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INTRODUCTION

0
0
OJ

To aid in the preparation of he 303 Water QU2lity a ageaent Plan the Water

Quality Control Division undertook a survey ot the Colorado River tram Dotsero

Colorado to the Utah border a river seqment requiring additional data The

Division s Mobile Laboratory was utilized for the field work This report covers

a sampling period extending from October 1973 through September 1974 The

main emphasis during the sampling period as the ga ering at chemical data

although some biological studies were also conducted Additional sampling was

scheduled far the S r ot 1975 but manpower limitations caused this to be

delayed indefinitely

SiJMARY

At any g len st t o G the Colorado River during e study the stream

flow was always 1280 c t s cubic teet per second or greater The flows all

exceeded the once in ten year
I low flows The magnitude of flow was sJc that

point source discharges attributable to wastewater treatment plants were

i1rL diately diluted past detection levels Under these conditions any

degradation of water Jality would probably be due to the culmulative affects

of several entities and not any single plant

The water quality of the Colorado River reflected the geology of the land

as the River flowed towards the border In the Glenwood Canyon area the low

conductivities and alkalinities are due to the outcroppings of slow eroding

granite rock fo tions through h ch the River flows In the aptly named

1 Once in ten year fJow the lowesflow ci servable for evc co secti

cays once i te ye3rs
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Glenwood Springs area hot springs increase the chloride and alkalinity concen

trations rapidly and significantly The Roaring Fork River acts as a diluting

agent on the Colorado River at Glenwood Springs bringing about a reduction in the

chlorides and alkalinities

Below Glenwood Springs sandstone and shale formations predominate The

erodable nature of both rock formations and soil of the valley floors is evidenced

by the gradual increase of conductivity hardness chloride and sulfate concen

trations the farther west the sampling location is situated

The Gunnison River also had a diluting effect on the water quality of the

Colorado River during the sampling period Below the confluence of the Colorado

and Gunnison Rivers decreases in dissolved salts and hardnesses were noted in

all samples A long mixing zone exists through tre Grand Junction area where the

water quality of the Colorado River changes dramatically from one side of the

River to the other as evidenced at Station CR 19 Table 8 At this location

just downstream from the confluence of the two Rivers the dissolved salt concen

trations were 20 50 lower on the south side of the River due to the influence

of the softer waters of the Gunnison River

Nitrogen concentrations also increased in the downstream portion of the study

area The origin of the ni trogen below Cameo is not known at this time The

presence of nitrites indicates the nitrogen has not been in solution for an

extended period of time since nitrite oxidizes rapidly to nitrate Many factors

may increase nutrient concentrations in flowing waters including natural erosion

leaching of fertilizers sewage treatment plant effluents runoff from livestock

holding areas and irrigation return flows
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Within the study area wastewater treatment plant WWTPJ effluents did not

I
appear to increase downstream nutrient concentrations of the River by measurable

en

o increments

Effects of fertilization practices or irrigation return flow on nutrient

concentrations in the River are extremely difficult to measure due to the non point

nature of the problem and the large flows L the Colorado River Plateau Creek

a tributary of the Colorado at Cameo carries measurable amounts of nutrients

into the River The nutrient concentrations in Plateau Creek increased as tbe

stream flowed through areas where cattle were penned along side the water It

is probable that cattle penned on the Colorado River banks also ccn ribute

nutrients to the River s ecosystem

Natural erosion also contributes nutrients to the Colorado River As water

level turbidity and suspended solids increased during tr spring runoff

nitrogen levels also increased The nitrogen compounds natural components of

the soil were carried into the River with other allocthonous sedimentary

material

Changes of the substrate brought about dramtic changes in tle benthic

populations Aquatic insects associated with rivers such as the Colorado require

fast currents high dissolved oxygen and low concentrations of settleable

material TrJOugr ut the study area where such conditions existed a diverse

abundant bent c population was established Sedi ntation did eliminate many

insect groups along tbe eddies and in e pool areas During September to

November 1973 the mayfly genus Tricorythodes sp dominated in the areas where



a thin broM1 sediment covered the rocks This genus is normally associated with

slightly stagnant water In areas where the sediments became deeper than a few

millimeters further reduction of the benthic fauna occurred and only insects

capable of surviving in an oxygen poor environment were present for example

Chironomus sp

Dissolved oxygen concentrations were not critical during the study period

All measurements were above the six ppm level considered to be the minimum

concentration for trout It is interesting to note that the greatest diurnal

fluctuations in D O dissolved oxygen occurred above De Beque while the

highest nutrient levels were observed dOM1stream from the same location It

is possible that changes have occurred in the animal and plant cOllllllllnities

downstream from De Beque Rates of photosynthesis reaeration and respiration

may be different below De Beque than farther upstream The Colorado River within

the study area may represent two distinct aquatic systems one a cold roily

turbulent river and the other warmer and more placid

Comparison of data gathered during this study period to state water quality

standards now in affect show that the Colorado River is within limitations

assigned to the various river sections From Dotsero to Grand Valley the River

is designated BI a cold water fishery From Grand Valley to Utah the class

ification is B2 a warm water fishery

The Colorado River during the study period presented a paradox The water

appears to be relatively clean The presence of rapidly fluctuating fecal

coliform groups may indicate periodic enrichment due to man s activities The

substrate of the River presents a nutrient enriched environment characterized

J
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by a rapirJ algal productior J seVel e y reduced benthic fXpulation is present

in areas of s10e current bere sedillent Jtion covers the substrate to a depthN
of 110re tha l a few millimeters The preCise origin of these enricred substratesJ

o is not presently known iony suspended matter entering the River cay settle

thereby increasing the depths of the sediment and enriching the substrate

Continued enrichment will surely bring about further degradation of the Colorado

River ecosystem

RECOM fENDATIONS

1 Although not degrading the water quality of the Colorado River at 3

detectable level the New Castle WWTP effluent is of extremely oor

quality and is not meeting State effluent requirements This plant

should be upgraded and the plant operator given technical assistance

in the operation and maintenance of his facility

2 The extent and affect of the enriched sediments on the Colorado River

ecosystem s ould be determined Intensive crlorophyl a and prima y

productivi ty studies may help in this endeavor

J Resear h s uld be un ert3ken to determine the reaeration primary

produccivicy ard benthic oXygen demand rates i the Colcrado River

within the study area This infor tion is vital in any future modeling
A future study by this Division will be undertaken to help determine the

manpower and ti required to attain these three rates

BACKGROUND IVFORfATION

hS the River travels the 139 les through the study area it drops from

6160 feet above sea level to 4330 feet above sea level wit an average drop i

elevation of 131 feet per le see Figu e 1
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The geology of the river valley changes dramatically in this 139 miles

In Glenwood Canyon from Dotsero to Glenwood springs geologic formations

exposed consist of Sawatch quartzite shale andogranite From Glemrood

Springs to Rifle Colorado the major groups exposed are red and grey

sandstones Shale and sandstone are the dominant outcroppings from Rifle to the

Utah border

This semiarid portion of Colorado is characterized by sage and short grass

covered valleys with steep hillsides and cliffs leading to mesas and buttes of

pinon pine and one seeded juniper Available land is used primarily for the

raising of cattle and hay Farming and orchard cultivation increase in the

area of Grand Junction

As the Colorado flows west through the State irrigation demands increase

Water is diverted from the Colorado and the tributaries to outlying areas

Return water empties into the Colorado River after traveling miles through

man made canals and ditches

Through the winter months large numbers of cattle are penned and fed on

the banks of the Colorado and its tributaries Only in a few instances are the

cattle separated by a physical barrier from direct access to the River The

River and the tributaries provide water for the animals This practice provides

a pathway for potential nutrient enrichment of the Colorado River each year by

direct contamination and runoff

Physical characteristics of the Colorado River remain much the same

throughout the study area Short stretches of riffles and white water are

separated by long runs of deep slower water The white water stretches are
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trrr common in the tsero New Castle area thiin downstream Large eddies

CZ
l

bacrNaters and pools are common along the banks where the river bed curves

bend Hot springs in the river bend are common from tsero to ew Castle

In winter months steanl coming off the water marks exact locations of t ese

springs

Changes in the substrate brought about by sedimentation alter the river

bottom in some areas Sediment in this report is defined as a dense muck

brown on the water substrate interface and turning grey or black a few aUlli ters

deep into the substrate From Dotsero to e state line the depth of the sediment

increases from a few centimeters along e eddies and river banks to appro dmately

one meter g ong tha pocl areas below De Beque In addition rocks in the main

chamel are gradually covered with a thin brown Aufwuchs composed or sand

grains diat 7o and blue green algae as summer progresses into winter

WASTE SOURCES

Industry at present bas little impact on the Colorado River witr n the

study area Four industrial sites are located on the zain stem In GleNooa

Canyon the Shoshone Power plant diverts water for hydro electric use periodically

reducing the river flow for a distance of approximately ee miles below the

diversion to a trickle All diverted water is returned to tr River Union

Carbide operates a nondiscr rging uranium and vanadium mill immediately est of

Rifle At Cameo another power plandiverts water from the R iver e e water

being returred to an irrigation canal American Gilsonite Company s a plant

west of ruita disc rging 100 000 gallons pe day of eff1uent into the River

7



Wastewater treatment plant effluents were entering the River along the

entire length of the study area Mechanical plants at Glenwood Springs West

Glenwood Springs New Castle Grand Valley and Grand Junction aerated lagoon

systems at Rifle and De Begue and Fruita with two lagoons in series were all

discharging during the study period Other lagoons at Talbot Mobile Home

Trailer Park Silt Clifton 1 Clifton 2 and Palisade were not disCharging

during the sampling period

SAMPLING LOCATIONS

TWenty three sampling stations were established to determine causes and

locations of chemical and biological changes occurring as the River flows west

through the State for exact station locations see Table 1 Other locations

were sampled but were dropped from the program if changes in water quality were

not shown

TWo stations one below Dotsero and the second immediately upstream from

Grizzly Creek provide baseline information on the River as the water enters

the study area Other stations were established above and below sewage treatment

plant effluents and or the confluence of tributaries with the Colorado

METHODS llND MATERIALS

Chemical

Sampling and analysis techniques in general adhere to practices described

in Standard Methods for Examination of Water and Wastewater 13th edition

1971 Water samples for chemical analysis were collected in two liter polyethylene

containers The mobile lab was equipped during this study to perform the following

chemical and physical analyses nitrate nitrite a1l1IOOnia orthophosphate
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sulfates chlorides dissolved oxygen residual chlorire BOD COD alkalinities

t hardnesses pH conductivity and temperc ture For precise methodology see

I
fJ Appendix A

Bacteriological

Samples for bacteriologi al analysis were collected in autoclaved wide

mouth bottles itt a metal screwon cap Millipore Filter Company metrods and

equipment were used to determine fecal coliform population counts

Biological

Benthic fauna and algal collections were made and chlorophyl a2production
measured For a metrodology see Appendix B

ANALYTICAL RESULTS

Chemical

Results of t chemical and physical analyses from Bach station are tabulated

separately ir Tables 2 9 Historic data available for CR 7 CR 16 and CR 22

were tabulated to show monthly averages and one standard deviation Tables 10 12

The major change in the River during the sampling period was the Onset of

runoff in March and April 1974 Data collected prior to March when the bulk

of the sampling took place represents winter conditions of low flows and

temperatures Data collected in March and April of 1974 represent transitory

conditions leading to the high water period of y and June Stream flow data

supplied by tr u S Geological Survey USGS srow flows increasing in late

March a d the first of pril see Table 13

2 A sugar prodtcing plant pigment
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Temperatures measured during the sampling period ranged from 32 590 F

Most stations sampled during December 1973 to February 1974 had temperatures

of 320 F The high temperatures of 590 F were recorded at stations in and

around De Beque on september 26 1973

To further explore the possibility of significant variation in D O

fluctuations in this stretch of the Colorado River a dissolved oxygen study

was conducted during september of 1974 Appendix C Results of the two sample

series were similar No D O levels of less than 6 ppm were encountered

Upstream from De Beque D O fluctua tions of grea ter than 1 0 ppm existed in

a twenty four hour period at all s tations From the Cameo Power Plant downstream

all twenty four hour D O fluctuations were less than or equal to 0 6 ppm The

possibility exists that the reaeration and photosynthetic rates for these two

segments of the Colorado River are quite different
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Measurement of several parameters in the River indicative of dissolved salts

cr2oride conductivity a kalinity r rdness and sodi followed a general

pattern Lv e cc e t atjcns ere obtained in the upstream reaches abo e

Glenrood Springs A rapid increase was noted immediately downstream from the

springs in the GZunwood area followed by a gradual increase as the River flows

west toward Grand J ccion Decreases in dissolved salts were measured below

tbe COnfluences of both the Guru ison and Roaring Fork Rivers To illustate

the above phenomenom the average conductivities for each station fro January

to Harch 1974 have been graphed in Figure 2

Individual corlductivities ranged fro 7J 529 umios nicromhos at CR l on

April I 1974 to 127 umbos at CR 20 on January 2 1974 Specific cond cti7ities

in excess of 500 s is an indicator of highly mineralized waters b t not

necessarily degraded weter

Alkalinity determinations increase at a slower rate t n other cr mical

ccnstitutents of the water There was about a one rd increase in alkalinities

from Dotsero to the border while rardnesses increased up to 400 The highest

alkalinity concentration was 224 ppm at CR immediately below hot springs

of Glen d Springs on March 18 1974 At CP 4 approximately three f urtr cf

a mile downstream from CR and one half mile downstream from tbe confluence

of tbe Colorado and Roaring Fork Rivers tbe alkalinity concentration was 120 ppm

Cll10ride concentrations also laried extensi ely and rapidly On arcb 18

1974 the c cride concentration above the bot springs in Glenwood Springs was

32 ppm belo the springs 120 ppm and below the Roaring FOrk confluence 92 ppm

Below the confluence of the G ison and Colorado Rivers the reduction of chloride
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concentration and conductivity is 1Wredramatic Below Clifton at CR 17 chloride

concentrations averaged 157 ppm At CR 19 downstream from the Gunnison confluence

the chloride concentration on February 19 1974 was 140 ppm on the north side of

the River and 9 ppm on the south side of the River from which the Gunnison enters

Nutrient concentrations in the upper portion of the study area were usually

too low to measure in December during the time of low cold water From CR 17

to CR 23 during the same period nitrate concentrations of greater than 2 0 ppm

were measured see Figure 3 Detectable levels of nitrite nitrogen were also

encountered Tables 2 10 When runoff began and suspended solids increased

measurable amounts of nitrate ammonia and orthophosphate were encountered

along the entire study area Nitrite was not encountered during this period

For runoff nitrate results see Figure 4

As runoff increased the concentrations of other constituents such as

suspended solids and turbidities increased while chlorides sulfates alkalinity

and hardnesses decreased

Efforts to determine 5day BOD biochemical oxygen demand values for the

River were unconclusive Oxygen depletions were always less than 20 thus making

numerical values invalid but indicating a very low oxidation rate in the River

On three occasions BODS tests were run in si tu Samples were placed in black

BOD bottles and incubated in the River for five days The results are listed

as follows
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Ini tial 5day

Station Date D O ppn D O ppm BODS

N CR 2 12 17 73 12 9 12 8 0 1
c

1
CR 4 12 17 73 12 8 12 6 0 2

CR 6 12 17 73 12 7 12 6 0 1

T se results also represent less than 20 dissolved oxygen depletion and are

inconclusive However the results do indicate that oxidizable material placed

in the River during the winter months will take an inordinate amount of time to

break down

Chemical analysis of river sediments did not indicate any downstream patterns

see Table 17 Inspection of the data does demonstrate extremely high corcen

trations of phosphorus up to 3 6 grams P04 K9 of sediment and nitrogen a

maximum of 864 mglKg of sediment in the Colorado River substrate Nitrogen in

tr suspended solids settles to the stream bottom and phosphate in the water

absorbs rapidly direct y onto the substrate or onto suspended matter and settles

to r e river bottom in eddies and pools T2ese nutrients in the sediments are

generally available to plant life With the immense concentrations of nutrients

on t substrate and diseolved C02 derate alkalinities and high dissolved

oxygen flowing past diatoms and filamentons algae rapidly colonize r e river

bottom forming the brown mat which covers the river bottom bot rocks and

sediments

Analysis of effluents from wastewater treatment plants and industrial

disc iarqes wit n the study area showed that only three facilities Rifle

Grand Valley and American Gilsonite were not violating any of the State

Discharge Standards that were in effect at time of sampling Table 18 BODS
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values ranged from 18 mgll at Grand Valley to 153 rrqll at De Beque Dissolved

oxygen measurements varied from zero at Glenwood Springs and West Glenwood

Springs to 4 3 ppm at Grand Valley

During the study period the WWTP at West Glenwood was being rebuilt and

expanded A sample collected after the plant was at full operation on August 8

1974 demonstrated that the facility was in compliance on all counts except

residual chlorine A sample collected the same day at New Castle indicated

that the facility was well within the d1scharge standards except for a dissolved

oxygen determination 0 2 ppm below the discharge standard Comparison of data

gathered upstream and downstream from the wastewater treatment plants gave no

indication of measurable degradation of the Colorado River by the effluents

Bacteriological

Results from the fecal coliform tests were tabulated along with physical

and chemical data see Tables 2 10 In only eight instances did counts

exceed 100 organisms per 100 ml samples At CR 5 downstream from the West

Glenwood treatment plant 110 organisms Were counted February 1 1974 Two

hundred and twenty organisms per 100 mls Were counted on September 26 1973 at

CR 7 9 10 15 and 16 On January 30 1974 640 organisms per 100 ml were

collected at CR 14 below the De Beque WWTP effluent Three hundred and twenty

organisms per 100 ml were in a sample from the River at Cameo on March 7 1974

The remainder of bacterial analyses indicated populations less than 100 organismsl

100 ml sample State standards for Bl waters require fecal coliform counts to

be less than 1000 organisms per 100 mls
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l Historic data Tables 10 12 show fecal coliform r rmtb1y averages ranged
l

f om 18 organisms loa in February at CR 16 to 10 973 organisms lOa mU in July
at CR 22 Further examination of historic data reveals that the standard deviation

The source of the bacteria is unknown

variations may exist in numbers oE fecal coliform present at any sampling location

was greater t n the mathematical average Over 90 of the time indicating large

Bioloaical

of the r ver bottom has not L en collected to date Samples that have been

The necessary qU3ntity of benthic samples needed to compare various stretches

ccllected indicate different insect communities inhabit different types of river
substrate A diverse group of insect larva inhabited all areas where the River

lar a In comparison few organis both in species and number inhabit the

provides a rubble substrate Caddis fly Mayfly Stone fly beetle and Dipt ran

pore ions of the river substrate covered b sediments Rocks that were Co ered

by a tbin brown sediment during the Fall provided suitable habitat for caddis
flies of the family Hydropsychidae and mayflies of the genus Tricoryt iades sp
Ever fewer organisms both in species and numbers inlJ3iJit the dense mJck found
on the river substrate One species of caddis fly PhilCpctamidaeJ rct feund
elsewhere in the River and two mayfly species Thraulodes sp and Cyni sp

15

were found on the muck covered rocks down to the depth where the muck turned

black The odoriferous black muck appeared to prOvide a suitable hdbitat Eor

only two species oE C llrono ridae blood wor Dipteran larvae Both species
possess a hemoglobin type blood indicating a possible preference Eor an oXlF en

poor er Oxygen lackilg environment



Eckman dredge samples from the Colorado River in the Grand Junction area

revealed a substrate of sand and muck The only larva collected were Chironomidae

blood worms although adults of Baetis mayflies and Isogenus stonefly were

observed emerging from the River Larva of these two genera were collected

elsewhere only on rubble covered substrates indicating this type of environment

is present in the lower stretches of the Colorado River

Algal growths covered most of the riffle areas examined above Rifle Colorado

Lush thick strands of Filamentons algae Cladoporha sp and Mouqaotia sp up to

a foot in length were observed from October 1973 through February 1974

apparently surviving and functioning during the coldest period of the year

The muck deposits on the river bottom were also examined for algal growth

The thin brown layer of matter at the water sediment interface was found to be

heavily colonized by diatoms Microscopic strands of unidentified origin and

composition held the diatoms and particulate material in a mat that could be

lifted off the river bottom revealing the black muck underneath

List of Diatoms Colonizing the Sediment Surface

1 Nitzchia acicularis 8 Nitzchia pelea

2 Caloneis 9 Gyrosigma

3 Diatoma 10 Oscillatoria

4 EUglena 11 Navicula graciloides

5 Cocconeis 12 Cymbella

6 Scenedrus quadricanda 13 Lyngbya

7 Synedra

Of these N palea is a polluted water species

16



l
D

1
0

Periphyton studies were conducted at CR 2 CR 4 and CR 8 Slides Nere

suboerged in the River from January 4 1974 t ough Jan aIY 28 1974 Results

are listed below

1
Ci1orophyl A Organic Matter Autotrophic

Station mg ma m2 Index

CR 2 0 00 345 0

CR 4 1 04 1527 1467

CR B 0 00 915 0

Tr index obtained at CR 4 suggests the presence of a community containing

a large number of heterotrophic non oxygen producing organis CoTmunities

of this nature indicate an enriched enviro nt with an abundance of food

material specifically the nutrient enriched sediments

1 Autotrophic Index For definition see Appendix 3
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TABLE 13 Contirued

zocation Date Flow eEs
N

CR 1J Below De Beque 9 26 73 2380c
STP 10 4 73 2500 estimated

1 17 74 2200

1 30 74 2200

CR 15 De Beque Canyon 9 26 73 2380

10 4 73 1500 estimated

1 10 74 2200

3 7 74 2000

4 3 74 2800

CR l At Cameo Power 9 26 73 2500 estimated
Plant 3 7 74 2150

CR 17 At Clifton 12 17 73 2150 estilM ted

1 2 74 2000
4 16 74 3200

CR 18 Gunnison River

above Confluence 2 19 74 3400 estimated
with Colo River

CR 19 Above Grand

Jwnctiol STP 2 19 74 5400 estimated

CR 20 Below Grand 12 1773 5530 estimated
Jwnction STP 1 2 74 5470

2 19 74 5400

CR 21 Above Fruita STP 2 19 74 5400 estimated

CF 21 Below Fruita STP 12 12 73 5550 estimated

1 2 74 5500

2 19 74 5400

CR 23 At Loma 12 17 73 5550 estimated
1 2 74 5500



TABLE 14

l 24 HOUR OXYGEN CUR

D
COLORADO P1VER

Sampling Station CR 2

November 17 18 197

Tima Temoerature o
C D O ppm

0400 5 5 9 6

0600
9 7

0800
9 9

1000
10 2

1200
10 3

1400
10 4

1600
10 4

1800
9 9

2000
10 0

22JO
10 0

2400
9 9

020C
9 9



TABLE 15

N
24 HOUR OXYGEN CtRVE

cz

COLORADO RIVER

Sampling Station CR 4

November 17 18 1973

Time Temperature o C D O ppm

0400 6 0 9

0600
9

0800
9 6

1000
10 1

1200
10 5

1400
10 8

1600
11 1

1800
10 0

2000
9

2200
9

2400
9

0200
9 J
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TABLE 16

24 HOlIR OXYEN CURVE

COLORADO RIVER

SaL pling Station CR 16

November 17 18 1973

Time Temoera ture o C D O pprn

0400 4 5 9 6

0600 4 5 9 9

0800 5 5 10 1

1000 6 0 10 0

1200 6 5 10 3

1400 6 0 10 4

1600 6 0 10 1

1800 6 0 10 1

2000 5 5 9 9

2200 5 5 9 9

2400 4 5 9 7

0200 4 0 9 7
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TABLE 17

Sediment Anal ysis

Colorado River

Total P TKv COD Volatile Total Iron

Station Date P04 mg kg rrqlkg mglka Solids mglkg

CR l 12 21 73 600 0 0 51 1 300 0 21

4 1 74 2200 0 34 00 12 400 8 4000

CR 2 11 1 73 2100 0 0 9 400 3 50

CR 4 4 1 74 1700 0 864 0 15 100 8 500

CR 12 4 1 74 3600 0 22 0 14 400 11 800

CR 13 11 1 73 1590 0 0 39 000 5 5

12 21 73 1600 0 0 13 000 34

CR lS 10 4 73 3220 0 840 29 000

4 3 74 1400 0 685 4 100 5 900
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METHODOWGY OR CHENICAL AND PHYSICAL A ALYSIS OF WATER Slt1PLES

Streamside chemical analysis of each sample generally consisted of pH

dissolved oxygen D O temperature conductivity alkalinity chloride ion

and hardness determinations If sone of these analyses were deleted in the

field the work was done at a later time in the laboratory The pH of the

samples was deter ned with an Analytical Measure ents pH meter Model 7078

Dissolved oxygen concentrations were arrived at by employing the azide

modification of the Winkler titration method Temperatures in degrees

Centigrade were read directly from pocket thermometers held vertically in

the river waters Alkalinities were meas ed by titrating with 0 2N H2S04

using phenolphthalein and xed indicator to determine pH endpoints of 8 3

and 4 respectively The c oride concentration Cl was arrived at by

titration with 0 0141 N silver nitrate using potassium chromate as an indicator

Hardness concentrations were determined by titrating with 0 01 M EDTA

ethylenediaminetetraacetic acid Total hardness and calcium hardness were

determined directly using Calmagite and Hydroxynaphtr l blue indicators

1agnesiwn as ppr fg was calculated mathereticalll by subtracting the calcium

hardness from the total hardness and multiplying by a correction factor of 0 2432

Conductivities were measured on a Lab Line portable conductivity meter and

recorded as micro s umbos of conductance

T rbidities were deterr ned sing a Hach turbidity meter Model 2100A

The reJainder of t e chemical analyses were perfcred in t le wbile

laborato y BOD and COD were run according to methodology developed by the

et labor tcry of the Cc c do Dep rt r t of Health Denver offices



Sulfate was measured by using a Hach Field Test Kit

w
o
o

Colorioetric methods were utilized in all other chemical tests usig

Batsch Low standard rodel SpectroJic 20 spectrophatometer

Ammonia concentratioJs were determined by direct Nesslerization Errors

brought about by higb turbidity levels were negated by determining tJe optical

density O D ot the sample before and after Nesslerization process Deionized

water was used to zero the Spec 20 for the D D measurement prior to

Nesslerization and a procedural blank was utilized tor the same purpose before

measuring the treated samples The O D prior to Nesslerization is subtracted

from the O D after treatment The corrected figure is tren transldted into

terms of fig NH3 L

Nitrite determinations were performed using the sul anilic acid naphthylamine

hydrochloride method photometric co pensation is used to negate high readings

due to turbidity The methodology is identical to the process described in the

preceeding paragraph for a nia

Nitrat ddterminations were performed by evaporating 25 of sample then

phenodisulfonic acid trea ent and pH ddjustments with sodi hydroxide The

resulting sample was read on the Spec 20

Ortiophosphate was determined by tre 1 anno 2 napht iol oJ sulfonic acid

ANS method rbidity references were cancelled by testing a second aliquot

of sample but substituting a strong acid for t iE aCirnCniuc lybdate solution

Total pbcspha te was deter1ined by t le above metod after fuming wit 1

nitric and sulfuric acid

The spec 20 was zeroed on eac salple ratier tan a pocedura blark

of deionized water



APPENDIX B

CI

1

METHODOLOGY FOR BIOLOGICAL ANALYSIS OF SllMPLES

QUantatative benthic samples were collected by using the rrost appropriate

of three available methods An Eckman Dredge was used on rare occasions in areas

of water over a meter in depth with slow currents and a mud or sand substrate

The Surber Square Foot Sampler was used in shallow riffle areas The sampler

consists of a collapsible metal frame a1ld a tapered net In use the metal frame

was placed on the substrate rocks and detritus were then dislodged from within

the square foot area by hand The current carried dislodged material into the

net In fast waters when increasing depth prohibited use of the Surber Sampler

a small mesh seine four feet in length was used One person held the seine in

place while the second man rroved eight feet upstream and kicked over rocks and

gravel of the substrate while moving down toward the seine Dislodged material

was swept into the net The seine was then placed on the river bank and benthic

organisms were picked rapidly from the seine for ten men minutes The entire

process was repeated three times Whichever method was used the material collected

was preserved in 70 alcohol taken to the laboratory separated and identified

The number of species and number of individuals per species were recorded

To augment the quantatative samples qualatative samples were taken by

handpicking of rocks and use of dip nets Adul t insects were taken wi th sweep nets

Periphyton communities microorganisms that grow upon or become attached to

submerged surfaces were analyzed in terms of chlorophyl a organism counts and

dry weight of organic matter Results were obtained from communities which had

developed on glass slides placed below the surface of the River s waters for two

weeks
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The optical density of acatone extracts of pigments from periphyton colonies

which developed on submerged slides was measured with a spectropllOtometer at

663 mm before and after acidification Both chlorophyl d and pheophyten a a

degradation product of chlorophyl a concentrations were calculated as described

by Lorenzen 1967

The ratio between the organic matter and chlorophyl a was utilized to

determire the condition of the perlphyton Normally peripbyton communities

are dominated by algae Discharge of degradable non toxic organic wastes into

surface waters usually results in a greater biomass of non chlorophyllous

heterotrophi c organisms than of algae which is reflectee in a rise in the tctal

biomasschlorophyl a ratio This ratio is termed the riutatrophic Incex Al

and may be calculated by the formula

Al Biomass dry weight organic matter

chlorophyl a

Where periphyton mass and chlorophyl a are expressed in mg m2 of surface area

from which the sampla was taken
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APPENDIX C

Oxygen Sag Study of Lower

Cqlorado River

Duration of study September 16 19 1974

Area of study Lower Colorado River from a point at Dotsero Eagle Co

to a point at Loma Mesa County

Participants Stanley V May Principal Engineering Technician
Neil H Tripp Engineering Technician

Weather Clear Daytime Temperature 400 650 F Nighttime
300 500 F

On September 16 19 1974 a study of the lower Colorado River was completed
by the above named technicians The purpose of the study was to determine
if levels of dissolved oxygen sags in the River between daylight and nighttime
hours and if allllllOnia levels are significant Fifteen stations were established
as indicated see attachment and a minimum of three samplings taken at each

location
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September 16 19 1974

WWER CQWRADO RIVER STJRVEY

FIELD DATA



LOCATION DATE TIME TEMP D O pH NH1

CR 1 9116 1330 140C 8 2 8 4 0

9117 1535 140C 8 6 8 3

9118 0250 1PC 8 0 8 0

CR 2 9116 1415 140C 8 6 8 2 0

9117 1500 140C 8 6 8 3

9118 0215 140c 8 2 8 1

9118 0325 140C 8 2 8 1

CR 5 9 16 1525 150C 9 2 8 1 0

9117 1405 150C 9 4 8 4

9118 0145 lPC 8 0 7 8

9118 0350 140C 7 8 7 8

CR 6 9116 1550 140C 9 4 8 4 0

9117 1345 140C 9 0 8 2

9117 1635 160C 9 2 8 3

9118 0125 lPC 8 0 7 9

9118 0410 1JOC 8 0 7 9

9119 1210 160C 9 4 8 2

CR 8 9116 1615 150C 9 8 8 8 0

9 17 1325 150C 9 9 8 5

9 17 1655 160C 8 6 8 4

9118 0100 140C 7 4 8 1

9 18 0425 1PC 8 0 7 8

CR 9 9116 1635 160C 9 1 8 5

9 17 1305 160C 9 6 8 4

9117 1720 170C 8 9 8 4

9 18 0030 140c 7 5 8 4

9 18 0445 140C 8 0 8 0

CR 11 9 16 1715 1SOC 9 3 8 4

9 17 1245 140C 9 0 8 3

9 17 1800 160C 8 8 8 5

9 18 0015 150C 7 8 8 5

9118 0510 lPC 8 4 7 8



WCATION DATE TIHE TEMP D O pH NHJ

W CR 12 9116 1750 16C 8 6 8 3 0

9117 1220 14C 9 0 8 3
0

9117 1820 160C 8 6 8 1

9117 2345 150C 8 1 8 3

9118 0530 1SOC 8 3 8 2

CR 14 9116 1820 160C 8 5 8 4

917 1200 160C 9 0 8 3 0

9117 1850 16C 8 9 8 3

9117 2325 1SOC 8 0 8 2

9118 0550 140C 8 4 8 1

CR 16 9116 1855 150C 8 8 8 5

9117 1110 1 sac 8 8 8 4

9117 1920 160C 8 8 8 5

9117 2250 16C 8 2 8 3

9118 0615 1 sac 8 5 8 3

CEl I 9116 1920 17C 8 4 B 4

9117 1050 160C 8 0 8 2

9 17 1940 1 JOe 8 4 8 4

9 18 0645 16C 8 2 8 3

CR 19 9116 2000 1 JOe 8 3 8 3 0

9117 1020 170C B O 8 2

9 17 2010 170C 8 2 8 1

91IE 0700 160C 8 0 8 1

CR 22 9116 2020 lsoe s o 8 2

9117 0945 lSoC 8 0 8 2

9117 2030 170C 8 0 8 2

9118 0725 160C 7 8 8 2

CR 23 9116 2100 1BC B 4 8 2

9117 0930 lSoC 8 0 B 1

9117 2050 170C 7 8 8 1

9 18 0735 1 sac 8 2 8 0

9119 0900 160C 8 2 S 2



CR l

CR 2

CR 5

CR 6

CR 8

CR 9

CR ll

CR 12

CR 14

CR 16

CR 17

CR 19

CR 22

CR 23

STATION LOCATIONS i

Colorado River at U S Geological Survey Gauge just below

confluence with Eagle River Dotsero

Colorado River at Confluence of Grizzly Creek 100 feet

above Glenwood Canyon

Colorado River at S Canyon Road Exit 22 west of Glenwood Springs

Colorado River at Bridge at New Castle

Colorado River at Bridge at Silt

Colorado River at Bridge at Rifle

Colorado River at Rulison Bridge at Anvil Points West of Rifle

Colorado River at Bridge on County Road 5 miles below Grand Valley

Colorado River at Bridge to fuwn of De Beque

Colorado River at Public Service Company Bridge Cameo Power Plant

Colorado River at Bridge on Colorado Highway 146 south of

Clifton Colorado

Colorado River at Bridge on Colorado Highway 340 Grand Avenue

in Grand Junction

Colorado River at Bridge on Colorado Highway 340 south of Fruita

Colorado National Monument Road

Colorado River at R P S Station 50 Lama Colorado


