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INTRODUCTION

In the 1972 proposal of the Lake Powell Research Project,
specific tasks were outlined for the completion of the Project
objectives. Progress toward completing these tasks has been
made during the year 1972-1973. Achievements in the partial
completion of the tasks are described below.

Due to the fact that the natural and physical science
subprojects began research before the present year, reports
of these subprojects are centered around problems concerning
specific changes in management decisions. Subprojects in the
social sciences began work in the summer of 1972, and are still
largely concerned with assessing the impact of the creation of
Lake Powell itself.

Additional discussion of research results is provided in
the individual subproject reports which follow this section.

Progress Toward Completion of Project Tasks

Task 1. The Water Cycle of the Lake Powell Region

a. Projection of quantity of water as input to the Lake.
A determination of the water available from natural
causes and man's activities upstream but independent
of the Lake Powell impoundment.

The method chosen to project the amount of runoff of the
Upper Colorado River Basin (UCRB) over time is tree-ring
analysis. 1In order to pursue this method of predicting future
runoff trends in the Basin, it was necessary first to demonstrate
the capability of tree-ring data for estimation of long-term
runcff in major runoff producing subregions of the UCRBE.
Progress to date is the demostration of this correlation for
an area in the Uinta Mountains and the reconstruction of the
annual runoff in that area for the past 225 years. This
progress has resulted in increasing the level of confidence
that runoff for the entire UCRB can be reconstructed during the
work period 1973-1974 in which methods for predicting future
runoff can be further established.

b. The reallocation of water within the natural water
cycle as a result of the impoundment. Perturbations
in the local cycle created by man.

To accomplish this task, the equipment for refining the
measurement of lake evaporation was purchased and installed
following a plan jointly agreed upon with the Bureau of
Reclamation and the Lake Powell Research Project (LPRP). The
egquipment is being calibrated on site. Data collection is
to begin April 1, 1973.




The sites for drilling test holes for bank storage
investigations have been selected and agreed upon jointly
with the Bureau of Relamation. Drilling is scheduled to begin
in the late spring of 1973, and the contract for drilling is
being processed by the Bureau of Reclamation. A model has
been constructed as a first approximation to describe the
percolation of water into the reservoir banks. An estimate of
the quantity of water to be expected in bank storage at full
reservoir capacity has been obtained using this model.

Task 2. Useful Water Lifetime and Quality of the Impoundment

a. The changing biological, physical and chemical systems
of Lake Powell, arising from natural causes and from
man's ongoing activities at the lake.

Biclogical changes in Lake Powell are measured by developing
indexes of eutrophication, using phytoplankton and zooplankton
counts. Preliminary measurements have been made at a number
of stations on the lake. The bulk of the data so far suggests
that fecal coliform counts in Lake Powell are acceptable for
recreational body contact with the water. Stations are being
sampled monthly during the winter and weekly during the summer.
In view of public interest in this topic, careful monitoring
will be continued. Conclusions cannot be made until data for
a full year have been collected.

A computer model of the chemistry of e lake lLias besu
completed and tested in the laboratory. This model provides
values for the calcium carbonate saturation index. An additional
computer program has been developed which evaluates the contri-
bution of each tributary to the chemistry of the lake. The model
will allow prediction of the effect on the lake of changes
in water regime in the Colorado, Green and San Juan river
basins; it will also be used to provide part of the data
necessary for estimates of salt flux through Lake Powell
and to isolate changes in water quality caused by the impoundment.

A layer of oxygen-deficient water develops during the summer
at mid-depth within the lake. This oxygen minimum layer
has important effects on the chemistry and biology of the
lake at depth.

b. The biological interaction of the lake and the shore.

Fluctuation in lake level has attracted the attention of
scientists working on the shoreline. Vegetation has been
flooded, biomass increased, and waters enriched; as a con-
sequence, some adverse effects have been observed, and
predictions are available on the quality of campsites
and swimming areas. Efforts are being made to determine
the carrying capacity of shoreline areas for natural campsites
and for recreational activities.




c. Biological-physical interactions of heavy metals
in Lake Powell.

Baseline data for the concentration of heavy metals in the
lake and in the natural food chain are being collected, in
preparation for the assessment of the future impact of coal-
fired electric power plants constructed in the vicinity of
Lake Powell.

d. Effect of siltation upon lifetime.

During the past year, echo sounding profiles of the old
channels of the San Juan and Colorado were made and cores of
the sediments were obtained. As anticipated, most of the
sediments are transported by the two major tributaries and
deposited primarily in deltas near the upper ends of Lake
Powell. Downstream distribution of these sediments is inhibited
by underwater dams caused by slumping in areas of Chinle outcrop.

Task 3. Impact of the Impoundment and Resulting Activities
on Viater Utilization in the Lake Powell Region

a. Effects on recreational availability.

The effect of the impoundment was the creation of 1500
miles of shoreline with several marinas and a variable number

of campsites. Subsequent to the creation of the lake, the
fluctuating water level has led +n corresnnnding changes in

the number and quality of campsites from year to year. In some
cases, a fluctuation in the lake level has led to a decrease

in the number and quality of usable campsites.

Coliform counts, increasing enrichment of the lake, the
decomposition of submerged shoreline vegetation, and changing
textural quality of campsites must all be assessed to predict
the future effects on recreational availability.

b. Economic effects on the Indian Nations.

During the research year 1972-1973, efforts to assess the
economic effects of the creation of Lake Powell on the Navajo
Nation have concentrated on these effects within the local
Navajo communities adjacent to the lake. New job opportunities
have become available for Navajos at the Navajo Power Plant,
the Peabody Coal Mine at Black Mesa, and in various business
establishments in the town of Page. Earlier job opportunities
were afforded by the construction of Glen Canyon Dam itself.

In addition to evaluation of the total number of new jobs
available, attempts to assess the effect of new developments
on local social organizations have been made. A tendency has
been observed for a large number of skilled Navajo workers
to migrate to the Lake Powell area to take advantage of job




openings, with the result that the local community receives
less benefits than it had anticipated. A considerable amount
of job competition among Navajos has been created. These
demographic shifts will have implications for the future
composition of communities in the area. Assessment of the
total benefit to the Navajo Tribe has not yet been completed
by LPRP investigators.

c.” Economic effects on recreation, power production,
and irrigation.

A regional accounts system has been constructed in which the
financial interactions of important economic sectors in the region
(recreation, power production, irrigation) are linked with
econonmic units outside the Lake Powell region. This system is
being developed in order to estimate the effects of changes in
water management policies on the economy of the region. The
data from which the accounts model is being constructed are
drawn to a large extent from the detailed expenditure and receipt
records of the individual operating accounts in the area, such
as the National Park Service and the Bureau of Reclamation.

Task. 4. Impact of the Impoundment and Resulting Activities upon
the Quality of Life in the Lake Powell Region

a. Effect upon the health and welfare of the residents
of the Lake Powell region.

Data have been collected from the Indian Health Service
and from private and mission hospitals serving the Navajo people.
The 1972-1973 research work has allowed the estimation of the
reliability and completeness of the Indian Health Service data,
although specific disease patterns have not yet been examined.
Having determined the reliability of the data, investigators
are now ready to proceed with substantive analysis.

The impact of the creation of Lake Powell is an example of
the effect of modernization on a variety of populations in a
previously isolated rural area. The impact includes effects
on health, disease and fertility patterns, and demographic
population changes.

b. Effects upon the social structure of Indian nations
in the region.

All previous studies of Navajo social organization for the
entire Reservation have been assessed. Special attention was
paid to those studies conducted in the impact area in the
years immediately prior to the creation of Lake Powell. These
studies form the baseline against which changing social organi-
zation may be documented, as it is revealed by studies now
in progress in the impact area.




- .
.

The anticipated transition from an essentially kin-based
social organization and a subsistence economy to the isolated
nuclear family and wage work economy has already been observed
in work so far accomplished.

c. Effect of resultant air guality upon the Lake Powell

- recreational area. Measurement of baseline atmospheric
data in order to evaluate future atmospheric-lake
interactions.

The baseline data already gathered for air .contaminants
documents the excellent regional air quality, especially compared
with the lesser air quality of Page, Arizona. The programs
for statistical analysis of all input data have been devised.

The importance of the baseline data will be fully realized when
coal-fired power plants begin operation in the impact area.

. Task 5. The Role of Institutional Decisions on Water Development

in the Lake Powell Region

a. The legal decisions related to upper basin water
development. .

b. The political institutions involved in the decisions
for the impoundment and the present management structure.

The Legal-Institutional subproject has devoted its first
vear to the studv of the legislative historyv of the Colorado
Piver Storage Proiect Aot of 1956, examining in particular
detail the manner in which conservation values and Native
American water rights were treated in the legislative process.
The subproject has accumulated and analyzed legal and political
information which will facilitate informed responses to questions
concerning implications of changes in water management of the
region. This analysis has enabled the subproject to confirm a
model which explains the coalition of interest groups that
resolved their internal differences by forming a political bloc
strong enough to obtain sufficient benefits to satisfy what would

otherwise be competing needs.

A case study of Navajo water rights has been made because
these rights are among the most dynamic variables in the water
management system of the UCRB. The subproject has studied methods
which exist for quanitification of Indian water rights, all of
which have been used in the Upper Basin: litigation, legislation
and contract. The functioning of the Navajo Tribe as an emerging
decision-maker in the area has been examined by analysis of the
history of the Navajo Indian Irrigation Project.

C. The effect of institutional environmental impact
statements on water management decisions.

A collection of environmental impact statements for the
UCRB has been made, and evaluation of the impact statements
initiated. The most important finding to date has been that




most existing impact statements have only concerned local or
near-site effects, and that no single agency seems to have
developed a method to evaluate regional or downstream conse-
quences of particular projects.

An attempt is being made to investigate the connection
between impact statements and water management policy in the
Upper Basin.

Task 6. The Development of a Methodology for Correlating All
Research Components Essential to Achievement of Objectives

During the 1972-1973 research year, efforts have been
concentrated on the development of a simulation model for the
Lake Powell region. This work has been carried out in close
cocperation with the Principal Investigators of all subprojects.
The principal components of the simulation model have been
specified and preliminary computer programs for some of the
submodels have been developed. When full specification of the
relationships has been achieved and the coefficients estimated,
it will be possible to estimate the total impact of alternative
water management pclicies on the economy and environment of
the region. :

SUBPROJECT PROGRESS REPORTS

Each of the above tasks has been partially accomnliished
by one nr moare TPRP cvhnreoiects. Tahle 1 c¢heowe +the accignment
of tasks to specific subprojects(those with primary responsibility
for a given task are underlined). It will be noted that the
numbering of subprojects has been changed from the LPRP proposal
and First Progress Report. In view of the integrative function
for the overall Project of the Systems Analysis subproject,
Systems Analysis has been allocated number "1" and the other
subprojects have been renumbered accordingly, following the
same order in which they were originally presented.

Submitted by
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Orson L. Anderson
Natural Sciences Coordinator

March 15, 1973
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SYSTEMS ANALYSIS: Shaul Ben-David and F. Lee Brown

During the phase of research summarized here, the Systems
group has concentrated its efforts on developing a simulation
rodel for the Lake Powell regien. This work has been done in
close cooperation with principal investigators from cach of the
subprojects of the Lake Powell Project, Through discussions car-
ried out in Flagstaff, Page, arizona, Albuquerque, and Washington,
D.C., it has bheen possible to specify the principal components
of the simulation model as well as the relationships between these
components. When full mathematical specification cf each of the
relationships has been achieved, it will bhe possihle to determine
the effects of changes in the magnitude of the variables salected
for inclusion in the inputs vector and variables in the ocutput,
or impact vector.

One feature of the simulation model bheing developed for the
Lake Powell Project is helieved to be unicue, That is, each rela=-
ticnship contained in the model is to he erpirically estimatod,
either by individual subprojects, subprojects in cooperation with
one another, or by the Systems agroup using data supplied hy the
subprocjects, This is in contrast with other models cf this scope
in which many relationships must be either ignored or "guectimated."
The erpirical nature of this model should result in a high cedree
of model reliability, and as a consequence, high utility to uzers
of the medel.

Since the develovment of the regional imnact medel i
effort, involving all the subprojects, the paca of nodel deve Lop-
ment is constrained by opportunities for the sukproject v ]
to interact with the Systems group, as well as hy the rate of pro-
gress of the subprojects themselves., Thus, the model can not
achieve full mathematical specification until the empirical work
of the individual subprojects has been completed. Thase constraints
have dictated an approach which calls fox the initial use ot func-
tions in which parameter values are only approximate. Using these
approximate values, trial rurs of the model can be made, which
allow preliminary werk, such as the de-bugginyg of computer programs
and identifying critical or sensitive relationships betwveen vari-
ables, to be completed before all the final data become availahle,
Thus, the model can be made to "work" although the output value:s
it generates at this stage are unreliable. It then remains only
to insert the empirical estimates of the model paramcters to nake
the mrodel useable.

As can bc seen in Figure 1, the regional impact iodel is divi-
ded into three nain sub-models: water cycle, lake syster, and
socio-economic svstem. The water cycle portion cf the model is
the most fully developed at this point. Based on preliminary data
supplied by the hydrology sub-project, a computer program has heen
develored which sinulates the hydérological hehavior of Lake Fowell,
The model treats water inflows and releases at Glen Canycn Lam as
inputs and calculates resulting lake level, surface area,
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and volume. FEvaporation is then calculated as a function of sur=-
face area and season, and bank storage is calculated as a function
of lake level. Finally, volume, surface areca, and lake level arc
adjusted to account for losses to evaporation and bank storage. A
new iteration is then begun for the next month in the cycle. Con-
sidering the fact that the evaporation and bhank storage functions
are only approximations at this point, lake behavior as sirulated
by the model conforms well with actual lake behavior during the
1965-1970 period (the period for which data on actual hehavior were
available). '

One of the potential uses of the model can now be exaninecd.
The timing of releases from Glen Canyon Dam is subject to discre-
tion, given the constraints imposed by the Colorado River Compact
and hydrc-electric power production requirements. Alternative
releasc policies can be sinulated and their effects on lake volume,
surface area, and level determined. While the values of these
variables may he of some interest in themselves, of far greater
significance is the fact tnat, as indicated in Figure 2z , voluw:ie,
area, and elevation affect variables in the lalke svstem and the
socio-economic system. These relationships will now be explained.

Shoreline ecology is conducting, as part of its research effort,
an inventory of campsite availability and quality alon¢ the entire
shoreline at various lake levels. Campsite availability and qual-
ity affect (as supply factors) the ampunt of recreation which tales
place in the region. The amount of recreation, more explicitly
reareation expnanditures. in tnrn affects regional incoma and er-
ployment, Part of the task of the econcomics project is to ecval-
uate this connection between campsites and employment and income,
The result of this cooperative effort between subprojects will bhe
a functional relationship hetween lake level and regional erploy-
ment and income. Thus, although several alternative release poli-
cies may be acceptable from the standpoint of meeting commitments
to the lower basin and hydro-power reguirements, they will not ell
have the same impact on employment and incorme. One purpose of the
model is to identify such impacts.

Shoreline ecology is identifying a second impact of alternative
release policies. The amount of organic matter entering the water
from the shoreline is a function of the level, and changes in the
level of the lake. 'he organic matter input in turn beconcs cne
of the factors affecting bioloyical water cguality. DBiclogical
water quality is also affected by the quality cof water flouving into
the lake - both directlv and indirectly through chemical water
quality. The lake geochemistry subproject is developing a nodel
which predicts the chemical composition of lake water as a function
of chemical inflow into the lake, both in inflow waters and f£rom
the air, and as a result of water contact with sedirents and bhanks.
The various water quality paramesters can then he connected to rcc-
reation dermand, through impacts on fish populations, health (coli-
fornm hacteria), and aesthetics (anaerchic conditions). From rec-
reation there is once again a connection to regional incoma anc
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employnent. Chemical and-hiological water quality also affect the
quality of water released to downstream users. Finally, chemical

water quality affects the rate of corrosion of hydro-power equip-

ment, and, thus, regional income and emplcoyment,

This complex of interactions ultimately connects elcments of
the input vector to those of the output vector. The inputs in
this example, all subject to some degree of control, are air qual-
ity, a function of the level of thermal power production and levels
of emission control, quality of inflow, a function of upstream re-
lecase and irrigation practices, and lake level, a function of re-
lease policy. The outputs, or impacts, are. regional enploynent
and income ané quality of water released from the lake. Thus, the
model allows an evaluation of the impact of alternative policy com-
binations on a variety of varialles of interest,

Scveral other input-cutput links are being developed, Rates
of inflow and evaporation affect rates of sedimentetion, and,
therefore, tie useful life of the lake. The chemicdl coiyositlon
of the water affects the rate of loss to bhank storage hy cither
causing "cementing" of the bhanks or increasing hank poro sity.
The ultimate inmpact of flows into bank storage depends on the
location and recoverability, hoth physical and legal, of the water
lost from the lake. Developnent of recreational facilities, pri-
vate as well as public; affects recreation, and ultinmately, employ-
ment and income. In each case, the emphasis is on dewelozing the
connection hetween a variable vhich is subject to control, action
variables in Figqurée 1, and otiher variabies wvhich refliect the Lene-
fit of a particular acticn, sacial and environmental impacts in
Figure 2,

An important aajunct to tne regional impact model is the poli-
tical and legal model shown in TFigure 1. The terr "nodel" 1is
used here in a sense vhich is somewhat different than its use in
"regional impact model.® That is, the latter contains functional
relationships which are amenahle to computer prograrming for pur-
poses of simulation. The pclitical and legal model, on the other
hand, can be viewed as a set of guidelines for interpreting the
impacts generated by the simulation and for specifying likelw values
for the action variahles. Essentially, the political and legal
mocdel provides the constraints or bounds on the simulation. In
one sense this can be viewed as nothing more than a means of pre-
venting model users from asking the model to sirulate answvers to
stupid questions. lere important, howewver, is the feedhaclh capa-
bility that is provicded. For example, it is pessible that some
combination of policies (values of action variables), each of then
plausible on their own, result, after simulating the passing of
a few vears, in an impact or cormbination of impacts that is hicghly
unlikely to develop in actuality (draining the lake, say). Whilc
it is not possible to builé safeguards agcinst all such possibili-
ties into a simulation model, it is pessible to nonitor the impacts
as they develop over time, and when pressures begin to appoar, to
intervene with educated guesses about the cffects such developments
would have on policy. This provides new values for the action
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variables and the simulation can continue. The presence of the
political and legal model, then, allows model users to simuleate
events much farther in the future, with some conficdence that the
results are sensible, than use of the simulation model alone would
permit.
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BIOLOGICAL LIMNOLOGY: David Kidd

Introduction

The general purpose of this project is to develop indexes of
eutrophication for Lake Powell. Diversity indexes are being
generated from phytoplankton and zooplankton counts. Lower
diversity values indicate less optimal water quality conditions.
Primary productivity measurements are being monitored in order to
establish baseline indexes of the rate of carbon-12 fixation.

The assumption is that more nutrient enriched waters cause
higher fixation rates. In addition, coliform bacteria levels
are being monitored in order to establish baseline levels for
this reservoir.

Progress

Field work was delayed until August 1, 1972 because of the
late arrival of the houseboat. Nine otatlons have been
established along a gradient from the dam to the inlet of the
Colorado River. Stations have been selected in order to monitor
major inputs from tributaries such as the San Juan River and
inputs from potential population growth centers along the
impoundment. Sampling intervals are every fourth week during

the winter and every week during the summer. Sampling detha
have been selected so zag +o sharactorize tho ;h:t;; Zend which
becomes loco docp as oné proceeds up Liver. Tihe houseboat is

now fully equipped as a floating laboratory for water sampling,
titrations, turbidometer measurements, vacuum filtration,
photometer readings, and incubation of bacterial samples.

Work is on schedule and the data is being processed as
rapldly as it should be in these kinds of investigations. Gaps
in the data chart are due to either bad weather or maschanical
failure of the boat. Sampling did not start at station three
until October. At that time a buoy was made available in front
of the dam.

Inferences

All data is of a preliminary nature and conclusions should
not be drawn until the end of the sampling program. Table 2
displays primary preductivity information. Higher values so
far appear at Station 5, the Rainbow Marina_sewage buoy and
at Station 9, the inlet. Table 3 displays D values. There is
not enough information to make statements at this time. Table 4
provides coliform counts. Higher counts occurred early in August
at Stations 4 (Warm Creek Bay) and Station 5 (Rainbow Marina
sewage buoy. Station 1 (Wahweap Swimming Beach) does not
display unusually high values. Levels are about what one
expects for recreational waters and seem safe for direct body
contact. Levels are high enough to indicate probable occurrence
of Salmonella, a dysentely causing bacterium. Figure 3 shows a
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I PRELIMINARY INFORMATION NOT FOR PUBLICATION
Figure 3. Diurnal Lignt and Carbon Fixation Curves.
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diurnal light and carbon-12 fixation curve. This experiment was
run in September. Higher fixation occurs during the 92:00 AM to
3:00 PM period. In general, primary productivity experiments
are conducted during this same period.

Relation to Overall LPRP Objectives and Other Subprojects

A centraltheme of the LPRP is water quality. This project
relates directly to this major goal by assessing the trophic
status of Lake Powell. Other projects are asSessing physical
and chemical parameters of water quality. Bacterial measurements
provide a link to the epidemiology project. The fact that
some stations indicate differing water quality conditions
relates to the hydrology projects in that drainage patterns
may be producing differences in water quality at certain lake
locations.

In general, aSsessment of water gquality is of direct or
indirect relationship to all other projects.



SHORELINE ECOLOGY: Loren Potter

Introduction

For the first time in recent years, the maximum scasonal
water level did not reach that of the previous year, resulting
in a 2-foot elevational zone (3620'-3622') of one-year old
successicnal vegetation unflooded. The 1970-71 drawdown was
3602' to 3597'; the 1971-72 drawdown was from 3622' to 3607';
the 1972-73 drawdown was from 3620' to 3603°'.

Transects

The permanently established belt transects of representative
vegetational types were remeasured in July. The vegetation was
more productive in 1972 due to more than average amount of
rainfall in the fall and winter of 1971 and in spite of the
severe drought of January to June, 1972. The grecatest change
was in a band above the maximum water level due to capillary
rise of moisture, especially in sandy soils. With repeated
flooding to a particular level, this fringe zone would show
definite increases in coverage and vigor of native species,; e.g.,
Indian ricegrass, blackbrush, saltbush, and sand sage. To
obtain better measures of biomass, a series of clip plots were
established in native vegetation and in drawdown areas of sandy
soils, ‘

Shoreline Mapping

During 1972 the balance of the approximately 1500 miles of
shoreline surface materials were mapped. Area of each type
will be calculated this spring.

Campsite Carrying Capacity

After consultation with Mr. Carlock Johnson, Superintendent
of Glen Canyon National Recreational Area, as to the greatest
need for campsite data, several areas were selected: Iceberg,
Slickrock, Rock Creek, and the Escalante River and its tributary
canyons. The campsites were designated as single or multiple
and as sand or rock. These were indexed on detailed topographic
maps at a scale of 1 inch:400 feet and with 10-foot contour
lines. In addition, campsites on Face and West Canyons and
much of the main channel and tributaries from Rainbow Bridge
to Wahweap have been located at the 3620 foot contour level.
Enlargements of some aerial photos have been obtained and the
investigators are currently attempting to establish proper
signatures on the photos to identify campsites from the stereo
pairs as well as a method to superimpose contour lines on the
photos.




For this study, there is need of aerial photography at a
scale of 1:12,000 or at least 1:20,000 and preferably color
rather than black and white. The resolution to establish the
necessary signatures to identify types of campsites is extremely
difficult and inconclusive from existing photos.

Biomass Studies

Measurements of standing biomass of the principal shoreline
types of sBrface materials were completed in May and June, 1972.
In each l1m" clip plot total foliage cover,relative foliage
cover of each species, frequency, total oven-dry weight, and
relative weight by species was determined. Analyses of domed
and shelfy terraces was based on 500 plots, dune sand and sandy
drawdown zones on 250 plots, and talus slopes on 50. Below is
given a brief summary from the total data to be submitted
later. See Table 5.

Maximum biomass is attained on the dune sand followed by
talus slopes because of the prevalence of woody growth on the
latter. The sandy drawdown zones which have been exposcd from
the previous August through May have a foliage cover necarly
equalling the unflooded zone and a rapid seasonal recovery in
total biomass. It is this biomass which will yearly be
flooded and subject to decomposition = leading to enrichment

of the lake. It is also a major factor in recreational use
of the fovarite sandy sheresline sitss. Ths one-yeary giowil,
duininated by Lawarisk, way be up to 6 feet tall. LI not
flooded for two years, it will be 10-12 fect tall. When
flooded, a submerged woody vegetation will be left offshore
which will result in serious objections by boaters and

swimmers.

To determine the effect of flooding and decomposition on
tamarisk, 65 3-foot tamarisk plants were transplanted under
water in December, 1972.  Some of these are being recovered by
encasing in plastic bags under water. In one month's time
they are enveloped by a layer of gelatinous material of algae,
diatoms, and silt. Loss of weight of the tamarisk, weight of
the periphyton, and concentration of total nitrogen and
phosphate of tamarisk and periphyton are being determined at
monthly intervals. The experiment will be repeated starting
in June to determine the effect of flocoding initiated in the
summer. These studies are being supplemented by diving
observations of decomposition of several dominant species at
increasing depths and times of submergence. Mr. Carlock
Johnson, Superintendent, has expressed genuine interest in
these studies because of the importance to shoreline
recreational use.
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Summary of Vegetational Analysis of Biomass and Cover

Table 5.
Oven-Dry
Total Biomass Total Foliage
Zone g/m Cover, %
Domed Terrace 13.8 1.5
Shelfy Terrace . 11.7 1.4
Dune Sand 86.5 5.0
Sandy Drawdown 13.3 4.5
Talus 45.2 5.0
.f ! !
Species D. Terrace|S. Terrace D. Sand :S. Drawdown{ Talus
(over 10% Rel Rel Rel Rel;Rel  Rel:Rel Rel{Rel Rel
biomass) Wt Cover |Wt Coveri Wt Cover Wt Cover: Wt Cover
Coleogyne ]
ramosissima 29.2 13.0;40.0 17.0i35.4 19.7 19.5 11.7
‘ | i
Gutierrezia
microcenhala 15,7 28.Q(16-° 20. 2 : ;
Ephedra
torrevyana 11.9 4.8} 8.8 12.7
Oryzopsis :
hymenoides 13.7 24.6;
Ephedra
viridis 11.0 11.7
Tamarix
pentandra 66.0 55.5
Oenothera
pallida 24.0 19.8
Haplopappus
drummondii +30.2 30.9
Atriplex
confertifolia! 27.4 22.4
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Shoreline Textural Changes

Attention has been given to shoreline changes resulting
from flooding and exposure with drawdown. Sandstone cliff
walls have an increasing intensity of white carbonate material
forming a sharply defined "bathtub ring". Domed terrace
shoreclines are little changed but with a slight increase of
silt in the occasional sandy pockets. Shelfy terraces are
softened in contour by thin protruding ledges of sandstone
breaking off. Talus slopes lose much of their sand, silt, and
clay content and have a resulting bouldery shoreline.
Similarly, areas of o0ld Pleistocene alluvial terraces become
bouldery shorelines. Rock slides are least affected, though
their formation is usually caused by a weakening of the
underlying, soft Chinle formation. Sandy shorelines, if steep,
are suspect to slumping, as are talus slopes. On gentler sandy
shorelines a terracing effect develops with the stages of
retreating waterline.

Though these textural changes are not of great significance
during the normzl filling of the reservoir where each summer
season the water level exceeds the previous year, it is a
forecast of the lessening of desirable shoreline which will
result with each drawdown period even when the reservoir is at
its final operational levels. As with the decomposing
vegetatlon, the character of the shoreline is a prime factor

in Iscocallional management Of the Fowell Recieablioliali area.
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HEAVY METALS: David Kidd and Loren Potter

Introduction

The Colorado River system has a rich natural source of
a variety of heavy metal cations that have been a part of the
downstream movement of materials which are now partly trapped
in the physical and bioclogical components of the ecosystem of
the Lake Powell reservoir. ‘Analysis of heavy metal cations to
establish baselines prior to additional influences because of
recreational use of the Lake and other developments, such as
coal-burning power plants in the area, require sampling of a
variety of kinds of materials - water, soils, sediments, plants
and fish.

Discussion

Before starting a regular sampling program throughcut the
drainage system and of trophic levels, it was deemed necessary
to establish reliable accuracy and precision in the treatment
of samples and in the atomic absorption analysis. To this end,
concentrated effort has been given to the elements: mercury,
lead, cadmium, zinc, ircn, and copper. Samples collected in
1971 and 1972 of sediments, soils, and fish have been used.

The work on mercurv which ha anndiantnd he My NAan-~143

1: g . DA
A Am A ~hmemmd S o~
Standiford T CAC SACITLLAl CCo

9Y S J
been completed as a thesis problem and will soon be published.
A summary of some aspects of fish analyses are given in Table 6
for seven species of fish and eleven organs or tissues. Between
species of fish there is no correlation of size to mercury
concentration. However, in the analysis of size groups within
some species of larger predators, there is an increase in
mercury with increased size. The mercury concentration of
muscle of trout is low but the concentraticns in the vital
organs of liver, heart, kidney, spleen; stomach, brain, gonads,
and gills are higher than in other species. Of the various
tissues, the mercury concentration of muscle when averaged for
all species is the highest, followed by that of liver.

jSC L oilive 1771 iflad

Fig. 4 provides a summary of the biological magnification of
mercury in progressive trophic levels. It clearly cixemplifies
the concentration through the paths of the food chain and the
maximum accumulation in the large predatory carnivores, especially
walleye and bass. Some of the former had concentrations above
the safe allowable amount of 500 ppb.

Table 7 includes some preliminary analyses of five metallic
cations. Analyses for copper have also been done but data have
not vet been corrected for percentage recovery. Sediment
samples are arranged from the San Juan River downstrcam to the
dam. These results are preliminary and interpretive discussion
is not appropriate at this time. Many of the techniques
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Fig.4. Relation of Lake Powell trophic levels to mean ppbh Hg
concentration and magnification factor relative to
shoreline substrate.
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refined for these cations will be applicable to.the others to

be included in the study. The results are also valuable in
indicating some of the variations and peculiar problems, 'such

as high concentrations of zinc associated with sewage disposal
areas and apparently derived from zinc in the chemical, portable
toilets used on boats. Thus, metallic ion analysis relates to
sanitation programs, recreational use, and gasoline consumption,
as well as to natural resources.
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SECULAR RUNOFF TRENDS IN THE MAJOR SOURCE AREAS OF THE UPPER
COLORADO RIVER BASIN: G. C. Jacoby, Jr., and C. W. Stockton

Much progress has been made toward fulfilling the cbhjectives
of this subproject during this, the first year.

Field collecting of tree-ring samples was accomplished during
two weeks in August, 1972. These collecticons, which were made in
the major runcff-producing areas of the Upper RBasin, will supple-
ment the existing tree-ring samples. At each of 12 sites at least
trees were cored, two cores being taken from each tree. The to-
tal number of cores collected is more than 225. Fortunately, most
of these cores have proved to be satisfactory for use. 1In only
one site, Uinta D, did several of the cores prove to be undatable.
This was not totally unexpected because most of the trces sampled
were so cld that they tended to be rotten toward the center. How-
ever, the four trees (eight cores) that did prove to be datable
are of good climate-sensitive guality and of superio. lcagtli.
Table 8 gives the current status of the nececsary initial analy-
sis of the samples, the final step of which is computer processing
to reduce the measured ring widthe to a stationary time series
(see Fritts [1] for further detail).

Concurrent with the processing of the tree-ring data, workers
been collecting, evaluating, and placing on computer punch cards
the total monthly runoff data from 15 stations within the Upper
Basin. These data, averaging 40 vears in leuagth, have been col-
lected mostly by Johkn K. Yu, a hydrology graduate student hired by
this project, ané are now ready for calibration with the tree-ring
data. Thug, the investigators are now prepared to
reconstruct annual runoff records from the five major runofi-
producing areas. The first area chosen for detailed study 1is the
Whiterocks River drainage in the Uinta Mountains, north-central
Utah. A detailed explanation of the reconstruction for this area
follows. It is felt that this reconstruction gives a good esti-
mation of the long-term runoff trends for the Uinta Mountain re-
gion. This, then, is a major step in fulfilling the primary ob-
jective of determining the lceng-term runoff trends in the major
runoff-producing areas that supply Lake Powell.

Tentative Reconstruction cf Annual Runoff Series
for Whiterocks River near Whiteroccks, Utah

Dendrochronologv.--Four tree-ring sites (A, B, C, D) vere sam-
pled within this basin during the summer of 1872. These sites
were chosen parallel to the long axis of the watershec s¢ that the

"change in elevation and inherent climatic difference could be in-

corporated into future runoff reconstructions. Relative site po-
sitions and elevations are shown in Figure 5 . Some of the perti-
nent statistics relating to these sites are listed in Takle 9.

Of interest in the location of these sites is the distribution
of tree species within the basgin. There are very few Ponderosa
pine here, the zones keing (from upper to lover) Engelmann spruce,

1

0
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Whiterocks River Drainage, Utah
Area = 115mi.?

Map of Whiterocks River drainage, showin
gaging station and tree-ring sitcs.
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Douglas fir, and pinyon pine. Fritts [l] has shown that maximum
climatic information is contained in tree-ring sites at forest
borders rather than in interiors. In the case of the Whiterocks
Basin, most of the basin (approximately the upper three fourths)
is covered by a dense stand of Engelmann spruce. Site A was se-
lected as a representative upper forest border site for this spe-
cies. This site is at an elevation of 10,600 feet, near timber-
line. Past experience at the Laboratory of Tree-~Ring Research has
shown that such high-elevation sites are most reflective of tem-
perature changes, rather than of precipitation changes as in lower
elevation sites. Thus, the predominant stress-creating climatic
factor, which is reflected in the annual ring widths, is seasonal
distribution of temperature. Trees growing under such stress con-
ditions tend to be long-lived and produce comparatively small ring
widths. In addition, since the controlling climatic factor is
temperature and temperature does not fluctuate widely from yeaxr to
year, these types of sites tend to have relatively low mean sen-
sitivity (high {requency variance) and are most useful in exhibit-
ing temperature trends. From Table 9 , it is apparent that site A
typifies such a timberline site. That is, the mean ring width is
small (.599 mm), the mean sensitivity is low (.1135), and the se-
rial correlation is high (.7056).

Site B is located at the upper forest border of Douglas fir
and site C is at the lower border of Douglas fir. Site D is an
upper border pinyon pine site and is a sensitive, long-duration
series. ‘rhe dating and measuring of this site have onlv recently
been completed; consequently it was not available for the follow-

'ing reconstruction analysis, but it will be utilized in future

analyses.

As can be seen in Table 9 , the tree-ring series from sites B
and C are guite similar,with site C being somewhat more sensitive
to climate than site B. This is indicated by the mean scnsitivity
values, .3354 versus .3037, and standard deviation, .40325 versus
.3567. Also, the fact that average growth (ring width) at site C
is less than at site B suggests greater climatic sensitivity.
Overall, the series statistics from both sites are indicative of
good climatic information content.

The first step in data processing was to compute a principal
component analysis. This was done in order to (1) evaluate the
spatial coherence among the three sites, A, B, and C, (2) do awvay
with the necessity for selecting key sites, and (3) obtain inde-
pendence for the variables to be included in the least squares
prediction equation. However, before this analysis was made--and
on the basis of earlier modeling work for tree-ring series (see
Stockton [2] )--the individual series were lagged upon themselves
so that the final matrix of the sceries contained 12 variabkles
rather than four. These 12 variables are interpreted to represcnt
not only the spatial but also the temporal coherence of the se-
ries. The principal component analysis indicated four prominent
patterns within the series for the three sites. Eigenvector 1,
which accounted for 26% of the total variance, illustrated that,
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in both time and space, site A is grossly different from sites B
and C. Eigenvectoxr 2, repre oentlnq 22% of the variance, also
stressed the difference between site A and sites B and C, but in-
dicated that in terms of time patterns they tend to become similar
as frequency increases. Eigenvectcr 3 demonstrated that there is
a two-year period in all the series. Eigenvector 4 suggested a

pattern of wide (or narrow) in 2ll threce secries, followed by two
years of opposite and then a return to the flrst condition. The
conclusion from this analysis is that site A 1is substantially

different from sites B and C and consequently reprecsents an addi-
tional source of information. To determine the effect of includ-
ing site A in the analysis, the same type of analysis was run only
on sites B and C. In this case eigenvector 1 accounted for 53% of
the variance, showing the great similarity ketween sitec B and C.
In fact, in eigenvectors 1 through 4, sites B and C maintain a
constant pattern. Only in the time freguency doinain is there any
contrast between the two sites, and then it is subtle.

HydrOWva ~-The runoff record for this basinp sugges 5 a typi-
cal snowrelt runoff situation, with the peak occurring in May and
June but sometimes carrying over into July. The rccession ‘limb of
a typical hydrograph appears to extend to November. However, the
basin is small enough that carryover from onc year to the next
appears to be negligible. In some years f(e.g., 1909, 1914, 1917,
1952) there appears to have been a subkstantial amount of runoif
in August, at which time the trees were in the middle cf, or just
Ceasing, ¢rowth for @ that vyear. In such cases, he next vear's
ring width is affected, resulting in a too-high value for the re-
constructed runcff data for that year. Theoe prohlems can ke het-
ter evaluated after completion of a more reful analysic of the
rainfall-runoff regime, which is cuxr r;ntly bCLng undertaken.

The runoff record for this basin extends from 1900-13871, but
there are two periods of missing data, 1904-1508 and 1911-1913.
For thic reason, the analysis that follows is based on the contin-
uous part of the record, 19314-1971, and the earlicr parts of the
record will be used to check the reconstructed values.

Dendrohydrology.--Utilizing the results from the dendrochro-
nology analysis and the record of runoff for the period 1914-1970,
we reconstructed the annual runoff record for the Whiterocks River
for the period 1750-1969 (Figure 6 ). The reconstructed record is
based on the tree-ring series from sites A, B, and C, as it was
found that the temperature information in site & is useful in the
prediction efforts If site A is excluded, 56.¢2 of the variancc
in the recorded record can be accounted for using tree-ring data,
whereas if site A is included, 57.5% of the variance 1s accounted
for. As the study progresses, site D will be included and will
probably increase the predictability, as it represents a differ-
ent species on a differont site; as shown by Fritts [1] , it will
prcbably contain a different degree and amount of climatic data.

The first six YlnClpal components (i.e t“z l2-variable
tree-ring value mat rlx for the period 1750- l°7l v =ighted according
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to the eigenvector weights) were used as independent variables in
a least squares (stepwise multiple linear regression) analysis to
obtain the relationship hetween the runcff record and the tree-
ring series. To evaluate the difference in persistence ketween
the runoff series and the tree-ring series (in addition to allcow-
ing for modeling the autoregressive tendencies that might be in
the runoff series due to baseflow), seven different mathematical
models were tried. The criterion used for evaluation was the per-
centage of variance accounted for in the original 54-year runoff
record. (As the study progresses, additional criteria such as
comparison of frequency spectra will also be usged.) Table 10
shows the outcome of the model test. Because model 6 accounted
for the most variance, it was used for the reconstruction. This
mcdel is a mixed moving average-autoregressive model, which seems
appropriate in this case. Apparently, the baseflow component is
not significant on an annual basis, as the variables pertinent to
the baseflow component did not significantly influence the equa-
tions (Table 10).

The equation that represents model 6 is
fy = 88.73 - 5.89&; - 4.03E, - 4.97E5 - 17.38E,
- 7.59E; + error,

where

runoff at time ¢

i

E, = principal component composed of tree-ring values z
at time Lpddr Tg4ls Xy Tp=lo

Figure 7 is a plot of the reconstiructed versas actual values,
where the reccnstructed valuss were obtained from the above egua-
tion. The standard error is also shown. Using the above equaticn
the correlation coefficient of the reconstructed with the actual
values is .76, 57.5% of the variance in the 54-ycar actual record
is accounted for in the reconstructed values, and the standard er-
ror is 21.15.

The reconstructed record (1751-1969) shows a mean annual run-
off of 88,710 acre~feet (standard deviation is 23,955 acre-feet).
This mean is very close to that for the period 1917-1270, which is
88,710 acre-feet. Consequently, it appears that the averazge an-
nual runoff for the period of gaged runoff is not grossly differ-
ent frcem the average of the long-term runoff.

However, inspection of the hvdrograph of the reconstructed ce-
ries for the period 1751-1969 does reveal some interesting aspects
of the period 1900-1969. First, this period contains the mozt
pronounced trend (from high to low) of any weriod in the 220-yesr
series. Second, it appears that the period of the gaged record
contains the most extensive and. pronounced wet period (1807-1932)
of any period in the 220-year reconstructed record. Tiesec two
phenomena scem to correspond with similar cones in the tentative
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WHITEROCKS RIVER NEAR WHITEROCKS, UTAH
STATION NO.9-2995
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Fig. 7 . Gaged annual runcff values versus values reconstructed

from tree rings using the equation given in the text. The solid
line represents the locus along which the points would fall if
the relationship were perfect. The standard error hand (i.e.,
that band within which at least €8% of the values fall) is shown
by the dashed line. Correlation ccoefficient (r) is .76, and cot-
efficient of determination is .575.
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400-year reconstruction for the entire Upper Colorade River basin
(Figure 8 ) based on 14 widely disseminated tree-ring records. It
is interesting to note that the pronounced drought of 1852-18°0,
which is so conspicuous in Figure 8 ,does not appear in the White-
rocks reconstruction. Third, the present downward trend (1207-
1270) is the longest and most pronounced in the reconstructed rec-
ord. This seems to correspond with that in Figure 8 . However,
note that a similar trend occurs during the period 1605-1630 in
"igure 8 ; when data frowm site D is incorporated, it will probably
be possible to. push the reconstructed Whiterock River series back
in time to include this 160C0-~1650 pcriod. Figure 9 illustrates
nicely the duplicatioa of the trend in the gaged record by the re-
constructed Whitcrocks record, suggesting that the trend is due tc
climatic causes and not to man-made watershed modifications.

Conclusions

This preliminary reconstruction illustrates the capability of
tree-ring data for estimating long-term changes in the annual run-
off series. After the subproject has ccmpleted several such reccn-
structions and has analyzed the differences among the five major
runoff producing arcas, it will be possible to make a better estimate
of the effects of overall watershed modifications on the annual
runoff inflow into Lake Powell.
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Fig. 8 . Tentative 400-year reconstruction of annual runoff at

Lees Ferry, Arizona. This reconstruction is based on 14 chro-
nologies within the Upper Colorado River Easin that were in the
files of the Laboratory of Tree-Ring Research prior to initia-
+ion of the Lake Powell Project. A future similor reconstruc-
+ion will include nine additional chronologies sampled in the
summer of 1972 under the Lake Powell Project.

Lower graph is the same series .after filtering with a digital
filter that separates out the variance with a freguency greater
than 10 years. This permits the low-frequency tendercies to be
studied.




N -

Fig. 9 .

the tree-ring reconstructed series.

ANNUAL RUNOFF { x IOOCA.F.)

41

180 — 4 o— —o RECONSTRUCTED
RECORD
F . —— GAGED RECORD
i 2l
i '
140 — l‘ o
N RN
l | ’\o 7 °
. Ay 0§
Fad A iy
R R i ‘L/'
N , "Il d L l ‘ ‘0 ‘ A
100 | ) 7 \1r il | 45!‘ Vﬁlgﬂ }
‘\l e, YRR
.oy o
— | o i : i i
\!L t \‘”‘ J ‘J
. don b |
i
60— \l | .I
i % *
! W
- © v
20—
T I T T T T I 1
1800 1910 1920 1920 1340 1950 {260 1970

TIME SCALE

Graph of gaged annual runoff

series superimposed upon
This figure illustrates the

duplication of long-term trend in the actual series by the re-

constructed

series. -




42

IAKE EVAPORATION: Cordon Jacoby

The Evaporation Subproject is still in an instrument
evaluation and installation phase. The comprehonsive data
collection phase is scheduled to begin april 1, 1973, and to con=~
tinue for 18 months. Also, a dataw-reduction syosteom is bheing
set up at Lowell Observatory in Flagstaff, Arizona. This system
is in a design-and-procurement stage with an operational terget
date of late April 1973, when the first data tapes will be pro-
duced from the raft recording stations.

The various parameters to be recorded at the Lake are
outlined below:

Temperature

There are four thermistor probes per ratt., One measures
surface water temperature and one measures measn air temvuerature
between the 2- and 4-meter elevaticwns., The othor two prolos will
be used for additional air or water tomperature measurcronts as
needed.

From reviews ¢i other evapcration studies, it is apparent
that measurerent of actual surface temperature rcouires rore than
the standard approach to immarsing a temperature probe to @ shal-
low depth. The actual "skin"® temperature cannsi be measurcd
£his way. uUnder consideration by TERY rersonnal o Antarsinatinn
of "skin" temperaturc are two narrow-bank, infra-red radiometers,
one from Rarnes Engineering Company in Stamfexd, Connocticut.
This type of radiometer will be used to measure the temperature
of the upper millimeter or so of the water. The other radiometer
being considered is from Radiometrics, Inc., in Tucson, Arizona.

The relative humidity measurement devices tested so far may
may have technical problems. Thereforec, use cf two of the tharmistors
as wet "pulb" and dry "bulb" thermometers, is being attempted for
relative humidity or vapor pressure determination.

Relative Humidity

The R.H. sensing devices have had mechanical problems
and have been returned for rcadjustment by the manufacturers.

Wind Speed

, A Weather Measure Corp. Model W103 6L ancmoneter
with high-frequency tachometer is being tested and barring un-
foreseen difficulties will be installed on all rafts, This aremn-
ometer has a threshold velocity of 0.6 mph and a distance con-
stant of 7.3 feet. It is one of the mest sensitive instruments

available,




.

Solar Radiation

A Swissteco S-1 Radiation Balance Meter is now beina
tested at the lake and initial functioning seems to be acceptable
for net radiation measurements,

Recorder Systems

There are two Sierra Corporation Model 700 Digi
Recorders on hand and two on order. These recorders wene tes
and approved for installation by the Engineering and Research
Center of the Bureau of Reclamation.

Fourth Raft

This raft, to be located near Hite, has been deliverced to
Page and will be placed in position by the Bureau of Reclaiation
personnel,

Curr=nt Installations

Both recorders and instruments are being operated in the
Page area for testing purposes.

Lake Evaporation Data Reduction System (LEDARS)

.
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sition system (DAS) and the lake evaporaticn date reducticn sys-
tem (LEDARS). The DAS is the set of instrumented ralis on the
Lake. The LED2RS is at I'lagstaff at Lowell Observatory.

The lake stations record data on cagsette tepe. The system
described herein is to provide for digital computey reduction
of these data. A block diagram of the data reduction system (DARS) is
given in Figure 10. Primary data reduction is to be done on a
DEC pPDP-11 located at the Lowell Observatory Computation Center.
This computer is to be outfitted with 2n appropriate communica-
tions interface tc read the cassettes. Provizion will be made
for backup computation on an IBM 1130 (alsc at Lowell)} or other
computer via paper tape data transfer,

There are four field stations involved in the data acquisition sys

(DAS) . Fach station collects data from abcut 10 field seuzeors on

an hourly basis. The data from the sensors are digitized and

recorded on cassette tape once per hour. The tape contents are
equivalent to standard communications strings used on digital

dial-up networks. The data itself is a series of AUCII char-
~acters with leading and trailing communicationsz control ané iden-
tifjcation charactersz. 2 conventional telecommunications modu-
lation procedure is used.

The primary storage and processing media fox the DAS will
be Dectapa. Data on the Dectape will be chronological with
data from the four field stations cassettes meiged. At the nom-
inal dats acquisition rate and using two Dectape blocks per
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station yper day, 2 single Dectape will handle 2 months of data.
It will also providestorage for intermediate calculations and
cumulative statistics.

The software required to support the scientific goals of the
subproject is still in the design state, It is likely that the
software systemn will undergo evolution as the nature of the data
and its richness in terms of unexpected information content
becomes perceived through use. At this point, two conorcte out-
puts are possible: first, a series of six program descriptions
which constitute a primitive software support system that can
get DARS "on the air"; second, a list of questiocns and planning
activities which can provide the bacsis for a more powerful soft-
ware support system. A portion of the software will ko written
in the BAL-11 Assembly Language. HMost of the scientific data
reduction programs will be written in PDP-11 BASIC language Or
in FORTRIN for the IBM 1130,

The LEDARS system is being developed by Mr, Tcm Eeyle of
Flagstaff, Arizona, and the DAS by Robert Cudney at Pagc, Ari-
zona,

Figures 11 and 12 are plots of monthly evaporation hased on
data from the Rureau of Reclamation. These plots and data have
been furnished to the limnclogy sukprojects for their modeling
of +he rhemical halance of +he Talka,
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BANX STORAGE: Orson Anderson and Gordon Jacocby

In June of 1972, a survey was made of the Colorado River
canyon from the dam down to Lee's Ferry. One undocurmented
spring was examined near the ferrv site There was no eviw-
dence that any new springs or seeps ath;butahTG to the lake
or related to bank storage had devalcped as of the date of
this survey. The exception to this statement is in the im-
mediate vicinity of the dam-itself. The formations in contact
with the 1ake are: Entrada, Carmel, Navajo, Kayenta, Wingate,
Chinle, Moenkopi, Cutler, and Rico. Thesz for natl ns range from
the Upper Juracsic Entrada to Permo~Pennsylvenian Rico. In the
summer of 1972, these formations werc examined in the field,
fracture systems were measured, and trans pa;en* overlavs wverc
made to show what portions of the Lake were in contact with par-
ticular formaticns.

From the map studies, two tables were Gnvelnpcd showing the
arcas and relative amounts of the formations in the aﬁtua '"vn-

f\l

strate andshoreline of thclake and the areas and relative cmounts
within a 2-mile distance from the lake. Thes figures are shown
in Tablesll and1l2.

In appraising these formations as resexvecirs for hank storage,
only the Chinle is excluded as an aquiclude. The Carmel and
the Moenkopl have some thin low-permeahilitv lavers. bnt. partiv
Adun Fo the nracenaa nf thece 'l':\n:-rc' thaan Forwadtoove o f on T

a blrh fracture density and thercfore can rcceive sianificant
amounts of water.

In all cases, the presence of fractures in the forma
of major importance. The mapping and analyses of the
systems were done by Ron HNelson during the summer ficld s=
On the basis of this field work, he was able to desicnate four
sites for possible drilling of test wells.

In September, these four sites were examined by Orson And
son and Gordon Jacoby. The conclusions of this later study w
that the sites near Hole~in-the~-Rock and Hite would be most

feasible for test wells, A third site near the hcad of Bullfrog
Bay would be of groat interest; however, thore is no access route
that would not require extensive and expensive road construction.

r—
re

ae
ol

The Bureau of Reclamation has tentatively agreed to under-
write the drilling of test wells at the Hole-in-the-Rock and Hite
sites.,

Thin sections have been made from the rock samples co
in the summer of 1972, BAlso, triamial tests have becon ma O
1/2-inch cores cut from Lhe sanples. These tests and eramina~
tionc have shown the Ravajo and Entrada to be rclatively veoak
and less cemented compared to the Wingate, which has a much
higher ultimate strencth. The twinning in the calcite ceuent
in oriented +thin scctions of the formations is being used to study
the regional and structural fracture systems,




Tablell. Areas and Percent RAreas of Geologic
Formations Unoer Lakc Powell

Area Arca
Geologic Formation (sg. mi.) & of total)
Navajoc . . 103.5 38,2
Carmel ) 49.5 18.3
Permian & lower
(undivided) 44,2 15.3
Chinle 30.0 1t.1
Rayenta 14.6 5.4
Moenkopi 10.8 4,0
Wingate 9.5 ' 3.5
Entrada 8.4 3.1
TCTAL: 275.3 52.3
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Tablecl2. Areas and Percent Arcas CEMEEQEEEES
Formations within a z-Mile Clotance ¢1 Laxe rowell
Area
Area {sa. mi.) Percentaces
Navajo 496,96 40.4
Chinle 168.32 13,7
Cutler 163,68 13.3
Rayenta 160.64 12.1
Wingate 75.68 6.2
Moenkopi 70.24 5.7
Carmel 58.40 4.8
Entrada 34.72 2,8
TOTAL: ‘ L.223.64 .100.0
Table 13. Bank Storage
Estimated by
Calenlated Bureau of Reclamation
(acre-ft.) (acra-ft.)
Fall 1967 4,000,000 3,814,000
Fall 1972 7,000,000 6,936,000
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- The data from the observation wells of the Bureau of Rec-
lamation have been analyzed by Orson Anderson. The results so
far indicate that increases in head, raising the lake level,
produce large, nonlinear increases in the overall permeability
of the formations, Navajo and some Entrada, in which the wells are
drilled. These increases are attributed to the presence
of fractures that dramaticazlly increase the overall permeability
when reached by bank storage waters as the lake level is raised.

Model Studies

A model of the bank storage situation was made by drawving a
map of the area within 2 miles of the lake at full capacity.
This area was then subdivided into different geolcgic formaticns
that are in contact with the lake. The subareas were measured
by pclar planimeter to determine the arcas shown in Tablel2.
The total area of this 2-mile zone is 1,228.64 square milics.
This docs not include the surface arce of the lake whidich vould
be 266.6 syuare miles at full capacity. The area of the 2-mile
zone 1s very irregular as it follows the San Juan arm, tribu-
taries, and bays (see Figure 13. For geometric simplicity, the
area can be straightened out to a 4-mile wide surface bisected
by the lake , as shown in Figure 1l4. Dividing the arez by 4
vields an effective length of 307 miles.

At full capacity, the surface areca of Lake Powcll iz 178,620
acres and the volume is 25,875,000 acre-iteect. Dividano tho vol-
ume by the area yields a meen depth of 175 feet. Using a water
table sleope of 0.0125, which is helieved to be representotive,
the width, W, of the bank storage zous becomes apout 7,000 fcet
or approximately 1-1/2 miles. Using this weter table slope ana
saturated zone width, the volume of this zone can be calculated
to estimate bank storage. Assuming an effective poresity of 25w
and subtracting the Chinle aquiclude, 13.7%, the volume is 15,8
million acre-feet.

Twice gsince the beginning of Lake Powell the level has bLeen
relatively constant for a year or two; the first time during 1965
through 1967 and the second time during 1971 through 1972, For
each of these stages the averacde depth and effective length were
used to calculate bank storage. The respective calculated figurce
and Bureau of Reclamation estimates are shown in Tahlel3. The
figures are close enough to indicate that the model may he valid.
If it is, the banlt storage at capacity could reach about 16
million acre-feet and have a time constant for storage of about
2 years. This model is a vast oversimplification and needs to
be refined and re-evaluated as more data become available.
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PHYSICAL LIMNOLOGY: Woye M. Johnson

A quarter-year sampling schedule has been established and
maintained during the past year cn Lake Powell for the measure-
ment of seasonal (a) temperatures, (b) electrical conductivity
(salinity), (c) oxygen, (d) chemistry, and (e) turbidity distri-
bution. An irregular schedule for the direct measurement of
withdrawal currents in the lower half of the lake has also been
intitiated during the past year. The d&istribution, change, and
rate of change of these parameters will ultimately define the
mode and manner of the lake's stability and/or circulation. A
sufficient data base of this kind will be in hand by 1975. This
data will then provide the stimulus and means by which the
analysis and modeling of the lake's dynamics may proceed. 1In
preparation for this phase of the study, a computer data bank
has been set up on the Dartmouth computer system to facilitate
the retrieval, plotting, and treatment of the Lake Powell data.
The data bank presently contains all data collected to date.
Although comprehensive analyses and conclusions will probably
not be feasible until 1975, several conspicuous and interesting
results have already émerged from our study. Significantly,
most of these conclusions have resulted from the remarkable and
unsuspected role that dissolved oxygen plays in the lake's
chemistry and circulation. Some of the general conclusions that
may be stated so far include:

1 Mha Talean 3 Wey A Edmd b nen moncmmmed o e o0 et 22T )
LI ST LAT LT QY GOIINIILTN mSaCinio il (padltidad)y wraAclU)

4L 1is louwer end. However,tile anaeropblc conditions
conventionally associated with this state were precluded
in 1971-72 by mechanical mixing processes at depth
during late spring.

2. In summer, Lake Powell shows an exemplary negative
heterograd dissolved oxygen profile. As yet the cause
of this oxygen distribution is not entirely certain.

3. In winter, the lower lake shows a remarkably conserva-
tive oxygen content at depth. At this time, dissolved
oxygen is a convenient and crucial tracer for movement
of water masses.

4., The inter-water withdrawal currents in the vicinity of
the dam are instrumental in modifying the dissolved
oxygen distribution in the lower lake. These withdrawal
currents, therefore, have a direct bearing on the water
quality of the lower lake.

5. The rate of change of dissolved oxygen in bottom waters
seem to provide an accurate index of mixing and/or
respiration at depth.

6. The change of salinity in the upper waters during early
fall sugoest that side tributaries are the major evapocr-
ating surfaces in the lake system, outweighing the
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main-stem in relative efiect.

7. 1Inflow turbidity currents are present all during the
year, appearing below the epilimnion level in summer.

8. No seiches or internal waves at the thermocline level
are present in the lake. Vertical mixing by this means
is,therefore, precluded.

Some of the observations cited above have a direct bearing
on the original questions posed in this study; i.e. the biologic
productivity and potential of the lake, and the effect of the
lake on downstream water quality.
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CHEMICAL LIMNOLOGY: Robert C. Reynolds

The fundamental objective of the chemical limnology sub-
project is the development and refinement of a chemical model
for Lake Powell. The model will predict (1) the vertical and
lateral salinity of the lake, and (2) the net salt output of the
Colorado River downstream of the dam. Factors that control
water composition in the lake and downstream include (1) water
use practices in the Colorado River drainage basin, (2} sched-
ules of water release from Lake Powell, and (3) the detailed
circulation patterns within the lake. Because the latter con-
stitutes the main objective of the Dynamic Limnology Subproject
(Johnson), close articulation of the progress of chemistry and
dynamice will be necessary for the successful completion of both

subprojects.

Efforts directed toward development of the chemical model
during the past year may be divided into several categories, and
these are as follows:

1. Field work and sampling.
2. Chemical analytical work.
'3, X-ray analysis of bottom sediments.

4 Compnter pror‘o::inn nf analvtical results,

5. Laboratory studies of calcium carbonate precipitation in
Lake Powell watear.

6. Input and computer accessing of USGS data on the water
chemistry of the major tributaries.

Larry Mayer and Robert Reynoclds spent a total of 60 man days
on the lake during the summer and fall of 1972. 155 water and
50 mud samples were collected. These were collected from the
main channel and from the bays and lesser tributaries that drain

into the lake.

Chemical analyses of the water samples is approximately 2/3
completed. Coupled with data collected by the Burcau of Recla-
mation, these analyses present a comprehensive picture of the
lake chemistry for the year 1972.

Reconnaissance x-ray diffraction studies of all mud samples
have been completed and refined analyses of clays are in pro-
gress. Cores collected by the Sedimentology Subproject (Drake)
are a useful augmentation of the sample series. All clay work
will be completed by the end of the summer 1973.

A computer model has been coirpleted that takes into account
all significant ionic interactions and predicts the degrees to
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to which the waters are oversaturated in calcium carbonate,
given a chemical analysis and pH value. The model has been
laboratory-tested and is considered sufficiently refined to be
used routinely for estimating the saturation of Lake Powell
water with respect to calcium carbonate.

A laboratory system has been assembled and tested that mea-
sures the kinetics of calcium carbonate formation in samples of
Lake Powell water. Temperature and partial pressure of CO, are
controlled, and continuous recordings are made cf pH and conduc-
tivity. Calcium carbonate precipitation is indicated by a drop
in conductivity, and the pH at that point can bhe used, in con-
junction with the computer model, to calculate the degree oL
supersaturation necessary to initiate precipitation. This
equipment will be used to measure nucleation and precipitation
rates. These values constitute an important part of the final
chemical model for the lake.

Computer programs were written that utilize USGS water analy-
ses and discharge data from the Green, Celorado, and San Juan
rivers; the programs allow an estimatec of the annual salt flux
delivered to Lake Powell, and these data, together with our
water analyses and those of the Bureau of Reclamation, should
allow overall evaluation of the extent and types of changes in
salt balance in the Colorado River that are caused by the Lake
Powell impoundment. To date, approximately 2000 discharge and
100 chemical analvses have been transcribed to comouter tape for
this purpose. The computer model also indicates which ionic
constituents are most closely associated with each of the major
tributaries. Such information will allow prediction of the
probable effect on the lake of changes in water regime in each
of the three main drainage basins, the Colorado, the Green and
the San Juan.

The following constitute the major findings to date.

1. Bays such as Halls Creek and Bullfrog do not mix rapidly
with water from the main channel. They may constitute
separate systems that control certain aspects of lake
composition. If the lake is allowed to fill to design
maximum levels, the dynamic chemistry of the bay waters
may dominate the chemistry of the lake.

2. All bottom mud samples contain mixtures of illite,
montmorillonite, kaolinite and mixed-layer illite-
montmorillonite. ©No evidence has been found that suggests
alteration of the composition of the clays by reaction
with lake waters. On the other hand, quantitative
differences in mineralogy from place to place suggest that
clay sedimentation will serve as a useful indicator of
water circulation patterns, and of the exztent of scdiment
contributions from bank slumping.

3. All surface waters in Lake Powell are oversaturated in
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calcium carbonate. The condition is maintained by photo-
synthesis in the upper waters which withdraws CO, and
leads to an increase in pH (see Biology Subproject, Kidd
and Potter). Calcite precipitation must be a significant
factor in changing the quality of water during is transit
through the lake.

The three anions, S04, HCO3 and Cl are most useful for
identifying waters from the San Juan, Green and Colorado
rivers. A simple mixture model serves adequately to
predict the composition of the input to the lake, given
the discharges from these three tributaries (USGS data).




59

SEDIMENT STUDILS OF LAKE POWELIL: Charles L. Draie

Introduction

The scdiment studies of Lake Powell are aimed at the problems
associated with the distribution of the sediments in the lake, their
sources and the means by which they reach their depozition sitec.
These studies include examination of the character of the sediments
and their rates of deposition in different parts of tha Take.

Field Activities

Much time was lost early in the summer field season through
late delivery of equipment. When it arrived, the field activities
were carried out aboard the UMM Nautaline houseboat, the HKayot barge,
purchased by Dartmouth from O. Andersornr and the Boston Whaler pur-
chased with contract funds by Dartmouth College.

Sounding runs were made of the Colorado River Channel from the
Glen Canyon dam to Halls Crossing and of the Colorado River Channel
from the confluence of the Colorado to Clay Gulch (mile 51) in August,
1972. Scheduling problems with the houseloat prevented completion of
the soutndinas +to Hite nntil Tate Oatoher . early Noavembhewr 1077

For reasons of economy, the ORE seicsmic reflection profiler was
replaced by a Ross Fineline echo sounder. This cquipment had the ad-
vantage of a higher frequency, narrower beam output, which melkes for
better resolution of bottom features, but the disadvantage of a lack
of precision timing so that it is more difificult to compare bottom
elevations accurately with those of surveys made boefore closing of the
dam. Thus it is more useful in looking for annual changes than for
absolute quantities of sediment. S&ince the 1971 data using the ORE
equipment gave a good measure of absolute quantities, this problem is
more annoying than critical.

Coring was carried out aboard the Kayot barge. A gasoline power-
ed winch and a coring frame were installed so that piston cores could
be obtained.* During the 1971 field seascn gravity coies were taken,
but these were very short, averaging about one foot in length. The
piston corer has the capability of obtaining cores ten feet or more in
length that go farther back in time and permit better understanding of
sedimentation rates. Fifteen cores were taken in the Colorado River
Channel between the dam and Halls Crossing, thirtecn in August and two
in October-November. These were returned to Dartmouth for examination

(Fig. 15).

*Because the buoyancy of the catamaran was marginal with all equipment
aboard, the space between the floats was filled with large styrofoam
blocks,., an arrangement that was satisfactory for all factcrs: except
speed of the vessel.




Figure 15.

Dartmouth College Limnologic Staticn Chart.
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Results

The 1971 reflection profiling established that the total
quantity of sediments in Lake Powell is equivalent to that expect-
ed from measurements of suspended sediment and total flow of the
various tributaries. As anticipasted, the bulk cf the sediments
are those transported by the Colorado and San Juan Rivers ard de-
posited in deltas near the ends of the Lake. Minor amounts cf
sediment are brought in by floods in side canyons and locally
significant amounts of sediment enter the Lake by slidirg and
slumping.

The slumps have an effect in addition to contributing to the
total amount of sediments in the Lake. Where slumping has occurred
in considerable quantities, especially where the Chinle formation
outcrops along the Lake, underwater dams have been built that in-
hibit bottom transport of sediments to regions farther downstream.
These underwater dams are especially signiticant beivveen wilcz 10-21
(from confluence) along the San Juan and miles 142-152 (from Lees

Ferry) (Fig. 16) along the Colorado River. In both of these arcas the

seédiments are considerably thicker behind the slumps than in front
of them. Thus these structures have the effect of slcwing the move-
ment of sediment down lake towards the dawm. Similar slumping takes
place below the Rincon (miles 96-101) on the Coloradc hut because
the sediment influx upstream has already bheen sericusly inhiibited by
the slumps above mile 142, there is little difference in the amount
of sediments on the unstream and downetream eidec of thasas elumne .

It appears, then, that scdimertation rates in that pert of the
lake below mile 10 on the San Juan and mile 142 on the Colorado will
be quite slow and due principally to the gradual particle by particle
settling of very fine grained material. This is borunc out by pre-
liminary examination of the cores which, except in slump areas, tend
to be very fine grained clays and muds.

This program benefited from maps of the outcron geoloay of the
Glen Canyon area, prepared by the bank storage group, whichclearly
showea areas of outcrop of various formations (especially Chinle)
which constitute the wetted perimeter of the lake.
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BACKGROUND AIR QUALITY: Eric G. Walther and Michael D. Williams

This report is divided into:

1) Measurement and Statistical Analysis of Ground-Level
Background Air Quality.
2) Communication with Systems Analysis Subproject.

1) Measurement and Statistical Analysis of Ground-Levcl
Backaoround Air Quality.

Daily readlngc of the aerosol number concentrations have been
obtained since 3 September 1972 with a Small Peorticle Detector.
Some statistical measures of the aerosol data are given in
Tableld4. The monthly means are all legs then 1500 om which is
rmuch lower than the mean of 10,000 cm ° for mecasuremenis made in
Flagstaff, Arizona, [3 ] but higher than the median of 520 ca~ 3
[4 ] and the mean of $00 cm‘3 t5 1 feor oceanJc measurenents
tabulated by others. The minimum of 280 cm” 3 obLtaineG in Deccrber
1972 is an extremely low value usually obtaincd only in very cican
regions. All readings below 5000 cm~2 are conzidered to be back-
ground values while higher readings are rejected as contaminated.

Hydrocarbon analysis by gas chromatography is continually
being improved, but so far only methane has becen coniidently
measured. The data obtained since 23 October 1972 is staticti-
caJLy summarized in Tablel5. The overall mean of 1.66 ppm is
iighoy chan dae 1.5 ppm [ | {7 § and the i.z ppn | g pat Lowver
than the maximum value of 2.4 pvm [ 9] measurcd by others.

Recently, thie gas chromatograph was successfully mocdified
with a nickel catalyst column to measure carbon monoxide (CO)
after conveltlng it to methsne for detection by iflame ionization.
CO data is expected for presentation in the next progress report.

After extensive testing of the sound instrumentation in the
field, it was discovered that it is so quiet at remote sites in
the Lake Powell region, less than 30 dBA (decibels weighted on
the A scale to simulate the human hearing response), that the
instrument indicated incorrectly because of internal electreonic
noise in the amplifier. This problem has been remedied, by the
addition of a preamplifier and recalipration. Preliminary
readings since indicate a minimum sound level of 25 dbBA near
Antelope Rock, Navajo Route 22, and the Navaio Cenerating
Station under construction.

Initially it was assumed that all of the air quality para-
meters measured by this and other projects would require statis-
tical analysis. Accordingly, computer programs for ithe analysis
of all data were prepared. However, it has since been concludcd
that some data requires little or no statistical manipulation
while in other cases it ic felt the data should bc examined for
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Table 14. Aerosol Number Concentration Statistics
Concentration (cm—3)
Start End Number Standard
Date Date of Data* Mean Deviation Min. Max. Rejects
Sep.72 30 Sep.72 27 1458 622 580 3450 1
Oct.72 31 Oct.72 29 1288 517 580 2460 0
Nov.72 30 Nov.72 25 1428 865 580 4750 1
Dec.72 31 Dec.72 31 1116 592 280 3100 0
Sep.72 31 Dec.72 112 1313 710 280 4750 2
Values > 5000 cm—3 rejected as non-background.
Table 15. Methane Data and Statigtics
Concentration (ppm)
Start End Number Standard
Date Date of Data Mean Dewviation Min. Max.
23 Oct.72 31 Oct.72 7 1.66 0.63 0.88 2.67
1 Nov.72 30 Nov.72 23 1.55 0.27 0.96 2.05
1 Dec.72 321 Dec.72 31 1.73 0.25 1.26 2.36
23 Oct.72 31 Dec.72 61 1.66 0.32 0.88 2.67
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differences related to man's activities. TFor this purpose -the
samples have been separated into several categories including
urban, non-urban, and those obtained on the lake. Each of these
categories has been further divided into weckday and weekend
samples (including holidays). Samples rclated to local meteoro-
logy such as relative humidity and wind specds have not been
similarly separated.

Presently, complete statistical analysis programs are
running for aerosol samples, noise samples, and relative humi-
dity. TFor continuocus measurements such as noise and reclative
humidity, daily averages, maxima, and minima plus the percen=—
tages of time the parameters exceced ten specified levels are
calculated. Daily and monthly averages, minima, maxima, and
standard deviations are presented along with f£requency and
cumulative distributions of daily, monthly, and total data.
Aerosol number concentrations are treatced similarly except. of
course, that only monthly and total parameters are obtained.

Additional computer programs are being modified to handle
data from the gas chromatograph and for some of the other para-
meters presently being measured by other investigaticns.
Furthermore, raw data on measured particulate size distributions,
loczal visual range. and visual range will probably he requcsted.
This data would permit high-lighting of the ceffects of man's
activities at the lake.
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There will be four kinds of outputsc asscciated with the air
quality sub-contract: (1) predicted effects on vigibility, scound
and odor of man's activities, (2) predicted stresses of toric air
pollutants on terrestrial vegetation and aninal life associated
with man's activities, (3) predicted deposition rates on scil a
water surfaces of potentially significant materials, and (
picture of current air gquality in the region.

nd

In each of the first three categories, there will be two
components: (1) predicted effects associated with diffusc
sources and (2) those associated with power plant activities.

The first component will include auto emissions from both recrea-
tion related uses and from residents (including those working on
power plant construction and operation), and the emissions from
power boats. Predictions will be based on estimated cemissions,
dispersion calculations, and correlations found between man's
activities and measured air quality parameters.

Visibility

To illustrate the nature of calculations performed we will
consider the impact of air contaminant emissions on visibility.
The principal parameter which will be used to characterize the
impact on visibility will be the wisible range =-- the maxinum
distance at which the average observer can just distinguish a
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high contirast object. The visible range for an observer right
next to a plume is:

VR,
VR = VRb - 30 Jodx
where
VR, = the background visible range
fodx = the integrated light scattering and absorption across

the plume.
The last expression has sevaral components:

= . r st 1
Jodx fcfdx + ,opsdx + fcpn x + foNozd“

associated with the contributions from fly ash, particulate
sulfate, particulate nitrate, and nitrogen dioxide. Each indivi-
dual contribution can be written as:

It

foidx Q, X(s,v,d) g(s,d)Si Ca+i(RH,£,t)

where Qa source strength of the contaminant a

x(s,v,d) = concentrations resulting from a unit source during
stability, s, at distance, d, with wind velocity, v.

g(s,a) = shape function whilcn related concentrations intcgrated
over plune width to peak concentrations.

wn
il

scattering and absorption per unit mass as a function
of composition and particulate size distribution.

Ca+i = fractional conversion of contaminant a to i ac a
function of relative humidity (RE), light levels (X&),
and travel time (t). Ci+i z 1.

The source strength Qa can be further given as:

Q, = (P.P.R.) (1 - Ea)Ra
with
P.P.R. = Power Production Rate
E = collection efficiency of control devices for
contaminant a.
R, = release rate of a for unit power production rate.

In general ¥, g, and C__. will be determincd numerically.

. : . ~a>i e ] , X -
VR, will be determined from the ambient air guality data,
while the distribution of relative humidities will be obtained
from meteorological data. The Zinal output will bec a
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distribution function for the visual range, under varying
assumptions of viewing angle, control level, and power output.

This treatment relates only to the defined portion of the
plume. The contaminant sources will also contribute to the
general background; this will be cstimated also. In addition to
description of the plume appearance a description of the freguency
of its location and direction will also be presented.

The diffuse sources will be treated similarly except that the
sources will be related to vehicle use rates and the plume will
be a diffused cne associated with a ground level-area source.

Air Contaminant Stresses on Plant and Animal Life

In this case predictions of ground level concentrations of
contaminants known to be toxic to animal or plant life will be
made. These concentrations will be given by: '

X = Q.x (s,v,a) C

ag a+i(BH’£’t)

where ¥  (s,v,d) refers to ground level concentrations. The prin-
cipal cdntaminants of interest here arce: hydrocarboas (internal
combustion engines), carbon monoxide (internal combustion engines),
sulfur oxides (power plants), fluorides (power plants), phosphorus
(power plants and internal combustion engines), nitrogen dioxide
(rnaviar mlante and {ntarnal ~anmhniesism arginan) ) and poveiond-deg

1 i - i

e =
~

(Llll]:)d-\ft‘:‘d LoaGas anda puweL L’ch’lllLo, VIVEIY J'l.Y asll ana Cunivsl Leu s us L
and nitrates). This part of the program will identify location
expected for the maximum one-hour, thrce-hour, 24-hour, monthly,
and annual averages. It will also predict fregucncy of occurrence
of levels within 20% of the peak.

.
a e D
S

Concentrations above odor thresholds will alsc be identified.
Summaries of threshold levels for plant damage will also be
presented. Effects on plants can range from death to slight
growth reductions.

Ssurface Interaction Effects

The deposition of a contaminant can be expressed as:

D, = QW(s,v,d)C_; (RH,&,t)E(V,8)A; (m)
where g(s,v,d) gives the interacticn rate for unit source strength
and f(v,s) gives the frequencg of occurrences of stability, s,

wind velocity and direction, v. A, (m) is the surface absorption
coefficient for contaminant i interfacing with surface of material
m. The principal materials of concern fall naturally into four
categories: (1) nutrients which can increase the growth rate of
some tvpes of vegetation, (2) toxic materials which may concentrate
to levels in soils which are camable of poisoning plants or poiscn-
ing animals which feed on the plants, (3) materials which may
interact with material surfaces and alter their characteristics,
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and (4) materials which can degrade water quality for some uses.
The first category includes phosphorus, nitrates, iron and
potassium. The second category includcs lead, arsenic, selenium,
and molybdenum. The latter two share the property that they can
accumulate in plants to levels which are toxic to animols without
damaging the plants. The third category includes acids such as
sulfuric acid, phosphoric acid, and nitric acid. Sulfur oxides
may also interact with materials. The result of the inkteraction
could be the elimination of surfzce features such as pictographs
or desert varnish. Features such as petroglyphs which are
relatively deeply etched into the surfaces are much lecs likely
to be affected. .

Nutrients are apt to be particularly significant in an
agquatic environment where relatively small amounts of critical
nutrients may produce algae blooms with possible odors and fish
kills. Calculations of direct deposition of these materials on
water surfaces will be presented along with emounts depositoed on
watersheds draining into Lake Powell.

Noise

Noise will be a particularly important paramecter of the
measurement program. It is hypothesized that noise levels will
influence the recreation which occurs at the lake. The measurce-
ment program will permit some extrapolation of noise levels.




ENVIROMAENLAL TMPRCT ASSESSMEAT PRACTICE AND ITS REGIONAL, DMPLICATIONS,

pet

TAKE POARLL. RGION: Robert H. Twiss, Tuna B. Lecpoid. Donald W. Aitken,
and Nancy Wakeman.

The collection of impact statemants, in dveft or final form, which
has been mzde, was in itself sufficient to indicate that proiects being
considered within the Upper Colorado River Basin, may have wevaluited
but potentially important effects on Lake Powell, end on the resicn, as
well as in the local vicinity. Yet, nearly without exception, the impact
statements were concerned with only the local or near site effects.

The impact statemants do not remresent all of the construction or
development proiects that might be in the planning stage, but provide
a sample. The reports studied for the Upper Rasin, grouged in broad
categories, are of the following cheracter and nuaoor:

Alterations in wilderness 8

Highway construction 9
Weather modification 2
Power development 10
Water development 14
Mineral development 8

Lists of impact statements were scannxld, copies reguoested and a
final selection made fram thosa received. Both final end draft state-
ments were chosen to see if it were possible to compare stages in tho
develogment of impact statenents. :

MM er swtrsrmiia Ao Aed armani Fa s Fymaa 46317 A ~vrmcmnT A Finm Ao 4=
inne avoenne Q02 Uo7 ZDWCIT U0 ST sl et 20T JIXTDLC, LT gAY

stataments on the BEC's Wagon Wheel Gas Stimalation Project rovzalaed

that they were identical with the exception of an gzperiin of letlers
from reviewers.

Interviews with agency personnel responsible for writing inpact
statements were conducted. While nost agencics ackromledged pronlems,
the reasons for inadeguncies diffcred from agancy o agincy. In come
cases, staff was narrowly trained or wndermanned, in most cases budcelt
was limited, and in a few cases a handpicked st=2ff, while coipetant,
reflected strong bias toward raestrictel agency objectives.

The available reports have been subjected to an initial characteriza-
tion dealing with three principal categorics:

1.  Presentation of Material

2. Technical Content

3. Project Purpose and Justification

Under each of these sub items the impact statements which the investi-
gators thought might profitably be included were list~d. A sawple of
the reports was analysed to sce to what oxtent thers was an cdeguate
discussion of each category of subject matter. In this manner o cample
of the reports has been evaiuated, while at the szie tinc .
and growing list was cawpiled of the characteristics which a full and
useful iupact report should ccntain.

The development of this as yet inconplete list of thz characteristics
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cf a gocd impact report will help give direction to the work to be carried
out in the forthcaring year.

The most important finding to date has been that no agency socms to
have developcd a method or even an approach to the problem of relating
a particular project to the region, and to dovmstream effects. It is
in thiz regard that the subprojects dealing with water quality, lake
sedementation, lake water chemwistry, and others are iwpoctant to —=
and will interact with — the subproject on impact assessment. For example,
the impact assessment subproject will aim at developing a regional picture
of new sources of chemical alteration of water quality, and this will be
related to the results of the subproject stwlying water quality in the
lake and in the inflowing rivers.




Table 16. Partial List of Impact Statements, Upper Colorado River Basin
WILDERNESS/RIC. HIGITWAY

Iegis. Prop. to designate as
Wilderness 7,700 acres of
Colorado Nat'l. Momrent,
Colorado.

Iegis. Prop. to Designate as
Wildermness 8,780 acres of
Gunnicon Nat'l. Monument,

Colorado.
Legis. Prop. to Designate as

Wilderness 16,3C3 acres
of Bryce Canyon Nat'l.
Park, Utah.

Flat Tops Wilderness Routt
and White River Nat'l
Forests, Colorado.

Legis. Prop. to Designate
Pine Mountain Primitive Area
as Pine Mowntain Wilderness,
Prescott & Tontn Wat'l,
Forocte, Mrizmona,

Legis. Prop. to Designate
Sycamore Canyon Primitive
Area as Sycamore Canyon
Wildemess, in Coconino,
Kaibab & Prescott Nat'l.
Forests, Arizona.

Grard Teton Nat'l. Paxk
Master Plan 72-31
Increase Public Use.

Trois Teton Wilderness Area,
Wyaming, Designate
Wilderness in Grand Teton
Nat'l. Park.

Construction of Elk Mountain
Road in the Santc Fe National
Forest, New Moxico.

Colorado River Bridge (Joint Project),
Yuma County, Arizona.

Rio las Vaces - Semorita Section,
Santa Fe Nat'l. Lorcst, Sandoval
County, New Mexico.

SR-87: Mosa-Payson (Boelinz)lwy.,
Gila County, Arizona.

Arizona Torest Higinay 3
Ccconino Nat'l. Forest.

Squaw Flat Confluence
Overlook Road, Canyonlands,
USDI.

Jim Bridger National Forest,
\’/.‘.k'rrvni ney.

Confluaence Overlock Road, San Juan
Canyonlands Nat'l. Park.
Shiprock to Farmington
San Juan Co., New Mexico

four—lane divided highway,
Navajo Reservation.
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Table 16., cont.
PCWER DEVELOPMENT

El Paso Natural Gas Project,
New bMexico.

Broonficld Water Transmission
Line, Broanfield, Colorado.

Transmission Line from Hayden
to Wolcott to Vail, Routt
& Fagle Counties,
Colorado.

Construction of Coal-Fucled
Electrical Genercating Station,
Hayden, Colorado.

Lyman to Torrington, Wyoming
Construction of Transmission
Line.

Navajo Project, Arizona.

Kortes Unit, Pick—-Sloan
Missouri Basin Program,
Wyomindg.

Proposed CGenthermal Steam
leasing Program: Alaska
Califormia, Idaho, Utah,
Montana, Nevada, New Meiico,
Oregon, Washingtcn, Arizona,
Colorado, South Dakota,
Wyoming.

San Juan Generating Ctation
Coal Mine & Transmigsion
Lines, Colorado.

Huntington Canyon, Emery Co.,
Utah, Coal burning thermal
elec. gen. station.

72

WATER DEVOLODENT

China Meadows Dam & Reservoir,
Lyman Project, Utah.

Bear Lake Creck, Colorado.

Pueblec D:im & Reservoir,
Fryingpan-ark. Project,
Colorado.

Guadalupe Watershed Prolect.
Maricopa County, Arizona.

Proposed Waste Treatsoant Projece,
Col. 251, Creoley, Coilorano.

Crystal Dom, Cureccnti Unit,
Colcrado River Storage Project,
Colerado.

Bear Crceit Dam and Lake,
Colnrado.

Pecos River Basin Water Saivac=
Project, New Mosico and
Texas. :

Las Cruces Iocal Flood Pirotectisrn
Project, Naw Muico.

Central Acizona Projcct, Arizona.

Iegislative Propocal: San ILuis
Valiey Project, Colorado.

Navajo Project, Arizona.
Yellow Jacket Project, Colorado.

Twin Lakes & Mt. Elbert ILake Co.
Colorado., Dam & Roservoir.




Table 16., cont.

MINERAL RoSOURCE

Rio Blanco Gas Stimmlation
Project, Rio Blanco County,
Colorado.

Navajo Project, Arizona.

San Juan Genecrating Station Coal
Mine & Transmission Lines,
Colorado.

Black M=sa, Arizona.

Project Wagon Wheel,
Wyoming.

Proposed Prototype Oil Shale
Leasing Procram, Wyoming,
Utah, Colorado.

Experiment "Mixed Co.",
Mesa Co., Coloraco,
Experiment with explosions.

Coloradn, Wkah ¢ New Mevico
Leasing MEC Land to priv.
industries.
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WEATHER MODITPTCATION

Colorado River Basin Pilot Project
for Weather Modificaticon.

Winter Orvographic Cloud Modification
Expr -iment.
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ECONOMICS chaul Ren-~bLavid and F. Lee Brown

The wajor progress of the Fcornomicsz subproject
development of an ciuplicit conceptual framoierlk :
econory of the Lakne kowell rogion can he curiond
frerm wiiich p”ch"fwcn as o the future couvrse of
andoer clternative internal apd eXternal manofdoernant o2

he projacted, Wh1s Lrﬂ“e”crl arose fron the conjmection of an in-
creased familiarity with the worling oconciey of the rEaLon andc

the necessity of ansverine cuestions addennscd Lo Rooneries
suhproiject v the project as a vhole, fltbo“

and is heing expended aimed tovards the o
of +his conceptual framevork, it seems usae LS ROy ara
rcpo:t to OwdeSch the econcric model aa it he s consiructed
sirca this model has not heen forrzally 1aid oub herotofors in the
literature of tho I'owell prnjech.

Mhey hacio roacerch rodael will be a rocicnal oo

in vhich +he finencial intercctions Ol
units of tho chlon are linked tocethor _
cutsicde +he region which are cithceyr recipionts of erpon
from wishin the region or are purchasers of cocos o
from the region thereby heing yrovi€ers of fondn to
I£ the gualiflcations necessary are qy~ﬁ"' i
input-outjut mocel may be uscd as a deco
ac<01nt" svztens (See Tahlel7,) lMirst Jh

bl . - - P S -~ ~ _,.-,' hl LAk S -
Ceiata saee e Ch 4 iR raaSaaldlel Fa A A Y O N I I
ic nut ol Jinear production re lar:irm*;:'r*jp:, DuT rethon
financial roletkionshiips. ™ilo clrowiniarce veioes the

lity that the constanay of finanaial
tha nroporiicon of sales goinag to a p,
to the usual assunytion of a consta
arriving from a particular sector.
@i fficulty with the appliention of the I-0 *”"““’”””‘? VI
A sceond distinction that should he dra o tho st nwwiﬁ mndel
is in the deternination of the soctors appearing in the rodal,

“The aaccounts ayve hetween ceconoriic units >n a firm or institviional
A

basis and not Le catecory of product or service, This hrechcorn
steris from an interpretation of the needs of the project as A
whole in which there seems to be little neced fox p;?jFPLLGDS re-
lated to a categorv such as automebile services recion=-wide and
more need for knowledge of %Lhe potentisl effects of alternctive
policies on such sectors as the Page secondary pusiness corTamndty
as a whole.,

The division of the econonic units in the accovnts o
internal anc extornal groupincg rests on an undarciandir
nature of the activity in which the unit is encagoed as
it is a "local" opcration or not. 'ris distinction dees nobt rest
on ouncrship since, for instance, Tablbitt's {o crocery {
nent store) wvill be incluced x-zit?':in +he Page second cu." R

sectoyr even though ownerghip rosidas in }‘u‘n”uan v
erced outside the region, Conversely, the DBurceu o
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operations are categorized as cztarnal aven though they are physi-
cally located in the region, In this inztance the decision rests
on thie fact that the scope of this unit's operation are infliucncaed
+o a large cxztont by forces corrletely erogencus to the Lavre Povell
econory. 1This classification rule, wiile a(rLLrocT" not a hard

and fast houndary line, would neam to £it the nocds of the proj
bhest.

ot

Thile the I-C mocel itself describes financiel flovis, ceaffi-
cients of elployment can be devaeloped which converi the i i, ci
's financial aCthlL] into les

[AppEas

econoinic uni
Thane confl

3a

ol 2

cients, while based on the m:nvi. EECHINEY 1

ory of the unit, cn ke nrojeactcd as chanqipg chicv L&

FIO” of ﬁvonts fﬁctatc cr sugaert such a chandga.
'7101u1 employr ond

had and rrojectio:

armmloyrant,

L
£i.
nancial hist
the widerlyl
In this menn
wall as +nc pﬁbtorn of eﬁWLo"*r
concerning future levels and no

Fleribility wvith regard to prod
igs not confined to the employnant
transections matrix of the I-0 L

fic dollar flow from one matrix unit another
structed from the financial rocurﬁs o| *hn wnits
constancy of the tochnical cocfiicilents thenselve

not only from the historicel reuuka evidenend ny
ratrix put also +hronch persenal interviows wwith
- -
connactad widh anch nnid wha sva raenanesin At
PP R A e R At da S S I A ] ~emm T e - PP
Nedal N cdANA L e bh Nt P e 1 T O S i O I S R A I S
noitts of chan

hasns

T - . E% ALoa. - . e o - . N oy
R that rpatter: ey hest Lo wnden

3 For

- - -
LOT o

! ; .
hafony e;pc*c:«"o’ movemant in these deteming m.,r‘., thoen e
matrin for that vear will reflcoct the adjustod nad :
a -

ditures expected and the totals “WG rattorn of incope and einio)-
ment for the redion adjusted accoxd ingly.

0f the three major external sonrces of erpenditurcs in thz
region - governmment, power, and recreaticn - changns in the wat-
tern and levels of expenditurcs of the first two ’
hy the interview method outlined aheve togetier Wit
the political science componcnt, H0wevcr, in the c¢
ation decision-mal-ing dees not rest with a sincle i
srmall group of individuals. Inntcad deteininction
expenditures at Lake Powell both as to pattern end 1

centralized process with each consuning unit, e it individoal,
family, or aroup reaching decisicns on their own hcol incer

£ any centralized decision-maling hody, This is not an unusuzld
situation lhut is a general characteristic of renst of the fincld
consuiing scctors of an econorys, Whnt is unwsuaW arout this
catagory of consumer cxpenciturcs is the relatively low fhcxhn of
success that econconists, socioloocists, and otqar resenych

achilcved hy wvay of Lr'"'cing & GuneluL arlanati roare ,
hehavior., Zsice from deoveloping inconc and Cico Lot conoo-
tually and e.plrlcally, as varinhles detoeyrin

lLohavioy
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precious little general theory exists which has any significant
decrce of operaticnal power in exploining ohsarved behavior,

=) 41.
Since the first prloxlt is the descriptien of the Powell region-

a2l econony according to the framevorl devaloped ahove, the mee-

reatiocnal relationship constructed and estinated will he an en-
renditurn function as opposed to the wsual demand function altho ual;
inforration will he compiled on usar 61;5 r‘ the ehility Lo con-

vert +o demand for purposcs of optimizaticon will he prasoent.

Tvo approaches are heing developed for the ostiratiorn of this
exgenditure relationship The first, more tradivicnsl i naturn,

is €O construact a Nul iple coxxelation (privcip )
linling aggregate expenuiture o corrclhthc va1¢.r' O
ceptually can he linked to erpenditures or which have bhecn Jound

to be correlated vith oxpenditure in previecvoo studies. The: CoodnT;
vhich is inncovative in nature, is to break the sct of roecyeaiion-
al users and potential users into svhorow:n hasad on 4 sivilacity
of cypanditura hahits P‘"‘“T‘]nf hodira ceneidarnd pen o oaokie i
Iresiz such as fis;lﬁir'(*, mut ine, &lC., Vi o n pmreon e
ity characteristic bas such as jpercenn ving Conoawey Tioon
everyone, persons who llhe to stay in contore, Eavine hro-
ken the set into subhgrowns, the ag

¢
! ;unption vould then Ln wmﬂ~ that
all users in a subgroun have essoentially 1('P*3tul err

n

havior and thus an expenditure rclation at the
ing unit ]evo] can he Cutlmducd This relation

applicable to potential users as & v(] useys,

f"--:"“ — 1. ,.'l——». L " . L ‘.‘. B LI PO - Y.
L RS E . N N ¢ [ A

e v dina OSSO I SIS S Y PUIL S-S L SNV

OlEe wWilt Deviny rerained a poneiilel user reiinnd Theil an acuiiL
user is that his set of determining variables has not vet roashaern
a threcshold level for that class of users vhich pust he crosood
hefore that urit hecomes a Talke Forell user. The thuccheld csn
be estimated hy naking intensive use of tha first tirn voers,
gathering identical information on ther for hoth the veer telore
and the year in wvhich they becama 2 usar.

e b’j projecting

Projections of future e“pennltavoq can ro me
the number of potential users in coch subclass who -1l crocy the
threshold in a given vear hy considering a ijoint 5ensity funciion
which describes the distribution of the determining charactoristics
among the population as a whole and prejecting changes in this
distribution over time. Aggrecating the appropricte cupenditvres
over the subgroups, a total evpenditure fron racrcation to cach
accoun tino sector can ke estimated as well 2s a hasis for projec-
ting future evpenditures.

-r:?."




EPIDEMIOLOGCY: Stephen J. Kunitz

The accomplishments of the first 6 months of this sub-project

-

b 3

ave been rather more methodological than substantive. As noted
in the progress report of 23 October 1972, the first problemz to
be deali with included: 1. some measure of the reliability of
the Indian Health Service computer tapes and; 2. an cgtimate of
the loss to the TS data system represented by people seeking
carc in other facilities and paying for it by mechanisms other
than government contract.

To deal with the first problem, a random sawple ci records
from the Indian Health Service Area Offices in Window Rock and
Phoenix covering fiscal years 1971 and 1872 was coded. To simp-
lify the presentation, results will he shown only for the Vindoo
Rock Arca Office for fiscal year 1971. For that coffice and yeox,
512 records were randomnly selected and reccded. An attemst was
then made to match the sampled records to the data proviaed by
the Indian Health Service on their IRM tapes, which had been
puriched from copies of the sane recozds. OFf the 512, 47 (or 9.2
percent) did not match (the parameters matched were focility
number, individual hospital identification number, and date) .

The remainder did match on these parameters. Table 18 indicates
the other parameters that were matched once the original matching
i
!

was complieted. In general, the agreaient is rather h h hetween
the rarcading And the ariginal, thus agiving congiderah AAnTidsnca

g
=Y
M 4=T1s -~ =l
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T A sl A Al TS s AF bl TUC = o
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in tho roligobility THS fapcz. On tho cthe
which refers to the actual trvth of the varicus i
Lirthdate, diagnosis, and so on, canuclt be measar
could only be established by interviewing the patients; )
the original medical record, and talking to the physician who

k

~ e
PPN

will have to be assumed for the time being.

The loss of the 47 cases occurred primarily in two montbs,
November, 1970 and June, 1971. In June especially there was a
large loss. This is accounted for in the follcwing way. When
a patient is discharged from the hospital, a clinical record
brief if filled out in triplicate (a specimen is provided in the
original LPRP propcsal). One copy stays with the original medical
record, a second is sent for filing to the Area Officz, and a
third is used for kceypunching directly to the IBM tapes. In June,
1971 several batches of the form used for punching were misplaced
and have never been found.

To estimate the loss of patients to the IHS record-keeping
system, all hospitals on and around the Navajo Reservation were
visited to find out how many Navaje patients they care for and,
of those, how many are paid for by other than contract funds
supplied by the THS. Anyone. who is paid for by private insurance,
woriimen's compensation, medicare, or any other means will not
enter into the system and would thereforc be lost. Tables 19
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Table 18: Agrcement Between Random Sample and IHS Tepe.
F.Y. 1971 Navajo Area Office

Birthdate
Sex
Tribe

Community
of residence

pisposiztion
date

Primary
diagnosis

Disposition

I'requency

450

400

457

461

Match

Percent

96.8

99.6

100

98.

w

9y.o

98.3

99.1

No
Frequency
15

2

~J

Match
Percaent
3.2

.4
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Table 19 : San Juan Hospital: Male
(minus newborns and stillborns)
Diagnostic Non-Indians Non~-Gov. Gov. Ind.
Category Percent Ind. (percent) (pexrcent)

Infective 5.51 9.33 7.53
lieoplLasms 3.606 2.07 -
Endocrine 1.03 1.55 -
Blood ' .66 - | -
Mental‘ 1.43 - 2.15
Nervous ' 3.75 1.55 2.15
Circulatoxry 10.03 4.66 -
Respiratory 15.69 20.21 1.08
G-I 17.27 14.51 . 5.38
G-U 7.27 9.33 11.83
Fregnancy - - -
Skin 1.47 3.11 1.08
Musculo-skeletal 2.79 1.04 -
Congenital 1.36 - -
Perinatal - - . -
I1l defined 7.71 4.656 5.3¢
Accidents 19.58 27.46 63.44
Special .59 .52 _ -
2722 193 93
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and 20 provide information on discharge diagnostic catcgories of
Indian and non-Indian male and female pabtients from the San Juan
County Hospital in Farmington, New Mexico for fiscal years 1971
and 1972 combined. It is clear that: a. those Indians paid for
by government contract have a hicher proportion of accidents and
pregnancy than do either the non-Indians oxr Indians paid for by
other means; and b. Indians paid for by other than gcvernment
contract have a profile of discharge diognoses which appear to be
intermediate between the non-Indians and the Indlians paid for by
government contract. What these two findings indicate is that
the payment mechanism probably reflects entry into wage work (and
therefore coverage by insurance), and this in turn iz reflected
in a diagnostic spectrum which is moxe neurly akin to that of the
Anglo, wage work world than it is to that found on reservation.

The data from the San Juan County hospital was better than
from any other hospital. If it is assumed howevci that it
represents a random semple of the discases ciauyncsed DY sudi
facilities for Indians not coversd by governneint contract; and 1ii
an estimated 500 Navajos in thc region each year have hospitali-
zations paid for by other than government ceontract; and if it is
assumed further that 60 percent of such patients arc women; than
it would appear that about 120 deliveries per year, 24 accidents
among women, and 54 accidents among men are lost from the .
keeping system. Other categories are of even less signiflicaace.

Bv these two cxercises. it nas been shown that tha ThS vecovds
will cover with adecuate reliability the vast majority of bospital-
izations for the Navajo tribe. \s accidents and pregnancics are
two of the categories of hospitalivation in which therc is rost
interest, and as the loss to the record keeping systerr of such
events appears to be minimal, it is evident that the data are
adequate.

In addition to dealing with these methodological probleams,
a manuscript on changing fertility patterns of Navajo and Hopi
Indians has been written. This will provide background material
for analyzing fertility patterns as they are reflected in the
IHS data at our disposal. It has also provided background mater-
ial for a grant application to the National Institute of Child
Health and Human Development for a study entitled "Fertility and
Family Planning among the Navajo Indions." This study builds on
work currently being done on the eastern end of the reservation
but also incorporates much of the data from the anthropology
sub-project of the Lake Powell Research Project. It should be
known by May, 1973 whether this application has been approved
and funded.

Finally, it should be pointed out that one of the major
objectives of the Lake Powell Resecarch Project and of the epidem-
iology sub-project is the understanding of the impact of modern-
ization on a tribal socciety in an undeveloped area. WNow that thc
IHS record keéeping system has been explored sufificiently to know
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Table 20: San Juan Hospital: Female

(minus newborns and stillborns)

Diagnostaic
Category

Infective
Neoplasms
Endocrine
Blood
Mental
Nervous
Cirxculatory
Respiratory
G-I

G-U
Pregnancy
Skin
Musculo-skeletal
Congenital
Perinatal
I11 defined
Accidents

Special

Non-Indians
Percent

W
N
[

w
.

w
[oh]

10.28
13.54
29.79

.65

.02

7.90

.63

4445

Non-Gov.
Ind. (Percent)

12.20

287

Gov.
(Pe

45.

35.

82

paymrent
rcent)

64



many of its limitatiocns, it ought to be possible to deal with
these substantive issues in some detail.

Clearly, the study of changing fertility patterns denrends
on very close working relationships with the anthropclogy sub-
project. Studies of air quality and respiratory disease have
depended on collaboraetion with the air quality sub-proliect. As
yet there has bcen no chance to explore some oif the epidemiolcgic
consequences of the high coliforin counts reported by the bioleay
sub-project.

Excellent cooperation from the Indian Health Service has
continued. In addition, as noted in the first progrecs repont,
it is hoped that data and analyses provided by the epidemioclogy
sub-project will be of help to the Navzajo Health Authorify in
program planning for the future.
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ANTHROFOLCGY : Jerrold E. Levy, Lynn Robbins and Reoland Wagncr

I. Progress: Data Collection

A. During the period fram October 1, 1972 to January 31, 1973, the follcw-
ing tasks of data collection were performed:

1. Half of the field interviewing in the Page - Leche-e arca has
been comaleted.

2. Interviews of local Navajo politicians, comamity leaders, Anglo
wion officials and enployers ars continuing.

3. Interviewing in the Red Loke and Black Mzsa areas has bogun bun
is proceeding slowly due to hzavy snoviall in the aria.

4. A survey of earlier commmnity studies on the Navajo is aliwat comr
pleted and most of the econcmic and demogrephic data have beon
tabulated. ‘

5. Navajo workers employed at the dau and power plant have uon
identified and are currently being interviewed.

II. Prcdblems .
A. Cuarront Problems - Integration with Oystas inmalycis

1. The major prcblem coicims thie (et o provide the Syctoms lnalysis
sub-project with quantifiable data as socn as poscible.  The
Anthropology sub-project, howaver, is not scieduled te codn and
tabulate the field data wtdl the sumuzy of 1973 and compuier
print outs will not be available wntil sometime in Septeii
October, ‘

2. The Anthrepology rescarch aims primarily at synchroaic data from
which no causal statemants can be made until restudy. Systems
Fnalysis needs soms iNdiCation Of Trands over Tums SO 1 rro—
jections and cauzal links can be made. Rostudies of the thorae
arcas would not be mada until 197¢, if then. In consequines, the
quentifiable demogrephic and eccnonic data being collectod nod
cannct provide the directional indicators necdad by Systims
Analysis.

3. The arecas wider study represent cnly a fraction of the total

Havajo Rescrvation and there are coasiderable diffcronccs Lotreen
camunities and areas of the reservation. The Systoms Analysis
sub-section is concentrating on a small geographic arca. Vhether
the impact area is typical of the Navajo Reservation as a wiwle
camnot be determined oy the use of local data alone. There must
be same way to place the impact arca communities into a larger
tribal framework so that the inpact of changing tribal-wide
policies and demographic trends on the study areas can be esti-
mated in a gquantitative manner.

Some attempts to cope with these problems before August, 1973 have been
made so that tne Systems Analysis can proceed without undue delay. These will
be outlined here.

In ordexr to obtain pertinent data for the
"pre-impact" period, investigators of the subproject reviewed,
initially, work done by Wagner in the Page - Leche-e area in 1969 and by Levy
in Red Lake and Tupba City for two time levels: 1960 and 1967. 2 further re—
vicw of all earlier commanity studics of the western Mavajo Reservation and
of selected siudies in other areas of the reservation was made. Domographic
and economic data have been tabulated and commnity differences have become




lE Il I N BN BN TN BN AN BN BN BN B B EE = EE

eeile~e

apparent. Dossible sources of difference have heen identified. In conjunction

arviey data frean tho

with preliminary tabulaticns of the rocently collectod int
area,investigalors hope tohe ablec to provide a pro
and deiograptic trends over time in sevaral "types" of Havaje commiiticos.
Anthropslogy has also worked with Dr. Thorss Poyle of Flagstall te davelop a
simple medel of the Navejo Reservaticn using econoiic, OEIgoALe Fond?
base variables. Data from tlils project would be used by Poyle
model and his findings in twm will help Anthrepology identil:
fluencing the stidy communitics which e not revesled by micro-ondly
the community level. These added direcnsicusg, in tarn, will b wiilizzd
Anthropology when data is fed into the ¢ 5
success of this venture depands upon Dr. v .
to proczed beyond the preliminary model he deviesed s winter.
liminary results of comparative commuilty survey are presented in the soot
Preliminary Resuits.

-

B. Current Problems: IEpidemioleyy cnd Systems on
i O CaL LB RSN G SR S NS ST AR
and Loth, in turm, with Systems Analyels has recoatly enorgoc. Al fhis U
ture, the nature of the problem may be outlined and proposed sclution pioa:
sentad. No substantive work has becn wdertaken at this wiritdng, hovswer.

A very high rate of population grc:ih has been characinristic of tha lavajc

at least since the establishment of the reservation in 1868, Iha dzgres o
which coonaric bettermont in the irpact arca will incrcose the popula
by immigration and by natural increasc must be estimulcd in guntl
for Svstems Znalvsis. The reservation wide medical dafa alysocy
Kunitz for the epidemiological sub-proicct reveals several arcos of
discase and mortality patterms. Kunitz hsg presonted a aopor- ot ling
factors influencing the Navajo population over tims. In sdditicn e ho
ed on a study of fertility in the casitzin end of the reservelion which in-
dicates that significant changes in fertility rates may e the rosalt o

L ]
r~ Ao - Il W TR
A1 L DOLITL
e

economic and social variables and not the result of the introlfuctic
control programs. At this juncture it is necessary O 1) plot accura
fertility trends for the total Navajo populatien and 2) gatner accurals

fertility data in the impact area. In the first instance the results will bo

used in Boyle's reservation model to show long range interrelationships batween

population growth, changing economy and land base. In the second instanca
Anthropology needs to know how typical or atypical the commmities of the im-
pact area are and what course they may be expected to follow in the next few

years. The anthropological questionnaire is already too long to permit adding

questions relating to fertility. Ievy ond Kunitz are looking for sone way O
reinterview women in families at a later date. Good fertility data in con-
junction with the detailed cconomic, domographic, ond social data from the
Anthrepology project should strengthen Systoms Analysis projecticns con-
siderably.

III. Preliminary Summary of Results

A. Community Survey Baselinz Data

Taple2 1 displayvs the commmities for which there iz baseline data o area,
play Y

tfype comaunity and time lewel. Table 2zdisplays basic eccnomic and domo-

graphic data froum the comuniities closest to the inpact area. With thoe ox-

ception of scm: of the restudies, which used the same data gethering tecmigus

Page

nety study oF cconsnic
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at two different times, the data from each conrmnity are not strictl
Differcnt criteria for the basic sociological unit and different gauges of in-
caune make ccrparison difficult. Damographic as well as economic variables do
distinguizli cammmitics by type so that the problems alrexdy noted do not
appear to be insurmcuaicble. '

Examination of the variables causing differcnces batween comarmi iz
sane type in different areas of the reservation has not yet been accon:
For instance, the degrec to which pepulation dmsity is affected by presence or
absence of paved roads in communitics which are essentially pastoral in sub-
sistence has not yet bzen eramined.

})emc;q::fc:g}ly:: 211 of the data show populaticn grosth over time. Populet icn
expansion has been greater in the central and ecstern ~tions of the reser-
vation in the past but the western commnities may bLe catcning uvn. ‘lherc is
still a lover population density in the vostem arca, Houschold size agpears
to be stable botll over time and by area for pastoral mities. Mot wcn-
pectedly, wavajos in vrban aieas iwve smalle IoueEioids vhen O pesiCal,
rural Navajos. Interestingly, there is no clear pattor for the wego- Wit
comunities of South Tuba and Ieche-co Chapter. Tuba reme Louseholds

ins large Loou
while Leche-e Chapter has small houscholds conpareble to thosc found within
Page. Tuba City is an older cammunity which has attrazted lar 2rs Of
welfare fanilies cCue to the presence of federal and stace walfaxe offices which
are not found in Pagz. Tae job supply in Tuba has bcen cxwending over a leng
period of time which allows children o stay at home after maturity. Whether

Pagz and Leche-e develcp in a similor mamer remains to be detenminzd.

Economics: Reservation wide surveys in 1935 and 1940 chow clearly the
effeois of stock reduction and the naticnal Coprescion.  Per cepita income
Gaclined precipitously, but the shiflt to a wigl ecincmy W larg iy effected
at this time for many communities. Since tie Second Wovld Var, par Cagrite

come has risen steadily. Reservation wide fiqures indicats that t
have not kept pace with the rising cost of living. Data frem coamaunitics in
the western area do not conform to this pattera, hosover. 4ot Rod Lake, awal
increases slightly higher then the rise in the cest of living ave found. AL
Navejo Mountain there has been a ten per cent increaze in per capita incom2
annually which is in excess of the rise in the cost of living each year. Tuba
City has just kept even with inflation. The rcasons for these diffcoronces
are not immediately apparent and will demand attention daring the coming monthis.

As expacted there is a higher per capita income in urban and wagz-work
areas than in pastoral communities. For exarple, pastoral cormunities had
aromnd $325 per capita in the 1960's; wage-work families in Tuba City had
around $1,000 and urban areas from $1,400 (Flagstaff) to $1,600 (Page).

In order to set the Navajo trends into parspective, diachronic data from
the surrounding states as well as conterporary data from non—-Indian com-
mumnities in the impact area must be obtained by the econcmics sub-projact.

B. The Page - Leche-e Area
As of this writing, approxiwately holf of the target populaticn of the
arca has bzen interviewed. In 1969, Wacgner found €0 houseliclds in the area.
.

ca by the tribe.

This conformad to the population estimatz made for the a

1y comparable.
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By 1972, however, a large nuber of jobs had become available at the power
plant. Navajos from outside the arca arrived, setitling in Page and in the in-
mediate vicinity. This migration has swelled the total Vavajo pooulation cen-
siderably and it will be next to impossible to intervicw zli the vage-work:y
transients. At present, th2 arca is sucdivided into theoe Gy of settlo
Page, Lache-e Chapter, and the pastoral Leche-e Grazing District. Witnin these
arcas distinction is nade beiiiesn "loczls" and “immigrents". Salient e
pressions may be presented at this time. :

Ny
R F

Pcpulation expansion has b2en rapid dus to immigration. Curreatly the
sources of wage-work are transient or secuonal. PBelwesn 15 - 1600 jobs
available at the Navajo Plant. When construction work 15 over Eivds il
crease to about 300 pamanent jobs. How wany of thzse will be hald iy
is not yet knowm. The “"locals" are less skilled than dis "irwidgt '
a consequance, have less job stability. Uhore is wvery stong o
outsiders (Navajos) are getting all the geued jubs. Ilhgrant wew
men and are able to get and hold jobs bevter. Tho inco of
creasad apprecianly.  Virtually cevery huousciod '
lievertheless, the style of censunption duos not 2ppoiur €O
is this new wealth ¢oing? ‘lhere is drinking anong both grovls I
workers manage to hold their jdbs while uichilled lecals do nol. & nt
workers from the mine on Black Misa have come to Page to tahs cdwantage
higher salaries.

& Cwils A TAT e
. 1
2

b

The overall picture is one of increcsing cowpatilion with considoieble
resentinent within the Mavaio population. An even more p2rvasive €o0se of re-
amrtment 1a evmrosssd abont dewrloomwents in the area cmerallv. Teand Hovaaes

do not feel thoy have any control over dacisions affecting
cisions regsrding the dem and power procduction wers mud? Long
appraised of what was heappening. This ferling of brinyg wanipuls
wncomon one among Navajos. ¥hmt is striking in this orce is
felt it was not going to be this way. White plamerc and
various agencies had come into the cosmunity perscnol v te
would get jebs, etc. But the "locals” fewl that the towist
jabs for Whites and only menial jobs for thom. A feeling of

-
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by all poser groups, including the tribe is a part of the c¢aoneral rescniment.

The effects this resentment and conmumnity heterogeneity will have on the
political structure and tribal decision making will have to be detcrmuined. A
history of the Navajo settlement in the area and its leadership structure will
be an important aspect of this effort.

With Cther N

C. Navajo Tribal Records and Intervis »
From mid-iugast to mid-Decamoer Principal Investigator tonuins collected
Navajo Tribal reports conceming enployment figures from the Navajo, Black izsa -

Lake Powell Railroad, Black Mesa line and Glen Canyon Dam. All of hese data
were generously susplied by the Navajo Wation and the Bureau of kaclamation.
The reports contain the names, positions, hourly wage, and addresses of Navajo
workers. With these datait will be possible in the future to calculate the
amount of moncyderived fromyages by members of the Navajo Tribe. It
should also be possible to plot systowatically the areas from whicn
workers are recruited. All of this information is immediately pertinent
to the subproject's comparisons of alterations in the kinship
structurce of Western Navajo communities that are the result of Lake




were conducted Lo initiate the goals of the second year of reoasiyui.
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Powell and associated developments.

7% further elucidate chenges within Navaio comrrunities and houscholds,
Pobbins interviewed labor wnion leaders, Tribal cofficials, industrizal por-
sommel and officials of the Arizona State Mnployment Sorvice. These inter-
views dealt witii percaptions of enviromwmtzl chaange, as wall as receultmont
and training of Navajo employecs, and the erxpectations and carecr goals of
joo-seeking Navajos.

Upper-echalan Navajo and Angle parsonnel in the Netional Paxl. Service,
Bureau of Reclamation, power conpenies, Burcaa of Indinn Zffairs and the
Navajo Nation werce interviewed to discorn development schemes, ciplommt
projecticns, end political and econcmic decision-moking. These incc:

initial contacis will serve to facilitate the intervicys that are to be con-
ducted in the second year of rescarch which is to deal with peliticnl action

S HSC JEES PO
ana AeClaion Toaling.
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SCL 1] 1A

Perliins and Ga

1. PrOO -ess Toward Achieving ¢ The Glen
Canyon Dauwi and Lake Powell corolc“ was Croat ] result of the
activitics of a political coalition of Upper CO'w'aQO River Rasin
interests. Legal rights and political power were assoritas within

r

and by this coalition to accowplish the establishment ot
River Sterage Project (hercaftcr CRSP).,

The Lecgal-Inst 1tuu~0uu] Subproje s devoted its fi

to the scupy cf the legislative
Proiect Act of 193¢ (thoafinv
the nanrnor in which conscervation valuos

rights we 1

the Colorado

aro treated in the looislative
achieved the research and moest of
objectives of preparing a bikliocr

\
subject of water managcment C“leLOn thjLu QJYOﬂtLDq t““ U
Colorado River Basin; develeping models for evaluuting the ds

making; ﬂocumenting the legisliative history ol CROPA; o

parti

_11

tha Cclor

R

BN I

LAY

cularr

the relative cextent to which policies promoting tnc prast

the environment and American Indian water rights wvere or
venracentacd ana rﬂ-rﬂ-a_rj{-q_xr‘? in nact watar manocoarant Aecia
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a group of draft reports and will only bhe sumn,: ived din
STacCe.

The Subvroject has sought to accumulate and analyvce
legal and political information that will make it possii
intelligently to questions concerning the inmlications o
in the many variables which make up the water maragement
the region. The Subproject has followed £wo approaches
lecal and political information that can be uscd within
disciplinary framework of syﬁtems analys First, it h
to develop a general model of water wanpccmcn* decision-
the region so that a large range of alternatives can be
gently handled in the future. Second, it has identified,
to interpret, particular legal rights and polltlc_l dema
has permittcd fnc Subproject to suggest how variovs asse
implementations of an isolated legal right or political
an]lcatLOWu throughout the genarapuical rONiOH. This &
been used with respect to the Native Amcrican rights to
demands of conservationists, as well as the interests of

T

i
ie Lﬂ TEononk
£ chanjc
systomn of
in develoioing
the inter-
as attemptced
making in
more intclii-
and soucht
P%s. This
rtions ox
demand has
pvrroach has
water, the
various

developmental groups. The advances made by the Subproject in both
2 g b Lo

of these approaches are discussed in this progress repor

a. Genercl
process of identii

“odel For FEveluating Decision-Haking.
ring, describing and anaivzing the principal

t.

Throuch a
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decisions, decicg Jon—mlklng institutions and comperting values

historically involved in Upper Basin water resource dovelopment,
the Subproject is arriving at a conception of the 1iing
institutional dynemics surrounding water manaqvment in theo
This concepiion can he partially describod in terms of Lvo
models suugested by Theodore Lowl. His "dictiloukive”
account: for the dominant cvents leading to the formsticn of a
political coalition in supwvert of CRSP, wherces bis "rognlatory”
model provides a Con””ptuMW frameworh for urdersitanding the

emergence of political Iovess vhich opposcd zor, and yvielded 1O
other, parts of thc CRSP systen '

»J
C
-

in intense bargaining.

et
3V :

(1) "Distributi

postulated a "dist STToelive” Godel TR
larce coaTltlmn_ that resolve their internul
a sufficiently large pOllyluul uloc to oblain

Y e 1.7 P LI
VIlC O ol LT LT ol

iz nost a'pllchl“ Lo the wake Towel
policy histerically. "Distrilbutive'
almost by the ahsence of policy,
fixed rule to determine the allocaticn of publiic recources
rather a practics of dispensing those resovrcez in a piece
fashion, by vote trading and "log rolling,” to those who |
established legitimacy as recipients. Thus, potential wa
in the West, thlnn ‘legitiwacy establishod by traditional
roclamacion pOiicy, SEER SuppOrT Lo wrojulcd, DOT Uh ook uBls
of t¢“ed cconomic rules but on the brsis of a variable standual

1 il

»f "ability to pay" or a “"benefit-cost” ratio.

With many local groups having an interest in promoting projocis
of interest to their regiocn, it is natural that they will scch
allies in their common efforts to extract svroori frow the public
treasury. A natural coalition ig formaod anc:o SR Rets.
SuppOlt for similar projects. They will endcuvor to resolve tlhein
differences so that they will not be competitive in facing an
indifferent and sometimes hostile political ernvironment. Above
all, they will live by what Helen Ingram has called a rule of
"mutual non-interference" with eacl other's projects. lorzover,
they will endeavor to extend the boundariecs of their coalition
by implicit and sometimes explicit bargains with groups huvwn)
little concein with local or regional probloms, TbJJ, SUpPOItars
of reclamation pulicy may gain the bdcklnq of {those whose DLTDCLL“l
interest is in £looa control, navigation or othc vAllvc works.,

The structural arrangements for distributive politics involve
an almost symbiotic relationship among three groups: leocal spon
£~

sors of a particular project, an agency and its local offices to
serve as sponsor and technical support for projects, and a
Congressional committec mada up of members of Conuyress froam the
area bhenefiting from those projects.  State Lyax cies way algo
provide political leadership for local groups when no serious

L')
jan




intractate divisions exist. Reclamation policy fits the model
almost pcrfectly with the Burcau of keclamation and the Committees
on Interior and Insular Affairs of the House of Reprecuceatatives
and the Senate performing the latter two reles.

A further char WLLGllStWC of dl‘f]LbelV“ volitics is that
either becauce of the die dgcxothOd charectcor of the projcectrs -~
none of them is so ]drgs as to imposa an urreasonable and obvious
burden on other greouwns —-- cr because of efforts tc prove that

the beneficiariss will in fact pay for the hunefits thoy roceive,
the impression is conveyved that there are only winneod and no
loscers in adopting a given policy. Thus, in recl-onaticon policy,
projects tend to be ir Olutcc from Lach othaer cxcopt vhen aggroe -
gated to make up a formidable political pachass such as tho
Proiect. In addition, evaery o

Colorado River Storayw

nade to demoncstrate either thot no
reclamation projects, tl

\

flort is
G4 11
directly in poyvients and incirecil
federzl treasury, or that tho sub!
other grouns in the United States,
flcod control projects.

The SUHPIOWDCt hes been documenting the forces biohind the
CRSP political coaliticon to determine ways in-whicn tlie process
comperts MJQh or differs from the Lowl "dictributive" model
Refinements cf the model are being souyght and develepoed. A re-

Loon wnona thoe

(-
fined understanding ©L the comnetition and cCouvporat
state and local interests in the Uppor Dasin is necassaiy To any
effort made during Year Two to chart the probable !
political conseguences of "action vairiables
subproliects.

—~

The distributive model is remarkably apt for usce in under-

standing the broaed workings of Couleorado Rivers ey P.*:oj:ct,
authorized by Congress in 1956. The billion-dollar-plus OJ(w*

is composed of foux storagc uzits and morc ithan twenty participating
irrigation projects. These facilities are located variousl;

throughout the Upper Basin, in Wyoming, Utah, Colorudo, Arizona
and Now Mexico. Glen Canyon Dam and Lake Powoell constituts the
principal storage and power production unit of the Project.

The Coloradc River Storage Project is a product of political
accommodation at all levels -- local, regional and national. It
represents the cfforts of a regional ¢ coalition of hundreds.of
interest groups, bound together by a mutual desire for publicly
funded and subsidized water resource development, working with
and through a sywpathetic federal agency and congressional
committee structure.

he formation of the coalition can be summarized as fcllows.
direction of Concsress, the Durcau of Reclamation con- -

h

At the
ducted a comprehensive study of possible irrigation, storage and
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hydropower projects for the Colorado River. The regional offices
of the Bureau consulted ”lo=mlv with represcntatives of state

water agoncier in this proces Favorablc approval by the Exccu-
tive Branch ¢ the possible pLOjOCtS was withheld hecausce the

water entitlement of each state in the EBasin was not veit dotermined.

The Upner Rasin states negotiated a cowmpact to divide the wateaer,
rather than resorting te litigation. The compact gave birth to

the Upper Colorado River Commission, composcd of representatives
from the affected states. As the primary institution repragent ng
the T'WLLLJOU.Of Upper Basin watcr interests. the Cor” }
earhcaded the promotion of tho Coloxado River Steragr
talte in ths Upper Ba sin bavgained to gain pa“ra
ts and units within the ﬂcTOl pvroject.  Implict
tate's claim was its water entitlement under th

KN

Tn order for thc Commission to prescent a united front hafowoo
Congress, differences within and aimong statos had to ke connozed.
coAnve it 4 i Ol

urisar:

In Colorado and hew MNexico, fov fastonce, t
promising of claiwms hetween rur.l intore
interests outside the Basgin. The intrasteote institvtions involved
in this bargaining process includ municipalities, wa :
farmers associations and Indian tribes.

B R T
S wicnin &

As the various proposad projects becane
legislative package, their political and cc nomic in:e:c“
became fixed. The £edel 11 elective officers from cach

conditioned their sunport of the overali cosiition uion
certain project u=nh11ts for their own stz:tc. The cuenanl
dependancy of the various proposcd irriovaiion
power production units, prlnclp“l}v Glen Conyon Do
throughout. Without the inclusion of the Coun Juan-
to serve Albuquerque interests, for example, therc
could be no Glen Canyon Dam. Without the prospect of

1
PR NEY

from the salc of Glen Canyon powei, there econumically )
no San Juan-Chama Project. These linkares esitablished during the
legislative history of the Colorado River Storage Project,
incidentally, have residual meaning today because numerous par-
ticipating projects remain to be authorized, funded or buil
There are still outstanding promises and expectaticns awalting
fulfillment.

More than forty parts (participating projccts and units) fox
the overall Colorado River Storaye Project were informally put
forward by the Upper Basin states. Practical and figcal limitations

prevcntcd all of the parts of the overall peroct fro” being
authorized at the same time, however. Pricricies were establiched
by plaC1ng all of the storage units and some ll parhic1naplng
progocts in a category for initial authorization, some 25 other
plo jects in a category to receive, by Conyx QJLOnul direction,
"priority planning" consideration, and the remaining went unnamed
in the initial legislation, thy-r tate resting on further planning
and future legislation.
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Three reasonably distinct groups opposed CReP bills in
Congress: California water interests, conservairionists, and &
small coterie of legislators who guestioned the economic feacibility

of, 2nd cprosed federal subsidy for, the prop

Five general themes appear in the legislative hlobo'w- the
develo mantal needs of the Upper Basin; the leszl constiaint
the 1922 Colorado Rive:r Compact; the econcmic wisdom of
the conscrvation value of Dinosaur National Mouuwment; and the

ﬂglMO‘r"j feasibility and cgcologicnl c“‘hcic of tha proiject.
An abbreviated list of other concerns would include agriculi
surpluces, the potential of atomic encigy, civil defense 1t
effects on Hoover Dam, and weather modification.

sucoeed-a

in ince op

o

comp > construct y
end fund.ing of aoditlonal ‘*»ug ULUJ;ct@

(2) "Regulatory'": Assertion of C~w> :
Althecuch the dominant Thome OFf dnymZ" cuscicu of the
Storage Project is clearly distributive, a mgjOT counternin

regulatory: the open combat between developwmenial and cousorva
interests over an indivisible value known as Dinosaur H.r¢ou¢1

Monument and its glory, Dcho Parlk.

at the confluence of the Groan ol ,
was the site of one of the major pover dams proposad DY
the Reclamation. Proponeats congiderea Doebho, Do Lie
"piston" that drove the engiue of the entire §

ported adventages were numarous: lowor evans
paratively low power production coshtz: storaqc Lon fox
the Centrol Utah Project; river regulation; ?“cw_.r'ﬁ;f_‘;i\)n, Gii GCORELS

boom for the region 1mﬂcdlate*v adijacent to con icn.  Pro-
ponents were challeneged on all of these purport auzun;aqcs but
the single most de\icbcblng challenge to pl i i unit
there was the charge that such a project wou lee O the devas-

tation of a priceless wonder of our natural heritage and thot its
desecration would ke the harbinger of further inroads intce the
national park system of the country.

On thisc issue vote-irading and back-scratching would not suffice
for the proponents of the project. They were mct head-on hy a
coalition of conservation groups that was pre:arod to sece the contire
Colorado Rivecr Storage Project go down the drain in order to save

Echo Park in its pristine condition. Ench side mobilizod its
constituents and sought the attention cf public and of fFfice-holde

alike to convince them of the rightnoess of their causo. Consel~
vationists plaved a conservative game: they restricte’d tholir
ammunition Lo the Echo Park proposal, avoiding more gencral criticiene




£ the proposcd Storvage Project cmanating from nther sources. Bchd’
Park would be bouvsht as the price of acquicscence on evorything
else.

The result of the conflict over Echio Park was its elimination
as an clement in CRSD. e Park System waz left inviolate., Pro-
ponents of CRSP with the inclusion of Echc Part QL°COVf“0‘ that
the engine thev deperdgd upon to xrun the Proicct ¢ould function
w1thout a piston ‘cnscrvatrionists withdrews their opp ).L;40u o
CRSD, leaving.the forces of distributive politics tc
to its inevitable conclusion in approving the Legisialtioin.

are am
of thm Uy

i =Y Da

e - ) (0 P R

v. United Statc
(1263), s acom

Tollowing G

necacsity of acuual

of contcurorary uti L"_1"'
cipatcd, nceds. Sccond,
cf the particular Inalan x
Nineteenth or early Twentie
senior to most wabter uses.
state and, when gquantified

the reservation was creoated.

hay
e
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A% plans have evolved to develop the last
supply in the arid Wect, Indlons heve huon RIS
—- set limits -- on thoir water claims. The
Indian wvater richts has comz from non- I
the political support to obtain federally onu

developnent. An available water supply is
in establishing the fecacibility of a vater

Whencver plans for non- Indian water de\eloome(
unquantificd Indian water right claim, tha

there be any water left for Arnglo develop
Indian reserved water right is Satlbfled?

The Subproject has studied the three methods whjch emist for
guantifying Indian water rights litigation, legislation and
contract. All of these methods have beoen utilized in tho Colore
River Basin. Occasionally, they have been combined. Tharz his
an impotus, for cexample, to emplov a legal hysrid -- controa
sanctioned by legislation -- to quantify indian water mights.

In the Navajo Water Rights Case St udy, the viability and
legitimacy of these various approachcs to the quantificetion of
Indian reserved rights has been excomined against the hacokdrop ol
the Navajo expericnce with two water-related projects in thoe Upne

-

&
Coloradye Rivor Basin: (1) Navajo Indian Irrigeaetion Projoct in

vl
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New Mexico, and (2) Navajo Generating Plant in Arizona. A few
observations from the study of the Havajo Indian Irrication Pro-
ject will ke mentionad herc.

In 1868, the United Stoilces made promises to the Nevajo Indians
who wers gathered in exile at Fort Suvmner, Territory ol New
Mexic Any Wavajo head of the family whe dosired to farm was

NG .

promisod. cxclusive possession of a tract of land, not to axcecd
160 acrcs, on the newly created reservation. A small =ubsidy of
seeds and farming tools were included in the C i I
agent ware saticfied that tha Navajo intendse
commenna cultivating the scil for a living."
tu 8

promise wis a premise agriculture

%y

crved o

Llon chnuompass
Mexxco,

1~ « ~
-J;{ exe

to satisty
regarvation

Water could not bz applied to elevated b'
acresge 2bove the San Juan River withoul cos
Nav~jos had an unqguantified ricght to use thm
economic resources Lo exercise that lcgal ris

GelGe eio L CHELD puliiical COULa wnGli Chdiie  woie Ra Ubitdd o ciiid Lhite o
tive to use the legal water right and unfulfilled treoty obligution
for ar inrioation

as political levers tco obtain federal larges:o
project.

pated in the post-compys
: contributing apprnuring

shying = irn bohal? of the Coloyoco oo g
PrOjOCt. It was voL a participant in the important nog OL+utwu“d
which led to the 1943 Upper Colorado Rivar parin COmprL, although
water claims were made on its behalf by the then OfLfice of Indian
Affairs.

SoLT Do

The full assertion of a large, unguantified and superior
Navajo water right would have rendered it difiicult to achieve
the acoords and coalition that led to the CRSP.  But the Navajo
Tribal rcoresentatives encaged in discussions from 1950-1657 with
the New Mexico Interstatve Stream CommLSSLOF vhich led to @& shoutugoe-

sharing agreement facilitating the joint suvthorization in 1962

of the San Juan-Choma Projcct (diverting watcr from the San Juan
River watershed into the Rio Grande River, primarily to serve
Albuguercue interests) and the Navajo Indian Irrigation Project.
The Subproject has explored the interactions and represencations
tha®t allowed the coalition to go forward decgpite the existaence

0f the Havajo water right. It has analyzed tb2 mannc: in which the
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Winters doctrine was perceived by the varicus Indian ana non-
Tndian decision-makers.

The Navain vater L*ght in thes San Juan rRivaer functioned

politically to buy the conditional richt to a publicly cubsidized
water deliversy _;”Lcn for the vast (l’O 630 r;:) Havate Indian
Irrigation Projec By sacrificing the lSuH ﬂlwoijty date of

their right, ac‘ﬂaing to share shortages in water doivicieant yoors,
and accepting. a quantification of 508,000 acye-feet (gross
diver sion per annum), the Navajos gained Cong: i

of thc @“06 mi

wataer suwply cn Navajo Dam, a wore relishln watcrs sup;T” fou
industrial lessees on the °fbbrvctwon, and cutherization to oo
the Rescrvation by purchasing irrigabic acroage. borined

~ N g o e Pro 2 e A
1862 ’ the Nu\.’mj\.) Indian J..L)""_At CLOn Froject 15

ol oauth

~

llion irrigation project, the pronise cl @ =@

comnlete due to delay AU LvE o Ln
te dub the sk ( it
San Juan-Cheawma Project, vy 3 ! s
and delivering witer.) Great capitnd S jS5e
the Tribe beforc the land can etinally Lo puat iato pro-

. Present plans to operate the projoct on an agti_hH:Lnoss
scale as a tribal enterprise with non-Indian manac goaent initially
at the helm may mean a further deferral of not ;en;, ts L
Navajo peopla. :

enCce 0L the HNavae 1o indian

What the exwperli S c
indicates is that a legal water right, while g G
political baxgd’ning position in a "distribuiive" sotting 1%
ro sulLstitute for a batancad poi.tical bLase wiich only grravar
voting strengih Or cCOnOMLS Lesouclces Cab provide.  lthous il
Toresculces

ight to use water is still onc of the moszt lmrvortant
possessed by the Navejos, 1t alonc will net discolyo povarty.

SUGH0SLTE SOMC

The case study of Navajo water !
about the relationship between the jL\;claJLJ dclined
and strategies of competing non-Indian water users.
itsclf cannot be understood without reference to the nec

cusity of

substantial federal funds for its implementation. Yet, indicainrs
p01nt to a diminution in public support for fcderally s *ubﬂ;dlaoa
irrigated agriculture. The subproject has concluded that inadeaguate

attention has been given in the pact to thﬁ political vw]”4 and

barcgainina power of the W*hte‘q riaght and to the ros strictions on
the use, sale and leasc of the right.

L

2. Contribution To Other Subprojects, Overall rProject ard
Users. 1In vear Cne, the Cegal-institutionel Subproject Leouan to
Yelate its work to the other Subprojects and the objcctives of tha
total project, layiny the foundation for contributions to various
users.
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a. Other Subhnrojiccts.

(1) Anthropolocy. There
ship with the Anthropoloqy TSubproject,
trips to the Navajo Tribal s wnd

Rocii, Arizona; the erchange pertai

maling; the briefing ol anthropology Foold
Indian Water Rights end tl terms ol ¢

ard the f':a.“,;nq‘:. of information concerili
se on the kavajo seyrvation.
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luntecred +time to revicw and provide an ipitial anolysis
stevial.  She found, [or exan vl rates
Thanl chornoo congidarnat "
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Thz predicted values for bkank !
estimates ¢i the proponents -1t
Canycn Dam.

(4) Systlens Analysi:. Sulo-
project supnlied ’ WS g el
description of the nouwuuh;itative "distributive" modcel, diacussed
above. In response to the intercst crprossed in using “lale
level®™ as an Maction variable" in the «ygtoms model, thz Legal-

-~

Institutional QJerojcct outlined some of the lconl ond political
icns on the level of

constraints surrounding management decisi
Lake Powell.

. Overall Project and Uvers. Durinc its first yoear, the

Luchw—InsticULwonal Subnroject ha 6gﬂtflbuutd the crtated

coul of the Lake Powaell Research rojeoct "to study the aecizicn-

making process in the deve]opmow* of water resouraes
b

Culorado River Basin. The SUb““Oj"Ft has identifi T
decisions and decision-makina institutions which hzve governcd the
way the consumptive utility of the Colorado River has been carved

ur anong competing lnLVlLuLS. It has studied thce skein
traditions and scasconed institutional i i ni
make up the policy me L} ix o witbhin vhich vatsr mana
are made. A5 a result, it has begun to contribube to he overall

—~ ~ vy 4 1 - “
somenyT ol isions
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Laoke Powcll Project a conception of the larger, dynamic water
management system surrcunding Lake Powell., One of the reasons
Lake Powell has not recached, and may never xocach, a "stcady state”
physically and chemically is found in its rele in the woater
management system. It is the power pool for hydro rovenuves thot
subeidize consumntive use patterns ’ cipating nrojects
upstream that, in turn, influencz lake infiow. It '
storage reservoir for satisfying legal coomitments
water to the Lowzr Ragin; therein lie sone of the inoc
lake outfilow. in short, the concention of ILako ”(‘*m’
\lt5¢1 a larcer manacanent s;atﬁm is fostoving i
be :a51ng numptu of linkasoss betwoen

re
on the Lake Pomcll Proicct.

.

—

The S*ﬂaﬂ'cujrw:t
Lon, ”OVGILRQ

i naol

anG infovmative found ; i
current problems conironting thL various governmentel and tribel
userc.
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SOCTAL SCIENCES COOKLINATOR: Jerrold E. Lavy

imator of Sccial Sciences arve 1) the rocrultrant

with ¢ovaermn

The duties of the Coord
of sw-projects; 2) the o 1iehmont of good relat
agencics, Indian tribes sities whiich bave rosponsililid i
Lake DPowell region; and 2) the intemal coordinatica of work of the wva

S R NS S L
ca oy Coondt

01N

Two immediate roecrultment noaelds waroe id
and Levy at a rieting held with Di. Joo

The naed oy &n Coutomic ol
the findings of the Zathxropol
saotive.  Dic. Vernen Soiith and
:d an Wb

projects into pers)
Scienc at Stonford has exprassd

for the third ye:

the noo-indimm cormmities in
1ot with special knorlelge
Coordinator Levy contacted ther o
Christiensen of Bricham Young Universiiy
1digcussed the matter

o o

t the LPRP in

Shoulia
ird vear, Le
sub—projects of

Wwindos Rock have been maintained both by Cooxdinator Lovy and

Tnvesticetors Weathoriord and fwaitz. o Shorty's wove Lo e Uniwdrslo
s - s . .\

of New Mexico in January will make the tashk of comemication with

mere important than ever.

Cammon concern over the Black Mesa arca prompted a mew ing loweoen levy,
Public Hozlth Officials and Dr. David Aberlc of the University of British
Colunbsia, in Denver, in September. Sharing of data was agrecd vson. The
Hlack Mosa area is in turmoil due to the dispute with the Hopi Tribe and all
activities in the area must be undertaken with diplocecy.

Dr. Helen Ingran of the University of Arizona, Dapartment of Govelnumont,
has beon appraised by Levy of the naturc of the L2IP and of the cfforis of
the social science surprojects in particular. Dr. Ingram is intercsted in
problems relating to formulating envircnmental impact statemonts.  Levy and
Ingram will work tcgether to recruit a political scienca graduate studant Lo
work on the Znthropology and Law and Political Science suo-projects in Year
TwWo.

3}  Internal Coordination: At various times, Coordinator Levy hag met with
Principal investigalors in the Secial Sciences. At the present there are
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two prossing needs a) to facilitate flow of quantitative data between sub-
projects and inte Systems Analysis; and b) to agree on arcas of joint effort
in Year Two for the Mnthropology and Law and Political Science sub-projects.
The efforts to integrate Anthropology and Eoidamiology with Sysinrs pnalysis
are discussed in some dotall in the Anthropology section. S Oitionn)
tasis have been wmdertaken in these arcss by sub-projects inve
the typos of quantitztive data needed by Systamns fnalvein baco
Prelirinary definition of joint efforts of the Anthropolicoy
Political Solence sur-preposals have re ~ontly been agrecd wXn. Cocrdination
of effort betveen these two subproijccts was discussed in deteail
at the LPIP general meeting in Salt Lzke City.

cleaper.

oy and Lowy aud
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NATURAL SCILHCES COORDINATCR'S OFFICE:

Tha functicone of this office are (1)
good relationships with governwent dUCnCL
user groups which have responsinilitbs
(2) the internal ceoordinution m'tnln LLRP
gubprojecits; (3) the recruly L:np of potential Lpr
(4) +the establisimont and weintenance of a unliji
offica; and (5) Lhe manacenent of LPRP meet

Intoernal Coordination

The msin efforts of tho
dirvected towards evolving an
single overall Project pro
the ey subproiects wiiidh
tams “r“‘vsis subprojeci.
invelvine Bon-Devid;
as othey Principal annsLJDaLu-
worl of the summer of 1973 in
into operation.

The reoxganL ation of the Impeact
announced by Donald Aitken in Octcbug
Twiss, Luna Leopold and Nancy Wakewan [rom tha University

af Califarnisg Rerbeleoy o fhe snbhnvasect Mhiia cevonn

":/tr-m'n'l Al vmAanT A e _ry A Y e T s NP

formualatcd neu goele and luaonchod roo o

dirzctions. “uvlﬂ“ meatings with the : B zley,
O, o B T S U I o e ey Sy . &

Anderson discussed coordinollion bewrena the conls of the

[mpact & d

ralysis subprcject and those of the Lo and velilticual
Science group. These discussions led to subsoyu 2l
the Rerkeicy group and Gary VWoeatherfood.

Frojeckt Meetings

A regional eastern meeting of the LPLP was held at the
Cosmos Club in Washington, D. C. on December £-10, 1972.
Those attending the meeting were the wembers of the Steering
Committec plus Jacoby, Mann, Price, Reynolds, Wakeman, and
economics consultant Allen V. Kneese.

Discussions at the Washington meeting contere
role and constitution of the 3teering Committe and
Coordinator's Office. An Executive Committce was created t
deal with problems arising from day-teo-day oparations wihich
toucl: on matters that might concern the Steering Conmittee.
The LExecutive Committee will consist of the two Ccerdinators
plus two persons clected by the Steering Committec. Drake
and Weatherford were electaed to serve with the Coordinctors
on the Lxecutive Committee.

At the Washingbton meeting, there was consideraoble discussion
about ways in which positions on the Steering Commlittoe coula
cnt

v L
be offcrcd Lo Yrincipal Investigators not pres -1y on the

o




104

Steering Commiltec. A proposal to enlarge the size of the Steering
Committee was voted down. A proposal to have individual meumbers
voluntarily rotate from mnetlng to meeting was agreed upon

(for example, Reynolds rotating with Drake, Jacoby with Walther,
Potter with Kidd, etc.).

The integrative role of Systems Analysis
also disc ssed at lengtiy at the shinglon me
was orggalzed, headed by Loroen Potter, to com:iu r the

|
of lake level as an action variable in ithe Systems Annlysis
\

del.
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A genecral meesting of the LPR? was held in Salt
on March 2-4, 1973. &ll senior and principal inves

attended. Guestye in c1ud’r¢ the following:
John R. Drofezsor of Scocloloegy,

Youndg
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Jorold Liaac

David D. '1tiun and I
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John \c) Utah State

c-part of the falt Leke meetling was a rowed- |
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vallawitc., Tuoe selectlon of lake revel as a varliaosnla provad

especlally timely wnd stirnleting for LPXRD Lut')L i
she light of the ordoer by Chief Judge Willis W. R . S.

District Couri for Utahi,on February 26, 1973 to fix

the maximum Llevel of Lake Fowell at elevation 3606 [ect
level at which Lake Powell waters enter Rainzow Bridge
Monument) .

External Coordination

The Coordinater's Office maintsins an active program of
frequent communication with user groups in the research arca.

Several illustrations are presented of this coordination between
LPRP and external groups in the section below.

1. Natiocnal Dark Service

The Park Service has referraed inquiries about two
controvbrsial issuss to the Ceoordinater's Office: (a)

an article in the Lake Powell Chronicle (Page, Arizona)
discussing fecal coliform counts tasulated ~he Qctchoer
1972 LPRE First Progress Report, and (b) i as by

n

Qe
]
Mot

the Mecab chaptcr of 18SUR? ( nterevtc& in Saving
Southern Utan's Lavironment?) regarding possible contamination
cof Lake Powell by salt, oil spills or fecal c 1 :
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.0f Dr. Goorge Ricce of t
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Enviromanaental Protasction Auency

The oil spill 2 San Juan River in the fall of 1972
resulted in closcr relations | LPRI personnel

and the I'nvironmental Protecticn Agoncy. Donelco

spent scveral davs at the site on the San Jusvn

cleaning cperations were in proqgressz under tho
tl = AT

1¢ Denver offics of tha LA
Charlec Dralke later 1 to re
LPRP houseboat, bubt was turned back

Bureau of Reclamation

Plans proceecded for the drilling of water tost wolls
- - ; ~ - - e T . [

by the Lurcau of Teclanatlorn zt silces e g Ciie
Pank Storace subprojact Principal Inves

At *the Wz

briefings: :

for reprcsen Lves ZEVEr qovaerivnent acansin

Attendees at the briefings vere the following:
J. F. Andcrson, Rurcau of DRaclamciion
W. A. Berti, Naticwnal Px&rk Service

W. Culy, Bureau of Reclamullon

e}

NS

Fi. HMOYTI0, WALLUGL dls e iviee

S. FPlotkin, Officec of Rescarch, IEnvivrcenmenital
Protcction Agenc

E. Roper, ureauv oI &7

M. D. Rudd, Office of

'
o

Lectures

Members of the Coordinator's Office present talks about
the work of the LPR2? to interested university and civi
nt

G

groups. Orson Anderson gave talks at the Departmes
of Geology cof the University of Arizena, at Scripps
Institution of Oceanography, and at the Geology Department
of California State University at Los Angeles. Priscilla
Perkins gave lectures sponsored by the Boston College
Environmental Center and the Division of Environmental
Studies at the University of California, Davis. On I
1973, at the invitation of a scienc2 teacher at Grand
County Junior High School, Mr. Douglas Gibson, shec
lectured at the First Western National Bank in z
The audience included Superintendent obert I. Xerr of
Arches and Canvonlands Naticnal Parks, represcntatives

of the Dureau of Land Managzment and the local linter
Consarvancy Board, Mr. Donald J. lofiman, Director of
Economic Qavelopment for Grand County ., and the cxecutive
staff of the Moab cliapter of ISSUB?, a local environaontal
group. '
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