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°F=1.8(°C) + 32

ABBREVIATED WATER-QUALITY UNITS

Chemical concentration is given only in metric units. Chemical concentration in water is given in milligrams per liter 
(mg/L) or micrograms per liter (ng/L). Milligrams per liter is a unit expressing the solute mass per unit volume (liter) 
of water. One thousand micrograms per liter is equivalent to 1 milligram per liter. For concentrations less than 7,000 
milligrams per liter, the numerical value is about the same as for concentrations in parts per million. Specific 
conductance (conductivity) is given in microseimens per centimeter (nS/cm) at 25°C. Chemical concentration in 
material from core samples is given in grams per kilogram (g/kg) or micrograms per gram (ng/g). Micrograms per gram 
is equivalent to parts per million. Nanometer is a measurement of the position of the light spectrum that is being 
measured by the quantum sensor and is equal to a billionth of a meter.

VERTICAL DATUM

Sea level: In this report, "sea level" refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929) A 
geodetic datum derived from a general adjustment of the first-order level nets of the United States and Canada, 
formerly called Sea Level Datum of 1929.
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DEFINITION OF TERMS

[Definitions from Cole (1975), Merritt and Johnson (1977), Potter and Drake (1989), Wetzel (1983), and Wetzel and Likens (1991)]

Advective flow A circulation process that is imposed by river inflows, outflows, and wind shear at the reservoir 
surface.

Chemocline The zone where salinity or specific conductance increases rapidly with depth.

Convective flow A vertical circulation process that is induced by density instability caused by cooling of the 
reservoir.

Epilimnion The upper stratum of the water column of the reservoir. This layer generally is warm, circulating, and 
fairly turbulent.

Euphotic zone The region in the reservoir from the surface to the depth at which 99 percent of the surface light 
has disappeared.

Forebay The area of the reservoir that is immediately upstream from the dam face.

Hydraulic retention The storage time of a reservoir that is determined by the reservoir volume divided by the 
annual discharge from the reservoir.

Hypolimnion The lower stratum of the water column of the reservoir. This layer generally is undisturbed, and 
respiration and decomposition predominate.

Meromictic A circulation process in which the reservoir does not undergo complete mixing; therefore, the upper 
layers of the reservoir do not mix with the bottom layer.

Metalimnion The stratum between the epilimnion and the hypolimnion. This layer is defined by a steep thermal 
gradient.

Metalimnetic-oxygen maxima Water that is supersaturated with oxygen and generally is a result of oxygen 
produced by algal populations that develop more rapidly than they sink.

Metalimnetic-oxygen minima Water that is severely reduced in oxygen by various components such as 
zooplankton.

Penstocks Dam structures that conduct water from the reservoir through the dam to the turbines in the powerplant. 
Glen Canyon Dam has eight penstocks and eight turbines.

Photosynthetically active radiation (PAR) Radiation in the 400-700 nanometer waveband that is the light 
used by photosynthetic organisms.
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Physical and Chemical Characteristics of Lake 
Powell at the Forebay and Outflows of Glen 
Canyon Dam, Northeastern Arizona, 1990-91

By Robert J. Hart and Kent M. Sherman

Abstract

The physical and chemical characteristics of Lake Powell have a direct effect on the quality of water 
below Glen Canyon Dam. Understanding the physical and chemical characteristics of the lake and 
outflows from the dam is essential in order to effectively manage the operation of the dam. During August 
1990 to September 1991, physical and chemical measurements were made and water samples were 
collected in the forebay of Lake Powell and at the outflows (draft tubes) of Glen Canyon Dam to document 
the physical and chemical characteristics of water entering the Colorado River.

A persistent chemocline in the forebay of Lake Powell fluctuated seasonally during the study. Thermal 
stratification began in mid-April and persisted into late October. Spatial variation of specific conductance, 
pH, water temperature, and dissolved-oxygen concentration in the forebay was negligible. Sodium and 
sulfate were the dominant ions. Major ions, nutrients, and metals generally increased in concentration with 
depth in the forebay. Concentrations of dissolved nitrogen (as nitrite plus nitrate) in the forebay ranged 
from less than 0.02 to 0.58 milligrams per liter. Strontium and lithium were the most abundant metals. 
Dissolved organic carbon ranged from about 2.6 to 4.9 milligrams per liter with larger concentrations 
generally occurring in the epilimnion. No diel variations of chemical constituents were observed. 
Vertical-attenuation coefficients of light penetration in the forebay ranged from 0.058 to 
0.080 microeinsteins per meter squared per second, and the euphotic depth ranged from about 82 to 
113 feet.

Generally, the physical and chemical characteristics of outflows through the draft tubes of Glen 
Canyon Dam were similar to the physical and chemical characteristics of the water at penstock depth and 
deeper depths. Specific conductance ranged from 803 to 1,090 microsiemens per centimeter, and pH values 
ranged from about 7.2 to 8.0. Water temperatures measured in the outflows ranged from 7.0 to 9.0 degrees 
Celsius, and dissolved oxygen ranged from about 6.5 to 9.1 milligrams per liter. Concentrations of 
dissolved nitrogen (as nitrite plus nitrate) ranged from 0.13 to 0.74 milligrams per liter. Dissolved 
phosphorus (as orthophosphate) and ammonia (NH^ generally were less than the minimum reporting level 
of 0.01 milligrams per liter.

INTRODUCTION

Understanding the physical and chemical 
characteristics of Lake Powell and outflows from 
Glen Canyon Dam is essential for effective 
management of the operation of the dam because 
these characteristics and outflows have a direct 
effect on downstream water quality. The Glen 
Canyon Environmental Studies (GCES), a program

of the Bureau of Reclamation (BOR), was begun in 
1982 to support the collection of scientific data and 
information on the effects of dam operation on the 
downstream ecosystem of the Colorado River. An 
Environmental Impact Statement (EIS) on the 
effects of dam operation was prepared using 
information from the GCES during this study. To 
help meet the goals of the GCES, the U.S. 
Geological Survey (USGS) was asked to determine
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the physical and chemical characteristics of Lake 
Powell in the forebay area of the dam and outflows 
from the dam and the relation of these charac­ 
teristics to the downstream environment. Retro­ 
fitting the dam with a multiple-intake structure is 
being considered. This structural alteration to the 
dam would provide flexibility for management of 
reservoir releases from Lake Powell in the quality 
of water released from the lake, especially during 
the stratified periods. Information from this study 
can be used to evaluate the effects that alteration of 
the intake structure would have on the general 
water chemistry of the lake and river.

The influence of Lake Powell on the Colorado 
River below Glen Canyon Dam is a long-term 
process and is extensive in the length of the river. 
The properties and productivity of the river water 
depend on the thermal and chemical properties of 
the outflow water and also on the release pattern 
from the dam. Many ecological changes in the 
Colorado River are caused by the presence of Glen 
Canyon Dam. For example, (1) the constant low 
temperature (approximately 8°C) of the river is due 
to the thermal stratification in Lake Powell and to 
the depth of the penstock intakes in the water 
column of the lake, (2) the lack of suspended 
sediment in the river below the dam is due to 
sediment deposition in the lake, and (3) the nutrient 
regime in the river below the dam varies in 
response to physical, chemical, and biological 
processes that occur in the lake.

Purpose and Scope

The purpose of the report is to describe and 
compare the physical and chemical characteristics 
of water in the forebay and outflows (draft tubes) 
of Glen Canyon Dam. The scope of the report 
includes a description of field and laboratory 
methods, discussion and statistical summary of the 
physical and chemical characteristics of the 
forebay and outflow waters, and tabulation of basic 
data collected during the study.

Acknowledgments

Richard White, BOR, arranged for access to 
Glen Canyon Dam draft tubes and supplied 
information. William Vernieu, BOR, loaned 
equipment and assisted with sampling. Charles 
Wood, Glen Canyon National Recreation Area 
(GCNRA) provided laboratory and storage space. 
Brian Bagley and Ted Angradi of the Arizona 
Game and Fish Department (AGFD) contributed 
substantial time for sampling and use of 
equipment. In addition, many volunteers from 
across the United States assisted with sampling in 
two intensive water-quality synoptic studies during 
this study.

Previous Investigations

The Lake Powell Research Project (LPRP) was 
a comprehensive investigation done from 1971 to 
1976 during the initial filling stage of the reservoir, 
which was from 1963 to 1980. Potter and Drake 
(1989) summarized the major findings of the LPRP 
and listed reports produced by LPRP in an 
appendix. Lake Powell was found to be thermally 
and chemically stratified from late spring through 
early winter (Merritt and Johnson, 1977). The 
LPRP also documented that the stratification of 
Lake Powell influences many chemical and 
biological processes in the lake and, as a result, 
influences the characteristics of water that is 
released to the Colorado River below the dam. 
Although the water that came into the lake mixed 
with water at the bottom of the upstream end of the 
lake, the greater depths (about 600 feet) in relation 
to the surface area in the forebay probably 
prevented complete vertical mixing in some years. 
Cold high-salinity water entered the lake in the 
winter. In other seasons a warmer, less saline water 
that contained greater amounts of sediment entered 
the lake. Stratification occurred as the warmer, less 
dense water formed a surface layer as it flowed 
toward the dam. Warming of surface water by solar 
radiation in the summer contributed to the 
development of stratification (Potter and Drake, 
1989, chapter 11).

Several studies relating to the water chemistry 
in the lake were made during the 1970's. Kidd and 
Potter (1978) concluded that the lake served as a
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cation trap for all the elements that were studied 
except lead. Kidd and Potter examined the 
dissolved and particulate phase of the elements 
investigated. Reynolds and Johnson (1974) found 
that from 1971 to 1973 the average salinity of the 
lake was about 500 mg/L. Staniford and others 
(1973) analyzed sediments and biota for accumu­ 
lation of mercury and found that concentrations of 
mercury in bottom sediments averaged about 
30

Blinn and others (1976) measured trans­ 
parency and light extinction of the shallow side 
canyon and open bay of Warm Creek from 1972 to 
1974. Secchi-disk and photometer measurements 
were made to determine seasonal light conditions 
of the bay at Warm Creek. Blinn and others (1976) 
determined that the mean depth penetration of 
1 -percent surface incident light was 28.5 and 
38.4 ft for the shallow canyon and bay area, 
respectively. Extinction coefficients for the bay 
area of Warm Creek ranged from 0.265 to 0.480 
near the surface and from 0.020 to 0.049 at about 
65 ft below the water surface during October 1973 
to June 1974.

The BOR has been measuring chemical and 
physical characteristics of the lake and collecting 
water samples for analysis of selected constituents 
since 1963 (William Vernieu, BOR, written 
commun., 1991). The primary objective is to 
monitor the salinity of the lake. The AGFD inves­ 
tigated the biological and chemical characteristics 
of the forebay and tailwaters of the dam concur­ 
rently with this study as a part of the GCES 
program. The main objective of the AGFD study 
was to determine primary production, organic 
matter, nutrient-loading rates, and budgets for the 
tailwater area from just below the dam to Lees 
Ferry. In addition to the work by the BOR and 
AGFD, the GCNRA has a summer coliform- 
monitoring program for selected camping beaches 
along the lake.

Description of Glen Canyon Dam and 
Lake Powell

Water is released from Lake Powell to the 
Colorado River below Glen Canyon Dam through 
eight penstocks (figs. 1 and 2). The penstock

intakes are at an elevation of 3,470 ft and withdraw 
water from the hypolimnion when the lake is near 
maximum capacity. The minimum lake-level 
elevation necessary to produce power is 3,490 ft, 
which is 20 ft above the elevation of the penstocks 
(fig. 2). The placement and construction of Glen 
Canyon Dam was a result of the Colorado River 
Compact of 1922. The BOR operates the dam on a 
daily basis to meet power-production requirements 
established by the Western Area Power 
Administration (WAPA).

The water chemistry of Lake Powell is 
controlled by the inflows of the three major 
tributaries to the lake the San Juan, Green, and 
Colorado Rivers. Reynolds and Johnson (1974) 
determined that water in the San Juan River was a 
sulfate type, water in the Green River was a 
bicarbonate type, and water in the Colorado River 
was a chloride type. The physical mixing of the 
three tributaries occurs in the lake by advective and 
convective processes. Three distinct advective 
inflow periods occur in the lake: (1) During the 
winter, cold, saline water enters the reservoir and 
moves along the bottom of the lake as an 
underflow-density current (the inflow currents flow 
along the bottom of the reservoir); (2) during the 
spring and into early summer, warm, low-salinity, 
and sediment-ladened inflows enter the reservoir 
from snowmelt runoff as an overflow-density 
current (the inflow currents flow on the top of the 
reservoir); and (3) during the summer and into the 
fall, an interflow-density current (the inflow 
currents flow into the reservoir as a wedge dividing 
the top from the bottom waters) prevails because of 
warm, clear, and high-salinity waters that enter the 
lake. Convective mixing is incomplete in the 
forebay because of the small surface-to-volume 
ratio. The zone of withdrawal that is caused by the 
penstock intakes probably has a major influence on 
circulation patterns particularly in the forebay. The 
lake is chemically and thermally stratified in the 
forebay during the summer; the lower 250 ft or so 
has a constant cold temperature of about 8°C.

Lake Powell began storing water in 1963 and 
reached full conservation pool elevation (3,700 ft 
above sea level) during 1980. The lake is more 
than 140 mi in length and can reach a depth of 
about 600ft, depending on the water elevation. 
Storage capacity of the lake is 27,000,000 acre-ft, 
and the "law of the river" (a series of legal
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Figure 1. Location of the study area.

4 Physical and Chemical Characteristics of Lake Powell, Glen Canyon Dam, Northeastern Arizona, 1990-91



Full pool
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elevation, 3,140 feet
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/ Minimum tailwater
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- I / 

Bulkhead gate, 3,102 feet

Draft tube

Figure 2. Cross section of Glen Canyon Dam. Elevations are in feet above sea level.

documents that control mass allocations of 
water between the upper and lower Colorado 
River basins) requires an annual release of 
8,230,000 acre-ft to downstream users. The 
hydraulic retention time of the lake varies but could 
reach about 3.3 years as compared with 3.7 years 
for Lake Mead, 0.2 years for Lake Mohave, and 
0.1 years for Lake Havasu, Arizona (Paulson and 
Baker, 1984). A long-term drought has affected 
much of the southwestern United States since the 
mid-1980's and contributed to the decline of the 
levels of Lake Powell during this period. The water 
level declined about 19 ft during 1990-91, and the 
elevation in September 1991 was about 70 ft below 
full conservation-pool elevation (fig. 3). During the 
past decade, lake levels have been such that the 
penstocks were withdrawing water from the 
hypolimnion, the deep layer of water where water 
temperatures are 7 to 8°C. Because lake levels have

been declining, the upper boundary of the 
hypolimnion approached the elevation of the 
penstocks during the latter part of the sampling 
period of this study.

APPROACH TO SAMPLE COLLEC­ 
TION AND MEASUREMENT OF 
PHYSICAL AND CHEMICAL 
CONSTITUENTS

Water samples were collected, and meas­ 
urements were made from a 17-foot V-hull boat 
equipped with a 150-horsepower outboard motor. 
A 10-horsepower motor was used to position the 
boat. Positioning was achieved by observing a 
distinguishing mark on the face of the dam and a 
physical feature on the canyon wall. A sonic-depth 
sounder was used as an aid for positioning the boat

Approach to Sample Collection and Measurement of Physical and Chemical Constituents 5



observations were made at 6-hour intervals for 
48 hours (R.C. Averett, hydrologist, USGS, written 
commun., 1991).

Lake-Profile Measurements

Vertical profiles of specific conductance, pH, 
water temperature, and dissolved-oxygen concen­

tration were measured with a multiparameter 
instrument (all probes housed in a single sounder 
unit). The multiparameter instrument was 
calibrated with specific conductance and pH buffer 
standards before each sampling trip. The specific- 
conductance probe was calibrated with known 
standards that bracketed the expected field values. 
The pH probe was calibrated using buffer solutions 
of pH 7.0 and 10.0 and checked with a buffer

Figure 4. Plan view of forebay, tailwater, and sampling grid, Glen Canyon Dam.
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Table 1. Summary of physical and chemical measurements and analyses,1990-91

[P, depth profile; L, lake sample; D, draft-tube sample. Dashes indicate no data]

Date of sample

Lake 
eleva­ 
tion, in

feet Method 
above of Depth

sea sam- pro- 
level pling files

Physical and chemical measurements

Major 
ions Metals

Nutri­ 
ents

Light penetration

Sub­ 
marine- 

Organic quantum Secchi 
carbon sensor disk

September 5-6. . ....... .

September 19-20...... 

November 3-6 ......... .

December 7 ..............

*.

January 15-17..........

February 27 ..............

March 27-29 ............

April 24-25 ..............

May 22-23................

June 15-20................

July 31  August 1 ...... 

August 28-29 ...........

September 23... .........

3,644 (')

3,640 (')

3,639 ( J ) 

3,637 (2)

3,636 (3)

3,632 (2)

3,629 (3)

3,628 (2)

3,627 (3)

3,629 (2)

3,637 (2)

3,636 (3) 

3,632 (2)

3,630 (3)

P

P

P 

P

P
....... ..., ;

P

P

P

P

P

P

P 

P

P

L/D

L/D 

L/D

199i "'*

L/D

L/D

L/D

L/D

L/D

L/D

L/D 

L/D

* * *=.

L/D

L/D

L/D

L/D

L/D

L

L/D

L/D 

L/D

 ., .,.

L/D

L/D

L/D

L/D

L/D

L/D

L/D 

L/D

L/D

L/D

L/D

L/D

L/D

 

" -:i-^. -x!

L

L

L

L 

L

L

L

L

,

L

L

L

L

L

L

L 

L

L

'Samples collected by hose and peristaltic pump. 
2Samples collected by Van Dom-type sampler. 
3Samples were not collected.

solution of pH 4.0. The water-temperature probe 
was checked for accuracy with a thermometer 
approved by the American Society for Testing and 
Materials (ASTM) or the National Institute of 
Standards and Technology (NIST). The dissolved- 
oxygen probe was calibrated and compared to a 
solution having a zero dissolved-oxygen concen­ 
tration. After field measurements were made, 
calibration of the sounder unit was rechecked with 
known standards, and all values were within 
5 percent of the initial calibration.

Measurement points in the water column at a 
sampling grid were selected to define the change 
with depth of each constituent. The smallest 
measurement interval of 5 ft was in the meta- 
limnion; whereas, the largest interval of 30 ft was 
in the hypolimnion.

Lake Sampling

Sampling points and times were selected to 
define seasonal, spatial (longitudinally and 
laterally in the forebay at a given position in the 
water column), vertical, and diel variations. Point 
samples generally were collected at four different 
depths in the water column at each sampling time. 
Fixed-sampling depths of 3 ft (not sampled during 
nonstratified conditions) and 390 ft were selected 
to represent the epilimnetic and hypolimnetic 
waters, respectively. A sample also was collected 
at the elevation of the penstocks, which varied 
depending on the lake elevation. The fourth 
sampling point, at a depth of 40 to 50 ft, was at the 
maximum concentration of dissolved oxygen in the 
metalimnion during stratified lake conditions. 
Sample locations and times depended on turbine 
operation (table 2).
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Water samples collected on August 15-16 and 
September 6 and 20, 1990, were obtained by 
pumping water from predetermined depths using a 
peristaltic pump and polyethylene tubing. 
Beginning with the sampling trip on November 5, 
1990, Van Dorn-type samplers were used to collect 
samples instead of the pumping method. The Van 
Dora-type samplers (beta bottle) were suspended 
from an electrically powered winch cable. One 
6-liter sampler was used for each depth sampled. 
Concern for possible contamination of the samples 
by exterior metal hardware and molds used in 
manufacturing the sampler prompted the change to 
a nonmetallic Kemmerer bottle for the collection 
of water for metal analyses beginning with the 
sampling trip in January 1991. The Kemmerer 
bottle was suspended by a nylon cord and triggered 
with a nonmetallic messenger.

To meet quality-assurance and quality-control 
specifications, samplers were rinsed thoroughly 
with lake water and then refilled with lake water 
and left overnight before the sampling time. 
Additionally, one spare Van Dorn-type sampler and 
the Kemmerer bottle were rinsed several times 
with deionized water and stored with deionized 
water. After the samplers had soaked in deionized 
water for about a half hour, a complete sample was 
decanted and prepared for analysis of major ions, 
nutrients, metals, and organic carbon in the same 
manner as a lake sample.

The boat used during sample collection was 
positioned at the center of the desired station 
location (grid) and measurements of specific 
conductance, pH, water temperature, and dissolved 
oxygen were made. Samples for chemical analysis 
were collected from the bow of the boat at the 
same time as field measurements were being made. 
Water for chemical analysis was decanted from the 
samplers into teflon bottles and chilled until 
filtering could be completed at the field laboratory.

Outflow Measurements and Sample 
Collection

Outflow from the dam was measured and 
sampled through the dam's eight draft-tube 
structures (fig. 5). Simultaneous operation of all 
turbines occurred only when dam releases were

large, and only those draft tubes with flow were 
measured and sampled (table 2). Draft tubes that 
pulsated excessively with little discharge were not 
sampled. Water was drawn from each draft tube by 
a "T" valve. Water temperature and dissolved- 
oxygen concentrations were measured before 
samples were collected. To facilitate sampling, a 
hose with a PVC fitting was adapted to screw or 
pressure fit to the draft-tube "T" valve. The end of 
the hose was set in the base of a plastic bottle so 
that water welled up past the dissolved-oxygen 
probe. Dissolved-oxygen concentrations were 
monitored until a stable reading was obtained. 
Water samples were collected in a teflon-coated, 
brass, churn splitter (about 7-liter capacity). Equal 
water volumes were collected from all sampled 
draft tubes to make up the outflow sample. The 
sample was immediately transported to the field 
laboratory where specific conductance, pH, and 
alkalinity measurements were made.

Sample Processing

Water samples were transported from the lake 
and draft tubes to a field laboratory for immediate 
processing and preservation in preparation for 
shipment to the analytical laboratory. The same 
care was taken with the filtration process of the 
samples for laboratory analysis as in collection of 
the sample. A chemically inert apparatus designed 
by the USGS National Research Laboratory (NRL) 
was used to split and filter samples for analysis of 
major ions and metals. This apparatus was made of 
teflon components, and the samples were filtered 
with a vacuum pump (at no greater than 25 lb/in.2) 
through a 0.4-micrometer nucleopore filter. These 
samples were preserved using NRL methods. 
Samples collected for nutrient and organic-carbon 
analysis were filtered through a stainless-steel 
apparatus using nitrogen gas to force the sample 
through the filter. A 0.45-micrometer silver- 
membrane filter was used for filtering water for 
nutrient and organic-carbon analysis. The filtrate 
was preserved using NRL methods. Teflon 
tweezers were used to handle all filters during 
processing (H.E. Taylor, hydrologist, USGS, 
written commun., 1990).

Lake and draft-tube samples were analyzed by 
the NRL and the USGS National Water Quality

Approach to Sample Collection and Measurement of Physical and Chemical Constituents 11



Elevation___
3,470 feet (Jake outflow) \

Elevation 
3,102 feet

Figure 5. Cross section of draft-tube sampling area, Glen Canyon Dam. Elevations are in feet above 
sea level.

Laboratory (NWQL). Concentrations of major 
cations and metals were determined by either 
atomic adsorption and inductively coupled plasma 
atomic-emission spectrometry or a combination 
of electrothermal-vaporization atomic-absorption 
spectrometry and inductively coupled plasma-mass 
spectrometry (ICP-MS). These methods were 
developed by the NRL specifically for the 
simultaneous multielement analysis of natural 
waters (Garbarino and Taylor, 1979, 1985). The 
ICP-MS technique provides for the direct analysis 
in water of most elements in the periodic table to 
minimum reporting level on levels ranging from 
0.01 to 0.5 ng/L, depending on the specific 
element. Relative precisions of 5 percent or better 
are achieved routinely. Concentrations of major

anions, nutrients, and organic carbon were 
measured using ion chromatography, ultraviolet- 
visible-infrared adsorption spectrometry, and 
electrochemical procedures (Garbarino and Taylor, 
1987; Taylor, 1987,1989).

Light-Penetration and Water- 
Transparency Measurements

Light penetration in the forebay (grid 18) was 
measured with a submarine quantum sensor to 
determine the amount of photosynthetically active 
radiation (PAR). The quantum sensor measures 
PAR as the number of quanta received on a plane 
surface in the 400- to 700-nanometer range of the

12 Physical and Chemical Characteristics of Lake Poweii, Glen Canyon Dam, Northeastern Arizona, 1990-91



light spectrum. Measurements are expressed in 
microeinsteins per meter squared per second 
(nE/m2)/s, where 1 ^E equals 6.02 xlO17 quanta. 
Measurements were made near the water surface in 
direct sun and where light reflection off the hull of 
the boat was at a minimum. Measurements were 
made at enough points in the vertical to determine 
a mean vertical-attenuation coefficient (K) for char­ 
acterizing the extent to which PAR was attenuated. 
Calculations were made for each depth measured 
using the equation:

k =
(lnlo -lnlz)

(1)

and measurements generally were made at about 
1200 hours when atmospheric and lake scattering 
and (or) absorption of light was less than at lower 
sun angles. Secchi-disk measurements are more 
convenient to make and require less time than 
quantum-sensor measurements; however, they gen­ 
erally underestimate the euphotic-zone depth. 
Secchi-disk measurements, therefore, were corre­ 
lated with quantum-sensor measurements, and 
correction factors were computed and applied to 
the Secchi-disk values. Correction factors will vary 
for water depending on the color and turbidity of 
the water.

where

/c ~  

I =

4 =
z =

attenuation coefficient, 

natural log,

initial quantum irradiance just 
below the water surface,

quantum irradiance at depth, z, and 

depth.

The attenuation coefficient (A) for a vertical 
profile of incident light was derived by averaging 
the individual attenuation coefficients at each 
measured depth in the profile. The euphotic zone 
(the depth where 1 percent of the surface incident 
light remains) was estimated by the equation:

_ (Inioo lnT)
(2)

where

k =

depth where 1 percent of the sur­ 
face-incident light remains, and

mean vertical-attenuation 
coefficient.

Water transparency of the forebay was 
measured at grid 18 using an 8-inch Secchi disk. 
An effort was made to make measurements during 
cloudless periods between 1000 and 1400 hours,

Quality Assurance

For quality-assurance purposes during each 
sampling trip, samples of deionized water were 
collected and analyzed from holding containers, 
lake samplers, and the Teflon-coated churn splitter 
that was used to collect water samples from the 
draft tubes of the dam. These samples are referred 
to as equipment blanks. Some concentrations of 
metals, including chromium, manganese, copper, 
and zinc in the blanks, indicate that contamination 
may have been introduced during some sampling 
trips. Contamination of samples can be caused by 
several factors including sample handling and 
collection procedures, materials of samplers and 
holding containers, improper cleaning of samplers 
and containers, and laboratory processing. 
Elevated concentrations of metals were not 
observed in all sampling trips. Laboratory analyses 
of these samples are included in the Basic Data 
section of this report. The NRL provided deionized 
(DI) water for the program that was used for rinse 
and sampler preparation. The specific conductance 
of the DI water always had a value of less than 
10 nS/cm. Before water samples were collected 
from the draft tubes and from the lake, DI water 
was decanted and stored in the churn splitter and 
lake samplers (beta and Kemmerer bottles) for a 
specified amount of time. Water from the splitter 
and samplers then were decanted into appropriate 
water bottles used to store water samples for 
laboratory analysis.

Approach to Sample Collection and Measurement of Physical and Chemical Constituents 13



PHYSICAL AND CHEMICAL 
CHARACTERISTICS OF THE 
FOREBAY

Stratification and Destratification

Water in the forebay of Glen Canyon Dam 
underwent a stratification and destratification 
process during the study. Stratification occurs 
when lake waters form temperature layers the 
epilimnion, metalimnion, and hypolimnion. The 
epilimnion consisted of water from the lake surface 
to about 59 ft below the lake surface. The 
metalimnion consists of waters ranging from about 
60 to 180 ft below the lake surface, and the 
hypolimnion began at about 181 ft below the lake 
surface. Water withdrawn from the penstock 
(elevation 3,470 ft) generally was from the deep 
zone of the metalimnion into the hypolimnion 
during the study. Because of fluctuating lake levels 
during the study, the elevation of the penstocks 
ranged from about 157 to 177 ft below the lake 
surface.

The withdrawal of water through the eight 
penstocks of the dam produces a hydraulic effect 
that can alter stratification and destratification, 
particularly in the forebay area. The circulation 
effects caused by this zone of withdrawal were not 
measured during this study. The absence of those 
data leaves a gap in understanding the effects of the 
penstocks on the circulation or stratification- 
destratification processes in the forebay. On the 
basis of the results of a numerical model, Merritt 
and Johnson (1977) determined that withdrawal 
affects a zone that extends from 100 ft above to 
120 ft below the center line of the penstock 
openings. The size of the zone depends on the 
withdrawal rate and, to some extent, on the density 
stratification. The zone was poorly defined because 
of limitations in field methods and model 
assumptions. Because of the interactions that the 
withdrawal zone has on the circulation processes in 
the lake, alternative methods for measuring this 
zone may be needed in future studies.

Specific-conductance measurements in the 
forebay showed a well-defined chemocline that 
persisted throughout the study period, indicating 
incomplete mixing or meromictic conditions 
(fig. 6). In this study, the chemocline was defined

as the zone between the upper and lower layers of 
the lake where a steep specific-conductance 
gradient occurs. The chemocline fluctuated at 
depth probably because of seasonal variations of 
inflows and circulation patterns in the forebay. The 
depth of the chemocline was shallowest from 
spring to early summer and deepest during the 
winter. The chemocline fluctuated between the 
elevations of 3,320 and 3,550 ft and was about 70 
to 100 ft thick. Specific conductance in this zone 
ranged from about 900 to 1,050 nS/cm from 
shallowest to deepest. Mean specific conductance 
was 851 nS/cm in the epilimnion, 872 nS/cm in the 
metalimnion, and 1,055 nS/cm in the hypolimnion 
(tables 3-6). Mean specific conductance at the 
penstock depth was 906 nS/cm (table 6). The 
chemocline was persistent and showed little spatial 
variability in the forebay area (fig. 7). No diel 
variations in specific conductance were observed 
during the study.

The pH ranged from a minimum of 6.7 in the 
hypolimnion to a maximum of 8.6 in the 
epilimnion (fig. 8 and tables 3 and 5). The larger 
values in the upper epilimnion of the forebay 
probably are related to photosynthetic processes 
because they generally occurred during the 
summer months. pH gradually decreased with 
depth through the metalimnion during periods of 
photosynthetic activity (summer, fall, and spring). 
During the winter months, pH ranged from about 
7.8 in the epilimnion to 7.4 in the hypolimnion. In 
the forebay at penstock depth, pH ranged from 
about 7.0 to 8.1. Diel or vertical differences were 
not observed among four sites sampled in the 
forebay on September 19, 1990. Significant spatial 
differences were not observed (fig. 9).

Mixing of water in the forebay (destrati­ 
fication) began in October and continued through 
December during the study. A constant water 
temperature of about 8°C persisted during the 
winter months of January through March (fig. 10). 
Mean water temperatures in the epilimnion, 
metalimnion, and hypolimnion were 18.0, 9.8, and 
7.3°C, respectively (tables 3 5). At penstock 
depth, mean water temperature was 7.8°C. The 
stratification process began in mid-April. A 
strongly stratified system that consisted of a 
well-defined epilimnion, metalimnion, and 
hypolimnion was developed by early June.

14 Physical and Chemical Characteristics of Lake Powell, Gien Canyon Dam, Northeastern Arizona, 1990-81
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Table 3. Statistical summary of selected physical and chemical constituents in the epilimnion in grid 3 of the forebay of 
Lake Powell
[°C, degrees Celsius; nS/cm, microsiemens per centimeter at 25°C; mg/L, milligrams per liter; ng/L, micrograms per liter; <, less than. Depth of 
epilimnion is 0-59 feet below water surface. Dashes indicate no data]

Constituent

1 Field measurem<
Water temperature (°C) ............................................

Specific conductance (uS/cm)......... .........................

Oxygen, dissolved (mg/L).. ............. .........................
pH.............................................................................

Number of 
observations

Standard 
Mean deviation Minimum Maximum

:nts, August 1990 to September 1991 ^Hl^HnmHMHI
211 

223 

187 
225

18 

851 

8.9 
8.2

5.9 

39.8 

1.0 

.2

7.8 

760 

7.1 

7.7

27 

920 

11 
8.6

r"""""" '' . w*ip?^lii^i^ , -.-.  - j|
Calcium ...................................................................

Magnesium. ........................................................ ......

Sodium ................................................................. ....

Potassium.................................................................

Sulfate (November 1990 to August 1991) ...............
Chloride (November 1990 to August 1991).............

Bicarbonate....... .................................................... ....

Silica.........................................................................

57 

57 

57 

36 

40 

40 

31 

57

65.6 

28.1 

76.8 

3.58 

233 

47.2 

161 

7.36

4.60 

2.41 

6.99 

.22 

10.9 

3.77 

7.92 

.90

55.6 

23.3 

63.4 

3.20 

213 

39.2 

145 

5.00

79.0 

33.8 

94.5 

4.00 

253 

52.3 
173 

9.60

| Dissolved nutrients (mg/L), September 1990 to August 1991
Phosphorus ortho as P..... .........................................

Nitrogen ammonia as N... .........................................

Nitrite plus nitrate as N ............................................

p*. : " " " ' " IHs^^iiietels
Beryllium..... ........................................................... ..

Cadmium..................................................................

Chromium ................................................................

Cobalt.......................................................................

Copper........ .......................................................... ....

Iron ....................................................................... ....

Lead...... ................................................................... .

Manganese... ......................................................... ....

Thallium...................................................................

Molybdenum ................................................. ...........

Strontium...... ........................................................... ,

Vanadium..................................................................

Zinc....... ................................................................ ...,

Selenium. ................................................................ .,

Uranium, natural... ................................................. ...

Mercury ...................... ..............................................

60 

60 

60

|<Mt(t)»>ifawairjTO|
37 

37 

37 

37 

37 

37 

37 

37 

37 

37 

37 

37 

37 

37 

37 

16 

37 

32

.14

tr^ugi^ip

.92

4.02 

876 

3.13 

3.20 

2.86 

33.4 

2.94 

5.23 

.06

.09

^»s!s±a

.38

.39 

62.0 

4.66 

.89 

1.18 

2.07 

.77 

.52 

.02

<.02

<.02 

<.02

.51 

<5.00 

<06

<.05 

3.50 

770 

.70 

1.70 

1.50 

29.1 

1.00 

3.80 

.04

.04 

.04 

.40

WMVT^^M

.10 

.40 

8.10 

.68 

2.55 

60.0 

.60 

1.64 

.18 

4.90 

1,030 

17.0 

5.70 

7.40 

37.6 

5.00 

5.90 

.12

|L _ __ ̂  ___ _OTW i^!^^^;^^^^|^^e^ TO i!as , m « xt ,M
Carbon, organic. ...................................................... 42 3.38 .47 2.90 4.60
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Table 4. Statistical summary of selected physical and chemical constituents in the metalimnion in grid 3 of the forebay 
of Lake Powell

[°C, degrees Celsius; uS/cm, microsiemens per centimeter at 25°C; mg/L, milligrams per liter; ug/L, micrograms per liter; <, less than. Depth of 
metalimnion is 60-180 feet below water surface. Dashes indicate no data]

Constituent

It Field measurements,
Water temperature (°C)... ............................................

Specific conductance (uS/cm) ....................................

Oxygen, dissolved (mg/L) ..........................................
pH................................................................................

|" ' ^ ' \' - itfiib^i&ffi^^
Calcium.......... ..................................................... ........

Magnesium....... ........................................... ................
Sodium .................................................................. ......

Potassium ....................................................................

Sulfate (November 1990 to August 1991).................

Chloride (November 1990 to August 1991) ...............

Bicarbonate. ........................................................... .....

Silica ...........................................................................
r " : '""~" '"""" """'" Bfes&v^^iiii(j^

Phosphorus ortho as P...... ...........................................
Nitrogen ammonia as N ..............................................

Nitrite plus nitrate as N ...............................................

P "" ".. "'""/' " " 7"'P^i<>^iiiietiil!8(^
Beryllium .............................................................. ......

Cadmium.... ........................................................... ......

Chromium ...................................................................

Cobalt..........................................................................
Copper... ................................................................ ......

Iron..... ................................................................... ......

Lead.............................................................................

Manganese ............................................................. .....

Thallium...... .......................................................... ......

Molybdenum .......................................................... .....
Strontium ............................................................... .....

Vanadium.... ........................................................... .....

Zinc ........................................................................ .....

Aluminum. ............................................................. .....

Lithium.. ................................................................. .....

Selenium ................................................................ .....

Uranium, natural. ................................................... .....

Mercury...... .................................................................

£ 0is^l^dlpiiiW: ?irbo«-(i
Carbon, organic.. .........................................................

Number of 
observations

288

299

265
279

flLkS^&iibfe^
50

50

50

19

34

34

36

50

L), September 1
55

57

56

L^l3tmmry|9$
22

22

22

22

22

22

22

22

22

22

22

22

22

22

22

7

22

19

ag/IiK Septtittb1
42

Mean

9.8

872

7.0

7.8

mdm^B
71.6

28.8

80.0

3.75

232

48.1

172

8.18

.33

1 to August 1

.91

.30

4.40

937

2.75

3.39

2.15

35.4

3.14

5.39

.05

er!990toAu
321

Standard 
deviation

3.1

66.6

1.3

.3

BSfcl^l

7.60

3.35

11.9

.36

18.6

7.93

14.6

.68

.11

991

29

.12

.57

76.5

4.30

1.08

.70

3.54

.69

.58

.01

giplSSt
.44

Minimum

6.9

772

4.2

7.0

53.3

24.0

58.1

3.20

197

37.0

146

5.90

< 01

<01

.02

<.02

<.20

52

<5.00

<.06

.11

<.05

3.60

830

.50

1.70

1.30

30.3

2.00

3.90

.04

2 60

Maximum
,...,....

22

1,060

9.9

8.4

J

91.9

37.3

106

4.40

267

69.5

197

9.30

.02

.06

.52

,

.12

.30

8.00

.82

1.74

9.00

.19

.58

.10

5.60

1,170

16.5

6.00

4.20

41.8

4.00

6.10

.07

4.00
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Table 5. Statistical summary of selected physical and chemical constituents in the hypolimnion in grid 3 of the forebay 
of Lake Powell

[°C, degrees Celsius; uS/cm, microsiemens per centimeter at 25°C; mg/L, milligrams per liter; ug/L, micrograms per liter; <, less than. Depth of 
hypolimnion is greater than 180 feet below water surface. Dashes indicate no data]

Constituent
Number of 

observations Mean
Standard 
deviation Minimum Maximum

p Field measurements, August 1990 to September 1991
Water temperature (°C) ...........................................

Specific conductance (uS/cm).. ...... ........................

Oxygen, dissolved (mg/L)........ ...............................

pH............................................................................

mmHUlii; . Dissolved major ioi
Calcium...................................................................

Magnesium..............................................................
Sodium....................................................................

Potassium ................................................................
Sulfate (November 1990 to August 1991) ..............

Chloride (November 1990 to August 1991)............

Bicarbonate..............................................................

Silica........ ................................................................

229

237

218

215

TO:jIugf«»/»:.p*pl^IwMwr ,

35

35

35

12

25

25

15

35

7.3 

1,055 

5.6 

7.6

!990toAu|
83.6 

32.3 

96.9 

4.16 

286 

75.4 

183 

8.09

0.3 

54.5 

1.2 

.2

gust 1991
9.70 

2.87 

10.4 

.37 

11.5 

5.90 

16.6 

.57

6.5

835 

2.6 

6.7

56.0 

26.5 

70.7 

3.40 

246 

49.7 

151 

6.80

7.8 

1,135 

8.4 

8.4

97.8 

38.9 

121 

4.80 

297 

83.0 

197 

9.10

P Dissolved nutrients (mg/L), September 1990 to August 1991
Phosphorus ortho as P.............................................

Nitrite plus nitrate as N ...........................................

35

36

36 .45 .16 .02

.02 

.02 

.58

m ^ ..,...,... K.. ;pIiwifc^iffleit^<M^
Beryllium.... ........................................................ .....

Cadmium.. ...............................................................

Chromium ...............................................................

Cobalt......................................................................

Copper. ................................................................ ....
Iron ....................................................................... ...

Lead.................... .................................................. ...

Manganese...............................................................

Thallium..................................................................

Molybdenum ..................................................... ......

Strontium.................................................................

Zinc.......... ............................................................ ....

Aluminum ........................................................... ....

Lithium ................................................................ ....

Selenium..................................................................

Uranium, natural...... .......................................... ......

Mercury ...................................................................

22

22

22

22

22

22

22

22

22

22

22

22

22

22

22

6

22

17

.96

.68

5.10 

1,036 

2.64 

3.97 

2.24 

41.0 

3.83 

6.25 

.05

.26

.42

.88 

84.2 

4.41 

1.74 

.74 

4.53 

.41 

.51 

.02

<.02 

<.20

.61 

<5.00 

<.06 

.12 

<.05 

4.00 

900 

.40 

1.90 

1.40 

33.8 

3.00 

5.30 

.04

.09 

.20 

7.90 

.91 

1.49 

10.0 

.33 

1.47 

.14 

7.00 

1,170 

16.3 

8.80 

5.0 

47.9 

4.00 

7.30 

.11

h " Dissolved organic carbon (mg/L), September 1990 to August 1991
Carbon, organic ....................................................... 27 3.23 .59 2.60 4.90
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Table 6. Statistical summary of selected physical and chemical constituents in the penstock depth in grid 3 of the 
forebay of Lake Powell
[°C, degrees Celsius; (iS/cm, microsiemens per centimeter at 25°C; mg/L, milligrams per liter; ng/L, micrograms per liter; <, less than. Depth of 
penstock is 157 177 feet below water surface. Dashes indicate no data]

Constituent

p* : a '» ..« * * .. ......VI" ..  ' Ftelil irieastirei
Water temperature (°C) ..........................................

Specific conductance (jiS/cm). .................... .. ......,

Oxygen, dissolved (mg/L)....... ............................. ..

pH...........................................................................

f a '" " * Dissolved major ic
Calcium..................................................................

Magnesium.............................................................

Sodium ................................................................ ...

Potassium...............................................................

Sulfate (November 1990 to August 1991) .............

Chloride (November 1990 to August 1991)...........

Bicarbonate.............................................................

Silica... ....................................................................
p  "    ". " ' Dissolved tttitrieii

Phosphorus ortho as P ............................................

Nitrogen ammonia as N..... ........ .............................

Nitrite plus nitrate as N ..........................................

IT ""' Dissolved meti
Beryllium................................................................

Cadmium................................................................

Chromium ............................................................ .,

Cobalt ................................................................... .,

Copper....................................................................

Iron........................................................................

Lead.......................................................................
TMa n tran P*IP

Thallium ................................................................

Molybdenum.........................................................

Strontium. ..............................................................

Vanadium...............................................................

Zinc........................................................................

Aluminum.............................................................

Lithium....... ......................................................... ..

Selenium................................................................

Uranium, natural....... ........................................... ..

Mercury.................................................................

If ' Dissolved orgfiitic ca
Carbon, organic.....................................................

Number of 
observations

ments, August 199C
114

117

97

106

20

20

20

4

16

16

12

20

ts (mg/L), Septemb<
21

22

22

tls (^g/L^, 3Muary 1
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
1
9
8

rbon (mg/L), Septei
19

1

  Mean <

I to September 1
7.8

906

6.3

7.7

«>r1990toAugi
75.0

30.1

84.9

4.00

235

47.7

178

8.14

erl990toAugu

.37

1991 to August 1

.66

.20

3.89

979

4.53

3.31

1.89

33.0

5.61

.05

liber 1990 to Ai

3.11

Standard 
deviation

^
0.5

70.6

1.0

.2

5.90

3.60

11.8

.34

14.2

5 20

15.9

.79

stwr

.08\m -              

.07

.06

.23

80.5

6.49

.33

.47

1.67

.28

.01

igust!991
.36

Minimum

6.9
794

4.4

7.0

68.7

26.0

69.9

3.60

214

39.9

146

5.90

<01

<01

.22

<.02

<10

<20

<01

.52

<5.00
<.06

.11
<.05

3.60

900

.80

2.90

1.30

31.5

3.00

5.10

.04
:i ~i .,,'

2.60

Maximum

9.4

1,060

8.8

8.1

91.9

36.6

105

4.40

257

54.8

195

9.30

<01

.02

.52

.12

.30

8.00

.08

.77

<5.00

.19

.27

.10

4.30

1,170

16.5

3.80

2.60

35.9

3.00

6.10

.07

4.00
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Stratification persisted into October. The 
metalimnion was between 3,470 and 3,600 ft in 
elevation (the center line of the penstocks) and at 
times was 100 ft thick. The thickness of the meta­ 
limnion was within the range of the zone of with­ 
drawal estimated by Merritt and Johnson (1977). 
Diel and spatial-temperature variations in the 
forebay were insignificant during the study 
(fig. 11). Vertical distribution of mean water 
temperature in the forebay for the study period is 
shown in figure 12).

From late summer through the winter, 
dissolved-oxygen concentrations decreased with 
time (from late summer through the winter) and 
depth in the hypolimnion of the forebay (fig. 13). 
Smaller concentrations of dissolved oxygen in the 
hypolimnion probably were caused by respiration 
and (or) chemical-reduction processes. A period of 
oxygen mixing occurred in the hypolimnion during 
February and March. Metalimnetic-oxygen 
maxima were measured during August 1990 and 
1991 when concentrations exceeded 9 mg/L 
(fig. 13). These metalimnetic maxima probably 
were produced by phytoplankton thriving in this 
zone. This phenomenon is common in lakes where 
strong stratification exists and ratios of surface area 
to depth are small (Wetzel, 1983, p. 165). 
Metalimnetic-oxygen minima of less than 5 mg/L 
were observed during late fall and winter. Oxygen 
minima are not as commonly observed in lakes as 
are oxygen maxima (Wetzel, 1983, p. 166). Several 
factors such as respiration of nonmigrating zoo- 
plankton, density currents that can interposition 
low-oxygenated waters with high-oxygenated 
waters, and decaying organic matter could have 
caused the oxygen minima measured in the 
forebay. Dissolved-oxygen profiles were similar at 
different grid locations in the forebay, which 
indicates that little spatial variation occurred 
(fig. 14). No diel variations in dissolved oxygen 
were observed during the study.

Chemical Distribution

Data from grid 3 of the forebay were analyzed 
statistically. These data constitute the largest data 
set and were considered representative of the 
forebay water.

Major Ions

Concentrations of the major ions (ions present 
in concentrations exceeding 1 mg/L), generally 
increased with depth in the forebay (fig. 15). The 
vertical distribution may have been due to varying 
densities, decomposition and mineralization of 
plankton, and reduction-oxidation conditions 
(Wetzel, 1983, p. 314-316). Sodium and sulfate 
were the dominant cation and anion, respectively, 
in the forebay during the study. Sodium 
concentrations in grid 3 during September 1990 
to August 1991 ranged from a minimum of 
58.1 mg/L in the metalimnion to a maximum of 
121 mg/L in the hypolimnion (tables 4 and 5). 
Sulfate concentrations ranged from a minimum of 
197 mg/L in the metalimnion to a maximum of 
297 mg/L in the hypolimnion. Calcium also was 
abundant in the forebay, and concentrations ranged 
from a minimum of 53.3 mg/L in the metalimnion 
to a maximum of 97.8 mg/L in the hypolimnion. 
Magnesium concentrations ranged from a mini­ 
mum of 23.3 mg/L in the epilimnion to a maximum 
of 38.9 mg/L in the hypolimnion (tables 3 and 5). 
Silica (as SiO2), an essential nutrient for diatoms, 
averaged 7.36, 8.18, 8.09, and 8.14 mg/L in the 
epilimnion, metalimnion, hypolimnion, and at 
penstock depth, respectively. Bicarbonate was the 
dissolved carbon-dioxide species responsible for 
the alkalinity of the forebay. Bicarbonate concen­ 
trations ranged from a low of 145 mg/L in the epi­ 
limnion to a high of 197 mg/L in the metalimnion 
and hypolimnion. Spatial variation of these ions 
was not observed in the forebay.

Nutrients

The availability of phosphorus and nitrogen is 
important for phytoplankton growth in Lake 
Powell and in the downstream riverine environ­ 
ment. The distribution of nutrients in a reservoir 
can be affected by several factors including lake 
inflows (density patterns), sediment-water inter­ 
actions, nutrient recycling within the lake, and 
operation of the dam (reservoir releases). Reactive 
soluble orthophosphate (PO^ is the most readily 
available form of phosphorus for autotrophic 
plants. Concentrations of dissolved PO4 generally 
were less than the minimum reporting level of 
0.01 mg/L in the forebay. Concentrations of
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dissolved ammonia generally were less than the 
minimum reporting level of 0.01 mg/L. Because 
the concentrations were less than the minimum 
reporting levels, temporal or diel variations in 
concentrations were not observed. Concentrations 
of dissolved nitrite plus nitrate (NO2+NO3) in grid 
3 of the forebay ranged from less than 0.02 mg/L in 
the epilimnion to a maximum of 0.58 mg/L in the 
hypolimnion. Temporal variations in NO2+NO3 
were observed in the forebay during the study 
(fig. 16). Concentrations at the penstock depth 
ranged from 0.22 to 0.52 mg/L, depending on the 
time of the year. No evidence of diel variations was 
observed in the epilimnion, metalimnion, or 
hypolimnion. No significant spatial variations in 
distribution or concentrations were observed in the 
forebay.

Metals

For the most part, concentrations of metals 
were small in the forebay. Iron concentrations 
generally were less than the minimum reporting

level of 5 ng/L, and manganese ranged 
from less than 0.10 ng/L in the epilimnion 
to a maximum of 1.47 ng/L in the 
hypolimnion of grid 3 of the forebay 
during January to August 1991 (tables 3 
and 5). Manganese varied seasonally, and 
the smallest concentrations occurred in the 
summer months. Concentrations of copper 
were largest in the epilimnion in grid 3 of 
the forebay with values ranging from 
0.51 to 2.55 ng/L. Zinc ranged from a 
minimum of 1.70 ng/L in the upper layers 
of the lake to a maximum of 8.80 ng/L in 
the hypolimnion. The largest concentra­ 
tions of copper and zinc were observed 
during the fall season. Spatial variation in 
concentrations of these elements was not 
observed in the forebay.

Strontium and lithium were the 
dominant metals observed in the forebay. 
Concentrations of these elements gen­ 
erally increased with depth (fig. 17). 
Strontium concentrations ranged from 
770 ng/L in the epilimnion to 1,170 ng/L 
in the metalimnion and hypolimnion in 
grid 3 during January to August 1991. 

Lithium concentrations in grid 3 during January to 
August 1991, ranged from 29.1 ng/L in the 
epilimnion to 47.9 ng/L in the hypolimnion. 
Significant seasonal variations in concentrations 
were not observed.

Organic Carbon

Nearly all organic carbon in natural waters is 
in the form of dissolved organic carbon (DOC) and 
paniculate organic carbon (POC); DOC is in the 
greatest quantity in lake and stream environments 
(Wetzel and Likens, 1991). POC was not 
determined in this study. Generally, mean 
concentrations of DOC were larger in the 
epilimnion during the study (fig. 18). Mean 
concentrations of DOC ranged from 3.23 mg/L in 
the hypolimnion to 3.38 mg/L in the epilimnion of 
the forebay (tables 3 and 5). Mean concentration of 
DOC at penstock depth was 3.11 mg/L. DOC 
concentrations were largest in the summer and 
early fall. Diel variations of DOC in the forebay 
were not observed.
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Secchi-disk values ranged from 25.4 to 
47.5 ft during the winter months, from 16 
to 36 ft during the spring, and from 17 to 
31 ft during the summer (table 7). The 
ratio of the euphotic zone to the 
Secchi-disk depth ranged from 2.7 to 5.6 
and averaged 3.9 for April through 
September 1991.

CHARACTERISTICS AND 
COMPARISON OF THE 
FOREBAY WITH THE 
OUTFLOWS

Water released through the turbines 
and penstocks of the dam leaves the 
lacustrine environment of the forebay and 
enters the riverine environment of the 
Colorado River. Outflow samples were 
collected from the draft tubes to determine 
the physical and chemical characteristics 
of outflows from Lake Poweli to the 
Colorado River. Selected chemical con­ 
stituents in samples from the draft tubes of 
the dam were summarized statistically 
(table 8).

Light Penetration and Water 
Transparency

The attenuation of photosynthetically active 
radiation (PAR) in natural waters is influenced by 
the interaction of various environmental factors, 
including atmospheric lighting; light absorption; 
absorption by water, algal cells, and dissolved 
substances; and light scattering by water, plankton, 
and particulate matter (Roemer and Hoagland, 
1979). Variability in underwater light plays a 
significant role in regulating the phytoplankton 
assemblages (Blinn and others, 1976). Vertical- 
attenuation coefficients (light reduction per unit 
depth) of PAR ranged from 0.058 on June 16, 
1991, to 0.080 on September 23, 1991, in grid 18 
of the forebay (fig. 19).

The euphotic zone ranged from 82 ft on 
September 23, 1990, to 113 ft on June 16, 1991.

Table 7. Summary of Secchi-disk measurements and 
euphotic-zone depths in grid 18 of the forebay of Lake 
Poweli, 1990-91
[Dashes indicate no data]

Date

09-06-90

12-07-90

01-16-91

02-27-91

03-28-91

03-29-91

04-24-91

04-25-91

Water 
trans­ 
par­ 
ency

Feet

25.7

25.4

30.0

47.5

26.5

21.0

36.0

16.0

Eu­ 
photic- 
zone 
depth

Feet

...

...

...

...

...

...

96
~

Date

05-22-91

06-16-91

06-18-91

08-01-91

08-28-91

08-29-91

09-23-91

Water 
trans­ 
par­ 
ency

Feet

27.0

31.0

23.0

17.0

22.0

19.0

24.0

Eu­ 
photic- 
zone 
depth

Feet

108

113
...

95

96
...

82
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Figure 19. Attenuation of incident light as photosynthetically active radiation in grid 18 of the forebay of 
Lake Powell, 1991.

Generally, physical and chemical char­ 
acteristics of the draft-tube outflows were similar 
to characteristics of the water in the forebay at 
penstock depths, into the interface of the 
metalimnion and hypolimnion (tables 4 6 and 8). 
Specific conductance varied with reservoir releases 
and ranged from 803 to 1,090 nS/cm, which is 
similar to the range of 794 to 1,060 nS/cm 
measured at penstock depths of the forebay. pH 
ranged from 7.2 to 8.0 in the draft tubes and from 
7.0 to 8.1 at penstock depth in the forebay. 
Temperature of the outflows averaged 8.3°C. At 
penstock depth of the forebay, the mean 
temperature was 7.8°C. Mean dissolved-oxygen 
concentrations of the outflows ranged from 6.5 to 
9.1 mg/L. Diel variations in these field measure­ 
ments were not observed.

As was found in the forebay, sodium and 
sulfate were the dominant cation and anion, 
respectively, in the outflows. Sodium 
concentrations ranged from 70.2 to 97.0 mg/L, and 
sulfate concentrations ranged from 212 to

275 mg/L and averaged 243 mg/L. Calcium con­ 
centrations ranged from 62.6 to 84.4 mg/L. 
Average concentrations of the major ions were 
similar to concentrations collected near the 
penstock depth in grid 3 of the forebay (tables 6 
and 8). The general distribution of major ions 
through the outflows was similar to that of the 
deeper waters of the forebay (fig. 15). Con­ 
centrations of orthophosphorus and ammonia 
generally were less than the minimum reporting 
levels, and concentrations of NO2+NO3 ranged 
from 0.13 to 0.74 mg/L. Values for water at the 
penstock depth of the forebay ranged from 0.22 to 
0.52 mg/L (table 6). Strontium and lithium were 
the dominant metals released to the Colorado River 
through the dam. Mean concentrations in samples 
from the outflows were 954 and 35.9 ng/L for 
strontium and lithium, respectively (table 8). These 
values are similar to mean concentrations of 
strontium and lithium of 979 and 33.0 Mg/L, 
respectively, at penstock depth in grid 3 of the 
forebay (tables 6 and 8). As with major ions, the
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Table 8. Statistical summary of selected physical and chemical constituents of the outflows (draft tubes) of Glen Canyon 
Dam
t°C, degrees Celsius; jiS/cm, microsiemens per centimeter at 25°C; mg/L, milligrams per liter; ng/L, micrograms per liter; <, less than. Dashes 
indicate no data]

Constituent
Number of 

observations Mean
Standard 
deviation Minimum Maximum

fe"T ,.'.. ' .. lM3mi&&&ti^^ .,_ _.._
Water temperature (°C) .........................................

Specific conductance (iiS/cm).. ................... ..........

Oxygen, dissolved (mg/L).....................................
_¥JpH..........................................................................

|fc -: - ' ' ' ^:  ' ^ ' W Dissolved major i>

Calcium .................................................. ...............

Magnesium... ................................... ......................

Sodium..................................................................

Sulfate (November 1990 to August 1991)............

Chloride (November 1990 to August 1991)..........

Bicarbonate... ................................................... ......

Silica... ...................................................................

IB. Dissolved nutriei

Phosphorus ortho as P...... .....................................

Nitrogen ammonia as N.... .....................................

Nitrite plus nitrate as N .........................................

K -rl= " ." .: y    4 - Dissolved met
Beryllium...............................................................

Cadmium. ..............................................................

Chromium .............................................................

Cobalt....................................................................

Copper...................................................................

Iron........................................................................

Lead.......................................................................

Manganese.... ................................................... ......

Thallium................................................................

Molybdenum.........................................................

Strontium.......... .....................................................

Zinc........................................................................

Aluminum .......................................................... ...

Lithium..................................................................

Selenium................................................................

Uranium, natural....................................................

^

41

35

36

39

9ns(mg/L)»Septemb<
34

34

34

12

23

23

31

34

its (mg/L), Septenibei

36

37

37

8.3 

919 

7.6 

7.8

sr*$90«toJ
73.5 

28.6 

81.0 

3.74 

243 

53.2 

171 

8.02

r 1990 to A

.34

0.3 

70.6 

.6 

.2

uigust 1991

6.16 

1.98 

7.85 

.36 

19.9 

8.66 

8.98 

.44

.11

7.5 

803 

6.5 

7.2

. .  ,,,  ,. .,. 
62.6 

25.6 

70.2 

3.30 

212 

41.8 

155 

7.30

.13

9.0 

1,090 

9.1 

8.0

84.4 

33.6 

97.0 

4.30 

275 

72.2 

188 

8.90

.02 

.06

.74

als (Mg/L), January 1991 to August 1991 ::;^iH ::;
21

21

21

21

21

21

21

21

21

21

21

21

21

21

21

17

21

21

3.24

.80

4.53 

954 

3.63 

4.38 

4.39 

35.9 

3.11 

5.53 

.04

3.09

.86

.55 

75.7 

5.46 

1.58 

10.4 

3.13 

.43 

.65 

.005

<.02 

<.20

.81 

<5.00 

<.06 

.10 

<.05 

3.70 

820 

.50 

2.40 

1.00 

29.2 

2.90 

4.10 

.03

.11 

.40 

8.60 

.84 

12.3 

55.0 

.52 

3.55 

.14 

5.80 

1,080 

17.7 

8.00 

49.6 

41.7 

4.20 

6.30 

.04

|»?s^ Dissolved organic carbon (tog/L), September 1990 taAugiist 1991 ;

Carbon, organic..................................................... 27 3.09 .42 2.60 4.20
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general distribution of metals through the outflows 
was similar to that of the deeper waters of the 
forebay (fig. 17). DOC concentrations of water 
discharged through the draft tubes ranged from 
2.60 to 4.20 mg/L and were similar to DOC 
concentrations of water measured in the 
metalimnion and at penstock depth in the forebay, 
which were 2.60 to 4.00 mg/L, respectively. Diel 
variations were not observed for the major ions, 
nutrients, metals, or organic carbon.

SUMMARY

The physical and chemical characteristics of 
Lake Powell have a direct effect and relation to the 
characteristics of water below Glen Canyon Dam. 
Depth-profile measurements were made and water 
samples were collected from August 1990 to 
September 1991 in the forebay and outflows of 
Glen Canyon Dam to define these characteristics. 
Understanding the physical and chemical char­ 
acteristics of the lake and outflows from the dam 
are essential in order to effectively manage the 
operation of the dam.

Characteristics of the Forebay

A. Stratification and destratification processes 
occurred during the study period.

1. Specific-conductance measurements 
showed a well-defined chemocline that 
fluctuated seasonally and indicated 
incomplete mixing of the forebay 
waters.

2. Values of pH were less during the 
winter months and decreased with 
depth compared with the summer or 
photosynthetic period.

3. The mean water temperature at pen­ 
stock depth was 7.8°C. Temperature 
stratification was well developed by 
early June and persisted into October. 
Toward the latter part of the study 
when lake levels were low, with­ 
drawals were from the metalimnion- 
hypolimnion boundary.

4. Metalimnetic-oxygen maxima occur­ 
red during the summer months, and 
metalimnetic-oxygen minima occur­ 
red during the fall and winter. 

B. Chemical distribution in the forebay varied
with depth and time during the study.
1. Major ions generally increased with 

depth, and sodium and sulfate were the 
dominant cation and anion, res­ 
pectively. Calcium also was abundant.

2. Nutrients as NO2+NO3 generally in­ 
creased in concentration with depth 
and ranged from 0.22 to 0.52 mg/L at 
the penstock depth of the forebay. 
Values for PO4 and NH4 generally 
were less than the laboratory minimum 
reporting level of 0.01 mg/L.

3. Strontium and lithium were the 
dominant metals. Iron concentrations 
generally were less than 5.0 ng/L. 
Metals generally increased in concen­ 
tration with depth.

4. Dissolved-oxygen content averaged 
3.11 mg/L at penstock depth, and the 
largest concentrations generally occur­ 
red in the epilimnion. Concentrations 
increased during the summer months. 

C. Light penetration in the forebay is an 
important process that governs produc­ 
tivity.
1. Small vertical-attenuation coefficients 

for the forebay indicate a deep 
euphotic zone.

2. Values ranged from 0.058 to 
0.080 (nE/m2)/s during the spring and 
summer. The euphotic-zone depth was 
estimated to range from 82 to 113 ft 
during the spring and summer on the 
basis of Secchi-disk measurements.

Characteristics and Comparison of the 
Forebay with the Outflows

Generally, the physical and chemical 
characteristics of the outflows from Lake Powell 
were similar to those of water in the forebay in the 
deep zone of the metalimnion into the hypo- 
limnion.
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1. Specific conductance ranged from 803 to 
1,090 nS/cm.

2. pH ranged from 7.2 to 8.0.
3. Water temperature ranged from 7.5 to 

9.0°C.
4. Dissolved-oxygen concentration ranged 

from 6.5 to 9.1 mg/L.
5. Sodium and sulfate were the dominant 

cation and anion, respectively, entering the 
Colorado River.

6. Strontium and lithium were the most 
abundant metals in the outflows.

7. Dissolved organic carbon in the draft tubes 
ranged from 2.60 to 4.20 mg/L.

8. Concentrations of NO2+NO3 entering the 
Colorado River ranged from 0.13 to 
0.74 mg/L.

9. The influence of the lake on the physical 
and chemical characteristics of the outflow 
waters discharging from the dam was 
evident during this study. As the lake 
underwent various processes, the charac­ 
teristics of the outflow water responded 
accordingly.

SELECTED REFERENCES

Blinn, D.W., Tompkins, T., and Stewart, A.J., 1976, 
Seasonal light characteristics for a newly formed 
reservoir in southwestern USA, in Hydrobiologia: 
Dordrecht, The Netherlands, Kleuwer Academic 
Publications, v. 51, no. 1, p. 77-84.

Cole, G.A., 1975, Textbook of limnology: St. Louis, 
Missouri, C.V. Mosby Company, 283 p.

Edwards, T.K., and Glysson, G.D., 1988, Field methods 
for measurement of fluvial sediment: U.S. 
Geological Survey Open-File Report 86-531,118 p.

Garbarino, J.R., and Taylor, H.E., 1979, An induction 
coupled plasma-atom emission spectrometric 
method for routine water-quality testing: Applied 
Spectroscopy, v. 33, no. 3, p. 220-226.

___1985, Recent developments and applications of 
inductively coupled plasma-emission spectroscopes

to trace elemental analysis of water, in Keith, Larry, 
ed., Trace analysis: Academic Press, v. 4, 
p. 185-236. 

_1987, Stable isotope dilution analysis of
hydrologic samples by inductively coupled
plasma-mass spectrometry: Analytical Chemistry,
v.59,p. 1568-1575. 

Kidd, D.E., and Potter, L.D., 1978, Analysis of metallic
cations in the Lake Powell ecosystem and
tributaries: University of New Mexico, Lake Powell
Research Project Bulletin 63,165 p. 

Merritt, D.H., and Johnson, N.M., 1977, Advective
circulation in Lake Powell, Utah-Arizona:
University of New Mexico, Lake Powell Research
Project Bulletin 61, 69 p. 

Paulson, L.J., and Baker, J.R, 1984, The limnology in
reservoirs on the Colorado River: Lake Mead
Limnological Research Center Technical Report 11,
276 p. 

Potter, L.D., and Drake, C.L., 1989, Lake Powell, Virgin
Flow to Dynamo: University of New Mexico, Lake
Powell Research Project Bulletin 29, 235 p. 

Reynolds, R.C., and Johnson, N.M., 1974, Major
element geochemistry of Lake Powell: Dartmouth
College, Lake Powell Research Project Bulletin 5,
13 p. 

Roemer, S.C., and Hoagland, K.D., 1979, Seasonal
attenuation of quantum irradiance (400-700 nm) in
three Nebraska reservoirs, in Hydrobiologia:
Dordrecht, The Netherlands, Kleuwer Academic
Publications, v. 63, no. 1, p. 81-92. 

Standiford, D.R., Potter, L.D., and Kidd, D.E., 1973,
Mercury in the Lake Powell ecosystem: University
of New Mexico, Lake Powell Research Project
Bulletin 1, 21 p. 

Taylor, H.E., 1987, Inductively coupled plasma-mass
spectrometry An introduction: Spectroscopy, v. 1,
p. 20-22. 

____1989, Hydrologic applications ICP-MS, in Date,
A.R., and Gray, A., eds., Applications of ICP-MS:
London, Blackie Publishers, p. 70-89. 

Wetzel, R.G., 1983, Limnology, 2d ed.: Philadelphia,
Pennsylvania, Saunders College Publishing, 767 p. 

Wetzel, R.G., and Likens, G.E., 1991, Limnological
analysis, 2d ed.: New York, Springer-Verlag, Inc.,
391 p.

Selected References 31



/



BASIC DATA
Depth-Profile Data

Nutrient and Organic-Carbon Data
Major Ions and Metal Data

Basic Data 33





Depth-Profile Data
Table 9. Specific conductance, pH, water temperature, and dissolved-oxygen concentrations in grid 2 of the forebay 
of Lake Powell, 1990
[nS/cm, microsiemens per centimeter at 25°C; °C, degrees Celsius; mg/L, milligrams per liter]

Time

Sampling 
depth, 
In feet

Specific 
con­ 
duct­ 
ance

(nS/cm)
::£,&j&£<;:ffl:;:v;ff£^

1445

1443

1441

1439

1437

1436

1434

1432

1431

1430

1429 

1428 

1427

1426

1425

1424

1422

1420

1419

1417

1416

1414

1412

1410

1408

1406

1404

5.00

15.0

25.0

35.0

40.0

45.0

50.0

55.0

60.0

70.0

80.0 

90.0 

100

110

120

130

140

150

160

165

170

175

180

190

200

210

230

800

800

798

798

795

790

790

780

780

780

778 

783 

788

787

780

785

800

815

853

860

880

910

933

973

990

1,030

1,040

pH, 
water 
whole 
field 

(stan­ 
dard 
units)

7.9

7.9

7.9

7.9

7.8

7.8

7.7

7.6

7.6

7.4

7.4 

7.3 

7.2

7.1

7.1

7.1

7.1

7.1

7.1

7.1

7.1

7.1

7.1

7.1

7.1

7.0

7.0

Tem­ 
pera­ 
ture, 
water

;;;:|:[y::;,::;:;:::i:;;i%:»;K;o:| >: :'<: : ; 

24.5

24.5

24.0

24.0

23.5

23.0

22.0

20.5

19.5

18.0

16.5 

13.0 

12.0

11.0

9.5

9.0

8.5

8.5

8.0

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

Oxy­ 
gen, 
dis­ 

solved 
(mg/L)

7.7

7.7

7.8

7.6

7.7

7.8

8.0

7.8

7.3

6.7

6.3 

6.4 

6.1

6.2

6.3

6.2

6.1

6.3

6.2

6.2

6.2

6.3

6.0

5.8

5.8

5.2

5.2

Time

1402

1400

1359

1358

1356

1354

1352

1351

1349

1347

1345

1652

1651

1650

1648

1647

1645

1643

1636

1633

1630

1621

1620

1618

1616

Sampling 
depth, In 

feet

250

270

290

310

330

350

370

390

400

420

425

3.00

30.0

60.0

70.0

75.0

80.0

85.0

90.0

110

130

150

170

190

210

Specific 
con­ 
duct­ 
ance 

(nS/cm)

SSililitlllii
1,050

1,060

1,080

1,080

1,080

1,080

1,090

1,090

1,090

1,090

1,090

812

814

815

814

814

805

800

804

795

798

816

843

890

971

pH, 
water 
whole 
field 
(stan­ 
dard 
units)

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

8.2

8.2

8.2

8.2

8.1

7.8

7.7

7.6

7.7

7.6

7.6

7.6

7.6

7.6

Tem­ 
pera­ 
ture, 
water

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

17.5

17.5

17.5

17.0

17.0

16.0

14.5

14.0

10.5

9.0

8.5

8.0

8.0

7.5

Oxy­ 
gen, 
dis­ 

solved 
(mg/L)

5.2

5.1

5.0

4.9

5.0

4.9

4.7

4.7

4.7

4.5

4.5

7.3

7.4

7.2

7.1

6.8

5.4

4.2

4.1

5.4

5.5

5.5

5.9

5.9

5.9
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Table 10. Specific conductance, pH, water temperature, and dissolved-oxygen concentrations in grid 3 of the fcrebay 
of Lake Powell, 1990-91
[nS/cm, microsiemens per centimeter at 25°C; °C, degrees Celsius; mg/L, milligrams per liter. Dashes indicate no data]

Time
sllifistisi!;;:*;

1400

1357

1354

1351

1348

1345

1342

1339

1336

1333

1330

1327

1324

1321

1318

1315

1312

1309

1303

1306

1300

1257

1430

1428

1426

1424

1422

1420

1419

1418

1416

1414

1412

1410

1408

Sam­ 
pling 

depth, 
in feet

3.00

17.0

33.0

49.0

67.0

80.0

99.0

131

131

146

176

197

230

263

295

329

369

407

432

443

464

467

1.00

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

100

110

120

Specific 
conduc­ 
tance 

(nS/cm)

802

802

795

781

783

784

793

803

803

815

860

967

1,020

1,030

1,060

1,070

1,090

1,100

1,100

1,090

1,100

1,110

795

794

792

791

775

773

773

774

775

775

780

783

775

PH, 
water 
whole 
field 

(stan­ 
dard 
units)

8.1

8.1

8.0

8.1

8.6

8.7

8.5

8.5

8.5

8.5

8.5

8.4

8.5

8.4

8.5

8.4

8.4

8.3

8.3

8.3

8.3

8.3

mumm
8.3

8.3

8.3

8.3

8.2

8.1

8.0

8.0

7.9
...

...

 

 

Tem­ 
pera­ 
ture, 
water 
(°C)

25.0

25.0

24.0

20.5

17.5

14.5

11.0

10.0

9.0

8.5

8.0

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5
|^^|^|:^:|^^||^:|||||||

26.0

24.5

24.5

24.0

21.5

19.5

18.5

16.5

15.0

13.0

12.0

11.0

10.0

Oxy­ 
gen, 
dis­ 

solved 
(mg/L)

7.6

7.6

8.2

9.4

7.7

7.7

6.8

6.5

6.2

6.0

5.8

5.4

5.2

5.3

5.1

5.0

4.9

4.6

4.5

4.0

4.0

3.6

7.1

7.3

7.4

7.5

8.3

7.4

6.9

6.6

6.5

6.7

6.7

6.6

6.4

Time

1407

1405

1403

1402

1358

1400

1356

1354

1352

1350

1348

1346

1344

1342

1340

1338

1336

1334

1332

1330

1820

1818 

1816 

1814

1812

1810

1808

1806

1804

1800

1757

1754

1751

1748

1745

1742

Sam­ 
pling 

depth, 
in feet

130

140

150

160

170

180

190

210

230

250

270

290

310

330

350

370

390

410

430

450

1.00

10.0 

20.0 

30.0

40.0

50.0

60.0

70.0

80.0

90.0

100

110

120

130

140

150

Specific 
conduc­ 
tance 

(nS/cm)

PH, 
water 
whole 
field 

(stan­ 
dard 
units)

Tem­ 
pera­ 
ture, 
water 
(°C)

Oxy­ 
gen, 
dis­ 

solved 
(mg/L)

772

785

800

820

850

915

950

980

1,010

1,030

1,040

1,040

1,060

1,070

1,070

1,080

1,080

1,080

1,080

1,080

794

793 

792 

791

774

773

772

776

775

778

782

780

775

772

782

794

 
 
_
 
_
._
 
._
...
 
...
 
--
--
 
--
 
--
 
...

8.3

8.3 

8.3 

8.3

8.2

8.2

8.1

8.0

7.9

7.9

7.8

7.8
 

 

._

...

9.5

8.5

8.5

8.0

8.0

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

8.0

8.0

25.0

24.5 

24.5 

24.5

21.0

20.0

19.0

17.5

14.0

12.0

11.5

10.5

10.5

9.5

8.5

8.5

6.3

6.1

5.9

5.8

5.9

5.8

5.6

5.4

5.4

5.2

5.2

5.3

5.2

5.1

5.0

4.9

4.8

4.5

4.1

3.7

7.3

7.4 

7.4 

7.6

8.2

8.0

7.8

6.7

6.4

6.4

6.2

6.2

6.2

6.2

6.2

5.8
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Table 10. Specific conductance, pH, water temperature, and dissolved-oxygen concentrations in grid 3 of the forebay 
of Lake Powell, 1990-91 Continued

Time
£>£; %:£{ j^'wi&f

1739

1736

1733

1730

1729

1726

1723

1721

1718

1716

1714

1712

1710

1707

1705

1703

1700

||||f||||:

1209

1206

1203 

1201 

1158

1200

1157

1155

1153

1151

1149

1147

1145

1143

1141

1139

1137

1135

1133

1131

Sam­ 
pling 

depth, 
In feet

llllltllllii
160

170

180

190

210

230

250

270

290

310

330

350

370

390

410

430

450

5.00

15.0

25.0 

35.0 

40.0

45.0

50.0

55.0

60.0

65.0

70.0

80.0

90.0

100

110

120

130

140

145

150

Specific 
conduc­ 
tance

(nS/cm)

^^liliSi^i'i^Sl*??^*

825

838

882

910

992

1,020

1,030

1,030

1,040

1,050

1,070

1,070

1,070

1,080

1,080

1,080

1,080

799

798

798 

798 

796

788

785

782

778

782

778

780

780

795

785

780

790

795

805

805

PH, 
water
whole 
field 

(stan­ 
dard 
units)

mmm 
...
...
...
 
 
_
...
 
...
...
. 
...
 
 
 
...

1PMi999

7.9

7.9

7.9 

7.9 

7.8

7.8

7.7

7.7

7.5

7.5

7.4

7.3

7.3

7.2

7.2

7.1

7.1

7.1

7.1

7.1

Tem­ 
pera­ 
ture, 
water

8.0

8.0

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

8.0

8.0

24.5

24.0

24.0 

24.0 

24.0

23.0

22.0

21.0

19.5

18.5

17.5

16.5

14.0

12.0

11.0

10.0

9.0

8.5

8.5

8.0

Oxy­ 
gen, 
dis­ 

solved 
(mg/L)

5.7

5.9

5.8

5.7

5.2

5.2

5.1

5.1

5.1

5.0

4.9

4.9

4.7

4.7

4.6

4.5

4.1

7.8

7.7

7.7 

7.7 

7.7

7.8

8.0

8.0

7.2

6.9

6.6

6.3

6.4

6.2

6.3

6.2

6.2

6.1

6.1

6.1

Time

1129

1127

1126

1124

1122

1120

1118

1116

1114

1112

1110

1108

1106

1104

1102

1100

1058 

1056 

1054

1052

1050

1320

1318

1317

1316

1315

1314

1313

1311

1310

1305

1303

1302

1300

1257

1249

1247

Sam­ 
pling 

depth, 
In feet

155

160

165

170

175

180

190

200

210

230

250

270

290

310

330

350

370 

390 

410

430

450

3.00

10.0

20.0

30.0

40.0

50.0

60.0

70.0

75.0

80.0

85.0

90.0

100

110

120

130

Specific 
conduc­ 

tance 
(nS/cm)

820

835

880

915

920

950

980

1,010

1,030

1,050

1,060

1,070

1,070

1,080

1,080

1,090

1,090 

1,090 

1,090

1,090

1,100

814

814

815

815

815

815

815

816

813

799

798

800

800

801

792

792

PH, 
water
whole 
field 

(stan­ 
dard 
units)

iilSlliillWSlijll
7.1

7.1

7.1

7.1

7.1

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0 

7.0 

7.0

6.9

6.9

8.2

8.2

8.2

8.2

8.2

8.2

8.2

8.2

8.1

7.8

7.7

7.7

7.7

7.7

7.7

7.7

Tem­ 
pera­ 
ture, 
water

8.0

8.0

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5 

7.5 

7.5

7.5

7.5

17.5

17.5

17.5

17.5

17.5

17.5

17.5

17.5

17.0

15.5

14.5

14.0

13.5

12.0

10.5

9.5

Oxygen, 
dis­ 

solved 
(mg/L)

6.2

6.2

6.3

6.3

6.3

6.1

5.9

5.4

5.4

5.3

5.3

5.1

4.9

4.8

4.9

5.0

4.9 

4.8 

4.6

4.4

3.7

7.3

7.3

7.2

7.2

7.2

7.2

7.1

7.3

6.9

4.7

4.6

4.6

4.8

5.0

5.5

5.6
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Table 10. Specific conductance, pH, water temperature, and dissolved-oxygen concentrations in grid 3 of the fcrebay 
of Lake Powell, 1990-91 Continued

Time

1245

1244

1237

1236

1234

1233

1232

1224

1220

1218

1217

1207

1205

1157

1155

1153

1148

1146

1144

1138

1120

1123

1126

1128

1129

1130

1133

1135

1137

1139

1141

1143

1146

1148

1154

1151

1158

1200

Sam­
pling

depth,
In feet

140

150

160

170

180

190

200

220

230

250

270

290

320

350

380

400

420

430

440

450

3.00

10.0

30.0

50.0

70.0

90.0

110

130

140

150

160

170

190

210

215

220

230

240

Specific
conduc­
tance

(iiS/cm)
iiiiittii

801

807

824

838

863

880

925

966

1,010

1,030

1,050

1,070

1,080

1,090

1,100

1,100

1,100

1,100

1,110

1,110

807

808

807

807

807

808

807

808

811

812

818

822

835

870

894

942

997

1,010

PH,
water
whole
field
(stan­
dard
units)

7.6

7.6

7.6

7.6

7.6

7.6

7.6

7.6

7.6

7.6

7.6

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.4

7.4

7.8

7.8

7.9

7.9

7.9

7.9

7.9

7.9

8.0

8.0

8.0

8.0

8.0

7.9

7.8

7.7

7.6

7.6

Tem­
pera­
ture,
water
(°C)

glliiiiiii
9.0

8.5

8.0

8.0

8.0

8.0

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

8.0

8.0

8.0

8.0

8.0

8.0

8.0

8.0

7.5

7.5

7.5

7.5

7.0

7.5

7.5

7.5

7.5

7.5

Oxy­
gen,
dis­

solved
(mg/L)

5.5

5.4

5.6

5.7

5.9

5.9

5.9

5.4

5.1

5.1

5.0

4.4

4.3

3.9

3.6

3.6

3.5

3.6

3.1

2.0

8.5

8.5

8.4

8.4

8.4

8.4

8.3

8.4

8.5

8.6

8.7

8.6

8.4

7.6

7.0

6.0

4.8

4.6

Time

1201

1202

1204

1205

1206

1208

1209

1210

1211

1213

1214

1216

1605

1604

1603

1601

1559

1557

1556

1548

1546

1545

1543

1542

1540

1538

1537

1535

1533

1527

1525

1523

1206

1209

1213

1216

1219

1221

Sam­
pling

depth,
in feet

iSllliiillP

250

270

290

310

330

350

370

390

410

430

450

460

3.00

10.0

50.0

80.0

110

140

160

190

210

215

220

225

230

250

290

330

370

400

430

450

3.00

10.0

30.0

50.0

70.0

90.0

Specific
conduc­
tance

(nS/cm)
Hiipiil

1,020

1,040

1,060

1,060

1,060

1,070

1,070

1,070

1,080

1,080

1,080

1,080

807

807

806

806

807

812

815

835

852

870

894

904

981

1,020

1,050

1,060

1,070

1,080

1,080

1,080

805

806

806

805

805

806

PH,
water
whole
field
(stan­
dard
units)

7.6

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.4

7.4

7.4

8.0

8.0

8.0

8.0

8.0

8.0

8.0

7.9

7.9

7.8

7.8

7.7

7.6

7.5

7.5

7.5

7.5

7.5

7.4

7.4

7.9

7.9

7.9

7.9

7.8

7.8

Tem­
pera­
ture,
water
(°C)

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

8.5

8.0

8.0

8.0

8.0

7.5

7.5

7.0

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

9.0

8.5

8.5

8.0

7.5

7.5

Oxygen,
dls-

sc'ved
(rrn/L)

4.5

4.3

3.9

3.9

3.8

3.6

3.4

3.3

3.0

2.0

1.3

0.8

8.5

8.4

8.3

8.3

8.3

8.5

8.6

8.4

7.9

7.7

7.0

6.8

5.1

4.4

4.1

3.8

3.4

3.1

2.0

1.1

Illlllllll llfi;

9.8

9.8

9.7

9.4

8.8

8.7
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Table 10. Specific conductance, pH, water temperature, and dissolved-oxygen concentrations in grid 3 of the ftrebay 
of Lake Powell, 1990-91 Continued

Time

1223

1225

1237

1227

1229

1231

1233

1240

1241

1244

1246

1248

1250

1252

1254

1256

1258

1300

1302

1305

1307

1308

1551

1553

1555

1557

1559

1600

1602

1603

1605

1606

1610

1611

1613

1615

1617

1618

1619

Sam­
pling

depth,
In feet

ilillilllpij liiiiiiiiillf
110

130

145

150

155

160

165

170

175

190

210

230

250

280

310

340

370

400

430

450

455

460

3.00

10.0

30.0

50.0

70.0

90.0

110

130

145

150

155

160

165

170

175

190

210

Specific
conduc­

tance
(nS/cm)

*:^f^^^-!':!^*i*$*?S:?

807

813

833

834

874

913

936

989

1,000

1,020

1,040

1,040

1,050

1,050

1,060

1,060

1,060

1,060

1,060

1,070

1,070

1,070

806

805

804

803

804

805

807

818

841

833

880

924

971

994

1,010

1,020

1,040

pH,
water
whole
field

(stan­
dard
units)

$|iiiiiiiiii
7.8

7.8

7.8

7.8

7.6

7.6

7.5

7.5

7.5

7.4

7.4

7.4

7.4

7.4

7.4

7.3

7.3

7.3

7.3

7.3

7.3

7.3

7.9

7.9

7.9

7.9

7.9

7.9

7.9

7.8

7.8

7.8

7.7

7.6

7.5

7.5

7.5

7.5

7.4

Tem­
pera­
ture,
water
(°C)

7.0

7.0

7.0

7.0

7.0

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

9.5

9.0

8.5

8.0

7.5

7.5

7.0

7.0

7.0

7.0

7.0

7.5

7.5

7.5

7.5

7.5

7.5

Oxy­
gen,
dis­

solved
(mg/L)

8.7

8.7

8.1

8.2

7.0

6.0

5.5

5.0

4.9

4.6

4.1

3.9

3.6

3.3

3.2

3.0

2.8

2.7

2.1

1.6

1.5

1.5

9.8

9.8

9.6

9.3

8.8

8.7

8.7

8.4

8.0

8.2

6.9

5.8

5.1

4.9

4.7

4.5

4.0

Time

1621

1622

1624

1625

1626

1627

1629

1631

1632

1633

0956

0957

0958

0959

1015

1016

1001

1013

1012

1020

1026

1022

1027

1023

1029

1032

1034

1038

1035

1039

1041

1043

1046

1049

1052

1054

1056

1100

Sam­
pling

depth,
in feet

230

250

280

310

340

370

400

430

450

455

1.00

3.00

10.0

30.0

40.0

45.0

50.0

60.0

70.0

90.0

100

110

120

130

150

170

190

200

210

230

250

270

300

330

360

390

420

450

Specific
conduc­

tance
(nS/cm)

1,050

1,050

1,060

1,060

1,060

1,060

1,060

1,060

1,070

1,070

834

835

835

836

836

836

856

871

884

901

914

954

971

998

1,020

1,050

1,080

1,080

1,090

1,100

1,100

1,100

1,100

1,100

1,100

1,100

1,100

1,100

pH,
water
whole
field

(stan­
dard
units)

iiwP!Bi
7.4

7.4

7.4

7.4

7.4

7.4

7.4

7.3

7.3

7.3

7.8

7.8

7.8

7.8

7.8

7.8

7.8

7.6

7.6

7.6

7.6

7.5

7.5

7.5

7.4

7.4

7.4

7.5

7.5

7.6

7.6

7.6

7.6

7.6

7.6

7.6

7.6

7.6

Tem­
pera­
ture,
water
(°C)

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

8.0

8.0

8.0

8.0

8.0

8.0

8.0

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.0

7.0

7.0

7.0

7.0

7.0

Oxyien,
cfis-

soFved
(irr/L)

3.7

3.5

3.4

3.2

3.0

2.8

2.6

2.2

1.9

1.8

9.7

9.6

9.6

9.6

9.5

9.5

8.5

8.0

7.6

7.2

6.8

6.0

5.6

5.2

4.8

4.4

5.1

5.9

6.5

6.8

6.9

7.0

7.0

6.9

6.9

7.0

6.9

6.9
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Table 10. Specific conductance, pH, water temperature, and dissolved-oxygen concentrations in grid 3 of the forebay 
of Lake Powell, 1990-91 Continued

Time
illllllllll

1103

1254

1256

1258

1313

1315

1318

1320

1327

1329

1332

1333

1334

1335

1337

1339

1340

1342

1344

1346

1347

1349

1350

1352

1354

1356

1358

1359

1400

1401

1402

1405

1406

0915

0917

0919

0921

0923

Sam­
pling

depth,
In feet

455

1.00

3.00

10.0

15.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

100

110

120

130

140

150

160

170

180

190

210

230

250

280

310

340

370

400

430

450

1.00

3.00

10.0

15.0

20.0

Specific
conduc­
tance

(nS/cm)

Sii^^Wwp
1,100

852

852

852

855

852

844

849

850

854

861

865

869

871

880

902

933

965

999

1,010

1,030

1,060

1,090

1,100

1,110

1,110

1,110

1,110

1,110

1,110

1,110

1,110

1,110

853

857

855

857

856

pH,
water
whole
field

(stan­
dard
units)

iffliiwis
7.6

8.0

8.1

8.1

8.1

8.1

8.1

8.0

8.0

7.9

7.9

7.8

7.8

7.8

7.7

7.7

7.6

7.5

7.5

7.5

7.4

7.4

7.5

7.5

7.6

7.6

7.6

7.6

7.6

7.6

7.6

7.6

7.6

8.2

8.2

8.2

8.2

8.2

Tem­
pera­
ture,
water
(°C)

7.0

13.5

13.5

13.5

12.5

12.0

11.0

10.5

9.5

9.0

8.5

8.5

8.5

8.5

8.0

8.0

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

12.0

11.5

11.5

11.0

11.0

Oxy­
gen,
dis­

solved
(mg/L)
lllliiliil

6.8

Illlltilfl

10.3

10.2

10.2

10.4

10.6

10.6

10.5

10.4

9.9

9.4

9.1

8.8

8.7

8.3

7.7

6.9

6.3

5.7

5.5

5.3

5.4

5.9

6.7

7.0

7.0

6.9

6.9

6.8

6.8

6.7

6.6

6.6

10.3

10.3

10.4

10.4

10.4

Time

0926

0929

0935

0937

0938

0940

0942

0943

0945

0946

0948

0952

1000

1001

1003

1004

1005

1006

1014

1008

1016

1018

1020

1021

1023

1024

1026

1027

0627

0630

0632

0634

0637

0642

0644

0647

0649

0654

Sam­
pling

depth,
In feet

30.0

40.0

50.0

60.0

70.0

80.0

90.0

100

110

120

130

140

150

160

170

180

190

210

220

230

250

280

310

340

370

400

430

450

1.00

3.00

10.0

20.0

40.0

50.0

55.0

60.0

70.0

80.0

Specific
conduc­

tance
(nS/cm)

856

856

863

872

875

875

877

883

891

906

929

963

978

994

1,000

1,030

1,040

1,080

1,100

1,110

1,110

1,120

1,120

1,120

1,120

1,120

1,120

1,120

875

876

877

875

873

874

877

878

881

887

PH,
water
whole
field

(stan­
dard
units)

8.2

8.2

8.1

8.0

8.0

8.0

8.0

8.0

8.0

7.9

7.9

7.8

7.8

7.7

7.7

7.7

7.7

7.7

7.8

7.8

7.8

7.8

7.8

7.8

7.8

7.8

7.8

7.8

ilPiliii
8.2

8.2

8.2

8.2

8.2

8.1

8.1

8.0

8.0

7.9

Tem­
pera­
ture,
water
(°C)

gjillllslliil

10.0

9.5

9.0

8.5

8.5

8.5

8.5

8.0

8.0

8.0

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.0

7.0

7.0

7.0

7.0

7.0

7.0

13.0

13.0

13.0

12.5

12.0

11.0

10.5

9.5

9.5

9.0

Oxygen,
dls-

sr'ved
(mg/L)

10.3

10.2

9.7

9.0

8.8

8.7

8.7

8.3

8.1

7.6

7.1

6.4

6.1

5.9

5.7

5.4

5.3

5.4

5.8

6.3

6.5

6.8

6.7

6.6

6.5

6.5

6.4

6.3
tiWllIllilpsi

9.6

9.6

9.6

9.6

9.5

9.3

9.2

8.8

8.4

8.2
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Table 10. Specific conductance, pH, water temperature, and dissolved-oxygen concentrations in grid 3 of the forebay 
of Lake Powell, 1990-81 Continued

Time
;il|l|I|l|:

0656

0658

0705

0707

0710

0712

0713

0715

0718

0720

0721

0723

0727

0728

0730

0731

0733

0735

0739

0740

0742

0743

1219

1221

1223

1224

1225

1227

1229

1234

1232

1237

1239

1241

1243

1245

1246

1248

Sam­
pling

depth,
In feet

90.0
100
110
120

130

140

150

160

170

180

190

200

210

230

250

280

310

340

370

400

430

450

1.00

3.00

10.0

15.0

20.0

30.0

40.0

45.0

50.0

55.0

60.0

70.0

80.0

90.0

100

110

Specific
conduc­

tance
(nS/cm)

viiviiil-isio
888

891

891

900

906

922

937

953

967

997

1,020

1,040

1,060

1,080

1,100

1,100

1,100

1,080

1,080

1,070

1,070

1,070

877

876

876

876

875

874

872

873

872

875

878

884

886

887

891

900

PH,
water
whole
field

(stan­
dard
units)

7.9

7.9

7.9

7.8

7.8

7.8

7.8

7.7

7.7

7.7

7.7

7.7

7.7

7.7

7.7

7.7

7.7

7.7

7.7

7.7

7.7

7.7

8.2

8.2

8.3

8.3

8.3

8.3

8.2

8.2

8.2

8.1

8.0

8.0

7.9

7.9

7.9

7.9

Tem­
pera­
ture,
water
(°C)

8.5

8.5

8.5

8.0

8.0

8.0

8.0

7.5

7.5

7.5

7.5

7.0

7.0

7.0

7.0

7.0

7.0

7.0

6.5

6.5

6.5

6.5

14.5

14.5

14.0

14.0

13.5

13.5

12.5

11.5

11.0

10.0

9.5

9.0

9.0

8.5

8.5

8.0

Oxy­
gen,
dis­

solved
(mg/L)

8.0
7.9

7.9

7.6

7.3

7.2

6.9

6.7

6.4

6.1

5.9

6.1

6.3

6.5

6.6

6.5

6.6

6.7

6.8

6.8

6.8

6.8

9.5

9.5

9.5

9.5

9.5

9.5

9.4

9.4

9.3

8.7

8.7

8.3

8.1

8.0

7.8

7.6

Time

1250

1251

1253

1255

1259

1257

1301

1302

1304

1306

1307

1311

1309

1313

1314

1316

1317

2038

2040

2042

2045

2048

2050

2053

2056

2059

2102

2104

2107

2110

2116

2118

2120

2122

2124

2127

2129

Sam­
pling

depth,
in feet

120

130

150

170

180

190

210

230

250

280

310

330

340

370

400

430

450

Specific
conduc­

tance
(jjiS/cm)

913

925

941

973

998

1,020

1,050

1,080

1,080

1,100

1,100

1,090

1,080

1,080

1,080

1,070

1,070

1.00

3.00

10.0

15.0

20.0

25.0

30.0

40.0

45.0

50.0

55.0

60.0

65.0

70.0

80.0

90.0

100

110

130

150

895

895

895

895

888

887

888

889

889

884

885

884

885

866

888

895

890

893

905

928

pH,
water
whole
field

(stan­
dard
units)

7.8

7.8

7.8

7.7

7.7

7.7

7.7

7.7

7.8

7.8

7.8

7.8

7.8

7.8

7.8

7.8

7.8

8.3

8.3

8.3

8.4

8.3

8.3

8.3

8.3

8.3

8.2

8.1

8.0

8.0

7.9

7.9

7.8

7.8

7.7

7.6

7.6

Tem­
pera­
ture,
water
(°C)

8.0

8.0

7.5

7.5

7.5

7.5

7.0

7.0

7.0

7.0

7.0

7.0

7.0

6.5

6.5

6.5

6.5

21.5

21.5

21.5

20.5

18.5

18.0

17.5

17.0

16.5

14.5

13.5

12.5

11.5

11.5

10.5

10.0

9.5

9.0

8.5

8.0

Oxygen,
dls-

sc'ved
(m/L)

7.4

7.1

6.9

6.3

6.1

6.1

6.1

6.4

6.4

6.6

6.6

6.7

6.8

6.8

6.8

6.8

6.8

8.3

8.3

8.4

8.6

9.5

9.6

9.6

9.7

9.8

9.5

9.3

9.0

8.8

8.7

8.5

8.1

8.0

7.8

7.4

7.1
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Table 10. Specific conductance, pH, water temperature, 
of Lake Powell, 1990-91 Continued

and dissolved-oxygen concentrations in grid 3 of the fcrebay

Time

2130

2135

2133

2137

2138

2140

2142

2144

2145

2147

2149

2151

2153

2154

2156

2158

IfHllllll

0527

0529

0531

0533

0536

0540

0543

0546

0548

0551

0554

0557

0559

0600

0602

0608

0605

0610

0613

0615

0618

0621

Sam­ 
pling 

depth, 
in feet

160

170

180

190

200

220

240

270

300

330

360

390

420

450

455

460

1.00

3.00

10.0

15.0

20.0

25.0

30.0

35.0

40.0

45.0

50.0

55.0

60.0

65.0

70.0

75.0

80.0

85.0

90.0

100

110

120

Specific 
conduc­ 
tance

(nS/cm)

iifm^iiipiii1
937

964

993

1,010

1,040

1,070

1,080

1,100

1,110

1,100

1,100

1,100

1,090

1,090

1,090

1,090

900

900

900

895

896

894

889

890

891

887

888

887

887

886

887

889

887

892

897

8%

894

903

PH, 
water 
whole 
field 
(stan­ 
dard 
units)

flMHli
7.6

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

8.5

8.5

8.5

8.5

8.5

8.5

8.5

8.5

8.5

8.4

8.4

8.3

8.3

8.3

8.2

8.2

8.1

8.1

8.0

8.0

8.0

7.9

Tem­ 
pera­ 
ture, 
water

8.0

7.5

7.5

7.5

7.0

7.0

7.0

7.0

7.0

7.0

6.5

6.5

6.5

6.5

6.5

6.5

21.0

21.0

21.0

20.5

20.0

19.0

18.0

17.0

16.5

15.0

14.0

13.5

13.5

13.0

12.5

12.0

11.5

11.0

10.0

10.0

9.5

8.5

Oxy­ 
gen, 
dis­ 

solved 
(mg/L)

6.9

6.5

6.2

6.0

5.9

6.0

6.2

6.3

6.3

6.4

6.4

6.4

6.4

6.4

6.4

6.2

8.5

8.5

8.5

8.7

8.9

9.4

9.7

9.9

9.9

9.6

9.4

9.4

9.3

9.1

9.1

9.0

8.7

8.6

8.2

8.1

8.0

7.6

Time
lillillf

0623

0626

0628

0629

0631

0632

0633

0635

0638

0639

0641

0643

0645

0646

0648

0649

0651

1241

1243

1244

1248

1250

1252

1256

1259

1302

1304

1307

1310

1313

1315

1316

1321

1324

1327

1329

1331

1336

1338

Sam­ 
pling 

depth, 
in feet

140

150

160

170

180

190

200

210

230

250

270

300

330

360

390

420

455

1.00

3.00

10.0

15.0

20.0

25.0

30.0

35.0

40.0

45.0

50.0

55.0

60.0

65.0

70.0

75.0

80.0

85.0

90.0

100

110

120

Specific 
conduc­ 

tance
(nS/cm)

912

916

924

956

948

969

999

1,010

1,040

1,060

1,080

1,110

1,120

1,100

1,100

1,100

1,100

887

887

886

888

887

886

879

878

878

876

876

876

876

875

874

876

881

884

886

885

882

889

PH, 
water 
whole 
field 
(stan­ 
dard 
units)

Ills'lwilsi?
7.8

7.8

7.8

7.8

7.8

7.7

7.7

7.7

7.7

7.7

7.7

7.7

7.7

7.7

7.7

7.7

7.7

8.5

8.5

8.5

8.5

8.5

8.5

8.5

8.5

8.5

8.4

8.4

8.4

8.3

8.3

8.2

8.2

8.1

8.0

8.0

8.0

8.0

7.9

Tem­ 
pera­ 
ture, 
water

Blllliilllll
8.0

8.0

8.0

8.0

7.5

7.5

7.5

7.5

7.0

7.0

7.0

7.0

7.0

7.0

6.5

6.5

6.5

22.0

22.0

21.5

21.5

21.0

20.0

19.0

17.5

16.0

15.0

15.0

14.5

14.0

13.0

12.5

11.5

11.0

10.5

10.0

10.0

9.5

9.0

Oxygen, 
dls- 

sc'ved 
(iri/L)

mmmmmm
7.4

7.4

7.2

6.6

6.8

6.6

6.2

6.1

6.0

6.0

6.3

6.3

6.5

6.5

6.5

6.5

6.5

8.5

8.5

8.5

8.4

8.5

8.9

9.5

9.9

9.9

9.8

9.8

9.6

9.5

9.3

9.1

8.9

8.7

8.5

8.4

8.2

8.1

7.8
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Table 10. Specific conductance, pH, water temperature, and dissolved-oxygen concentrations in grid 3 of the fcrebay 
of Lake Powell, 1990-91 Continued

Time

1340

1341

1343

1344

1346

1347

1349

1351

1352

1354

1356

1357

1359

1400

1401

1403

1404

1405

1456

1457

1459

1500

1505

1508

1510

1512

1515

1517

1519

1521

0815

0817

0818

0820

0822

0824

0827

Sam­ 
pling 

depth, 
In feet

130

140

150

160

170

180

190

200

210

230

250

270

300

330

360

390

420

455

1.00

3.00

10.0

20.0

25.0

30.0

35.0

40.0

45.0

50.0

55.0

60.0

1.00

3.00

10.0

20.0

25.0

30.0

35.0

Specific 
conduc­ 

tance
(nS/cm)

892

895

902

910

919

950

957

994

1,020

1,050

1,070

1,080

1,100

1,100

1,090

1,090

1,080

1,080

880

880

881

881

881

871

868

867

870

871

867

865

891

891

891

888

887

881

873

PH, 
water 
whole 
field 

(stan­ 
dard 
unite)

7.9

7.9

7.8

7.8

7.8

7.8

7.7

7.7

7.7

7.7

7.7

7.7

7.7

7.7

7.7

7.7

7.7

7.7

8.3

8.3

8.3

8.3

8.3

8.3

8.3

8.3

8.3

8.3

8.3

8.3

8.2

8.3

8.3

8.3

8.3

8.3

8.3

Tem­ 
pera­ 
ture, 
water

" :«*'::: : :.;&:$^£0*:i*&:

8.5

8.5

8.5

8.0

8.0

8.0

7.5

7.5

7.5

7.0

7.0

7.0

7.0

7.0

7.0

6.5

6.5

6.5

26.5

26.5

26.5

26.5

25.5

24.5

23.5

22.0

21.0

20.5

19.0

18.5

25.5

25.5

25.5

25.5

25.0

24.5

22.5

Oxy­ 
gen, 
dis­ 

solved 
(mg/L)

7.6

7.6

7.4

7.3

7.1

6.5

6.5

6.1

5.9

6.1

6.3

6.4

6.4

6.5

6.5

6.5

6.5

6.5

7.9

7.9

8.0

8.0

8.4

10.0

10.6

10.3

9.6

9.2

9.0

8.9

8.4

8.4

8.5

8.6

8.8

9.4

10.6

Time

Sam­ 
pling 

depth, 
in feet

0829

0833

0835

0838

0840

0842

0845

0847

0849

0852

0854

0856

0859

0902

0904

0906

0908

0910 

0912 

0913

0915

0916

0918

0920

0921

0923

0924

0926

0927

0928

0930

0909

0910

0912

0914

0916

0919

0921

40.0

45.0

50.0

55.0

60.0

65.0

70.0

80.0

85.0

90.0

100

110

120

130

140

150

160

170 

180 

190

200

220

240

260

290

320

350

380

410

440

455

1.00

3.00

10.0

20.0

30.0

35.0

40.0

Specific 
conduc­ 
tance 

(nS/cm)

nHteUP
878

875

877

875

873

871

873

872

874

874

879

875

867

877

889

893

904

907 

930 

961

1,000

1,040

1,060

1,070

1,070

1,090

1,090

1,090

1,090

1,090

1,090

889

889

889

891

890

885

880

pH, 
water 
whole 
field 

(stan­ 
dard 
unite)

Hn^iiiii
8.3

8.3

8.3

8.3

8.3

8.3

8.3

8.2

8.2

8.1

8.0

8.0

7.9

7.8

7.7

7.7

7.7

7.6 

7.6 

7.6

7.6

7.6

7.6

7.6

7.6

7.6

7.6

7.6

7.6

7.6

7.6
JiHpiiiiii^K

8.2

8.2

8.2

8.3

8.2

8.2

8.2

Tem­ 
pera­ 
ture, 
water

llpiiflslliil

21.5

21.0

20.0

19.5

18.0

17.5

16.5

15.5

14.5

14.0

13.5

12.5

11.5

10.5

9.5

8.5

8.5

8.0

7.5 

7.5

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

6.5

6.5

6.5

26.0

26.0

26.0

26.0

25.5

24.5

24.0

Ox^'qen, 
dls- 

sc'ved 
(m/L)

9.7

9.5

9.0

8.9

8.8

8.8

8.6

8.3

8.4

8.0

7.6

7.8

7.3

7.1

6.8

6.7

6.6

6.5 

6.3 

6.0

5.8

5.9

6.0

6.1

6.0

6.1

6.1

6.3

6.1

5.9

5.6

7.7

7.7

7.7

7.6

8.0

8.5

9.2
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Table 10. Specific conductance, pH, water temperature, and dissolved-oxygen concentrations in grid 3 of the forebay 
of Lake Powell, 1990-91 Continued

Time
 :&:':-:-:v::!:]:;:::;::::::i:?Si£::;::*:: 
:o:-v£-%::S;::::::::::':'->';>W;::::

0924

0927

0929

0932

0935

0937

0939

0942

0945

0948

0951

0953

0955

0958

1000

1002

1003

1006

1009

1011

1013

1015

1017

1018

1020

1021

1022

1023

1025

1444

1446

1449

Sam­ 
pling 

depth, 
In feet

45.0

50.0

55.0

60.0

70.0

75.0

80.0

90.0

100

110

120

125

130

140

150

160

170

180

190

200

220

240

270

300

330

360

390

420

450

1.00

3.00

10.0

Specific 
conduc­ 
tance 

(nS/cm)

873

877

876

874

873

875

873

875

875

873

873

877

876

883

886

910

924

946

992

1,010

1,040

1,050

1,070

1,070

1,080

1,080

1,080

1,090

1,080

iBHBB
871

871

872

PH, 
water
whole 
field 

(stan­ 
dard 
units)

8.2

8.1

8.1

8.1

8.0

8.0

8.0

8.0

7.9

7.9

7.8

7.8

7.7

7.6

7.6

7.5

7.5

7.5

7.4

7.4

7.4

7.4

7.4

7.4

7.4

7.4

7.4

7.4

7.4

8.3

8.3

8.3

Tem­ 
pera­ 
ture, 
water

22.0

20.5

19.5

19.0

18.0

17.5

16.5

15.5

14.5

13.5

12.0

11.5

11.0

10.0

9.0

8.0

8.0

7.5

7.5

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

6.5

6.5

Iflllillltl
24.5

24.0

24.0

Oxy­ 
gen, 
dis­ 

solved 
(mg/L)

9.6

8.8

8.4

8.1

7.9

7.7

7.6

7.3

7.0

7.1

7.0

6.9

6.8

6.8

6.6

6.3

6.3

6.1

5.6

5.4

5.8

5.8

5.5

5.7

5.7

5.8

5.7

5.7

4.9

7.8

7.8

7.9

Time

1450

1453

1454

1459

1500

1501

1503

1505

1507

1508

1510

1511

1516

1517

1518

1520

1521

1522

1523

1524

1525

1528

1530

1532

1533

1534

1535

1537

1538

1539

1540

1541

Sam­ 
pling 
depth, 
In feet

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

100

110

120

130

140

150

160

170

180

190

200

220

240

260

280

300

320

340

360

380

400

420

440

450

Specific 
conduc­ 

tance 
(nS/cm)

870

871

871

872

851

850

850

856

858

852

858

857

866

874

892

903

920

933

964

1,010

1,020

1,030

1,040

1,050

1,050

1,060

1,060

1,060

1,060

1,060

1,060

1,060

PH, 
water
whole 
field 

(stan­ 
dard 
units)

8.3

8.3

8.3

8.2

8.0

7.9

7.9

7.8

7.7

7.8

7.7

7.6

7.5

7.5

7.5

7.5

7.4

7.4

7.4

7.4

7.4

7.4

7.4

7.4

7.4

7.3

7.3

7.3

7.3

. 7.3

7.3

7.3

Tem­ 
pera­ 
ture, 
water

23.5

23.0

23.0

22.5

21.5

19.0

17.5

16.0

15.0

14.0

13.0

11.5

10.0

9.0

8.5

8.0

8.0

7.5

7.5

7.5

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

Oxygen, 
dis- 

sc'ved 
(iri/L)

llilllllllft
8.2

8.1

7.9

7.5

8.0

6.9

6.5

6.0

5.1

6.5

6.3

5.9

6.0

6.0

6.1

6.1

6.1

6.0

5.7

5.1

5.3

5.6

5.4

5.4

5.2

5.0

4.9

4.8

4.9

4.9

4.6

4.2
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Table 11. Specific conductance, pH, water temperature, and dissolved-oxygen concentrations in grid 4 of the fcrebay 
of Lake Powell, 1990
[nS/cm; microsiemens per centimeter at 25°C; °C, degrees Celsius; mg/L, milligrams per liter]

Time

Sampling 
depth, 
In feet

Specific 
con­ 
duct­ 
ance

(nS/cm)

PH, 
water 
whole 
field 
(stan­ 
dard 
units)

1540
1538
1536
1534
1532
1529
1528
1527
1525
1523
1521
1520
1519
1517
1516
1515
1513
1512
1511
1510
1509
1508
1507
1506
1505
1503
1502
1501
1500
1459
1458
1456
1455
1454
1453
1452
1451
1450

5.00
15.0
25.0
35.0
40.0
45.0
50.0
55.0
60.0
70.0
80.0
90.0

100
110
120
130
140
150
160
165
170
175
180
190
200
210
230
250
270
290
310
330
350
370
390
400
420
440

800
800
800
800
795
790
780
780
780
780
780
790
790
790
790
790
800
815
802
850
890
910
930
960

1,010
1,020
1,050
1,060
1,070
1,070
1,070
1,080
1,080
1,090
1,090
1,080
1,090
1,100

7.9
7.9
7.9
7.9
7.8
7.7
7.6
7.6
7.5
7.5
7.4
7.4
7.1
7.1
7.1
7.1
7.1
7.1
7.1
7.1
7.1
7.1
7.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0
6.9

Tem­ 
pera­ 
ture, 
water

24.5
24.5
24.0
24.0
23.5
22.5
21.0
19.5
19.0
17.5
16.0
13.0
11.5
11.0
9.5
9.0
8.5
8.0
8.0
8.0
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5

Oxy­ 
gen, 
dis­ 

solved 
(mg/L)

7.7
7.7
7.7
7.7
7.7
7.8
8.0
7.3
7.0
6.5
6.3
6.5
6.0
6.1
6.1
6.0
5.9
6.0
6.1
6.2
6.2
6.2
6.1
5.8
5.4
5.3
5.1
5.1
4.9
4.9
4.9
4.9
5.0
4.9
4.8
4.7
4.6
5.0

Time

1609
1608
1607
1606
1605
1604
1603
1602
1600
1559
1558
1552
1550
1547
1542
1541
1540
1539
1538
1537
1536
1535
1532
1531
1530
1528
1527
1526
1525
1524
1522
1521
1520
1519
1518
1517
1515

Sampling 
depth, In 

feet

3.00
10.0
20.0
30.0
40.0
50.0
60.0
70.0
75.0
80.0
85.0
90.0

100
110
120
130
140
150
160
170
180
190
200
210
220
230
250
270
290
320
340
360
380
400
420
430
440

Specific 
con­ 
duct­ 
ance

(nS/cm)

9HMI
812
813
814
814
814
814
814
817
820
805
800
803
799
788
794
800
808
816
832
848
860
855
927
968
990

1,000
1,020
1,040
1,070
1,080
1,090
1,090
1,100
1,100
1,100
1,100
1,100

pH, 
water 
whole 
field 
(stan­ 
dard 
units)

i^umi
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.1
7.7
7.7
7.7
7.7
7.7
7.6
7.6
7.6
7.6
7.6
7.6
7.6
7.6
7.6
7.6
7.6
7.6
7.6
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5

Tem­ 
pera­ 
ture, 
water

17.5
17.5
17.5
17.5
17.5
17.5
17.5
17.0
16.5
15.0
14.5
14.0
12.5
10.5
9.5
9.0
8.5
8.5
8.0
8.0
8.0
8.0
7.5
7.5
7.5
7.5
7.5
7.5
8.0
8.0
7.5
7.5
7.5
7.5
7.5
7.5
7.5

Oxy­ 
gen, 
dis­ 

solved 
(mg/L)

llllllllilll-
7.5
7.4
7.4
7.3
7.3
7.3
7.3
7.3
6.9
4.7
4.2
4.4
4.8
5.6
5.6
5.5
5.4
5.5
5.7
5.8
5.8
5.7
6.0
5.9
5.6
5.0
4.9
4.5
4.4
4.4
3.9
3.8
3.6
3.6
3.5
3.5
3.2
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Table 12. Specific conductance, pH, water temperature, and dissolved-oxygen concentrations in grid 33 of the fc'ebay 
of Lake Powell, 1990-91
[jiS/cm, microsiemens per centimeter at 25°C; °C, degrees Celsius; mg/L, milligrams per liter. Dashes indicate no data]

Time

1140
1135
1131
1128
1125
1122
1120
1117
1114
1112
1109
1107
1104
1101
1059
1056
1053
1050
1048
1045

1600
1558
1555
1551
1547
1544
1541
1538
1536
1534
1532
1530
1529
1528
1526
1524
1522
1521
1519
1517

Sam­
pling

depth,
in feet

3.00
16.0
32.0
50.0
65.0
82.0
99.0

115
133
165
196
231
263
295
328
361
395
426
463
476

1.00
10.0
20.0
30.0
40.0
50.0
60.0
70.0
80.0
90.0

100
110
120
130
140
150
160
170
180
190

Spe­
cific
con­
duct­
ance

(nS/cm)
 HHM

805
805
806
786
785
789
796
803
803
829
951

1,020
1,050
1,060
1,080
1,080
1,090
1,090
1,090
1,120

iinfpHllllil
793
793

794
794

776
773

772

773

772

781
782

780

775

772

787

800

830

860

903

930

pH,
water
whole
field

(stan­
dard
units)

8.0
8.1
8.1
8.4
8.5
8.5
8.5
8.4
8.3
8.3
8.3
8.3
8.2
8.1
8.0
7.9
7.8
7.7
7.6
7.5

8.3
8.3
8.3
8.3
8.2
8.2
8.1
8.1
8.0
7.9
...
...
._
 
._
...
...
...
._
...

Tem­
pera­
ture,
water

(°C)

25.0
24.5
24.5
19.5
17.0
13.5
11.0
10.0
8.5
8.0
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
8.0
8.0

25.0
24.5
24.5
24.0
21.0
19.0
18.0
17.0
14.5
12.5
11.5
10.5
10.0
9.0
8.5
8.5
8.0
8.0
7.5
7.5

Oxy­
gen,
dis­

solved
(mg/L)

7.7

7.7

7.7

8.8

7.7

7.5
6.9

6.7

6.2

6.1

5.6

5.4

5.3

5.3

5.1
5.1
5.1

4.9

4.5

3.1

7.3
7.4

7.4

7.5
8.5

7.6

7.0

6.7

6.6

6.4

6.2

6.3

6.2

6.2

6.0

5.8

5.7

5.8

5.7

5.6

Time

1515
1513
1511
1509
1507
1505
1503
1501
1459
1457
1455
1332
1331
1330
1328
1327
1326
1324
1323
1322
1321
1320
1319
1318
1317
1316
1315
1313
1312
1311
1310
1309
1307
1305
1304
1303
1301
1259
1257
1255
1253

Sam­
pling

depth,
in feet

210
230
250
270
300
330
360
390
420
450
465

5.00
15.0
25.0
35.0
40.0
45.0
50.0
55.0
60.0
70.0
80.0
90.0

100
110
120
130
140
150
155
160
165
170
175
180
190
200
210
230
250
270

Spe­
cific
con­
duct­
ance

(nS/cm)

980
1,000
1,020

1,040

1,050
1,060
1,070

1,070

1,080

1,070

1,070

799

798

798

797
793

786

781

775

778

778

775
778

789

787

783
793

795

815

827

858
881

909

930

953

985

998

1,020

1,030

1,050

1,070

pH,
water
whole
field
(stan­
dard
units)

 B^HSSWB
._
...
...
...
 
...
_.
 
...
...
_.
7.9

7.9

7.9

7.9

7.8
7.7

7.7

7.6

7.5

7.4

7.3
7.2

7.1

7.1
7.1

7.1

7.0

7.0

7.1

7.1
7.1

7.1

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

Tem­
pera­
ture,
water
(°C)

7.5

7.5
7.5

7.5

7.5

7.5
7.5

7.5

7.5

8.5

8.5

24.5

24.0
24.0

24.0

23.5
22.5

21.5

20.0

19.0

17.5

16.5
14.0

11.5

11.0

10.0
9.0

8.5

8.0

8.0

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

Oxy­
gen,
dis­

solved
(mg/L)

5.2
5.2
5.2
5.0
5.0
4.9
4.8
4.5
4.5
4.4
4.5
7.8
7.8
7.8
7.7
7.6
7.8
8.1
8.0
7.1
6.6
6.4
6.4
6.0
6.0
6.2
6.1
6.1
6.1
6.2
6.3
6.3
6.3
6.2
6.0
5.7
5.6
5.4
5.5
5.3
5.1
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Table 12. Specific conductance, pH, water temperature, and dissolved-oxygen concentrations in grid 33 of the fcrebay 
of Lake Powell, 1990-91 Continued

Time

1251

1249

1247
1246
1245

1243

1242

1240

1502

1501
1500

1458
1457

1456

1455

1454

1452

1449

1446

1444

1443
1441
1439

1438

1436

1435

1433

1431

1430
1429

1428
1427
1425

1423

1421

1420

1417

1416

1414

1413

1412

1410

Sam­ 
pling 

depth, 
in feet

290

310
330
350
370

390
410

420

3.00

10.0

20.0

30.0
40.0

50.0

60.0

70.0

75.0

80.0

85.0

90.0

100
110
120

130

140

150

160

170

180

190
200
210

220

230

250

270

290

320

340

360

380
400

Spe­ 
cific 
con­ 
duct­ 
ance 

(nS/cm)

HiiiiBi
1,070

1,080

1,080
1,080

1,090

1,090

1,090

1,090

Illlillll
812

813

813
814
814

814

814

814

815

802
804

806

805
807
791
794

808

818

830

849

871

901
927

963

990

1,010

1,030

1,050
1,070

1,090

1,090

1,090

1,090
1,100

PH, 
water 
whole 
field 
(stan­ 
dard 
units)

!v^j:5i£:j'?^W :

7.0

7.0

7.0
7.0
7.0

7.0
7.0

7.0

iiiiii
8.2

8.2

8.2

8.2
8.2

8.2

8.2

8.2

8.2

7.8

7.6

7.6
7.6

7.6
7.6
7.6

7.6

7.6

7.6

7.6

7.6

7.6

7.6
7.6

7.6

7.6

7.6

7.5

7.5

7.5

7.5

7.5

7.5
7.5

Tem­ 
pera­ 
ture, 
water

|§ijg|^i;K;:H;i::; 
S!S3K>Ssii ;;iliS§aS

7.5

7.5
7.5
7.5

7.5

7.5

7.5

7.5

17.5

17.5

17.5

17.5
17.5

17.5

17.5

17.5

17.5

16.0

14.5

14.0

12.5

11.0
10.0

9.0

8.5

8.5

8.0

8.0

8.0
7.5

7.5

7.5
7.5

7.5

7.5

7.5

8.0

8.0

7.5

7.5

7.5

7.5

Oxy­ 
gen, 
dis­ 

solved 
(mg/L)

5.0

4.9
4.9

5.0
5.0

4.7

4.6

4.7

Illlllll
7.4

7.4

7.4

7.3
7.3

7.3
7.4

7.3

7.3

4.9

4.1

4.1
4.6

4.7

5.6
5.6

5.4

5.5

5.6

5.8

5.9
5.9

6.0
6.0

5.6

5.0

4.9

4.9

4.4

4.0

3.9

3.9
3.6

3.6

Time
Illlllll

1408

1408
1410

1411

1413

1414

1415

1416

1418

1419

1420

1421
1422

1424

1425

1427

1429

1430

1432

1433
1434

1436
1437

1439

1440

1441

1442

1444

 -iSl^liS'^vloiviv/ivivo

1423

1421
1418
1416

1414

1412

1410

1408

1406

1404

1402
1400

1358

Sam­ 
pling 

depth, 
in feet

410

3.00
10.0

30.0

50.0

70.0

90.0
130

150

160

170

190
210

215

220

225

230

240

250

270

290

310
330
350

370

390

410

420

3.00

10.0

30.0

50.0

70.0

90.0

110

130

145
150

155

160

165

Spe­ 
cific 
con­ 
duct­ 
ance 

(nS/cm)

1,100

806
804

804

805

805

805

805

809

812

826

836
852

854

865

960

992

1,000

1,020

1,040

1,050

1,060
1,060

1,070

1,070

1,080

1,070

1,080
^I^^B|j^jj|jw|j|jjujib

806

807
806
804

804

806

807
814

832

821

856
914

959

pH, 
water 
whole 
field 
(stan­ 
dard 
units)

HiiHiii
7.5

7.8

7.8
7.9

7.9

7.9

7.9

7.9

7.9

8.0

8.0

7.9
7.9

7.9

7.9

7.6

7.6

7.6

7.5

7.5
7.5

7.5
7.5

7.5

7.5

7.5

7.5

7.5

7.9
7.9

7.9

7.9

7.9

7.9

7.9

7.8

7.8

7.8

7.7
7.5

7.5

Tem­ 
pera­ 
ture, 
water

7.5

8.5
8.0

8.0

8.0

8.0

8.0

8.0

7.5

7.5

7.5

7.5
7.5

7.0

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5
7.5

7.5

7.5

7.5

7.5

7.5

8.5

8.5

8.0
7.5

7.5

7.5

7.0

7.0

7.0

7.0

7.0
7.5

7.5

Oxy­ 
gen, 
dis­ 

solved 
(mg/L)

3.5

8.7
8.6

8.5

8.5

8.5

8.5
8.4

8.6

8.7

8.6
8.4

8.1

8.0

7.8

5.6

4.9

4.8

4.4

4.3
4.1

4.0
3.8

3.7

3.5

3.3

3.0

3.0

9.7

9.7

9.5
9.1

8.8

8.6

8.6

8.5

8.2

8.4

7.4

5.9

5.1
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Table 12. Specific conductance, pH, water temperature, and dissolved-oxygen concentrations in grid 33 of the fo'ebay 
of Lake Powell, 1990-91 Continued

Time
lillfllll

1356
1355

1353

1351

1350
1346

1344

1342

1340

1338

1335

1333

1032
1034

1037

1038

1040

1042

1043

Sam­
pling

depth,
In feet

170
175

190
210

230

250

280

310

340

370

400

420

3.00

10.0

30.0

40.0

50.0

60.0

70.0

Spe­
cific
con­
duct­
ance

(liS/cm)
^Hfw^Pi:;^;?:!-;:::

997
997

1,030
1,040

1,040
1,040

1,050

1,060

1,060

1,060

1,060

1,060

limn
832

838
833

832

833

834

837

pH,
water
whole
field
(stan­
dard
units)

glplPw!^^**!^!

7.5
7.4

7.4
7.4

7.4
7.4

7.4

7.3

7.3

7.3

7.3

7.3

7.7

7.8
7.8

7.8

7.8

7.9

7.8

Tem­
pera­
ture,
water
(°C)

7.5
7.5

7.5
7.5

7.5
7.5

7.5

7.5

7.5

7.5

7.5

7.5

xwz^txwxstfStttt:

8.5

8.5

8.5

8.0

8.0

8.0

8.0

Oxy­
gen,
dis­

solved
(mg/L)

4.8
4.8

4.2
4.0

3.9
3.7

3.3

3.1

2.8

2.6

2.5

2.6

10.2

10.2
10.2

10.1

10.0

9.9

9.7

Time

1046
1048

1052
1050

1055
1102

1059

1103

1135

1105

1108

1110

1116

1113

1118

1119

1121

1123

1125

Sam­
pling

depth,
in feet

80.0
90.0

100

110
120

130

140

150

160

170

190

210

220

230

250

270

300

330

360

Spe­
cific
con­
duct­
ance

(jiS/cm)
HHM&   ̂ JJff-'**!' 9S

855

858

870

885
894
917

969

979

1,020

1,020

1,040

1,060

1,070

1,090

1,100
1,100

1,100

1,100

1,100

PH,
water
whole
field

(stan­
dard
units)

7.8
7.7

7.7
7.7

7.6
7.6

7.5

7.5

7.5

7.4

7.4

7.4

7.5

7.5

7.6
7.6

7.6

7.6

7.6

Tem­
pera­
ture,
water
(°C)

8.0
8.0

8.0
7.5

7.5
7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.0

7.0

Oxy­
gen,
dis­

solved
(mg/L)

8.8
8.6

8.1
7.7

7.4

6.7

5.7

5.5

4.8
4.7

4.6

4.4

5.0
6.0

6.5
6.8
6.9

6.9

6.9
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Table 13. Specific conductance, pH, water temperature, and dissolved-oxygen concentrations in outflows (draft tubes) 
of Glen Canyon Dam, 1990-91
[jiS/cm, microsiemens per centimeter at 25°C; °C, degrees Celsius; mg/L, milligrams per liter. Dashes indicate no data]

Time

0900

0901

1550

1551

2145 

2146

0940

0941 

1540 

1541

2140

2141

0600

1200

1800 

2400

0600

1200

1800

2400

0700 

1400

Specific con­ 
ductance 
(nS/cm)

910

910

875

875

888 

888

920

920 

880 

880

840

840

803

850

830
: : ; :«:;:j: : i ;S:«;:i: : :; :;:?K:?S'S::^j^;:K.;:::|.^::::::iyggg| 

?:; '3i'F^i £:^

840

970

930

879

865 

860

pH, water 
whole field 
(standard 

units)

8.0

7.9

7.8

7.8

8.0 

8.0

8.0

8.0

7.8 

7.8

7.8

7.8

7.6

7.8

7.8

7.8

7.2

7.7

7.5

7.8 

8.0

Temper­ 
ature, 
water 
(°C)

8.4

8.4

8.5

8.5

8.5 

8.5

lillllilllSlilillil

8.3

8.3 

8.5 

8.5

8.5

8.5

8.5

9.0

9.0 

8.0

8.5

8.9

8.5

8.5

7.5 

8.0

Oxygen, 
dis­ 

solved 
(mg/L)

7.4

7.4

7.6

7.5

7.7 

7.7

8.3

8.3 

8.3 

8.3

8.6

8.6

IlillillllllS

7.2

6.9

6.7 

6.9

liltlillliff'

78.0

7.5

7.2

~

::::'^; :^ : ::^1;;Si :;i:':'-; i:?::!^: :^:!:

:

Time

i?il: ill

2100

11 1
0700

1111 II
0720 

1415

2115

0830

1535 

2200

1330

1830

2400

111111

0615 

1300

1900

2340

itfiii
0545

0730

1400 

2000

Specific con­ 
ductance 
(nS/cm)

11
919

870

II II
1,060

1,070

lilllflililivl iillllfl; I

992 

1,090 

1,040

963

 

960

__

950

960

f 1111
-

:^-:':;:V : j?;£: ''Mitt W£ % '$$'i&$::-$:

935

930 

980

pH, water 
whole field 
(standard 

units)

7.8

iawryl7, 1*

8.0

7.7 

7.6

7.8

7.7 

7.6 

8.0

7.4

7.8

7.8

iiBHflSl

7.8

7.6

8.0

7.8

7.8

7.7 

7.8

Temper­ 
ature, 
water 
(°C)

8.0
 AiMf^:': 1 :-:' iY:':£i:: : £:: ; ;::i tfivJ: :S:i:
3WtS::# '^fS't&t^&t't-.

8.0

111
7.5 

8.0

8.0

lipp|||:||:| :f. |||| Si

8.0 

8.0 

8.0

8.0

8.0

8.5

||||||1||||:: ||!;

8.0 

8.0

8.0

8.0

8.0
ilii&H:.:: : &:.:::v l.y'-X^.'i^:

lte;&&£&: : \mm^

8.5

8.5 

8.5

Oxygen, 
<<'s- 

sc'ved 
(mg/L)

1 :I::1I:1||1|:I. it-is

 

9.1

8.2

7.8

7.9

7.7 

7.2

lliiiiiSlSi'

7.3

7.4

7.9

7.4

7.2

7.5

7.0

P: I :f?i;H i&if'illf-SS

7.0

6.9

6.5 

6.5
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Nutrient and Organic-Carbon Data
Table 14. Concentrations of dissolved ammonia, nitrite, nitrite plus nitrate, orthophosphorus, and 
organic carbon in grid 2 of the forebay of Lake Powell, 1990-91
[mg/L, milligrams per liter; <, less than. Dashes indicate no data]

Time
.^:-:::i»:i:-:':i:i^|:;'^!:g;:S^S
y£:;#£jijii;:';#i:;;$p:#:

0600
0601
0602
0603
1200
1201
1202
1203
1800
1801
1802
1803
2357
2358
2359
2400

Illllilllll
0600
0601
0602
0603
1200
1201
1202
1203
1800
1801
1802
1803
2357
2358
2359
2400

1401
1402
1403
2101
2102
2103

0701
0702
0703

0900
0901
0902
1520
1521
1522
2150
2151
2152

Sampling
depth,
in feet

«:i:SS;Si;^iK:^:^;?::^SK:?:^::
^^^^^^ ^^

50.0
100
167
390

50.0
100
167
390

50.0
100
167
390

50.0
100
167
390

50.0
100
167
390
50.0

100
167
390

50.0
100
167
390

50.0
100
167
390

50.0
155
390

50.0
155
390

50.b
155
390

111111111111:

40.0
151
390
40.0

151
390
40.0

151
390

Nitrogen, Nitrogen,
ammonia nitrite

(mg/L (mg/L
as N) as N)

M^^%:WHHH9^n^^flf||lj|iii|^|ita
iWffi^RMWKMWMW&ssS^SHBiSBSil

O.02 <0.01
<.02 <.01
<.02 <.01
<.02 <.01

.07 <.01
<.02 <.01
<.02 <.01
<.02 <.01
<.02 <.01
<.02 <.01
<.02 <.01
<.02 <.01
<.02 <.01
<.02 <.01
<.02 <.01
<.02 <.01

............................................................... .---.-V.-V- ^g|||i|ji|||||||j||^..

SlliMM&WMM^Mff^MglsissssSfflgss

.02 <.01
<.02 <.01

.02 <.01
<.02 <.01
<.02 <.01
<.02 <.01
<.02 <.01
<.02 <.01
<.02 <.01
<.02 <.01
<.02 <.01
<.02 <.01
<.02 <.01
<.02 <.01
<.02 <.01
<.02 <.01

<.02 <.01
<.02 <.01
<.02 <.01
<.02 <.01

.02 <.01
<.02 <.01

<.02 <.ol
.02 <.01

<.02 <.01

&8:£:'38:S£|3i|||^^^

<.02 <.01
<.02 <.01
<.02 <.01
<.02 <.01
<.02 <.01
<.02 <.01
<.02 <.01
<.02 <.01
<.02 <.01

Nitrogen, Phosphorus,
nitrite plus ortho

nitrate (mg/L
(mg/L as N) as P)

SR8^Klfi^i*S*^sm**^liS««SSifSi8^SJ^S^SMiSiS^^!^S3
s8fi^P^^M8iittWl^i;iWlll^lKlimiil

0.03 <0.01
.24 <.01
.35 <.01
.52 <.01
.02 <.01
.22 <01
.33 <.01
.49 <.01

<.02 <.01
.22 <.01
.36 <.01
.52 <.01

<.02 <.01
.22 <.01
.34 <.01
.50 <.01

J!!S^-::>>:y:K>^¥'&$i8;&^

.03 <.01

.22 <.01

.36 <.01

.50 .01

.04 <.01

.22 <.01

.34 <.01

.50 .01

.04 <.01

.22 .01

.34 <.01

.50 .01

.04 <.01

.15 <.01

.33 <.01

.04 <.01

.16 <.01

.12 <.01

.48 <.01

.16 <.01

.13 <.01

.48 <.01

Z!fZ%2%3 »'^***#:**x*  v>^K*x»>»xx*^x  KK*: m

.lo <.01

.12 <.01

.48 <.01

.17 .01

.44 <.01

.57 <.01
  <.01

<.01
  <.01
.19 .01
.44 <.01
.56 <.01

Carbon,
organic
(mg/L
asC)

f^iigiS^i^igi^jgij^gi-j^j;;::

^i$^^i^?&§i§^§!!£!i

3.0
2.8
2.8
2.9
3.2
2.8
2.8
2.9
2.8
3.0
2.9
2.8
3.2
2.9
2.9
2.9

3.2
2.9
3.0
3.1
3.0
2.9
2.9
2.6
3.2
2.8
2.9
2.8
3.2
 
2.6
3.1

2.9
2.9
2.9
2.9
2.9
2.9

I.I
3.4
3.3

itiiiiiiifiiiiiiiiiiii
3.1
3.2
3.2
3.1
3.0
3.1
2.9
2.8
3.0
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Table 14. Concentrations of dissolved ammonia, nitrite, nitrite plus nitrate, orthophosphorus, and 
organic carbon in grid 2 of the forebay of Lake Powell, 1991 Continued

Time

0910

0911

0912

0913

1545

1546

1547

1548

2306

2307

2308

2309

1500

1501

1502

1503

0040

0041

0042

0043

0745

0746

0747

0748

1210

1220

1230

1240

1805

1810

1817

1850

0050

0051

0052

0053

0635

0636

0637

0638

Sampling 
depth, 
In feet

3.00

50.0

152

390

3.00

50.0

152

390

3.00

50.0

152

390

IlllililllPill
3.00

40.0

160

390

lilllllliilllfl
3.00

40.0
160
390

3.00

40.0

160

390

3.00

40.0

160

390

3.00

40.0

160

390

$$*  ; ;%; g;^^ii5§si';S:o5:

3.00

40.0

160

390

3.00

40.0

160

390

Nitrogen, Nitrogen, 
ammonia, nitrite 

(mg/L (mg/L 
as N) as N)

0.01 0.01

.02 <01

<.01 <01

<.01 <.01

<.01 <.01

<.01 <.01

<01 <.01

<.01 <01

<.01 <.01

<01 <01

<01 <.01

<.01 <01
IlllliillliPllllillll: llltlil||||||jp;| 111

<02 <.01

.02 <.01

<.02 <.01

<02 <.01

<.02 <.01

<.02 <.01

<.02 <01

<02 <.01

<.02 <01

<.02 <.01

<.02 <.01

<.02 <.01

<.02 <01

.02 <01

<.02 <.01

<.02 <.01
_.

_.

_. _.

_. _.

iMSSiSiSi&SS^^ 
*X***tt^>X>XXiKtffX:X<X«*«:XfK*XKX«*3*X**UX!*SS!ZXf

.02 <.01

.02 .01

<.02 <.01

<.02 <.01

<.02 <.01

<.02 <.01

<.02 <.01

<.02 <.01

Nitrogen, 
nitrite plus 

nitrate 
(mg/L as N)

%$jiiwmmm?&:wmm
l5P^^: : :::: : : ;: :^;^-:'"; :; : ; :Wi:x-^:::: : :l:5:: ;>: : :;

0.16

.31

.38

.57

.15

.18

.40

.56

.15

.20

.39

.56

.11

.13

.31

.51

.10

.14

.35

.57

.10

.13

.37

.58

.10

.12

.35

.58

...

_.

_.

_.

.10

.12

.37

.55

.10

.11

.36

.48

Phosphorus, 
ortho, 
(mg/L 
asP)

0.01

.01

.01

.01

.01

.01

.01

.02

.01

.01

.01

.01

iliillll iiiiiiiiiiiii
<01
<.01

<.01

<01

<.01

<.01

<.01

<.01

<01
<.01

<.01

<01

<01

<01
<.01

<.01
_.
_.
_.
~

lllllllllllllllllllill
<.01

<.01

<.01

<.01

<01
<.01

<01

<.01

Carbon, 
organic 
(mg/L 
asC)

...

...

...
_.
_.
...
_.
 
_.
_.
...
 

3.1

3.2

3.1

3.1

3.2

3.1

2.9

3.1

3.3

3.1

3.0

3.0

3.3

3.3

3.0

3.1
...

...

...

 

3.2

3.1

3.0

3.0

3.1

3.0

3.0

3.2
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Table 15. Concentrations of dissolved ammonia, nitrite, nitrite plus nitrate, orthophosphorus, and 
organic carbon in grid 3 of the forebay of Lake Powell, 1990-91
[mg/L, milligrams per liter. Dashes indicate no data]

Time

0904
0923
0937
0951
1529
1546
1600
1611
2133
2148
2159
2208

0955
1011
1023
1041
1054
1106
1546
1556

i^jlsiiSjigiiS-ii

1606
1621
1631
1646
2134
2147
2201
2216
2231
2246

111111
0600
0601
0602
0603
1200
1201
1202
1203
1800
1801
1802
1803

Nitrogen, 
Sampling Nitrogen, Nitrogen, nitrite plus Phosphorus, Carbon, 

depth, ammonia nitrite nitrate ortho organic 
In feet (mg/L asN) (mg/L as N) (mg/L as N) (mg/L as P) (mg/L as C)

390
140

4.0
3.00

390
140

4.0
3.00

390
140

4.0
3.00

<0.02 <0.01
<.02 <.01
<.02 <.01
<.02 <.01
<.02 <.01
<.02 <01
<.02 <.01
<.02 <.01
<.02 <.01
<02 <01
<.02 <01
<02 <01

390
168
150
100

5.0
3.00

390
168

^mmmsffmMSimimm^X^s<i&

150
100

5.0
3.00

390
168
150
100

5.0
3.00

5.0
100
167
390

5.0
100
167
390

5.0
100
167
390

<.02 <.01
<02 <01
<.02 <.01
<.02 <01
<.02 <.01
<02 <.01
<.02 <.01
<.02 <01

<.02 <.01
<.02 <01
<.02 <01
<.02 <.01
<02 <01
<.02 <01
<.02 <01
<.02 <01
<.02 <01
<.02 <01

^::^M^^^:^^S^:^^:^: : : : ;-: : : :^:i:^^iiiiS^a

<.02 <.01
<.02 <.01
<.02 <.01
<.02 <01
<.02 <01
<.02 <01
<.02 <01
<.02 <01
<.02 <.01
<.02 <01
<.02 <01
<.02 <01

0.50 <0.01
.50 <.01
.38 <01
.02 <.01
.48 <01
.20 <01

<.02 <.01
.02 <01
.48 <01
.28 <01
.40 <.01
.11 <01

.46 <.01

.48 <01

.49 <01

.36 <01

.32 <.01

.24 <.01

<.02 <.01
.48 <01

.34 <01

.30 <01

.22 <01

.04 <.01

.08

.50

.42
<01

.22 <01

.02 <.01

.02 <01

.24 .01

.34 <.01

.52 .01
<.02 <01

.22 <.01

.34 <.01

.51 <01
<.02 <01

.22 <01

.34 <01

.52 <.01

 
 
 
 
...
...
...
__
 
 
 
...

3.8
3.9
4.0
3.8
3.7
4.0
5.0
3.7

liliilllllillli
3.7
3.7
3.7
4.2
3.7
4.0
3.6
3.6
3.7
4.6

3.1
2.9
3.0
2.8
3.4
2.7
3.1
2.8
3.2
2.8
2.8
2.8

52 Physical and Chemical Characteristics of Lake Powell, Glen Canyon Dam, Northeastern Arizona, 1990-41



Table 15. Concentrations of dissolved ammonia, nitrite, nitrite plus nitrate, orthophosphorus, and 
organic carbon in grid 3 of the forebay of Lake Powell, 1990-91 Continued

Time

Sampling 
depth, 
in feet

Nitrogen, Nitrogen, 
ammonia nitrite 

(mg/L as N) (mg/L as N)

Nitrogen, 
nitrite plus Phosphorus, Carbon, 

nitrate ortho organic 
(mg/L as N) (mg/L as P) (mg/L as C)

ft : :::i : ' : ' :?:::::'::>:::>:: :: '; :::!'^^^

2357

2358

2359

0600

0601

0602

0603

1200

1201

1202

1203

1800

1801

1802

1803

2357

2358

2359

2400

5.0

100

167

5.0

100

167

390

5.0

100

167

390

5.0

100

167

390

5.0

100

167

390

<.02 <.01

<.02 <.01

<02 <.01

.02 <.01

<.02 <.01

<.02 <.01

<.02 <.01

<.02 <01

<.02 <.01

<.02 <.01

<.02 <.01

<.02 <.01

<.02 <.01

<.02 <.01

<.02 <.01

<.02 <.01

<.02 <.01

<.02 <01

<02 <.01

<.02

.02

.32

.06

.22

.34

.48

.03

.22

.34

.49

.04

.22

.34

.48

.03

.21

.34

.50

<.01 3.1

<.01 3.5

<.01 3.0

<.01 3.0

<.01 2.6

<.01 2.9

.01 3.1

<.01 3.3

<.01 2.7

<.01 2.6

.01 2.6

<.01 3.0

<01 3.2

<01 3.1

.01 2.9

<01 3.0

<01 2.9

<01 2.8

.01 2.8

1431

1432

1433

2131

2132

2133

0731

0732

0733

5.0

155

390

5.0

155

390

5.0

155

390

.04 <01

<02 <.01

<.02 <.01

<.02 <.01

.02 <.01

.02 <.01

<.02 <.01

.06 <.01

<.02 <.01

.15

.12

.48

.16

.14

.48

.15

.12

.48

<.01 2.9

<01 3.0

<.01 2.9

<01 2.9

<01 3.0

<.01 2.9

<.01 3.4

<.01 3.4

<.01 3.2

0910

0911

0912

0915

0916

0917

1500

1501

1502

4.0

151

390

4.0

151

390

4.0

151

390

...

...

...

<.02 <.01

<.02 <.01

<.02 <.01

<.02 <.01

<.02 <.01

<.02 <.01

...

...

...

.20

.45

.54

.14

.25

.56

._

~

._

.04 3.0

<.01 3.0

<.01 3.2

<.01 3.0

<.01 2.9

.02 3.1
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Table 15. Concentrations of dissolved ammonia, nitrite, nitrite plus nitrate, orthophosphorus, and 
organic carbon in grid 3 of the forebay of Lake Powell, 1990-91 Continued

Nitrogen, 
Sampling Nitrogen, Nitrogen, nitrite plus Phosphorus, Carbon, 

depth, ammonia nitrite nitrate ortho organic 
Time In feet (mg/L as N) (mg/L as N) (mg/L asN) (mg/L as P) (mg/L asC)

2122

2123

2124

4.0

151

390

<.02 <.01

<.02 <.01

<.02 <.01

.20

.44

.55

.03 3.0

<.01 2.8

<.01 3.1

0930

0931

0932

0946

1600

1615

1616

1617

2225

2240

2241

2242

1310

1311

1312

1313

1915

1916

1917

1918

0100

0101

0102

0103

0638

0639

0640

0641

1310

1320

1330

1340

1945

1946

1947

3.00

5.0

152

390

3.00

5.0

152

390

3.00

5.0

152

390

3.00

4.0

160

390

3.00

4.0

160

390

3.00

4.0

160

390

3.00

4.0

160

390

3.00

4.0

160

390

3.00

4.0

160

<.01 <.01

<.01 <.01

<.01 <.01

<.01 <.01

<.01 <.01

<.01 <.01

<.01 <.01

<.01 <.01

<.01 <.01

<.01 <.01

<.01 <.01

<.01 <.01

<.02 <.01

<.02 <.01

<.02 <.01

<.02 <.01

<.02 <.01

<.02 <.01

<.02 <.01

<.02 <.01

<.02 <.01

<.02 <.01

<.02 <.01

<.02 <.01

<.02 <.01

<.02 <.01

<.02 <.01

<.02 <.01

.02 <01

.03 .01

.02 .01

<.02 <.01

<.02 <.01

<.02 <.01

<.02 <.01

.16

.18

.39

.57

.15

.19

.40

.55

.16

.19

.38

.56

.11

.13

.34

.57

.10

.12

.34

.10

.10

.14

.36

.57

.09

.13

.34

.57

.10

.14

.22

.41

.11

.19

.28

.01

.01

.01

.01

.01

.01

.01

.01

.01

.01

.02

.02

<01 3.2

<01 3.0

<01 3.1

<.01 3.1

<.01 3.2

<.01 3.1

<.01 2.9

<.01 3.2

<01 3.0

<.01 3.0

<01 3.0

<.01 3.0

<.01 3.2

<.01 3.1

<.01 3.0

<.01 3.1

<.01 3.5

<.01 3.2

<.01 3.1

<01 3.1

<01 3.2

<.01 3.0

<.01 3.0
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Table 15. Concentrations of dissolved ammonia, nitrite, nitrite plus nitrate, orthophosphorus, and 
organic carbon in grid 3 of the forebay of Lake Powell, 1990-91 Continued

Nitrogen, 
Sampling Nitrogen, Nitrogen, nitrite plus Phosphorus, Carbon, 

depth, ammonia nitrite nitrate ortho organic 
Time in feet (mg/L as N) (mg/L as N) (mg/L as N) (mg/L as P) (mg/L as C)

1948

0120

0121

0122

0123

0124

0125

0126

0127

0620

0621

0622

0623

0800

0801

0802

0804

1300

1301

1302

1318

2045

2046

2047

2048

390 <.02 <.01

3.00

4.0

160    

390 ~

3.00 <.02 <.01

4.0 <.02 <.01

160 <.02 <.01

390 <.02 <.01

3.00 <.02 <.01

4.0 <.02 <.01

160 <.02 <.01

390 <.02 <.01

3.00 ~  

45.0

155

390

3.00

45.0

155

390

3.00  

45.0

155

390

.58 <.01 3.1

 

_. _ _

_

...

.07 <.01 3.1

.06 <.01 3.1

.35 <.01 3.1

.48 <.01 3.1

.09 <.01 3.2

.11 <.01 3.1

.36 <.01 3.0

.56 <.01 2.9

4.5

4.1

4.0

4.0

4.2

_ _ 40

4.0

4.9

4.0

4.0

4.0

3.8
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Table 16. Concentrations of dissolved ammonia, nitrite, nitrite plus nitrate, orthophosphorus, and 
organic carbon in grid 4 of the forebay of Lake Powell, 1990-91
[mg/L, milligrams per liter; <, less than]

Time

0600
0601
0602
0603

iiJlfll
1200
1201
1202
1203

11111111
1501
1502
1503
2201
2202

 '£;:rttWw$-vy#-:

0801
0802
0804

Samplini
depth,
in feet

Illllllilfil'l

5.0
100
167
390

iiiiiiiiii
5.0

100
167
390

111IIIIII1I
5.0

155
390

5.0
155

ihii-'vtK-t^iimViKi
KSi«!i'!8F$wss:s: 3¥s;!

5.0
155
390

g Nitrogen,
ammonia

(mg/L as N)

0.04
.04
.04
.06

<.02
<.02
<.02
<.02

<.02
.02

<.02
<.02

.02
; ;; : :»:s:-: inesSiiKississsjis'Si'Si SsSMsSS^
:;«is;ssss;wi;"s-.:sjS:.'?;S;s:';«si!f?;e'i*S4X

.03

.03

.03

Nitrogen,
nitrite

(mg/L as N)

KHMMi
<0.01

<.01
<.01
<.01

<.01
<01
<.01
<.01

<01
<01
<.01
<.01
<01

- : s'.>';' S.WABII*!"*^
wsis; «: ; ;;;** lW!!IiK":l-

<.01
<.01
<01

Nitrogen, 
nitrite plus Phosphorus,

nitrate ortho
(mg/L as N) (mg/L as P)

^I^IHIPSIil-y^l^i^iii^slillsi^iiiiJli®
0.02 <0.01

.22 <.01

.34 <01

.52 .04

liiSifflKiSii^liil^Pl^Wiilllif^
.04 <.01
.21 <01
.35 <.01
.48 .01

.15 <.01

.13 <.01

.46 <.01

.16 <.01

.16 <.01
*J|!SS:§:IM^la^^s:ss&;Ksai;i&*' ts:"s'Si *ffi^sife* ;i! ' !i'- 4:fflwait
^:S^^^-«mx«immif^^mmfimM;»mfvn^Mm:mmm

.15 <.01

.13 <01

.48 <01

Carbon,
organic

(mg/L as C)

3.1
2.7
2.8
3.1

3.2
3.2
2.8
3.6

2.8
2.9
3.0
3.4
3.5

a*iSiss!s»s®s*iii;*»:*KsB^!*;as:5;:s;»
v*VfmKW!imf?m(Kii!!Kf!mmm:

3.4
3.8
3.5

Table 17. Concentrations of dissolved ammonia, nitrite, nitrite plus nitrate, orthophosphorus, and 
organic carbon in grid 33 of the forebay of Lake Powell, 1990-91
[mg/L, milligrams per liter; <, less than. Dashes indicate no data]

Time
|;M!.||1:i|!;p|;t;;:H;

1330 
1331
1400

1401

1430

1431

1500

1501

flillllllll
0945 
0946
0947

1540

1550
1605

1606

2220

2221

2242
2243

Sampling Nitrogen, Nitrogen, 
depth, ammonia nitrite 
in feet (mg/L as N) (mg/L as N)

390 
390
140

140

40

40

3

3

4.0
151

390

4.0
151

350

390
4.0

151

350
390

IlllllH^Hillfl
O.01 
<02
<.01

<.02

<01
<.02

<.01

<.02

<02 
<.02

<.02

<.02

<.02

<.02
...

<.02

<.02

<02
 

lip^liis
<0.01 
<01
<.01

<.01
<.01

<01
<.01

<01

HUMPHi
<.01 
<01
<01

<01
<.01

<.01
 

<01
<.01

<01
...

Nitrogen, 
nitrite plus 

nitrate 
(mg/L as N)

0.500 
.50
.300

.28
<.100

.04

<.100
<.02

.19 

.46

.57

.18

.42

.57
...

.18

.46

.56
 

Phosphorus, Carbon, 
ortho organic 

(mg/L as P) (mg/L as C)

<0.01

.01  
   

.01
   

.01
 

<.01 3.1 
<.01 3.0

.02 3.2

<.01 3.0

<.01 3.1

<.01 3.2
_ ._

<.01 3.2

<.01 2.9
<.01 3.1
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Table 18. Concentrations of dissolved ammonia, nitrite, nitrite plus nitrate, orthophosphorus, and organic carbor in 
outflows (draft tubes) of Glen Canyon Dam, 1990-91
[mg/L, milligrams per liter, <, less than. Dashes indicate no data]

Time

0900

0901

1550

1551

2145 

2146

'illts >£;; $

0940

0941 

1540 

1541

2140

2141

0600

1200

1800 

2400

0600

1200

1800

2400

Illlllf:;
0700 

1400

Nitro­ 
gen, Nitro- 
am- gen, 

monia, nitrite 
(mg/L (mg/L 
as N) as N)

O.01 <0.01

<.02 <.01

<.01 <.01

<.02 <.01

<01 <01 

<.02 <.01

0.02 <.01

<.02 <.01 

<.01 <01 

<.02 <.01

<.01 <.01

<.02 <.01
'' :':';! :': :':: . :: '-''":-': : :f:' ::'!':':'!'!:V '''!':':'! '':'' ^i-^'M^|i^fe^

 
.06 <.01

<.02 <.01 

<.02 <.01
a is.si &iM s'ivtess *;**:; : I^AUMti
^:'^/l: ii^:^ ;^^::^^iv^-^:;i:::?^i^^w3

<.02 <.01

.02 .01

<.02 <.01

<.02 <.01

.02 <.01 

<.02 <.01

Nitro­ 
gen, 

nitrite 
plus 

nitrate 
(mg/L 
asN)

0.40

.36

.30

.34

.30 

.50

mKOmiiJii

.40

.35 

.30 

.33

.30

.74

 

.35

.34 

.34

.36

.36

.36

.34

716,1991
.13 

.14

Phos­ 
phorus, Carbon, 

ortho organic 
(mg/L (mg/L 
as P) as C)

0j$$i£i;^

O.01

<.oi ~
.02

<.01

<.01

<.01

<01 3.8 

<.01 3.7

<.01

3.5

...

<.01 2.6

<.01 2.9 

<.01 2.9

<.01 2.7

<.01 2.9

<.01 2.8

<.01 2.8

O.01 2.9 

<.01 2.9

Time

2100

0700

0720

1415

2115
|r^||:. ; ^::v:,i^,;:; : .o'^v;:-,S

0830 

1535 

2200

1330

1830

2400

0615 

1300

1900

2340

0545

Illlllll
1730

1400 

2000

Nitro­ 
gen, Nltro- 
am- gen, 

monia, nitrite 
(mg/L (mg/L 
as N) as N)

.02 <0.01

<.02 <.01
!* »*:.;;; SiiSl sis isiia. si-SSt' &f *ivtit ̂
?iW^:!S :>.'^?;^^

<.02 <.01 

<.02 <.01

<.02 <01

<01 <01 

<.01 <.01

<.02 <.01

.02 <.01

<.01 <.01

<02 <,01 

<.02 <.01

<.02 <.01

<.02 <.01

<.01 <.01

_

: :

Nitro­ 
gen, 

nitrite 
plus 

nitrate 
(mg/L 
asN)

KM*
0.14

.14

$piii
SSskvSSWMS-

.35 

.40

.42

.40 

.41 

.41

.35

.39

.36

inn
.36 

.36

.38

.18

.37

sn^nnm
 

 

Phos­ 
phorus, 
ortho 
(mg/L 
asP)

<0.01

<.01

!|i!;:i| s§§ Ills IB;!

.01

<.01

.01 

.02 

.01

<.01

<.01

<.01

<.01 

<.01

<.01

<.01

<.01

...
~~

Carbon, 
organic 
(nrq/L 
asC)

2.9

3.4

tlilillffi
3.1 

3.0

2.9

_

2.9

2.9

2.9

2.9 

3.9

3.0

2.9

2.9

Illlllllll
 

4.2 

4.2
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Major Ions and Metal Data
Table 19. Concentrations of dissolved chloride and sulfate in grids 2,3, and 4 of the forebay of Lake Powell and out­ 
flows (draft tubes) of Glen Canyon Dam, 1990-91

[mg/L, milligrams per liter; DT, draft tubes; N/A, not applicable; BL, blank; NRP, National Research Program; BETA, beta bottle; DI, de'onized 
water. N/A, not applicable. Dashes indicate no data]

Grid
number

;:illlllilll
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3 
3
3
3
3
3
3
4
4
4
4
DT
DT
DT

Illlliiii
2
2
2
2
2
2
2
2
2
2
2
2
2
2

Depth
(feet)

|llli:|i||||||

50
100
167
390
50
100
167
390
50
100
167
390
50
100
167
390
50
100
167
390
50
100
167
390
50 
1001 V/l/

167
390
50
100
167
50
100
167
390
N/A
N/A
N/A

^iSi^fe^' 1^ :^v^:'^::;:i
mmsm^mtzm

50
100
167
390
50
100
167
390
50
100
167
390
50
100

Time

olij
0600
0600
0600
1200
1200
1200
1200
1800
1800
1800
1800
2400
2400
2400
2400
0600
0600
0600
0600
1200
1200
1200
1200
1800

1800
1800
2400
2400
2400
0600
0600
0600
0600
1200
1800
2400

*fPP"?Pi8
0600
0600
0600
0600
1200
1200
1200
1200l£*\J\J

1800
1800
1800
1800
2400
2400

Chloride
(mg/L as Cl)

itllfS^illltt
41
39.8
41.7
73.8
40.9
39
42.3
70.1
39.2
39.6
41.7
75.3
40.4
40
42.6
72.9
39.2
40
39.9
76.8
39.9
37
43.2
74.7
40.9 
39.8
41
75.6
40.5
41
42.6
39.6
39.5
40.5
76.1
44.2
44.4
41.8

40.8
39.3
44.5
76
40.4
40.5
45.7
76.5
41.9
38.8
44.1
76.3
42
41.1

Sulfate
(mg/L as SO4)

liiiiiiliiiiilllii
221
210
218
274
221
209
221
265
212
209
221
284
220
211
224
280
213
210
214
285
217
197
225
281
224

219
283
220
225
224
217
209
218
285
220
222
219

222
210
228
287
220
207
227
1O£ 2oO

221
201
225
286
221
214

Grid
number
itiililliiJi

2
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
4
4
4
4
DT
DT
DT
DT

i
2
2
2
2
2
3
3
3
3
3
3
4
4
4
4
4
4
DT
DT

::.'?:^:.; ii.>:;y:::;^1C:"1: : : ! ::':'S: 1 ^'i-l
£;:!£^i'i:{£:!; :|£!;:;|;i?£:;;'

DT
2
2
2
3
3

Depth
(feet)

?::;:i¥::'i>£* i8'5:il!<

396
50
100
167
390
50
100
167
390
50
100
167
390
50
100
167
390
50
100
167
390
N/A
N/A
N/A
N/A

5$
155
390
50
155
390
50
155
390
50
155
390
50
155
390
50
155
390
N/A
N/A

:| i:,::v:y.'': ftS*; 1?::;*::: 1 ^:?

'$^;$^&S&j?£
N/A
50
155
390
50
155

Time
«veail*#6i

2400
0600
0600
0600
0600
1200
1200
1200
1200
1800
1800
1800
1800
2400
2400
2400
2400
1200
1200
1200
1200
0600
1200
1800
2400

iloi
1402
1403
2101
2102
2103
1431
1432
1433
2131
2132
2133
1501
1502
1503
2201
2202
2203
1400
2100

illiyiilipHDm
ifrfoli
0701
0702
0703
0731
0732

Chloride
(mg/L as Cl)

:9W~-*C<rt$Bi»*«l
 w.l
41.6
40.6
45
74.8
41.7
40.8
42.9
75.8
41.8
41.1
44.2
74.8
41.8
41.1
44.8
76.2
40.3
40.9
44.8
74.2
43.8
45.8
49.1
42.3

45.9
45.2
77.3
46
47.8
81.5
45
46.7
78.8
45.4
47.4
81.3
46.2
47.3
77.6
46.5
47.5
79.7
46
48.4

49.2
44.9
48.2
45.5
46.8
47.2

Sulfa^
(mg/L as SO4)

|i||;||||||i;||||||f|i;

Us
217
207
222
287
219
210
228
280
221
211
225
282
221
211
226
288
212
212
227
280
227
225
231
212

120
221
278
220
226
256
215
222
284
218
221
260
223
224
288
221
224
287
217
226

rili^ili'K^-^iiffivi-^'iCi^^'i^^^v^'^i^Oi';:;:;:;'::;;^

^^^i?^:;^^;?:::^:^!^;^^^!:^;^228"

219
227
216
222
224
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Table 19. Concentrations of dissolved chloride and sulfate in grids 2,3, and 4 of the forebay of Lake Powell and out­ 
flows (draft tubes) of Glen Canyon Dam, 1990-91 Continued

Grid 
number

3
4

4

4

lllflilif
DT

DT

DT

2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
4
4
4
4
4
4
4

DT

DT

DT

2
2
2
2
2
2
2
2
2

Depth 
(feet)

£#$:!:& :$ ?:W:?fl^W

390
50

155
390

|ft|fl||||f

N/A

N/A

N/A

40

151

390

40

151

390

40

151

390

40

151

390

40

151

390

40

390

40

151

390

40

151

40

151

N/A

N/A

N/A

3

50

152

50

152

390

3

152

390

Time

0733
0801
0802
0804

miiiiPiP
0720

1415

2115

0900

0900

0900

1520

1520

1520

2150

2150

2150

0910

0910

0910

1500

1500

1500

2122

2122

0945

0945

0945

1540

1540

2220

2220

0830

1545

2306

0910

0910

0910

1545

1545

1545

2225

2306

2306

Chioride 
(mg/L as Cl)

I^HilwliHISSi
78.6

46.5

44.2

73.4

68.1

70.5

72.2

48.1

71

78.8

49.3

71.4

78.4

50

72.7

80.3

49.4

67.6

79.3

49.2

69.5

83

50.6

80.2

49.1

74.8

77.9

50.7

71

50.2

75.6

61

50.1

50.7

47.7

49.8

59.6

49.5

62.3

73.5

49.6

61.3

74.3

Sulfate 
(mg/L as 

S04)

il!Sli!liill: -iliffi
286
221
226
256

272
273
275
229
277
299
228
270
294
233

276
295
228
257
295
228
267
286
232
296
224
279
291
231
272
231
285

254
243
241
229
235
256
238
263
283
241
262
293

Grid 
number

3
3
3
3
3
3
3
3
3
4
4
4
4
4
4

tllllillll
2
2
2
2
2
2
2
3
3
3
3
3
3
3
4
4
3
3
3

DT
DT
DT

lllill
2
2
2
2
2
2

Depth 
(feet)

":;::i;;:' ' : : :' 3£ti£&&&& ̂ oat, 
k:*:£"« #'£:££';$£: : : 1 K-Bjl

390
3

50
3

50
152
50

152
390
152
390

N/A
390

N/A
3

390
160

3
40

390
160
40

3
40

160
390

3
40

160
390
390
160
40

3
N/A
N/A
N/A

3
3
3

40
160
390

Time

0910
0930
0930
1600
1615
1615
2240
2240
2240
0930
0946
1535
1615
2200
2306

1415
1430
1450
1500
2348
2354
2400
1220
1235
1245
1300
1803
1811
1850
1605
2220
2315
2321
2325
1330
1830
2400

5
5

0655
0700
0730
0740

Chloride 
(mg/L as Cl)

75.6

49.5

48.1

50

47.5

60.5

49.8

59.5

74.9

60.2

72.9

63.8

73.3

63.3

50.2

76

52.2

48

48.5

75.2

56.5

49

49.3

48.5

51.2

75.1

49.2

46.2

51.8

80.6

81.8

54.2

41.3

49.6

57.1

55.8

55.6

49

49

49.5

48.6

56.3

75.6

Suited 
(mg/L as SO4)

291
241
228
240
228
259
237
257
290
259
282
265
296
264
246

298
250
237
239
299
260
241
242
237
242
294
244
231
247
301
280
257
236
246
254
254
258

242
242
249
240
261
298
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Table 19. Concentrations of dissolved chloride and sulfate in grids 2,3, and 4 of the forebay of Lake Powell and out­ 
flows (draft tubes) of Glen Canyon Dam, 1990-91 Continued

Grid 
number

Sllltllliiit
2

2

2

2

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

DT

DT

DT

DT

Depth 
(feet)

's'SssHsiSsiSWH

3

40

160

390

3

40

160

390

3

40

160

390

390

3

40

160

3

40

160

390

390

N/A

N/A

N/A

N/A

Time

te 19, 1991
1210

1220

1230

1240

0605

0610

0630

0640

1310

1320

1330

1340

1825

1900

1907

1915

2335

2345

2400

1855

2300

0615

1200

1745

2345

Chloride 
(mg/L as Cl)

 Contfawd
50.8

49.9

54.3

75.9

49.5

48.7

51.9

75.1

50.8

49.8

51.1

2.1

75.3

2.1

50.1

49.9

48.5

49.9

54.6

49.7

75.9

55.8

56.7

2.1

54.5

Sulfate 
(mg/L as 

S04)

Illllllillillll

240

237

251

289

248

243

251

296

241

238

240

 

292
._

236

236

236

241

254

246

296

261

263
...

248

Grid 
number

filPIWSs?1
2

2

2

2

3

3

3

3

3

BL

DT

DT

DT

3

3

3

3

3

3

3

3

3

3

3

3

Depth 
(feet)

3

40

160

390

390

3

40

160

390

NRPDI 
BETA

N/A

N/A

N/A

3

45

155

390

3

45

155

390

3

45

155

390

Time

0610

0620

0630

0640

10

0710

0720

0730

0740

2200

0730

1400

2000

0820

0820

0820

0820

1315

1315

1315

1315

2045

2045

2045

2045

Chloride 
(mg/L as Cl)

Ifc^-^itaiDJfcijjfe '*£? . ;> .V-:! :>.; : :': ^-f-.^f. . 
1||||:||!:::|||||||

49.9

49.6

54.7

72

76.5

49.9

48.7

54.8

76.3

0.1

54.5

53.6

53.6

51.8

49.7

51.5

73.4

52.3

50.5

52.1

75.9

50.8

46.5

48.9

72

Sulfato 
(mg/L as TO4)

  i |U;' ? J3xs\ J ' ; -< ; ;.: 2.! 4 *; '1; 1;

241

239

253

280

295

240

233

255

297

0.1

252

250

252

251

244

250

287

253

244

249

293

246

228

239

279
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Table 20. Concentrations of dissolved calcium, iron, magnesium, sodium, silica, and strontiumin grids 
2,3, and 4 of the forebay of Lake Powell and outflows (draft tubes) of Glen Canyon Dam, 1990-91
[mg/L, milligrams per liter; <, less than; DT, draft tubes; N/A, not applicable. Dashes indicate no data]

Grid 
Numbei

lllillll
3
3
3
3
3
3
3
3
3
3
3
3

DT
DT
DT

?i*8;;*;i§;Ms;; *:.;;;;"
y:'f?y\SK:>ix;f:^

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

DT
DT
DT

2
2
2
2
2
2
2
2

Depth 
r (feet)

390
140
40

3
390
140
40

3
390
140
40

3
N/A
N/A
N/A

^':^#r:/:>£ v:;:;;?:; > ;:;:;: :; ; ;:>..'£
&&&W&*&-'&n&y*\X

390
168
150
100
50

3
390
168
150
100
50

3
390
168
150
100
50

3
N/A
N/A
N/A

SO
100
167
390

50
100
167
390

Time

0903
0922
0936
0950
1528
1545
1559
1610
2132
2147
2158
2207
0900
1550
2145

;S'.K'*tii:-llmif>>:;K:.>i:i{''>S

.":i,:S:S:?:";-. !S 'SSSifSS'SS Si :«: : ;?:

0954
1010
1022
1040
1053
1105
1545
1555
1605
1620
1630
1645
2133
2146
2200
2215
2230
2245
0940
1540
2140

0600
0600
0600
0600
1200
1200
1200
1200

Calcium 
(mg/L 
asCa

llllilillli
97.8
85.7
69.7
57.5
87.8
65
64.4
63.7
67.9
53.3
71.4
67.3
67
72.7
68.9

:SK:>;:s;:;;;f.;. :: f.:!:;..s: : '.;:;:j:;;gKSfc
'K^&iKKO?X«^^

83.8
83.1
84.2
67.6
64
60.1
56
82.8
69.1
65
61.8
59.6
57.9
79.5
60.4
58.3
55.6
55.7
68.5
66.3
62.6

60.2
61.1
69.6
86.5
62.9
63.1
67.8
83.9

Iron 
(mg/L 
asFe)

ka^awlitr^s5<ls":« " "   :" »"~

<0.005
<.005
<.005

.211
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005

<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005

.015
<.005
<.005
<.005
<.005
<.005
<.005
<.005

.006
<.005

.007

<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005

Magnesium 
(mg/L 

asMg)

38.9
35.4
28.4
26.9
36.3
28.2
29
29
29.5
24
30.3
30.4
28.1
30
28.4

tt^tlBft^^^?-'^' 1" '--'-
WiffZ^m&SmifK-tSVi

36.8
36.6
37.3
29.7
28.4
28.3
28.8
36.6
30.5
28.6
28.5
28.5
29.4
35.6
27.4
26.5
26
27.4
30.2
30
28.4

26
24.8
27.1
34.1
27.6
25.6
25.9
32.3

Sodium : 
(mg/L | 
as Na) i

121.4
105.6
76.7
68.9

105.8
71.4
74.3
75.3
82.5
58.1
76.7
76.3
77.5
81.6
75.9

S'igfij^P'S^isiis;!:^:^::;::;:;;;;;:;;:;:!!
i;;::g;«:*:'4s;:i3?3;SJi:lllSlB'!

104.6
104
105.2
77.1
71.7
68.8
70.7

102.8
78.4
71.9
70.5
70.6
72.7
98.6
67.3
64.6
63.4
66.6
79
76.3
70.4

68.7
64.4
71.9
99.7
72.5
66.5
70
95.2

Silica 
[mg/L 
as SI)

8.3
7.7
8.3
6.7
8.1
8.5
7.8
7.5
6.8
7.4
9.6
8.4
7.3
8.3
8.3

;?3g?!!;si?»:-
i;isis;i:|::sil>

8
7.9
8
7.9
7.9
8.1
7.6
7.9
8.2
8.4
8.4
7.4
7.6
7.8
7.7
7.8
7.7
7.1
8.1
8.1
7.9

8.1
8.4
8.6
8.6
8.4
9
8.4
8.4

Strontium 
(mg/L 
asSr)

-!';: ^Sii^KS: W-J-iT'^'i^Siw::? i':^!'^^^:-"

1.28
1.12

.95

.83
1.13

.88

.91

.91

.87

.71

.96

.94

.91

.97

.92
Ss.xS.E'SigiSSs* <8 M SiSiiisSifs
i: i:S:|S:.;s:;ss?:sP : ;"?;;' s;  ^Ki W'K

1.09
1.08
1.1
.92
.88
.83
.83

1.08
.94
.89
.85
.85
.84

1.03
.83
.8
.76
.8
.92
.89
.85

.79

.75

.87
1.03
.84
.78
.84
.99
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Table 20. Concentrations of dissolved calcium, iron, magnesium, sodium, silica, and strontium in grids 
2,3, and 4 of the forebay of Lake Powell and outflows (draft tubes) of Glen Canyon Dam, 
1990-91 Continued

Grid Depth 
Number (feet)

lllliilll
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
4
4
4
4

DT
DT
DT

Ililllit
2 
2
2
2
2
2
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3

50
100
167
390

50
100
167
390

50
100
167
390

50
100
167
390

50
100
167
390

50
100
167
50

100
167
390

N/A
N/A
N/A

llililllliill
100
167
390

50
100
167
390

50
100
167
390

50
100
167
390

50
100
167
390

50
100

Time

1800
1800
1800
1800
2400
2400
2400
2400
0600
0600
0600
0600
1200
1200
1200
1200
1800
1800
1800
1800
2400
2400
2400
0600
0600
0600
0600
1200
1800
2400

0600 
0600
0600
1200
1200
1200
1200
1800
1800
1800
1800
2400
2400
2400
2400
0600
0600
0600
0600
1200
1200

Calcium 
(mg/L 
asCa

iiHiiljlil
60.4
61.8
70.4
87.6
62.2
64
70.3
87
63.6
68.1
71.6
84.7
62.3
63.8
72.1
89.3
63.6
64.9
68.7
84.8
61
63.6
69.7
60.1
62.8
68.5
85.8
72.5
67.7
70.6

ililllllli
66.4 
71.5
87.6
62.3
64.1
68.9
88.4
60.9
64.1
69.5
83.3
60.7
62.1
70
63.8
60.7
64.6
71.1
87.3
62.1
66

Iron Magnesium 
(mg/L (mg/L 
as Fe) as Mg)

nber 5,1990  Cc
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005

i:jj$/j$$j£$jjjii$f$iii%g
<.005 
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005

26.1
25
27
34.6
27.2
26.6
27.7
34
28
27.9
27.5
32.7
27.4
26.6
28.4
34.8
28.4
26.9
26
32.4
26.4
27.7
27.3
25.9
25.4
26.7
33.9
28.3
26.1
27.2

27.3 
27.6
34.2
27.6
26.5
26.7
34
27.2
26.5
26.9
32.4
26.6
26.2
26.8
27.5
26.8
26.4
27.2
34.4
26.9
27.4

Sodium 
(mg/L 
asNa)

68.9
65.1
71.8

101.1
70.8
68.4
73.6
99.7
73.2
72.2
73.6
97
71.2
68.1
75.7

103.4
74.2
69.2
69.9
96.8
69.4
72.2
72
68.5
66
70.1
99.1
76.1
70.2
72.1

71
74.7

102.8
71.9
69.7
73.2

102.9
70.5
68.5
73.3
97.6
70.9
69.1
73
73.7
71
69.6
74.4

101.4
72
70.9

Silica 
(mg/L 
as Si)

8.2
8.4
8.8
8.6
8.3
8.8
8.9
8.6
8.4
9.1
8.9
8.3
8.4
8.8
9
8.6
8.6
8.9
8.5
8.4
8.2
8.5
8.9
8.1
8.6
8.8
8.4
8.9
8.3
8.8

lllillll
9 
8.8
8.8
8.4
8.9
8.6
8.6
8.2
9.1
8.6
8.3
8.3
8.6
8.8
8.5
8.3
8.9
8.8
8.6
8.3
9

Strontium 
(mg/L 
asSr)

.79

.76

.88
1.05
.82
.81
.9

1.05
.85
.85
.91

1
.82
.8
.92

1.07
.86
.81
.86

1
.8
.83
.86
.79
.78
.86

1.02
.91
.83
.87

.84 

.91
1.07
.83
.82
.88

1.07
.82
.81
.9

1.01
.82
.81
.89
.85
.82
.82
.9

1.06
.84
.84
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Table 20. Concentrations of dissolved calcium, iron, magnesium, sodium, silica, and strontium in grids 
2,3, and 4 of the forebay of Lake Powell and outflows (draft tubes) of Glen Canyon Dam, 
1990-91 Continued

Grid 
Number

3
3
3
3
3
3
3
3
3
3
4
4
4
4

DT
DT
DT
DT

2
2
2
2
2
2

.3
3
3
3
3
3
4
4
4
4
4
4

DT
DT

liilllllllili
2
2
2
3
3
3

DT 
DT
DT
2

Depth 
(feet)

167 
390

50
100
167
390

50
100
167
390

50
100
167
390
N/A
N/A
N/A
N/A

iiNlllilii
50

155
390

50
155
390
50

155
390

50
155
390

50
155
390

50
155
390
N/A
N/A

50
155
390

50
155
390

N/A 
N/A
N/A

40

Calcium 
(mg/L 

Time asCa

1200 
1200
1800
1800
1800
1800
2400
2400
2400
2400
1200
1200
1200
1200
0600
1200
1800
2400

IllllSIIIIliilil
1401 
1402
1403
2101
2102
2103
1431
1432
1433
2131
2132
2133
1501
1502
1503
2201
2202
2203
1400
2100

0701
0702
0703
0731
0732
0733

tillliilliilt
0720 
1415
2115
0900

HMH
70.2 
87.8
63.1
64.7
71.6
84.7
63
65.3
70.3
86.6
62
62.4
70.5
86.9
70.7
70.9
73.8
70

:ll:||j||:|:||

65.2 
63.9
85.2
65.3
66.3
87.8
66.4
65.2
90
65.6
65.6
87.5
66.1
65.6
86.5
65.6
64.9
86.8
65.8
65.2

64.3
65.5
87.2
65
67.7
87.7

81.7 
82.7
82.1
65.6

Iron 
(mg/L 
asFe)

<.005 
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005

tiitliii
<.005 
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005

iiiiliipl
<.005
<.005
<.005
<.005
<.005
<.005

Mt«b28.;::.,M::!v:::H-i::.>>::i«:::>:o:::::.:v..>. 1 .::v

.012 
<.005
<.005
<.005

Magnesium Sodium Silica 
(mg/L (mg/L (mg/L 

as Mg) as Na) as Si)

27.2 
34.5
27.4
26.3
27.9
33.5
28
27.2
26.8
33.4
27.3
25.9
26.7
33.5
27.9
28
28.9
27.4

||||||g||||||:;|||||ii
25.4 
25.4
31.3
25.3
25.9
31.9
25.6
25.7
32.9
25.5
25.9
32.3
25.6
25.7
31.5
25.6
25.6
32
26.1
25.6

ilSlilllllllllllilll
25.3
25.9
31.8
25.5
26.4
32.1

3.9
31.2
31.2
26.4

72.8 
101.8
73.1
69.4
74.7
98.4
73.1
70.4
73.4

100.9
73
67.8
73.4

100.6
74.2
75.5
78.7
73.2

69.6
70
97.4
69.7
71.9
98.5
71.2
71

101.2
70.3
71.7
99.8
70.5
71.2
97.2
70.7
71.1
99.1
72.1
70.8

liilllllllili
70.1
71.8
98.4
70.6
73.3
99.4

lllillilillil
91.1 
92.6
92.4
72.7

8.5 
8.6
8.5
8.9
8.8
8.4
8.4
8.9
8.7
8.6
8.5
8.7
8.6
8.6
8.9
8.6
8.9
8.6

11!!!!
8.3 
8.2
8.6
8.3
8.4
8.6
8.3
8.3
8.7
8.3
8.4
8.6
8.5
8.4
8.6
8.3
8.3
8.6
8.3
8.3

8.3
8.3
8.6
8.3
8.6
8.7

8.3 
8.5
8.5
7.8

Strontium 
(mg/L 
asSr)

.89 
1.06
.85
.82
.92

1.02
.85
.83
.89

1.05
.85
.8
.9

1.05
.9
.89
.93
.88

ItitlillllilfiK
.82 
.81

1.01
.82
.84

1.02
.84
.83

1.05
.83
.84

1.03
.83
.83

1.01
.83
.83

1.03
.84
.82

.83

.83
1.02
.83
.86

1.03

.99
1
.98
.84
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Table 20. Concentrations of dissolved calcium, iron, magnesium, sodium, silica, and strontium in grids 
2,3, and 4 of the forebay of Lake Powell and outflows (draft tubes) of Glen Canyon Dam, 
1990-91 Continued

Grid 
Number

2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
3
3
4
4
4
4
4
4
4
4
4

llllftlfftig
DT 
DT
DT
2
2
2
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3

Depth 
(feet)

Sl§iS:lP?Rl':iif:

151
390
40

151
390
40

151
390

40
151
390
40

151
390
40

151
390
40

151
390
40

151
390
40

151
390
40

151
390

N/A 
N/A
N/A

3
50

152
390

3
50

152
390

3
50

152
390

3
50

152
390

3
50

152

Time

itlilllllll
0900
0900
1520
1520
1520
2150
2150
2150
0910
0910
0910
0915
0915
0915
1500
1500
1500
2122
2122
2122
0945
0945
0945
1540
1540
1605
2220
2220
2220

liiSifiill
0830 
1535
2200
0910
0910
0910
0910
1545
1545
1545
1545
2306
2306
2306
2306
0930
0930
0930
0946
1600
1615
1615

Calcium 
(mg/L 
asCa

78.9
91.7
67.6
70.8
85.1
67.5
82.2
91.6
67.3
81.6
91.7
67.5
83.3
92.7
67.6
77.2
92.6
66.8
77
75.5
66.8
79.1
90.5
67.1
84.2
91.8
64.3
83.5
86.5

73.7 
74.8
78.7
62.9
53
62.8
89.9
69.4
68.6
68.2
84.4
60.5
53.4
63.7
74.4
75.8
65.3
69.5
73.4
63.1
63.1
70

Iron 
(mg/L 
asFe)

lillllliltf
<.005
<.005

.006
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<005

.055 

.011

.009

.008

.007

.011

.006
<.005

.007

.017

.007

.01

.015

.016

.011
<.005

.005
<.005

.006

.009

.016

.009

Magnesium 
(mg/L 

asMg)

29.8
32.8
27
28
31.6
27.1
31.3
33
26.9
31
33.1
26.9
31.8
33.4
26.8
29.7
33.1
26.8
29.6
28.9
26.8
30.4
32.3
26.9
31.9
33.1
25.9
31.6
31.7

27.7 
27.2
28.1
25.5
21.5
24.7
32.6
25.4
26.1
25.2
29.8
23.2
20.6
23.3
26.8
30.1
25
25.3
26.5
24.3
23.8
25.4

Sodium 
(mg/L 
asNa)

||:||||'||:|f 1||

88.9
100.1
74.7
78.4
93.4
74.5
92.9

100.1
74.4
92.1
99.9
74.6
94.4
10.8
74.9
86.8

100.7
74
86.5
83.3
73.7
88.9
98.5
74.1
95.2

100
71.4
94.5
94.6

82.6 
83.6
88.1
71.6
60.5
70.8
99.5
78.3
76.9
76
93.3
68.6
60.3
71.4
82.9
85.1
73.7
78
81.9
71
70.5
78.2

Silica 
(mg/L 
as Si)

8.5
8
8
8.1
8.1
8
8.7
8.1
7.9
8.6
8
7.9
8.7
8.1
8
8.4
8.1
8
8.5
8.1
7.9
8.5
7.9
7.9
8.6
7.9
7.8
8.7
8.1

7.6
7.6
7.9
6.6
5.7
6.7
8.2
6.9
7.2
7.2
7.8
6.2
5.8
6.6
7.2
7.9
7.1
7.3
7.2
6.6
6.8
7.2

Strontium 
(mg/L 
asSr)

lilli III 1 ill IKsS ll" ;;

.96
1.1
.86
.89

1.03
.86
.98

1.09
.86
.98

1.1
.86

1
1.11
.86
.94

1.11
.85
.94
.93
.85
.96

1.08
.85

1
1.09
.82
.99

1.04

.91 

.92

.97

.81

.68

.79
1.09
.89
.88
.86

1.02
.78
.68
.79
.92
.98
.84
.86
.9
.81
.81
.87
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Table 20. Concentrations of dissolved calcium, iron, magnesium, sodium, silica, and strontium in grids 
2,3, and 4 of the forebay of Lake Powell and outflows (draft tubes) of Glen Canyon Dam, 
1990-91 Continued

Grid 
Number

3 
3
3
3
3

Ilillllilll
2 
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
3
3

DT
DT
DT

2 
2
2
2
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3
3

Depth 
(feet)

!:i::^::j^;i'>:';:^hl::^;; ; ;^:i!:^l.

390 
3

50
152
390

390 
160

3
40

390
160
40

3
40

160
390

3
40

160
390
390
160
40

3
N/A
N/A
N/A

3 
3

40
160
390

3
40

160
390

3
40

160
390

3
40

160
390

3
40

160
390
390

3

Time

1615
2225
2240
2240
2240

;:i^:^:.S;^:;^:;x:i ;^i§i-;:ii;i:!:;"i:^^i 
^iS'::'-::^-^^:':^:':-:^:--'-^-:^:::^:^^

1415 
1430
1450
1500
2348
2354
2400
1220
1235
1245
1300
1803
1811
1850
1855
2300
2315
2321
2325
1330
1830
2400

0005 
0655
0700
0730
0740
1210
1220
1230
1240
1805
1810
1817
1850
0605
0610
0630
0640
1310
1320
1330
1340
1825
1900

Calcium 
(mg/L 
asCa

77.5 
60.8
70.3
75.7
87.7

76.1 
78.6
74
77
87.6
82.7
73.1
70.2
67.2
79.8
88.9
69.4
64.7
91.9
93.4
89.5
75.9
63.9
73.5
 
74.5
79.8

l|lll|l;ll;.||||l|5
71.1 
72.9
68.7
75
75.4
65.8
63.6
67.2
72.5
71.8
72.1
78.1
79.3
79
60
76.3
79.1
66.9
70.2
73.5
77.4
77.4
70.6

Iron 
(mg/L 
asFe)

jsliisSsi;!!^** ;!*

.01 

.009
<.005
<.005
<.005

<.005 
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005

.005

.006

.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005

itifiiifil
<.005 
<.005

.005
<.005
<.005
<.005

.008
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005

.06

.007
<.005

.007
<.005
<.005

Magnesium Sodium Silica 
(mg/L (mg/L (mg/L 

as Mg) as Na) as SI)

27.2 
23.3
27
27.5
30.6

lllifltisllill
28.4 
29.6
29.7
30.5
34.2
32.8
30.9
28.6
30.7
30.1
33.6
29.2
30.2
34.9
35.5
35.8
30.6
30.9
31
29.2
29.1
32.8

Ottj$j$ig%:&g;i!&

31.8 
30.3
27.1
28.2
28.7
25.8
29.6
30.2
31.9
34.1
33.5
33.7
34.4
32.3
28.8
28.9
29.7
31.3
32.1
32.3
33
33.2
33.4

86.1 
68.8
81.2
82.4
96.5

89.6 
90.4
88.6
91.1

102.2
96.1
86.6
84.1
84.7
91.9

103.3
83.3
81.6

105.4
108.1
104.7
89
81.3
87.9
84.3
86.9
92.4

91
87.7
78.7
84.8
85.7
75.9
80.2
83.1
89.7
92.9
91.7
94.3
98
94.5
76
86.2
89.6
84.7
87.5
90.2
94.7
95.9
91.5

7.2 
6.3
7.3
7.7
7.7

5.2 
6.2
6
5.8
8.5
8.6
7.2
5
6.6
5.9
8.7
6.9
6.3
9.3
9.1
8.7
7.9
6.4
7.1
8
7.7
8

7.4 
7.1
6.8
7.9
7.4
6.4
6.3
7
7
7.2
7.3
8.3
7.9
7.7
5.9
7.9
7.9
6.5
6.8
7.6
7.4
7.6
7.2

Strontium 
(mg/L 
asSr)

.94

.78

.89

.93
1.04

.92
1.01

.96

.99
1.09
1.04
.94
.9
.87

1.02
1.1

.9

.83
1.17
1.17
1.13

.95

.82

.95

.99

.94
1.01

Illlllllllilsiil?
.97 
.95
.89
.95
.95
.85
.82
.86
.91
.95
.95

1.01
1.01
1.03
.77
.97

1
.87
.9
.95
.96
.97
.94
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Table 20. Concentrations of dissolved calcium, iron, magnesium, sodium, silica, and strontium in grids 
2,3, and 4 of the forebay of Lake Powell and outflows (draft tubes) of Glen Canyon Dam, 
1990-91 Continued

Grid
Number

3
3
3
3
3

DT
DT
DT
DT
DT
DT

:;'i'^f>mmismim
W,Z<;*»~t'VZ'Z»3-

DT
2
2
2
2
3
3
3
3
3
3
3
3
3

DT
DT
DT

3
3
3
3
3
3
3
3
3
3
3
3

Depth
(feet)

tillllillll
40

160
3

40
160

N/A
N/A
N/A
N/A
N/A
N/A

N/A
3

40
160
390
390
160

3
390
40

3
40

160
390

N/A
N/A
N/A

3
45

155
390

3
45

155
390

3
45

155
390

Time

1907
1915
2335
2345
2400
0615
1200
1300
1745
1900
2345

0545
0610
0620
0630
0640
0010
0120
0120
0120
0120
0710
0720
0730
0740

0730
1400
2000
0820
0820
0820
0820
1315
1315
1315
1315
2045
2045
2045
2045

Calcium
(mg/L
asCa

73.9
77.1
62.4
68.2
71.3
83.8
...

83.2
...

76.2
72.4

79.7
61.6
62.3
71.7
75.2
75.4
73.9
63.9
92.9
61.2
68.5
68.4
70.3
76

73.6
74.5
84.4
65.3
65.1
65.2
77.8
66.7
68.8
77.2
90
69.8
65.2
72.3
96.4

Iron
(mg/L
asFe)

<.005
<.005
<.005
<.005
<.005
<.005
<.005
 

<.005
 

<.005

mffiii
.005

<.005
<.005

.008
<.005

.005
<.005

.005
<.005
<.005
<.005
<.005
<.005
<.005

<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005
<.005

Magnesiunr
(mg/L

asMg)
IM^ilii

33.8
33.8
24.3
30.8
30.6
33.6
30.5
...

28.7
 

26

IJIliKJ^JVijIiill'l

22.7
24
24
31.3
28.5
28.5
27
24.6
32.8
23.7
27.4
30.9
26.6
28.3

yj$jffi$fy$^iffi!^'$A$

27.3
27.2
30.2
28.9
27.3
24.4
28.7
29.3
29
28.1
32.6
29.4
26.6
25.8
33.4

i Sodium
(mg/L
asNa)

92.6
94.4
71.9
85.6
87.5
97
93.4
._

85.3
 

81.1

88.3
70.8
71.6
88.8
86.1
85.1
82.2
73.4

104.4
70.5
79.3
85.7
79.1
86.1

78.3
79.2
88.7
80.5
75.6
69.3
84.1
81.7
82.2
81.1
96.7
85.1
77.3
75.8

103.4

Silica
(mg/L
as Si)

7.5
8.1
6.2
6.7
7.4
8.8
8.4

...

8
...

7.5
0;:ii:^:i:^;i;:i:':i^4i:'.ii:::':^

8.2
5.9
5.9
7.4
7.4
7.5
7.7
6.2
8.3
6.1
6.7
6.7
7.3
7.4

7.5
7.6
8.4
6.7
6.3
6.7
7.1
6.7
6.8
8
8.4
7.1
6.5
7.6
8.7

Strontium
(mg/L
asSr)

.96

.99

.8

.88

.91
1.07
1.05
 

.97
 

.92

liiiiiiiiiiiiii
1.01
.79
.8
.92
.95
.96
.95
.82

1.12
.79
.89
.88
.9
.94

.94

.95
1.08
.92
.88
.84
.94
.95
.95
.99

1.11
.99
.9
.93

1.16
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