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FOREWORD

The Environmental Protection Agency was established to coordinate
administration of the major Federal programs designed to protect the
quality of our environment.

An important part of the Agency's effort involves the search for
information about environmental problems, management techniques and
new technologies through which optimum use of the Nation's land and
water resources can be assured and the threat pollution poses to the
welfare of the American people can be minimized.

EPA's Office of Research and Development conducts this search
through a nationwide network of research facilities.

As one of these facilities, the Robert S. Kerr Environmental
Research Laboratory is responsible for the management of programs to:
(a) investigate the nature, transport, fate and management of pollutants
in groundwater; (b) develop and demonstrate methods for treating waste-
waters with soil and other natural systems; (c) develop and demonstrate
pollution control technologies for irrigation return flows; (d) develop
and demonstrate pollution control technologies for animal production
wastes; (e) develop and demonstrate technologies to prevent, control
or abate pollution from the petroleum refining and petrochemical
industries; and (f) develop and demonstrate technologies to manage
pollution resulting from combinations of industrial wastewaters or
industrial/municipal wastewaters.

This report contributes to the knowledge essential if the EPA is
to meet the requirements of environmental laws that it establish and
enforce pollution control standards which are reasonable, cost effective
and provide adequate protection for the Americanm public.

Director
Robert S. Kerr Environmental
Research Laboratory
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ABSTRACT

This volume of the report outlines the purpose and scope of the return
flow research and specifically explains the capabilities of the conjunc-
tive use model for predicting the mineral quality of irrigation return
flow. The purpose of the research was to develop a conjunctive use
model which would (1) predict the salinity contribution from new irri-
gation projects and (2) predict the change in return flow salinity that
would result from operational changes on existing projects.

The model developed and described herein describes the chemical quality
in terms of eight ionic constituents and total dissolved solids. A nodal
concept has been used to facilitate subdividing the project area along
physical or hydrologic boundaries as desired. The study may be limited
to 1 or as many as 20 nodes.

A description of the Vernal Field Study which describes the physical
setting for the model testing is included. A narrative describing

the problems encountered with the original data is included. A data
collection program was initiated to fill the gaps. The model satisfac-
torily simulated the new 2-year data base. Tables and figures showing
the computed-observed comparisons from the verification are included.
Results of model operations for the Cedar Bluff and Grand Valley areas
are also described.

It is concluded that the model can satisfactorily be used to simulate
irrigation return flows if sufficient data are available, especially
groundwater hydrology and chemistry.

This report was submitted in fulfillment of Project EPA-IAG-D4-0371 by

the U.S. Bureau of Reclamation, Engineering and Research Center, under
the sponsorship of the Environmental Protection Agency.

iv



CONTENTS

Abstract. . . . . . . . . .
List of Figures . . . . . . . . .
List of Tables. . . . . .

Acknowledgments . . . . . .

Sections
I Conclusions. . . . . . . ..
IT Recommendations. . . . . .
ITI Introduction . . . . . . . . .
Purpose and Scope of the Research . .
Description of the Five Volumes .
Related Studies . . . . .
Model Capability. . . . .
IV Vernal Study Area. . . . . .

Approach. . . . . . . ..

Preliminary Model Testing with Existing Data.

Description of New Input Data . . . . .
Verification and Testing with New Data.
Study No. 1. . . . . . .
Study No. 2. . . . .

Study No. 3. . . . ¢« v ¢ o v v ¢ ¢ 4 . .

Page
iv
vii

viii

10
12
13
14
14

16



CONTENTS

V Cedar Bluff Study Area . .
Description of Area .

Input Data. . . . . . .

Verification and Testing.

Model Study No. 1. .

Model Study No. 2.

Model Study No. 3. .
VI Grand Valley Study Area. .

Description of Area . .

Description of Input Data .

Verification and Testing.

Study No. 1. . . . .

VII References . . . . .« « . .

Continued

50
50
50
51
51
53
53
54
54
55
56
56

58



No.

FIGURES

Vernal Simulation Study No. 3 - Node 1 . .
Vernal Simulation Study No. 3 - Node 2 . .
Vernal Simulation Study No. 3 - Node 3 .
Cedar Bluff Simulation Study .

Grand Valley Simulation Study. . . . . . .

vii

21

52

57



TABLES

No.
1 Vernal Simulation Study - Predicted/Observed
Salt Load Leaving Each Node (mg/1) .
2 Vernal Simulation Study - Predicted/Observed

Salt Pickup in Each Node (tons/acre-foot).

viii

15

17



ACKNOWLEDGMENTS

The cooperation of a number of state and federal agencies, the local
water users, and two state universities is hereby acknowledged for
the services they rendered in the collection of field data and the
preparation of this report.

1. The full cooperation of the Environmental Protection Agency was
received throughout the study period. Field installations and field
work were thoroughly reviewed by EPA personnel and procedures for
developing the model were periodically reviewed to provide assurance
that the mathematical model would fulfill the requirements of EPA.
Preparation of the report received the full guidance and support of
THE EPA office at Ada, Oklahoma. Funding for the entire research
study was provided by EPA.

2. A research study of this nature requires the collection of field
data from operating projects and data collection is dependent on the
cooperation of the water users and irrigation managers. Mr. Lawrence
Siddoway, the Secretary-Manager of the Uinta Basin Conservancy District
in the Vernal area, cooperated fully in the collection of field data
and assisted in the selection of sites for meteorological equipment.
Individual water users cooperated by allowing the installation of
observation and test wells on their property.

3. The United States Geological Survey installed gaging stations to
measure the inflow and outflow of water from Ashley Valley and at
other locations within the Vernal study area. The USGS also drilled
a test hole deep in the shale in Ashley Valley to determine if any
upward movement of water through the shale could be detected. The
USGS assisted in obtaining data for Bureau use that was collected on
the Cedar Bluff Unit in Kansas for the Kansas State Health Department.
Other water supply records of the Geological Survey were used freely
in preparation of the report.

4. The National Weather Service of the National Oceanic and
Atmospheric Administration provided instrumentation for the Vernal
weather stations and routinely maintained the equipment during the
study period. The equipment consisted of solar radiation measuring
devices, evaporation ponds, rain gages, anemometers, and temperature
and humidity measuring equipment.

5. The Provo, Salt Lake City, and Denver Offices of the Bureau
of Reclamation were involved in conducting this reasearch study.
Volume II was prepared mainly by the Central Utah Projects Office
in Provo, Utah, and the remaining three volumes were prepared by

ix



the Engineering and Research Center in Denver, Colorado. Bureau
soils scientists familiar with soil and vegetation conditions in
the Vernal area made the land use studies to determine the quantity
and type of vegetation in the valley on both the cropped and non-
cropped areas. The services of a Bureau of Reclamation lysimeter
expert from Albuquerque, New Mexico, were required in designing and
installing the lysimeters at Vernal. The lysimeter data were neces-
sary to determine consumptive use from noncropped areas.

6. A concurrent research study for EPA was conducted by Utah State
University in the Vernal area. The final report for this study has
been published as EPA-R2-73-265 entitled "Irrigation Management for
Control of Quality of Irrigation Return Flow.'" The advice and assist-
ance of University representatives were obtained on such matters as
lysimeter planting and consumptive use determinations.

7. Data collected by Colorado State University from the Grand Valley
area were used to made the verification runs in Section VI of this
volume. Those data are contained in a report entitled "Evaluation of
Canal Lining for Salinity Control in Grand Valley" and is designated
EPA-R2-72-047 dated October 1972.



SECTION I

CONCLUSIONS

This research was concerned with the development of procedures for
predicting the mineral and nutrient quality of return flows from
irrigation. Actual field conditions that typify irrigation develop-
ment in the western United States were studied. In each study area,
the research involved characterizing field conditions, applying com-
puter models to predict quality of the percolating irrigation water,
determining the effect of the percolating water on drainage effluent,
and evaluating system changes on quality of return flow.

The percolation of water through soil in the process of irrigating
crops results in very complex chemical relationships. Both the
mineral and nutrient content and the quantity of return flow are
difficult to predict under conditions found in irrigated agriculture.

In developing a predictive mathematical model to simulate the effect
of irrigation on water quality, it was relatively simple to duplicate
surface conditions. The complexity of the problem stems from not
having sufficient knowledge of subsurface conditions such as soil
chemistry, volume of groundwater, aquifer capacity, depth to barrier,
and drainage characteristics. Variation in soil types within short
horizontal distances makes the acquisition of this type of data
costly, and it is not always available as needed.

This study dealt with three irrigated areas in attempting to verify
the predictive conjunctive use model - the Vernal, Utah area; the
Grand Valley, Colorado area; and the Cedar Bluff, Kansas area.

Adequate data were available for the Vernal area and the verification
effort was minimal. Less data were available from the Cedar Bluff
area with respect to the groundwater body, and the verification
proved to be much more difficult. The chemistry of the return flow
water is dependent to a large degree on the volume and chemistry of
the subsurface water. Although the quality of the groundwater was
well established, considerable adjustment of the groundwater volume
was necessary in order to simulate existing conditions. This sug-
gests that the primary requirement in the simulation process is to |
have a good knowledge of hydrologic conditions, including the ground-
water body, and particularly to establish a hydrologic balance in the
system.



SECTION II
RECOMMENDATIONS

The complexity of the salinity problem as it relates to irrigated
agriculture is borne out by these studies. The need for a mathem-
atical prediction model to assist in understanding the salinity and
nutrient problem is now more clearly evident. The usefulness of the
model in simulating project conditions has been demonstrated and its
ability to forecast changes resulting from improved management has
also been demonstrated in a limited way.

Although model development and testing have been hampered by the
lack of sufficient data, confidence could be extended by the collec-
tion of additional data and testing the model under a variety of con-
ditions. The two primary functions of the model are (1) to predict
the salinity effect from new irrigation projects and (2) to predict
the change in salinity that might result from operational changes on
existing projects. Some further work should be undertaken, particu-
larly on Item 2, since the results could be quickly monitored and
since there is very little development of new irrigation projects
underway.

Model development has demonstrated that data of good quality and
quantity are the primary requirements in achieving a good simula-
tion of irrigation project conditions. Another requirement would
be a good basic knowledge of hydrologic conditions in the study
area. If these elements are lacking, difficulty can be expected
in simulation results.

A comparison of month-by-month observed and predicted values with
the annual values in the various studies indicates that the pre-
dictions are more reliable on an annual basis than a monthly basis.
Since a great many factors influence salinity levels on a monthly
time frame, decisions related to salinity projections based on
model studies should be limited to annual values.



SECTION III

INTRODUCTION

GENERAL

Control and alleviation of salinity in the southwestern United States
require critical methods for assessing water quality impacts of pres-
ent and future resource developments. Under an agreement between the
Environmental Protection Agency and the Bureau of Reclamation, this
research project was designed to fulfill such a need. The investiga-
tion utilized data from existing irrigation projects and focused on
evaluating the effects of irrigation on the quality of return flow
water. Methods have been developed to predict the effect of new
irrigation projects on downstream water quality by the use of math-
ematical models and high-speed computers. The study started in 1969

using existing field data and a partially developed mathematical
model.

PURPOSE AND SCOPE OF THE RESEARCH

After passage of the 1965 Water Quality Act, it became urgent to
upgrade polluted waters and to protect clean waters. Because of the
increasing salinity, particularly in the southwestern United States,
it was considered advisable to examine the special problems related
to salinity to see if it could be reduced or maintained at a given
level. It was well understood that a certain level of salinity
existed naturally from mineral weathering of soils and another
portion was added by mineral springs, but the amount contributed by
irrigated agriculture was uncertain and difficult to measure. The
purpose of this study was to use an existing irrigation project and
measure the changes resulting from irrigation and then develap a
mathematical model to see if the changes could be simulated or
predicted.

If goals of the Water Quality Act are to be met, existing water-use
patterns will, in many cases, require change. These changes, for
the most part, will need to be accommodated within the constraints
imposed by water rights and water right laws. Irrigators can be
expected to resist change unless impacts of the changes can be
specified beforehand.

The conjunctive use model developed by this research is expected

to help answer such questions as: (1) What effect would improved
water-use efficiency have on the return flow water quality,

(2) would the change to a higher efficiency increase or decrease
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salt loading, (3) what influence would development of new irriga-
tion projects have on the salt load, (4) what effect would canal
lining have on salinity, and (5) what is the effect of drainage
systems on salinity? Such questions involve many complexities
and cannot be answered easily. This research was needed to
better define and understand the relationship between irrigated
agriculture and the salt loading of streams. Of the various
physical phenomena involved in developing water projects, water
quality is one of the most important and least understood. One
of the most complex problems involves predicting the quality of
return flows from irrigated land and nonirrigated land. Water
development projects encompass many diverse situations, each of
which will affect water quality in different ways. These involve
multiple reuse of surface water, recycling of groundwater for
irrigation use, and combined surface and groundwater use. The
water quality returned to the streams under these varying condi-
tions requires a different analytical approach for each condition.

Return flows can be measured and the effects of ongoing projects
assessed by well-planned hydrologic studies, but when a new land
area is brought under irrigation or the water supply of an exist-
ing irrigated area is altered, predictions of impacts on water
quality will be required.

In light of the conditions cited above, the stated purpose of this
research effort has been to develop procedures for predicting irri-
gation return flow water quality and development of simulation pro-
grams for the study of water quantity and quality on a basinwide
basis (6).

DESCRIPTION OF THE FIVE VOLUMES

This report on the '"Prediction of Mineral Quality of Irrigation
Return Flow'" has been prepared in five volumes which are described
briefly as follows:

Volume I

Volume I contains an overview of the research including the
purpose and scope of the research, descriptions of the study

areas and input data, the approach to the study, a description of
the preliminary model testing with existing data, and conclusions
and recommendations. The volume also contains the verification of
the conjunctive use using Vernal data and results of processing the
Cedar Bluff data and the Grand Valley data.



Volume II

Volume II includes a description of the Vernal field study, how

the data were collected, and results of the data collection. Also
described are the land classification studies; drainage; water sup-
ply and irrigation under the historical setting; and the current
studies of groundwater, hydrology, canal losses, and land use
wherein data were collected for verification of the model.

Volume III

Volume III includes a user's manual for the simulation submodel,
the development of the mathematical relationships, and a complete
computer listing of the simulation submodel. The mathematical
formulas used in the model are included along with assessments

of the limitations of the procedures and algorithms used in the
model. The user's manual details the step-by-step procedures
needed to apply the model to any situation requiring the pre-
diction of mineral quality of return flow from irrigation. It
includes flow diagrams that give a general understanding of the
program rationale. Subroutines have narrative descriptions which
define the functions, the arguments, and the limitations.

Volume IV

Volume IV contains the development of the data analysis package.
It includes detailed data analysis subroutines which can be used
to analyze data prior to input into the simulation model.

Volume V

Volume V includes a discussion of the return flow quality model.
This model was developed under contracts with the University of
Arizona and by Bureau of Reclamation personnel over a period of
about 5 years.

The model utilizes a number of sophisticated subroutines to simu-
late unsaturated flow in one dimension, two-dimensional saturated
flow to a tile or open channel drainage system, consumptive use of
water by crops, nitrogen transformations, uptake of nitrogen by
crops, solution-precipitation of lime and gypsum, ion pairing,

COy - Cat* = HCO3~ interactions, and ion exchange. The subroutines
are interfaced to allow nonsteady and steady state predictions

of salt and nitrogen movement from the soil surface to the drain.



In addition, as described in Volume V, this model can be inter-
faced with the conjunctive use model. Volume V also includes

verification results, test runs, and complete user's manuals for
this model.

RELATED STUDIES

The work done by Utah State University (1) on the Vernal Unit

%ncluded detailed studies of water and salt movement on an exper-
imental farm. They conducted a highly detailed study on a very

small area aimed at identifying the nature of the salt output from

the farm. This required the installation of closely spaced drains,

a sprinkler irrigation system, weighing lysimeters, and making con-
sumptive use measurements. They also investigated the practicability
of controlling the salinity releases. Each drain included a measuring
device and facilities for obtaining samples for water quality analysis.

The purpose of the research was to develop and field test rational models
for predicting the salt and water status within the soil between the time
of entry as irrigation water and the time of departure as drainage water
or evaporation from the soil or transpiration by the plant. The model
development resulted in a "simplified' model and a 'detailed'" model. The
simplified model was intended to provide a tool for irrigation manage-
ment. It was formulated to require a small amount of computer time and a
minimum of field data as input and to allow consideration of a wide range
of variation of factors affecting the quality of irrigation return flow.
It was expected that the model would predict gross effects. The main
purpose of the detailed model was to understand the specifics of simul-
taneous water and salt flow through the crop root zones. The detailed
model was based more closely on known physical principles and laws gov-
erning water movement through partially saturated soils. The results of
the studies indicate that control over quality of soil profile effluent
will require precise control of water on the farm, particularly the depth
and timing of irrigations.

Colorado State University conducted a study for the Environmental
Protection Agency titled "Evaluation of Canal Lining for Salinity Control
in the Grand Valley ( (5). This study proposed to determine the effect of
salinity management practice on conditions in the basin. The objectives
were to: (1) demonstrate the feasibility of reducing salt loading in the
Colorado River system by lining conveyance channels to reduce unneccesary
groundwater additions and (2) extend the results of this study to evalu-
ate the method for applicability to the problem in the Grand Valley and
the Upper Colorado River basin.

The study evaluated conditions in the area prior to construction of
lining and then reevaluated conditions after lining had been completed.



The plan was to collect data in order to define both water and salt flow
systems. The data were collected generally from 1969 through 1971 but
only the 1970-1971 water year data were considered sufficient to apply
on the prediction model.

MODEL CAPABILITY

The conjunctive use model has those capabilities required to simulate
simultaneously the use of water resources within a river basin from
both surface resources and subsurface or groundwater resources.

These capabilities include the resource magnitude as well as its
chemical quality. The chemical quality of the water resource is
characterized in terms of eight inorganic ionic constituents and
total dissolved salts.

The overall simulation model has as a basis a nodal concept or
structure which facilitates the mathematical representation of a
river basin and a simple compact manner of performing calculatioms,
many of which are iterative in design.

A river basin can be studied as one node or as many as 20 nodes. The
model is designed for a maximum of 20 nodes; however, this maximum is
determined by the limitations of the computer system being used. The
number of nodes used in a particular river basin study will be a deci-
sion the analyst must make on the basis of data available, the number
of response points desired, and the physical features within the river
basin. The node then as a common denominator can be used to represent
the simplest river basin study to one that is quite complex.

The node can include the simulation of one or all of the following
features:

Ten tributary inflows

Ten demands of water resources, both surface and subsurface

The operation of a surface reservoir

The operation of a power facility

The operation of a subsurface reservoir (aquifer)

The percolation of surface waters vertically through a soil
profile

The operation of a pumping facility

. The determination of return flows, both magnitude and quality,

when given consumptive use and conveyance losses

AP, NN
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The electronic computer application of the conjunctive use simulation
model consists of 24 subroutines or functions plus the executive or
main program. The FORTRAN listings included as part of Volume III for



the main program, as well as the subroutines and functions, are filled
with comments at pertinent points. The extensive use of these comments
1s meant to aid in describing the flow of the model and to provide infor-
mation within the listings that would be helpful in making program modi-

fications or conversions to other computer systems as either become
necessary.

The return flow quality model provides a highly sophisticated and
detailed simulation of salt and nutrient movement from the soil surface
to a tile or open-channel drainage system. This model can be interfaced
with the conjunctive use model to provide basinwide simulation capabili-
ties involving more than one node.



SECTION 1V
VERNAL STUDY AREA

Irrigation began in the Vernal area of Ashley Valley almost 100 years
ago, and by 1900 most of the irrigable lands in the valley had been
placed under production by diverting directly from Ashley Creek, The
Ashley Creek: drainage is on the south slope of the Uinta mountains, and,
consequently, the spring runoff from snowmelt is of relatively short
duration. Historically., the farmers applied as much of the heavy runoff
as possible and were then subject to having practically no water in the
late summer months. This condition was partially alleviated in 1962 by
construction of the offstream Steinaker Reservoir to store runoff for use
when Ashley Creek flows diminished. This resulted in a different method
of irrigation in the valley, but the storage is still not sufficient to
meet the needs of the whole valley. Evaluation of the data collected in
1971 and 1972 indicates that the same condition still persists, to a
degree, in that much more water is applied in the early season than is
required. Consumptive use values were computed for the area showing that
deliveries exceeded requirements in May and June and were deficient later
in the season. Location of the reservoir offstream is partially respon-
sible for this condition since the lands cannot all be served directly
from the reservoir. It is believed, however, that the situation could
be improved if irrigation scheduling were instituted and deliveries

were more in line with consumptive use requirements. This, in turn,
would result in less deep percolation and theoretically less pickup of
salt from the shale surface. Further description of the Vernal area is
contained in Volume II, Vernal Field Study.

APPROACH

The Vernal study has been conducted in two phases. The first phase
consisted of testing the mathematical model with data that existed
prior to initiation of the agreement between the two agencies. The
Bureau of Reclamation had collected data in the Vernal area for other
purposes during the period from 1957 through 1962, and an analysis of
these data indicated that they could be used for developing and test-
ing a mathematical model. Accordingly, the data were assembled and
the model tested. After a number of attempts, a successful, limited,
prediction model was developed.

The results of this preliminary model testing gave indications of the
kinds of data that should be collected for model verification for the
second phase. The most significant gap in the existing data proved to
be the lack of consumptive use values from both the natural vegetation
and the farmed areas along with continuous water quality data from sur-
face sources.



A data-gathering program was outlined that provided for installation
of lysimeters, continuous conductivity recorders, additional gaging
stations, observation holes, soil test holes, and weather stations.
A land use survey was conducted, pumping tests were made, a shale
leakage test was made, and inflow-outflow studies were made.

Data were collected for a 2-year period to again test the mathematical
model. The results of testing with the new data indicated some adjust-
ment in the model was required to attain a satisfactory prediction.

The mathematical model has been designed as a general model that would
be applicable to a data set from any location in accordance with EPA
requirements, and it also has capability far beyond the data input
from the three projects tested - Vernal, Grand Valley, and Cedar Bluff.

The study of the Vernal area was ideal with respect to the large areas
under irrigation and the relatively large increases in salinity as the
water traversed the irrigated lands in the valley.

The design of the simulation model incorporated the simultaneous use

of both surface and subsurface water resources and the representation
of these resources in magnitude and chemical quality. The preliminary
studies lumped the entire drea into one gross simulation of the opera-
tional features. The results pointed up the need for breaking the area
into smaller subareas in order to better define the existing conditions.
These subareas were later called nodes and this resulted in the develop-
ment of the nodal concept in the design of the simulation model. Addi-
tional applications of the model to the Vernal data using nodal divi-
sions resulted in continued refinements. The nodal division points
represented natural physical divisions within the Ashley Valley.

The results of the early simulation studies using the 5-year historic
period also indicated that it was not possible to obtain a hydraulic
balance of surface flows in any of the nodes unless an exchange mech-
anism was included in the simulation model to allow the surplus sur-
face water to enter the aquifer as a lateral transfer or conversely
to allow a deficit of surface water to be drawn from the-aquifer.
This exchange mechanism in effect becomes a 'black box" approach to
the uncertainties related to the disposition of the return flows.

PRELIMINARY MODEL TESTING WITH EXISTING DATA

Initial efforts to verify the model were made with data collected
earlier for other project purposes, as previously indicated. The
chemical data were not complete, and, in order to have monthly data,
it became necessary to supply missing months by inspection or rough
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correlation. Consumptive use data were developed without the bene-
fit of concurrent weather information, and, as a result, inconsist-
encies were found in applying both the chemical quality and consump-
tive use data to the model. The inconsistencies in data concerning
consumptive use were dampened in the overall system by allowing the
excesses and deficiencies to accumulate in the aquifer storage
facilities.

All effort to obtain explicit or deterministic analyses of the
chemical exchanges in the return flow waters was discarded

in favor of statistical inference which measures the chemical
exchanges on a probabilistic basis. It was found that the use of
statistical inference enables the prediction of return flow chemis-
tries, constituent by constituent, at about the 92.5-percent level.
To obtain data for the statistical inference study, it was assumed
that all waters available for diversion, with the exception of
extremes, were applied to irrigation and the measured aquifer chem-
istries from each node (drain outflow) represented the chemistry of
the return flows. Even though there was some significant difference
in the distribution functions, constituent by constituent, if the
distribution function obtained for the chemical constituent of
highest concentration was used, all other constituents could be
estimated with a simple transform with respect to the fitting
parameters. This technique was justified because of the low
sensitivity of those constituents of lesser concentrations. The
high level of predictability, and the fact that variance was not
significantly different than 1.0, produced a peculiar situation.

It was found that not only had the daily sampling fluctuations been
dampened by the longer time period of monthly reporting, but also,
in several cases, the supposedly observed data had been obtained
for missing periods by simply using the mean as the expected value.
This particular manipulation would also account for the inconsistency
in the distribution function for the lower concentrated constituents.

At the conclusion of the above-described analyses and with the use
of statistical inference techniques, several simulations were made
of the Vernal Unit using the conjunctive use model. In each of these
simulations, parameters describing the allotment of inflow waters to
each of the nodes were manipulated until the system was in balance
hydraulically or quantitatively. The last of these simulations was
one that compared predicted aquifer capacities with those as com-
puted for the historic period 1958 through 1962. In each of the
nodes, with the exception of one, a high rate of divergence existed
between the aquifer capacities as observed and those that were pre-
dicted with the use of the model. The divergence was expected
because the inconsistencies of consumptive use had been accumulated
in the aquifer.
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It should be noted from the previous discussion that no effort was
made to simulate waters percolating through the soil profile. This
simulation was not required because of the very low sensitivity to
the overall objective as provided by this type of simulation. Also,
the rate of change of chemistry in the aquifer, time period by time
period, was not significant.

The above-described applications had exhausted the conceivable manip-
ulation of parameters and existing basic data pertinent to the Vernal
Unit. From these several applications, it was concluded that the
total objective in studying the Vernal area with the historic time
sets was satisfied. It was further concluded that the ongoing sam-
pling format of data in the Vernal area would have to be changed to
render a more meaningful predictive model. Some of the expected
ramifications of the new data being collected with the changed
sampling format are: (1) a lower level of predictability with the
use of statistical inference because of the impact of the true sam-
pling fluctuations, (2) a higher degree of consistency in the esti-
mate of consumptive use, and (3) the elimination of, or at least a
considerable reduction in, the divergences of the experienced and
predicted aquifer capacities.

It was clear at this point that a set of statistical techniques was
needed that would enable a comprehensive analysis of the consisten-
cies of all basic data sets that might be used in further applica-
tions of the model in other project areas. The use of the data
analysis techniques would eliminate many of the trial and error
methods that were required in the preliminary Vernal study and
would, in addition, create a more meaningful assignment of node
configuration with respect to total analytical objectives. The
concurrent analyses of other projects would aid in the evaluation
of the mathematical and statistical techniques included as a part
of the sensitivity and data analysis concept. Many of the tech-
niques employed in the data analysis concepts are an integral part
of the stochastic concept in developing larger samples from smaller
historic time sets.

DESCRIPTION OF NEW INPUT DATA

The Vernal area could logically be divided into three nodes repre-
senting three natural physical divisions, so new data were collected
at each of the node or division boundaries in 1971 and 1972 in order
to assess changes within the nodes. This entailed collecting flow
and quality data on canal flows and stream flows and computing con-
sumptive use values for the types of vegetation contained within

the nodes. An additional important factor was defining the volume

12



and chemistry of water contained in the groundwater body. Observa-
tion holes and test holes were located throughout the area.

Periodic samples were taken from each hole and analyzed and the

water levels in each hole were logged. Permeability rates were estab-
lished and the water-holding capacity of the soil was determined, and,
from these data, the volume of water in each node was computed. Depth
to shale had previously been established by drilling the observation
holes and test holes through the soil to the shale surface. The shale
was considered relatively impermeable.

Previous studies indicated the salt pickup in the Vernal area had to
be derived from the groundwater body since the chemistry of the out-
flowing water was nearly identical to that of the groundwater while
the inflowing water from Ashley Creek contained a very low concentra-
tion of dissolved solids.

The quality of the groundwater differed substantially from one loca-
tion to another, so the values were averaged in order to obtain an
initial groundwater condition for the model study. The groundwater
is very high in sulfate, the primary composition of the Mancos Shale
which underlies the valley. An early attempt to model the chemistry
of the outflows without considering the groundwater quality failed.

Water quality throughout the area was determined by electrical con-
ductivity measurements combined with periodic sampling and complete
analysis in the laboratory. The quantity of water in the canals and
Ashley Creek was obtained from stream gaging stations with continuous
recorders and from staff gages read by project personnel. Canal losses
were previously determined from studies made by the Soil Conservation
Service.

The Vernal area was ideally adaptable to model analysis because all
the inputs and outflows were measurable to a good degree of accuracy.

A hydrologic balance was easily obtained, thereby simplifying analy-
sis by the computer.

VERIFICATION AND TESTING WITH NEW DATA

The initial testing of the conjunctive use model with existing Vernal
data pointed up the deficiencies in these data and set the stage for
collection of new data during the 1971-72 period. As soon as all the
new data were collected and tabulated, a new series of conjunctive use
studies were initiated. A good hydrologic balance was obtained and the
corresponding chemistry was used as collected in the field without any
manipulation or correlation. The first computer run indicated the new
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data to be far superior to the existing data and that the results of
the model runs would be much more reliable than the previous rums.

This also leads to the premise that a model will simulate conditions
only when sufficient and accurate data are obtained for verification.

Study No. 1

This study was made without the use of the internodal transfer option
in transferring flows from one subsurface storage facility (aquifer)
to another subsurface storage facility. Also in this study the return
flows were directed to the subsurface storage facility for mixing dur-
ing the same time frame. The results of this study were discarded
because the aquifer in Node 3 showed small, negative, storage values
for the months of March and October 1972. These negative storage

values invalidated the system hydrologic balance for the period of
study.

Study No. 2

This study was made using the internodal transfer option. The con-
straint in the use of this option is that transfers will be made only
from the node immediately upstream from the node in deficit. Also,
in this study, return flows were directed to the aquifer for mixing
in the same time frame. The mixing of the internodal transfers were
handled in a like manner.

During the period of study, a total of 1,088 acre-feet were trans-
ferred to Node 3 (103) from Node 2 (102) as internodal transfers.

These transfers were required for the months of March and October

1972,

For the purpose of validating the model, two comparisons were made
for this study and the subsequent Study No. 2. These comparisons
were considered as the most meaningful because of the short period
of study and the simplicity of the model application.

The first comparison, as shown in Table 1, is that of comparing the
salt load, leaving each node as predicted by the model to the salt
load observed as leaving each node. Although some months in this
comparison show a large difference between the predicted and
observed values, the totals and the means for the period of study
are reasonably close as the summary shown below indicates:
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Table 1. VERNAL SIMULATION STUDY
Predicted/Observed Salt Load Leaving Each Node

|

(Mg/1)
Node 1 Node 2 Node 3
Without With soil Without With soil Without With soil
Year Month soil column column soil column column soil column column
1971 Apr 335/386 335/386 825/1,082 825/1,082 1,626/2,017 1,626/2,017
May 70/141 72/141 141/500 141/500 500/1,115 500/1,115
Jun 43/143 43/143 223/428 225/428 528/1,178 428/1,178
Jul 134/148 147/148 321/264 334/264 1,416/1,352 1,296/1,352
Aug 245/174 327/174 527/363 527/363 2,895/1,918 2,684/1,918
Sep 294/241 430/241 581/681 643/681 2,936/1,271 2,709/1,271
Oct 188/546 234/546 792/1,022 865/1,022 1,256/1,641 1,213/1,641
Nov 488/804 791/804 1,041/1,242 1,156/1,292 1,877/1,727 1,725/1,727
Dec 480/880 777/880 1,047/1,242 1,145/1,242 1,940/1,831 1,758/1,831
1972  Jan 493/678 802/678 1,029/1,258 1,138/1,258 2,294/1,704 2,000/1,704
Feb 462/830 744/830 1,090/1,189 1,200/1,189 2,595/1,704 2,161/1,704
Mar 471/476 772/471 957/1,243 1,044/1,243 2,367/1,647 1,902/1,647
Apr 149/268 179/268 268/573 268/573 729/2,151 672/2,151
May 60/141 60/141 114/371 114/371 371/1,498 371/1,498
Jun 63/135 71/135 162/442 167/442 541/1,195 524/1,195
Jul 181/162 262/162 513/361 604/361 1,609/2,016 1,407/2,016
Aug 296/181 526/181 812/414 1,029/414 1,938/1,652 1,789/1,652
Sep 328/184 626/184 713/455 924/455 2,265/2,038 2,135/2,038
Oct 452/384 943/384 803/923 1,040/923 1,597/2,011 1,620/2,011
Total 5,232/6,897 8,141/6,897 11,959/14,053 13,389/14,053 31,180/31,666 28,520/31,666
Mean 275/363 = 428/363 = 629/740 = 704/740 = 1,641/1,667 = 1,580/1,667 =
0.758 1.179 0.850 0.951 0.984 0.948




Node 1 (101) Node 2 (102) Node 3 (103)

Totals (ppm)

Predicted 5,232 11,959 31,180

Observed 6,987 14,053 31,666
Means (ppm)

Predicted 275 629 1,641

Observed 363 740 1,677

Absolute differ-
ences expressed
as a percent of
the observed 24 15 2

The second comparison in Table 2 shows the salt load pickup in each
node as predicted by the model and the salt load pickup as observed.
The characterizations made for the first comparison are also valid
for this comparison and a similar summary is shown below:

Node 1 (101) Node 2 (102) Node 3 (103)

Totals (tons/
acre-foot)
Predicted 4.528 6.930 23.296
Observed 6.747 9.768 23.956
Means (tons/
acre-foot)
Predicted 0.238 0.364 1.226
Observed 0.355 0.514 1.260
Absolute differ-
ences expressed
as a percent of
the observed 33 29 3

Study No. 3

This study used the internodal transfer option as was used in Study
No. 2. However, in this study the return flows were directed to the
soil column simulation and after percolating through the soil were
mixed with the waters in the subsurface storage facilities with a
one-time frame lag.

The same comparisons were made for this study as were made for Study
No. 2, the results of which are also shown in Tables 1 and 2. The
comparison of the salt loads leaving the system is summarized as
follows:
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Table 2. VERNAL SIMULATION STUDY
Predicted/Observed Salt Pickup in Each Node
(tons/acre-foot)

Node 1 Node 2 Node 3
Without With soil Without With soil Without With soil
Year Month soil column column soil column column soil column column
1971 Apr 0.264/0.334 0.264/0.334 0.597/0.946 0.597/0.946 0.770/1.271 0.740/1.271
May 0.007/0.103 0.010/0.103 0.000/0.488 0.000/0.488 0.000/0.837 0.000/0.837
Jun 0.000/0.136 0.000/0.136 0.109/0.388 0.112/0.388 0.000/1.019 0.000/1.019
Jul 0.072/0.091 0.089/0.091 0.235/0.157 0.250/0.157 1.567/1.480 1.405/1.480
Aug 0.201/0.105 0.314/0.105 0.481/0.257 0.544/0.257 3.444/2.115 3.157/2.115
Sep 0.280/0.208 0.465/0.280 0.462/0.599 0.547/0.599 3.066/0.802 2.758/0.802
Oct 0.074/0.562 0.136/0.562 0.334/0.646 0.433/0.646 0.318/0.842 0.261/0.842
Nov  0.513/0.942 0.925/0.942 0.332/0.596 0.479/0.596 0.864/0.660 0.657/0.660
Dec 0.450/0.992 0.852/0.992 0.228/0.493 0.361/0.493 0.950/0.801 0.702/0.801
1972 Jan 0.489/0.740 0.909/0.740 0.477/0.789 0.626/0.789 1.409/0.607 1.009/0.607
Feb 0.446/0.947 0.831/0.947 0.354/0.488 0.504/0.488 1.913/0.701 1.322/0.701
Mar 0.444/0.437 0.846/0.437 0.660/1.049 0.779/1.049 1.529/0.580 0.897/0.550
Apr 0.071/0.232 0.112/0.232 0.000/0.415 0.000/0.415 0.213/2.147 0.136/2.147
May 0.017/0.091 0.017/0.091 0.000/0.350 0.000/0.350 0.000/1.533 0.000/1.533
Jun 0.014/0.112 0.025/0.112 0.037/0.418 0.044/0.418 0.134/1.024 0.112/1.024
Jul 0.141/0.115 0.251/0.115 0.478/0.272 0.602/0.272 1.698/2.251 1.422/2.251
Aug 0.284/0.128 0.597/0.218 0.858/0.317 1.152/0.317 2.072/1.684 1.870/1.684
Sep 0.327/0.131 0.732/0.131 0.718/0.367 1.006/0.367 2.463/2.153 2.286/2.153
Oct 0.434/0.341 1.102/0.341 0.570/0.733 0.892/0.733 0.916/1.479 0.947/1.479
Total 4.528/6.747 8.477/6.747 6.930/9.768 8.931/9.768 23.296/23.956 19.681/23.956

Mean 0.238/0.355=

0.670

0.446/0.355 = 0.364/0.514 = 0,470/0.514 =

1.256

0.708

0.914

1.226/1.260 =

0.973

1.035/1.260 =

0.821




Node 1 (101) Node 2 (102) Node 3 (103)

Total (ppm)
Predicted ' 8,141 13,474 28,520
Observed 6,857 14,503 31,666
Means (ppm)
Predicted 426 709 1,501
Observed 363 739 1,667

Absolute differ-
ences expressed
as a percent of
the observed 17 4 10

The comparison of the salt pickup in each node is also summarized as
follows:

Node 1 (101) Node 2 (102) Node 3 (103)

Totals tons/
acre-foot)
Predicted 8.477 8.931 19.681
Observed 6.747 9.768 23.956
Means (tons/
acre-foot)
Predicted 0.446 0.470 1.035
Observed 0.355 0.514 1.260
Absolute differ-
ences expressed
as a percent of
the observed 26 9 18

Figures 1-3 are graphic presentations of the predicted versus observed
quality of outflow from each node from Study No. 3.
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SAMPLE OF VERNAL SIMULATION RUNS

Nos. 1, 2, and 3
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" RESEARCH IN CONJUNCTIVE USE STUOY FOR THE VERNAL PROJECT

NODE_NUMBER = 101

NUMBER OF NODES = 3~ "PAGE NOJ &7

OPERATIONAL SEQUENGCE OF SURFACE FACILITIES

ASHLEY CREEK AT HEAD OF SYSTEM
FEEDER CANAL TO STEINECKER RESERVOIR
INFLOW FROM STEINECKER RESERVOIR

DIVERSION TO SUPPLY IRRIGATED AREA
SHORTAGE FROM THE IDEAL DEMAND

"OBSERVED OUTFLOWS FROM NODE
HIGHLINE CANAL OUTFLOW GAGE NO, 3

UPPER CANAL OUTFLOW
CENTRAL CANAL OUTFLOW GAGE NO. 1
SERVICE CANAL OUTFLOW GAGE NO.

€t

ASHLEY CREEK OUTFLOW GAGE NOJ 117

SUBSURFACE OPERATIONS AND FLOW TRANSFERS

AQUIFER CONDITIONS OF LAST TIME FRAME
RETURN FLOW FROM IFRIGATION

TRANSFER OF FLOW FPOM RIVER TO AQUIFER
INFLOW TO AQUIFER FROM RIVER
TRANSFER OF FLOW FROM AQUIFER TO RIVER

INFLOW TO RIVER FROM AQUIFER

COHPARISON INDEX ~
TOTAL OBSERVED OUTFLOWS FROM NODE

PREOICTED OUTFLOH FROM THIS NODE
SIMPLE OIFFERENCE

CHEMICAL CHANGES IN NODOE
0BSERVED CHANGE

PREDICTED CHANGE

__MONTH OF MAY ~  VYEAR 1971 e e o . e
VOLUME CA MG NA cL S04 HCO3 €03 NO3  TOTAL SALTS
ACRE FEET _PPM__PPM__PPM _PPM__PPM__ PPM __PPM PPN PPM _ TONS/AF
18160 22 & 2 ] 17 37 0 0 65 8.089
4800 22 4 2 (1] 17 37 (] 0 65 0.089
1324 38 10 6 1 59 53 0 0 143 0,195
3u30 23 5 FJ 021 38 0 0 72 0.000
0 .
3 _1508 22 4 2 i} 17 37 ¢ 0 65 0.089
GAGE NO. 2 4264 23 2 2 i 13 33 07 077 58 T 0.080
2016 26 5 1 i 16 43 0 0 73 0.100
245 984 38 10 6 1 59 53 (1} 0 143 0.195
1115 142 53 It 237 31477200 ('] b} 678 04922 ‘
24086 126 82 61 20 272 285 0 0 707 0.962
687 117 27 13 0 107 192 0 0 362 0o 494
1369 23 5 2 (1} 21 38 0 0 72 8.099
1369 23 5 2 0 21 38 0 0 72 0.0699
i 0 0 0 0 0 0 0 0 0 0 0.000
o 0 0 0 0 0 0 0 0 0 0.000
9885 38 10 6 3 53 56 0 0 141 0.192 .
9885 23 5 2 0 21 38 [} 0 72 0.099
({OBSERVED « PREDICTED) 0 15 5 3 3 31 17 0 0 68 0.093
0 16 5 3 3 35 19 K Q 75 0.103
0 i 0 0 0 3 1 0 — 1o 6 0. 010




RESEKRCH”IN‘CGNJUNCTIVE'USE“STUUY”FUR—TFE*VERNAE'PROJECT'“"_T“—’__'NUHBER'OF"NODES_E"B ""PAGE'NO. %5

NODE NUMBER = 102

4

OPERATIONAL SEQUENCE OF SURFACE FACILITIES

OBSERVED" INFLOW AT HEAD OF NOOE
DIVERSION TQ SUPPLY IRRIGATED AREA
SHORTAGE FROM THE IDEAL DEMAND

OBSERVED OUTFLOWS FROM NOOE

HIGHLINE CANAL OUTFLOW GAGE NO. & ~
UPPER CANAL OUTFLOW GAGE NO. 13
CENTRAL CANAL OUTFLOW GAGE NO. 6

SERVICE CANAL OUTFLOW GAGE NO. 5
ASHLEY CREEK OUTFLUW GAGE NO. 8

R SUBSURFACE OPERATIONS AND FLOW TRANSFERS'
AQUIFER CONDITIONS OF LAST TIME FRAME

“YTTT7 RETURN FLOW FROM IRRIGATION
TRANSFER OF FLOW FROM RIVER TO AQUIFER
INFLOW TO AQUIFER FROM RIVER

"TRANSFER OF FLOW FROM AQUIFER TUO RIVER
INFLOW TO RIVER FROM AQUIFER

COMPARISON INDEX

"TOTAL OBSEFVED OUTFLOWS FROM NODE
PREODICTEO QUTFLOW FROM THIS NOOE
SIMPLE OIFFEPENCE (OBSERVED =~ PREOICTED)

CHEMICAL CHANGES IN NOOE

OBSERVED THANGE -
PREOICTED CHANGE

MONTH OF MAY =~ YEAR 197t } . - -
VOLUME CA MG NA cL SO& HCO3 CO3 NO3 TOTAL SALTS
o ACRE FEET PPM_PPM_PPM PPH PPM_PPM PPM PPM PPM  TONS/AF
9885 38 10 6 3 53 56 0 ‘0 141 D.192
2810 38 10 6 3 53 56 (1} 0 141 0192
0

645 18 3 i [} 13 30 0 0 53 0.073
2624 27 6 1 0 16 48 0 (] 76 0.105
452 119 47 19 6 377 78 0 0 608  0.827
416 55 21 () LT sLTT108 T 0 07T 193 0.263
2655 155 98 58 18 665 120 0 0 1056 1.437
19272 228 99 26 11 695 173 0 0 1148 1.559
L22 25772 40 24354377 T0 0939 1,278
283 38 10 6 3 53 56 0 0 141 0.192
283 38 10 6 3 63 56 (] 0 141 0.192
0 0 0 0 0 0 0 0 L] 0 0.000
0 0 0 0 0 0 0 0 0 0 0.000
6792 .17 %5 25 7° 7296 80 [ 0 500 0. 680
6792 38 10 6 3 53 56 (1} 0 161 0.192
0 45 34 19 4 242 24 (] 0 358 0.488

(1] 5 34 19 ¥ 242 Zh U U 3586 0.488
0 0 -0 -0 0 0 0 0 0 ] 0.000




RESEARCH IN CONJUNCTIVE USE STUDY FOR THE VERNAL PROJECT NUMBER OF NOOES = 3~ ~PAGE NO. &

.. NODE NUMBER = 103 = MONTH OF MAY_ __  _ YEAR 1971

VOLUME cAa MG NA cL S04 HCO3 co3 NO3 TOTAL SALTS
AGRE FEET _ PPH PPN PPM PPM PPM PPM PPM PPN PPM TONS/ AF

OPERATIONAL SEQUENCE DF SURFACE FACILITIES

"0BSERVED INFLOW AT HEAD OF NODE 6792 8h 45 25 7 296 80 [ 0 500 0.680
DIVERSION TO SUPPLY IRRIGATED AREA 3630 8l 45 25 7 296 80 0 0 500 0.680
____SHORTAGE FROM THE IDEAL DEMAND 0

OBSERVED OUTFLOWS FROM NODE

T OUTFLOW AT USGS GAGE NO. & T 3327287 6 4T AT 18T e T o0 797 t.ios
QUTFLOW AT USGS GAGE NO. 2 204 238 110 95 15 849 209 0 0 1614 1,924
ASHLEY CREEK OUTFLOW AT JENSEN, UTAH 2230 214 404 72 30 730 185 0O 0 1242 1.689

SUBSURFACE OPERATIONS AND FLOW TRANSFERS

T "7 AQUIFER CONDITIONS OF LAST TIME FRAME ™ ) 57027603 220 41 16 204& T 209 T 0T b0 3031  4.123
b RETURN FLOW FROM IRRIGATION 362 847 458 255 79 2969 810 0 0 5014 6.820
 TRANSFER OF FLOW FROM RIVER TO AQUIFER 396 B4 45 25 7 296 80 ] (] 500 0.680

— 77777 INFLOW TO AQUIFER YO RIVER ' 396 84 45 25 77296 80 T 70 ] 500 0.680 —
TRANSFER OF FLOW FKOM AQUIFER TO RIVER 0 0 0 0 1] 8 0 0 0 (1 0.000
_INFLOW TO RIVER FROM AQUIFER 0 (1] 0 0 0 0 1 0 0 0 0.000

___COMPARISON INDEX

TOTAL OBSERVED OUTFLOWS FROM NODE 2766 194 90 65 25 653 i71 0

0 1115  1.517
PREDICTED OUTFLOH FROM THIS NODE 2766 B4 45 25 7 296 80 0 0 500 0,680

"7 SIMPLE OIFFERENCE (OBSERVED = PREDICTED 07109 RS 40T 1777357 T 90 0 077615 T 04837 T
CHEMICAL CHANGES IN NOOE ) .
OBSERVED CHANGE 0 109 45 40 17 357 90 0 0 615 04837
PREDICTED CHANGE_ 0 0 -0 0 0 0 -0 0 0 0 0,000

CHEMICAL CHANGES IN SYSTEM

OBSERVED CHANGE 0172 85 63 25 635 133 0
PREDICTED CHANGE 0 62 40 23 7 278 43 0

1049 1.%27
434 0.591

- X~
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NODE NUMBER = 101 MONTH OF JUN YEAR 1971 e - e
VOLUME cA MG NA cL S04 HCO3 CO3 NO3 TOTAL SALTS
e o ACRE FEET PPM__PPM_ PPM- PPM PPM PPM_PPM_PPM PPM _ TONS/AF
OPERATIONAL SEQUENGE OF SURFACE FACILITIES
ASHLEY CREEK AT HEAD OF SYSTEM 37970 ig 3 2 1 10— "23 k) 0 43 0.059
FEEDER CANAL TO STEINECKER RESERVOIR 4690 14 3 2 1 10 23 0 0 43 0.059
INFLOW FROM STEINECKER RESERVOIR 0 0 ()} (1} (i} 0 0 0 0 0 0.000
OIVERSION TO SUPPLY IRRIGATED AREA 8565 14 3 z i 10— 23 0 0 43 0,059 7
SHORTAGE FROM THE IDEAL DEMAND (]
OBSERVED OUTFLOWS FROM NODE
_HIGHLINE CANAL OUTFLOW GAGE MO. 3 4171 14 3 2 1 10 23 0 (] 43 0.059
UPPER CANAL OUTFLOW GAGE NO, 2 7629 15 2 [1] 0 10777 21 0 ] 39 7T 0.0 —
CENTRAL CANAL OUTFLOW GAGE NO. 1 4268 24 2 2 1 11 36 0 0 60 0,082
'SERVICE CANAL OUTFLOW GAGE NO. 245 0 0 0 0 0 0 0 0 0 0 0.000
ASHLEY CREEK OUTFLOW GAGE NO. 11 5440 79 33 24 87718277143 '} 0 386 T 0.525
_SUBSURFACE OPERATIONS AND FLOW TRANSFERS .
AQUIFER CONDITIONS OF LAST TIME FRAME 26142 120 77 57 19 254 270 0 0 664 0.904
RETURN FLOW FROM IRRIGATION . . 1311 70 15 10 8 52 117 0 0 216 0.295
TRANSFER OF FLOW FKOM RIVER TO AQUIFER 4227 i4 3 2 i 1072370 T 0T T 43 77 00059
INFLOW TO AQUIFER FROM RIVER 4227 14 3 2 1 10 23 0 0 43 0,059
_____ TRANSFER OF FLOW FFOM AQUIFER TO RIVER 0 0 0 0 0 0 0 0 0 0 0.000
INFLOW TO RIVER FROM AQUIFER™ =~~~ 0 0 0 0 ] 0 0 776 TGO U0 T T0L000
COMPARISON INDEX T '* T T TrTTroTeo - R
__ TOTAL OBSERVED OUTFLOWS FROM NODE 22488 35 11 7 3 60 51 (1} 0 143 0.195
PREDICTED OUTFLOW FROM THIS NODE 224868 iy 3 2 1 10 23 0 0 43 0.059
SIMPLE DIFFERENCE (OBSERVED - PREDICTED) 0 21 8 s 1 49 27 ] o 100 0.136
"CHEMICAL CHANGES IN NODE ) T
OBSERVED CHANGE 0 21 8 5 1 49 27 0 0 100 0.136
PREDICTED CHANGE (1] 0 0 -0 =0 <0 0 0 0 =0 =0.000




RESEARCH IN CONJUNGTIVE USE STUDY FOR THE VERNAL PROJECT ~ 77 NUNBER OF NOOES™="3"" ~ "PAGE NO.” 8

LT

NOOE_NUMBER = 102 MHONTH OF JUN VEAR 1971 - -
VOLUME CA MG NA  CL  SOs HCO3 CO3 NO3  TOTAL SALTS
L ACRE FEET PPN __PPM__PPM. PPM PPN PPM__PPM__PPM PPM  TONS/AF
OPERATIONAL SEQUENCE OF SURFACE FACILITIES
OBSERVED INFLOW AT HEAD OF NODE 22488 35 i1 7 3 &0 51 0 0 143 0,195
DIVERSION TO SUPPLY IRRIGATED AREA 5460 35 14 7 3 60 51 ° 0 143 0.195
_SHORTAGE FROM THE IDEAL DEMAND 0 B
0BSERVED OUTFLOWS FROM NODE ‘
HIGHLINE CANAL OUTFLOW GAGE NG % 262118 2 o 11328 v 0 48T 0.066"
UPPER CANAL OUTFLOW GAGE NO.+ 10 4504 19 2 1 0o 10 29 0 0 48  0.065
CEMTRAL CANAL OUTFLOW GAGE NO. 6 632 __126__ 43 16 7 326 108 0 0 ST4__ 0.782
SERVICE CANAL OUTFLOW GAGE NO. 5 0 ¢ 0 0 ] 0 0 6 07T 0T 04000
ASHLEY CREEK OUTFLOW GAGE NO. 8 10780 118 58 38 11 384 121 0 0 672  0.91%
SUBSURFACE OPERATIONS ANO FLOW TRANSFERS B ~ vt
AQUIFER CONDITIONS OF LAST TIME FRAME 19977 224 97 26 11 679 176 0 0 1127  1.533
RETURN FLOW FROM IRRIGATION ‘ 8227234 TTT¥5T 83T 207 39973397 0T 09537 T4.297
TRANSFER OF FLOW FKOM RIVER TO AQUIFER 0 0 0 0 0 0 0 0 0 0 0.000
INFLOW TO AQUIFER FROM RIVER 0 0 0 0 0 0 0 0 0 G 0.000
TRANSFER OF FLOW FFOM AQUIFERTO RIVER 15092247 T977 26T 11767974767 0 0771427 T 14533
INFLOW TO RIVER FROM AQUIFER 1509 226 97 26 11 679 176 ° 0 1127  1.533
COMPARISON INDEX
—— " ~TOTAL OBSERVED OUTFLOWS FROM NODE I8537 B0 36 23 72397 85 0 0T 4287 0.583
PREOICTED ,OUTFLOW FROM THIS NODE 186537 50 18 9 3 110 61 0 0 223 0.304
_SIMPLE OXFFERENCE (OBSERVED = PREDICTED) 0 29 17 13 3 128 23 0 0 205  0.279
CHEMICAL CHANGES IN NODE
0BSERVED CHANGE ~~ 0 %5 2% 15 3 179 33 0 0265 0388
7 1 e 50 10 0 0 80  0.109

PREDICTED CHANGE 0 15




NODE NUMBER = 103

OPERATIONAL SEQUENCE OF SURFACE FACILITIES

OBSERVED INFLOW AT HEAD OF NODE
DIVERSION TO SUPPLY IRRIGATED AREA
SHORTAGE FROM THE LDEAL DEMAND

0BSERVED OUTFLOWS FROM NODE

OUTFLOW AT USGS GAGE NO. 177 7777
OUTFLOW AT USGS GAGE NO. 2
__ASHLEY CREEK OUTFLOW AT JENSEN, UTAH

SUBSURFACE OPERATIONS AND FLOW TRANSFERS

&7 AQUIFER CONDITIONS OF LAST TIME FRAMNE
RETURN FLOW FROM IRRIGATION
TPANSFER OF FLOW FROM RIVER TO AQUIFER

INFLOW TO AQUIFER 10 RIVER
TRANSFER OF FLOW FROM AQUIFER TO RIVER
INFLOW TO RIVER FROM AQUIFER

COMPARISON INDEX

TOTAL OBSERVED OUTFLOWS FROM NODE
PREDICTED OUTFLOW FROM THIS NOOE

SIMPLE DIFFERENCE (OBSERVED = PREGICYED)
CHEMICAL CHANGES IN NODDE

0BSERVED CHANGE .
_PREDICTED CHANGE_

CHEMICAL CHANGES IN SYSTEM

OBSERVED CHANGE™
PREDICTED CHANGE

RESEARGH IN CONJUNCTIVE USE 'STUDY FOR THE VERNAL PROJECT "~ ~% 7 NUMBER OF NODES™= 3 "~~~ PAGE NO, 9 ~ 7
MONTH OF JUN_ YEAR 1971 . - - - . -
VOLUME cA MG NA cL S04 HCO3 CO03 NO3  TOTAL SALTS
ACRE FEET PPM _PPM__PPM__ PPM__PPM__PPM PPM__ PPM_ PPM _ TONS/AF
18537 &b 36 23 7T 239 85 0 0T u2s 0.583
66800 80 36 23 7 239 85 o 0 428 0.583
0
696 i9 2 i 07 107 29 7 70T T T s 0.06%
212 197 69 68 11 604 168 0 6 1035 1.409
10280 216 107 59 19 T71_ 167 0 0 1258  1.711
N
\
54607 585 223~ 52 19771989 235 7T 0 T 0 72987 T T 4,063
684 800 361 231 70 2378  8ub ¢ 8 4264 5. 800
549 80 36 23 7 239 85 0 0 428  0.583
549 ‘80 36 23 77 23977785 0 0 428 0.583
0 0 0 0 0 0 0 (] 0 0 0.000
0 0 0 0 i} 0 0 0 0 0 0.000
11188 203 99 56 17 7212 159 0 0 1178 1,603
11188 80 36 23 7 239 85 0 0 428 0.583
0 123 53 33 {0 482 74 6 0 749 1.019
0 123 63 33 10 482 74 0 0 749 1.019
0 -0 -0 0 ] 0 0 0 0 =0 =0.000
0 189 96 ) 16 710 135 ° 0 1135 1544
0 66 33 23 5 228 61 (1] 0 385 06525

-~




__NODE NUMBER = 161 MONTH OF JUL

"” RESEARCH IN CONJUNCTIVE USE STUDY FOR THE VERNAL PROJECT ~~
... YEAR 1971

VOLUME

OPERATIONAL SEQUENCE OF SURFACE FACILITIES

T7¢ T NUMBER OF NODES™="3 T

CA

MG NA CL

S04 HCO3
ACRE FEET _ PPM _PPM___PPM__ PPM__ PPN ___PPM___ PPN _PPH __PPH __TONS/AF

"PAGE NOL,T 10

Cco3

NO3

TOTAL SALTS

~ ASHLEY CREEK AT HEAD OF SYSTEM 10730 1 0 0 6 T2 1 1] 0 5§ T 0.007
FEEVDER CANAL TO STEINECKER RESERVOIR 0 0 0 (1} 0 0 0 0 0 0 0.000
_ INFLOW FROM STEINECKER RESERVOIR 7952 38 10 6 4 50 56 0 0 138 B.188
- DIVERSION TO SUPPLY IRRIGATED AREA 6870 17 4 2 1 22 7 28 0 0 61 0.084%
SHORTAGE FROM THE IDEAL DEMAND 0
- T 'OBSERVED OUTFLOWS FROM NODE T ‘““‘ T/ Tt T T —
HIGHLINE CANAL OUTFLOW GAGE NO. 3 2490 30 7 2 0 13 55 0 0 88  0.120
UPPEQ CANAL OUTFLON GAGE NO. 2 2858 29 6 1 (1] 17 50 0 0 80 T 0.109 T
CENTRAL CANAL OUTFLOW GAGE NO,. 1 434 50 19 4 2 53 94 G 0 177 0.242
___ SERVICE CANAL OUTFLOW GAGE NO. 245 6224 38 10 6 & S0 56 0 0 138 0.188
37777 ASHLEY CREEK OUTFLOW GAGE NO. 11 735777135 64 by 1877336 192 T 0777 07 695 T G.946 T
_SUBSURFACE OPERATIONS AND FLOW TRANSFERS L N o L o o i )
ACUIFER CONDITIONS OF LAST TIME FRAME 31680 104 54 48 16 213 231 0 0 563 0.766
___RFTURN FLOW FROM IRRIGATION o 1371 85 23 14 9 114 125 0 0 309 Q.424
" TRANSFER OF FLOW FROM RIVER TO AQUIFER 0 0 0 0 (| I 0 | 0 0T Ge000 T
INFLOW TO AQUIFER FROM RIVER 0 0 0 (i 0 0 0 0 0 0 0.000
TRANSFER OF FLOW FROM AQUIFER TO RIVER 929 104 64 48 16 213 231 0 0 563 0.766
T INFLOW TO RIVER FROM AQUIFER ™~~~ 7 9297 L0 T T el T U8 T 16 243777234 T 07T 0 U663 04766
COMPARISON INDEX - - . - T T T T T T "
TOTAL OBSERVED OUTFLOWS FROM NODE 12741 40 12 6 3 53 63 0 0 148 0.203
——— " T PREDICTED OUTFLOW FROM THIS NODE 127061 23" 9 6 2 36740 0 T0TTTT 98T Ded3 T
SIMPLE DIFFERENCE (OBSERVED - PREDICTED) 0 17 3 0 0 16 23 -0 (] 50 0.069
- "CHEMICAL CHANGES IN NODE - o
OBSERVED CHANGE 0 39 11 6 3 51 62 0 (1] 143 04195
PREDICTED CHANGE : 0 22 8 6 2 34 38 0 0 93 T 0127




NODE NUMBER = 162 = MONTH OF JUL

VOLUME CA

OPERATIONAL SEQUENCE OF SURFAGCE FACILITIES

RESEARCH IN CONJUNCTIVE USE STUDY FOR THE VERNAL PROJECT ™™~ "7 NUMBER OF NODES™= 3~ ""PAGE NO. 11
YEAR 1971

NA CcL

S04 HCO3

MG

co3

NO3

TOTAL SALTS

OBSERVED INFLOW AT HEAD OF NODE™
OJVERSION TO SUPPLY IRRIGATED AREA

SHORTAGE FROM THE IDEAL DEMAND

OBSEPVED QUTFLOWS FROM NODE

HIGHLINE CANAL OUTFLOW GAGE NO. & 7~
UPPER CANAL OUTFLOW GAGE NO. 16
CENTRAL CANAL OUTFLOW GAGE NO. 6

SERVICE GANAL OUTFLOW GAGE NO. S
ASHLEY CREEK OUTFLOW GAGE NO. 8

i

[=]
TTTTSUBSURFACE OPERATIONS AND FLOW TRANSFERS'
AQUIFER CONDITIONS OF LAST TIME FRAME

‘‘‘‘ RETURN FLOW FROM IRRIGATION
TRANSFER OF FLOW FPOM RIVER TO AQUIFER
INFLOW TO AQUIFER FROM RIVER

T TRANSFER OF FLOW FROM AQUIFER TO RIVER
INFLOW TO RIVER FROM AQUIFER

COMPARISON INDEX

TOTAL OBSERVED OUTFLOWS FROM NODE "
PREOICTED OUTFLOW FROM THIS NODE

_SIMPLE DIFFERENCE (OBSERVED :"PREDICTEOD

CHEMICAL CHANGES IN NODE

08SERVED CHANGE ™
PREDICTED CHANGE

ACRE FEET PPM PPM  PPH PPM  PPHM PPM PPM_ PPM__ PPM _ TONS/AF
12741 7 40 12 6 3 ‘B3 83 ] g 148 7 70.203 -

5730 40 12 6 3 53 63 0 0 148 0.203
L S —

1392 727 T 6T LT T A9 0 T 0 T 76 G.104

1057 30 6 2 1 14 Sk 0 0 82 0.112

352 [4) 27 g S 174 82 0 0 332 0.452

#S6% TS50 197 T T2 83T 94 TTTTO T T 0T ATT T Bl.242

1160 180 79 51 14 564 i68 0 0 975 1.326

19299 224 96 27 12 668 182 )] 0 1120 1.524

856 TT272 T 783 T k& TTTT2377 358 T 428 T 0 T 0 7T 996 77 1.356

U] ] 0 0 ] 0 ] 0 0 0 0.000

0 0 0 0 0 0 0 0 0 1] 0.000
15184 777224 796 TTTRYITTTTTA27°776687 7182 T 0 T T 07T 1420 1.524 7 °

1514 224 36 27 i2 668 182 0 0 1120 1524
B52%5 7T 6277 2477 A0 KTTTI167T 8L T 0 T T 0T T 266477700359 T T T

8525 73 27 1] 5 162 85 0 ] 321 Cet37

0 =10 -2 -0 -0 =46 6 0 0 -57 -0.078

0 22 i2 3 0 63 27T 0 07115 0.157

0 32 16 3 i 109 21 ¢ 0 i72 6,235




RESEARCH "IN CONJUNCTIVE USE"STUDY FOR™THE VERNAL PROJECT™ 7 NUMBER OF NODES™="3 77" PAGE NOJ 42" "~~~ 77—
E

&
__NODE NUMBER = 103 __ MONTH OF Jut YEAR 1971

VOLUME CA MG NA  CL  SO4 HCO3 CO3 NO3 TOTAL SALTS
ACRE FEET__PPM__PPM__PPM__PPH _PPM__PPM__PPM PPN PPM _ TONS/AF

OPERATIONAL SEQUENCE OF SURFACE FACILITIES

OBSERVED INFLOW AT HEAD OF NODE 8525 62 25 10 K116 91 0 0 26k 0.359
DIVERSION TO SUPPLY IRRIGATED AREA 7110 62 24 10 4 116 91 0 0 264 0.359
SHORTAGE FROM THE IDEAL DEMAND 0 L
OBSERVED OUTFLOWS FROM NODE :
— 7 OUTFLOW AT USGS GAGE NO, 1~~~ 77 ° 493 ~ 29 T e 7 0 14T 54T 0T T T 80T T 0lt20T
OUTFLOW AT USGS GAGE NO. 2 257 216 137 139 19 1134 120 ] 0 1707 2.322
__ASHLEY CREEK OUTFLOW AT JENSEN, UTAH_ 1750 207 140 _ 123 27 1108 102 0 0 1658  2.255

SUBSURFACE OPERATIONS AND FLOW TRANSFERS

W AQUIFER CONDITIONS OF LAST TIME FRAME™ 7693 7568 222 66 23 1898 7279 " 0 0 2918 T " 3.969
= RETURN FLOW FROM IFRIGATION 709 630 245 102 41 1169 917 0 0 2649 3.603
TRANSFER OF FLOW FEOM RIVER TO AQUIFER O (i 0 0 0 0 0 0 6.000

" INFLOW TO AQUIFER TO RIVER o 60T 0T T T T e 0 0 0 0.000
TRANSFER OF FLOW FROM AQUIFER TO RIVER 1085 568 222 66 23 1898 279 0 0 2918 3.969
INFLOW TO RIVER FROM AQUIFER 1085 568 222 66 23 1898 279 0 0 2918 3.%69

__COMPARISON INDEX

TOTAL OBSEPVED OUTFLOWS FROM NODE 2500 173 113 101 21 895 95 0 0 1352 1.839

PREDICTED OUTFLOW FROM THIS NODE 2500 282 110 34 12 890 172 0 0 1416 1,926

“SIMPLE DIFFERENCE (OBSERVED = PREDICYED) 6 =108 3766 8T e 0 07 -6k TT<0.087
CHEMICAL CHANGES IN NODE B o _

OBSERVED CHANGE 0 110 89 90 16 778 3 0 0 1087 1,480

PREDICTEOD CHANGE ___ 0__ 219 85 24 8 __773__ 81 0 0_ 1152 1.567
CHEMICAL CHANGES IN SYSTEM

OBSERVED CHANGE 0 i74 113 100 2148927 T 9% 0 0 13467 1,832

PREDICTED CHANGE 0 280 109 3% 12 887 170 0 0 1410  1.919




T RESEARCH TN CONJUNSTIVE USE STUDY'FOX THE VERNAL PRGJECT ~——— NUMBER OF NODES = 3~ PAGF NO. 10

T NODE NUMBER = 101~ MONTH OF JuL YEAR 1971
T "TVoLUME "CA #6 NA 60777506 THCO3 TTTCO0RT NG3 T TOTAL SALTS T
L L L ACFE FEET PPM__ PPM__PPM__PPM PPM PPM PPM PPM PPM  TONS/AF
. _OPERATIONAL SEQUENCE OF SURFACE FACILITIES
. ___ ASHLEY CREEK AT HEAR OF SYSTEM 10730 32 5 2 0 11 58 0 0 81 0.111
FEEDER CANAL TO STEINECKZR PESEZRVOIR [ 0 ] ] ] ] ] T 0 TETTTD. 00D
INFLOW FROM STEINECKER RESERVOIP 7952 38 10 6 4 50 56 0 0 138 0.188
DIVEFSION TO SUPPLY IRRIGATED ARER 6370 35 7 [ 7 77 57 (1] ) 105 U144
__ SHORTAGE FRCM THZ IDFAL DZMAND . o o
3 OBSERVID OUTFLCWS FROM WODE o i
-HISHLINE CANAL OUTFLOW GAGS Np.__3 2630 30 7 2 0 19 55 0 0 88 0.120
UPPZE GCANAL OUTFLOW GAGZ NO. 2 2858 29 ) 1 17 5T i) i) 1) V109 ST
__CENTRAL CANAL OUTFLOW GASZ NO. 1 434 59 19 A 2 53 =T 0 0 177 p.2u2
T 7" SCRVICT CANEL OUTFLLW GAGE NO, 2645 777 6224 38 10 & I 57 56 0 ) 130 0,188
{8 ASHLEY CPEXK ODUTFLOw GAGI NO. 11 735 135 6h TN 18 336 132 0 0 695 0.946
SUBSURFACE_OPSRATIONS ANO FLOW TRANSFERS
L AQUIFEP CONDITIONS OF LAST TIME FRAME 36480 93 57 42 14 183 205 0 0 4ap 0.678
KETURN FLOW FROM IRZIGATIOM I ¥ 14 M ¥ £ 35 20 1T 139 289 "D T 0T CUS30T 0.7
' TRANSFER OF FLOW FROM PIVER TO AQUIFER 0 0 0 0 0 0 o 0 0 6 0.000
INFLOW TO AQUIFER FR0OM RIVER ' . 8T ] ] 0 00 T8 T8 T T 0 TT0.000°
_________ TRANSFER OF FLOW FROM AQUIFER TO RIVER 929 33 57 N 14 188 205 0 0 498 0.678
INFLOW TO RIVER F&OM AQUIFER 77 7~ 929 g3 57 LY 1% 185 205 1Y 1] 498 0+678
. . COMPARISON INDEX .
B __TOTAL CBSESVED OUTFLOWS FROM NOODZ 12741 «0 12 ) 3 53 63 0 ) 148 0.2C3
T T PREODICTED QUITFLOW FYOMNTTHIS TNOOETT 12767 39 1T 5 3 33 58 ) ) 3% 0183
____SIMPLE OIFFERENZE (DBSEPVED = PRIDICTED) 0. 1 1 -0 0 14 -l -0 0 14 0.020
. _ CHEMICAL CHANGES IN NODE
____0BSEPVID CHANGE ] 8 6 4 2 42 5 0 0 67 0,091
"PREDICTED CHANGE L] B 5 [ 4 29 g 0 o T4 05072




“RESEARCH IN CONJUNCTIVE USE STUDY FUR THE VERNAL FROJECT NUM3ER UOF NUDES™ = 3 FAGE N0 I1

TTNODZ NUMBER 27102 ~ " "HONTR™OF JUL YEAR T971 —

T T T o T ) a TTTTTTTTTTTTTTTTTYOLUNME T TR WG NA T CL SO& T RCD3 T CO3TT ONO3ITT UTOTALT SALTS T
ACRE FEET PPM PPM PPM PPM PPM PPM PFM PPM PPM TONS/AF

OPERATIONAL SEQUENCE OF SUFFACE FACILITIES

OBSERVED INFLOW AT HZAD OF NODE 12741 40 12 6 3 53 63 0 0 148 0.203

TTTTT 7T T DIVEPSION TO SUPPLY IRFIGATED AREA™ T730T T TRT 12 6 I 5363 0 0T14E TTTO,203
SHORTAGE FR0M THE ICEAL DEMAND _ D
_____ 0BSERVED OUTFLOWS FROM NOCE N L L o o :
MIGHLINE CANAL OUTFLOW GAGE NO. & 1392 27 6 1 1 14 w9 0 0 76 0.104
TTTUTTTTTUUT UPPER CANAL OUTFLOW GAGE NO. 10 T Y4087 T30 TUTE TTTTTZTTTTL TTI4L TSR T g 0 82 77 04112
CENTRAL CANAL OUTFLOW GAGE NO, 6 352 75 27 9 5 171 82 0 0 332 0,452
T T USERVICE CANAL OUTFLOW GAGE NO. §° '~~~ TBEEWTT ST {3 & 2RI ) T 0T 0,262
____ ASHLEY CREEZK OUTFLO4 GAGZI NO. 8 o 1160 180 79 51 14 564 163 0 0 975  1.326
w o
" SUBSURFACE OPERATIONS AND FLOW TRANSFERS L N o _
AQUIFE® CONDITIONS OF LAST TIME SRAME 19290 224 36 27 12 668 192 0 ¢ 1120 1,524
" RZTURN FLOM FPOM IRGIGATION' T S 856272 B3 T GE 23 ISY %28 0TI U TTT996 T 1.356°
TRANSFER OF FLOA FROM FIVER TO AQUIFEF 0 3 0 0 0 0 0 0 0 0 0,000
T =" -~ " INFLOW TO AQUIFIR F3OM RIVER =~ ~ =~~~ ==~ g —p 0 0T 0T 0T 0T 0T 07T 04000 T
TRANSFER OF FLOW FROM AQUIFER TO RIVER 1514 226 96 27 12 663 182 0 0 1120  1.524
T INFLOW TO QIVER FROM AQUIFER 7 "~ 1514 "° 224 96 277127 BBET 182 T D - 112077 T°1.526 "
__ INTERNODAL TRANS FRCM UPSTREAM AQUIFER 0 0 0 0 0 0 0 0 0 0 0.000
"7 COMPARISON INDEX T T T ; i
T"""""7"" TOTAL OBSERVED OUTFLOWS FROM NODE "~~~ 77"~ ~B5267""%2 24 10 56T U0 T 0 U266 T T 0, 359
PREDICTED OUTFLOW FPOM THIS NODE 8525 73 27 10 5 162 85 0 0 321 0.437
—~ SIMPLE DIFFERENCE (0BSERVED < PREDICTED) UL ST =0 < =h6 5 y T =57 =U.U78
—~""""CHEMICAL CHANGES IN NODE m ; T T T e
—=v T —QBSERVED CHANGE R A T A 3 VI 27 0T T 0T IS 0,157
_PREDICTED CHANGE L B ) 0 32 14 3 1 109 21 0 0 172 0.235




T RESEARCH IN TONUUNSTIVE USE STUOY FOX THE VERNAL PROJETT NUMBER OF NODES = 3 PRGF NU, 12
T TNODE NUMBER = 103 T MONTH OF JULT T TTTYEAR 19710 -
oo - ’ oo T 7T VOLUME CA MG NA cL S0G  HCO3 ™ €03 NO3~ TOTAL SALTS
e ACRE FEET __PPM_ PPM - PPM__PPM__PPM__PPM__PPM__PPM_ PPM _ TONS/AF
. OPERATIONAL SZOUENGE OF SURFACE FACILITIES o L
__ OBSERVED INFLOW AT HEAD OF NODE _ 8525 62 24 10 & 116 a1 0 0 264 0359
DIVERSION TO SUPPLY IRFIGATED ARER 7110 62 7% 10 "t T} 71 [ J | 266 "7 04359°
'SHORTAGE FROM THE ITEAL DEMAND 0 o o
o _O3SERVED OUTFLOWS FROM NOOE o . L ) B Y
____ OUTFLOW AT USGS GAGF NO. 1 o 493 29 6 2 0 14 54 0 0 80 0.110
OUTFLOW AT USGS GAGF NO. 2 - 267 TTTF15T L§F T 139 191134 120 0 0T 4707 24322
_ ASHLEY GPEZK OUTFLOW AT JENSEN, UTAH 1750 207 140 123 27 1108 102 0 0 1658  2.255
'SUBSURFACE OPEZPATIONS AND FLOW TRANSFERS e L ) ~
. w_ AQUIFER CONDITIONS OF LAST TIME FRAME 7693 568 222 66 23 1898 279 0 0 2918 3.969
‘ B~ RETURN FLOW FROM IRSIGATION 7057330 245 102 61 1169 917 ) T 26 4¢ 3.603
___TRANSFER OF FLOW FROM RIVZR TO AQJIFER 0 0 0 0 0 0 ) 9 0 c 0.000
INFLOW TO AOUIFEX FIOM KIVER 0 0 D ] 1) ] ) ) U U 0.000
____ IRANSFEZR OF FLOW FROM AQUIFZR TO RIVER 1085 568 222 66 23 1893 279 0 0 291e 3.969
INFLGW TO RIVER FROM ANUIFER 1088 8B 222 56 25 18037727970 07 2918 3.969 T
____ INTERNODAL TRANS FROM UPSTREAM AQUIFER 0 0__ O 0 © 0 8 @ 0 0 0.000
— COMPARISON INDEX T
TTUTTT ST TOTAL OBSERVED OUTFLOWS FROM NODE TTTTSTTTC caggg 473 T 443 0 T104TTTT21TTBYS T 95 TTTTTDTTTTDTT 1352 1,839 U7
___ PREDICTED OUTFLOW F5OM THIS NODE i 2500 282 110 34 12 890 172 0 0 1416 1.926
SIMPLE DIFFERENCE (OBSERVED = PREOICTEODY - 7 0 <108 3 66 BT BT APy T T T 46 T =0,087 T
CHEMICAL CHANSES IN NoODY
- - 03SERVED CHANGE o U II0 89 90 16 773 3 ) 01087 —1.480 ——-
______ PcEDICTED CHANGE . n 219 85 24 3 773 81 00 1152 1,567
____CHEMICAL CHANGES IN SYSTEM ) e _
L ___ OBSERVED CHANGE 0 140 107 99 20 884 36 0 0 1270 1.728
- PREDICTED CHANGE ™ ~ ~~— ~ =~~~ TT2%9 106 32 10 BT LG T T 0T 1336 T T 1,815

—— gt = oo n < cn - on




RESEARCH TN CONJUNCTIVE USZ "STUDY 'FOR™THE "VERNAU F=UJETT .

NUMBLR UF NUUES = 3 PAGE "NU. 1

3

T NODE NUMBER =104 MONTH OF RUS "~ — YEAR 1974

T T e VOLDME ~~"CA "~ "AG " NA"CL " T"SO04” HCO3 " €03 NO3 T TOTAL SALTS ™ ~
N ACRE FEET PPM__PPM__PFM__PPM__PPM PPM  PPM__PPM_ PPM  TONS/AF
OPERATION4L SEQUENCE OF SURFAGE FACILITIES ] B
ASHLEY CREEZK AT HEAD OF SYSTEM 4910 31 9 1 0 27 53 0 0 37 0.132
T U 'FEEDEF. CANAL TO STETNECKER RESERVOIR 0 0 0 U ) 0 y U U 00,000
INFLOW FROM STEINECKER FESERVOIR 6030 32 9 5 2 35 54 0 0 113 0.154
DIVERSION TO SUPPLY IRRIGATED ARZA 5070732 3 I 1 37 %% 0 IR UL NG
o SHORTAGE FR0M THE IFZAL DEMAND T e
A
03SESVID OUTFLONWS FROM NODE o L o )
HIGHLINE CANAL OUTFLOW GAGE NO. 3 667 31 11 2 1 35 56 0 0 110 0.150
TTTTTTTT T UPPER CANAL OUTFLOW  GAGE NO. 2 77T TTUIUTTTUTIT TTTiggl  TUTISTTTTTURTTIT 2T 4T 69 T U0 4027 04439 T
CENTFAL CANAL OUTFLOW GAGS NO. 1 142 63 27 7 6 62 129 0 0 232 0.316
TTUUTU " SERVICI CAMAL OUTFLCW GAGE NO. 245 7 4558 32 3 78 2 35 54 0 0 113 0.154  ©
& ASHLEY CREIK QUTFLOW GAGE NO. 11 . s10 170 62 58 14 491 185 0 0 830  1.197
SUBSURFACZ OPERATIONS LND FLOW TRANSFERS o . o
AQUIFER CONDITIONS OF LAST TIME FRAME 36922 95 56 41 14 1F5 208 0 0 499  0.679
TTTTTT U T RETURN FLOW FROM IR IGATION T 42247 453U 4T CAB T 153 U288 0T T 0 52€ T 00716 T
TRANSFSR OF FLOW FRCM RIVER TO AQUIFER 0 0 0 0 0 0 0 0 0 0 04000
T TTUCUINFLOW TO AQUIFER FIOM PIVER  ~ = D T 0T 170 9T T 0,000 T
TRANSFER OF FLOW FROM AQUIFER TO RIVER 2701 36 56 41 14 136 208 0 0 495  0.679
— === TTTUINFLOW TO RIVER FROM AQUIFER ~°— = T Z70TTTT95 T 56T AT 1% IB6 T 208 0] T 49T U679
____ COMPARISON INDEX S o )
TOTAL 03SE2VED OUTFLOWS FROM NODE 7e4l 44 14 8 3 70 66 0 0 176 0,237
———""""" 'PFEDICTED OUTFLOW F?0M THISNODE ~ 7641756 25 TS 6 B6 108" TTTOTTTTDTTT245 04333
SIMPLE OIFFERENCE (DBSERVED = PREJICTED) 0 =10 =11 -8 =2 =16 =42 =0 0 =70  =0.096
CHEMICAL CHANGES IN NODE o o L o i
0BSERVED CHANGE o 0 13 4 7 2 &2 12 0 0 76  0.105

T 7 PREDICYED CHANGE

T 0 T2y TIs T T15T 5 T T %8 T 55

g g

TAR7T T T0.20




“RESEARCH IN CONJUNCTIVE 'USE STuDY, FOR THE VERNAL PROJETT

NUMBER UF NODES

—3 PAGE N0 1%

“NODE NUMBER = 102 MONTH OF AUG TTTYEAR 1971
T o oo " VOLUME T T TER NG NA tU §0, HWCO3 €03 NO3 " TOTAL 'SALTS ~ -
e ACRE FEET PPM PPM PPM _PPM PPM PPM _ PPM__PPM  PPM  TONS/AF
___OPERATIONAL SZQULCNCE OF SUKFACE FACILITIES o o
_ 03SEFVED INFLOW AT HEAD OF NODE 7641 A 14 8 3 70 66 0 0 174 0,237
DIVERSION TO SUPPLY IRRIGATED AREA™ "~~~ — 5935 774G 1% B 3 70 86 0 T 0 174 " 0,237 T
SHORTAGE FROM THE IDEAL DEMAND 0 )
03SERVED OUTFLOWS FROM NOOE _ L _ N o L
_HIGHLINE CAMAL OUTFLOW GAGE NO, & _ 288 31 8 1 1 23 55 0 0 9s 0,129
UPPZE CANAL OUTFLOW GAGE NO, 10 700 31 g i 0 23 58 0 077 95 0,430
__CENTFAL CANAL OUTFLOW GAGEZ NOs 6 212 102 35 17 6 265 94 0 0 475 0,646
SERVICE CANAL OUTFLOW GAGE NO. S Z2134 33 ) 5 Z ¥4 50 0 i 3% U184
~ ASHLEY SRESK OUTFLOW GAGZ NO, 8 o 860 134 101 67 18 806 a4 0 0 1225 14667
(V)
O SUBSURFACZ OPERATIONS &ND FLOW TRANSFIRS )
AQUIFER CONDITIONS OF LAST TIME FRAME 16632 226 96 28 12 655 193 0 0 1115 1.517
T RETURN FLOW FROM IRIIGATION 769 238 33 57 72 465 G4U ] T II5F 1576
TPANSFTR OF FLOW F20M RIVER TO AGUIFEF 00 ) 0 0 0 0 0 0 0 0,000
INFLOW TO ACUIFZR FROM RIVER - R ] ([N 0 TRTTTTYTTTT0 T 0 T 0000
_TRANSFER OF FLOW FKOM AQUIFER TO RIVER 1596 226 96 28 12 655 193 0 0 1115 1.517
INFLOW TO RIVER F0M AQUIFER TTTUY598 7 T226 ET) 28 127655 193 "0 T 0 14157 TTL.517 T
__ _INTEPNODAL TPANS FROM UPSTREAM AQUIFER 0 ) 0 0 0 0 0 0 0 0 0.000
~ COMPARISON INOEX T s T - - —= -e- -
TOTAL DBSERV:D OUTFLOWS FROM NODE - TTOTE2547T T 707 TTU29 17 5206 5% ] P T363 T DetsQ% T
PREDICTEG OUTFLOW FROM THIS NODE 4254 113 4 16 6 289 113 0 0 527 0.718
SIMPLE DIFFERENCE (OBSERVED - PPEGICTED) 0 <42 =15 1 =T =¥3 =45 U =164 —S04224
'”— TTUGHEMICAL CHANGES IN NODE T T T - To T semmomm e o e R
* O03SEFVED CHANGE - I | R £ S} g 1T 135 70 T 00 189 U ge257 T
0 68 30 7 3 2139 w7 0 0 353 0,461

_..PREDICTED CHANGE




T NODE NUMBER™= 103 MONTH OF AUG™ ~ =~ "~ YEAR 1371

“RESEARCH IN"CONJUNCTIVE "USE STUOY FUY THE VIRNAL™ PROJECT ‘ROMBER OF NUDES = 3

PAGE NU,

15

T T TTTTT UTTTYOLUME TTTCA MG NACL ~~ S04 "HCO3~ 'CO3~ "NO3  TOTAL SALTS -~
e ACRE FEET PPM PPM PPM PPM PPM PPM PPM PPM  PPM  TONS/AF
__OPERATIONAL SEQUENCE OF SURFACE FACILITIES o o 3
‘ 03SEFVED INFLOW AT MEAD OF NODE B w2ss 70 29 17 5 206 68 0 0 363 040424
TTUTTTTTTT O DIVERSION TO SUPPLY IRRIGATED ARSATTT T 4254 777D 2917 5205 TR O T 363 T 0.49% T
I .. SHORTAGE FROM T4E IDEAL DEMAND 2048 :
o _ O3SERVED OUTFLOWS FROM NODE o i ] o
OUTFLOW AT USGS GAGE NO. 1 89 32 9 1 1 23 58 0 0 a7 0.132"
T OUTFLOW AT USGS GAGE NO. 2 T 355 3227 152 T 141724 1288 218 0 0 2038 2,773 T
. ASHLEY CPEEK OQUTFLOW AT JENSEN, UTAW 960 258 167 168 33 1335 157 0 0 2041 2.777
. SUBSURFACE OPERATIONS AMD FLOW TRANSFEZRS _ o
ANUIFE® COMDITIONS OF LAST TIME FRAME 7317 573 224 69 25 1837 333 0 0 2895  3.938
- Y RETURN FLOW FROY IR=IGATION TTTOUTT TTUups 702 U296 7 17877 537720607 633 7 0 T D TU3B3IT T hLNGLL T
TRANSFER OF FLOW FROM RIVE2 TO AOUIFER 0 0 0 0 0 ] 0 0 0 0 0.000
— “TUINFLOW TO AGUIFZR F20M FIVEF ™~ ~ 77 7 ~77=7m= momommigemn g L 0 0 T QT T T T T 0 000
TRANSFER OF FLOW FRGM AQUIFE® TO RIVER 1414 573 224 69 25 1837 333 0 0 2895  3.938
T INFLOW TO RIVER FROM AQUIFCR ™™~ "7 777 TTUL444 T B73IT2247TTBYTTT 25771837 0 3330 T 0T 072895 T 3.938 T
| INTERNODAL TRANS FROM UPSTREAM AQUIFER o0 0 0 o 00 0 0 0 0.000
T COMPARISON INDEX o -
“TTUT T TOTAL OBSERVED OUTFLOWS FROM NODE ~~ 777 1616 77260 T TA53 TIST T 297 IA0TT L8770 T 0 T 1918 T 24609 -
PREDICTED OUTFLOW FROM THIS NODE 1416 573 224 69 25 1337 333 0 0 2895  3.938
- SIMPLE DIFFERENCE (O3SERVED - PREDICTEDY ™~~~ 77 777" 07 =312 7 <2077 61 & =536 "=165° ~" 0 0 -977 TTS1.329 T
TTTTTTTTTHEMICAL CHANGES IN NODE T R -
i 08SZRVED CHANGE T T TTTT T 00T 1907 42T UIIITTRI 4034 0 @8 7 0 T 0 1558 7724115 T
B PREDICTED CHANGE o 0 503 194 51 19 1631 264 0 0 2532 EPIAN
_CHEMICAL CHANGES IN SYSTEw e o
09SERVED CHANGE 0 223 144 149 28 1212 113 0 0 1821 2477
PREDICTED CHANGE T 0 542 T2147 7 B7T T 2% 71809 T 279 0 "0 2756 3,806




T T RESEARCH IN CONJUNCTIVE USE STUOY FOR THE VERNAT PROJIGCY NUMBER OF NODES = 3 PAGT NU,
" NODE NUMBER = 101 T MONTH OF SEP T TTYEAR 19717 - T
T T T T e T USLUME T GA T NA ¢t €04 HCO3 TCO03 TTNO3 TTTOTAL SALTS
L L ACRE FEET _PPM___PPM - PPM__PPM _PPM__PPH  PPM_PPM PPM  TONS/AF
- __ OPERATIONAL SEQUENCE OF SUPFACE FACILITIES . o ) L
N _ASHLEY CFREEK AT HEAC OF SYSTEM 3750 30 7 2 0 19 5% 0 0 8€ 0.120
FEEDER CAMAL TO STEINECKER RESERVOIR ™~ 070 ] 0 0 ] "D ) T 0 "~ 0,000
INFLCH FFOM STEINECKER RESERVOIR 1705 38 10 6 1 59 53 0 0 143 0.195
DIVERSION TO SUPPLY IRRIGATSD ARER 3154 33 3 3 1 31 11 0 ) 1% 0,153 -
o SHORTAGE FROM THE IDEAL OEMANO 0 - ) o
. _OBSERVED OUTFLOWS FKOM NOOE e e o L ) B
N ___HIGHLINE CANAL OUTFLOW GAGi NO, 3’ 449 33 10 2 1 31 67 0 0 119 0,163
UPPER CANAL OUTFLOW GAGZ NO, 2 1674 3T 9 1 ] 73 58 ] ) 96 0v1317
____ CENTFAL CANAL OUTFLOW GAGE NOo 1 120 62 25 6 4 60 123 0 0 222 0,302 .
o 'SERVICS CANAL OUTFLOW GAGE NO. 245 ~~ T 1269 3B 10 ) 1 5% 53 0 0 7143 T 0.185
G ASHLEY CREEK OUTFLOW GAGE NO, 11 900 121 58 48 10 414 119 0 0 712 0.969
SUBSURFACE OPEFATIONS AND FLOW TRANSFERS )
L AQUIFER CONDITIONS OF LAST TIME FRAME 35442 98 56 40 146 185 210 0 0 500 0.680
RETURN FLOW FROM IRFIGATION TTTTTUTTT g2’ U168 % — -t 1% S - Sl | R 534 7 0.727 T
____ TRANSFER OF FLOW FROM RIVE2 TO AQJIFER 0 0 0 0 0 0 0 0 0 0 0.000
INFLOW TO AQUIFER FROM RIVER T ) 0 0 ) 0 0°TTTOTTTTTDT T 0 T DT 0,000
___TRANSFER OF FLOW FRGM AQUIFER TO RIVER 2111 93 56 40 14 185 210 0 0 500 0.680
TTTINFLCW TO RIVER FROM AQUIFER™ ™~ 7 2111 9y 1) LU 1% 135 210 0 ] 50T 8,680
. _ COMPARISON INODEX o o L
TOTAL O3SERVLD OUTFLOWS FROM NODE Wu12 53 20 12 3 115 72 0 0 241 0,328
"PREDICTED OQUTFLOW FROM THIS NODY 44172 17 31 Z1 7 105 129 ] U 256 0,400
_ SIMPLE DIFFEPENCE (O3ISERVED = PREDICTED) 0 =10 =10 -8 -3 10 =57 -0 0 =53 =0.072
___ CHEMICAL CHMANGES IN NODE - R
__0BSEPVED CHANGE 0 22 12 10 2 96 16 0 0 153 0.208
"TPREGICTED CHANGE - ) 33 23 19 ) 56 74 | T 206 U280




RESEARCH IN CONJUNCTIVE USE STULY FOR THE VERNAT FRUJETT

TRODE NUMBER 271027

NUMBER UOF NODES = 3

PARAL- NU. 17

TMONTH OF "SEP ~~"~ " YEAR 1971
T T TTNOLORE T T MG  NA ~CCL™ S04 HCO3™ "CDI  "NO3

“TTOQTAL SALTS”

o ACRE FEET PPM PPM PPM PPM PPM PPM PPM PPM  PPM  TONS/AF
OPERATIONAL SZQUENCE OF SURFAGE FACILITIES
03SEPVED INFLOW AT HEAD OF NODE Liul1?2 53 20 12 3 115 72 0 0 241 0.328
T 'DIVERSION TO SUPPLY IRRIGATED AREAR 25317 8% 20 12 3 115 72 1] 0 rd'} § 0328
. ____'_S_l-IORTA_q_E__f_ROH. TH_E__ IDEA‘L _DE_}M_AN‘O‘ 0
[}
o __qa_ssqvao NUTFLONS FROM NODE i L . » N )
HIGHLINE CANAL OUTFLOW GAGE NODe 4 135 32 7 0 1 13 1) 0 0 87 0.119
- - UPPER CANAL OUTFLOW GAGE NO., 10 '™ - - 875 Iy TTegTTTTTLTTTT 0 23T 57 0 TTONTT 9% 7T 04130
CENTPAL CAMAL OQUTFLOW GAGS NO., 6 214 113 47 19 6 377 78 0 0 608 0.827
T T - SERVICFE CANAL OUTFLOW GEGEZ NO. 5 7~ 777 el T30 1% (] 2 Lg 58" "0 077132 0.1870
8 ASHLEY CREZK OUTFLOW GAGE NO. 8 1690 187 88 61 19 615 178 0 0 1062 1.445
L SUBSURFACS OPZFPATIONS AND FLOW TRANSFERS i o Y N . -
AQUIFER CONDITIONS OF LAST TIMZ FRAME 17783 229 95 29 12 647 202 0 0 1117 1.519
eSS RETURN FLOW FROM O IRSIGATION - 7777 motmT T 339 77357 T 135 Y 22 763479 T 0 TTTTU T IROT 2.186
TRANSFZR OF FLOH F&CHM RIVER TO AQUIFER 0 0 0 0 g 0 [y 0 0 0 0.000
T 777 7 INFLOW TO AQUIFEF FPOM RIVER T T T g T T T T T T 0T TR T T T T T T T TT0.000 T
TRANSFZR OF FLOW FRCM AQUIFE® TO RIVER 1154 223 95 29 12 6L7 202 1} 0 1117 1.519
- T IMFLOW TO RIVER FPOM AQUIFSR™ T 1164 229 95 29 12 647 T 202 T UTTTUTOTTTIVNI7 T TIN519T ——
i __ILQTCFNOOALTQA.@ F_ROM_UP‘ST"‘E:AM AQUIFER.___ 0 1} 0 0 0 ] 0 0 0 1} 0,000
T T TTTCOMPARISON INNEX T — T T — T T
—— """ TOTAL 0OSSERVFEO OUTFLOWS FROM NOOF — — "~ ~72975 126 ~BS7 37 12 3357 12777 0 7 0 783177 TU.927 -
PPEDICTED QUTFLOW F20M THIS NOOE 2975 121 49 19 ? 321 122 0 0 581 0.790
TSIMPLE OIFFERENSE (DBSERVED = PREDITTED)D 0 G 7 17 L 53 L U U 100 0137
Tt YT CHEMICAL CHANGES IN NODe & 7777 7T o
- T Q09SERVEID CHANGE W T T - o772 36 2h 8 270" 55 o 0 LY} 1) 1.599
PB_EDI.C__T_EO CHANQ_E__“ o 1] 68 29 6 3 206 S0 0 i} 339 felb2




- RESEARCH IN TONJUNCTIVE USE STUOY FOI THE VERNALU FROJETY T NUMBER OF NOUES = 3 PEGE NU. 1B
TTTTTTTTNODE NUMBER = 103 T MONTH OF SEP T T T YEAR 1971
T T T TN T e e G LU NE o MG NA tU S04 HCOT T CO3 "NOJ T TOTAL "SALTS T
. o e ACKE FEET PPM PPM PPM PPM PPM  PPM  PPM PPM  PPM  TONS/AF
. OPERATIONAL SZQUENCE OF SURFACE FACILITIES ~ L ) o
______O9SEFVED INFLOW AT HEAD OF NODE 2975 126 57 37 12 385 127 0 0 681 0.927
DIVERSION TO SUPPLY IRRIGATED ARER 2975 126 57 37 12 385 127 0T T 68T 0,927
_SHORTAGE FROM THE IDEAL DEMAND 345
o __OBSEPVED OUTFLOWS FROM NODE o - N L e
_____ OUTFLOW AT USGS GAGE NO. 1 I V-1 - 1 | 9 1 0 23 57 0 0 as 0,130
OUTFLOW AT USGS GAGE NO. 2 106 T273 102 92 15 912 261 () 0 1497 2,036 T
. ASHLEY CFETK OUTFLOW AT JENSEN, UTAH 1710 248 135 6l 19 811 1933 0 0 1345 1,830
_____ SUBSURFACE OPERATIONS AND FLOW TRANSFERS L ‘ i A
L ___AQUIFER CONDITIGNS OF LAST TIME FRAME 6328 580 223 75 26 1849 352 0 0 293¢ 3,954
3 RETUPN FLOW FROM IRCIGATION 2471263 571 370 120 3855 1275 ) (| % ¥ 9,274 —
__TRANSFER OF FLOW FROM RIVE2 TO AQUIFER 0 0 0 0 0 0 0 0 0 0 0.000
INFLOW TO AQUIFER FROM PIVCR ™~~~ 0 ] 0 0 0 U] 0 ) T G 0.000
TRANSFER OF FLOW FROM AQUIFER TO RIVER 1942 580 228 75 26 1849 352 0 0 2936 3.994
INFLON TO RIVER FROM AQUIFER 1942777580 228 75 26 1869 352 0T 0T 29367 3,99
L INTERNODAL TRANS FRCM UPSTREAM AQUIFER 9 0 0 0 0 0 0 0 0 L 0,000
COMPARISON INNDEX ~— T~ 77 ¢
T " "TOTAL O08SERVED QUTFLONWS FROM NOOE™ ™ ™~ "~ 713427772357 39 &1 17 765 134 ) TOTTTL271 T 1,729
______ PREDICTED NUTFLOW F20M THIS NOOE 1942 580 228 75 26 1843 352 0 0 2936 3,994
T " SIMPLE DIFFERENCE (OBSERVED = PRESICTED) 0 =344 =128 <13 SBTIN8L =157 1 D =1665 =2.265 T
TCAEMICAL CHANGES INTNOJIE™
T TOBSERVED CHANGE T T 01039 5T 75 5379 57 | Rl | R A 1 Po902 —
__ __PREDICTED CHANGE 0 uS4 170 38 14 1464 226 0 0 2254 3,066
CHEMICAL CHANGES IN SYSTEM
. OBSEFVED CHANGE 0 204 91 59 17 745 129 0 0 1183 1.609
- 0543 220 73 25 1830297 U U 2B&B 3,874

PREDICTED CHANGE




PESZARCH IN CONJUNGTIVE USE STUOY FOR THE VERNAL FROJCCT + NUMBER OF NODES = 3 PAGE NO. 1
NODZ NUMB-2 = 101 MONTH OF APF TTUTTTTYEAR 71971 o e o ) i B T
VOLUME ~ " TA MG~ NA ct ‘S04 HEO3 T CO3 T NO3 T TOTALTSALTYS T
ACRE FZET __PPM_ PPM PPM__PPM___PPM__ PFM__ PPM __PPM__ PPM__ TONS/AF
____OPERATICNAL S NUENC-_OF SURFACE FACILITIZS . — - —
_____ASHLEY GEETK AT HIAD OF SYSTEH 1379 38 12 3 1 36 58 20 __ 0 141 0.192
TFEEDFA CANBL TO STETMNECKS? RESIPVOIR 400 35 12 3 1 36 58 20 0 141 0,192
IMFLOW _F204 STIINECKIP RESIFVOIC 653 42 12 6 2 60 62 0 0 155 0.211
DIVFFSION TO SUPRFLY IPIIGATED AREA 72€ 40 12 M i Y3 60 12 i 146 0,200
CUSMORTARE FEQM THI INFAL DIMAND b L e
1
095E7°VED NUTFLOWS F=0M NODE o _ ) o L L o o
HIGHLINT CANSL OUTFLOW GAGE NO. 3 [ 0 0 0o 0 _ o 0 0 0 0,000
JPFIF CANAL CUTFLCW GASE NO. 2 460 33 9 6 2 48 50 0 0 125 Be170
___CIMTFAL CA&1AL OQUTFLCW GAGE NOs 1 156 62 25 6 4 80 123 0 _ 0 _ 222 _ 0.302
SCRVIC? CAMAL OUTFLZVW GAGE "MO. 245 440 ui” 12 6 2 7158 0 0 0 222 0.302"
B LSHLEY CSTIK OUTFLOY GAGS HO. 11 309 1834 __ 82 76 2t 653 151 O _ 0 1094 _ 1,488
SURSURFACT OP:PATIONS AND FLOX TRAMSFIRS
S8CUTFE® COMDITIGNS OF LAST TIMT FRAME 246400 _ 125 32 62 20 272 _ 285 0____ 0 706 _ 0.961 .
ICRIGATINYN =CTURY FLOW TO SOIL COLUMN 145 ~ 200 60 23 8 231 "' 300 60 0 735 71,000 T
__T:ANSFIE OF FLOW FENM CIVEE TO AQUIFER B 00 0 0 o o 0o 0o 0 0 0,000
TTTINFLCW TO TQUIFETTFIOM RIV.F 0 0 i 0 0 ] 0 1] 0 i 0.000"
TEANSF R OF FLOW F2nM AQUIFER TO RIVEPR 455 125 32 €2 20 272 2385 0 (] 706 0,961
INFLCH TATIVER ¥ AQUIFSFR Fsg 175 82 €2 20— 27e 285 ] 0 708 0,981
e _._COMEAFTISON THNEX e i L o
TATAL M9SE°VED QUTFLOWS FO0M NODE 1365 73 28 22 7222 65 0 0 386 0.526
pcorrrrr FUTFLON FEON TYIS NODE 1365 68 35 24 8 122 135 8 0 335 0,456
e CIMPLER DIFF::fNC,. (03ISERVED - PREOICTED) O 4 =7 -1 -1 100 -70 -8 __ 0 %1 0.070
. __CHEHICAL CHENSIS IN NOTe e — e e e e
08523V70 CHANGE 0 35 16 19 5 185 7 =20 0 245 04334
PREDTCTED LHANGE 0 30 23 20 7 8% 77 -12 0 193 0.264




FESTARCH IN CuMJUNCTIVE USF STUCY FO9 TV VERNAL FPOJLCT ™ NOMBER OF NODES™= 37~ PAGE No. 2~ T 7
NGDE NUMBFR = 102 MONTH OF APR YTAR 1971 T o T T )
e e e T s CLUME oA msT T NATTTTEL T Tsos THCo3 T 6037 NO3 TOTAL SALTS
e ACFE _FEET._._PPM___PPM__ PPM __PPM__PPM___PPM__ PPM__PPM__ PPM__ TONS/AF___
— OCPERATICNSL SIQUENC. OF_SURFACE. FACILITIES . _ o —- _— i e . -
— o eme... O9SIFVID INFLOW AT HEAD OF NODS 1365 73 . 28 22 _ 1. 222 65 _____0 _ 0 386 06526 _ _ _
JIVIESION TC SUPPLY IRFIGATED ARKA 636 73 28 22 7T 222 65 0 ] 386 04526
SHOP TASE FRON THT IfSAL_JSMAND _0_ .. o o
_0BSEOVI0 OUTFLOWS FEOM NOOE, N . e e e . -
e MIGHLIMZ CANLL OUTFLOW GAGF NMO4. & _ 0 __ 0, 0 ___©o__ _0_ _o0___ 0___0_ 0 __  0___0.000__ .
UPPTE CANAL CQUTFLOW GAGE MO. 10 207 37 11 3 1 37 6h 0 0 123 0.168
__CEMTERL CAMAL _OUTFLOH GAGT NO,_ b _..160 __206____98__ 33 _ 12 _ 6B3 _ 154 ___ D __ 0 _ 1f15S 1.517
STRVIC CANAL OUTFLOH GASE NC. 5 117 50 19 4 2 53 94 0 0 177 0,262
— o ASHLFY CPEiK OUTFLOA GAGT NO. 8 . 1170 250 __115 __ 74 __ 23 _ 855 __202_ . _. 0 __ 0 1420  1.932 ____
N
D SUBSUPFACT QP FATIONS RAMD FLOW TRANSFIFS o o, e . I
AWIFE: CONGTTIUNS OF LAST_TIHS FRAME 20200 __ 226 ___ 99 25 11__692__172____ 4 01139 1.550
IRRIGATINN PATURN FLOW TH SOIL COLUMN 95 90 191 149 67 14837 437 0 07 2582 3.512
. __ YOANSF.P OF FLOW FFC" RIV:S® TO AOUIFER o .0 __0 0 ___ 0 " . 0 _ 0 _ 0 __ 8 _ 0.000
INFLCH TO SAUIFIX FOOM FIV.S G 0 0 0. 0 0 0 0 0 0 0.000
_ TFANSF=S OF FLOW _FRO! AQUIFES TQ RIVER__ 1023 224 98 __ 25 _ 11 __ €92 472 _ _ 0 __ 0 1139 _ 1.550 _ __ _
INFLOW TO =IVER FROM AQUIFLR 1023 224 98 25 11 692 172 0 0 1139 14550
JNTZENODAL_TFAYS FROM URSTHFAM AQUIFER o0 Y Y 0 SO S | 0 0 0 0000
T T T goMPeRISON ThNEX - ) T T i T ) T
T tartaL ansTovi0 OUTFLOWS FRoM NooT T T T T TTUI754 0 1957 897 753 16 643 166 [ 0 1082  1.473
_P3ENICTID JUTFLOY_F20M_THIS NODE 1754 161 69 24 9 4296 _ 127 0 0 825 1.123
TSIMPLE DIFFFFENC- (0BSI3VED - PREDICTEDD g 34 1§ 28 7 147 38 0 0 257 0350
»
"_ T CHEMICAL CHANRES IN NORZ™ o - ) ) T e T T rhemme memm e T T
T T T easeRvEd cdanG: T T T T o T1227 T Ted T T30 9 w2l 10 0T 07T 895 04946
PREDICTED_CHANGE 0 a8 40 2 2 273 62___ 0 0 438 0,597




RESEXIPCA TH CINIUICTIV I USE T STUDY FOF THE VERNAL FrCIECYT™

APR

TTNODE NUMBEP = 103 T MONTH OF YZAR 1971

TNUMEER OF NDDES = 377~ "TPAGETNO, T3

T T T T T T T TwoLuMi CATT MG NA ~77CL T sos "THCO3 €03 NO3  TOTAL SALTS T
ACRE FEET PPM__PPM_PFM__PPM__ PPM_PPM___PPM__ PPM  PPM __ TONS/AF
e OPEZATICNAL SINUENC:D OF SURFACE FACILITIES o e ; - ——

1754 136 89
802 196 39
SHORTARE F20M TH: IN-AL_DEMAND 0

03SEFVID I°IFLOA

4T H:IAD OF NODE 53

£3

03S:2VED OUTELOWS F:iOM MOGE e
. OUTELOY AT USSS GAGT MO, 1L _ o 0 0, 0 0 0

OUTELON AT U365 GAG™ NO. 2 0 0 0 0 0
ASHLEY CFE-K OUTFLOW AT JRNSEN, UTAH 1350 278 162 152

SURSHUFELC: QP C4TIONS &¢ND FLOW TRANSFIFS
BAUTFE™ CHNDITIONS OF LAST TI#E FRAME 6020 535 _ 211 34 14
IOSIRLTINN PETJR | FLOW T9 SOIL COLYMN 80 1366 89 534 170
TZANSF © 9 FLOW FEQOM SIVE- TO ANUIFEF T I 0
IHFLCW TN acUIFT- From wIv-« — 7 ’ I I I | I | n
TIANSFYF OF FLOW FRZ' ACYTFSE TN AVER

il

w

398 545 211 34 14

643

643 166

166

0 0 1082 1

0 0 1082 1,473 7 -

0 0

35 1301 174 0O

1936 190
6454 1671
00

om0
1946 190

0 0 0.000
0 0 0 0,000
0 _ 2017 24744

3.982
14,763
0 0.000
04000

3.982

T O IMFLeW TN 2IvEaFPOM ANUIFLER 398 585 211~ T34 14 1986 190 2927 3.982
U INTTENJNLL TFAJS FRGM _UPSTPEAM AQUIFER _ ¢ o o0 0o 0 o o0 0 .0.000 L
COMPARTENT TUSFY T - - B T T T i - -

35
16
19

152
47
104

278
310
=32

152
125
37

0ASE Ve ) OUTELAWS FROM NOD- 13¢€0
AUTFLOA FTOM THIS NODE i 1350
(C3ISZIPVED - PREDICTED) 0

T0TAL
FRREDICTTN
SIMPLE DIFFERENG!

CHI“ICAL CHANGTE [N NOTE

CHLNGT ' ) T e aed
0 114

73 799 T
35 =5

18
_4.-0

0STLVID
C PPEDICTEN GHANG:

1301 174
1039 173
261 0

657
335 7

2017
1626
390 0.

934 1.
543 0.

CHEMTCA L MRS S TN SYE TR e e —
0ASEFV:ED CHENGS o ) 0 240 150 149 34 1264 116 =20 0 1876  2.552

113 77 w4 15

1002 115

=20 0 1485

T PREDICTEN CHANGE - T

T2r2




RESFARCH TN GCINJUMCTIVF USE STUDY FOR THE VERNAL FFOJECT “HWUMBER OF NODES = 3 ~PAGE NO. &
NOD: NUMBRED ; 101 ONTH OF May T YFAR 1971 T - - - ety T T
I ) T T VCLUMZ  CA MG NA T CL sS04 HCO3 €03 NO3  TOTAL SALTS o
o AGEE_FEET.___PPM__PPM___PPM__PPM__ PPM__PPM__PPM__ PPM__ PPM __ TONS/AF_____
— o ___OPEALTIONAL SIQUENCS OF SURFACE FACILITIES - ) N
_________ __ ASHLEY BXE“K AT HEAD OF SYSTEM 18160 22 & 2 0 _ 17 _ 31 0 0 ___ 65  0.089 _
FIEDER CAMAL T STZINECK-R RESERVOIR b800 22 4 2 0 17 37 0 0 65 0,089
INFLCY_ €20 STIINEZKFR £ISTAVOIS 132435 10 6 1 59 =83 0 0 143 0,195
BIVERSION T0 SUPPLY IRSIGATED AREA 363077 23 5 2 0 21 38 0 0 72 ‘099
o _SHORTAGF F-CM TH- I-CAL DEMANOD g T
o 03STOVSD QUTFLOWS FSOM NODS . e ~
HIGHLING GAMAL GUTFLOW GAGE MO, 3 150822 § 2 0o 17 37 ____ 0 0 65 0.089
UOPIE GAPAL QUTFLGH GA3E HO. 2 w26l 23 2 2 17 13 33 0 0 58 0,080,
e CINTSAL GANAL OUTFLUW GAGS NGe 1 2014 265 ___ %+ 1 16 __ w3 __0____ 0 7?3 _ 04100  ____
STRVIC CATAL OUTFLOW GAGE NC. 746 936 7 33 10 6 17775977 &3 0 0 143 0.165
R ASHL-Y CRETK OUTFLOM GAGI NO. 11 1115 142 63 __ 34 ___ 23 314200 ___0___ 0 678 0,922
SUEBSURFLCT OPTFLTIONS £M0 FLOW TRANSFC?2S _— — ; .
L . ANUIFE:  CONMITIONS OF LAST TIME FRAMC 24086 127 82 _ 62 20 278 _ 284 o 0 716 0.972
IPRIGATION ©f TUR™ SLOW TJ SOIL COLUMN 657 117 27 13 0 107 192 0 0 362  0.494
. TRANSFTR OF FLOM FKOM RIVER T AGUIFER 136 23 s 2 0 21_ 3 _ 0 0 72 0.099
INFLON TA 7 OUIFZ. €r0M RIVEF 1369 23 5 2 0 21 38 0 0 72 0.099
VIANSE T 0F FLOW 20" AGUIFER T RIVEE 0 0 0 0 0 0 0 0 0 0 0,000
IAFLGH TO =1VED FROM AAUIFLR 0 0 0 0 0 o 0 0 0 0 0,000
L EOMPARITOY TMITX o o L
TOTAL 0RSE VLD QUTELOWS FCM NODS 9855 38 10 6 353 56 0 0141 0,192
PREOICTE D JUTFLOA FLuM THIE NODT G885 23 5 3 T2 36 0 0 72" 770,099
 SIMPLE NIFFECENGE (BSERVED - PREDICTED) 0 15 5 3 3 3% 17 0 0 68 0,093
o CHEMICAL CHAMSFS IN NOTE ) S - ) o L
. _OASEEVTD CAANGE o 16 5 3 335 19 0 0 75 0.103
TRICOTETLD GHANGE 0 1 0 0 0 3 1 0 0 & 0.010




RESTaRCH IN CONJUNGTIVE USE STUDY FOR THE VERNAL PROJECT fIUNBER OF NOOES = 3 PAGE NU. 5 )
T TTTNODE NUMBIR = 1027 MONTH OF wmAY T TTTYEAR 1971 T T T T T e e s e e e
T T - VOLUME 777 CA™ T TMG T NAT T CLTTT S04 THTC3T €03 TUNO3T T TOTAL SALTS T
) . ACRE FEET PPM PPM__ PPM__PPM__PPM _PPM__ PPM__ PPM__ PPM__ TONS/AF

_OPSAATICMAL SENUENCS OF SURFACE FACILITIES

N SEFY D T4FLOW LT 4=AD of MO9E e . 9€35 33 12 6 3 _ S3 56 0 0 141 0.192
’JIVrF“"O'o 0 SUPPLY IR<IGATTEN A3EA 2610 38 10 6 3 53 56 0 0 141 0.192
SHOSTAGE F20M THZ ITZAL 3TMAND 0
L 03c:%yEr SUTFLOWS Fi0M KORE L L o L
e HIGHLIMT CANAL OUTFLOW 5465 NOe & 645 18 3 ¢ 0 143 30 0 0 53 ___0.073_____
UPPIF GANA. OUTFLGW GASE NC. 10 2624 27 6 i 0 16 48 0 0 76 0.105
CoHTOAL CAIAL _OUTFLON GAGS NO, 6 452 113 47 19 _6__ 377 78 0 0 608 0,827
. SERVIC: CATAL OUTFLAW GASE 'Nu. B ui6 55 21 6 4 51 108 0 i 193 7 0.263
e LSHLFY CPEIK OQUTFLOY GAGI NO. 8 2655 155 38 58 18 665 120 0 0 1056 _  1.437
. ___SUASYREECT OPTRATIONS AND FLOW TRANSFERS o N N
AYIFE2 cerr IMS_0OF LAST TIMT F2AME 19272 225 99 26 11 696 __ 17?2 _ 0 0 1144 1.556
TERICETION PUTORT FLCH T8 SOIL COLUMN w22 757 72 40 24 354 377 0 0 939 1.278
___TRARNSF-P OF FLO'47F~G'1 FIVi- TO AQUIFES 283 34 10 6 3. 53 .5 ___0___ 0 141 __ 0.192
TTTINFLOW TC O AGUIFYC FEgM FIVIR 233 35 o0 ) 3 53 56 0 0 141 0.192
... TPANSFZC N< FLOW FeOM AQUIFES TO PIVER . 0 o0 _ o0 __ 0 __ o0 0 0 0 0 _  0_ 0,000
T TTOINFLCM TN - IVRX FI0Y AQUIFLS 0 0 0 0 0 ] 0 0 0 0 0.000 —  ~
INTIENONAL TRAYS F=nH URSTAEAM AQUIFER 0 0 ] 0 0 n 0 0 0 0 0,000
- COMPARISON INNEX T T B ) B T
TUTTT T 10TaL 93SZUVED OUTFLOWS FzoM NODE T T 8792 sS4 45 25 7 296 60 0 0 500 0,680
FTENICTIN HUTFLOA FTOM THIS NODE 6792 38 10 6 3 53 56 9 0 141 0.192
TMPLE NIFTEYRENG- (ARSEAVID < PREDICTED) 0 45 34 ia L 2u2 24 ) 0 358 0.488
- TCHEMICAL CHANSSS IN Nofy T T T T Tm T o o mm e e oo T T T T TTTTTTmT T T
B+ Y- Y % o VAo B o3 1 - Y1 ¢ 20 | I Y-S { "SR K- R "S- /Y- -/ " | R | B 1 7 R 0,488 T~
PRENICTEN SHANSGE 0 0 ~0 ~-0 0 0 0 0 0 0 0,000




TRESFARCH IN COHJUNC TIVE USE STUDY FOR THE VEINAL PROJECT . NUMBER OF NODES = 3 “"PAGE NO. 6

NODZ NUMBERP = 103 MONTH OF MAY YEAR 1971

VOLUME  CA MG NA cL S04 HWCO03  cO3  NO3  TOTAL SALTS
ACEE FEET__PPM___PPM___PPM__ PPM__ PPM___ PFM _ PPM__PPM__ PPM __ TONS/AF

OPZ*ATIGNEL_SZQUSNMGZ Q% SURFACE FAGTLITIES . . .

———— 0 ___.._DASEFRVIN TIFLOW AT HFZAD OF_NODE_ __ _ §792 B4 45 5 7 296 RO ____ 0___ 0 ___ 500 . __0.680 _ ___
9IVCPSION TO SUPPLY IRIIGATED APZA 3630 84 45 25 7 296 80 0 0 500 0.680
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SECTION V

CEDAR BLUFF STUDY AREA

DESCRIPTION OF AREA

The Cedar Bluff Irrigation District is located north of the Smoky
Hill River and downstream from Cedar Bluff Dam, which is approxi-
mately 13 miles southwest of Ellis in west central Kansas. The
district includes about 6,600 irrigable acres in Ellis and Trego
Counties.

The irrigated lands are located on a loess-covered terrace at an
elevation of 25 to 60 feet above the level of the flood plain and
60 to 120 feet below the level of the surrounding rolling uplands.

Terrace deposits, up to 70 feet thick, overlap and fill channels
eroded in relatively impermeable shale and limestone. The perme-
ability of the unconsolidated sediments over most of the area is
adequate to permit deep percolation of rainfall and irrigation
water.

The chemical composition of the natural groundwater is determined
chiefly by the soluble minerals in the soil and rock. Calcium
derived from the dissolution of limestone and gypsum is the pre-
dominant cation in nearly all well waters. Bicarbonate from lime-
stone and sulfate from gypsum are the predominant anions.

Precipitation while not a factor in the Vernal study is a very
important part of consumptive use at Cedar Bluff and amounts to
almost 23 inches a year. The rainfall is sufficient to cause
dilution of surface and groundwaters.

INPUT DATA

The data used for the Cedar Bluff study were collected by the
Environmental Health Services of the Kansas State Department of
Health, the U.S. Geological Survey, the U.S. Bureau of Reclamation,
and other agencies. In 1964 these agencies began collecting data
to evaluate the progressive effects of irrigation on the chemical
quality of ground and surface water in and adjacent to the newly
established Cedar Bluff Irrigation District. The data include
records of measurement of rainfall, water levels, water discharge,
chemical analysis of groundwater, surface water, and soil. Data
were collected on pesticides and sediment but were not used in this
study. The data collected generally cover the period 1966-71 so the
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study period selected was 1966 through 1970. More than 100 observa-
tion wells were installed in and adjacent to the irrigation district
by the various agencies.

Chemical analysis and runoff at the two principal stations above and
below the Cedar Bluff area were obtained from the U.S. Geological
Survey water supply papers (2, 3, 4) for the 5-year period. Data
for the soil column were obtained from Bureau of Reclamation records.

Examination of the chemical analyses of water from the observation
wells revealed a wide variation in the chemical quality from well to
well and at different times in some wells.

VERIFICATION AND TESTING

Prior to making the first model test of the Cedar Bluff data, several

assumptions were required to fill voids in the available information.
They were:

1. The volume of the groundwater aquifer was not defined and
an initial assumption of 15,000 acre-feet was made.

2. The total surface area between the two gaging stations is
220 square miles, and it was assumed that precipitation percola-
tion from the entire area would contribute to the aquifer.

3. One soil sample chemistry analysis was available, and it was
assumed that it was representative of the entire area.

The initial trial indicated the fallacy of Assumption No. 2. The
growth in the aquifer volume was so great that the model run failed
after processing a few months of data. The catchment area was arbi-
trarily reduced to a size which kept the aquifer volume at the end of
the 5-year analysis at approximately the initial level.

Model Study No. 1

The conjunctive use model was used to process the 5 years of data
using the original Assumptions No. 1 and 3 and the revised precipita-
tion catchment area. All irrigation and precipitation infiltration
greater than the consumptive needs of the vegetation were passed
through the soil profile, and the effluent was mixed with the aquifer
water. Transfers were then made from the aquifer to the river to make
up the difference between measured system inflows and outflows.

Figure 4 contains plots of the observed water quality at the outflow

gage versus the quality predicted by Study No. 1. It is obvious that
the assumptions of aquifer size and/or soil chemistry are not valid.
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Model Study No. 2

A new assumption as to aquifer size was made and the S-year data base
was processed again. A total aquifer volume of 215,000 acre-feet was

used for this study. The soil profile return flow option was again
used in this study.

The results of this study are also plotted on Figure 4. Although
these results show better agreement than Study No. 1, they do not
necessarily verify the model operation. The quality of outflow
water from the system has very little variation with time, although
a slight deterioration trend in quality is noted over the 5-year
period. This same trend is apparent in the water discharged to the
river from the reservoir, however, and the large aquifer volume has
the effect of a large damper by releasing relatively constant qual-
ity water to make up the river outflow.

Model Study No. 3

This study is identical to No. 2, except the percolating return flow
was not adjusted for salt pickup from the soil profile. The results
of this study are very similar to Study No. 2 and are not plotted on
Figure 4.

The Cedar Bluff analyses do not serve as adequate verification of
the model due to the gross assumptions made during the study proc-
ess. Additional data concerning the nature of the aquifer and the
soil chemistry are believed to be available and should be pursued
if further model verification is desired.
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SECTION VI
GRAND VALLEY STUDY AREA
DESCRIPTION OF THE AREA

The Grand Valley of Colorado is near the western edge of Mesa County.
Grand Junction, the largest city in Colorado west of the Continental
Divide, is located in the Valley. The Valley covers an area of about
122,000 acres. The Valley was carved in the Mancos Shale formation
(a high salt bearing marine shale) by the Colorado River and its trib-
utaries and for the most part is surrounded by steep, rough terrain.
Deep canyons flank the valley to the southwest; a sharp escarpment
known as the Book Cliffs rises above it to the north and northeast;
foot slopes of the Grand Mesa lie to the east; and rough, broken and
steep, hilly land that borders high terraces or mesas lies to the
south. Within the Valley, the irrigated lands have developed on
recent alluvial plains consisting of broad coalescing alluvial fans
and on older and higher alluvial fans, terraces, and mesas. Other
lands in this arid setting, where rainfall averages only about

9 inches per year, include the stream flood plains and rough broken
land occurring as terrace escarpments, high knobs, and remnants of
former mesas.

A total of about 76,000 acres is served water by various irrigation
entities with approximately 42,000 acres under Federal projects.
Major crops produced in the valley are corn, sugar beets, small
grains, alfalfa, and various orchard crops. Most of the salts con-
tributed from irrigated areas are thought to be leached from the soil
and underlying Mancos Shale and washed into the river by deep percola-
tion and water delivery system losses.

Mancos Shale is a very thick sequence of drab gray fissile shale

that lies between the underlying Dakota sandstone and the overlying
Mesa Verde formation. The thickness of the shale usually varies
between 3,000 and 5,000 feet. Due to this great thickness and its
easy erodibility, the shale forms most of the large valleys of west-
ern Colorado and eastern Utah. It is of marine origin and contains
marine fossils at many locations. Geologic studies suggest that the
shale was deposited as mud in the shallow water of a very extensive
late Cretaceous sea and that the region was gradually subsiding which
emplains the great thickness of the formation. Because of its marine
origin, the shale contains a high percentage of salts; the high salt
content is borne out by the many white patches of alkali on both irri-
gated and nonirrigated surfaces. The type of salts present in the
shale are mostly calcium sulfate with smaller amounts of sodium
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chloride, sodium sulfate, and magnesium sulfate, The evidence that

calcium sulfate is the most common salt is verified by the existence
of the mineral gypsum commonly found in crystal form in open joints

and fractures of the Mancos Shale.

Due to the compactness of the clay and silt particles making up the
shale, the formation is not considered as water bearing at depth.
However, the weathered zone near the surface does transmit small
quantities of water along joints, fractures, and open bedding planes.
This zone is the area from which percolating water, often originating
from irrigation of croplands, dissolves out salts present in the shale.

A gravel and cobble layer also has been found under some of the irri-
gated areas in the Grand Valley and is believed to serve as an aquifer
for groundwater. Previous studies have identified areas where the
groundwater has an upward pressure gradient in the cobble aquifer due

to the confining effect of the Mancos Shale beneath and the tight clay
soil above. This situation is believed to be responsible for some areas
of high water tables. The gravel and cobble layer may be ancient stream
deposits from the Colorado River and may not be continuous throughout
the Valley.

The area selected for study by Colorado State University is comprised
of about 4,600 acres. As stated by the University, the area was selec-
ted for its accessibility in isolating most of the important hydrologic
parameter but had the important advantage that it allowed five irriga-
tion companies to participate in one unit. The principle effort was to
gather preconstruction data from the 4,600-acre area, install canal and
lateral 1lining, and finally collect post-construction data to determine
if lining had any effect in reducing salinity. The University acknowl-
edged some difficulty in collecting data from the area since it could
not be isolated from other parts of the Grand Valley irrigated areas.

DESCRIPTION OF INPUT DATA

The data collected by Colorado State University (5) consisted of
miscellaneous measurements of canal and lateral water quantity and
quality. The University personnel also installed flumes on the drains
to measure the drainage properties. Piezometers and observation wells
were installed to log the depth to groundwater and to obtain samples of
the groundwater for salinity analyses. Seepage measurements were also
made on the canals and laterals. Water year 1971 was used for this
analysis.

The groundwater data indicated large variations in total dissolved
solids both with time and location within the study area. Canal and
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drain measurements were more consistent; however, they were not avail-
able at regular intervals throughout the study period and were extrapo-
lated to cover the period. No measurements were available of Colorado
River flow upstream and downstream from the test area; therefore, the

quantity and quality of subsurface outflows were estimated from hydrau-

lic conductivity measurements and sample analyses from the observation
wells.

VERIFICATION AND TESTING

Study No. 1

The outflow from the Grand Valley test area is comprised of (1) the
discharge in the drains which is mainly surface runoff with some
groundwater interception and (2) subsurface groundwater flow to the
river. Both these discharges must be simulated for model verification.

For Study No. 1, an aquifer volume of 12,000 acre-feet was assumed to
underlie the study area. Figure 5 is a plot of the model simulation
for the period October 1970-September 1971.

More data would be required for verification of the model in the
Grand Valley test area. Definition of the size of aquifer, the
relation of the groundwater underlying the test area to the total
aquifer, the measurement of subsurface outflows, and more frequent
collection of quality data are minimal requirements for additional
data for this purpose.
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