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ABSTRACT

The rapidly increasing pressure of recreational

activities in Arizona's wildland has the potential for

serious environmental impacts on upland watersheds. The

greatest hazard from these activities appears to be the

possible degradation of natural water quality of mountain

streams. The monitoring of surface water quality in areas

of heavy recreational use can provide a useful tool for

assessing the extent of any impacts, both present and fu-

ture, which may result from these activities.

The upper Tonto Creek watershed was selected as

a study area for the establishment of a sampling program

to assess baseline water quality conditions and delineate

impacts resulting from multiple land use. Results of this

study indicate the waters of Tonto Creek are of good qual-

ity and have not been seriously degraded at the present

time. However, subtle variations in stream water chemis-

try noted during the study may reflect a weak source of

pollution is present in the watershed. A more extensive

sampling program would be necessary to pinpoint the source

of any pollution and is recommended. The construction and

use of water quality models is technically feasible for

areas such as Tonto Creek and their use could significantly

enhance management objectives on this and similar areas.

vi i



INTRODUCTION

Arizona's rapid growth and constantly increasing

population over the past two decades have resulted in enor-

mous pressures and possible impacts on the state's natural

resources. The combination of abundant sunshine and large

areas of vast and rugged wilderness have resulted in outdoor

recreation as the principal leisure time activity for most

of the state's population. In addition, because of high

temperatures and lack of adequate precipitation during much

of the year, populace from major metropolitan areas such as

Phoenix and Tucson have migrated into the cooler sanctuaries

of the central mountains.

The influx of people into national forest lands and

wilderness areas occurs throughout the year, with greatest

usage during the warmer summer season and particularly on

weekends or extended holidays. The lack of perennial

streams throughout much of the desert regions of Arizona has

resulted in extensive water based activity as the primary

goal of recreationists upon their arrival in forest and wil-

derness areas. Such activities can and will result in enor-

mous environmental impacts on mountain watersheds from the

various forms of recreation (fishing, wading, picnicking,

camping) in addition to impacts from construction and use of

second homes.

1
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The impending increase of recreational activities

within mountainous areas and consequently, impacts on

streams, will require viable management planning to insure

preservation of such areas in their natural state. Consid-

erable emphasis, in recent years, has been placed on the

need to evaluate and assess such activities' impact on

stream water quality. While streams themselves are only one

integral part of an entire watershed system, they are the

lifeblood of any watershed and as such reflect the conse-

quences of activities occurring within the basin's spatial

confines.

The measurement of water quality parameters from a

stream allows one to attempt to quantify impacts of such ac-

tivities in a basin. Although water quality may not always

accurately reflect a direct cause and effect relationship in

this environment, measurements of such parameters may yield

indications of trends of impacts related to activities oc-

curring within an area. As with all quantification proce-

dures, judicious appraisal and astute insight must accompany

the interpretation of data to give any meaningful results.

In time, given enough data and with a sufficient understand-

ing of the natural and physical processes occurring within a

watershed, a "model" may be constructed to relate these im-

pacts and the probable water quality conditions that result

through a series of mathematical transformations.
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This paper is the summation of research conducted

on a mountainous watershed in Central Arizona in an attempt

to approach the problems previously described. The primary

goal was to establish rudimentary baseline water quality

levels and criteria on a stream in order to assess water

quality impacts resulting on a watershed from activities

ranging from cattle grazing to recreation and second home

development. With this goal in mind, the upper Tonto Creek

area in the vicinity of Kohl's Ranch, Arizona, was selected

for the purpose of this study. Among the reasons for this

site's selection were: 1) the existence of a perennial

stream for sampling, 2) the extensive development of a wide

variety of activities on the watershed, 3) the intense im-

pacts on this watershed due to its close proximity to a ma-

jor metropolitan area (Phoenix, approx. 110 mi. SW), 4) ease

of access to the area, and 5) the localization of activities

within a small area of the watershed thereby simplifying the

study plan logistics.

Very little prior work in the area of water quality

has been done on the upper Tonto Creek Basin. Several

studies were carried out in this area as a result of the

disastrous floods caused by the Labor Day storms of 1970,

but were principally restricted to flood damage assessment

and flood hydrology of that specific event. The only study

of significance and the study of most importance to this

project was carried out during the period from 1974 to 1977
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by personnel of the USFS from the Tonto National Forest

Headquarters in Phoenix. This project, initiated under a

stream rehabilitation program designated "Project Ringtail"

and funded through PL 92-500, consisted of water quality,

pool-riffle and stream bottom analyses. The primary purpose

of this study was to assess the effectiveness of rehabili-

tation programs already underway on the upper Tonto Creek

which attempted to stabilize and reconstruct "natural" con-

ditions existing on the creek prior to the flood of 1970.

The water quality data collected by the USFS on "Project

Ringtail" was reviewed, analyzed and incorporated within the

context of this study and used to supplement the results of

this study.

Originally, the objectives of this study were as

follows: 1) to study, identify and assess existing water

quality conditions within the upper Tonto Creek area, 2) to

identify any degradational or negative impacts, and 3) to

attempt to quantify and "model" impacts from such activities.

Realizing the limited time frame of this study, the develop-

ment of an actual water quality model was at best an ide-

alized concept. Given the time allotted its development was

hindered considerably and will have to be relegated to fu-

ture work by another researcher. This research study con-

sisted of setting up a program and methodology for quantify-

ing water quality parameters; the actual data collection and

analyses, the interpretation of results; and a brief
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introduction to water quality modeling concepts which may

be applicable to this area. This paper presents the results

of work carried out within the scope of this project, addi-

tional work in the same area by other groups or persons as

it relates to the objectives of this study and the interpre-

tation of such work and results.



ENVIRONMENTAL SETTING

A. Location and Physiography

The subject area of this study is located in the

east central highlands of Arizona, approximately 105 miles

northeast of Phoenix and 18 miles east northeast of Payson

(Fig. 1). The study area is centered around 111 degrees

16' west longitude and 34 degrees 21' north latitude, the

legal description of the area is T111/2N, R12E of the Gila

and Salt River Base Line and Principal Meridian. The upper

Tonto Creek drainage basin upstream of the State Route 260

crossing at Kohl's Ranch, Arizona, encompasses an area of

13,715 acres (5550 hectares) or 21.43 square miles (55.5

Sq. Kilometers). This watershed lies predominantly within

the Basin and Range Physiographic Province, commonly re-

ferred to as the central highlands of Arizona. A small

portion on the northernmost fringe of the study area is in

the Mogollon Rim area of the Colorado Plateau Province.

The upper Tonto Creek Basin encompasses an area of diverse

and rugged topography, with terrain ranging from small lo-

cal plateaus and knolls to deep narrow gorges and near ver-

tical cliffs. The most striking feature within the water-

shed is the Mogollon Rim, an east-west trending fault

escarpment with over 1,000 feet of relief, which traverses

the northern portion of the basin. Elevations across the

6
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study area vary from 5320 feet at Kohl's Ranch on the

south side to 7868 feet at the northern headwaters on top

of the rim, a maximum relief of 2548 feet. The eastern

and westernmost edges of the basin are marked by Promon-

tory and Myrtle Points, with elevations of 7839 and 7850

feet, respectively.

The median elevation of the watershed is 6400 feet

above M.S.L. and the mean elevation is 6568 feet above

M.S.L as determined by an area-elevation (hypsometric)

plot of the area (Fig. 2).

B. Hydrology, Drainage and Stream Morphology

Major drainages within the basin consist of Tonto

Creek, Horton Creek, Dick Williams Creek and Big Canyon

Creek as well as numerous smaller tributaries. The drain-

age pattern of the study area can be classified as den-

dritic (Easterbrook, 1969), and the basin has a shape fac-

tor (S.F.) of 1.36 indicating fairly good drainage, a rapid

time of concentration for flow and possible high flood

peaks. These basin parameters were exemplified by the nu-

merous flash floods in the area, such as those of September

5 and 6th, 1970. The nearest recording stream gage on

Tonto Creek is maintained at Gisela, approximately 23 miles

south of the study area. This gage has a period of record

from 1940 to the present. U.S. Geological Survey Records

(Surface Water Records-Arizona, 1976) indicate an average
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flow of 115 CFS at Gisela with a maximum recorded flow of
53,000 CFS in 1970. A crest and staff gage was maintained
at the Highway 289 bridge crossing over Tonto Creek by the
USFS personnel during the period of their study (1974-77).
Maximum flows on Tonto Creek within the study area were

estimated at 18,400 CFS by the U.S. Geological Survey

(28,000 CFS est. by USFS) at the Route 260 crossing during

the flood of September, 1970 (Thorud and Ffolliott, 1973).
A stage-discharge rating curve based on USFS data for the
staff gage at the Highway 289 bridge is shown in Figure 3.

Tonto Creek is the only perennial stream within the

research area, deriving most of its flow from Tonto Springs

200 yards above the Tonto Creek Fish Hatchery. The dis-

charge of Tonto Springs has been measured at 2 CFS (900

GPM) and is normally constant throughout the year (Feth,

Et. Al., 1954). The portion of Tonto Creek above the

springs as well as all other streams within the watershed

are ephemeral, flowing only during precipitation events or

as a result of snowmelt in the higher elevations Horton

Creek receives a small (.25 CFS) but steady source of in-

flow from Horton Springs; however, rapid infiltration of

this water into the streambed materials and subsequent in-

terflow precludes surface flow during much of the year.

Stream gradients on Tonto Creek vary from 1200

FT/MI in the headwaters area to approximately 200 FT/MI

near Kohl's Ranch yielding an average gradient of over
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400 FT/MI for its total length of 28,500 feet within the

study area (Fig. 4) the relatively steep gradients have

deeply incised the stream channel into the local topogra-

phy creating a narrow, steep walled canyon over much of

its length. Many areas of the Tonto Creek Channel are

constricted to as little as 20 to 40 feet in width, with

channel walls rising as much as 80 feet.

C. Climate

The central highlands province of Arizona, within

which the study area is located, receives the greatest

amount of precipitation of any of the water provinces in

the state (Shuman, 1972). The high precipitation in this

area is due to the overall southern aspect of the water-

shed in addition to being located on the steep south slope

of the Mogollon Rim, thus exposing the basin to the direct

influence of both winter frontal storms from the west and

southwest and summer storms from the south and southeast.

The climate of the upper Tonto Creek Basin is humid conti-

nental, cool summer (DbF) according to the modified Kop-

pens classification. Climatological data for the study

area was obtained from the Tonto Creek Fish Hatchery

(Elev. 6280), located in the north central portion of the

watershed. This station has records from 1944 to 1970

and from 1974 to the present. Average annual precipita-

tion for this station is 32.16 inches, with a maximum re-

corded of 49.13 inches and a minimum of 17.19 inches
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Figure 4	 - Profile of Tonto Creek watershed	 (after Elson .1971 )
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(Sellers & Hill, 1974). This same recording station

receives an average of greater than 73 inches of snowfall

yearly, representing about 25 7e of its total annual pre-

cipitation and a maximum monthly snowfall of 80 inches in

January, 1949 (Sellers, 1976). During the study period

annual precipitation for the last year was 30.5 inches,

with 72 inches of snowfall which closely approximates the

previously recorded means (Pers. Comm., Al Fuller, Tonto

Creek, 1978). The maximum daily precipitation was 5.63

inches recorded during the September 1970 storm (Thorud &

Ffolliott, 1973).

Temperatures in this area are cool, ranging from

summer highs in the eighties and lows in the fifties.

The average annual daily high temperature is 68.4 degrees

F. and the average annual low temperature is 34.6 degrees

F., with a mean annual temperature of 51.6 degrees F.

The frost free period usually runs from about June 1st to

October 8th, an average of 125 frost free growing days.

D. Flora and Fauna

The upper portion of the Tonto Creek watershed

lies predominantly within the Ponderosa Pine vegetative

zone of central Arizona, while the lower portion of the

same area (less than 6000 feet) gradually becomes Juniper-

Pinyon woodland vegetation. The dominant vegetation type

is Ponderosa Pine with Alligator Juniper, Emery Oak,
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sycamore and Arizona walnut as sub-dominants occupying

the ridgetops or riparian vegetative zones. Understory

species include wild grape, manzanita and herbaceous spe-

cies such as weeping lovegrass, sideoats gramma, orchard

grass, clover and burnet (Leffert, 1977).

A wide variety of both large and small mammals

are coiumon to the upper Tonto Creek area. Principal lar-

ger species of the area include black bear, bobcat, coy-

ote, red fox, mule deer and elk. While not all of these

species are commonly seen in the immediate area due to

the presence of man's activities, their ranges cover the

entire basin. The elk, in particular, range over the

higher portions of the basin during the summer months and

move into the lower areas only during severe winter storm

periods. Numerous smaller manuals such as the cottontail

rabbit, jackrabbit, porcupine, chipmunk, gopher, skunk

and weasel are common throughout the entire study area.

E. Soils and Geology

The Arizona general soils map lists two major

soils associations as occurring within the upper Tonto

Creek watershed area, the Roundtop-Tortugas-Jacks Associ-

ation and the Soldier-Hogg-McVickers Association. Due to

the indefinite boundaries of these soil series and the

lack of detailed information on their occurrence a gener-

alized soils map is provided in Figure 5.
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The Roundtop-Tortugas-Jacks Association is clas-

sified as mesic subhumid soils occurring in the ponderosa

pine vegetation types at elevations of 5500 to 7500 feet.

They have a mean annual soil temperature of from 47 de-

grees F. to 59 degrees F., and receive an average of

greater than 16 inches of precipitation yearly. The Tor-

tugas series is a stony to gravelly loam, shallow to very

shallow, and of moderate (0.63 to 2.0 IN/HR) permeability

and low water holding capacity. The Roundtop and Jacks

series are gravelly clay to clay textures, of moderate

depth, with very slow permeabilities (0.06 to 0.20 In/

Hr) and moderate water holding capacity. This associa-

tion occurs as undulating to very steep soils on hills

and mountains, primarily derived from limestones and other

fine textured sedimentary materials.

The Soldier-Hogg-McVickers Association are frigid

sub-humid soils occurring almost exclusively in conifer-

ous forest vegetation types at elevations greater than

7500 feet. These soils occur primarily on the northern-

most headwaters area of the study basin, the Mogollon

Plateau, and have a mean annual temperature of less than

47 degrees F. The Hogg, Soldier and McVickers series are

clay barns, cobbly clay barns and very fine sandy barns,

respectively. This soil association is shallow to moder-

ately deep, moderately well drained and has moderate water

storage capacities and very low permeabilities (0.06 to
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0.20 In/Hr). It should be noted that although this asso-

ciations' permeabilities are listed as very low over most

of the state, soils of this group have moderate to moder-

ately high permeabilities in upper Tonto Creek as reflected

on the generalized soils map. These soils are typically

gently sloping with small areas of steep mountain soils,

and are predominanatly formed on sandy limestones and

sandstones.

Geologically, the basin is generally underlain by

Paleozoic sediments with small outcrops of Precambrian in-

trusives, metamorphics and sediments. Ages of the vari-

ous rock units tend to increase in general from north to

south across the basin. Depositional sequence of sedi-

mentary units within the basin is structurally intact;

however, extensive normal faulting along to Mogollon Rim

has displaced these units 700 to 900 feet lower in eleva-

tion in the southern portion of the study area. All sed-

imentary units are horizontal to near horizontal in

attitude.

The youngest and uppermost unit in the basin is

the Coconino Sandstone of Permian Age which forms the

caprock of the rim and is the source of Tonto Springs.

This unit is underlain in sequence by the Supai Formation

(interbedded siltstones, sandstones with minor gypsum) of

Pennsylvanian Age. The Coconimo Sandstone and the upper

portion of the Supai Formation form the 1000 to 1300 foot



19cliff of the Mogollon escarpment overlooking the basin.

Most of the central area of the basin from the fish hatch-

ery south to the confluence of Tonto and Horton Creeks is

underlain by the Supai Formation and is discernible by the

red or rust coloring of the soils and outcrops. Immedi-

ately above the confluence of the streams at the Highway

289 Bridge is a small sequence of the Naco Formation of

Upper Mississippian Age. This unit is underlain by the

Redwall Limestone and the Martin Formation (also lime-

stone) of Mississippian and Devonian Ages respectively.

The extreme southern portion of the basin in the area of

Kohl's Ranch is underlain by the Tapeats Sandstone of Cam-

brian Age and Precambrian sediments of the Apache Group.

Several small areas of Precambrian intrustives of granite

outcrop in the lower portion of the study area. The most

noticeable of these is a lenticular mass of green horn-

blende phase granite, cutting diagonally across the chan-

nel of Tonto Creek about 100 yards south of the 289

Bridge. These igneous intrusions of granite or granitic

type rocks are considerably more resistant to erosion and

where they occur, they have diverted the path of the wa-

tercourse to one side forming waterfalls or steeply in-

creased stream gradients immediately below. A geologic

map of the basin is provided in Figure 6.
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F. Recreational Development and Land Use

The upper Tonto Creek Basin in the vicinity of

Kohl's Ranch is one of the most intensely used recrea-

tional areas of central Arizona, and possibly in the

state. During the summer season from May to October the

picturesque forest surrounding, cool temperatures, cold

water fishery and perennial stream combine with the rela-

tively close proximity to metropolitan Phoenix to draw

heavy recreational pressures in this area. The latest

USFS data available shows that recreational use of this

area excluding the Kohl's Ranch complex, reached 25,300

visitor days in 1976 based on a 138 day management plan

used by the Payson District Ranger's Office (Pers. Comm.,

Thompson, 1978). Principal recreational activities in

this area are fishing, camping, picnicking, sightseeing,

photography, hiking and swimming as well as the use of

second homes in the area.

Fifteen homes are located within the watershed

area above Kohl's Ranch as well as two USFS campgrounds

with a combined capacity of 32 campsites or approximately

112 people. These campsites are shown on the map of the

watershed, Figure 7. Also located within this area are a

Baptist Church Camp, the fish hatchery and Zane Grey's

cabin, all attracting additional visitors into the area.

The church camp is occupied throughout the summer season,

while the campgrounds are filled to capacity any given
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weekend during the summer. The second homes in the area
are usually about 5070 occupied on weekends and 20 to 30%
in use on weekdays. The Zane Grey Cabin and the Tonto

Creek Fish Hatchery both receive a steady flow of visitor
traffic throughout the week with increased visitation on
weekends.

Immediately below the Route 260 crossing of Tonto
Creek is the Kohl's Ranch Resort Complex from which the

area derives it's name. The resort consists of a 30 unit
motel, restaurant, horse riding stables and adjacent cot-

tages. In addition, the resort owns six trailers located

along the creek just south of the complex for visitors to

rent. East and south of the complex are an additional 30
to 40 summer homes along Tonto Creek and the surrounding

hillsides. The Kohl's Ranch Motel Units, cottages and

trailers are occupied constantly throughout the summer

season. Occupancy in the summer homes adjacent to Kohl's

Ranch is comparable to those homes in the watersheds up-

per portion.

There are no mining or agricultural activities

within the study area; however, some cattle grazing is

permitted. During the study period the maximum number of

cattle observed in the area was 30 head. The cattle are

usually located between the Baptist Camp and the Highway

289 bridge crossing at the lower campground.
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All of the summer homes in the watershed area

north of the State Route 260 Bridge have vault type sep-
tic tanks or leach field systems. The exact number of
each was not ascertained and the USFS personnel at the
Payson Ranger Office did not have any records or data

concerning this topic.



RESEARCH METHODS AND PLAN

A. General Approaches

The passage by Congress of the Clean Water Act of
1969 (PL 92-500) has created a distinct impact on manage-

ment objectives for numerous government and private agen-
cies. This Act was augmented in 1972 with the passage of
FWPCA Amendments such as Section 208, Nonpoint Source Pol-

lution Planning. This law required agencies to include

nonpoint sources of pollution in management planning.

Areas where water quality sampling and analyses had been

conducted previously could often extrapolate existing da-
ta to meet the requirements for planning under PL 92-500.

However, many areas such as remote watersheds have little
or no data available from sampling programs to meet this

criteria. This increasing need for water quality data

used in assessing nonpoint source impacts on multiple use

areas has led the USFS and other groups to become acutely

aware of the importance of sampling programs.

It was felt if a heavily impacted watershed, und-

ergoing multiple uses, could be assessed by the establish-

ment of a sampling program, it may provide some insights

into similar areas elsewhere. The upper Tonto Creek area

was selected for the dual purpose of establishing a samp-

ling program to assess water quality conditions and to

25
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develop a methodology applicable to other areas for

evaluating multiple use impacts from nonpoint sources of

pollution.

The methodology to be employed was to first iso-

late a portion of the upper drainage basin which was re-

ceiving the heaviest pressures and then to conduct a samp-

ling program through collection and analyses of samples

from representative locations. This program was initia-

ted with a series of sample locations which would hopeful-

ly relate increasing levels of impacts with existing use

patterns.

Such a sampling program would require the estab-

lishment of a control point to yield natural water quality

conditions without man's interference. Data from this

station could then be compared to a network of other sites

set up along a stream which would reflect the entire span

of possible variation occurring due to changes in recrea-

tional pressures as well as to seasonal and climatic

changes.

B. Site Selections and Location

The establishment of any water quality monitoring

program must attempt to accomodate the widest range of

variations which may occur within the watershed in order

to yield valid results. These variations may be of sev-

eral forms: A) Naturally occurring variations of
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background water quality; B) temporal variations due to
climate, seasons and man induced pressures; C) spatial
variations resulting from natural sources such as differ-
ing geology, soils and vegetation ; and D) spatial varia-
tions which reflect different land use patterns and man

induced impacts. The development of the sampling program
on the upper Tonto Creek attempted to overcome as many of
these biases as possible within the limits of time and

money available when implemented.

First, spatial variations were provided for by
establishing a series of four primary sites along Tonto

Creek (Fig. 7), representing varying and increasing levels
of watershed drainage area and human activity above each

site. This would allow for assessment of water quality

from each site in relation to the type of activities occur-

ring above that site. The sites were arbitrarily estab-

lished along the stream from north to south in ascending

order and were not spaced evenly. The location of each

sampling site was chosen at points immediately below areas

of most intense activity where it was anticipated impacts

would likely be most noticeable. Site No. I was chosen as

a control point since it was upstream of all activities and

thus not otherwise influenced by man. This site was approx-

imately 100 yards below Tonto Springs and just above the

Tonto Creek Fish Hatchery where a diversion is constructed

for the hatchery's use. It should be noted that a flaw
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was inherent in selection of this site since water quality

of spring water does not normally reflect the natural

water quality of surface waters in the same area. However,

since the primary attempt was to identify non-point sour-

ces of pollution above background levels, this shortcom-

ing was not felt to be significant. This problem is

discussed in more detail under results and parameter eval-

uation.

The second and third sampling sites were estab-

lished based not only on locates of probably heavy impacts,

but also to coincide with WQ sampling sites established by

the USFS so comparisons of data could be made. Site No. 2

was established three miles downstream from Site No. I im-

mediately below the fence marking the location of private

homesite development adjacent to the Baptist Church Camp.

Being upstream of the Baptist Camp, it was thought this

site might reflect any changes due to the cluster of sum-

mer homes along the creek and any attendant activities.

Site No. 3 was located just above the Highway 289

Bridge at the confluence of Tonto and Horton Creeks and

approximately one mile downstream from Site No. 2. This

site was just above the upper Tonto Creek Campground to ex-

clude any water quality effects due to privies, trash and

campsites in this area. The one mile section of Tonto

Creek above Site No. 3 was grazed by cattle in addition to

heavy use by bathers and fishermen during the summer months.
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Site No. 4 was established approximately 3/8 of a

mile below the Highway 260 Bridge and about 100 yards be-
low the activities of the Kohl's Ranch Resort area includ-

ing the livestock corrals. It was felt this point on the

stream would reflect the greatest possible impacts on water

quality resulting from activities within the watershed.

In particular, any non-point sources of pollution originat-

ing from the Tonto Creek Campgrounds, Kohl's Ranch Complex

below the highway and highways themselves would hope-

fully be discernible in analyses from this site.

A fifth site was established at Bear Flats Cross-

ing approximately five miles downstream, below the junc-

tion of Christopher Creek and Tonto Creek. This site was

again used as a control to assess any changes which might

occur due to natural renovation/variation since little or

no activities were present between Site No. 4 and Site No.

5. Access to Site No. 5 was somewhat restricted due to

the extremely poor road (very steep and narrow) which

leads to Bear Flats.

Temporal variations due to climatic controls and

man induced impacts were provided for by two methods. Ex-

tending the sampling period beyond the summer tourist sea-

sons, into the fall when recreational activity had dimin-

ished or ceased in some areas, was hoped would show any

trends or changes in water quality due to reduced activity.
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In addition, the extension of the sampling period

would cover a broader range of seasonal climatic condit-

ions. A third methodology employed during the sampling

period to cover variations was sampling Tonto Creek during

both midweek and weekend periods over the summer to ascer-

tain any water quality changes due to variations in activ-

ities. Weekends brought much heavier recreation pressures

on the stream from visitors than midweek periods possibly

producing changes in stream water quality characteristics.

It should be noted also that within the context of the

sampling program, attempts were made, where possible, to

sample during or after precipitation events to reflect

changes in water quality from increased runoff and flow

volumes.

C. Sample Analyses and Techniques

Analyses of water quality parameters during the

study period were performed using a Hach Dr/2 Spectroph-

otometer and portable laboratory. The Hach Portable Sys-

tem provides an instrument well suited for field work due

to its lightweight configuration and self-contained power

source. The tests which can be performed with this unit

cover a wide range of heavy metals, cations, anions and a

wide variety of physical parameters such as pH turbidity,

suspended solids and dissolved oxygen. The Hach Dr/2 spec-

trophotometer is a single beam analytical instrument
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capable of measuring wave lengths in the 410 Nanometer (NM)

to 850 Nanometers (Infared). This unit provides direct

readouts of substance concentrations when these substances

react with premeasured reagents causing color development

proportional to the concentration. This measurement is

based on Beer's Law where the intensity of color is propor-

tional to the concentration of the substance in solution;

or to be more precise, the logarithm of percent light trans-

mittance at a given wave length is inversely proportional

to the concentration. Not all of the parameters observed

were analyzed with the Colorimeter; some analyses were

performed by titrametric procedures provided in the Hach

Kit. These analyses are all performed in accordance with

those listed in "Standard Methods of Water and Wastewater

Analyses". More specific details of each test are dis-

cussed as each species is related to water quality under

"Data Analyses" in this paper. All analyses were performed

under guidelines provided in the Hach Water Analysis Hand-

book (1976) provided with the kit. All reagents, glass-

ware and related materials were purchased from Hach chemi-

cals to insure compatibility and ease of use. Samples for

nitrates (NO3), iron (FE), sulfates (SO4) and phosphates

(PO4) were analyzed against standard solutions of each,

both to increase accuracy and as a means of calibrating

the equipment. Most of the reagents used with this kit

come in premeasured sealed powder pillows for easy use,
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handling and stability. Where dilutions were necessary

or useful in the analyses, triple distilled-deionized

water obtained from the water Analyses Lab. Dept. of

Soils, Water and Engineering (SWE) at the University of

Arizona was used. Equipment used was also washed and

rinsed in distilled water to minimize contamination.

A total of 22 parameters were evaluated on each

water sample collected from Tonto Creek during the study.

This number includes five physical or physico-chemical pa-

rameters and 17 chemical parameters which were felt rep-

resented the mineral water quality of the stream. A

complete listing of data from analyses conducted for each

parameter is included in Appendix A, Tables 1A-E. Twelve

chemical parameters of the 17 listed were analyzed di-

rectly with the Hach Kit, while three species were analyzed

by the Water Lab. Dept. of SWE at the University. The two

remaining ions, bicarbonate (HCO3) and carbonate (CO3)

were inferred from relationships of PH and alkalinity and

checked against analyses of the same species performed by

the Dept. of SWE Lab.

Primary emphasis during the study was placed on

analyses of five chemical parameters to indicate existing

water quality. These parameters include iron (FE), ni-

trates (NO3), chlorides (CL), sulfates (SO4) and phosphates

(PO4). These parameters generally define the water qual-

ity of most streams in terms of biological/biochemical
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activity, water uses and potential pollution problems.

Two additional parameters which may be significant indi-

cators of pollution from sewage or other organic material

are nitrites (NO2) and ammonia-nitrogen (NH3-N).

Physical parameters of turbidity, suspended sol-

ids, and dissolved oxygen (DO), and PH were considered

equally important in terms of determining the overall water

quality. These parameters were significant not only for

their individual merits but also for their synergistic ef-

fects and interactions influencing the chemical species

present in the water.

Most sample analyses were performed on the sites

immediately after their collection from the stream. Ex-

ceptions were made when samples were collected late in the

afternoon or evening with darkness approaching. In such

cases, the samples were transported to a campsite or motel

for analysis the same evening, usually within two hours of

collection. All DO samples were analyzed immediately upon

their collection at the stream.

Water samples were collected in either a 250 ML

graduated glass cylinder or Erlenmeyer Flask. DO samples

were collected in a 300 ML BOD bottle with precision glass

stopper. Water samples to be transported for later analy-

ses were collected and stored in one liter nalgene poly-

propylene bottles. Normally, three separate samples were

collected at each site for each parameter and analyzed
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independently and simultaneously. The reported values

listed in Tables 1A-E of Appendix A is the average value

of the three readings. If one of the values obtained was

grossly different from the two, it was disregarded and

the average for the two remaining was recorded. Efforts

were made where possible to representatively sample across

the width and depth of the stream at each site. During

periods of extremely low flow or at sites with very shal-

low depths or narrow constrictions, it was felt that two

sample analyses were sufficient. DO analyses were per-

formed on two water samples from each site at all times.

On sampling days where high turbidities were pres-

ent due to recent or ongoing rainstorms, detailed analyses

of water samples were suspended to a later time in order

to expedite collecting samples from each site. This was

done to attempt to collect samples representing approxi-

mately the same period of flow since turbidity levels

tended to increase or decrease rapidly with time. Such

rapid variations reflect the streams' fast response time

to watershed changes due to precipitation.

D. Sources of Errors

Attempts were made at all times to minimize errors

in the water sample analyses. Thorough cleaning and rins-

ing of glassware was performed after each test. Any field

analytical work will encompass some degree of error in
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this respect. However, it was not felt to significantly

affect overall results.

The study's primary source of sampling analysis

errors were probably within the Hach Kit itself. The lack

of more standard solutions for calibration of the colorim-

eter may have contributed to errors in measurements of

some ions. Variance in percent of light transmittance

among specimen bottles used in the colorimeter test may

have contributed a small amount of error to measurements.

Dirt on the cover of the colorimeter lens could also af-

fect measurement readings. Here again, this was not felt

to significantly detract from the results as Hach Field

Units have enjoyed widespread use and success in this type

of work. A recent publication (Midkiff, Et. Al., 1977)

attests to the precision and accuracy available with the

Hach DR/EL and DR/2 Units. This publication cites the

Hach Kit as exceeding the precision available with the

Baush and Lomb Spectronic 20 Colorimeter commonly used in

laboratory analyses.

All recommendations suggested in this evaluation

report for increasing the accuracy and precision of the

Hach Unit were followed during the study.

E. Missing Data

The tables of field data in Appendix A indicate

various parameters are missing on some sample days. These
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missing values are attributable to two principal factors.

The data for measurements of Na, Mg, TDS, and EC is very

limited since these parameters are not obtainable with the

Hach Kit. Values listed for these parameters are based

on limited analyses by the Dept. of SWE Water Laboratory

of samples brought back to Tucson.

Measurements for the parameters Cu, F, Mn are also
sparse. This was attributable to a lack of reagents for

the analyses during most of the study. The termination of

sampling soon after the reagents were available resulted

in limited measurements taken for these species. Since

the parameters of Na, Mg, Cu, F, and Mn were not felt to

be of importance as pollutants in this study, the limited

values obtained were deemed satisfactory.

It was felt that a lack of data on TDS and EC val-

ues detracted somewhat from the study. The possibility of

relating various cations and anions to TDS and EC poses a

lucrative possibility for modeling purposes. However, the

availability of some TDS and EC data from the USFS was of

assistance in this area.

Other parameters such as Cl, HCO3, CO2 and Ca

were deleted on occasion in an effort to expedite analyses

of other parameters. When time was limited it was felt

that analysis of other species were of primary importance

at the expense of these parameters.
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The most significant missing data in this study

was a lack of adequate flow data. This was due to the
lack of equipment (flow meter) and the nature of the

control section where measurements were taken. Flow vol-
umes were estimated from stage gage readings and related
to the flow discharge curve (Figure 3). Although this

yielded reasonable estimates of discharge during lower

flow levels, such methods could not be relied upon during

higher flows. Substantial reliance was placed on USFS

data in this regard for establishing relationships be-

tween flow and cation or anion concentrations.
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RESULTS OF DATA ANALYSIS

A. Methods of Analysis

All data from field and laboratory sample analyses

was processed through the University's Cyber 175 computer
with the SPSS program format. Statistics for each parame-

ter were calculated and included means, standard deviation,

variance, kurtosis skewness and error. In addition simi-

lar programs were run on USFS data to produce statistics

for those values also.

Statistics from the two sets of data were then

compared to assess similarities or differences for common

sample points. It was felt that if mean values for param-

eters from each sampling program showed close agreement

this would tend to validate the accuracy of measurements.

While the values cannot be strictly compared due to dif-

ferences in study length and sampling dates, such compar-

isons may indicate important relationships and trends of

present water quality. The mean values for all parame-

ters from both studies is presented in Table 1.

Table 2 shows relative changes of each parameter

between common points on the stream, expressed as percent

change. This value was of some importance in attempting

to understand transport mechanisms and processes occurring

39
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TABLE 1	 Mean (X) Values of Sample

PARAMETER SITE NO.	 1 2 3 4

Hard 51.78 79.78 81.71 88.00
EC* 155.00 180.00 210.00 253.00
Turb 0.11 5.75 7.20 30.18
TDS* 98.00 110.00 130.00 155.00
Temp 50.33 64.75 66.20 69.61
pH 6.99 7.90 8.33 8.42
TAlk 61.56 80.57 92.33 115.20
DO 8.00 7.80 7.95 7.41
PDOAAA 89.00 102.82 102.80 101.20
SS 0.22 2.75 15.70 27.64
CA 20.67 31.89 32.43 35.60
MG* 8.40 9.00 10.80 15.00
NA* 2.00 1.50 1.50 1.50
Fe** 0.09 0.06 0.07 0.10
Mn* 0.05 0.03 0.15 0.08
Cu* 0.08 0.12 0.09 0.12
HCO3 61.56 72.00 73.67 88.00
NO3 0.33 0.64 0.60 0.44
NO 2 0.004 0.004 0.004 0.002
SO4 4.33 19.58 21.70 20.27
PO4 0.34 0.54 0.50 0.42
CL 5.56 8.20 7.00 9.11
F* 0.02 0.04 0.04 0.06
S10 2 7.60 7.70 7.70 7.80

Based on three analyses

Based on Dissolved Iron-Filtered Samples
Indicates percent of DO saturation
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TABLE 2 COMPARISON OF

RELATIVE CHANGE IN SAMPLE MEANS (X) BETWEEN SITES

PARAMETER %,	 SITE 1-2	 %,	 SITE 2-3 %,	 SITE 3-4

Hard 54.1 2.4 8.3
EC 16.6 16.6 20.5
TURB * 25.2 319.0
TDS 12.2 18.2 19.2
Temp 28.6 2.2 5.6
pH 13.0 5.4 1.4
Talk 30.9 14.5 24.8
DO -2.6 1.9 -6.7
PDO** 15.5 0 -1.5
SS -,k. 470.0 76.0
Ca 54.3 1.7 9.8
Mg 7.1 20.0 38.9
Na -25.0 0 0
Fe -33.3 16.7 42.8
Mn -40.0 400.0 -46.7
Cu 50.0 -25.0 33.3
HCO3 16.9 2.3 19.4
CO3 * 117.8 45.7
NO3 93.9 -6.7 -26.7
NO2 0 0 -50.0
SO4 352.0 10.8 -6.6
PO4 58.8 -7.4 -16.0
CL 47.5 -14.6 30.1
F 100.0 0 50.0
S10 1.3 0 1.3

Not Calculated
Percent of DO saturation
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on the stream. The SPSS format was also used to calculate

correlations between all parameters for both UA and USFS
data. Correlation values obtained through linear regres-

sion analysis of data were particularly significant for
possible model construction and predictive relationships.

The calculated coefficients of determination (R2 ) are
listed in the correlation matrices, Tables 3 and 4 of
Appendix A. A listing of correlations for parameters with

R2 values greater than .50 is shown in Table 3. The coef-
ficient of determination rather than correlation efficients

(R) is shown since this reflects a more viable measure of

bivariate relationships, particularly in modeling or pre-

dictive context.

B. General Water Quality

The waters from Tonto Creek and Tonto Springs can

be tentatively rated as good to excellent in mineral water

quality, based on a review of water analyses from this

study. The water from Tonto Springs can be classified as

soft to fairly hard while water from Tonto Creek downstream

of the spring is fairly hard (Smith, Et. Al., 1963, Sawyer

and McCarty, 1967). Chemical composition of all water ana-

lyzed in this study falls into the calcium-magnesium car-

bonate category of the USGS classification systems (HEM,

1959). Water from Tonto Springs and upper Tonto Creek

(above Rt. 260) is of much better overall chemical quality
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TABLE 3

SIGNIFICANT COEFFICIENTS OF DETERMINATIONS (R2 )'.50)
FOR REGRESSION OF PARAMETERS

REGRESSION SITE 2 SITE 3 SITE 4

pH vs. TAlk .6881

Temp vs. DO .8582 .9721 .9641
Temp vs. PDO .5748 .8789
Hard vs. Ca .7444 .6535
Hard vs.	 CL .7110 .6779

Turb vs.	 SS .6077 .9950 .9812
Turb vs. Fe .9747 .7408 .7812
Turb vs. SO4 .6808

Turb vs. CL .8929

Turb vs. PO4 .8700

SS vs.	 Fe .6174 .7526 .7021

SS vs.	 SO4 .7351

SS vs.	 PO4 .8452

PO4 vs. Fe .8353

CL vs. DO .8923 .8555 .9153

CL vs.	 Ca .8844 .8571
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than waters from nearby areas such as Christopher Creek
to the east and Indian Gardens Springs near Kohl's Ranch.
This can be attributed to its origin in the Coconino Sand-

stone Aquifer which produces high quality spring water

(Feth, 1954).

Distinct differences can be observed between water

samples from Tonto Springs and those samples taken further

downstream on Tonto Creek. Generally, most cations and an-
ions as well as alkalinity, hardness, turbidity total dis-

solved solids, conductivity, and PH increased in concentra-
tion or value with increasing distance downstream from the
source area. Notable exceptions to this were phosphates,

nitrates, nitrites and dissolved oxygen. Concentrations

of iron, copper and manganese tended to be somewhat errat-

ic and fluctuated from station to station.

C. Discussion of Individual Parameters

Carbonates and bicarbonates increased steadily

downstream from Tonto Springs. Ground water typically is

deficient or devoid of dissolved oxygen and high in CO2

content. When such waters exit at springs, aeration takes

place and the CO2 present in such waters converts to CO3
or HCO3 depending on the PH. This relationship is supported

by the data. The PH and alkalinity of the water increased

steadily downstream in conjunction with increases in HCO3
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and CO3 content. Typically, most springs demonstrate this

relationship. The USFS data showed similar results to

those presented here. These values were calculated from

relationships of PH, Phenothalein alkalinity and total al-
kalinity.

Ground water emerging from Tonto Springs was vir-

tually devoid of dissolved oxygen but immediately began

to absorb oxygen once exposed to air. The entrainment

and absorption of DO was enhanced by the turbulence and

cool temperatures of the water in the uppermost reaches of
the watershed. DO content of water is relative to water

temperature, barometric pressure and partial pressure of 02
present and thus may vary considerably along a stream

reach. As such values of DO content in MG/L may not al-

ways be easily related from one location to another except

in forms of water use, ability to support fish life and

biological activities. DO values were analyzed by the

azide modification of the Winkler method. The absolute DO

content on Tonto Creek decreased regularly downstream with

a minimum value recorded of 6.6 MG/L at Site 4, mean val-

ues of DO content ranged from 8.0 to 7.4 MG/L along the

stream reach indicating good quality water in this respect.

Percent of saturation of DO increased downstream from 89%

at Site 1 to an average of over 100% at the other three

sites, indicating supersaturation. No values for this
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parameter were available from USFS data. Coefficient of
determination (R2 ) for the relation between water temp-
erature and DO content varied from .36 to .97 from Sites
2 to 4 respectively.

Temperatures of stream water varied with eleva-
tion and daily air temperature as would be expected,
showing a steady increase downstream. The temperature of
water from Tonto Springs showed almost no variation aver-
aging 50.3 degrees F. This is within one degree of the
mean annual air temperature for this location, a typical

relationship between ground water and climate.

Turbidity and suspended solids are two of the most
common tests performed in water analysis. While no direct

relationship exists between the two, they are often corre-
latable and have been lumped together for the purpose of
this discussion. Suspended solids is an empirical meas-

urement of total amount of undissolved foreign material

present in the water including colloidal clays, silts and

organic material. Turbidity is a measurement of light dis-

persion due to materials, organic or inorganic, present in

the water. Normally, as suspended sediment increases, tur-

bidities also increase. This correlation was emphasized

on Tonto Creek by R2 values ranging from .60 to .99 for

suspended solids versus turbidity. Suspended solids are

measured as MG/L whereas turbidity is based on the Jackson

Turbidity Unit (JTU). The present trend in water analysis



47
is to measure turbidities in nephelometric or formazin

turbidity units (NTU ADN FTU). This measurement is based
on light transmission rather than light dispersion; tur-
bidities in this paper are reported in FTU. Most of the
turbidity and suspended solids measured in samples from
the study area are caused by sediments picked up by the
action of flowing water. Peak values were recorded dur-
ing or immediately after precipitation events indicating

erosion and transport of fine particles from soils adja-
cent to the stream. Turbidity and suspended solids both

increased progressively downstream with increasing drain-
age area. Mean values for both parameters are skewed to
the right due to several high values recorded after thun-

derstorms.

Calcium was measured by titration with EDTA to a
sharp red to blue end point. Very little variation in

calcium or calcium hardness was observed during the study

period. The calcium present in Tonto Creek increased

progressively downstream, probably as a result of in-

creased solution of this ion due to streamflow over lime-

stone and dolomite rock strata. Data from this study was

in close agreement with the USFS data. Analysis of magne-

sium concentrations was performed by the Dept. of SWE

Water Lab. Results showed a steady increase downstream

similar to calcium levels and was attributable to stream-

flow over carbonate terrain.
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Nitrate and phosphate levels were viewed carefully

as possible indicators of nonpoint source pollution. No
definite trends were established during this study to sub-

stantiate this hypothesis. Both of these parameters
showed a substantial increase between Sites 1 and 2, then
decreased at Sites 3 and 4. This phenomena was confirmed
from results of the USFS sampling program. The rapid in-
crease in concentration levels from Site 1 to Site 2 may
be indicative of seepage from sewage or organic wastes
from cabins and summer homes upstream from Site 2. Levels
of both anions were extremely low with respect to expec-
ted values from sewage pollution. Thus providing weak

evidence for this theory. Concentrations of nitrates

never exceeded 15 7 of recommended drinking water standards.
Nitrites and ammonia-nitrogen measurements failed to pro-

vide any indication of recent or near sources of pollution.

Nitrate levels were very low throughout the study for all
sites, while no ammonia-nitrogen was ever recorded. The

steady decrease of NO3 and PO4 levels from Site 2 to Site
4 may be attributed to increased biological activity and

nutrient absorption. However, no significant algae

growths or blooms were noted in this reach of stream. No

significant correlations were noted for NO3 and PO4 with

the exception of chlorides.

Sulfate analyses were performed by the standard

barium sulfate precipitation method and were turbidimetric
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in character. Sulfates may occur in substantially high

concentration in natural waters as a result of local ge-

ology or from acid mine drainage. Levels of SO4 measured

in Tonto Creek were not significantly high or pose any

potential health problems. The approximate four MG/L

levels measured from Tonto Springs closely coincide with

concentrations measured by the USGS (Feth, 1954). This

species showed a rapid increase in levels between Sites 1

and 2 then remained nearly constant downstream. This rap-

id increase in SO4 can be attributed to solution of gypsum

(CaSO4) lenses in the Supai Formation underlying the wat-

ershed between Sites 1 and 2. Water samples were also ana-

lyzed for sulfides with negligible levels recorded.

Chlorides are often good indicators of sewage pol-

lution since they are a major component of raw sewage and

once in solution they are not easily removed. The test

for chloride analysis was the mecuric nitrate method. This

test was titrametric and did not demonstrate a sharp end

point at all times. Thus precluding reliability of repli-

cation and results. Chlorides showed an average increase

from Site 1 to Site 2, a decrease from Site 2 to 3 and

increased slightly from Site 3 to 4. This may indicate a

mild source of pollution from the cabins above Site 2.

But the small levels of increase coupled with the uncer-

tainty involved in the analysis could not verify this. Oth-

er than salt deposits, the principal source of chlorides in
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,natural waters are basic igneous intrusions of rock,
neither of which are present in the study area. The sur-
prisingly high coefficients of determination (R 2

) between
chlorides and both nitrates and phosphates at Sites 2 and
3 may lend some evidence for a weak pollution source above
Site 2. 

Chloride levels were considerably below levels
recommended for drinking water standards throughout the
study.

metals

Iron and manganese are the two commonest heavy
analyzed in water sampling programs. Their occur-

rence in water, detrimental effects and origin are closely
related, therefore, warranting their discussion together.
Iron and manganese concentrations were both analyzed color-
imetrically, using the 1.10 phenanthroline and periodate

oxidation methods, respectively. Both species normally oc-

cur in natural waters in their reduced state and are the
result of leaching of natural deposits or acid mine drain-
age. Neither of these two species normally present any

health hazard, but their presence may create an economic
problem. Levels of iron greater than 0.3 MG/L, manganese

greater than 0.1 MG/L or a combination of the two greater
than 0.3 MG/L can cause taste and staining problems in
water supplies.

The occurrence of higher levels of iron and manga-
nese in ground waters is quite common due to the oxygen

deficiency and reducing environment. Exposure of such
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waters to air upon discharge from springs will oxidize

both iron and manganese to insoluble forms so precipita-
tion occurs. High levels of either ion in surface waters
normally indicates either a low PH (such as acid mine
drainage of water) or a nearby substantial supply of iron
and/or manganese rich material.

Iron concentrations measured extensively during
the study showed a wide variation in levels. Concentra-
tions ranged from over 2 MG/L to .01 MG/L on Tonto Creek.
During this same period levels of iron in Tonto Springs
waters ranged from 0.07 to 0.11 MG/L. Mean values showed
a normal decrease in iron levels downstream with a return
to initial levels at Site 4. Samples taken during or af-
ter storms when high turbidities were present showed iron

levels exceeding 2 MG/L before filtering. After filtering
the samples, a ten fold decrease in iron concentration was
noted, indicating much of the iron measured was present in
sediments carried by the stream rather than as dissolved

iron. This observation was further verified by exceedingly

high correlations for iron versus turbidity and suspended

solids. The high levels of iron in Tonto Creek during

storm runoff can be attributed to the iron rich soils

formed from the Supai Formation. Normal levels of iron in

Tonto Creek never exceeded standards for public water sup-

plies. Data on manganese concentrations is limited due to

a lack of suitable reagents during the study. Levels of
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manganese obtained indicate this parameter may exceed

established standards on occasions similar to iron. Little
can be done about excessive levels of iron or manganese
since they occur as natural phenomena.

Other parameters measured included 
silica, sodium,

flourides and 
copper. Silica levels were measured with

the Hach Kit using the silicomolybdate method and colori-

metric analysis. Silica levels recorded were low 
and

showed little increase from site to site. Sodium and flour-
ides were both analyzed by the water lab in the Dept. of
SWE. Both species and low concentrations, with no vari-
ation noted for sodium but a small, steady increase in
flourides downstream from Site 1. Copper was analyzed col-
orimetrically with the Hach Kit using the bicinchoniate
method. Concentration of copper measured tended to be some-
what erratic from site to site but never exceeded recom-
mended standards. Sources of silica, sodium, flourides and

copper are assumed to be leaching of materials within the
aquifer or along the stream.



APPLICATIONS TO MODELING

A. General Modeling Approach

The application of models and modeling to hydrol-
ogy is becoming an increasingly valuable tool to scientists,

planners and watershed managers. The construction of mod-
els in hydrology can serve numerous purposes. They allow
a hydrologist to extend the use of data that has been col-
lected beyond simple analysis for prediction of future
events or assessment of areas with no data. Models may al-
so be used to relate data and processes occurring in one
location to different locations where similar events are
taking place.

The development of water quality models has re-

ceived particular attention in recent years with increased

legislation concerning nonpoint source pollution. This at-

tention has resulted in the development of a wide variety

of water quality models predominantly oriented toward urban

or semi-urban areas. Some models have been developing for

applications to rural watershed but with limited scope in

regard to what parameters are modeled. Presently, there

are models for prediction of parameters such as dissolved

oxygen, water temperature, coliform bacteria and suspended

sediment transport. Most of these models require extensive

initial data, large computer facilities and may not be
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applicable over widespread areas. Relatively few models

have been developed which can relate a wide variety of

chemical parameters simultaneously. This type of model

would provide an invaluable tool for those agencies respon-

sible for assessing and managing nonpoint source pollution

in rural areas such as national forests.

Ideally, a model for management of nonpoint source

pollution in remote watersheds should have three basic re-

quirements. First, the model must be of two dimensions in

order to account for spatial and temporal variations.

Secondly, the model should be applicable over a general

area or region rather than one specific stream or water-

shed. Thirdly, the model should be able to utilize exist-

ing data or data that could be easily and inexpensively ob-

tained when none is available.

Ease of utilization, although not a basic require-

ment, might also be listed as a design objective when de-

veloping models. Many models which have been developed are

capable of yielding excellent results in hydrologic analy-

sis and simulation but never achieved wide spread use. A

primary reason behind their lack of acceptance and appli-

cation is an inability of the user to fully comprehend the

model's construction, capabilities and operation. Sophis-

tication in model construction does not always infer 
a bet-

ter model and better results. Although oversimplification
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and generalization in model construction may lead to in-

valid results, simplistic models may prove effective in
many areas. The determination of whether a model is good
or bad, in this sense, often rests on the user's ability
to apply it in the field. One model which has recently

been developed is the TVA Nonpoint Source Model (Betson
& McMasters, 1975). This model is discussed herein as a
possible choice for applications to watershed management
in multiple land use areas.

B. Data Requirements and Model Construction

The TVA Nonpoint Source Model is applicable only
where no significant point source pollution is present.

This model is based on the assumptions that mineral water

quality is related to two factors in a watershed, forest

vegetation and geology. Another assumption is that all

water quality parameters are related to discharge by a

rating curve of the general form:

Conc (MG/L) = aQb

where Conc is the concentration of any constituent. Q is

the discharge, and A and B are coefficients to be determined

for each constituent. Usually a minimum of ten concurrent

discharge and concentration measurements are required for

each constituent or parameter. The coefficients A and B

can then be determined using a log transformation and lin-

ear regression. This provides a model applicable to
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specific watershed conditions. Similar values of A and B
must be determined for each parameter from a broad group
of watersheds within a region. Water quality and flow
data for determination of coefficients may be obtained from
USGS surface water records or sampling programs such as
this study.

Five watershed characteristics are assumed as the
primary controlling factors of solute transport. These fac-
tors are:

F, Portion of watershed forested

C, Portion of watershed underlain by carbonaterock
S, Portion of watershed underlain by sandstone

and shale
I, Portion of watershed underlain by igneous

rock
U, Portion of watershed underlain by unconsoli-

dated rock

Each of the five characteristics must be determined

for a group of watersheds within the desired region of ap-

plication. Data for these characteristics can be obtained

from topographic maps, airphotos and state, county or reg-

ional geologic maps. Regionalization of the model is then

attained through multiple regression analysis of A and B

coefficient values with the five watershed characteristic

values. This multiple regression takes the form:

a,b = FX 1 + CX2 + SX3 + IX4 + UX5

where the independent variables are the five watershed

characteristics and X, through X5 are regression coefficients.
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One set of values is obtained for each set of con-

stituent coefficients (A,B) which are applicable on a

regional basis. A series of predictive equations are ob-

tained from this model which can be used to estimate miner-

al water quality of watersheds within the region.

This model does not approach the levels of sophist-

ication achieved by many other models, but its simplistic

form has distinct advantages. These advantages are: Data

required may be readily acquired for many areas from the

available literature such as USGS records, maps and stud-

ies, the predictive equations derived can be easily applied,

and the models can be easily enlarged for more parameters

and refined with additional data.

The TVA Model does have significant flaws. As in

any regression type model extension of results beyond the

data used to calibrate the model may result in irrational

values such as negative concentrations of parameters. The

use of five watershed characteristics may not adequately

define conditions within a basin, particularly where man

induced impacts are occurring, and the model does require

a substantial amount of data.

Data from this report could easily be incorporated

into a TVA type model. With the addition of similar data

from other watersheds of the central highland region of

Arizona, a regionalized water quality model for upland ar-

eas could be constructed.



SUMMARY AND CONCLUSION

This study documented and established baseline

water quality characteristics of the upper portion of

the Tonto Creek watershed. This watershed is under heavy

recreational pressure at the present time and it appears

that this pressure will increase in the future, posing

potential impacts on the water quality of Tonto Creek. Re-

sults of this study indicate that presently the upper Ton-

to Creek Basin is absorbing the recreation pressures with

no serious detrimental effects on water quality of the ar-

ea. The watershed appears capable of withstanding addition-

al recreational activity; however, increased second home

development could easily jeopardize levels of water qual-

ity and should be carefully planned.

The water quality sampling program established on

Tonto Creek was sufficiently comprehensive in scope to ful-

fill the objectives of this study. The use of the Hach

Portable Field Laboratory Kit proved to be an invaluable

asset for this type of study and capable of high levels

of precision when used properly.

Results of sample analyses performed on Tonto Creek

indicate the water can be classified as Calcium-Magnesium

Bicarbonate in nature, moderately hard and of very good

quality with respect to mineral content. All of the chemical
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species analyzed from water samples collected were well

below acceptable levels for public water supplies as set
by the US Public Health Service and the Environmental Pro-
tection Agency with the exception of iron and manganese.
During periods of high runoff following precipitation

events, concentrations of iron and manganese may reach un-
acceptable levels for use of this water. Bacterial con-
tent of water from Tonto Creek is of questionable charac-
ter as it was not included in the analysis portion of this
study.

Most of the chemical and physical parameters eval-

uated during the course of this study can be explained by

or attributed to natural variations in local watershed char-

acteristics such as soils and geology. Mineral content of
the water in Tonto Creek appears to be considerably lower

than levels recorded in adjacent streams and springs.

Iron levels measured in water samples collected

during turbid flow following precipitation events indicate

a definite relationship between iron concentrations and

soil material washed into the stream. Filtration of water

samples during these periods appeared to remove up to 907

of the total iron in the water.

No distinct areas on nonpoint source pollution

were readily discernible during the course of this study.

Erratic and anomalous levels of nitrate, phosphate and
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chloride concentrations in the area of the Baptist Camp
Bridge could not be explained in terms of natural varia-
tions and thus may indicate a weak source of nonpoint pol-
lution. The cluster of cabins and second homes immediately
upstream of the bridge may be the origin of such pollution
through leakage of material from their septic systems into
the stream. Additional analyses of these parameters would
be necessary to confirm or deny this hypothesis. The pres-
ence of these septic systems adjacent to Tonto Creek poses
a potentially serious pollution hazard should these sys-
tems leak or otherwise fail.

Cattle observed grazing along Tonto Creek appeared

to have little impact on water quality, although they may

be aesthetically repugnant. Minor amounts of turbidity

may be attributable to the cattle and recreationists in
the stream; however, this appeared inconsequential when

viewed in terms of turbidities due to natural causes.

Statistical analyses showed a substantial number

of linear relationships between parameters evaluated. Most

of these relationships were between turbidity, suspended

solids and chemical constituents. Relationships such as

these may form a possible basis on which to construct a

water quality model for this stream.

The development of a regional water quality model

applicable to this area is technically feasible. Models

are presently available which could incorporate data from
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studies like this project for use in the assessment of

baseline water quality, assessment of nonpoint source
pollution and other watershed management programs. Ap-
plication of such models to multiple land use planning

could enhance objective decisions concerning future use
and management of areas similar to the Tonto Creek water-
shed.

This study, although documenting the baseline
water quality of the upper Tonto Creek area, may be con-

sidered only a guide to the complete understanding of
watershed conditions that exist. Hopefully, it may serve
as a starting point for future research on this watershed

by delineating areas of insufficient information or anoma-
lous variations in water quality. It is readily apparent

that further definition will be required in at least four

aspects of this study. These aspects are: unexplained

variations in nitrate, phosphate and chloride levels near

Site No. 2; a lack of adequate flow measurements on Tonto

Creek; the relationship between flow levels and the var-

ious parameters, particularly TDS; and the actual construc-

tion and testing of a water quality model. The establish-

ment of a future sampling program, narrower in scope but

more extensive in depth than this study, may serve to ad-

dress the questions raised in this study. In the event

that such a project is initiated, the following suggest-

ions and recommendations are submitted:
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First, the possible weak source of pollution near

Site No. 2 should be investigated more thoroughly. This
may be accomplished by the establishment of two sampling
points immediately above and below the cluster of cabins
in the vicinity of the Baptist Camp. Analyses of water

samples could be restricted to NO 3 , CL, and PO4 but
should be performed more frequently than during the study
in this paper. A similar sampling program could be con-

ducted above and below Kohl's Ranch complex to more ade-

quately define nutrient transport in this area.

Secondly, a flume or weir should be constructed

on upper Tonto Creek to more accurately measure discharge.

This would undoubtedly prove expensive; however, the in-

formation derived would be invaluable for establishing

rainfall-runoff relationships as well as discharge-concen-

tration coefficients for a water quality model.

Third, the parameters of TDS and EC should be doc-

umented more fully by additional sampling of these char-

acteristics. The use of an electrical conductivity meter

in the field would greatly enhance this portion of the

study.

Lastly, the development and construction of an

actual water quality model employing rainfall-RO data is

recommended. This model, after verification, could then

be tested on similar watersheds. The applications of such
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a model would be invaluable in meeting management object-
ives for water quality planning in wildland areas.
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1	 Sai	 I 1 8 	1 	7 	3 6 4 6 3	 1
All values given in fngi: unless otherwise noted
Turbidity n ITU

Table la	 Summary of Analyses



COTt
JI I L	 C.

DATE /2/
/77

7/4 i 743

1 77	 -47

1/2fi /	 7/27/

-7 77	 -/77

8/fi ,
777

8/7 i

777

8/16,

777
8/

17/77

9/

5/77

ly
%7

11/

2 7
AN

Physical	 Parameters

Temp ° F 75 64 74	 71	 63	 68	 67 66 4 69 44 51.5

730rn 90	 7.90	 7.90	 7.70	 7.90H 7.90 7.90 .80 8.26 8.18

SS 0 15 10	 0	 3	 0	 0 5 0 0 0 0

Turb 2 40 3	 3	 3	 2	 3 3 8 1 0 1

DO 7.3 7.6 7.4	 7.5	 7.5	 7.5	 7.6 7.8 7.8 10.3 -

% DO Sat 106 99 106	 105	 96	 102	 103 105 101 103 105 -

Chemical	 Parameters

Total Mk 60	 -	 82	 -	 76	 80

1.10

20

t

i

0.44

16

96

74

0

30

1

0.07

-

-
0.70

0.003

0.45

7.5

23

94

76

74

20

30.4

4

0.16

0.02

0.06 

8.4 

0.08 

2.00

0.50

0.003

0.32

7.8

22

Hard 90	 -	 76	 76	 80

HCO3	 60	 54	 -	 -	 76

CO3	 0 -	 28 -	 0

Ca	 36	 -	 31	 32	 32

Cl	 12	 9

Cu	 - -	 - -

F -	 -
Fe	 0.04	 1.70	 0.08	 0.09 I	 0.05	 0.06

Mg	 - - - - - - -
Mn 	____	 ____	 ____	 ____	 ____	 ____

Na	 ____	 ____	 _____	 ____

NO3	 0.80	 1.30	 I	 0.80	 0.80	 0.28	 i	 1	 0.5

"2	 0.004	 0.003

PO4	 0.73	 0.35	 0.47	 0.38

5 102
SOA	 99	 17	 19	 22

0.35

17

0.80

18

0.64	 I	 0.39

19	 20
All val ues given

Turbidity in fit!

Table lb	 Summary of	 Analyses
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SITE 3
DATE

AN

7
2 7

7
4/77

77
13 77

7
26 77

7/
/27/7 _

7

8/

' 77

8/
 7/

/ 77

8
1

77

y
17/

77

9/	 Iv
6/	 1
' 77

11/
1 77

iy
25

77

Physical	 Parameters

Temp 75 71 73 70 69 68 66 70. 46.5 52

8.53 8.50

0 0

Turb 3 2 5 5 3 5 4 3 0 1

DO 7.3 7.3 7.3 7.5 7.5 7.6 7.7 7.4 10.3 9.6

% DO Sat 104 101 103 102 1 1 112 102 01 106 106

Chemical	 Parameters

76 76 80 88 - 82 82 88

UII 62 - 68 70 74 98 70

CO3 28
____

20 20
___

16 0 28

Ca - 31 32 32 32 - 32 33 35

Cl ,,,	 ..,
• m.	 -c-:,.

____ ____ 9 7 8 4

Cu
E	 E
a	 a - - - - - 0.05 0.13

F .	 ..	 = - - - - - - - 0.04

I	 0.11 0.06 0.04 0.06 0.05 0.04 0.18 0.05 0-01 0.05

____ ____ _ - - 9.0

Mn - - ---- - - - ---- - 0.05 0.25

Na ___. ___ ___ _____ - - 1,50

NO3 0.70 0.60 0.40 0.70 0.58 0.40 0.30 0.50 0.60 1.20

NO2 - 0.005 0.003 0.005 .004 0.002 0.005 0,004 0.003 0.004

P O4 0.72 0.44 0.36 0.75 0.60 0.28 0.60 0.46 0.48 0.28

SiO2 7.7 7.7

SO4 22 20 19 20 23 19 30
A ii	 ,,,J,,,,r	 rtur.,,	 .n	 man	 linlaqc	 n+harwiçA	 nniod

19 23 22

Turbidity in ITU

Table lc	 Summary of Analyses
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SITE 4

ANALYSESDATE 7/2/77 74/77 7/1347 7%6/77 7/2777 8/647 8/7/77 846/77 8/1 17/77 9477 1Y1147 13/2547

Physical	 Parameters_
Temp ° F ^ 72 75 75 80 73 72 71 72 73,5 52 53

PH 7.70 8.40 8.60 8.75 8.50 8.65 8.45 7.45 7.75 8,78 8,62

SS 18 11 10 15 18 12 15 140 60 0 5

Turb 30 15 16 17 17 15 18 130 70 1 3

DO 7.3 6.9 7.1 6.6 7.1 7,2 7.2 7.2 7.1 10.4

% DO Sat 101 99 101 99 99 100 99 100 100 114 -

Chemical	 Parameters

Total Alk - 112 126 112 116 112 118 110 110 122 114

Hard 82 80 80 90 90 90 90 90 96 92

HCO3 76 94 76 84 80 102 110 94 86 78

CO3 36 32 36 32 32 16 0 16 36 36

Ca ____
33 32 36 36 36 36 36 36 38 37

Cl i 11 9 11 11 11 10 11 4 4-
Cu 1 - _ - 0.07 0.17

F - 0.04 0.06

Fe 0.13 0.09 0.08 0.05 0.10 0.10 0.04 0.21 0,18 0.02 0.05

Mg 15,0 10.8

Mn - - - -- 0.05 010

Na -- ----- ____ ---- ---- ---- 1.50 1.50

NO3 0.70 0.95 0.40 0.30 0.75 0.50 0.20 0.30 0.25 0.30 0.20

NO2 - 0.002 0.002 0.002 0.002 0.002 0.004 0.004 0.000 0.001

0.31 0.32 0.40 0.29 0.40 0.38 0.14 1.05 0.85 0.20 0.30

SiO2 -- - - - - - 7.7 7.8]

22SO4 * 17 19 16 16 24. 24 24 23. 17 21
values given in mg	 unless otherwise note

Turbidity in Jill

Table id	 Summary of Analyses
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77

,JIIE	 a
DATE 1 7/.

ANALYSES	
z/77

7/
4/77

7/	 17/	 17/
13/77	26/77 	21/77

8/	 18/
7/6/77	77 8/	 1 8/16/771	17/77 1

9/	 Ill/	 111/
5/77	11/77.	2 7

Physical	 Parameters

Temp ° F
75

A
75 75 s. A.

PH 7.90 8.00 7.40
SS

Turb
0

1

3

1

280

340
DO

7.9 7.9
% DO Sat

U0 110
Chemical	 Parameters

Total Alk
90 110 120

Hard
80 96 98

HCO3
82 94 120

CO3
8 16 0

Ca
36 37 39

Cl .
ô. o.

.
o. o. 8 cu

-2. -E.
aa
-a.

a, aa

C LI
E E
 m

E
cz

E
ro re E

U)
E
re

E
ea EC

F
.= 0.. 0. 0. 0

= 0
=

o . 0=
Fe

0.04 0.09 0.17
Mg

Mn

Na —

NO3
0.35 0.52 0.35

NO2
0.002 0,004 0.004

"4 0.28 0.35 0.75
SiO2

SO4 4
17

,..,
23 ' 23... iven n mg,	 unless otherwise noted

Turbidity in JTU

Table le	 Summary of Analyses



1 cl-
CONZ L."t

'xi

C..1
tO1...
CI,

-....
a,E
co...
co

1:9..

ea
0..-

E„,
••••.=

c..1

CD 00 I: r--II _ie

=
•...

VD
=....
,0
a.

.=
E
=,
=
...-

.-cm
c>

c.>
.-

Mt
OA

.....
0
=
t0
ea

in...
•=
=

=
..	 ("`Jm	 t-...1

<-.0
LO

cm
1".: 0 c." c...t gip 4

I 0 .- 1.
c:,'	 c=,

;Ili
•-- 1	 0
cz

CCt	 CO
LW	 e.„,
La. -

00
cl.

Lr1T.... r0
,..,., CO

1.10
CV
....

. - I
00

=	 C...)OM	 v..4
n••1

.0"
L.,
GI.

CD
CZ

....
"d

1.10
l II
n-,1

...i
0
nnn1

0
0
s....

0
a,,

0
d.

C.N1
ct;

C...1
d. mtt,,,.,,,

0
1.4J	 010
CD

C.0 ,...4

.1t1.
a=
N.

0
N. ''':'

Lt)
cr,.-..

•
C...1
......

Co,
0
N..

Cr1
NJ

0
GO

0.4
•

c...4 ..o-

=.
0	 .3-
2C

af)
us

Li?
oo

as
,...1

.3-

....,_,
.mr-
00

r--
NJ

u"cD
d

r--
N..4
ci.,

czo
Cn1
c=,.

.--,

...

1.•
09	 C"
0 "

t.0 0
u.,

,"40
.43

1.-:
C,.1

1.0
1.N.
....•

.0
"'..*

41:t
CC r...

C.4

Lf1
0

,...,
......

....

..0 CM

C..
1•14	 C`J
0	 C.',

t...) ".C.=
Lrz,

pa
111
'CV

_
"` .•-•

Lt."
00....

GO
NJ
,....

0
v-1
....1

CCo
CZ

0
t...4
,t0

0
."'i
0

•....
 ,_,

0=	 ,....c....WC
,..., t..0

,0,7 ,..,. ,..._
....,

._,

..-n
t..0

d 0

=	 ,z,
=	 c...,.....

c..1
,...;

c=
0

1--;
o0

0
0,....

.0.
C0
......

04
c=,

ev

d

>••
..mcw en

..r,c.c.;
Ls"
m.—. oo

oo
IC

e;
LSD

=
CC
C..	 r'l
MC "

00
...-.

0
Let

Le,

OCS
r--
00

CV
{.c,

LS1
.--1•
CD

t=
M CV 0

c-4
.0"

'-':'
OC;

=,,....,
.--1

v.-,
r--

..1.1
C.04m.;

cs
C./d.

CO
1.1	 0

C.O
Ca	 r.s,

O..
0	 '='CV
MC

1.1
CO)
O.
...1
CC=
CC

O.

=
1.
,...4

.=*.
a.=

1....

E
.
CZli; r-

GP ...
a; 0

1,- CO

.
=1
=
tp

C.,

COI
02
1.-

<4,
co
a.,
=

"CZ.
OS=

•
it
a

ecl
..
0

1...
ea

GO
cu1.

=....
to
CD
=
ICIo.

.-I

78

ft9
0-4

et9



79

>-
Ca

ett
0.•

4.4

A-
C>

IC

•-

CO

tn

-o

o.

o

o
o

C.a

o

ea

aL.
WC	 LC)
3E hi

Lo .cr C.=
oo

LO
r•-•

CC.

•

CC
Ca.
oat r-:

r•- •
.nnn•

•••
Le" .-. ••••I•

Len

CC
•O-

M •••4
CT> CV

CO
••••

CZ
LC) 0

1.1")
H.
•••1

•cr
=a

T= cr. Le) C=>

L.	 a

am•i
=
=MA

Lt, C=.
(e4 Lea

OC
c,

LC)
00 CH

.0:	 00
••••

es.

.••1
••••5
00

CZ
CH g.z,

(,)

oS
•••n

Hui

cee
Ca	 ta.1

CO)

CIC

Co,
6e- .`"

o.
=

• n•n•••••=•••=

o

L>.•

=
ao,

7.•

wow.

al.wa

1.4•

cya

Gel

-1=



80

C3.3

O./

OD CL
1.1 0,1

C:1

C..Z

CD

•nI

Co
00

1..r)

.or e•-/
Gn4

lv C)

on: on;
C	 00	 ,=,•

.fer
CV CV C.

vnI

E

E

IMEINME
EIMINEM

111111 	
Ell

MIMI=
CD

C=.
CO.

'OP

es',	 CM

oo
C.4

.1n1,

cv

Icv
c.-

ro

E



81

ell
U7
b.•
al
....
0
E
ea,-
ez

.n
CC
C.7

••n
E
0

.G.
CS

1.-.•

.

1

....
Le,
...
G.

....
eV

E	 IX/

es

I I

e..1
.

00 r-

1

. 40	 .•-n

r,
CV.-.

cr
0,

..0
t.0

C....
CO

...0

GO

cr,
•-.1

tV)

0
•

0

00._.

0

C..)
.-n

0

eel.._,
•0

...
eel

0

c•-,
e...e

0
-4.

• E

=
0..	 es

.-
ell

0.. ...0

ell

1....•

00

...r

01
0	 C-4

.-.

n•n

r..c)
c..0

cs.n
r--

CD
00

'cr'

re)
CV

c,
c,

e-.)
fel

U°
r-

o.....
dl

0o

•=1"
=.

d

oo
••-,
0;

,,_,
.)

o

07
•••••

.....,QZ'
"--

eln.

I--
L"'..
0

0
eV

e-
•-••1

)-r1
.-1

LA

=
.Cr	 CP.

M e'j
0...1
.0
1:1.

IX)

0".
00
••n.

e.-s
C,I
.....

r-
0,-,

e-4
67

oo
e-..

00
0..-.

0
CI"

rel
qm1.

CM

1...-
.

,r
Lee
e.....-n

l...
0	 C..I
0

9c.,

1...•• ,...:1

=

--.
-

.,,,„
.-
=

=,	 is

...I	 en.=	 = ,-,....,

...I

C0/	 el
co	 00

L.1-1
el..I

CS>	00 	 oo

	

,-*	 .-.

	o 	 r-
....

=— ..-
el..•••••	cs ---	 =

	0 01 	 C.
	1..... 0	 GP

e''
•-•••

r-o= 00
r-..E

•-n 	 ...
c›.	 c= .

E

to
o=1
....

eu
-=

=

,_
ell

....

....
0".

co
CC0	 ,,,,

=	 __

6,
o o
=	 el.

....

I.1.1

ot	 con

US f
= .

1...
e.s-

Le-

-
-
E
C.	 =
I--

r=C I

0.)

er:r

CC'C•4

0--

Cei

Co,
Lk.
CI)

•••-

CeJ

••=

d

2



APPENDIX B

82



MOMMENEN
111111111111111111

II I II II 111:111 I 11 II
1111111Iirdil
11111111111111111111
EINEMMEME
ENNEMEIN
111111111111111.1111
IMMENINEN
111111111111.11111
MONNIENNI

w.
	 Cd)

Ces

8 3



1•••••

33C

ogP

*
(2)

*
P 2 A

1111PP

	

* 
Q0	 .0

	,g2,	 ..t	CD	 CD.

r§..
*

CD III I

.....•

--

0

Cr,

Ce)

9Z7

84



Z.3
co,	 C?	 CV C9	 cz4
Cd)	C . 	Co,

-,

:
,...

*
cr)
N.
N.
(-0

Œ)

CT)
00

...1
--
r—
cri
Isr,

;

*

-

LI1
Ln
L.C1
CO

0
,--1
CO
Nr) •.

*
N.
(..0
0")
LLD

N.
1,r1
--
N....

*
aw
• •-n

a
a

LC>

LI\

g
-

[1:-,R)
N....'

N.
rr)
g- Lr-,-

M —

,
* 0 0) 1-4 *

LI')

CN-

* *
01

CD

._.

CV
LNr1..

rst-N

* *
N.
LAD,

NI-

C,..1g
cv-

00g
C...1-

*
(.0
r-A.
.46-

R
LO-

•nI

.Z"
r—i
re)
..=-

* *
,--I
Ln
....
c.,4-

al
Lfl

*

reN8_
ODi .....7...-.

(-0
Cn1ig -...

*
(..C:.
,--in ..e

*
o--)-

CN.I
N..
co
,—I.

* *
00r--1
rsr,
cp.

Cl
co
--i
c>

...,

* ‘--I
cri
LC,
(=>

v.

*
n

...,

.nI

1n1

et.

n••••

Z.

8 5

C



C.)
ce)
c"	 a.

.26

• i••••

86

ea	 z ea
..0...	 u.1	 —
ea	

...,	 a)

=	
u..	 ..

4...
U)	 u_ o

.=	 co, C.
u_

=	
LU
0	

.,

C)

_
a)

•
=

1=t ci...,,
Li-, E

C.)

(..7

lc	
LU

- 
—	

Z

.re	 (.n
Lu
I-
< -1=
,-.C) en

E o a)
a)	

z —
I—	

.-. ..=
*	 ee

)—

C.)

1fl L)

L

isn
0-)
--•
CNI-

cs)
CO
0-)
,--1

N.,
C••••4
r.--,
n--1

-

.

rsr)
O.)
,--1
0

._,

Cn1
Lr,
g

CN
,--

*
S

*
i_rn

u-,
Nr, § § g

g

—



C?
1.11.1

—a

99

ea
- C.>

re) 	•e=1

*
i--r)
IN1

*
L.fl

L_C1_
r---,
P.

*

4
*

M

*

r`.1

*

§

*ô
CV
NrN

*
_`-g
CV
N1. Nr)

..-
Lt1
.7. 1`41

-Z-
'
§

E
N1
CV. A

r-c;) F
E

_

*1 * 
: g,--1

.
cr6- ." L' 97

.
5. .

*	 I----

o
0

c).
C V
ri--

.

g
CVtsr).

.--.

* rst-n
Cn

* ,--i
N11.01?-5

Lf1 CV
IsclFH),Quo4

r---. 1--...
,_5i

5
.rg.

_

* F
p

.A.-
cr:5=1 cs_ •--,

*
Lin
Zr

* 'FYI

-
LP,
cr-Z...)-

P
g:-

fr---c.?.
g)._

S
-

c''
0-,_

* tg.z.- S
.

—

*
,‘....c4

*
nLo

.

1
-

*
5 F.... ,,.,

o.

* t,s_
cp.

--.

trô
o cp

*
Elii
CV

*

CV
rg
CV

'4:1
CV

g
L.11

._.

-

r "( 23

CV-

I ".hf_l)

-

i 2)1

CO-

F. 4-
CO-

C41

CO-

. - - 1

* 0369
CVc.c).

* (21)
N'yr--..

r---cr).

up

-

ER _

* r----n * 1 cr.,1-1 _

-4rc-,;:r1,..,:::,
(=>n
r---

g
OE)

.__.

*

n ,.....* •--,

B
_

—

—

—

C
C

oz.

n-
=

9:1

CO`,	 CI)
I..	 0
Cl,
= 0.--t

COI

87



8 8

CeJ

•er

•e•

e•I

•

6

t--I
r,-)_=-

*

Bc--.4..=-- _

*

CV

.

*

LO

g

h-, I g

_

*

S—1c)-
S
...-

goo
16(o-)—1(=>

E
1-1cm-

E
r-1
c)

r--...
c)

t, S3
co
CV-

N..
Lo
.N.g_

Nrx
r--,(....7.1

*
co
rel8

*
N-
00n ...

'
CO
NTh

...-
N.
CO
CV-

,
CV
0-)
CO

CO
1-1
Cr)
CO-

N.
CO
1-1
N.

N. CO

120--)

1-r)
N.

CV
L.C1

8

* hp.,
E

§ —1
Es., J.,

c)

Fr-;
—Icy,
ts5)-

* 
CO
Li,

* 
N.

tsr...

*1,..

* —
,s7, —

1---1
• Isrl

*
N.
0
r-,

00
rse1

ccn) F
*

i_r,
CO

.

*
C),---iss F

.
•

i
i

*
CO
N.

*
t,..
Nr \
0r---.

C,I ..

*
ali_r1s

*
,---i
0)
Lri-5.

_ t

L.C1
CO

-

--.
.

n••n 	 •er

<=>	
C,)	 0-


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95

