka Jeme:: l Caldera in north·cent:.ral New Me>:ico on 
the northern edge of the Basin and Range province (see 
fig. 2). 

The Valles Caldera is a classic example of a resurgent 
calde:C'a -one of the largest in bhe world. Approximately l .. 
to 1.4 million years ago, volcanic activity at the ealdera 
climaxed with two extremely large exPlosions, depoe:!. ting 
approxirMtely 4 00 J<ml ( lOO m.:!.)) of rhyolite tuff and other 
pyroclastics ( ll) • These stl.'ata, a formation known as the 
Bandelier TUff, constitute most of the Pa~ar:!.to Plateau. 

Bandelier Tuff laps onto the older, exposed volcanics 
of the Tschicoma formation that form the Jeme~ Mourttains, 
the rim of the Valles Caldera. ~he tuff shallowly dips and 
gradually thins to the Southeast, toward the Rio Grande, 
from a thickness of approximately 300 m (9B4 ft.) down to 80 
m (2G2 ftJ see figures 3 & 4 (11]). Ephemeral streams flow 
southeast to the P.io in a parallel/dendritic pattern that: 
dissects the plateau into alternating canyons and finger .. 
like mesas. Host of the laborDtory•s T.A's are situated 
atop the mesas, 

The followinQ passage on loc:al stratigraphy is 
excerpted from the 1991 L~~L report, ~xtent of Saturation ln 
Nortandad Canyon, pages 13·14 (10}. 
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(In descending order) 

''Bandelier Tuff 

ts~:ra.t:!.;raphy) 

-Tehir~;a Member 
•unil! 1A Tuff, nonwelded, light-grey, 
consisting of quart: and sanidine cryGtal and 
crystal fra;mctnts, rock fragments of pumice, 
laeite, and rhyolite in a matrix of ;ray ash1 
weathered ;ray, buff, li;ht· to dark brown in 
color, pumice• and aah matrix weal!hered to 
clay. 

"Teankaw:l. Ml!mber 
"Thin l~tnl!le/J of' ailt, JSanc!, and gravelB 
consisting of pumice, quart: and sanidine 
crystals and rock fragmente Qf lal!ite and 
rhyolite ran;:l.ng in color from ;rey to dark 
brown, aeh and soma pumice weathered to clay1 
member representll erotJ:!.on and dapooie:!.on at. 
the top of a maaa:l.ve amh flow. 

11 Otowi Member 
"Tuff, nonwel.dctd to modsra tely welded, grey 
to dark brown when weathered, con/J:l.Bt:ing of 
~ua~t: and s~nid:l.na crystals and c~etal 

fr!!!gment:s, numerous pumica fragmentB up to 2• 
inches rs em) in langth, rock fragmantB of 
latita and rhyolite in an aBh matrixr ash 
matrix and oome of tha pumice weather to l:!l:l.lt 
end clays .. ," 

Some of the ephemeral streams provide enough recharge 
to their canyons t.o maintain s1nall shallow aquifers, parched 
in ehe canyon alluvia far a~ove tha main ac;~uifttr 1 B water 
tabla. 'rhe bottom of the parched aquifsrs may extend from 
0· to about 30 m ( 0•100 ft), · whilca tha ground water table~ 

ranges :!.n depth from 180• to 335 m (about GOO•llOO ft) ~elow 
the canyon !loors (se~ fio. 5 (10]), 



Groundwater from the main aquifer is the only viable 
municipal water supply/source ( 11) • However 1 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 
radioactive 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 radionuclicles 
such as :llllPu, ~J9pu, 24opu, :!41Am, and uraniwn from the 
discharge. These tend to become bound to sediment 
part:icles. In the rnid-1970 's, the laboratory constructed 
three sediment traps in Mortandad Canyon (see map) to 
prevent radionuclide transport off LANL property onto Native 
American sacred lands through overland flow. 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 1 they hold 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 l). Obviously, 
the sediment traps will not prevent tritiated water from 
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 into 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 from 
the Jeme: Mountains and the Valles Caldera 1 not from 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 Purtyrnun monitored 
stream flow and infiltration using gaging stations, and 
calculated perched a qui fer ·storage and flow by monitoring 
water levels and computing gradients becween observation 
wells (8). He eventually assembled a water balance for 

.J. 
8 
q 

.. 



Mortandad Canyon by a aummacion process. He calculated 
evapotranspiration using a modified Thornthwaite method (Sl 
and closed the balance calculation with vertical seepage 
into the tuff (Gee tables 3, 4 & 5 for his observational 
data), conceptually dividing the canyon and ac;uifer in:o 
three segments: the upper, middle and lower (see map). For 
the purpose of model simplification, the middle· and uppe: 
segments have been combined in the simulations presented in 
this report (see fig. G). 

~he next section, the descriptions of the canyon 
segment: a, h~s been excerpted from the 1991 LAm, repo::-t, 
Exeene o! Saeura~~on jn Moreandad Canyon, pages 14·15 llO) . 

• 

M ... The upper canyon ia narrow and filled with 
underbrush, shrubs, pine, ~ir, box elder and oak trees. 
The alluvium thickens eastward from less than l ft at 
plant OUtfall to about 18 ft [5. S mJ thick at MC0·4 
[N.B.: the wells in Mortandad canyon are designated MCO 
for observation/sampling \~ells and MCM for neutron 
moisture access tubes; some additional wells, used only 
for observing water levels, are designated ~: numbers 
increase downstream] . The stream flow· in this section 
is perennial from waste water and periodic releases of 
industrial effluents. The stre~n channel is 
entrenched. Ma;jor recharge to ehe 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. 

11 The middle canyon widens and alluviwn thickens from 18 
ft. [5.5 m) to 36ft [ll m) at MCO·G. The stream 
channel is well-defined, but surface flow is 
intermittent. The underbrush thins and the canyon 
floor is covered with pine~. 

"The lower conyon becomes progressively wider and the 
~lluvium continues to th~cken to about 60ft {18.3 m). 
neor MCO-a. The st:r:eom channel is discontinuous, 
braiding out on the canyon floor. The number of pines 
decrease eastwa:d of the middle canyon with a 



transition to a scattered pinon-;uniper community, 
... three sediment traps have bean c::onstructed between 
Z.1C0-1 and MCO- '1 • s ... M 

PU~ose and Sdope 

This study comprises a number of ob~ec::tives. In order 
to estimate the amount of downward seepage trom the perched 
aquifer into the tuff, a lumped paratneter water balance 
ey,pression has been eonstructed, Another task was to 
estimate parameter9 incorporated in the model, such as the 
hydraulic response time of the system, th, This parameter 
is of spec::ial importance, because it may be used to 
determine the ft'equeney of fiej,d measurements needed to 
discern aquifer responses, 

In addition, this report will be used to indicate 
shortc::ornings in the bac::kground knowledge essential to the 
characterization of the Mortandad perched aquifer system, 
and to initiate further field investigations to that end, 

2.0 The ~umped•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 groundl;tater flow generally exist in two 
formst lumped-parameter Qnd distributed-parameter models 
(12). Each has different data requirements, procedures for 
parameter estimation, and underlying assumptions governing 
their use and execution, 

Distributed-parameter models can account for spatial 
heterogeneity as well as variations through time, They 
employ a finite-difference or fini t.e-element array of data 
points or areas that may represent a surface- or cross­
sectional area of an aquifer. Properties such as 
transmissivity, storage coeff1cient::.s, and degrees of 
anisotropy with respect to hydraulic:: conduct:Lvit),, can vary 
spatially in these models. · The output is commonly a water 
level or potendomet::'ic surface map or cross section that 
displays transient effects with each computational 
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i~~rotion, Naturally, diatri~ut~d~parameter models oft~n 
require a vaJJt: amount of data that :!.11 hard to acquire. For 
exsml:)le, if one need a tranamia11ivitiea or hydraulic: 
conductivi~ia~ or st:ora;1 ccefficioncs for multiple data 
~oint:JJ, ona would havQ to c:on~uct an aquifer ~umping t~at et 
tHlV~ral of those ~o:!.nt11. Valuaa ~or some of thoact pointt1 
ms~ be in~er~olated or eatimatedt but thi11 raoults in less 
credible models. 

~umped·~arametmr modela ~re voluma•averaged models that 
are good for simulating avorao~· or ayat~·wida changes 
(12). They do not raqu:!.r~a t:ha aamlt axhauotive data on 
s~ntial variation of paramatars, but thay do often require 
long tarm gt~tharino of :!.nfomat:!.on in ordar to estimate 
parameters by statiat:!.cal meana. %nstead of uaino an array 
of data chat representa tha aquifmr syatem, the lumped model 
use~ a single linear diffmrential aquation to modal avarroge 
conditions. The ayJJtam becomes a o:!.ngJ.tt cell or a few 
discrete cells. Tha only mador assum~tion inherent in this 
approach is that the my stem :!.a ouppotJedly well•mixad ( G l , 
that is, that an average condition is representative of the 
whole cell. This is a reasonable argument for a ralaeively 
small system like the ~erched aquifer in Mortandad Canyon. 
Figures 7 through 10 show variationtJ in chloride 
eonc:entrat:ion for observation wells distributed along the 
entire tho length of the perched aquifer. Similar behavior 
with respect to chloride c:onc~ntration over time is visible 
in each of the wella. Note that for the sampling months 
indicated, all of the wells were sampled within a week of 
each ot:her. 

Water Balance General Solution 

For t!he full der~ wu:.i.on ot t:he 1~a ~er balance general 
solueion, see Append.i.x A. 

A general water balance expression for the perched 
aquifer system in Mortandad Canyon can b~ written as: 

D dV/dt • 011 + Q" • 01.,. • 01' • QCJ!If, 



where: n = effective porosity 
v = the volwne occupied by that· segment of the 

perched aquif~:~r 
t m time 
Q" = natural recharge (volume/time) 
QA =artificial recharge, e.g. the 

effluent from TA SO 
01~ = evapotranspiration losses (aka ET) 
o, = downward flow into the tuff 
o~ a lateral groundwater transfers to the 

downstream alluvial aquifer. 

After summing all the recharge terms and ET together 
into a net recharge term, E, integrating the equation from 
:ero to some time, t, and converting the result to a forward 
difference appro>:imation, the final water balance expression 
for the upper/middle aquifer is: 

vJ.+l a vi exp ( -At/t 11 ) 

+ [ ( AVcm + bV1 ) I (a + b)] [1 .. exp (At/th) J 

+ [Ei/(a+b)] [exp( .. At/2/t 11 ) • exp(.-6t/t~s)] 

+ [Ei+i/ (a+b) J [1 .. exp(-At/2/t~s) J 

•;~heret v1 = the volume of water in that aquifer segment 
at the end of the month of i 

Ei = the net recharge for the month of i 
At = one month 
a = the slope of a best-fit line on a plot of Ocm 

versus v 
b = the slope of a best .. fit line on a plot of o~ 

versus v 
Vcm = the v intercept on the 0~ versus v plot 
v~ = the v intercept on the o, versus V plot 
tb = the aquiter response time, equivalent to 

(a+b)/n, where n is effective porosity 

The above version applies in its entirety to the 
upper/middle aqui fe:-, HoYJever, the solution for the lower 
aquifer segment is sotnevihat differeht, l.lateral groundwater 
flow from the upper/middle aquifer is part of the recharge 
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term. Stream flow is generally depleted .by infiltration 
.before it reaches the lower o.quifer, exce!;lt. during runoff 
events associated with rainfall of high intensity or long 
duration. In addition, the lower aquifer segment, for all 
prac:tic:al purposeD, is truly the farthest down;radient. So 
the entire output from this segment: premwnably seeps into 
the tuff. Therefore, a_ is :ero in the lower aquifer. Noce 
that the valuea of the conscanes change !rom aqu~te: segmenc 
to aquifer segment. 

n dV I dt:. • Om. cupp~~r/.Udi:U•l • O.,. .. 0.,. 

vJ..~ • vJ. e~C·b~t/2) + v.,.r1 • •xP(·l:IAt/n)J 
ot• &1/b (exp (At/ [2tbl) .. axp ( •At/t:.b)) 
+ B.t.+1/b C :L .. exp ( •At I [2t~:tl ) ) 

where n/b equals tb, the hydraulic response time (aka 
aquifer time constant). 

As discussed in Gelhar and Wilson (4), " ... the outflow 
from the aquifer can be ap~roximated by the linear term 

whare q :l.s Bt;lecific dischargeR and b. iB the water level above 
some reference datum, ho· This expression is intuitively 
ral!itad to Carey • e La~·. :tn our derivation, WI! have: 

Oow • a ( v • v"" ) 

Through this reJ.etionGhip. one can estimate a and Vow by 
plotting Cmt vsreus v from J:lurt~un 's data, and doing a 
least !qu~rae analyDis (12), v,. ~~ and tu can ~e estimat~d 
by e~pproximating t:he integral of ~he wa~ar balanca. 

n dV/dt tt ! • o, • Q0,., 

by Simpson 1 s rule and then aolving for ehe .conmtants (6). 



Simpson•s rule approxim~tes an integral by fitting an 
arc of a p~rabolo over the function. The genereli:ed form 
of the ~pproximation is1 

J: f(x} dx • h/3 (y0 + 4y1 + 2Y2 + 4y, •••• 

where n is an even number, h • (b • a)/n, Yo • f(a) and 
Ya • f (b) (7). Substituting o,. with . 

b(V ... V1 ) 

and OCill with 

a(V .. Vaw), 

Simpson•s rule applied to the water balance for the 
upper/middle aquifer is: 

n (Vi•1 - Vi·1) /At • 1/3 (:!1+1 + 4:!1 + Ei•1) .. 

b/3 (Vi+:. + 4Vi + Vi·l) + 6bV,./3 .. 

a/3 (Vi+:. + 4V1 + V1 .. 1) + G&Vcnt/3 

or 

E1• 1 + 4Ei + l!!J.. 1 • 3n/At (V.f.+1 .. V1 .. 1 ) + 

(a + b) (Vi+l + 4V1 + VJ..1 ) - 6 (aVcnt + bVor). 

The latter equation is now in the form: 

where 

y c Ax1 •t- BX:z + C 

A = 3n/At 
B = a + b 

~t equals one, a and Vent are known beforehand, and the rest 
can be solved for usinQ linear regression. Deriving b and 
Vor by this method is better than plotting o,. versus v and 
doing a least squares analysis, because the values for o,. in 
Purty.mun•s water balance summation are not empirically 
calculated like the values for Ocnt· 

Once again, the approach to estimating parameters for 
the lower aquifer is the same as that of the upper/middle 
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, aquifers 1 but the watctr balance~ axpramrsion chan;as slightly, 
so the rest of the equ~tiona change slightly as wall. 

n d.V /dt • Oowlupper/.U.Ildhl • C.,. • C, • :& .. Q,. 

1\ga:l.n, 

o, • l:l (V • v,) . 

A~~lying Sim~son•o rule, 

n (VL•l • V1•1) • :L/3 (Xhl + 411 + !1 .. s.) • 

l:l (Vh1 + 4V1 + V£, .. 1) + GbV,. 

or 

Bs,.s, + 421 + 2 1•1 • 3n/At (V1.s. • v._.,) + 

b <v1~,. + 4V1 + v1 .. 1 ) • 6t~v, 

2.3 Modal conceptualization and APPlication to Mortandad 

2.3.1 conceptual Model 

Insteadof using 
an upper, middle, and 
and middle segments 
fig·. 6). 

William Purtymun•s conceptual model of 
lower aquifer, we combined the upper­
fer · reasens discussed later {see · 

2.3.2 William PUrt:ymun I • :Cata (a) 

The parameters gleaned from Purtymun 1 s water balance 
summation calculations for use in this model included: 
monthly aquifer volumes, lateral groundwater flow, and 
surface water inputs. ET was recalculated in order to be 
maximi:!.ed (see tables 2 & 3) . A first approximation was 
made using the Blaney-Criddle method (3). Rainfall was then 
subtracted · eff fer a net Er. This net ET was then 
multiplied by·. an ''ET factor" to account for the change in 
vegetatien and depth te t:he perched water table (see fig. ll 
fer graphical representation of ET) . The only other ferced 
parameter was poresicy~ A porosity of 0.2 was used f6r the 
upper/middle canyon ·and a porosity of 0. 25 for the lower 
canyo'n, These are reasonable values, since the alluvium is 



- ----------------------~------
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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 ~evel Phenomena DUring 1991 

In July of 1991, several large storms in close 
succession, con~ined with TA~So discharges, ~reduced enough 
runoff to fill the sediment traps to capacity, ~he wetting 
front from the resul~ing high amounts of infiltration 
eventually connected with the perched water table and 
cre~ted a groundwater ~moundw that gradually propagated down 
the canyon, This rise in water levels, about 2·4 m 
(7-13ft), took approximately one month to traval from well 
MT-1 to well wr~4 (see map) , This is about so ~ercent of 
the lengoth of the lower aquifer segment (see fig j 12 for 
1991 lower aquifer segment water level c=he.nges), 

3.0 Results 

Tables 4 and 5 contain the numeri~al resul t.s for the 
lumped-parameter water balance simullltions 1 Alluvial 
aquifer water volumes are presented as average saturated 
thicknesses (Water levels) instead. Constants estimated in 
the model are also displayed in tables 4 and 5. ~he actual 
response time for the lower aQUifer, as ce.lculated fro~ the 
observed water level changes mentioned in sec::tion 2 13 1 31 
appenrs to be about 1.75 times longer than the value 
estimated in the model, 

Figures 13 and 14 graphically cotnpare observed with 
modeled parameters for the upper/middle aquifer, Note the 
similar shape of the simulated Q~ 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 actui fer.. The simulated respon!:le in 
figure 15 was calculated using observed data, while the 
predicted response in figure 16 was calculated usinQ 
simulated inputs from the upper/middle aquifer. 

.. ., 
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~ioures 17 and 1S both ahow pr~dicted downward seepage 
into the ·tufft but the 1aepage numbers umed in figure l7's 
plot were generated !r.cm Purtymun•s obs~rved seo:age, while 
the ones in figure lB wtara calculated from the simulated 
ator~ge rea~onse. Once again, note tho similar shape between 
tha upper/middle aquifer ae;paga in figure 18 and the 
model•d atoreoe reGponse in figure l3. 

4.0 Discussio~ and Ccnclusio~s 
4.1 

Thars are a n~er of posaiblG orror sources inherent 
:l.n the a~proach takl!n :l.n this modGl. 'rhay range from 
unc::l!!rta:l.nties in vttr:l.oua forced para1naters to differencem 
bet:wsen c:a.tculationo · mada hera and in William Purtymun • B 

work·. Clearly the pot:ent:ia.l innac::c::uraciea atnwneratctd below 
ere e cava~t egainst· taking thim paper ao tht last word on 
Mortandad Canyon, but t:hs ob;active was to obtain 
~pp~oximst' ~igurea in order to make raoaonable 
recommandstions J!or tha naxt phase of otudy, 

One ret1son tht calculated a~;uifer volumeiJ ~raBented 
here do not ca>ellc:tly match Purtymun• tJ is ~hat wa lack his 
orig:l.nDl data and eompuet2eiona. This inc.tudas water .l.evala, 
the surface areas ha us~d ~or ~he middle• and lowar aquifers 
and ~he exact eroaa•aectional aha~a he used for the perched 
ec;uifer 1 Tht! surface araa t='urtymun used for the upper 
aquife: Begment ia rn.atl!d in him ~aper ( e l 1 The canyon 
floor area, as planimeeerQd from a large scale topographic 
mal:) oenernted . from LANt.' 15 MOSS mapping S)'Stem, waiJ larger 
for t.he upper canyon. Thus all the planimetered canyon 
areas wera multiplied b}1 a coefficient Bo that they would be 
proportionally small.e: I The coefficient: WQIJ the ratio of 
Purt.ymun 's orioinal UpJ'tU' canyon area approximation to the 
planimetared u~per canyon are~ IBea table 2 for canyon areas 
usad) • Purtymun .,uaed a trape:oidal or V•nol:ch !Shape for the 
aquifer erose section (9), bacaus! the parched aquifer is in 
a sed!m~nt•filled atr~am vollay~ However, the ~xact shape 
and dimensions o! the c:ooG sections Purtymun used are 
unknown. To keel.) t.he model sim~le ,. tha crosB sectional 
ahsL?e used in this simule tic.m 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 aQulfer must 
be narrower than was Bssumed 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. Evapocranspiration is an especially 
elusive quantity. Although numerous formulas have been 
suggested since the middle of the century, there is no way 
to ~ccurately estimate ET via some formula method alone, due 
to the variat.ion in soil and vegetation 1 Purtymun used a 
method proposed by Hantush that is a modification on 
Thornthwaite's evapotranspiration calculation (5) 1 This 
technique involves multiplying the potential ET values 
obtained from the Thornthwaite calculation by the ratio of 
actual- to Mfield 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 capacityM is a term that, over the years, has proven 
to be quite nebulous. Additionally, while Thornthwai te' s 
method has been successfully used in the eastern and 
midwestern United States, some of its fundamental 
assumptions, such as ~he non-influence of moist or dry winds 
on the rate of ET, do not apply to the eerni-arid and arid 
~lim~tes of the Southwest. The procedure chronically 
underestimates evapotranspiration under those climatic 
conditions (l), 

As aforementioned, one objective was to get estimates 
on vertical seepage into the tuff 1 In order to produce 
conservative figures for seepage, Steve McLin recommended 
that vertical seepage estimates be minimi:ed by minimi~ing 
the net recharge, that: is, to maximi::e ET ( 6) , This was 
accomplished by multiplying ET by an arbitrary constant for 
each aquifer segment. There is a gradational change from 
abundant trees and vegetation, in the upper canyon to sparse 
trees and mostly scrub growth in the lower canyon. Thus, ET 
in the Upper c~nyon is multiplied by the largest "ET 
factorw, ond ~Tin the lower canyon by the smallest (see the 
header of table 3 for these coefficients, labeled "ET 
Factor" l • Hen cr.:!, the result is actually an estimate of 
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minjmum seepage. Indeed, the face that vegetation was not 
nearly as lush in Mortandad Canyon in the .early 1960's as it 
is today supports the notion that:. E'r may be overes~imated 
here, albeit deliberately. 

There are additional factors that may affec: the 
accuracy of the !Seepage figures derived from the model. 
se~j)age may not be linear with respect to the changes in 
aquifer volumes, as previously assumed. Also, the areal 
extent of the perched aquifer may change seasonally, 
expanding in the late swn:tH!r during the :rainy season and 
contracting in the late fall and winter. 

Other problems are inherent in the data·. 'I'Wenty•fol.!r 
data points is a rather scanty amount on which to base the 
statistical outflow fits. ,._lso, it is difficult eo see 
whether the simulations dive:rge·with the observed data over 
such a short rangei 

4.2 l"Ut:u:re Wo:r)c 

The contaminant mass balance version of this model has 
not been projected out into the future. ¥et, such an 
exercise ehould be an import.ant 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. ~here is abundant data en TA•SO 
plant: discharge volwnes, contaminant conc:entration levels 
and rainfall covering the last thirty years. What is 
lacking is surface water runoff/streamflow information. 
That is an iml'ortant com~onent: in the water balance and 
critical dilution factor in t.he eontamil)ant mass balance. 
What is missing is the charae·~eristic flood wave curves from 
combined rainfsll runoff and ~lant dischsrgea. William 
Purtymun calculated his monthly surface flow volumes from 
such c:urves obtained from gaging stationm in Mortandad 
Canyon, but this raw data is lost. In addition, using the 
original hydrogral'hs to generate aimulations of future 
discharges/runoff events may not be a oound method, bec:ause 
the basin characteristics for Mortandad canyon have changed 
significantly over the lats't t\~Jent:t·nine years, Numerous 
buildings and I:)8rking leta have been constructed in the 



Mortandad draina~e basin since the early sixties, which is a 
factor that greatlY increases storm runoff, 

lmportant Raaults of Study 

The ac;ui fer response times, t 11 , are of key importance 
in estimating freQUency o~ deta collection. Field 
observations and parameter eDtimation for the lumped~ 

parameter model indicate the ac:auifer res~onse time is fairly 
short -on the order of a few months, However, water level 
observations from the summer and fell of 1991 suggest that 
the aquifer response time for the lower aquifer is almost 
t:t,.tice as long as estimated in the model. 

~he other maJor finding concerns water losses from the 
perched aquifer. It appears, even after maximi::ing 
ev~potranspiration, that most of the water that flows into 
the perched aquifer leaves via downward seepage 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 

4.5 

Conclusions 

ll Most of the storm runoff and treated effluent that 
enters the Mortandad Canyon perched aquifer leaves via 
downward seepage 

2) The perched aquifer's response ~ime is on ~he order 
of a few months. 

Recommendations for Model Refinement 

Statistically better correlation between storage and 
outflow terms will result in a closer match between observed 
and simulated aquifer responses. ~his can be accomplished 
by collecting water level data for ext~nded periods through 
a monitoring system consisti.ng of well transducers connected 
to a computer data logger. 
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Synthetic hya:ographa ntad to b~ oanerated ~rom actual 
flood wave cu~as ao that extended mimulationa of perched 
aqui~er behavior can be run , ~efurbishing and monitoring 
th~ gaging stati6ns in Mortand~d Canyon will yield the 
neeassar,y data. 

Seepage from the p•rchad aquifer and 9vapoeran1piration 
are unknown ~uantitiea, Better eatimatea of seepage can be 
ob~ained from drilling additional obaervetion wells. 
Slimination of aaepage aa an unknown will help to quantify 
ST. 
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Appendix c 
Tbei•••n Weight• 

WELL NO · AREA ( ft:.3) WE!:tQH'I' WELL NO ARJ::A ( fc'} W.E:tGH'r 
••••••••••••••••••••*•••••n •••••••a••••••••••••••••••a 

Mco-3 · 112565 o.oe MC0•3 112565 0.59 
MC0•4' J.OG7G9 0 I 07 MC0•4 77973 0.41 
MCO•S 89940 0.06 . ttppt;B . CANVQN 
MC0•6 354338 0.25 MC0•4 28796 O.l~ 
MC0, .. 7 365557 0. 2G MCO•S 89940 0.43 

MC0•7,5 400150 0;2B MC0•6 · 89566 0.43 
~---·-··-····-·····--····-- MJ:JjQLE: CANXQN 

TOTAL 1429319 1.00 MC0•6 264772 0.26 
MC0•7 365557 0.35 

MC0•7,5 400150 0.39 
frlOWt;B Cp.NXON 

TOTAL~ 1429319 
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Figure t:tFN•2 Phys1ographic Features of the Los Alamos Area 
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Fig. 9 Mortondod Canyon Lower Aquifer 
Chloride Concentrations 
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Fig. 11 Mortondod Canyon Net ET 
Net ET = (Blaney-Criddle ET * ET Foetor) - Precipitation 6] - . 
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Fig. .12 Approximate Soturoted Aquifer Thicknesses 
Mortondod· Conyon, Summer ond Foil 1991-
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Fig. 1.3 Mortondod Canyon Upper /Middle Alluvial Aquifer: 
Observed and Modeled Storage 
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Fig. 14. ~ortandad_ Canyon . Upper /Middle Alluvial Aquifer; 
Obseflied ond Modeled ·Lateral Groundwater Transfers ~4000] ·. .. . . .. . . . . . . . ... 
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Fig. 15 Mortondod Canyon Lower Alluvial Aquifer: 
Observed and Modelled Storage 
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_ F.ig. 1_ 6 Mortondod Conyqn LQwer Alluvial Aquifer: 
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Fig. 1 7 Mortandod Canyon: Predicted Seepage Into Tuff 
Calculated Using Observed Input Doto 
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Fig. 18 Mortondod Canyon:. Predicted Seepage Into Tuff 
Co leu. lo. ted Using Simulate. d Input Dolo 4000 . . . . . 
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'l'~le 1 'o 
Mortandac!l Oanyon Tritium Data ( 10). 0 

~~ 

"" 
Units a 1000's of cubic meters and nCi/1 unless noted ·'1 
====================================================== " 

TA-50 Avg Average Alluvial .:1~ 
Effluent TA .. 50 ~auif~~ ~cnc~n~~~~icns t) 

Year Volumes Cone UPPER MIDDLE LOWER 
====================================================== 

1963 27.3B ' 

1964 51.39 
1.955 48.99 
1966 52.80 
1967 59.67 85.52 109.5 247.6 
1968 60.28 31.51 81.5 136.1 
1.969 54.47 367.20 31.49 32.8 46.9 
1970 53.17 648.64 706.6 483.8 
1.971 45.57 43.69 60.7 90.3 
1972 57.07 104.60 54.07 68.5 58.8 
1.973 53.72 325.20 55.56 51.6 54.8 
1974 40.60 99.80 58.88 46.5 38.2 
1975 39.72 654.60 135.14 36.1 28.2 
1976 39.89 4687.90 944.49 1478.0 626.2 
1977 42.09 867.20 338.55 492.9 586.4 
1978 40.54 303.40 180.52 276.7 185.5 
1979 48.58 673.10 67.86 64.4 83.6 
1980 52.83 849.90 53.90 28.6 52.6 
1981 55.33 307.20 116.84 384.3 160.0 
1982 39.76 357.10 35.00 70.3 76.2 
1983 34.50 252.20 74.19 67.1 62.6 
1984 35.05 370.90 18.13 50.7 37.0 
1985 28.60 2426.60 21.61 28.4 27.3 
1986 30.50 2377.00 291.18 805.9 646.1 
1987 26.60 3759.40 3722.75 392.3 458.1 
1988 29.30 716.70 75.13 138.6 150.0 
1989 22.80 701.80 200.96 382.5 314.5 
1990 21.10 568.70 53.98 173.3 95.3 

'Blank spaces indicate "No data available" 

=========================== 
THEISSEN WEIGHTS: 

WELL NO AREA(sf) WEIGHT 
====================~====== 

3 112565 o.os 
4 106769 0.07 
5 89940 0.06 
5 354338 0.25 
7 365557 0.26 

7.5 400150 0,28 



'rable 2 · 

Nat Rvapotranspiration Ca1culationa 

Blaney-Criddle ET = kPt 
P = % of Yearly Daylight Hours 
t = Average Monthly Temperature (.F) 
k = Crop Coef{i~ient NET ET = Blan~-Criddle ET - Precipitation 
::;===========::===::::========================~=================.===;==:=:;=~==== -:-

MONTH p t ·k ET(in) · PREC(in) ET-P NET ET 
=========================~===============~=================~=====~====== 

63' JUN 0.09824 65.1,0 0.80 5.12 1~12 . 4.QO. 4.00 
~(JL 0.09980 68.20 0~90 6.13 3.18 2~95 2.95 
AUG 0.0~399 65.80 0.80 4.95 3.93 1.,.02 1.02 
SEP 0.08}52 60.20 0.7.0 3.52 1.63 1.89 1.89 
OCT 0.07849 50.30 0.50 1.97 1.52 0.45 0.45 
NOV 0.()6927 37.90 0.40 1.05 0.96 0.09 0.09 
DEC o.Q6801 30.80 0.10 0.21 0.96 -0.75 0.00 

64 JAU 0.07000 29.10 0,.05 0.10 0.85 .,-0.75 0.00. 
FEB 0.06850 32.20 0.1() 0.22 0.68 -0.46 0'!'00 
MAR 0.08346 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 

• l{AY 0.09805 54.90 0.10 3.11 1.13 2.64 2.64 
JUll . 0. 09824 65.,10 0.80 5.12 1.,.12 4.00 4.()0 
JUL 0.09980 68.20 0.90 fj.13 3.18 2.95 2.95 
AUG 0.09399 65.80 .0.80 4.95 3.93 1.02 1.02 
S~P 0.08352 60.20 0.70 3.52 1.fj3 1.89 1.89 
OCT 0.07849 50.30 0.~0 1.97 1.52 0.45 0.45 
IIOV 0.06927 37.90 0.40 1.05 0.96 0.09 0.09 
DEC ().06801 30.80 0.10 0.21 0.96 -0.75 0.00 

65 JAil 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 0.08346 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 
I-JAY 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 4.00 4.00 

======================================================================== 
ET(in/y)= 30.15 17.83 14.2. 



Table 3 

Volumetric Evapotranspiration Calculations 

William Purtymun's Areas (8)1 
Planimetered Surface Areas( 

Adjusted Surface Areasl 
Areas in ftl 
Volumes in 1000's 
oE gallons ET Factor( 

UPPER l{IDDLE UPPER + MIDDLE LOWER 
143000 Unknown Unknown Unknown 
190538 208302 398840 1030479 
143000 156332 1049838 773381 

1.50 1_00 1-24 0_15 
===================================~====================================:===-======== 

Net ET Net. ET * ET Factor 
MONTH WP1 UPPER MIDDLE LOt'lER UPPER MIDDLE UPPER + MIDDLE LOWER 

==================================================:=== - - - ' 63 JUU 356 389 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 290 168 184 911 252-6 184_1 437 683 
OCT 225 40 44 219 60.7 44.2 105 164 
NOV 55 8 9 43 12_1 8-B 21 33 

-DEC 0 0 0 a 0.0 o_o 0 0 
64 JAil 0 0 0 0 o_o 0.0 0 0 

FEB 0 0 0 0 o_o 0.0 0 0 
HAR 20 8 9 43 11.8 8.6 20 32 
APR 100 103 113 558 154..8 112-8 268 4.19 
MAY 260 235 257 1272 352.7 257.1 610 954 
Jmr 370 356 389 1927 534.3 389-4 924 1445 
JUL 450 263 287 1420 393_9 287.1 681 1065 
AUG 390 91 99 491 136.1 99.2 235 368 
SEP 270 168 184 911 252_6 184-1 437 681 
OCT 180 40 44 219 60.7 44-2 105 lEi( 
uov 35 a 9 43 12_1 8_8 21 33 
DEC 0 0 0 0 o_o o_o 0 0 

65 JAN 0 0 0 0 o_o o_o 0 0 
FEB 0 0 0 0 o_o o_o 0 0 
Z.fAR 20 8 9 43 11_8 8.6 20 ]2 
APR 100 103 113 558 154-B 112_8 268 .(19 
HAY 250 235 257 1272 352_7 257.1 610 954 
JUll 360 356 389 1927 534_3 389_4 9Z4 1445 

===============~======~==============================================~==~=======:==~ 
Net Adjusted ET: inches/year 21-42 l•L28 17_69 10_71 

Ot,J ,. .!::t'.JO~t..fl • -D!:n~ 
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Table~ 

ObaerYetd ( 8 J and Modeled Para.JMt~r~ for Upper/Hlddle Aquller 

n = 0.2 a = 0.1 b = 0.05 
t 21 = 1.32 months_ VQ, = -161 • ~Olga! VT. = 129 • lOlgal. 
Volumes in lOOO•s of gallons. water levels (H(obs,calc)J in feet. Net ET in inches 
=====;======================= 

MONTH H(obs) H(calc) ~+· ~ B Q. (obsJ · (b, (ealcJ Or F:f 

==~~=j~=====5:45=====5~45===============~==== 1880 355 ~.95 
· JUL 8.~1 8.61 5812 5131 2816 2608 69( 3.65 

AUG 7.46 9.81 3569 3334 3164 2~84 822 1.26 
SEP · 5.57 7. 74 2173 1736 2912 2406 660 2.34 
OCT 4.01 5.43 1508 1<103 2364 1876 353 0 .. 56 
NOV 3.54 4.47 1782 1761 1816 1654 249 0.11 
DEC 2.64 3.67 1137 1117 1340 1469 163 0.00 

64 JAtt 2.21 2.95 1201 1201 980 13o« 86 o .. oo 
- FEB 2.25 2 •. 80 1351 1351 656 1268 69 0.00 

MAR 3.;43 3.11;1 1760 1740 484 1356 111 0.11 
APR 4.08 2.89 1236 968 528 1289 79 1.43 
HAY 4.55 2.21 1523 913 968 . 1133 6 3.17 
JUlt 11.76 5. 90 6186 5262 2916 1984 403 4. 95 
atiL .·· 9.66 6·.39 1623 942 3440 2091 456 3.65 
AUG 5.73 4.09 1420 1185 3280 1567 209 1.26 
SEP 3~58 2~96 1394 957 2404 1304 86 2.34 
OCT 2.80 2.48 1277 1172 1672 1194 35 0.56 
NOV 3.69 3.51 2396 2375 1004 1431 146 0.11 
DEC 5.16 5.60 3277 3277 892 1911 310 0.00 

65 JMJ 8.06 8.23 4438 4438 1352 2521 654 0.00 
FEB 7.78 9.49 3664 3664 1944 2812 189 0.00 
MAR 8.21 9.44 3524 3504 2392 2800 184 0.11 
APR 7 ~ 66 8. 74 3149 2881 2256 2638 708 1.41 
HAY 6.14 7.64 3()96 2486 2088 2385 590 3.27 
JUlt 4 .. 11 6. 53 3035 2111 1900 2128 470 4. 95 

=======================~==========================================;============== 



Table 5 

observed and Modeled Parametex• for Lower Aquifer 

n = D.25 b == 0.22 
th = 1_15 mon~hs Vr = 288 * lOlgal 
==============================~==========================:========================================= 

MONTH R(obs) K(calc1) ._ H(calc2) t Ot,+QA E• E(sim) •• OaH Or (calcl) • Or (ca1c2) • ET(in) 
========================:==~==~========--========================================================== 

63 JUll 3.22 3.22 3.22 2170 2170 3.00 
JUL 3.47 3.4.7 3.47 0 1751 1543 0 2(85 2485 2.21 
AUG 3.56 3.42 3.31 0 2796 2516 0 2594 2281 0.76 
SEP 3.42 3.44 3.19 0 2229 1723 0 2421 2138 1.42 
OCT 3.32 3.33 3.00 0 2200 1712 0 2292 1893 0.3( 
NOV 3.12 3.16 2.89 0 1783 1622 0 2041 1756 0.07 
DEC 3.02 2.89 2.78 0 1340 1469 0 1920 1624 0.00 

64. JAtl 2.82 2.60 2.67 0 980 1304 0 1665 1476 0.00 
FEB 2.61 2.32 2.58 0 656 1268 0 1410 1363 0.00 
MAR 2.54 2.08 2.55 0 452 1324 0 1321 1328 0.07 
APR 2.05 1.85 2.42 0 109 871 0 707 1166 0.87 
UAY 2.01 1.67 2.09 0 14 179 0 650 751 1.98 
JUU 2.17 1.98 1.93 0 1471 539 0 857 546 3.00 
JUL 2.35 2.63 2.06 0 2375 1032 0 1079 715 2.21 
AUG 2.58 3.22 2.25 0 2912 1199 0 1362 958 0. 76 
SEP 2.70 3.23 2.20 G 1721 621 0 1516 894 1.42 
OCT 2.58 2.96 2.19 0 1508 1030 0 1362 880 0.34 
NOV 2.38 2.63 2.36 0 971 1399 0 1111 1097 0.07 
DEC 2.41 2.41 2.65 0 892 1913 0 1160 1453 o.oo 

65 JAN 2.61 2-42 3.03 0 1352 2521 0 1403 1934 0.00 
FEB 2.7( 2.67 3.38 0 1944 2812 0 1564 2377 0.00 
MAR 2.93 3.00 ]_57 0 2360 2768 0 1806 2614 0.07 
APR 2.86 3.07 ]_(g_ 0 1837 2219 0 1718 2510 0.87 
HAY 2.87 2.81 ]_13 0 113<1 1431 0 1732 2064 1.98 
Jml 2.81 2.38 2.63 0 455 683 0 1651 1433 3.00 

=-- - -- -- - - - - - ---
·calculated using- observed ~ (upper/middle aquifer lateral groundwater outflow} from Pur::tymun•s data (8 
•calcuiated using- simulated ~ 
'Observed Ocw (upperlmiddlel minus ET 
·•simulated 0cw minus ET' 

!-£:-~ e .:.0!'.!001~'1. _oro~ 



.. 
. ' 

TOa, AlMn9 
6'CIIVI!M 

FRONt' trr-i cl< 
SUEJEOTt W~t~r L~vwla, wt c. 
r11\ I OR lT'r' I. 
ATTACHMI!NT6c 

CCr DAiEt 
TIME1 

•:>B-07-91 
l)8' 1b 

---~----~~-~----------------------H·----------------------------~------~-~~~-

Ar-r1;ht, H~~e'u th• w~t•~ l•v•l• fc~ th~ ·lawt month in r•vi~w ••• 

7-16-'H '7-17-91 1-::~-91 ;-:.~·1,)1 'l-29-~'1 s-1-91 a-~-r;-1 
au•~*·~~~~~·u~•*••~••••~•••••M•••••~•••••••w••••••~•••••uuu•••u~•••••••~~•~•" 

1'1CCI•4· · 

l'11:0•4A 

t1CI:!•4S 

MCO ... ~ 

11r.:o ... o 

MC:O'a.~A 

Mt:0•6& 

14.EI1 -tt 

'I'LJO l..OVI 1'0 

1~.t?8 

2~. (JS 

:~~. ~~~:~ 

.'!io. 74 

TOO 

~i.L9 

tJ. l 0 -tt 

11EASUI~E L:.!.t:IS 

1::.49 

1c.S4 

10.:: 
:;:.:: • .z:!i 

I. OW ·ro MEASURE 

v ~:i:~. 70 

Mt:o-;· w.~'( "~.~ 
:;4 • .qlif 

t,.'a.~ ll,)')t/ '" ,.,, .... 
"" ... "o , ... :.c; • .:;2 ~c. :u, ~~.:S2 ~O.Vl 
""""' • I 

I 

:•a • ;t ll.l ~ t. n( '!'> "i'\' :.s~ f 1 In I .Z4. ~G ~~~~ ;$'" .,...~,~~ I "\ ~')~"'~ ... .. .., . 'll . . .... , ..... . .:.-.. ol, ......... I... I 

4 tj. tfa k~ tl~ 4C. 1e 1\'\~~ 4 ~. 1:3:: 'A~·b..,.. ~ 1 • lfi':M~·'~ ~ 1. ~l ,~.~\ H ····1\' I • .,.1,1 \ 

4:!i. t.~-:=. ~~.\( ..... ""!"! !"\ WI,,...., ~1\ 10 4• 1\1~\.\'\~ ..,. ...... ' 4..j' t;l/1\')~ 4.~1. ,!.c.; ~') ~ 4.:~. 1C:, '\\• 

~ .................................................................................................................. tteo ............ , .................. _, __ , ... __ 

I e .. h-4'1 
-~~D~······-~·-·~ 
MCI:J-? ::!.~4 

I~I:!Cl ... ')'A !:tii. t;la,. 
... . a 

111'1' 110 1. :~'1. ~(.! 

I•ICtl-'! • ~ 41 • ::.~~ 

· l fitl:lt. ~~~. O•d.lut'l .a~t~mr.Jlll i·t 0111 w~1.11 l:ti'Uluuflt~ 1ot"~l:l Ylll:it~~t~cJ~~~,, 1:1:1 l:.ow ullttd y::11u {ot• 
'l't·• 1. tll.lllt. 1"1.1 ::.:.~a f..! :~ttt, t.\J,,u w. I!•• ~t'Cith•ulw-o~ott •! JJh~ •nd 1:111t1.. ~nd g.ammut 
liCOio\llt ~t·t!J l Wtll!l~t.totl ~I'OLIItU l!ttiiP lo)!ki;;UI fllnd nttP.UW ~ 1 .. 1:1\.~;h !ai(WtC:h Ciof tl'lw I*H1.1»nt 
~)'f'. t.:J't'l':fl"l·! Ulll ,1\r'GJI.\I'ld t:lhl "liU.ltMttM~ tt· ~1::116 • 

' 



-----~----------------------------------------
I PRIORI TV I . •1" ·:. ,· •• :.. 

ATTACHMENTS a 
''I ; ' . . I • •• 

~~~· · .. ,. !.·~ . ' .... .... \:~.. . .. 
I I • ' o H ' ,. ~ ... I 

1 
• 

MC0-9.~ 

~1C0-9 

MC0-8.2 

MT-4 

f'II::CJ-EIA C 7 l 

NCM-8C<'i'l 

MC0-7.5 

t11-1 

MC:0-7 

MCCJ-7A 

MC0-6£1 

MC0-5 

MC0-4.9 

MCt:.l-41:~ 

MC0-4A 

t•ICW-"7' 

r•lCL:l-8. :: 

DRY C!!i7 oft> --
DRY <4Z ftl 

URY 

66. 11 +·t 

(49 ft) 

4:.S.:S8 

41.61 41.20 

35.01 33.96 

:34.69 33.72 

DRY (34 
I 

33.70 

15.25 

1::i.49 

1::.ae 

jj"' ul·~, 

~ .. , _ ... c•~. t;J.;I 

. . 

.. ... 
I• 

•'( 
.I \ ..... _ ... ~ • ,• 

. oil 
~ ·i • 

... 

I, ... 
,. 

·t, ... 
·.~ 

•· ........ ,, I 

.... 
I 
I 



,, 
' 

:· 

MCU•S/4 

'Mci-I•SC 

Mt.:O-t 

~11..U..;i'·f.\· ·. 

MC:CJ•6A '·· 

1'11.:0•68. 

·MC0-6.' 

. MCO~::; 

MC0•4.9. 

MC0-4B. 

MC0-4A 

MC0-3 

• I 

44.b4 

SOME WATER 
. ' 

:S0.7B 

29.7Z 

:S0.06 

b. SO 

... 'I 

. 
. , 

• • 

•, ..... , 
f ,, • . 
' t•t I ···'·· ..... 

,·• ,' 

r' 

... , .. \ .. -~-~-~~'I-·- .. ·-

. ' . . .. ... 

•. 

··. 
I 1 .. • .... ·· . 

. .. 
I ••• I 

.. 



TOI AlanS 

1:ROI'I t Ut" 'L c:l~ 
suaJ~cra M~rt~nd~cl 
I•'R tOR t n• t 
ATTACH~tCN1'SI 

u 

CCi 

... 

1:1;- ... ~f.\ ... I.;' 1 
1 ;:! I 11:1 

.1 
H q 

• 
~-----~~-~~-~--~~~~~-~~-~~--~~~~ww~~~~~~~~---~w•-~-~-~~----~w~-~~w~ .. ~w•••~~~-~~ 
0~111r Or. ':31~olt..Ut'• 3 

Hfi't'"i:' C\rtt th~ t' ~!:i!.ll t.l:i .,, wu i·t'1 W~'l IIIOI"Ml MfJ 's +ot• .~tV I 

r·I~H u ~ 1.11' (t IM'r·t~H L ~ .. ~ t t•IUf·1-i.) I !51 ~~~~ llliHI 1:.1 c\1 l 1 )' UI1C:f'l cmt;J ll!!I.J IIIIi c: LtP 1! I'\:,) I' ul I\ i WII 1.411'' 

flllll.::l..l.\1"~ ..:Wil:IZ111 • .LI'I th~ ·dt ~~- tuCJt 

7-~~-··'l ~v. l-:.;:b-'1'1 
ooi.UUI.ill.lloll&ll &:a!U Q III.U!LiwoiiU.o.J.SOIU .J1 /~oiiiiiAIU.oll.tlr:IUI:&IIII.ti.U.a&ll:l.t&~&.11.::1IZIW&IIoillaa&IIIWI~ r.l~ l.la.,;;~o~W""I....._ ... w..a.oOI ... wWJ ... to4 

!·1CI;l ... :t :;.~ • .:.:., f-"1 (J).Y11\10 ').. ::~4. 41::1 ~ ·r .., ) ~~~ 
1'1Cw ... :1 ,:.:. :::;~j. ~:,:1 I· I I 0 ·~·4· .!·Ul ~~·,· . t:f-/ 
/'1 1- J. 4~. 1 ~ l"l .. , ·1~ 'f:j, d~F I' 
r'IC()-!.~ 4:.., •. ;:,~J ~I' \ .)~ 4~. ~~ iJ"f 

i'l\• I'IU 1~ 1.!Ht 'I'I''UIII g\ illWI'Il.lo ··•hi ii'IIJ11::c.\'l~l] ttH:rt HCM-7. ~ is ~b~t:.t'l.lci;et.:l oH'Ol.U,d 
r 1:11:1 L "1"(.1111 Lll'.:.' ·t~IIJ IJ•r 'Liil:' 1.!.11~1 n~;~. 

lit'=' :.tCJittJ lt':'~r· tuc.o-7 louh~d lilr:~:J it he<cJ a fadt"' .amour,t o+ w.atEw i11 it. still 
\l~he we~tuw ~<~a'd 1114\Ybl:l 1-.; teet be!ow \:he ba11~: Cnot thlf bt:t"'t'nJ), 

Tt·tt:t pom.J +cu·th~:tst to l111:r C.i\,;t l wCJI(aU r-C\ther tJI""e:ci l'tEicl ( l ccL.Ild a~e bottom .at 
its w~:ti.it~.&?l""l'lfnost l"'~a~c.:l'leaJ, 



.... 

iOa Al Mtt1S 

r:r~ClM r C!t" i c:l•' 
r:JUElu~c·r t l..(~'ri!S'I' WA'l ~~ l..I!V~I.S 
l"'r.! Hll~·l'l'V t 
Ai'rAt:HNI!N·I'S t 

CCI DATEr 
'l' tt'II::J 

Ul!to\v• ~t<:l h~J.~t•·w u1 I!IIW~ t~~.l!t~"\. t'.~Uy ~·l:)t•• ~IH:Jw~ i·ou ... ~w!!w ,, • ._, .. l!lttJ 
IJl9tJ1 lllfll't·t ~I''MI:'JII'o• 

7-1~-~1 J-~~-q' J-~~-~1 7-~9-91 

l.l?"·~c;-'?1 
1~, .. ~ 

~~~·~~~W~W~W*~W~-~~~UWWW~~~~~-~-~~··~--~~~-~~-W~~~-~~M~W·~-~~~~~·-~~~~ 
-;·~,.!"~ ?,11,0~ .,, .~~ 't 

l~t:J:J ... 'l :.st1'.:~~~ ~··1. :.~~.~u ofi: ~4.49 oFt ~:..o2 oft~~.~ 

~tt:;t:J .. 'i' A :::e. t~J ~~. 1la . .:;~. :.:;~ ~· .• ,. '!••.• •W•.It't ._,, ... 

NT' ... i 4!::i. ':t'b 4CI.1~ 4~ •• G~ 41.'7'9 

w.: tl- ? • :.!i 4~. 4·~ 4:J •. ;:s 4~.::~ 44.07 

a tJ II\ e~t err· • 

f!t• it: 



''10t Alii\nS CCI 

1:: ROt•!: C. I'.\ c:lc. 
:;U~"lJEt:l: Rlif: L~L~~t W~t~r LeveJ& 
~·RIIJRl1''( I 

. 
A 1'1 AL..'Hr11:.1fr8 t 

Hoi\! Vot.t ·thil,ll: thi'i! l-s~Grt w-''tlll"' l@veig wartJ intarreu!l&ant'i' 
ChtL<Cit 01..\'t t.CJUii\)1 Is ••• 

f'l'l' .. ·l 41 '61 .fl: 

NCO•/,~ ~L:: .. .;.s 

NCl:J ... / :!~~. <11 ~~., 1 

I'ICo .. ·n.\ .;~ ... ' 6'"'' 

.... -·--·------ ........ -.... , .................. _.,. ___ .... 

l:::t• :t c.: 

O~TEt 
TIME:: 

t;l8-1;,1-1;11 

16r ''i 

-1 
8 
q 

" .5 

n l. 
.. C} 

II 



..... 

CCC 

f!'kL)I11 l I:W 1 c·l·~ 
bUt"Jl:.C I 1 I:Ja.~ ; ,l(·~w~l 
I"' I\ HJt~: ~ f' t 
A'l ll•il .. HHhl•tl ~I 

.OA 1'f! c 
flMI:.t . .., 

.l e:- ...... 

•· I • , .. 

..... _, ............................ -----------· ...... _______ , ___ ..... , ................ _ ........ - ........ ~ ·-t· .............. --··----

, .... , , .. 1;)·, h ...... wl] 

,, •. ". .. lllllt\"' •"•'·I•~•U' olollluoOI" l'toiiUI~IIIill"'••' ... ..,,.~11<111111.,. "NIAll !If 

1•11 :U••I'Jo'.< 'I" J ..... ·r· ·•• ~ ti/llli.' 

l4 ,. •• \ • >~r ~ . J.l:i . I .,., .. ,. ,II ,I 

,.,,,,,. I 'I •I ' :>~J I '•'· ............ 

,, I 

I' . ·.·i ol I • I., 
'I t :J. 4~ •. ; 

,,, 
I·· , ~ .. u4 

•· 

II 'l ~ •• I ... ' 1.,} l .. UIAJ 1'J,B8 
'•' '•i,. I·,. i·.l~ 

. ·t .. : l '/, ~~tl 1Z.4t,' 

'!1 1J',,I I I~' 1~·.1:31 ~d6 
•·· .... ,...,. .................................. N·t ........ ,_ ___ _ 

~ll"ll.:ll ti'IIJ thiiJituwt"'l! trH-pu lu.~:S w"tar it'\ tl"'atm l'lq•in tcd.-y, I ~;ct ti'HI e~thlll'" 
WI! l1 Y tA\llad. II t ,. 

EJ ... ;.t ... Lil 
a•~••••w••••~w•••• 

111Clf•w/ ::~.'I~ ~J\1~ 
MtO•/A ~.t~. i':! 

111C:c;J ... 7. ei 4:.1~ 

1•1'1 ... J ~ 1. ;.:!I) 

Nl oMo ~ N ...... tM N 
... ·~ ,. ._. 11M All U• .. ... 

I 

~~-Uw~wW~M·~·~·-····-··-~·······~·•aN••••••w•~--~·······················M~·~· 




