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CONVERSION FACTORS

Metrc unuts ( Internanona System) 1n Lus feport may oe converiea 1o 1nch-pound units by using the foilowing
conversion [actors:

Mulriply metnic unis By To obtain inch-pound unit
centumeter (cm) 0.3937 inch
cubic meter (m?) 35.31 cubic foot
gram (g) 0.03527 ounce. avoirdupois
gram per cubic meter (g/m*) 62.45%107° pound per cubic foot
gram per cubic meter per nour [(g/m’wh) 62.45x10™° pound per cubic foot per hour
kilogram tkg) 2.205 pound. avoirdupois
kilogram per square cepumeter \kg/cm;) 14.22 pouna per square nch
liter (L) 0.2642 gailon
meter (m) 3.281 foot
meter per second (mus) ' 3281 foot per second
macrogram (ug) 35.27x107¢ ounce. avoiraupois
microiiter (ul) 26.42x 1078 galion
micrometer (umj 39.37x107° inch
muiligram (mg) 35.27x10°3 ounce. avoirdupois
muililiter (mL) 26.42x1073 gailon
millimeter (mm) 0.03937 inch
square cenumeter (cm-) 0.155 square inch
square kilometer tkm®) 0.3861 square miie
square meter tm°) 10.76 square foot
square miilimeter (mm-) 1.550x 103 square inch

Inch-pound units in this report may de converted to metric units (Internanonai System) by using the foilowing
conversion 1actors: s

Mulriply inch-pound unit By To obiain metric unit
acre-foot (acre-ft) 1,233 cubic meter
cubic foot per secong (ft>/s) 0.028317 cubic meter per second
foot (ft) 0.3048 meter
inch (in.) - 25.4 miilimeter
mile (mi) 1.609 kilometer
ounce. fluid 0.02957 liter
pound. avoirdupois (1b) 453.6 gram
pound per square inch (psi) 703.1 kilogram per square meter
square nch (in”) 6.452 square cenumeter
square miie (mu-) 2.59 square kilometer

Degree Celsius (°C) may be converted to degree Fahrenheit (°F) by using the following equauon:
*F=9/5(°C)+32.
Degree Fahrenneit (°F) may be converted to degree Celsius (°C) by using the tfollowing equauon:

*C=5/9(°F-32).
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SYNOPTIC WATER-QUALITY EXPERIMENTS ON THE COLORADO RIVER IN
THE GRAND CANYON, ARIZONA

ABSTRACT

Two water-quality synoptic experimental studies were made on the Colorado River in the
Grand Canyon. Field measurements and the collection of water samples for laboratory
analysis were made at 10 mainstem and 6 tributary sites every 6 hours over a 48 hour
period on November 5-6, 1990 and again on June 18-20, 1991. Field measurements
included discharge, alkalinity, water temperature, light penetration, pH, specific

conductance, and dissolved oxygen. Water samples were collected for the laboratory

analysis of major ions (Ca, Mg, Na, K, Sr, Cl, SOy, SiO>), trace elements (Al, As, B, Ba,
Cd, Co, Cr, Cu, Li, Mn,}Io, Ni, Pb, Se, Ti, U, Fe, and Hg), nutrients (PO4, NO3, NHy,
NO,, total dissolved nitrogen, total dissolved phosphorus and dissolved organic carbon).
Biological measurements included drift ( benthic invertebrates and detrital material),
benthic invertebrates from river bottom, phytoplankton and zooplankton. Analysis of
phytoplankton and zooplankton samples was not complete at the time of this report, and
are not included. o

This report contains all available results at the time of preparation (December 1991).

Thé results are primarily presented in tabular form, but soﬁe figures showing time-plots

also are included.
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INTRODUCTION

Studies concerned with large river systems, especially large impounded systems.
are in their infancy (Petts, 1984, Ward and Stanford, 1979). Thus, there is an often
meager understanding of physical, chemical, and biological water-quality constituents for
any given downstream length of the system that is influenced by dam operation. The
Colorado River is no exception. Beginning in western Wyoming, the Colorado River
(there called the Green River) flows through seven states and 2250 river kilometers to the
Gulf of Mexico. On its way to the sea it drains about 647,500 square kilometers. Most

of this drained area is in arid climates where the annual precipitation is less than 25

- centimeters. Thus, the water of the Colorado River is extremely valuable from an

agriculture as well as an urban standpoint. This high value of water has resulted in the
construction of 13 storag\? reservoirs on the Colorado River and its tributaries.  Lake
Mead, perhaps the best known reservoir, was formed in 1936 when Hoover Dam was
closed. Lake Powell, the most recent, was formed in 1963 when Glen Canyon Dam was
closed.

Between Glen Canyon Dam and upriver Lake Mead is the Grand Canyon of the
Colorado River which encompasses Grand Canyon National Park. There the river flows
through its bedrock channel between vertical canyon walls, and over a number of rapids.
The river bed elevation drops about 670 feet within the 632 river kilometers between
Lees Ferry Arizona and the mouth of Diamond Creek. Prior to 1960, before the closing
of Glen Canyon Dam, fewer than 1000 people had taken river trips through the Grand
Canyon. Today (1991) over 25,000 make the journey annually on ratts and boats. This
use of ihe river has resulted in careful control of boaters and other users by the National

Park Service. But, it also resulted in a need for camping sites along the river, and an

10




PRELIMINARY RESULTS
SUBJECT TO REVISION

urgent need to evaluate human impact including that of altering the quality of the river
water.

Coupled to human use of the river in the Grand Canyon 1s the operation of Glen
Canyon Dam. The dam was constructed for tlood control, power generation and water
storage to meet demands of the lower basin states and Mexico. Much controversy rclated
to the dam is concerned with high daily fluctuations in water release for hydroelectric
power generation. For example within a 24-hour period discharge from the dam may
commonly vary between 140 and 850 cubic meters per second (m3/s). This flow
variation causes riverbank and erosion of sediment deposits used for camping and makes
river rafting difficult. As a result there has been, for over a decade, public concern about
the effects of Glen Canyon Dam on the Colorado River in the Grand Canyon. The dam
and reservoir also have reduced sediment transport to the downriver area, resulting in
increased light penetration through the water. Water from Lake Powell is removed for
electric power generation from penstocks located in the upper part of the hypolimnion
(elevation 322 m). This water has a temperature of about 8 degrees Celsius

~
(OC)throughout the year. Pre-dam water temperatures ranged from about 0 to 26 °C
(U.S. Department of Interior, 1988).

Physical alterations in the river channel are not the only concern. Several fish
native to the river are ﬁow on the U.S. Fish and Wildlife Service Endangered List, and
increased light has permitted profuse production of Cladophera glomerara especially in
the Lees Ferry area. The Cladophera production has resulted in organic loading to the
river. There also is evidence that nitrogen and phosphorus concentrations in the river
have decreased since the filling of Lake Powell (Gloss and others, 1980). These chemical
and biological water quality concerns have been known since dam closure and have been

the subject of past studies.
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Mindful of public concern about discharge regulation from Glen Canyon Dam, the
Congress directed the U.S. Bureau of Reclamation (USBR) to undertake studies of the
river and its channels. The first Glen Canyon study began in 1982, and concluded in
1987. It was known as the Glen Canyon Environmental Study I (GCES-I). The study
resulted in a number of scientific papers and a study summary (U.S. Department of the
Interior, 1988). A review of GCES-I was provided by the National Academy of Science
(Marzolf and others, 1987). In 1988 the Congress extended the GCES-I study (renamed
GCES-II) to include a wider array of study topics and to address specific studies that
were inconclusive during the GCES-I studv. Moreover, during the period of the GCES-
II studies the Congress ordered the Secretary of Interior to propose and conduct adjusted

flows, called interim flows, and to evaluate the consequences of these flows on the Grand

Canyon environment. The interim flows were begun in August 1991.

During the winter of 1989-1990 the U.S. Geological Survey (USGS) Water
Resources Division (WRD) prepared a proposal for scientific investigations on the
Colorado River. The US\GS proposal included a number of studies to be conducted in
the Grand Canvon and on Lake Powell near the dam. Among the water-quality work
proposed was a study to determine the chemical and biological resources and
characteristics of the river between Glen Canyon Dam and Lake Mead.

Past water-quality work, including that accomplished during GCES-I, provided
some insight about the chemical and biological resources of the river in the Grand
Canyon, but was inconclusive regarding river-reach understanding. As a result, synoptic
experiments were designed b); USGS sciemists to obtain selected chemical and biological
information along the Grand Canyon corridor of the river including the major tributaries.
The goal of the synoptic experiments was to obtain a study-length (Lake Powell forebay
to upriver Lake Mead and major tributaries) understanding of selected chemical and
biological constituents so that process-oriented studies could be designed in the future.

In addition, sampling was organized on a temporal basis so that interpretive information

12
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could be obtained to develop a better understanding of the influence of variable discharge
(daily cyclic water releases from Glen Canyon Dam) and diel variation. The
experimental design was to make tield measurements and collect samples every 6 hours
over a 48 hour period. In the original plan synoptic experiments were 10 be conducted
during low light, low tributary flow (November); high light, low tributary tlow (June)
and high light, high tributary flow (August). We conducted synoptic experiments on
November 5-6, 1990, and June 18-20, 1991. The August 1991 synoptic eﬁperiment was

cancelled.
METHODS

A total of 9 mainstem river sites, 6 tributary sites, and 1 site in the forebay ot
Lake Mead, were selected for sampling during each synoptic experiment (fig. 1). To
minimize sampling variance the river sites were sampled immediately upstream from the
tributary mouth to insure\ the sampling of a thoroughly mixed reach, and the tributary sife
sampled near its mouth (table 1). During the November 1990 synoptic experiment the
collection of water samples and field measurements began at 0600 hours on November
5, and ended at 2400 hours on November 6. In June 1991 the collection of water samplcs
and field measurements began at 1200 hours on June 18 and ended at 0600 hours on June
20. During each experiment water samples were collected and field measurements werc
made 8 times at 6 hour intervals. A listing of field measurements and sample collection
is shown in table 2 along with the references for the technique used for analysis. All
water samples for chemical analysis were collected using the discharge weighted depth-
and width-integrated equal discharge increment (EDI) method (Edwards and Glisson,
1988). At cableways and non-wadable tributary sites boats having a boom and winch
assembly were used and samples were collected with a modified US D-77 sampler

(Edwards and Glisson, 1988). At wadable tributary sites a US DH-77 (hand held)

13
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1
Table l. Sampling site names and river kiiometers ror Colorado River synoptic
experiments. (Note: Lee’s Ferry is river kilometer 1).0) l
River Site No. I
Sampling site Kilometer Tor tie |
Lake Powell FOrebay..c.coomeeeiiiiciiiicicniccccecciceeeen -25.3 l l
Colorado River at Glen Canvon USGS gage........ccccveeennee. -20.0 2
Colorado River at Lees Ferry USGS gage....coccovveeinccnnneennen. 0.0 3 l
Paria RIver near mouth. ..o 0.7 1 I
Colorado River upstream frem Little Colorada River
AL USGS Attt 98.3 5 l
Little Colorado River near mouth......c.e.ueveveeereeereeeeevcnenernennans 98.5 6 o
_ .Colorado River at Grand Canyon USGS gage l
) (Phantom Ranch)......c.ceeeeeveeeeeesenrececeneeeeeeee e 141.0 7 l
Bright Angel Creek near mouth.......c.ocvicviviincceneicninenene. 141.5 8
Colorado River upstream from Kanab Creek.........................230.5 9 I
Kanab Creek near mouth.......ceceuvueerereeverernreeneresnesenenennas ...230.7 10
Colorado River upstream from Havasu Creek.......................252.1 11 I
Havasu Creek near mouth........... retrrerere ettt 2523 12 I
Colorado River at Natuonal Canyon USGS gage...................268.1 13
Colorado River upstream from Diamond Creek USGS l
gage ............................... 363.1 14
Diamond Creek near mouth . ceeeerneemeseeesseneesens 363.3 15 l
Colorado River near Travertine Cleft (June
1991 ONLY) oottt 428.8 16 l
Colorado River near Columbine Falls (November I
1990 onlv)f'\9§/ 17
1
15 i
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Table 2. Measurement and constituent list for synoptic experiments on Colorado River and major

tributaries.
Measurement/ Filter Preser- Instru- Reference
constituent pore size vative ument
Field Measurements
Alkalinity none n/a 1 Kramer (1982)
Discharge none n/a 2 Buchanan and
Somers (1969)
Dissolved
oxygen none n/a 3 Am. Public
Health Assoc.
(1985)
Light none n/a 4 Wetzel (1983)
Sample collection  none n/a 5 Leenheer and
others (1988)
pH none n/a 7 Am. Public
Health Assoc.
1985)
" Chemical
Major ions
Ca, Fe, Mg, Na, 0.4 um HNO3 ICP-AES Garbarino and
SiOy - Taylor (1979)
Cl, SO4 0.45 um n/a IC Fresenius and
others (1988)
Nutrients
POy do Chill UV-Vis Fishman and
NO3 + NOj do do do Friedman (1985)
NH4 do - do do do
Tot.Diss. ‘
N do do do do
Tot. Diss.
P - do do do do
DOC do do IR Menzel and
Vaccaro (1964)
16
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Trace elements

17

Al, As, B, 0.4 ym HNO3 ICP-MS Tavlor (1989) I
Ba, Be,Cd, do do do Garbarino and
Co, Cr, Cu, do do do Taylor (in press)
LiFe, Mn, do do do I
Mo,Sr, V, do do do Taylor and
Zn, Pb, do do do others 1990) l
Taylor and
others (1990)
Se do do AA Fishman and l
Friedman (1985)
Hg do CR,079/ AF Fresenuis and I
HySO4 others(1988)
Thompson and
Godden (1975) l
Biological :
Drift 250 um ethanol Britton and
Greeson (1987) I
=< Benthic _
invert. 0.5 mm do do I
Phytoplankton n/a do do
- i
1. Gran Titration
2. Price meter l
3. Yellow Springs Inst. Model 54
4. Secchi Disk
5. US D-77 and US DH-77 l
6. Orion Model SA 250
7. Amber Science Model 604
ICP-AES  Inductively coupled plasma-atomic emission spectrometry I
IC Ion chromatography
UV-Vis Ultraviolet-visible absorption spectrophotometry
IR Infrared absorption spectrophotometry I
ICP-MS Inductively coupled plasma-mass spectrometry
AA Atomic absorption spectrometry
AF Atomic fluorescence spectrometry I
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sampler was used. The US D-77 sampler has a capacity of 2 liters. A Teflon™ bag of that
volume was placed in the sampler bottle to avoid metallic contamination. In addition,
the sampler was coated with an epoxy paint. All sampling equipment was handled with
Teflon gloves to avoid contamination. At each vertical in the river, 1-1.5 liters of water
was collected. At the boat-sampled mainstem sites, sampling verticals were located at
predetermined flow centroids having equally spaced areas. Sample collection at
cableways was made at five centroids of flow which were predetermined for given
stage/discharge relations. At wading stations the five discharge centroids were
determined from discharge measurements made at the time of sampling. After a sample
was collected using the US D-77 or US DH-77 sampler, it was transferred to a graduated
cylinder by passing through a 63 micrometer ({tm) mesh nylon screen to remove sand-

sized suspended matter, and the volume recorded. The water was then transferred into a

Teflon coated stainless steel churn splitter ( U S Geological Survey Water-quzﬂity

memorandum 76.24.T, 1976) for compositing. When all five centroids of flow were
sampled, the churn contajned about 7.5 liters of sample water. The churn with the
contained water was then removed to a processing site (often within a tent) and aliquots
subsampled as the churn paddle was in motion, ensuring a mixed sample. Water for
trace element analysis (table 2) was filtered through a 0.4 um Nucleopore filter housed in
an all Teflon vacuum sample holder, using ultraclean techniques. Water for nitrogen,
phosphorus and dissolved organic carbon was filtered through a 0.45 um silver-
membrane filter. Specific sample pré,éaration protocol and field measurement

procedures are described in Téyior, Averett and Garbarino (Appendix A).

FIELD. Field measurements included water temperature measured with a calibrated
hand-held alcohol thermometer. Temperature measurements were made every six hours
when water samples were collected, but also at more frequent periods when time

permitted. Water temperature was measured near the river or tributary surface (where

18
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each depth-integrated water sample was collected. Temperature was recorded to the
nearest 0.5 ©C, after a 3 minute thermometer equilibration period. The pH was measured
using a Orion Model SA 250 digital meter which was calibrated using buffers of pH
4.01, 7.0 and 10.00. Water for the measurement of pH and specific conductance was
taken at the surrace (grab) from the stream cross-section and the pH determined
immediately. Specific conductance was measured using an Amber Science Model 604
meter with a 515 conductivity cell. Specific conductance was measured immediately
after sample collection. Alkalinity was determined using the Gran titration method,
employing a 0.16 N standard sulfuric acid solution. Light was measured during daytime
hours using a Secchi disk 30 centimeters (cm) in diameter. Dissolved oxygen (DO) was

measured in the river and tributaries using a Yellow Springs Meter Model 54. The DO

~ was reported to the nearest 0.1 milligrams per liter (mg/l). At boat sampling and

measuring sites‘and in tributaries where wading was poSsible discharge was measured
directly using a Price Current meter. At cableways, discharge was determined from stage
readings and rating curves, as all cableways have historic stage/discharge records. !
Biological samples consisted of drift (benthic invertebrates and detrital material),
benthic invertebrates from the river and tﬁbutary bottom, and water samples for
phytoplankton ahd zooplankton identification collected as part of the water samples for
chemical analysis. Phytoplankton and zooplankton samples have not been analyzed at
the time of this report and thus are not included. During the synoptic experiments dritt
was collected at each site using a net having a 250 um mesh opening, a 10 cm orifice ol
diameter, and measuring 90 cfh in length. Two nets were set in parallel just below the
water surface and held in place by steel rods driven into the stream bottom. The nets
were set at the beginning of each six hour synoptic experiment period and remained in
the stream for one hour. Because of rapidly fluctuating water levelis it was often
necessary to adjust the depth of the net orifice during the hour of collection. Water

velocity was measured in front of each net to facilitate in the calculation of the amount of

19
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water passing through the net during the hour of collection. After collection the contents
of each net were composited into jars and preserved with a 50/50 mixture of water and
ethanol. At Lee's Ferry and upstream tfrom both the Kanab Creek and Diamond Cree
sites, a drift net having a mesh size of 250 pum, an orifice diameter of 0.5 m and a length
of 1.6 m. was towed behind a boat in the river center for a 15 minute period. While in
tow the top of the net orifice was just below the water surface.

Wide fluctuations in water levels in the Colorado River downstream from Glen
Canyon Dam result in streamside areas that are wet for only a short period of each day.
and thus do not support benthic invertebrates. Sampling for benthic invertebrates was
thus conducted on the stream bottom only during the lowest tlow encountered during the

48-hour synoptic experiment period. A kick net having a mesh opening of 0.5 mm and

- measuring 1.1 x 1.0 m was used for collecion (Britton and others 1987, p. 152). A

“stream bottom area of one meter was disturbed and the material washed into the net. The

invertebrates on the net were removed on site and preserved in a 50/50 mixture of
ethanol and water. .

In the laboratory benthic invertebrates were separated from detrital material and
identified to genus and whenever possible species at the University of Pittsburgh
Pymatuning Laboratory of Ecology. Keys used for idemification of the invertebrates
were primarily from Merritt and Cummins (1984). The ash-free weight of the detrital
material was then determined using the technique described in Britton and Greeson

(1987, p. 129-130).

LABORATORY. Several laboratory instrumental methods were used for the analysis of
samples collected during the synoptic experiments. Techniques were selected based on
their optimal use for specific measurement criteria, primarily accuracy, precision,
sensitivity and selectivity. These techniques have been developed over a period of

several years for the specific application to environmental water analysis.

20
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Major cations were determined using inductively coupled plasma-atomic
emission.specuometric (ICP-AES) analysis. Specific details of the methodology and
techniques are described in Garbarino and Taylor. 1979. The elements Ca, Fe. Mg, Si.
Na and Sr were determined simultaneously on a sample aliquot that had been filtered (0.4
um) and acidified (HNO3) in the field, using ultraclean procedures. Potassium was
determined on the same aliquot by an air/acetylene flame atomic absorption
spectrometric technique (Fishman and Friedman. 1985).

Selected trace elements including: Al, As, B, Ba, Be, Cd, Co, Cr, Cu, Li, Mn,
Mo, Ni, Pb, T1, U, V, and Zn, were determined using state-of-the-art inductively coupled
plasma-mass spectrometric techniques described by Taylor, 1989; Taylor and others

(1990) and Garbarino and Taylor (in press). These elements were also determined

simultaneously on a single sample aliquot that was field filtered (0.4 um) and acidified

(HNO3). Selenium was determined on the same aliquot by a hydride generation atomic

absorption spectrometric technique (Fishman and Friedman, 1985).

Mercury was detgrmined on a total dissolved basis, using a cold-vapor atomic
fluorescence spectrometric procedure (Thompson and Godden, 1975, and Roth,
unpublished data) similar to that described by Fresenius and others, 1988. Samples for
mercury determinations were field filtered (0.4 um) and preserved with a mixture of
potassium dichromate and nitric acid.

Nutrient determinations included dissolved ammonium ion, dissolved nitrate,
dissolved nitrite and dissolved ortho;;ﬁosphate. Ammonium, nitrate, nitrite and
phosphate were determined uSiﬁg the salicylate-hypochlorite absorption
spectrophotometric procedure; sulfanilamide/N-1-napthylethylenediamine
dihydrochloride with Cd reduction absorption spectrophotometric procedure; 7
sulfanilamide/N- 1-napthylethylenediamine dihydrochloride absorption
spectrophotometric procedure; and phosphomolybdate absorption spectrophotometric

procedure, respectively (Fishman and Friedman, 1985). Also, total dissolved nitrogen

21
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composite sample (see Appendix), for the respective synoptic. In addition, Secchi disk
light penetration data is included in these tables.

Nutrient data for the November, 1990, and June, 1991, synoptics are listed in
tables 7 and 8, respectively. The nutrient determinations are all made on dissolved
constituents (i.e. all samples filtered through a 0.45 um silver membrane filter) and

include the following specific determinations reported as miiligrams per liter (mg/L) as

either nitrogen or phosphorus: ammonium ion (NHy*), nitrite ion (NO2¥), nitrate ion-

(NO3"), total dissolved nitrogen, orthophosphate ion (PO4=) and total dissolved

phosphorus.

Major anions and dissolved organic carbon (DOC) are tabulated in tables 9 and
10, respectively, for the November, 1990, and June, 1991, synoptic experiments. Anions
include sulfate (SOg4), and chloride (Cl) reported in mg/L. Dissolved organic carbon is
also reported as mg/L.

Metals are divided imo’two groupings. Major metals including: Ca, Mg, Na, K,
SiO7 and Sr, are listed ip tables 11 and 12, for the November, 1990, and June, 1991, |
synoptics experiments, respectively. These determinations are all reported as mg/L.
Trace metals are listed in tables 13 and 14, for the same respective synoptics and include:
Al, As, B, Ba, Be, Cd, Co, Cr, Cu, Fe, Hg, Li, Mn, Mo, Ni, Pb, T1, U, V and Zn.

Tables 15 and 16 list results of the taxanomic, functional goupings, numbers and
biomass of benthic invertebrates from drift samples for each sampling period from the
November, 1990, and June, 1991, syﬁoptics, respectively. Detrital biomass collected
with 10 cm diameter nets are ;ei)orted in tables 17 and 18, representing the respective
synoptic experiments. Results of similar detrital biomass determinations collected using
0.5 m diameter nets are listed in table 19 for the appropriate synoptic experiments.

Tabulations of water discharge in cubic meters per second (m3/s) over the
synoptic sampling periods are listed in tables 20 and 21, for the November, 1990 and

June 1991 synoptic experiments, respectively. Hydrographs plotted from this discharge
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data are plotted in Figures 2 - xx, and show the degree of variation in water release from
the dam over the period of time during each synoptic sampling.
Suspended sediment concentrations are tabulated in tables 22 and 23, for the November,

1990 and June, 1991 synpotic experiments, respectively.

* Use of tradenames does not imply endorsement by the U.S. Geological Survey.
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Table 3. Selected fieid measurements made at specitic $ositions in the river Cross-
section for the November 1990 svnoptic experiment I
Field measurements, Colorado River Synoptic Experiment, November 1990 I
Site Name Date Time |Position | Temp.| Cond. DO
ft. dea.C uS ma/L I
| Colorado River 11-5-80 600 600 9.0 788 6.6
| at 550 8.5 800 6.2 I
Glen Canyon ' 500 8.5 800 6.3
USGS gage 450 8.5 802 6.1
400 8.5 803 6.1 l
350 8.5 803 6.1
300 8.5 808 | 6.0
250 8.5 808 6.0 '
200 8.5 804 6.2
11-5-80 1200 600 8.5 808 6.1
550 8.5 808 6.5 .
500 8.5 809 6.4 g
450 8.5 - 808 6.3 I
- 400 8.5 808 6.3
T ‘ : 350 8.5 809 6.3 |
300 8.5 809 6.4 I
250 8.5 809 6.5
200 8.5 809 6.4
115-80 © 1800 600 8.5 811 6.4 l
550 8.5 811 6.2
500 8.5 810 6.2 '
450 8.5 812 6.1
400 8.5 813 6.2
350 8.5 813 6.1 I
300 - 814 6.2
250 - 813 6.2
200 9.0 813 6.2 I
11-5-80 2400 550 8.5 817 6.4
500 |- 85 816 6.2
450 8.5 816 6.4 I
400 8.5 815 6.3
350 8.5 815 6.4 | I
300 8.5 815 6.3
250 8.5 815 | 6.3 l
PRELIMINARY RESU:.JS
SUBJECT TO REVIS i
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Table 3. Selected field measurements made at specitic positions in the river cross-section
for the November 1991 synoptic experiment--Continued '

Field measurements, Colorado River Synoctic Experiment. November 1920

Site Name Date Time |[Position | Temp.| Cond. 0O
fi. deqa.C uS ma/L
Colorado River 11-6-80 600 580 8.5 800 9.8
at 500 8.5 801 9.7
Glen Canyon 450 8.5 802 9.6
USGS gage 400 8.5 803 9.4
350 8.5 803 9.3
300 8.5 803 9.3
250 8.5 804 | 9.3
11-6-90 1200 600 8.5 824 6.1
580 8.5 824 6.0
500 8.5 825 6.0
450 8.5 824 5.9
400 8.5 825 5.9
350 8.5 825 5.8
- 300 8.5 824 58|
) 250 | 8.5 825 5.8
11-6-80 1800 600 8.5 820 6.2
550 8.5 820 6.1
500 8.5 821 6.2 |
~ 450 8.5 826 6.1
400 8.5 824 6.1
350 8.5 822 | 6.0
300 8.5 823 6.0
250 8.5 822 6.1
11-6-80 2400 500 8.5 818 6.4
450 8.5 818 6.5
400 8.5 817 6.4
350 8.5 818 6.4

| PRELIMINARY RESULTS
SUBJECT TO REVISION
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Table 3. Selected field measurements made at specific positions in the river cross-section
for the November 1991 synoptic experiment--Cuntinued I
Field measurements. Colorado River Synoptic Experiment. November 1390 I
Site Name Date Time |Position | Temp.| Conad. DO
ft. deqa.C uS mag/L I
Colorado River 11-5-80 600 | REW 7.9 792 -
at 1200 | REW 9.0 800 - l
Lees Ferry 1800 | REW 8.5 786 10.4
USGS gage 2400 | REW 8.0 822 7.6
11-6-80 600 | REW 7.0 870 - I
1200 REW 8.5 820 12.6
1800 REW 8.5 822 - 7.3 I
2400 REW 8.5 828 -
Paria River 11-5-80 - 600 | Ccmp 5.0 911 - l
near mouth 1200 | Comp 11.0 942 -
1800 | Comp 11.0 969 -
2400 | Comp 7.5 988 - I
11-6-90 600 | Comp 7.0 978 -
= 1200 | Comp 8.0 956 10.4
1800 | Comp 7.0 943 - I
2400 | Comp 6.0 981 -
Colorado River 11-5-80 600 | REW 8.5 - 9.3 l
upstream from 1200 | REW 8.5 726 9.4
Little Colorado 1800 | REW | 85 875 9.4 l
River at 2400 | REW 8.8 863 9.2
USGS gage 11-6-90 600 | REW 8.0 891 9.7
1200 REW 8.2 864 10.4 l
1800 | REW 8.0 841 10.4
2400 | REW 8.0 842 10.2 I
Little Colorado 11-5-90 600 | Comp | 125 4150 9.6
River 1200 | Comp | 155 4140 8.9 l
near mouth 1800 | Comp 16.0 4040 9.1
2400 | Comp | 16.5] ~ 4140 8.8 ‘
11-6-90 600 Comp 11.5 2750 10.0 l
1200 | Comp | 11.5 2650 9.8
1800 | Comp 12.0 2700 9.9
2400 | Comp 12.0 2820 9.8 I
PRELIMINARY RESUL'S |
SUBJECT TO REV
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Table 3. Selected field measurements made at specific positions in the river Cross-seciion
for the November 1991 synoptic experiment--Continued

Field measurements, Colorado River Synoptic Experiment, November 1990

Site Name Date Time |Position | Temp.| Cond. DO
ft. deq.C uS ma/L
Colorado River 11-5-80 600 | Comp 8.4 943 6.7
at 1200 | Comp 8.0 971 8.4
Grand Canyon 1800 | Comp - 874 -
USGS gage 2400 | Comp - 1040 10.6
(Phantom Ranch) 11-6-90 600 | Comp 8.0 1060 8.0
1200 | Comp 8.5 1120 10.8
1800 | Comp 9.0 1200 | 10.2
2400 | Ccmp 8.5 915 12.0
Bright Angel 1 11-5-80 600 { Ccmp - - -
Creek 1200 | Comp 9.5 365 8.3
at mouth 1800 | Comp 10.5 360 10.0
2400 | Comp 9.0 412 13.6
- 11-6-90 600 | Comp 9.0 390 10.3
1200 | Comp { 9.0 369 9.6
1800 | Comp 9.5 347 10.0
2400 | Comp 8.5 | 354 11.0
Colorado River 11-5-90 600 | Comp - - -
upstream from 1200 | Comp - - -
. Kanab Creek 1800 | Comp - - -
: 2400 | Comp - - -
11-6-S0 600 | Comp - - -
' 1200 | Comp - - -
1800 { Comp - - -
2400 | Comp - - -
Kanab Creek 11-5-80 600 | Comp - - -
near mouth ‘ 1200 | Comp - - -
1800 | Comp - - -
2400 | Comp - - -
11-6-90 600 | Comp - - -
1200 | Comp - - -
1800 | Comp - - -
2400 | Comp - - -

PRELIMINARY RESULTS
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Tuble 3. Selected ficld measurements made at specific positions in the river cross-section
for the Novemecer 1991 synoptic experiment--Continued I
Field measurements, Colorado River Synoptic Experiment. November 1980 '
Site Name Date Time |Position | Temp.| Cond. DO
ft. dea.C uS ma/L l
Colorado River 11-5-90 600 | REW 10.9 932 -
upstream from , 100 10.0 - - l
Havasu Creek 80 - - -
‘ 60 10.8 - -
20 10.0 - - l
11-5-90 1200 100 9.8 - -
Q0 9.8 - ' -
60 10.0 - - I
40 9.8 - -
20 9.9 - - l
11-5-80 1800 105 10.0 - - ,
80 10.0 - - '
60 | 10.0 . i l
< 40 10.0 - -
20 10.0 - -
11-5-80 2400 105 10.0 - - l
60 10.0 - -
. 30 10.0 - - l 4
20 10.0 - -
11-6-90 600 80 9.7 - -
60 9.7 - - l
40 9.7 - -
11-6-80 1200 95 9.8 - -
60 9.7 - - I
30 9.8 - -
11-8-90 1800 80 9.6 - -
60 9.6 - - l
40 9.6 - -
. 20 9.6 - - l
11-6-90 2400 75 9.5 - -
60 9.3 - - I
PRELIMINARY RESULTS I
SUBJECT TO REVISION
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Table 3. Selected field measurements made 2t speciric positions in the river cross-sceiion
for the November 1991 synoptic experiment--Continued

Field measurements, Colorado River Synoptic Experimer-. November 1990

Site Name Date Time |[Position | Temp.| Cond. DO
ft. deqa.C uS ma/L
Havasu Creek 11-5-80 600 | Comp 12.5 730 10.0
near mouth 1200 | Comp 13.5 729 8.9
1800 | Comp 14.0 729 8.6
2400 | Comp 13.5 723 9.7
11-6-80 600 | Comp 13.0 720 9.7
1200 | Comp 13.0 714 8.9
1800 | Comp 12.5 729 | 10.0
2400 | Comp 12.5 734 8.8
Colorado River 11-5-80 600 | Comp 10.0 890 10.8
at 1200 | Comp 10.0 933 10.8
National Canyon 1800 | Comp - - -
USGS gage 2400 | Comp 10.0 931 9.8
- 11-6-90 600 | Comp - - -
’ 1200 | Comp 10.0 974 10.4
1800 | Comp | 10.0 941 10.6
2400 | Comp 10.0 | . 945 9.4
Colorado River 11-5-80 600 | Comp - . .
upstream from 1200 | Comp - - -
Diamond Creek 1800 | Comp - - -
USGS gage 2400 | Comp - - -
11-8-90 600 [ Comp - - -
' 1200 | Comp - - -
1800 | Comp - - -
2400 | Comp - - -
Diamond Creek 11-5-80 600 | Comp - - -
near mouth ' 1200 | Comp - - -
1800 | Comp - - -
2400 | Comp - - -
11-6-90 600 | Comp - - -
1200 | Comp - - A -
1800 | Comp - - -
2400 | Comp - - -

PRELIMINARY RESULTS
SUBJECT TO REVISION
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Table 3. Selected field measurements made at specitic positions in the river cross-section
for the November 1991 synoptic experiment--Continued

Field measurements. Colorado River Synoptic Experiment, November 1980

Site Name Date Time |[Position | Temp.| Cond. DO
ft. dea.C uS ma/L
Colorado River 11-5-80 600 REW 10.5 956 10.6
near 27 10.5 946 9.9
Columbine Falls 82 10.6 945 8.9
138 10.5 845 10.6
202 10.4 843 10.6
267 10.5 844 10.6
11-5-80 1200 REW 10.8 876 | 10.9
27 11.0 925 10.8
82 10.6 933 10.9
138 10.6 932 11.0
202 10.8 933 11.0
267 11.0 935 10.9
11-5-80 1800 REW 11.0 983 10.8
i 27 11.0 947 10.7
= 82 | 108 946 10.8
. 138 10.9 844 10.9
202 11.0 945 10.8
267 111 945 - 10.8
1185-80 2400 REW 11.0 Q24 10.8
27 11.0 917 10.7
82 11.1 921 10.8
138 11.0 913 10.8
202 11.0 916 10.8
267 11.0 914 10.8

PRELIMINARY RESULTS
SUBJECT TO REVISION
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Tabie 3. Selected field measurements made at spect

fic oositons in the river cross-section

for the November 1991 synoptic experiment--Continued

Field measurements. Colorado River Synoptic Experiment, November 1880

Site Name Date Time [|Position | Temp.| Cond. DO
fi. dea.C uS ma/L
Colorado River 11-6-90 600 | REW 10.5 921 10.8
near 27 10.5 886 10.8
Columbine Falls 82 10.4 885 10.9
138 10.5 886 10.9
202 10.5 885 10.9
267 10.5 886 10.8
11-6-80 1200 | REW 10.5 934 | 11.0
27 10.5 894 10.9
82 10.5 896 11.0
138 10.3 897 11.0
202 10.4 898 11.0
267 10.5 897 11.0
11-6-20 1800 | REW 10.5 964 10.9
- 27 10.5 924 10.8
82 10.5 927 10.9
138 10.6 928 10.9
202 105 | . 928 11.0
267 10.5 928 10.9
11-6-80 2400 | REW 10.4 964 10.9
27 10.5 937 10.8
82 10.4 936 10.9
138 10.5 938 11.0
202 10.4 936 11.0
267 10.3 934 11.0
oy RESULTS
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Tuble 4. Selected fieid measurements made at specitic gositions in the river cross-section l
for the June 1991 synoptic experiment
Field measurements. Colorade River Svnootic Exceriment, June 1991 I
Site Name Date Time Position | Temp. |Conauctivity DO l
ft deqa.C uS ma/L
Cclorado River 6-18-91 1200 225 7.5 867 8.6 I
at ' 305 7.5 978 9.6
Glen Canyon 375 7.5 959 9.6 I
USGS gage 430 7.5 868 9.6
495 7.5 959 9.6
1800 225 7.0 859 8.1 l
305 7.5 958 8.2
375 8.0 869 8.2
430 7.5 965 8.2 I
495 8.0 869 8.2
2400 265 7.7 845 9.0 I
340 7.5 949 8.0
380 7.5 949 8.0 a
440 7.5 950 9.0 I
- 490 75 955 8.0
) 6-18-91 600 270 7.5 843 8.6
345 7.5 844 8.6 I
395 7.5 945 8.7
440 7.5 943 8.7
~ 495 7.5 846 8.7 I
1200 225 7.5 861 7.6
305 7.5 962 7.6 l
375 8.0 858 7.6
450 8.0 953 7.6
495 8.0 955 7.6 l
1800 225 7.5 858 7.8
305 7.5 856 7.8
375 7.5 954 7.8 l
430 7.5 958 7.9
495 7.5 950 7.9 I
2400 275 7.5 938 7.9
350 7.5 935 8.0
395 7.5 939 8.0 I
440 7.5 942 8.0
495 7.5 941 - 7.8 I
PRELIMINARY RESULTS
SUBJECT TO REVISIO l
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Tuble 4. Selected field measurements made 2t specitic positions in the river Cross-section
tor the June 1991 synoptic experiment--Ce.o.aued

Field measurements, Colorado River Synoptic Experiment, June 1891

Site Name Date Time Position | Temp. {Conductivity DO
ft deqg.C uS ma/L
Colorado River 6-20-91 600 275 7.5 946 7.7
at 350 7.5 947 7.6
Gien Canyon 395 7.5 949 7.6
USGS gage 440 7.5 948 7.7
495 7.5 948 7.7
Colorado River 6-18-91 1200 Comp 10.0 930 9.7
at 1800 Ccmp 8.0 933 8.0
Lees Ferry 2400 Comp 8.0 937 8.5
USGS gage 6-19-91 600 Comp 8.5 931 10.5
1200 Comp 9.7 920 -
1800 Comp 9.5 924 8.4
2400 Comp 8.0 921 8.6
6-20-91 600 Comp 8.5 916 10.8
Paria River 6-18-91 1200 Comp 29.0 511 7.0
near mouth 1800 Comp 23.5 512 7.3
2400 Comp 19.5 521 7.6
6-19-91 600 Comp 17.5 519 8.2
b 1200 | Comp 28.5 509 6.8
1800 Comp 24.4 513 7.1
2400 Comp 17.5 521 8.0
6-20-91 600 Comp 14.0 518 8.7
Colorado River 6-18-91 1200 440 10.2 949 10.1
upstream from : 380 10.1 950 10.1
Little Colorado 350 10.4 955 10.1
River at 285 10.2 942 10.1
USGS gage 255 10.2 944 10.1
1800 REW 12.0 975 9.8
2400 REW 10.4 970 10.6
6-19-91 600 REW 9.3 983 13.1
1200 REW 10.0 981 10.3
1800 REW 10.5 -~ 985 9.9
2400 REW 10.4 993 9.4
6-20-91 600 - - - -
cyL TS
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Table 4. Selected field measurements made at specitic positions in the river cross-section

tor the June 1991 synopuc experiment--Continued

Field measurements, Colorado River Syncetic Experiment. June 1991

Site Name Date Time Position | Temp. |Conductivity DO
ft dea.C uS ma/L

Little Colorado 6-18-91 1200 0.8 21.0 4400 8.2
River 13.5 21.5 4400 8.2

near mouth 27.0 21.0 4400 8.2
45.0 21.0 4400 8.2

69.5 21.0 4400 8.2

1800 45.0 23.0 4400 7.4

2400 30.0 22.0 4600 6.5

6-19-91 600 30.0 21.0 4500 8.0

1200 7.5 23.0 4500 7.7

1800 0.8 23.5 4400 7.0

2400 0.8 21.0 4500 7.8

6-20-91 600 - - - -

Colorado River 6-18-91 1200 Comp 12.0 972 9.8
L at 1800 Comp 12.0 950 9.9
= Grand Canyon 2400 Comp 12.0 300 10.0
USGS gage 6-19-91 600 Comp 12.0 950 8.5
(Phantom Ranch) 1200 Comp 11.2 800 10.8
1800 Comp 12.0 soo | . 107

~ 2400 Comp 12.0 900 10.1

6-20-91 600 Comnb 12.0 950 10.9

Bright Angel 6-18-91 1200 Left 20.5 310 8.3
Creek Mid 225 310 8.4
near mouth Right 21.85 310 8.4
1800 Mid 220 307 8.7

2400 Mid 19.5 318 8.6

6-19-91 600 Mid 17.0 323 8.2

1200 Mid 21.5 315 7.1

1800 Mid 19.5 309 7.3

2400 Mid 18.0 330 84

6-20-91 600 Mid 18.7 330 8.4
PRELIMINARY RESULID
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Table 4. Selected field measurements made at speciric posiions in the river cross-seeuon
tor the June 1991 synoptic experiment--Continued

Field measurements, Colorado River Synootic Experiment, June 1991

Site Name Date Time Position | Temp. |Conductivity DO

ft deq.C uS ma/L
Colorado River 6-18-91 1200 40 - 1040 11.2
upstream from 86 13.0 1050 11.8
Kanab Creek 101 13.0 1044 11.2
125 13.0 1050 10.1
180 13.0 1038 10.2
1800 40 13.0 - 11.1
86 13.0 - 10.8
101 13.0 - - 11.1
125 13.0 - 11.0
180 13.0 897 11.0
2400 101 12.5 - 11.8
6-19-91 600 101 12.0 283 10.8
1200 40 12.0 - 10.2
86 12.0 - 12.7
- 101 12.0 - 12.6
) 125 12.0 - 12.4
180 12.0 - 12.4
1800 40 12.0 - 11.4
86 12.0 - o114
™ 101 12.0 - 11.5
125 12.0 - 11.6
180 12.0 - 11.6
2400 101 12.0 - 11.3
6-20-91 600 40 11.5 992 11.0
' 86 11.0 991 10.9
101 11.0 87 11.0
125 11.0 ag2 11.0
180 11.5 992 10.9

’ TS
RELIMINARY RESUL
PSUBJEGT 70 REVISION

38




Table 4. Selected tield measurements made at speciiic sositions in the river cross-section .
for the June 1991 svnopuc experiment--Continued
Field measurements. Colorado River Synortic Experiment. June 1991 l
Site Name Date Time Position | Temp. |Conductivity DO l
ft dea.C uS ma/L
Kanab Creek 6-18-91 1200 53 27.0 1180 7.4 l
near mouth 6.8 26.0 - 7.6
7.4 26.0 - 7.5 l
8.1 26.0 - 7.6
9.6 27.0 - 7.5
1800 4.6 21.5 1203 6.9 l
6.8 21.5 1206 7.3
7.5 21.5 1204 7.3
8.4 21.5 1208 7.3 l
10.3 21.5 1210 7.2
2400 4.6 22.0 1219 7.5 I
6-12-81 600 4.6 21.0 11898 7.1
6.8 21.0 1199 7.7 -
75| 210 1108 7.7 I
- 8.4 21.0 1198 7.8
) 10.3 21.0 1199 | 7.8
1200 46 26.5 1201 6.9 l
6.8 26.5 1203 72
7.5 26.5 1203 7.1 I
™~ 8.4 27.0 1206 7.3
10.3 27.0 1202 6.9
1800 4.6 21.0 1221 7.4 l
6.8 21.0 1217 7.5
7.5 21.0 1219 7.7
8.4 21.0 1222 7.7 I
10.3 21.0 1227 7.5
2400 4.6 20.5 1245 7.6
6.8 20.0 1241 77 I ‘
7.5 20.0 1244 7.9
8.4 20.0 1234 7.9 I
10.3 20.5 1250 7.7
6-20-91 600 46 19.0 1234 7.8
68| 19.0 1236 8.0 l
75 19.0 1229 8.0
8.4 19.0 1244 8.0
10.3 18.0 ' 1237 7.6 I
PRELlMlNARY RESULT‘\? l
SUBJECT TO REVISIO
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Table 4. Selected field measurements made at Speciiic FOSILONS in the river cross-section
for the June 1991 svnoptic experiment--Centinued

Field measurements. Cclorado River Svnoctic Sxperiment, June 1891

Site Name Date Time Position | Temp. |Conductivity DO
ft dea.C uS ma/L
Colorado River 6-18-91 1200 - - - -
upstream from 1800 - - - -
Havasu Creek 2400 - - - -
6-19-31 600 - - - -
1200 - - - -
1800 - - - -
2400 - - - -
6-20-91 600 - - - -
Havasu Creek 6-18-91 1200 Comp 20.0 704 8.0
near mouth 1800 Comp 18.0 704 9.3
2400 Comp - 725 9.6
6-19-81 600 Comp 17.0 731 g.4
1200 Comp 21.0 709 2.0
< ' 1800 Comp 19.0 702 9.4
2400 Comp 17.5 718 8.2
6-20-91 600 Comp 16.0 724 9.5
~

PRELIMINARY RESULTS
SUBJECT TO REVISION
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Tuble 4. Selected field measurements made ar speciric positions in the river cross-section l
tor the June 1991 synoptic experiment--Continued I
Field measurements. Colorado River Synoptic Experiment. June 1991
Site Name Date Time Pcsnion | Temp. |Conductivity DO l
ft deq.C uS ma/L
Colorado River 6-18-91 1200 180 14.0 1087 9.1 I
at . 210 14.0 1010 10.0
National Canyon » 243 14.0 1087 8.7 I
USGS gage 273 13.5 1083 9.6
313 13.5 993 9.7
1800 170 13.8 1025 9.5 I
210 13.5 1018 9.6
250 13.5 1012 12.8 l
290 13.5 1017 9.6
325 13.5 1022 9.8
2400 170 |  13.3 968 10.4 l
210 13.5 983 14.0 )
250 13.5 966 10.5 '
290 13.5 975 11.4 I
- 325 13.5 865 9.7
6-19-91 600 185 13.0 990 -
212 12.8 880 10.2 .
244 12.8. 991 -
| 280 12.8 ge0 | - '
h 320 12.5 990 -
1200 180 13.5 986 10.1
220 13.5 987 10.2 I
250 13.5 978 10.4
280 13.5 985 10.6
320 13.5 983 10.1 l
1800 185 13.5 933 10.5
215 13.5 933 10.6 I
250 13.5 932 10.1
280 13.0 934 10.2
315 - 936 10.2 I
2400 185 12.8 937 10.6
215 12.8 931 10.1
250 12.8 935 10.7 I
280 12.8 931 10.8
315 | 12.8 830 10.5 l
PRELIMINARY RESULTS
SUBJECT TO REVISION |
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Table 4. Selected tield measurements made at specitic positions in the river cross-scction

for the June 1991 synoptic experiment--Continued

Field measurements, Colorado River Synootic Experiment. June 1991

Site Name Date Time Position | Temp. |Conductivity DO
ft deq.C uS ma/L

Colorado River 6-20-91 600 170 12.7 958 11.3
at 210 12.8 857 11.0
National Canyon 245 12.9 962 11.2
USGS gage 280 12.7 961 10.8
320 12.8 961 10.8
Cclorado River 6-18-91 1200 105 14.5 1025 10.1
upstream from 130 14.5 1010 10.1
Diamond Creek 145 14.5 1022 10.1
USGS gage 165 14.5 1034 10.1
190 14.5 1011 10.1
1800 105 14.5 1005 12.7
125 14.5 1020 12.8
) 145 14.5 1011 12.8
= 165 14.5 999 17.8
120 14.5 1011 127
2400 105 14.5 1012 10.7
125 14.5 1013 10.7
~ 145 14.5 1010 | 10.5
’ 165 14.5 1010 10.7
190 14.5 1015 10.4
6-19-91 600 100 14.5 1040 11.2
125 14.0 1040 11.2
145 14.0 1040 11.2
170 14.0 1040 1.2
195 14.0 1043 11.0
1200 105 13.5 1057 9.8
130 14.0 1036 9.9
145 13.5 1050 9.9
165 14.0 1037 9.8
190 14.0 1049 10.0
1800 105 145 1042 10.2
125 14.5 1072 10.1
145 14.5 1193 10.1
165 14.5 1128 10.1
190 14.5 1086 10.1

PRELIMINARY RESULTS

SUBJECT TO REVISION
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Table 4. Selected field measurements made at specilic positions in the river cross-scction
for the June 1991 synoptic experiment--Continted

Field measurements, Colorado River Synoptic Experiment, June 1991

Site Name Date Time Position | Temp. |Conductivity DO
it deqa.C uS mag/L
Colorado River 6-19-91 2400 105 14.5 1085 10.0
upstream from 125 14.5 986 10.0
Diamond Creek 145 14.5 885 9.9
USGS gage 165 14.5 987 8.9
190 14.5 1014 9.9
6-20-91 600 100 14.5 1054 10.8
125 14.0 1010 10.8
145 14.0 1013 10.8
170 14.0 1016 10.7
195 14.0 1012 10.8
Diamond Creek 6-18-91 1200 Comp 28.5 753 8.4
near mouth 1800 Comp - 23.5 772 8.0
. 2400 Comp 21.0 783 7.9
N 6-19-91 600 Comp 20.0 781 8.3
1200 Comp 28.5 761 8.9
1800 Comp 22.0 791 8.4
2400 1.5 20.0 790 8.2
6-20-91 600 2.5 18.0 785 8.8
Colorado River 6-18-81 1200 70 21.4 1080 9.7
near 110 19.9 1100 9.7
Travertine Cleft 170 19.7 1080 9.7
240 19.7 1060 9.7
320 19.9 1080 9.6
1800 70 21.1 1000 9.7
110 19.4 1020 9.7
170 18.9 1010 9.7
240 19.6 1025 9.6
320 18.5 1020 9.6
2400 70 17.5 1025 9.6
110 17.3 1025 9.7
170 16.7 1015 9.8
240 16.9 1020 9.8
320 17.4 1020 9.8
PRELIMINARY RESULTS
SUBJECT TO REVISION
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Table 4. Selected field measurements made 2t speciiic cosiions in the river cross-section

for the June 1991 svnoptic experiment --Continued

Field measurements. Colorado River Synoptic Experiment, June 1991

Site Name Date Time Position | Temp. |Conductivity DO
s deq.C uS ma/L
Cclorado River 6-19-81 600 70 16.7 1020 10.0
near 110 16.1 1020 10.0
Travertine Cleft 170 16.0 1000 10.0
240 16.2 1000 10.0
320 16.2 1000 10.0
1200 70 21.0 1050 9.7
110 20.5 1470 9.7
170 22.0 1120 97
240 21.5 1060 9.6
320 21.7 1060 9.6
1800 70 19.3 1080 9.4
110 19.3 1050 8.9
170 19.3 1080 9.6
o 240 19.0 1070 9.7
) 320 18.6 1045 9.8
2400 70 17.6 .1060 9.8
110 16.9 1080 9.8
170 17.0 1100 9.9
™~ 240 16.8 1100 9.8
320 16.4 1080 9.7
6-20-91 600 70 16.2 1060 9.8
110 16.2 1050 9.9
170 15.7 1070 9.9
240 15.8 1070 9.8
320 16.0 1080 9.8
PRELIMINARY RESULTS
SUBJECT TO REVISION
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Table 3. Selected field measurements and dissoived organic carbon (DOC) Jetermined I
from a composite of water sampies from the river cross-section for the November 1990
synoptic experiment l
_PH, Alkalinity and DOC, Colorado River Synootic Experiment, November 1990 I
Site Name Date Time pH Alkalinity DOC
mea/L.  |mg C/L I
Colorado River 11-5-80 600 8.26 2680 2.5
at 1200 | 8.12 2604 2.9 |
Glen Canyon 1800 8.25 2851 2.8
USGS gage 2400 8.06 2674 2.6
11-6-90 600 8.23 2645 2.6 I
1200 8.18 2731 3.1
1800 8.08 2701 © 2.8 l
2400 8.12 2721 2.7
Colorado River 11-5-90 600 8.10 - 29 l
at 1200 8.06 - 29 '
Lees Ferry 1800 8.16 - 2.8 '
USGS gage 2400 8.11 - 27 I
. 11-6-90 600 8.42 - -
) 1200 7.99 - 2.6
1800 8.14 - 2.7 l
2400 8.25 - 2.9
Paria River 11-5-80 600 | 822 - 1.2 l
near mouth 1200 8.55 - 1.1
1800 8.47 - 1.0 l
2400 8.58 - 1.5
11-6-80 600 8.8 - 1.3
1200 8.21 - 1.3 l
1800 8.44 - 1.5
2400 8.60 - 1.1 I
Colorado River 11-5-90 600 8.02 2659 3.0
upstream from .| 1200 8.12 2782 3.1 l
Little Colorado 1800 8.14 2706 2.6
River at .. 2400 7.63 2729 2.9
USGS gage 11-6-90 600 8.83 2830 2.6 I
1200 7.68 2867 2.9
1800 774 2821 2.9
2400 7.85 2801 27 l
PRELIMINARY RESULTS I
SUBJECT TO REVISION
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Table 3. Selected field measurements and dissoived organic carpon (DOC) determined
from a composite of water sampies from the river cross-section ror the Novemoer [990)
Synoptic experiment--continued

pH, Alkalinity and DOC, Colorade River Synootic Experiment, November 1990

Site Name Date Time pH Alkalinity DOC
mea/L img C/L

Little Colorado 11-5-80 600 8.05 5964 0.4
River 1200 7.97 6137 0.2
near mouth 1800 8.00 6517 1.1
2400 7.89 - 1.2

11-6-90 600 7.99 - -
1200 8.27 - 29

1800 8.08 - -

2400 8.16 - -

Colorado River 11-5-80 600 8.12 2826 -
at 1200 7.98 2788 24
Grand Canyon 1800 8.41 2744 2.6
USGS gage 2400 8.53 2727 1.8
(Phantom Ranch) 11-6-80 600 8.37 2878 2.8
1200 7.79 2774 2.6
1800 8.28 3239 2.8
2400 8.16 3019 2.8

Bright Angel 1 1-5\‘490 600 8.41 3891 -

Creek 1200 8.91 3680 -

at mouth 1800 8.16 3458 -

2400 8.47 3649 -

11-6-80 600 8.47 3425 -

1200 8.50 3575 -

1800 8.38 3322 -

2400 8.53 3657 -
Colorado River 11-5-80 600 8.27 3140 2.6
upstream from "1 1200 8.12 2795 2.9
Kanab Creek 1800 8.20 2837 - 28
2400 8.33 3285 2.7
11-6-90 600 8.36 2868 2.5
1200 8.46 2943 2.6
1800 8.17 3158 2.7
2400 8.36 2963 2.5

PRELIMINARY RESULTS
46 'SUBJECT TO REVISION




Table 3. Selected field measurements and dissoived organic carbon (DOC) determined
from a composite of water sampies from the river cross-section for the November 1990 l
Synoptic experiment--continued
pH. Alkalinity and DOC, Colorado River Synootic Experiment, November 1930 l
Site Name Date Time pH Alkalinity DOC
mea/L  |mg CIL |
Kanab Creek 11-5-80 600 8.40 3158 0.6
near mouth 1200 8.45 2766 0.8 I
1800 8.44 2933 0.5
2400 8.45 2953 0.3 l
11-6-80 600 8.40 2889 0.5
1200 8.56 2661 0.5
1800 8.31 2726 0.4 I
2400 8.41 2884 0.5
Colorado River 11-5-90 600 8.48 - 3.2 l
upstream from 1200 - - 2.6 :
Havasu Creek 1800 - - 2.7 l
) 2400 - - 2.8
< 11-6-90 600 - - 2.6
1200 - - 27 l
1800 - - 2.8
2400 - - 2.7
- I
Havasu Creek 11-5-80 600 8.46 5533 2.0
near mouth 1200 7.88 6213 1.5
1800 8.41 5630 1.4 '
2400 8.43 5613 1.9
11-6-90 600 8.44 5668 2.4 l
' 1200 8.37 5595 1.0
1800 8.44 5770 1.3
2400 8.49 5823 2.6 .
Colorado River 11-5-80 600 8.41 2808 -
at 1200 8.44 2834 2.4 l
National Canyon 1800 - - .
USGSgage 2400 8.40 2832 24
11-6-80 600 - - - |
1200 8.41 2928 25
1800 8.41 2071 2.3 l
2400 8.41 2979 2.4
PRELIMINARY RESULTS l
SUBJECT TO REVISION
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Table 5. Selected field measurements and dissoived organic carbon (DOC) determined
from a composite of water samples from the river cross-section for the Novemper (990
synoptc experiment--continued

pH, Alkalinity and DOC, Colorado River Synoptic Experiment, November 1990

Site Name Date Time pH Alkalinity DOC
mea/L |mg C/L
Colorado River 11-5-80 600 8.42 - 2.5
upstream from 1200 8.47 2853 2.7
Diamend Creek 1800 8.19 2944 2.8
USGS gage 2400 8.39 3078 2.3
11-6-80 600 8.44 29834 2.4
1200 8.40 3056 3.0
1800 8.23 2956 " 2.6
2400 8.35 - 2.5
Diamond Creek 11-5-80 600 8.62 5835 -
near mouth 1200 8.70 5493 2.3
1800 8.79 5713 2.5
2400 - - -
< 11-6-90 600 8.71 5534 <0.1
1200 8.73 5549 -
1800 8.69 5465 1.3
2400 - - -
Colorado River 11-5-80 600 8.46 3114 2.7
near 1200 8.43 3365 2.7
Columbine Falls 1800 8.45 3052 2.7
2400 8.43 2970 2.5
11-6-80 600 8.49 2985 2.6
1200 8.42 3019 2.9
1800 8.43 3035 2.5
2400 8.44 3056 2.6

PRELIMINARY RESULTS
SUBJECT TO REVISION
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Table 6. Selected field measurements and dissoived organic carbon (DOC) determined l
from a composite of water sampies from the river cross-section for the June 1991
Synoptic experiment l
pH, Alkalinity and DOC, Colorado River Synoptic Experiment, June 1991 I
Site Name Date Time pH Alkalinity DOC
mea/L mg C/L '
Colorado River 6-18-91 1200 8.08 2864 2.5
at 1800 7.96 2814 2.4 I
Glen Canyon ' 2400 7.64 2870 2.4
USGS gage 6-19-91 600 7.84 2824 2.4
1200 7.93 2786 2.5 l
1800 7.75 2820 25
2400 7.67 2770 2.5
6-20-91 600 7.71 2824 2.5 l
Colorado River 6-18-91 1200 8.09 2747 2.6 l
at 1800 8.10 2800 2.6 |
Lees Ferry 2400 8.04 2756 2.6 -
USGS gage 6-19-61 600 8.14 2793 2.6 l
1200 8.10 2760 2.8
= 1800 8.16 2789 2.7
2400 8.03 2780 2.6 l
6-20-81 600 8.26 2758 2.5
Paria River 6-18-91 1200 8.50 2114 0.9 | I
near mouth 1800 8.63 2083 1.2
2400 8.49 2123 0.8 I
6-19-91 600 8.42 2212 1.2
1200 8.56 2104 0.8
1800 8.46 2067 1.3 l
2400 8.44 2157 1.3
6-20-91 600 8.41 2163 1.0 I
Colorado River 6-18-91 1200 8.13 2800 27
upstream from . 1800 8.20 2804 2.7 I
Litte Colorado 2400 8.40 2827 2.6
River at .| 6-19-91 600 8.03 2783 27
USGS gage 1200 8.02 2749 26 l
1800 8.07 2816 -
2400 8.10 2846 2.7
6-20-91 600 - - 2.7 I
PRELIMINARY RESULTS I
SUBJECT TO REVISIQN
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Table 6. Selected field measurements and dissolved organic carbon (DOC) determined
from a composite of water samples trom the river cross-section tor the June 1991
synoptic experiment --continued

pH. Alkalinity and DOC, Colorado River Synoptic Experiment. June 1991

Site Name Date Time pH Alkalinity DOC

mea/L mg C/L
Little Colorado 6-18-91 1200 8.02 6797 0.7

River ’ 1800 8.02 6660 -
near mouth 2400 7.88 6607 1.2
6-19-91 600 8.25 7257 0.5
1200 7.98 6641 0.3
1800 8.13 65385 0.1
2400 8.06 6591 0.1

6-20-91 600 - - -
Colorado River 6-18-91 1200 8.16 2817 2.7
at 1800 8.17 2804 2.6
Grand Canyon 2400 8.19 2861 2.6
. .USGS gage 6-19-01 600 8.25 2917 2.6
"(Phantom Ranch) ' 1200 8.19 2882 27
1800 8.15 2863 2.9
2400 8.20 2866 2.6
6-20-81 600 8.18 3007 2.5

~
Bright Angei 6-18-91 1200 8.81 3292 1.1
Creek 1800 8.79 3219 0.8
near mouth 2400 8.61 3370 0.9
6-19-91 600 8.02 3361 1.0
' 1200 8.87 3309 1.0
1800 8.77 3291 1.0
2400 8.65 2900 1.0
6-20-91 600 8.70 3444 0.9
Colorado River 6-18-91 1200 8.22 2941 2.5
upstream from 1800 7.48 2872 2.7
Kanab Creek 2400 8.18 2911 2.8
6-19-91 600 8.21 2854 2.6
1200 8.12 2861 27
1800 8.25 2913 25
2400 8.26 2868 2.4
6-20-91 600 8.18 2887 2.6
__ PRELIMINARY RESULTS
SUBJECT TO REVISION
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Table 6. Selected field measurements and dissolved organic carbon (DOC) determined I
from a composite of water samples from the river cross-section for the June 1991
Synoptic experiment --continued I
pH, Alkalinity and DOC, Colorado River Synoptic Experiment, June 1991 I
Site Name Date Time pH Alkalinity DOC
mea/L mg C/L I
Kanab Creek 6-18-91 1200 8.30 2169 0.8 l
near mouth 1800 8.24 2131 1.0
2400 8.23 2382 0.9
6-19-91 600 8.03 2439 0.9 I
1200 8.42 2219 0.9
1800 8.37 2291 0.8
2400 8.09 2475 0.9 I
6-20-81 600 8.22 2521 0.9
Colorado River 6-18-91 1200 - - - I
upstream from 1800 - - -
Havasu Creek 2400 - - - l
6-19-91 600 - - -
= ' 1200 - - -
1800 - - - l
2400 - - -
6-20-91 600 - - -
< 1
Havasu Creek 6-18-91 1200 8.58 5562 <0.1
near mouth 1800 8.42 5534 1.1 l
2400 8.42 4813 <0.1
6-19-91 600 8.50 5822 0.1
1200 8.52 5614 <0.1 l
1800 8.54 5571 0.1
2400 8.60 5796 1.1
6-20-91 600 8.58 53915 1.1 I
Colorado River 6-18-91 |, 1200 8.37 3331 -
at 1800 8.43 2947 26 '
National Canyon 2400 8.43 2831 2.6
USGSgage | 6-19-91 600 8.26 2892 2.6 I
1200 8.19 2796 2.6
1800 8.25 2853 2.6
2400 832| 2837 2.6 l
6-20-91 600 8.24 2897 2.7
PRELIMINARY RESULTS !
SUBJECT TO REVISION
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Table 6. Sclected tield measurements and dissolved organic carbon (DOC) determined
trom a composite of water samples from the river cross-section for the June 1991
synoptic experiment--continued

pH, Alkalinity and DOC, Colorado River Synoptic Experiment. June 1991

Site Name Date Time pH Alkalinity DOC
mea/L mg C/L
Colorado River 6-18-91 1200 8.29 2978 2.8
upstream from 1800 8.28 3160 3.1
Diamond Creek 2400 8.31 2942 2.6
USGS gage 6-19-91 600 8.34 3097 2.5
1200 8.32 2909 2.7
1800 8.32 2981 2.8
2400 8.38 3028 3.2
6-20-91 600 8.32 2930 2.9
Diamond Creek 6-18-91 1200 8.50 6441 -
near mouth 1800 8.25 6293 2.3
2400 8.27 6265 1.2
< 6-18-91 600 8.29 6205 -
' : 1200 8.50 5863 2.1
1800 8.47 6466 2.2
2400 8.21 6155 -
6-20-91 600 8.26 6216 1.5 |-
Cclorado River 6-18-91 1200 8.28 2954 2.4
near 1800 8.31 2948 2.6
Travertine Cleft 2400 8.30 2948 2.4
6-19-91 600 8.23 3023 2.4
1200 8.45 2880 2.6
1800 8.33 2982 3.0
2400 8.24 3000 2.5
6-20-91 600 8.25 2958 2.8

PRELIMINARY RESULTS
SUBJECT TO REVISION
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Tuble 7. Dissolved nutrient concentrations for the November 1990 synoptic experiment

Nutrients. Colorado River Synoptic Experiment. November 1980

(N = nitrogen, P = phophorous)

Site Name Date Time NO3 NQ2 NH4 | T.diss.N| PQ4 |T.diss.P
mag N/L T ma N/AL | mgN/L| mg N/L|mg P/L| mgP/L

Colorado River { 11-5-80 600 0.33| <0.01| <0.02 0.5 | <0.01 | 0.002
at ' 1200 0.34 <0.01 <0.02 0.4 | <0.01 | <0.001

Glen Canyon 1800 0.34 | <0.01 <0.02 0.5 | <0.01 | 0.002
USGS gage 2400 0.35 | <0.01 <0.02 0.5 | <0.01 | <0.001

11-6-80 600 0.34| <0.01]| <0.02} 0.3 | <0.01 | 0.001

1200 035 <0.01]| <0.02 0.2 | <0.01 | 0.001

1800 0.35| <0.01| <0.02 0.5 | <0.01 | <0.001

2400 0.35| <0.01] <0.02 0.6 | <0.01 |<0.001

Colorado River | 11-5-80 600 0.34 | <001 <0.02 0.4 | <0.01 | 0.001
at 1200 0.33| <0.01| <0.02 0.4 | <0.01 | <0.001

Lees Ferry 1800 034 | <001 ]| <0.02 0.5 | <0.01 | 0.001

USGS gage 2400 0.35 | <0.01 0.02 0.5 | <0.01 | 0.001
< 11-6-90 600 035 | <0.01] <0.02 0.5 | <0.01 | <0.001
1200 0.35| <0.01]| <0.02 0.4 | <0.01 {<0.001

1800 0.34 | <001]| <0.02 0.5 | <0.01 |<0.001

2400 0.35 <0.01 0.02 0.5 | <0.01 | <0.001

L

Paria River 11-5-90 600 091 <0.01 0.04 1.0 | <0.01 | 0.005

near mouth 1200 089 <0.01]| <0.02 0.9 | <0.01 | 0.001
1800 0.85 0.05 0.03 1.0 0.06 | 0.040

2400 092 <0.01 0.02 0.9 | <0.01 | 0.053

11-6-90 600 0911 <0.01]| <0.02 1.0 | <0.01 | 0.004

1200 0.87 0.03 0.03 1.0 0.03| 0.062

1800 0.83 | <0.01]| <0.02 0.9 | <0.01 | 0.038

2400 0.87 0.021 <0.02 0.91 <0.01 | 0.108

Colorado River | 11-5-80 600 0.33 | <0.01 <0.02 0.5 | <0.01 | 0.004
upstream from 1200 0.33| <0.01| <0.02 0.6 | <0.01 | 0.004
Little Colorado 1800 032 ]| <001 <0.02 0.5 { <0.01 | <0.001
River at 2400 032 <001 | <0.02 0.4 | <0.01 |<0.001
USGS gage 11-6-90 600 032 <001 <0.02 0.5 0.01 | 0.002
1200 032 <001 <0.02 0.4 | <0.01 | 0.020

1800 0.32 | <0.01] <0.02 0.5 | <0.01 {<0.001

2400 0.34 <0.01]| <0.02 0.4 | <0.01 | 0.021

PRELIMINARY RESULTS

SUBJECT TO REVISION
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Table 7. Dissolved nutrient concentrauions for the Novemper 1990 svnopuc experiment

Continued

Nutrients. Colorado River Synoptic Experiment. November 1980

(N = nitrogen, P = phopnorous)

Site Name Date Time NO3 NQ2 NH4 | T.diss.N| PQO4 |T.diss.P
mg N/L| mgN/L1 mgN/L| mg N/L | mg P/L| mg P/L
Little Cclorado | 11-5-30 600 0.32 | <0.01| <0.02 0.4 0.01 | 0.018
River 1200 032 | <0.01]| <0.02 0.4 { <0.01 | 0.006
near mouth 1800 0.32 | <0.01 <0.02 - <0.01 -
2400 032 | <0.01] <0.02 - 0.02 -
11-6-80 600 1.01 0.08 | <0.02 - 0.03 -
1200 085 | <0.01| <0.02 - 0.03 -
1800 0.76 0.02 ] <0.02 - - 0.03 -
2400 0.71 0.03 1 <0.02 - 0.03 -
Colorado River | 11-5-90 600 035 <0.01| <0.02 0.6 | <0.01 | 0.002
at 1200 034 | <0.01}| <0.02 0.5} <0.01 | 0.021
Grand Canyon 1800 0.38 | <0.01| <0.02 0.4 | <0.01 | 0.001
USGS gage 2400 036 | <0.01| <0.02 - <0.01 | 0.008
(Phantom Ranch)| 11-6-90| 600 035 | <0.01| <0.02 0.4 | <0.01 | 0.023
‘ 1200 034 <0.01| <0.02 0.1 | <0.01 | Q.00t1
1800 0.36 | <0.01| <0.02 0.6 0.03 | 0.045
2400 0.35| <0.01}] <0.02 0.7 0.03 | 0.022
Bright Angel | 11-5-90 | 600 - - - - - -
Creek 1200 - - - - - -
at mouth 1800 - - - - - -
2400 - - - - - -
11-6-90 600 - - - - - -
1200 - - - - - -
1800 - - - - - -
2400 - - - - - -
Colorado River | 11-5-90 600 0.30 0.02 0.02 0.6 0.05 | <0.001
upstream from 1200 0.32 | <0.01 <0.02 0.5 | <0.01 | 0.005
Kanab Creek 1800 0.32| <0.01} <0.02 0.5 | <0.01 | 0.006
.- 2400 032 <0.01}| <0.02 0.5 | <0.01 { 0.011
11-6-90 600 032 | <0.01§ <0.02 0.5 | <0.01 | 0.004
1200 032 | <0.01} <0.02 0.5 0.01 | 0.003
1800 032 | <0.01]| <0.02 0.4 0.01 | 0.002
2400 032 <0.01| <0.02 0.5 0.01 | 0.003

54

PRELIMINARY RESULTS
SUBJECT TO REVISION




Table 7. Dissoived nutrient concentrations for the Novembper 1990 synoptic experiment

Continued

Nutrients. Colorado River Synoptic Experiment. November 1980

(N = nitrogen, P = phopnorous)

Site Name Date Time NOS3 NO2 NH4 | T.diss.N| PO4 |T.diss.P
maN/L| mgN/L! mgN/L! mgN/L|ImgP/L| mgP/L
Kanab Creek 11-5-80 600 0.19 <0.01 <0.02 0.5 | <0.01 | <0.001
near mouth 1200 0.16 | <0.01 <0.02 0.3 | <0.01 | 0.001
1800 0.00 | <0.01 <0.02 0.3 | <0.01 | 0.003
2400 0.20 | <0.01 <0.02 0.3 | <0.01 | <0.001
11-6-90 600 0.20 | <0.01 <0.02 0.3 | <0.01 | 0.001
1200 0.17 | <0.01 <0.02 0.2 | <0.01 | 0.004
1800 0.19 | <0.01 <0.02 0.3 | <0.01 | 0.004
2400 0.20 [ <0.01 <0.02 0.4 | <0.01 | 0.002
Colorado River | 11-5-80 600 0.34 { <0.01 <0.02 0.5 | <0.01 | 0.007
upstream from 1200 0.34 | <0.01]| <0.02 0.5 | <0.01 | <0.001
Havasu Creek 1800 0.33 | <0.01 <0.02 0.6 | <0.01 | 0.002
2400 0.33 | <0.01 <0.02 0.4 | <0.01 | 0.002
< 11-6-80 600 0.33| <0.01 <0.02 0.4 | <0.01 | 0.001
1200 0.33 | <0.01 0.02 0.5 0.02 | 0.003
1800 032 | <0.01 <0.02 0.5 | <0.01 | 0.002
2400 0.32 | <0.01 <0.02 0.4 | <0.01 | 0.005
Havasu Creek | 11-5-80 \600 0.28 { <0.01 <0.02 0.3 | <0.01 | 0.001
near mouth 1200 0.26 | <0.01 <0.02 0.2 ] <0.01 | <0.001
1800 026 { <0.01 <0.02 0.3 | <0.01 | 0.002
2400 025 <0.01 <0.02 0.3 ] <0.01 ] 0.001
11-6-90 600 0.27 | <0.01 <0.02 0.3 | <0.01 | <0.001
1200 0.26 | <0.01 <0.02 0.3 { <0.01 | 0.001
1800 026 | <0.01 <0.02 0.1 | <0.01 | 0.002
2400 0.25| <0.01 <0.02 0.3 | <0.01 {<0.001
Colorado River | 11-5-90 600 0.32 | <0.01 <0.02 0.5 0.02 | 0.001
at 1200 0.32 | <0.01 <0.02 0.5} <0.01 | 0.004
National Canyon 1800 - - - - - -
USGS gage . 2400 0.32 | <0.01 <0.02 0.5 | <0.01 | <0.001
11-6-90 600 - - - - - -
1200 0.31 0.01 0.02 0.4 0.03 | 0.003
1800 0.32 | <0.01 <0.02 0.5 0.01 | 0.007
2400 032 | <0.01 <0.02 0.4 | <0.01 | 0.002
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Table 7. Dissolved nutrient concentrations for the Novemper 1990 synoptic experiment
Continued

Nutrients, Colorado River Synoptic Experiment, November 1980

(N = nitrogen, P = phopnorous)

Site Name Date Time NO3 NO2 NH4 | T.diss.N| PO4 |T.diss.P
mg N/L|1 mgN/L| maN/L| mgN/L| mgP/L| mgP/L

Colorado River | 11-5-90 600 0.22 | <0.01 <0.02 0.5 <0.01 | 0.031
upstream from 1200 0.33 | <0.01 <0.02 0.4 0.01 { 0.003
Diamond Creek 1800 0.33| <0.01 <0.02 0.4 | <0.01 | 0.004
USGS gage 2400 0.33| <0.01 <0.02 0.4 { <0.01 | 0.004
11-6-80 600 0.33 | <0.01 <0.02 0.4 0.01 | 0.004
1200 0.33 | <0.01 <0.02 0.5 | <0.01 | 0.005
1800 0.33 | <0.01 <0.02 0.4 | <0.01 [ 0.002
2400 0.32 ! <0.01 <0.02 0.5 ! <0.01 | 0.003

Diamond Creek | 11-5-90 600 - - - - - -
near mouth 1200 0.33 | <0.01 <0.02 0.3 | <0.01 {<0.001
1800 0.34 | <0.01 <0.02 0.2 | <0.01 | 0.001

2400 - - - - - -
- 11-6-90 600 0.40 | <0.01 <0.02 0.4 | <0.01 {<0.001
S 1200 0.33 | <0.01 <0.02 0.3 | <0.01 | 0.003
1800 0.33 ] <0.01 <0.02 0.5} <0.01 | 0.018

2400 - - - : - - -
Colorado River | 11-5-90 | ~ 600 0.32 | <0.01 <0.02 0.5 | <0.01 | 0.010
near 1200 0.31 <0.01 0.02 0.5 0.02 | 0.007
Columbine Falls 1800 0.31 <0.01 <0.02 0.4 | <0.01 | 0.082
2400 0.32 | <0.01 <0.02 0.6 0.01 | 0.007
11-6-80 600 0.32{ <0.01 <0.02 0.6 | <0.01 | 0.004
1200 0.33| <0.01 <0.02 0.5 | <0.01 | 0.002
1800 0.33 | <0.01 <0.02 0.5 <0.01 ] 0.002
2400 0.33 ] <0.01 <0.02 0.5 1 <0.01 | 0.005

PRELIMINARY RESULTS
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Table 8. Dissolved nutrient concentrations ror the June 1991 synoptic experiment

Nutrients, Colorado River Svnoptic Experiment, June 1991

(N = nitrogen, P = phopnorous)

Site Name Date Time NO3 NO2 NH4 | T.diss.N| PQ4 |T.diss.P
mg N/L1 mgN/L! mgN/L| mg N/L|mgP/LI mgP/L

Colorado River | 6-18-91 | 1200 0.39 | <0.01| <0.02 0.40 | 0.01 | 0.004
at 1800 0.38 | <0.01| <0.02 0.49 | <0.01 | 0.004

Gien Canyon 2400 0.37 | <0.01 <0.02 0.37 | <0.01 | 0.006
USGS gage 6-19-91 600 036 | <0.01| <0.02 0.54 | <0.01 | 0.004
1200 035 <0.01]| <0.02 0.58 | <0.01 | 0.008

1800 037 | <0.01| <0.02 0.46 1 0.01 | 0.005

2400 036 | <0.01| <0.02 0.47 | <0.01 | 0.011

6-20-91 600 0381 <0.01] <0.02 0.42 | <0.01 | 0.013

Colorado River | 6-18-91| 1200 0.38| <0.01| <0.02 0.85 | <0.01 | 0.004
at 1800 0.54 0.01 | <0.02 0.80 | <0.01 | 0.003

Lees Ferry 2400 038 | <0.01| <0.02 0.70 | <0.01 | 0.002
USGS gage 6-19-91 600 0.37 | <0.01| <0.02 0.50 | <0.01 | 0.002
- 1200 037 | <0.01}| <0.02 0.30 | <0.01 | 0.005
) 1800 | 0.38| <0.01 | <0.02 0.46 | <0.01 | 0.003
2400 0.36 | <0.01 0.03 0.41 | <0.01 |{<0.001

6-20-91 600 037 | <0.01] <0.02 0.0 | <0.01 | 0.001

Paria River 6-18-91 | ™1200 1.06 0.01 | <0.02 089 | 0.01} 0.013
near mouth 1800 1.05 0.01 | <0.02 1.14 | <0.01 | 0.035
2400 1.08 0.01 | <0.02 0.95 | <0.01 | 0.010

6-19-91 600 1.08 001} <0.02 1.04| 0.01| 0.008

1200 1.04 001 | <0.02 1.02| 0.01| 0.053

1800 1.04 0.02 | <0.02 0.90 | 0.01] 0.015

2400 1.04 0.01 | <0.02 1.04| 0.01 | 0.050

6-20-91 600 1.06 0.01 | <0.02 1.01 0.01 | 0.031

Colorado River | 6-18-91| 1200 0.37 | <0.01 0.02 0.51 | <0.01 | 0.008
upstream from 1800 - 036 <0.01| <0.02 0.51 | <0.01 | 0.014
Little Colorado 2400 035 | <0.01 0.02 0.47 | <0.01 | 0.017
River at 6-19-91 600 039 | <0.01]| <0.02 0.45 | <0.01 | 0.008
USGS gage 1200 028 | <«0.01| <0.02 0.53 | <0.01 | 0.008
1800 0.37 | <0.01| <0.02 0.37 | <0.01 | 0.018

2400 0.37 | <0.01 | <0.02 0.86 | <0.01 | 0.010

6-20-91 600 034 <0.01| <0.02 0.66 | <0.01 | 0.006
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Table 8. Dissolved nutrient concentrations for tae June 1991 synoptic experiment--

Continued

Nutrients. Colorado River Svnoptic Sxoeriment. June 1891

(N = nitrogen, P = phopnorous)

Site Name Date Time NO3 NO2 NH4 | T.diss.N| PO4 |T.diss.P
mg N/L | mgN/L| mgN/L| mg N/L | mgP/LImgP/L

Little Colorado | 6-18-91| 1200 024 | <0.01 0.02 0.18 | <0.01 | 0.003
River ' 1800 0.22 | <0.01 <0.02 0.26 | <0.01 | <0.001
near mouth 2400 0.16 <0.01 <0.02 0.18 | <0.01 | 0.014
6-19-91 600 0.24 <0.01 <0.02 0.38 | <0.01 | 0.013
1200 0.22 <0.01 <0.02 0.25 | <0.01 | 0.015
1800 022 | <0.01 0.02 0.28 | <0.01 | 0.001
2400 0.17 <0.01 <0.02 0.36 | <0.01 | 0.001

6-20-91 600 - - - - - -
Colorado River | 6-18-91| 1200 0.35 | <0.01 0.02 0.35 | <0.01 | 0.019
at 1800 0.36 <0.01 0.02 0.41 { <0.01 | 0.005
Grand Canyon 2400 0.35 <0.01 0.02 0.45 0.01 | 0.010
USGS gage 6-19-91 600 0.37 | <0.01 0.02 0.68 | <0.01 | 0.007
(Phantom Ranch) 1200 0.38 | <0.01 0.02 0.50 | <0.01 | 0.006
- 1800 0.39 | <0.01 0.02 0.37 | <0.01 | 0.009
2400 0.36 <0.01 <0.02 0.47 | <0.01 | 0.007
6-20-91 600 0.37 <0.01 <0.02 0.47 { <0.01 | 0.001
Bright Angel 6-18-91 \1 200 <0.02 <0.01 <0.02 <0.10 0.01 ] 0.033
Creek 1800 | <0.02 | <0.01}] <0.02 0.12 | <0.01 | 0.036
near mouth 2400 <002| <001]| <002} <0.10 0.01 | 0.034
6-19-91 600 <0.02 <0.01 <0.02 <0.10 | <0.01 | 0.032
1200 | <0.02 | <0.01| <0.02] <0.10 0.01 | 0.032
1800 | <0.02 | <0.01| <0.02 0.16 | <0.01 | 0.037
2400 | <0.02| <0.01]| <0.02 0.11 | <0.01 | 0.029
6-20-91 600 <0.02 <0.01 <0.02 <0.10 | <0.01 | 0.029
Colorado River | 6-18-91| 1200 036 | <0.01 0.02 0.41 | <0.01 | 0.014
upstream from 1800° 0.36 | <O0.01 0.02 0.49 | <0.01 | 0.013
Kanab Creek 2400 037 | <001 | <0.02 0.51 | <0.01 | 0.014
6-19-91 600 0.32 ] <0.01 0.02 0.47 | <0.01 § 0.007
1200 0.35| <0.01 0.02 0.42 | <0.01} 0.010
1800 0.34 | <0.01 0.02 0.57 | <0.01 | 0.006
2400 0.37 | <0.01 0.02 0.68 | <0.01 | 0.006
6-20-91 600 0.38 <0.01 0.02 0.51 | <0.01 | 0.001
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Table 8. Dissolved nutrient concentrations for the June 1991 synoptic experiment--

Continued

Nutrients, Colorado River Synoptic Experiment, June 1991

(N = nitrogen, P = phopnorous)

Site Name Date Time NQO3 NO2 NH4 | T.diss.N| PO4 |T.diss.P
mg N/L 1 mg N/L | ma N/L | mg N/L | mg P/L| mg P/L
Kanab Creek | 6-18-91| 1200 | <0.02 | <0.01 0.02| <0.10{ <0.01 | 0.017
near mouth ' 1800 | <0.02 | <0.01| <0.02| <0.10| <0.01 -
2400 <0.02 <0.01 0.02 0.10 | <0.01 | 0.014
6-19-81 600 | <0.02! <0.01 <0.02 0.32 | <0.01 | 0.001
1200 | <0.02 { <0.01 <0.02 0.18 | <0.01 | 0.004
1800 | <0.02 | <0.01 <0.02 | <0.10| <0.01 | 0.005
2400 | <0.02| <0.01 0.02 0.19 | <0.01 | 0.002
6-20-91 600 | <002} <0.01 <0.02 1 <0.10 0.01 | 0.013
Colorado River | 6-18-91| 1200 - - - - - -
upstream from 1800 - - - - - -
Havasu Creek 2400 - - - - - -
6-19-91 600 - - - - - -
= 1200 . - - - - -
1800 - - - - - -
2400 - - - - - -
6-20-91 600 - - - - - -
~
Havasu Creek | 6-18-91| 1200 0.11 | <0.01| <0.02 0.12 | <0.01 | 0.015
near mouth 1800 0.08 | <0.01 <0.02 0.11 | <0.01 | 0.011
2400 0.13 | <0.01 <0.02 0.14 | <0.01 | 0.009
6-19-91 600 0.14 | <0.01 <0.02 0.15 | <0.01 | 0.001
1200 0.13 | <0.01 <0.02 0.14 | <0.01 | 0.011
1800 0.13 | <0.01 <0.02 0.12 | <0.01 | 0.010
2400 0.15| <0.01 <0.02 0.32 | <0.01 | 0.009
6-20-91 600 0.16 | <0.01 <0.02 0.16 | <0.01 | 0.002
Colorado River | 6-18-91| 1200 . 0.39 | <0.01 0.02 0.73 | <0.01 | 0.002
at 1800 0.39 | <0.01 0.02 0.31 | <0.01 | 0.007
National Canyon| 2400 036 | <0.01| <0.02 0.41 | <0.01 | 0.009
USGS gage 6-19-91 600 038 | <0.01 0.02 0.44 | <0.01 | 0.009
1200 0.38 | <0.01 <0.02 0.47 | <0.01 | 0.009
1800 0.35 | <0.01 0.03 0.41 0.01 | 0.009
2400 0.37 | <0.01 0.03 0.81 | <0.01 | 0.017
6-20-91 600 0.36 <0.01 0.02 0.49 | <0.01 | 0.013
PRELIMINARY RESULTS
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Table 8. Dissolved nutrient concentrations for the June 1991 synoptic experiment--

Continued

Nutrients, Colorado River Synoptic Experiment, June 1891

(N = nitrogen, P = phopnhorous)

Site Name Date Time NO3 NO2 NH4 | T.diss.N| PQO4 |T.diss.P
mg N/L| mgN/L|I maN/LI maN/LImgP/LImgP/L

Colorado River | 6-18-81}| 1200 0.38 | <0.01 <0.02 0.48 0.01 | 0.004

upstream from 1800 0.38 | <0.01 <0.02 0.46 | <0.01 | 0.011
Diamond Creek 2400 0.14 <0.01 <0.02 0.53 | <0.01 | 0.005
USGS gage 6-19-91 600 0.38 | <0.01 0.02 0.44 | <0.01 | 0.012
1200 - - - 0.46 - 0.056

1800 0.37 | <0.01 0.02 0.47 | <0.01 | 0.034

2400 0.26 | <0.01 0.02 0.51 | <0.01 | 0.041

6-20-91 600 0.52 | <0.01 <0.02 0.53 0.01 | 0.005

Diamond Creek | 6-18-81 | 1200 0.35 | <0.01 <0.02 0.32 | <0.01 | 0.003
near mouth 1800 0.34 | <0.01 <0.02 0.35 | <0.01 | 0.002
2400 0.45 | <0.01 <0.02 0.34 | <0.01 | 0.005

- 6-19-91 600 0.42 | <0.01 <0.02 0.48 | <0.01 | 0.009
’ 1200 - - - 0.37 - 1<0.001
1800 0.39 | <0.01 <0.02 0.52 | <0.01 | <0.001

2400 0.44 | <0.01 <0.02 0.60 | <0.01 | 0.002

6-20-91 600 0.42 | <0.01 <0.02 0.44 | <0.01 | 0.001

=

Colorado River | 6-18-91| 1200 0.49 | <0.01 0.02 0.45 | <0.01 | 0.025
near 1800 0.37 | <0.01 0.02 0.54 | <0.01 | 0.010
Travertine Cleft 2400 0.38 | <0.01 0.02 0.50 | <0.01 | 0.007
6-19-91 600 0.38 | <0.01 0.02 0.47 | <0.01 | 0.006

1200 0.35 | <0.01 0.02 0.41 | <0.01 | 0.019

1800 0.36 | <0.01 0.02 0.48 | <0.01 | 0.017

2400 0.36 | <0.01 0.03 0.56 | <0.01 | 0.007

6-20-91 600 0.34 | <0.01 0.02 0.33 | <0.01 | 0.006
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Table 9. Major anion concentrations for the November 1990 synoptic experiment I
i i i i . Novemper 1980
Anions. Colorado River Svnoptic Experiment. No PRELIMINARY RESULTS .
Site Name Date Time Cl S04 SUBJECT TO REVISION
ma/L mag/L I
Colorado River 11-5-80 600 43.6 217
at 1200 45.6 221 l
Glen Canyon ' 1800 46.3 228
USGS gage 2400 46.2 228
11-6-90 600 45.4 230 '
1200 49.1 235
1800 47.5 231
2400 47.4 232 I
Colorado River 11-5-80 600 443 223
at 1200 445 228 l
Lees Ferry 1800 46.2 231 -
USGS gage 2400 47.5 234 I
. 11-6-90 600 47.1 231
s 1200 475 | 231
1800 46.4 209 | l
2400 48,5 232
Paria River 11-5-80 600 13.8 345 I
near mouth 1200 13.7 344
1800 14.1 368 .
2400 13.9 374
11-6-80 600 13.9 380
| 1200 13.8 355 .
1800 14.3 383
2400 13.8 373 l
Colorado River 11-5-90 600 51.2 227
upstream from . 1200 51.5 227
Little Colorado 1800 53.3 235 I
River at ‘ 2400 53.3 233
USGSgage | 11-6-90 600 56.7 238 l
1200 54.8 228
1800 51.6 233
2400 50.3 230 l
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Table 9. Major anion concentrations for the November 1990 synopuic experiment--

continued

Anions, Colorado River Synoptic Experiment, November 1880

Site Name Date Time Ci S04
ma/L ma/L

Little Colorado 11-5-80 600 1250 179
River 1200 1250 180
near mouth 1800 1260 172
2400 1160 170
11-6-80 600 680 243
1200 600 194
1800 630 165
2400 690 161
Colorado River 11-5-80 600 77.4 228
at 1200 79.0 227
Grand Canyon 1800 84.1 233
USGS gage 2400 93.6 234
«(Phantom Ranch) | 11-6-80 600 102.4 230
C 1200 132.0 228
1800 141.3 226
2400 81.7 221

Bright Angel 11-5-90 600 - -

Creek 1200 - -

at mouth 1800 - -

2400 - -

11-6-80 600 - -

1200 - -

1800 - -

2400 - -
Colorado River 11-5-80 600 80.5 224
upstream from 1200 80.8 227
Kanab Creek 1800 92.7 226
2400 86.7 227
11-6-80 600 80.4 219
1200 83.1 224
1800 85.0 215
2400 89.9 222
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Table 9. Major anion concentrations for the November 1990 synoptic experiment--
continued '
Anions, Colorado River Synoptic Experiment. November 1980 PRELIMI NARY RESULTS I
Site Name Date Time Cl S04 SUBJECT T REVISION

mag/L ma/L I

Kanab Creek 11-5-80 600 17.7 533
near mouth 1200 17.9 545 I

1800 18.0 532

2400 18.0 550
11-6-90 600 18.0 562 l

1200 17.8 541

1800 17.8 548
2400 17.4 548 l
Colorado River 11-5-80 600 78.5 231 I

upstream from 1200 84.3 227

Havasu Creek ‘ 1800 80.1 220

2400 88.1 218 I

- 11-6-90 600 84.4 224

T 1200 82.8 226
1800 83.1 223 I

2400 80.7 219
Havasu Creek 11-5-80 600 46.0 44 I

near mouth 1200 47.8 46
1800 47.4 45 l

2400 46.9 45

11-6-80 600 46.4 44
1200 46.2 44 l

1800 47.3 45
2400 47.8 45 l

Colorado River 11-5-80 600 70.4 215
at 1. 1200 72.3 217 I

National Canyon 1800 - -

USGS gage . 2400 86.2 221
11-6-90 600 - - l

1200 87.6 213

1800 82.0 209
2400 82.1 - 219 I
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Table 9. Major anion concentrations for the November 1990 synoptic experiment--

continued

Anions, Colorado River Synoptic Experiment, November 1990

Site Name Date Time Cl S04
ma/L ma/L

Colorado River 11-5-80 600 78.7 217
upstream from 1200 83.8 214
Diamond Creek 1800 84.4 217
USGS gage 2400 85.6 217
11-6-80 600 88.3 212
1200 86.6 214
1800 88.6 221
2400 76.1 220
Diamond Creek 11-5-80 600 49.0 28
near mouth 1200 47.3 27
1800 48.2 28

2400 - -
- 11-6-80 600 48.3 28
) 1200 47.8 | 28
1800 48.4 27

2400 - -
Colorado River 115-90 600 88.5 221
near 1200 92.5 223
Columbine Falls 1800 95.9 222
2400 85.8 223
11-6-80 600 75.5 219
1200 79.1 222
1800 89.0 225
2400 91.4 223
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Table 10. Major anion concentrations for the June 1991 synoptic experiment

PRELIMINARY RESULTS

Anions, Colorado River Synoptic Experiment, June 1991 SUBJECT TO REVISION '
Site Name Date Time Cl S04
mag/L mg/L l
_Colorado River 6-18-91 1200 57.4 246
at 1800 57.6 248 l
Glen Canyon ' 2400 56.4 246
USGS gage 6-19-91 600 56.9 250
1200 59.2 254 I
1800 58.8 254
2400 541 240
6-20-91 600 . 58.0 252 I
Colorado River 6-18-91 1200 58.1 250 .
at 1800 57.3 244
Lees Ferry 2400 57.7 246
USGS gage 6-19-91 600 59.0 254 I
- 7 1200 56.7 249
' 1800 58.4 252
2400 55.3 240 I
6-20-91 600 57.0 250
Paria River 6-18-91 1200 11.2 128 I
near mouth 1800 11.1 125
2400 11.2 130 I
6-19-91 600 11.2 130
1200 11.3 127
1800 11.9 134 I
2400 11.7 136
6-20-91 600 11.4 133 I
Colorado River 6-18-91 1200 58.3 249
upstream from - 1800 60.8 253 l
Little Colorado 2400 62.7 256
River at ..| 6-19-91 600 62.0 258
USGS gage 1200 61.2 257 I
' 1800 61.9 257
2400 62.2 256
6-20-91 600 61.2 256 '
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Table 10. Major anion concentrations for the June 1991 synoptic experiment--continued

Anions, Colorado River Synoptic Experiment. June 1991

Site Name Date Time Cl S04
ma/L mg/L

Little Colorado 6-18-91 1200 1290 174
River 1800 1310 179
near mouth 2400 1320 174
6-19-91 600 1310 177
1200 1300 180
1800 1300 179
2400 1260 183

6-20-81 600 - -
Colorado River 6-18-91 1200 68.6 252
at 1800 70.2 253
Grand Canyon 2400 72.0 256
USGS gage 6-19-91 600 89.7 257
«(Phantom Ranch) 1200 70.5 253
’ 1800 74.3 267
2400 71.9 249
6-20-91 600 85.0 261

Bright Angel 6-18-91 1200 - .

Creek 1800 - -

at mouth 2400 - -

6-19-81 600 - -

1200 - -

1800 - -

2400 - -

6-20-91 600 - -
Colorado River 6-18-91 1200 100.0 255
upstream from ' 1800 76.0 257
Kanab Creek 2400 79.1 248
6-19-91 600 70.2 254
1200 68.6 253
1800 68.0 247
2400 82.7 254
6-20-91 600 711 256

66

PRELIMINARY RESULTS
SUBJECT TO REVISION




Table 10. Major anion concentrations for the June 1991 synoptic experiment--continued

Anions, Colorado River Synoptic Experiment, June 1991

Site Name Date Time Cl S04
ma/L mg/L
Kanab Creek 6-18-91 1200 19.3 579
near mouth 1800 18.3 563
2400 18.1 541
6-19-81 600 18.4 542
1200 18.6 541
1800 18.7 549
2400 18.8 542
6-20-91 600 18.4 558
Colorado River 6-18-91 1200 - -
upstream from 1800 - -
Havasu Creek 2400 - -
6-19-91 600 - -
] 1200 - -
= 1800 . -
2400 - -
6-20-91 600 - -
Havasu Creek 6-18-91 1200 47.4 35
near mouth 1800 47.5 35
2400 46.8 35
6-19-91 600 47.1 35
1200 48.0 35
1800 47.6 35
2400 47.9 35
6-20-91 600 48.8 36
Colorado River 6-18-91 1200 79.1 254
at 1800 88.8 251
National Canyon 2400 743 249
USGS gage 6-19-91 600 - -
1200 - -
1800 - -
2400 - -
6-20-91 600 - -
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Table 10. Major anion concentrations for the June 1991 synoptic cxperiment--continued

Anions, Colorado River Synoptic Experiment, June 1991

Site Name Date Time Cl S04
ma/L ma/L
Colorado River 6-18-91 1200 70.8 248
upstream from 1800 711 246
Diamond Creek 2400 76.0 245
USGS gage 6-19-91 600 78.0 243
1200 81.9 243
1800 92.7 243
2400 76.6 252
6-20-91 600 83.6 251
Diamond Creek 6-18-91 1200 55.5 33
near mouth 1800 57.9 35
2400 58.5 36
6-19-91 600 56.3 34
- 1200 - -
) 1800 57.5 35
2400 56.4 34
6-20-91 600 55.4 33.
Colorado River 6-18:91 1200 - -
near 1800 - -
Columbine Falls 2400 - -
6-19-91 600 - -
1200 - -
1800 - -
2400 - -
6-20-91 600 - -
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Table 20. Water discharge of the Colorado River and selected tributaries tor the
November 1990 synoptic experiment

Discharge data. Colorado River Svnoptic Experiment. November 1980

Site Name Date Time Discharge
ma3/sec
Colorado River 11-5-80 600 51
at 1200 314
Glen Canyon 1800 357
USGS gage 2400 88
11-6-80 600 49
1200 259
1800 337
2400 89
Colorado River 11-5-80 600 67
at 1200 259
Lees Ferry 1800 294
USGS gage 2400 326
- 11-6-90 600 79
= 1200 |- 275
1800 245
2400 286
Paria River . Composite - 0.27
near mouth
Colorado River 11-5-80 600 74
upstream from 1200 67
Little Colorado 1800 100
River at 2400 96
USGS gage 11-6-80 600 241
' 1200 300
1800 186
2400 111
Little Colorado River Composite - 6.3
near mouth ’
PRELHVINARY RESULTS
SUBJECT TO REVISION
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Table 20. Water discharge of the Colorado River and selected tributaries for the
November 1990 synoptic--Continued l
Discharge data. Colorado River Synoptic Experiment. November 1980 I
Site Name Date Time Discharge
m3/sec I
Colorado River 11-5-80 600 138
at 1200 107 l
Grand Canyon 1800 107
USGS gage 2400 116
(Phantom Ranch) 11-6-90 600 122 I
1200 286
1800 320 l
2400 214
Bright Angel Creek Composite - 0.40 I
at mouth
.. Colorado River 11-5-80 600 252
upstream from 1200 139
Kanab Creek 1800 108 l
2400 79
11-6-90 600 74 I
~ 1200 -
1800 79
2400 294 l
Kanab Creek Composite - 0.11
near mouth ' I
Colorado River 11-5-80 600 - l
upstream from ) 1200 241
Havasu Creek ‘ 1800 204 l
2400 164
11-6-90 600 119
1200 130 I
1800 156
2400 - I
PRELIMINARY REStiL : I
SUBJECT TO REVISION
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Table 20. Water discharge of the Colorado River and selected tributaries ror the
November 1990 synoptic--Continued

Discharge data. Colorado River Svnoptic Experiment, November 1990

Site Name Date Time Discharge
. m3/sec
Havasu Creek Composite - 2.12
near mouth
Colorado River 11-5-80 600 255
at 1200 241
Naticnal Canyon 1800 -
USGS gage 2400 113
11-6-90 600 -
1200 85
1800 170
2400 227
<~ Cclorado River 11-5-80 600 | 146
upstream from 1200 174
Diamond Creek 1800 193
USGS gage 2400 177
. 11-6-90 600 153
1200 168
1800 159
2400 142
Diamond Creek Composite - 0.045
near mouth '
Colorado River 11-5-90° 600 105
near ) 1200 134
Columbine Falls ’ ' 1800 102
2400 a9
11-6-90 600 a8
1200 129
1800 110
2400 91
PRELIMIix, +vv
. SUBJECT TO B« -~
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Table 21. Water discharge of the Colorado River and selected tributaries tor the June I
1991 synoptic experiment I
Discharcje data. Colorado River Synoptic Experiment, June 1991
Site Name Date Time Discharge I
m3/sec
Colorado River 6-18-91 1200 821 I
at 1800 799
Glen Canyon 2400 213 I
USGS gage 6-19-91 600 190
1200 813 l
1800 801
2400 189
6-20-91 600 189 l
Colorado River 6-18-91 1200 654
at 1800 815 I
Lees Ferry 2400 5985
USGS gage 6-19-91 600 166
1200 665 I
- 1800 827
S : 2400 592 l
6-20-91 600 167
Paria River . Composite - 0.083 l
near mouth D
Colorado River 6-18-91 1200 549
upstream from 1800 265 l
Little Colorado 2400 620
River at 6-19-91 600 815
USGS gage 1200 513 l
: 1800 261
2400 631
6-20-91 600 759 I :
Little Colorado River Composite - 6.14
near mouth l
PRELIMINARY RESULTS
SUBJECT TO REVISION I
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Table 21. Water discharge of the Colorado River and selected tributaries for the June
1991 synopuc experiment--Continued

Discharge data, Colorado River Synoptic Experiment, June 1991

Site Name Date Time Discharge
m3/sec

Colorado River 6-18-81 1200 745

at 1800 462

Grand Canyon 2400 274

USGS gage 6-19-91 600 742

(Phantom Ranch) 1200 688

1800 450

2400 270

6-20-91 600 753

Bright Angel Creek Composite - 0.62

at mouth

.~ Colorado River 6-18-91 1200 810

© - upstream from 1800 966

Kanab Creek 2400 481

6-19-91 600 396

1200 578

™~ 1800 900

2400 538

6-20-91 - 600 328

Kanab Creek Composite - 0.089
near mouth

Colorado River 6-18-91 1200 -

upstream from 1800 -

Havasu Creek a 2400 -

6-19-91 600 -

1200 -

1800 -

2400 -

6-20-91 600 -

PRELIMINARY RESULTS
SUBJECT TO REVISION
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Table 21. Water discharge of the Colorado River and selected tributaries for the June
1991 synoptic experiment--Continued l
Discharge data. Colorado River Synoptic Experiment, June 1991 . I
Site Name Date Time Discharge
m3/sec I
Havasu Creek Composite - 1.87
near mouth l
Coclorado River 6-18-91 1200 317 I
at 1800 770
National Canyon 2400 705
USGS gage 6-19-91 600 479 l
1200 328
1800 736 l
2400 668
6-20-91 600 467 l '
. Colorado River 6-18-91 1200 561
™ . upstream from 1800 | 496
Diamond Creek , 2400 391 l
USGS gage 6-19-91 600 841
1200 705 l
~~ 1800 532
2400 405
6-20-91 600 813 l
Diamond Creek Composite - 0.051
near mouth l
Cclorado River 6-18-91 1200 303 l
near ' 1800 388
Travertine Clefts .. 2400 402 l
6-19-91 600 425
1200 671
1800 546 '
2400 450
6-20-91 600 510 |
PRELIMINARY RESULTS |
SUBJECT TO REVISION I
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Table 22. Suspended sediment concentrations at Colorado River and tributary cross-sections for the
\Iovember 1990 synoptic experiment

Sediment Concentrations, Colorado River Synoptic Experiment, November 1990

Site Name Date Time Concentration
ma/L

Colorado River 11-5-80 600 30.0
at 1200 10.0
Glen Canyon 1800 20.0
USGS gage 2400 10.0
11-6-90 600 <10
1200 <10
1800 <10
2400 <10
Colorado River 11-5-80 600 <10
at 1200 <10
Lees Ferry 1800 <10
USGS gage 2400 10.0
11-6-90 600 <10
1200 <10
1800 20.0
2400 20.0
Paria River 11-5-80 600 80.0
near mouth 1200 160.0
1800 120.0
2400 170.0
11-6-90 600 186.0
1200 200.0
1800 190.0
2400 460.0
Colorado River 11-5-80° 600 40.0
upstream from ’ 1200 20.0
Little Colorado 1800 <10
River at 2400 <10
USGS gade 11-6-90 600 10.0
1200 80.0
1800 40.0
2400 <10
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Table 22. Suspended sediment concentrations at Colorado River and tributary cross-sections tor the
November, 1990 synoptic experiment--Continucd.

Sediment Concentrations, Colorado River Synoptic Experiment, November 1990

Site Name Date Time Concentration
mg/L

Little Colorado 11-5-80 600 860.0
River 1200 930.0
near mouth 1800 980.0
2400 8280.0
11-6-80 600 133000.0
1200 97900
1800 "81100.0
2400 58100.0
Colorado River 11-5-90 600 150.0
at 1200 20.0
Grand Canyon 1800 60.0
USGS gage 2400 10.0
(Phantom Ranch) 11-6-90 600 60.0
' : 1200 100.0
1800 | 6600.0

2400 5040.0 |
Bright Angel 11-5-80 1000 10.0
Creek 11-6-90 245 20.0
at mouth 1600 20.0
see label <10
Colorado River 11-5-90 600 110.0
upstream from 1200 70.0
Kanab Creek 1800 140.0
- 2400 100.0
11-6-80 600 110.0
e 1200 10.0
1800 70.0
2400 70.0

- PRELINMINARY RESULTS l
SUBJECT TO REVISION
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Table 22. Suspended sediment concentrations at Colorado River and tributary cross-sections for the

November, 1990 synoptic experiment--Continued.

Sediment Concentrations, Colorado River Synoptic Experiment, November 1930

Site Name Date Time Concentration
mg/L
Kanab Creek 11-5-80 600 10.0
near mouth 1200 10.0
1800 30.0
2400 190.0
11-6-90 600 <10
1200 40.0
1800 20.0
2400 <10
Colorado River 11-5-80 600 150.0
upstream from 1200 - 110.0
Havasu Creek 1800 150.0
2400 160.0
11-6-80 600 110.0
1200 120.0
1800 <10
2400 1100 |
Havasu Creek 11-5-80 600 60.0
near mouth 1200 20.0
1800 30.0
2400 70.0
11-6-80 600 70.0
1200 70.0
1800 70.0
2400 70.0
Colorado River 11-5-90 600 120.0
at . 1200 130.0
National Canyon 1800 -
USGS gage 2400 110.0
11-6-80 600 -
1200 -140.0
1800 60.0
2400 70.0
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Table 22. Suspended sediment concentrations at Colorado River and tributary cross- -sections for the
November, 1990 synoptic experiment--Continued.

Sediment Concentrations, Colorado River Synoptic Experiment, November 1990

Site Name Date Time Concentration
ma/L

Colorado River 11-5-90 600 230.0
upstream from 1200 240.0
1800 2390.0
2400 220.0
Diamond Creek 11-6-90 600 170.0
USGS gage 1200 220.0
1800 ~190.0
2400 70.0
Diamond Creek 11-5-80 600 ) 30.0
near mouth 1200 10.0
1800 20.0

2400 -
- 11-6-90 600 30.0
) 1200 250.0
1800 60.0

2400 -
Colorado River ™ 11-5-80 600 470.0
near 1200 . 460.0
Columbine Falis : 1800 250.0
2400 380.0
11-6-90 600 300.0
1200 330.0
1800 370.0
2400 290.0

PRELIMINARY RESULTS
SUBJECT TO REVISION
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Table 23. Suspended sediment concentrations at Colorado River and tributary cross-sections for the
June, 1991 synoptic experiment

Sediment Concentrations, Colorado River Synoptic Experiment, June 1991

Site Name Date Time Concentration
mag/L
Colorado River 6-18-91 1200 -
at 1800 -
Glen Canyon 2400 -
USGS gage 6-19-91 600 -
1200 -
1800 -
2400 | -
6-20-91 600 -
Colorado River 6-18-91 1200 -
at 1800 40.0
Lees Ferry 2400 40.0
USGS gage 6-19-91 600 -
1200 -
1800 -
2400 -
6-20-91 600 3 -
Paria River ~~ 6-18-91 1200 -
" near mouth 1800 -
2400 -
6-19-91 600 -
1200 -
1800 -
2400 -
6-20-91 600 -
Colorado River 6-18-91 1200 -
upstream from 1800 80.0
Little Colorado 2400 40.0
River at 6-19-91 600 110.0
USGS gage 1200 A 110.0
1800 30.0
) 2400 - 20.0
6-20-91 600 ‘ 50.0

PRELIMINARY RESULTS
SUBJECT TO REVISION
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Table 23. Suspended sediment concentrations at Colorado River and tributary cross-sections for the
June, 1991 synoptic experiment--Continued. I
Sediment Concentrations, Colorado River Synoptic Experiment, June 1991 I
Site Name Date Time Concentration
mg/L I
Little Colorado 6-18-91 1200 250.0
River 1800 190.0 I
near mouth 2400 170.0
6-19-91 600 100.0
1200 - I
1800 220.0
2400 250.0 I
6-20-91 600 -
Colorado River 6-18-91 1200 - I
at 1800 -
Grand Canyon 2400 -
USGS gage 6-19-91 600 - I
. (Phantom Ranch) 1200 -
D 1800 -
2400 - l
6-20-91 600 -
Bright Angel ~ 6-18-91 1200 - l
Creek 1800 30.0
near mouth : 2400 60.0 I
6-19-91 600 80.0
1200 -
1800 20.0 I
2400 50.0
6-20-91 600 30.0 I
Colorado River 6-18-91 1200 -
upstream from 1800 - I
Kanab Creek 2400 -
6-19-91 600 -
1200 - I
1800 .
2400 -
6-20-91 600 - I
PRELIMINARY RESULTS I
. SUBJECT TO REVISION -
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Table 23. Suspended sediment concentrations at Colorado River and tributary cross-sections for the
June, 1991 synoptic experiment.

Sediment Concentrations, Colorado River Synoptic Experiment, June 1991

Site Name Date Time Concentration
mg/L

Kanab Creek 6-18-91 1200 -

near mouth 1800 -
2400 -
6-19-91 600 -
1200 -
1800 -
2400 -
6-20-91 600 -

Colorado River 6-18-91 1200 -
upstream from 1800 -
Havasu Creek 2400 -
6-19-91 600 -
1200 -
1800 -
2400 -
6-20-91 600 - ; ,

Havasu Creek\ 6-18-91 1200 -
near mouth 1800 -

‘ 2400 -

6-19-91 600 -
1200 -
1800 -
2400 -
6-20-91 600 -

Colorado River 6-18-91 1200 -
at 1800 -
National Canyon 2400 -
USGS gage 6-19-91 600 -
1200 -
1800 -
2400 -
6-20-91 600 -

PRELIMINARY RESULTS
SUBJECT TO REVISION

240




Table 23. Suspended sediment concentrations : Colorado River and tributary cross-sections for the
June, 1991 synoptic experiment.

Sediment Concentrations, Colorado River Synoptic Experiment, June 1991

Site Name Date Time Concentration
mg/L

Colorado River 6-18-91 1200 -
upstream from 1800 -
Diamond Creek 2400 -

USGS gage 6-19-91 600 -
1200 -
1800 -
2400 -
- 6-20-91 600 -

Diamond Creek 6-18-91 1200 -

near mouth . 1800 -
2400 -
6-19-91 600 -
1200 -
1800 -
2400 -
6-20-91 600 -

A

Colorado River™ 6-18-91 1200 -

near 1800 -
Travertine Cleft : 2400 -
6-19-91 600 -
1200 -
1800 -
2400 -
6-20-91 600 -
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INTRODUCTION

The material contained in this guide is designed to provide uniform state-of-the-science instructions for making water-
quality field measurements and collecting and processing water-quality samples for laboratory analysis. The guidelines are somewhat
specific for synoptic expenments on the Colorado River, but with littie modification can be used in a variety of study areas.

The Colorado River system is one of the most majestic rivers in the worid. Beginning in western Wyoming. the river ﬂows
1400 miles before reaching the sea in the Guif of California. Draining the arid west, the river is heavily used for irrigation. recreation,

" and power production and thus is one of the most important rivers in the Nation. There are 2 total of 13 reservoirs on the river-

mainstem and major wibutaries. The Colorado River formed the Grand Caayon, which is one of Nations most heavily visited national
parks. As such the river and its attendant watershed are protected along much of their lengths between Glen Canyon Dam and Lake
Mead. The Grand Canyon ecosystem i1s exuemely fragile, and is undergoing somewhat rapid change since the filling of Lak; Powell
and subsequent controlled flow rcleases for power generation from Glen Canyon Dam.

In recent years there has bccn much public concern about use of the river between Glen Canyon Dam and Lake Mead. Of
particular concern has beea the flow release-rates over shon ume periods. Because of power generation needs. the flow often varies
between 10.000 to 22.000 cubic feet per second (cfs) over a 24-hour period. Whitewater rafting is a major activity on the river. and
this flow regime resuits in several probiems for this sport. One problem is that many of the camping beaches are eroding, and the
supply of new sand has been arrested because of Glea Canyon Dam. Another problem of water-quality concern is that of excessive
plant production resuiting from clear water since sediment discharge has siopped. [n the early 1980's the US Bureau of Reclamation
initiated a muiti-agency study of the effects of the dam on the river. This study led to a number of reports, and to the formation of a
National Academy Committee 1o review the findings. In 1989 Congress ordered the Depanument of Interior to conduct a
environmental impact study (EIS) on the effects of the dam and dam releases on the river. The study for which this field guide is
prepared is concerned with the EIS. However. the US Geological Survey has proposed a decade-long study designed to provide an in-
depth analysis of Lake Poweil and the river 1o upper Lake Mead. The synopuc experiments underway at this time will also provide a
water-quality data base for the long-term USGS study.

The term "synoptic” refers to a snapshot in time. An exampie isa TV weathermap that shows the weather across the Nation
ata given time. Our purpose of the synoptic experiments in the Colocado River study is 10 make measurements and collect water-

quality samples in a similar fashion at fixed times along parucular reaches of the river. It is imponant that the procedures used are
consistent, and that the work is done at prescribed times.

THE COLORADO RIVER AND LAKE POWELL

Before Glen Canyon Dam was closed in 1965 (full pool in Lake Powell did not occur until 1983) the Colorado River
responded to local climatic conditions. High discharge was in the spring following saowmeit, and low flow was in the autumn. Water
temperature had a seasonai regime. ususaily > 20 degrees Celsius in late summer. and near 4 degrees Celsius in January. During
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spring snowmeit. and during local storms. the river often carmied significant sediment loads. Thus. bars and beaches were tormed and
licht penetration into the water was reduced 1o a [ew cenumeters near e surface. Todav., because of Glen Canvon Dam and Lake
Powell, the hydrologic regime of the river in the Grand Canyon has changed. Spring snowmelt is captured behind the dam. water
reaching the river from Lake Poweil is taken from the hypolimnion ot the reservoir and often is near 3 degrees Celsius tor some
distance downriver from the dam. The water temperature at the dam is often oniv doubled some 225 miles downstream at Diamond
Creek. There is essentally no sediment entering the river from the dam. and thus light penetration through the water is exiensive.
often reaching the river botiom for a considerable distance downniver {rom the dam. Summer water discharge from the dam is
considerably more. and spring snowmelt discharge is considerably less than under historicai conditions.

The colder. clearer water has greatiy altered the biological regime of the Colorado River between Glea Cunyon Dam and
Lake Mead. Of panticular significance is the profuse production of the aigae Cladophora glomeraia. Production of this aigae 15 most
prevalent between Glen Canyon Dam and Lees Ferty (16 river miles). but photosynthesis in the river may excezd respiration as far
Jownstream as the Little Colorado River (78 river miies below the damy. The colder water also has provided for a trophy rainbow
wrout fishery. The clearer, coider water has led to the disappearance of several nauve fish species. and severai other nauve fish are on
the endangered list. Cladophora glomerata_grows 1a long strands. and the fluctuating discharge from dam release breaks otf parts ol
the strands. They then become coarse parucuiate organic matier (CPOM) that moves througn the system somewnat intact because tne
iow temperature slows bactenal decomposition. Compiete segments of Cladopiiora giomeraia are commoniy observed as tar
Jownstream as Diamond Creek. When decomposttion does take piace it adds to the fine parucuiate organic matier IFPOMY or 10 the
dissolved organic carbon (DOC).

The above zrierfly describes some of the problems and changes in the Colorado River in the Grand Canyon rresuiting Irom
the operation of Glea Canyon Dam. In order 10 understand the water-qualily of the river. the following measurements and water
sampie collection wiil be made as a pan of the synoptic experiments. During each synopuic period field measurements and water-

sampie collection wiil occur every 6 hours over a 43-hour period.
FIELD MEASUREMENTS

TEMPERATURE - Temperature will be measured each time sampies are coilected at each of the respective sampling locations. The
geaeral rule of thumb is “"you never have too much temperature data”: therefore. whenever possible measure both the water

temperature and ambient air lempcral{re and record date. time, sampling site and measurement location on the provided form. All

temperatures should be measured at the surface with a calibrated alcohol thermometer to the nearest 0.5 ° C. (NO mercury
thermometers should be used in the Colorado River system). The thermometer should be ailowed to equilibrate for at least 3 minutes
prior to reading temperature. Care must be taken to read the thermometer while the bulb remains submerged.

‘Where possible horizontal temperature protiles (across swream) should be made at least once during each sampling period.
A minimum of 3 and preferable 5 equally spaced temperatures shouid be measured across the river or stream. in a line pempendicular
to the veiocity vector of the steam. A minimum of elapsed time snouid be expended while makine these measurements to insure that
as close to a steady-state condition as possible exists during the cross-sectional profile measurement.

pH - pH is a measurement of the hydrogen ion activity or concentration in an aqueous solution. [t is a logarithmic function which

usually ranges from | to 14 units (acidic to aikaline. respectiveiv). A pH of 7.00 represents a nevtra: solution. pH must be measurced
cither w1 suu or rapidly after sampie coilection to minimize changes due to degassing of CO_,. precipitation (such as carbonates), or
o

other chemical and physical reactions that cause the pH of the water sampie to change.

The pH will be measured using aa Orion Model SA 250 digitai pH meter, with .the appropriate combination eiectrode and
automatic temperature compeasation probe. The meter wiil be calibrated before EACH use with two buffers, pH 7.00 and pH 10.0
using the auwcalibnuo?‘mode. The following procedure is used to calibrate the pH meter: '

1. Conaect the elecrode and ATC probe (if appropriate) to the appropriate connectors on the pH meter. Slide the mode
switch to the pH 0.01 position. Check the saturated KCl level in the elecrrode and fill from suppiied bottle . if necessary. Uncover
filling solution hole in the eiectrode before measurements are made.

2. Rigse the cl;cuode and probe thoroughly, and gently wipe dry with a tissue.

3. Transier a small poruon of pH 7.00 buifer to a clean cup ana submerse eiecirode and probe stirring vigorousiy to
dislodge bubbies.

PRELIMINARY RESULTS
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4. Press the CAL button and observe the display allernating petween .1. and approximately 7. Wait for a stable reading
and press ENTER. The display will hold for about 3 seconds and then auvance 1o .2., indicating that the meter 1s ready for the pi
10.00 buffer. Do not dispose of pH 7.00 buffer.

5. Rinse electrodes with deionized water and submeree in pH 10.00 butfer stirring to remove air bubbles. When swuble pil
is achieved press ENTER. After the second butfer has been entered. the letters PH will be displayed indicating the meter 1s ready for
pH measurement.

6. Remove electrodes and rinse with deionized water. Dry eiecuodes with a tussue. U'se a clean cup and transter g smail
poruioa of the pH 4.01 butfer to a cup. Submerse etectrodes with vigorous summing (0 remove bubbles.

7. Rinse eiectrode and probe with deionized water. dry and resupmerse in the pH 10.00 butfer. Record observed pif in the
Field Notebook. Repeat same procedure with the pi 7.C0 and pH 10.00 buffers.

8. Rinse and dry a tinal time and place in sampte and measure pH.
NOTE - ALWAYS BE SURE METER READINGS HAVE STABILIZED BEFORE RECORDING FINAL PH READING.

All measured pH's should be recorded in the permanent record 1o the nearest 0.01 pH unit.

SPECIFIC CONDUCTANCE - Specific conductance is a measure of the towl ionic strength of an agueous solution. It is determined

by the measurement of solution resistance. reference at 25 ° C. The determination is easily made in the field. and gives resuits that are
useful for a general indication of the dissolved-solids concentration.

As with pH, specific conductance may change with time after sampie collection, therefore, measurements should be made
in situ, or as rapidly as possibie after sample coilection or compositing. When using the Model 515 dip cell. care must be used to
insure that the cell is immersed to a depth of at least 3 cm above its bottom tthe end opposite the cable connection). The ceil shouid

~.. be rapidly moved in an up-and-down motion to dislodge any trapped air bubbles.
The calibration of the Model 604 Digital Conductivity Meter should be ficld checked by the following procedura:

1) Measure the provided specific conauctance reference standard by submersing the ceil to the proper depth in the
standard solution and wrn main power switch to the “on” position. Function switch shouid be placed to the “on 25 C” position and the
range switch should be placed at "2000". At sites where the specific conductance is known 1o be high. appropriate nd;usunenu w
measuning procedures shouid be mad®40 accommodate these types of sampies.

2) After moving the ceil up and down several times to dislodge air bubbles. read conductivity immediately after dispiay
stabilizes.

3) Record date. time and meter reading for the standard solution on the provided form.

4) Calibration standard should be checked before each sampling period.

Sampies should be measured with the same meter seutings as used in the calibration procedure. To prevent erroneous
metet readings, care must be taken not to submerse the ceil totally in water when readings are made. Each time a specitic
conductance measurement is made, water and air temperature should be recorded at the same location.

ALKALINITY - Alkalinity is the acid neutralizing capacity of an aqueous solution. Along with pH. it is the basis of measurement of
carbonate and bicarbonate concentrations in natural waters. Carbon dioxide loss, precipitation and other chemical and physical
reactions may cause the aikalinity of some waters to change dramaticaily within several hours or even minutes after sample cotlection.
Consequenuly, field measurement of alkalinity is'usually more reijable than when measured in the laboratory. If the pH of the sample
is >8.3 then appreciable carbonate will be present. resuiting in two endpoints for the Gran's titration curve.

All samples for alkalinity titration should be field filtered prior to titration. Filtration shouid be carried out using the
supplied syringe filters aluchcd 1o 2 60 ml plastic syringe using the following procedure:

1) Remove the piunger from a ciean syringe . awach a disk filter and fill to 55 ml with sampie, avoiding contamination.

2) Expet sampie through the filter until the syringe plunger is aligned with the 50 mi mark on the syringe barrel.

3) Expel exacuy 50 mi of sampie through the filter into the titration vessel (beaker).

4) [munediately rinse the syringe with deionized water and return the syringe to a plastic bag 10 prevent contamination.

5) If the filter plugs with suspended sediment. noie the volume of sampie transferred from the reading on the syringe
barrel, refill the syringe as instructed in sieps 1 and 2. expel additional sampie into the titration vessel such that the total volume
expelled equais exacuy SO mi.
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Alkalinity on the filtered sample is determined by tiration with a 0.16 N standard suifuric acid solution 1o an end-point of pH 3.5, The
following procedure must be used to perform the aikalinity titration and data recording:

1) Calibrate the pH meter according to the inswructions under pH Section. Rinse electrodes thoroughly and dry tightly with
a clean laboratory tissue.

2) Place electrode into 50 mi sampie with surring bar on magnetic stirrer and record initial pH.
2) Fill digital burette with 0.16 N H_SO ot insent canridge, where appropriate.
4

4) The delivery tube from the burette must be piaced below the surface of the sampie. Rotate the defivery knob of the
burette so that a volume of acid is added to the sampie.

5) After each increment of acid is added to the sample continue stirring for at least 30 seconds and then wrn off stirring
motor and read sample pH after the meter stabilizes.

6) Record both the volume increment of acid added and the pH after each addition. The pH of the sampie wiil be
¢xtremely seasitive to smail additions of acid. so great care must be used to insure accurate readings are oblained.

7) After reaching a pH of 5.5, add smaller increments of acid until reaching a pH of 4.5. this will usuaily be only 1 or 2
units on the digital pipette. (If starting pH is >8.3 then smailer increments wiil need to be added immediately continuing untii
reaching a pH of 7.5. Larger increments can then be added untii reaching pH 5.5).

8) After compietion of titration. thoroughiy rinse ail equipment with deionized water and store for next sampling period.
Alkalinity, carbonate and bicarbonate values will be catculated from the titration data at a later date.

DISCHARGE - Use conventional stream discharge measurement procedures.

DRISSOLVED OXYGEN - Oxygen dissolved in surface water is a compination of oxygen from the air (dissolved by diffusion) and

* ©xygen produced from aqualic plants during the process of photosynthesis. The solubility of oxygen is dependent on the partial

pressure of oxygen in the air, the temperature of the water, and the chemical composition of the water. The measurement of dissoived
Oxygen provides a great deal of insight 1o biological and chemical processes underway in a river or lake. The longitudinai extent of
photosyathesis or respiration in a river can be estimated by measuring the in suu dissolved oxygen. With the use of a dissoived '
oxygen meter the task is simple. The meter probe is placed in flowing water in an area where the water surtace is unbroken. and the
dissolved oxygen measured and recOrded.

Locate an area near the river bank that has a steady unbroken flow. Calibrate the dissoived oxygen meter and place the
probe about 6-12 inches below the water surface and measure and record the dissoived oxygen. Measurements shouid be made at |
hour iatervals whenever possible. At times this will not be possible as the meter will be used elsewhere but. whenever possibie make
the measurements every hour. Record the data with date, military time. and note the light conditions. such as bright sunlight, cloudy,
ordark, Also, qualitatively note the degree of darkness. This is imporant in the Grand Canyon. because of the intluence of the steep
canyon walls on light intensity,

Operate meter as follows:

1. Check mechanical zero on meter.

2. Turn meter on. allow at least | hour warm-up.

3. Check membrane for air bubbles and smoothaess.

4. Dip calibration chamber in water and pour oif excess.

5. Insent probe into wet chamber xﬂaﬁing sure no water leaks in and no dropiets of water are on membrane.

6. Place in water and allow time for temperature of air in chamber 10 equilibrate.

7. Read barometric pressure and temperature in calibration chamber.

8. Determine the DO saturation vatue from Oxygen Solubility table: apply a satinity correction if necessary. Record ail
information.

9. Check redline and zero: adjust if necessary.

10. Select scale and adjust calibration knob to DO value obtained from saturation wble.

11. Remove probe from calibration chamber and place in water, making measurements in water velocities of at least |
fusec.

12. Read and record vaiue to nearest 0.1 meg/l.
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SECCHIDISK; The measurement of light penetration through the water column provides insight to water clarity and depth of the
cuphotic zone. Under ideal circumstances a submarine pnotometer is used. This equipment is. however. cxpensive and delicate. We
will use a photometer at several stations, including Lake Poweil. At most river stations we will use a Secchi disk. which is simpiy a
black and white disk that is jowered into the water and the depth at which it disappears is noted.

Locate a site where the water is slowly tlowine. such as the site for the measurement of photosynthesis. Sclectas deepa
site as possible. which often will mean working from the back of a boat. or from a verticai bank. Lower the Secchi disk into the water
in a vertical manner until it disappears from sight. Then siowiv raise the Secchi disk unui it just reappears. Note and record the water
depth in meters that the disk reappears o your sight: this is the Secchi Disk reading.

PHOTOSYNTIIESIS AND RESPIRATION Photosynthesis (P} is the process whereby chlorophyli containing plants synthesize

cellular material. Respiration (R) is the process whereby organisms break down ceilular material to obtain energy and matenai.
Photosynthesis occurs in the presence of light, whereas respiration occurs constantly in the light and in the dark. A useful
measurement in determining processes in aquatic ecosystems is the P/R ratio. Another useful measurement is that of primary
production which can be measured by dissoived oxygen uptake and release during daviight hours. Primary production is simply gross
and net photosynthesis and is measured either with the carpon- 14 method. or more simpiy with the oxvgen light-and-dark bottje
method. The oxygen light-and-dark bottle method will be used during the Synoptic Experiments oa the Culorado River. This
technique consists of using paired 300 mi biochemical oxygen demand (BOD) bottles filled with unfiltered river water. One bottle is
left uncovered so that light may penetrate through the glass and trigger photosynthesis (light bottie). The other bottle (dark) is first
covered with black electricians tape 10 prevent light passage, and then covered with aluminum foil (o reflect heat. The initial

dissolved oxygen (Iy) is determined for the bottles. and they are then suspead in the water. A general rule of thumb is 10 suspended

1wo pairs of botiles (two light and two dark) every meter in depth from the surface to the bottom. After a period of incubation the
bottles are retrieved. and the final dissoived oxygen tLy, and Dy) is determuned.

Locate an area where the flow is minimal and at least one meter in depth.. Obtain paired light and dark botes. Fill a
conwiner having a capacity of 8-10 liters with water from the selected site. and let stand for 15-30 minutes. After this period
determine the dissoived oxygen concentration which is the initial concentration and designated as L. Also record the water
temperature. Carefully fill the light and dark bottles with water from the container being careful not 10 agitate and increase the
dissolved oxygen concentration. Stopper the bottles insuring there are no bubbles or air space in the boule. Immediately suspend the
paired bottles. two pair (two light aano dark ) per each meter of depth. starting just below the surtace. Incubate the bottles for

about 4 hours: 1000 to 1400, are generally the best hours. After incubation remove the bottles and immediatety determine the
dissolved oxygen in each bottle and record as Db' or Lb' Construct a table as follows tor the dissoived oxvgen values:

Dissolved Oxygen Temp.
Timein: ________ Time out:
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Note that the Ib dissolved oxygen value wiil be the same [or ail bottles. ke cnange 1 dissoived oxygen (absoiute vaiues) in the liyint

boutle is net photosynthesis. The change ia dissolved oxvgen in the dark bottie is due 10 respiration. if we add the change in dissoived
oxygen in the dark bottle o the change in dissolved oxygen in the light bottie the resuit is gross photosyathesis. It is extremely
important to measure the dissolved oxygen carefully, and immediatety upon on retrieval of the bottles. The amount of dissolved
Oxygen in the water is a function of pressure and temperature. The meter must be calibrated to pressure and the temperature of the
water determined at each reading. If you must hoid the bottles out of the water for a short ime either in establishing them tor
suspepsion or upon retrieval, keep them cool and in the dark. There are several ways to suspend the 300 ml BOD boues. ihe best
method is to suspend them in a horizontal manner. An apparatus for doing so is shown in figure I(see 2ppendix). and will be

provided.

EIELD OBSERVATIONS - One of the most important pieces of information a researcher can have is accurate tield notes of
observations made during a period of intense study such as the Synoptic Experiments. Such notes fill imporant gaps in our
knowledge, and help expiain anomalies in the data and findings. They aiso provide imporant insight 10 the data. There is no eusy way
to teil you what to record. nor what to look for as a part of your ficld notes. The best ruies of thumb are threetold: 1) Field notes are
e¢xuemely important and thus deserve dedicated time to record. Do not rely upon your memory. One way 1o rememeer as weil as 10
extend the time between writing is to carry a smail dictating devise and speak into it from time to time. Then. when the opporunity
arises. you can record your notes on paper: 2) Walch the river. What is moving downstream? s there a concentration of foam? Any
insect activity above the river surface? Any unusual flow regimes?: 3) Observe the sampling and sample processing procedures.
Often flow conditions require modifications. Be certain that such modifications are recorded. Also. if someone makes a measurement
error that cannot be repeated. note that in your lield notes. All researchers look for anomalies and high and low values 1n the data.
We must be certain that such values are real, and not a sampling artifact. We ask that you specifically note the occurrence of fronds of
Cladophora moving past your sampling site, the occurrence and time extent of sediment-laden water (which can occur from storms in
the tributary drainages or along the mainstem below Glen Canyon Dam. and the time of extreme high and extreme low water. At the
exireme high and low water measurements it is important 1o record the dissolved oxygen and water temperature. Finaily, we must

" have the weather at the site recorded every three hours. Note cloud cover, periods and extent of rainstorms. and air temperature,

CHEMICAL SAMPLE COLLECTION

DRISCHARGE WEIGHTED SAMPLING PROCEDURE - Sampling at all sections wiil be by the Equal Discharge Increment (EDD
method using the D-77 (metals and organics) sampler. with a Teflon bag liner inside the plastic bottle, at both cable and boat sampled
mainstem secuons. The DH-81 sampier. with a Teflon bag liner is used at tributary sections. In ail cases. as nearly as possibie equal
volumes of sample (I - 1.5 liters each) will be coilected from verticals at the mid-points of each of five equal discharge increments in
the cross-section.

At each cableway section, a table is provided in the appendix which. for a range of discharges. lists the five positions along
the cable at which to locate the sampling verticals. Before sampling, determine the discharge at the station by reading the staff gage
and consuiting the rating table for the gage (appendix). Next determine the correct pasition of the sampling vertical by interpolation
in the table provided. At the boat-sampied mainstem stations. sampling verticals will be located at the centroids of equal-area
increments. This will necessitate measurement of a crogs-secxionnl depth profile before the 48-hour sampling period begins. Plot the

oss-section and determine the five approximate centroids of volume. Auempt 10 hold the boat at these same sampling verticals
(distances from the bank) during each of the sampling periods.

At wading sections, the five centroids of discharge will be determined from the discharge measurements made at the time
of sampling. Transit rates shouid be held as constant as possible within each vertical to insure that a representative depth-integrated
sample is obtained. Do not allow the sampier to sit on the river bottom before retrieval (move at a constant transit rate). 1t is not

necessary that traasit rates for each vertical be the same.; however. once a transit rate is seiecied for each vertical, it mu_;; remain
constant for the entire upward or downward transit.

COMPOSITING - Samples from each vertical will be collected in Teflon bags. Be careful to insure samples and sampling equipment
are handled with polyethylene gloves.Transter sample from each vertical to the graduated cylinder (sieving the sample through the
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p;'ovided nylon sieves) and measure the volume and record. Also record the Price current meter clicks and total time of the vertical
transect for each venical. After recording volume. transter sampie to the Teflon-coated stainless steel churn for compostting.
When ail five verticals are compieted. about 7.5 liters of sampie should be ia the churn. Use standard churn sptitting procedures.
coasuiting the auached wble for splitting procedures.

NOTE - "TAYLOR" DEIONIZED WATER MUST BE USED IN ALL SAMPLE PROCESSING pROCEDURES. OTHER
DEIONIZED WATER MAY BE USED FOR TITRATIONS. ETC.

MAJOR CONSTTTUENTS - The dissoived components of water samples can be classified according 10 their general indigenous
concentration leveis. Those constituents present at concentration levels generaily greater than | mg/L comprise the bulk of ionic
materials that contribute to the specific conductance and the dissoived solids. Accurate measurement of these materials are necessary
to characterize the general water chemisury of the samples.

Calcium. magnesium. sodium. and potassium are categorized as major constituent cations. Anions such as chloride. suilile
and silica (reported as SiOZ) are the corresponding counter ions. These coupied with hydrogen ion (determined from pH

measurements) and carbonate/bicarbonate (determined from alkalinity titrations) represent the maior water chemistry constituents.
Even though these are dissolved materiais and should be reiatively homogeneously distributed in water sampies. di}'ferences i surtace
and ground-water sources can result in rather significant concentration eradients of these materials in nawral waters. Therefore,
discharge weighted. depth and width-integrated sampiing techniques are required to insure that statistically representative samipics are
obtained.

After sampling and compositing (see GENERAL CHEMICAL SAMPLING SECTION)Y. a 500 mi subsample for the maior
cations determination (see sampling flow chart in appendix) is split from the composite churn into a sampie rinsed Teflon bottie. This
same subsampie is used for trace metals processing. and the filtration process is described in that section. A 250 m! subsample for

major anion determination is spiit from the composite churn into a sample rinsed. black capped. polyethylene bottle which wiil not be

o
... preserved other than by chilling (keep sample on ice at approx. 4 C.). Rinse bottle with about 20 mi of sampie and discard (this is a
. MUST for all subsamples), before filling to top, try not 1o leave an air space in bottle..

N TS - Nutrients represent an important group of constituents that are exturemely important in controiling the biological
productivity of the river system. They consist of elements that are necessary for the growth of plants and uitimately animals. In
excess. some nutrients can create potentially obnoxious situations by promoting algal blooms and other conditions and cause nuisance
conditions such as taste and odor. “_

Nutrients. as discussed here consist of nitrogen containing species. ammonium. nitrate, nitrite and organic nitrogen: and
phosphorus expressed as both orthophosphate and total phosphorus species. ALL nutrients will be determined as present in the
DISSOLVED phase. Therefore. ail sampies for nutrients analysis must be field FILTERED.

After sampling and compositing (in churn), a subsample witl be filtered through a 0.45 pum silver-membrane tilter (the
same filtering procedure and apparatus used for dissolved organic carbon), ito 3 precieaned. opaque. 250 mi polyethylene brown
bottles. Discard the first 20 ml of sample filtered. The appropriate labels are affixed to the bottles and the samples are immediatety
stored chilled in an ice chest. One bottle will be labeled for "Nutrients". the second bottle "Total N itrogen” for organic nitrogen and the
third bottle "Total Phosphorus” for total phosphorus species. After filtering, the silver filter must be carefully removed from the
hoider and stored chilled in a labeled petri-dish for suspended organic carbon determinations (see SOC instructions). If possible. ail
sampies should be filtered through a single silver membrane filter; however, if the suspended sediment concentration is so high that
the filter ciogs quickly, the filter may be changed (Note~ only 3 silver filters have been provided for each sampie period). Sce DOC
section for specific instructions on using the pressure filtration apparatus.

DISSQLYED QRGANIC CARBON - Dissolved organic carbon (DOC) is the organic carbon passing through a 0.45 pm siiver
membrane filter. This measurement quantifies the chemically reactive fraction and gives the mass of organic carbon dissolved in a
water sample. Itisa refiable measure of the many simpie and complex organic molecules making up the dissolved organic load.
The procedure for processing sampie for DOC involves pressure filtering the sample through a .43 um. silver membrane filter

housed in a stainiess steel pressure tilteration apparatus (Gelman Instrument Model 4280).

The procedure for filtration is as follows:

1. A silver filter is inserted into the lower section of the barrel filter using forceps ( care must be used to avoiding damage
to the filter. Note - do NOT use the same Teflon coated forceps that are used to handie the Nucleopore filters described below. Make
sure the gaskets are properiy aligned and hand tighten the middle sectioa of sampier onto the base with filter.
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2. About 150 ml of sampie is poured into the filter apparatus and the top section 1s hand threaded onto the top ol the
barref and the gas line is connected to the nitrogen cylinder.

3. The reguiator is carefuily adjusted to 235 pounds per square inch thigher pressures may rupture cell walls, invalidating
DOC measurements).

4. Sampie is filtered into a 125 ml brown glass boutle. The first 20 - 25 mi of filtered sample is used 10 rinse the boitle and
cap. and is subsequentiy discarded.

5. Fill the bottie compietely and cap ughtly. Lubel and chill immediateiv.

6. If the filter is not clogged sutficiently to innibit filtration. this same filter and apparatus can be used to filter nutricnt
sampies (see seclion on nutnents below),

TRACE CLEMENTS - Inorganic matenals in the dissoived aqueous pnase at concentration leveis betow | my/L are classified as trace
elements. These coasist of cationic or anionic species that pass througn a filtration process with a particle size cutotf of 0.4
micrometers ({im).

Often biologically toxic inorganic materials are present at trace concentration leveis. In addition. a complete
understanding of water chemisury processes requires a general knowledge of the race eiemental composition of the dissoived phase.
The following wrace elements will be determined in the aqueous phase: Al. As. B, Ba. Cd. Co. Cr. Cu. Fe, He. Li. Ma, Mo, Ni. Ph. Se.
Tl and U. Additional information on the association of race metals with specific size fractions of suspended material will determined
on the residues retained on tilters, and the special sampies collected for tield flow fractionauon (FFF) measurements.

Two subsampies of the discharge weighted depth and width integrated composite (from churn} are collected in a sample
rinsed 500 mi Teflon holding bottle and a 250 ml Teflon holding bottle. These samples are filtered through 0.4 im Nucleopore filters
housed in an all Teflon apparatus. The procedure for filtration is as follows:

1. Extreme care must be used during filtration and when handling filter apparatus to avoid contamination. At all times
equipment must be stored in plastic bags 10 prevent dust contamination, and plastic gloves must be worn by the operator.

2. Set up filtration apparatus using filter hoider and vacuum system.

3. Place membrane filter in apparatus using Teflon-coated tweezers. Be careful to orient filter in the holder so that the

shiny side is up. Filters are packed with shiny side down. between paper spacers. Use care 1o avoid puncturing the filter with the

tweezers. Grip the filter at the edge and avoid wrinkiing Iilter when tightening filter holder.
4. Rinse filter with about 30 ml of 0.1 % HNO3 . the rinse solution is prepared by dosing 0.5 mt of concentrated high purity

HNO3 from Teflon dosing bottle (1 dose) into the 500 mi boutle that is provided marked ACID RINSE (use safety glasses). Fill boule

with deionized water. and shake to mix thoroughly. Vacuum rilter to dryness, then rinse filter with about 100 mi of deionized water
(rinse water is prepackaged in each of the RED capped botues) (vacuum filter to dryness). Dispose of acid rinse and water rinse
into waste bottle and discard into provided waste storage.

5. Vigorously shake sampie in Teflon holding bottle and pour about 20 ml into filter funnel. Filter into 250 mt RED
capped bottle. Remove bottle from the apparatus. screw on cap and shake vigorously and discard.

6. Pour additional sampie into filter funnel and continue filiering until bottle is approximately 7/8ths full. Cap bottle tighuly
and label. This wiil be the first trace element/major cation sample.

7. After filtration is compieted. carefully remove sediment loaded filter with Teflon coated tweezers from the filter holder
and place in labeied Petri dish.

8. Repeat the identical procedures outlined in steps 3-7 (o prepare the replicate race elementmaior cation sample and its
corresponding filter.

9. Repeat steps 3 and 4 to prepare a third filter for the Hg determination sample. Deionized rinse water is contained in the
brown glass boule. Use a 10 ml portion from the Hg determination holding bottle to rinse a 125 ml CLEAR glass boutle with filtered
sampie (7/8 full). Discard sampie rinse and fiil this boule with filtered sampie. After filtration is compiete, rinse a 125 mi BROWN
glass boule with 10 milliliters of filtered sample, shake and discard, and then continue filtering from the "Hg determination holding
botle™ until this borte is 773 full, '

10. If any of the filters are clogged sufficiently where the filtration process is slowed to the point of inhibiting further
sample processing, use a new filter and go back to item 4, and rinse the new filter with 0.1 % HNO}. deionized HZO and sample.

11. After filtration is completed, carefully remove sediment loaded filler with Teflon coated tweezers from the filter holder
and place in labeled Petri dish. 1f extra filters were used in any of the steps. place them with the Hzg filter in a third petri dish for iater

disposal . When compieted there should be three petn dishes with filters. one for each trace element sample and a third for disposal
(includes Hg filter).
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12, Both of the trace elemenvmajor cation sampie botties snousd be acidified with concentrated H.\‘OJ. using the Teflon

calibrated dosing botue (be sure to wear safety glasses). Use TYVO (2) doses of acid from the dosing bottle for each sampie
bottie. This represents a total of 1 mi of concentrated HNO per 250 mi of sampie (each dose trom the HNO,. dosing bottle is 1/2

mi). Tighten lids oa bottles and shake to homogenize acid.
13. The CLEAR 125 ml Hg determination sampie ONLY shouid be preserved with K’Cr,‘Oi‘-IL\'O3 preservative, The

brown {25 ml Hg determination sampie is chilled.

14. When completed. there shouid be two RED capped sampie bottles for trace eiemenumaior cations. one CLEAR glass
Hg determination sampie botie and one BROWN glass He determinauon sampie boutie, each appropriately labeled .

15. Each of the Petri dishes holding the filters from the filtration procedures shouid be identified and labeled with time.
date. bar code numbers of sampies processed through the filier and any comments in a corresponaing Tashion to the sample collected.

16. When all filtration is compieted. thoroughly rinse all apparatus with deionized water and place in the appropriate
plasuc bags for storage.

17. Specific details of the entire procedure and the samples generated shouid be caretully recorded in the tield notebook.
Do not assume that informatioa will be obvious. record ALL pertinent data.

BLANKS - Once perday, process a sin'glc portion of deionized water (as if it were a sample) through all sampie handling procedures.
This wiil generate a total of two blank sampies for trace eiemeats, mercury. nutrients. DOC, ¢te.

EIELD FL.OW FRACTIONATION SAMPLE - A sample is collected for the study of colioidal size fraction parnucles and their
associated composition. These samples wiil be subsampled from the compasited sampie (from churn) directly into one of the smail
(60 mi) polyethylene screw capped bottles. Be sure and label the bottle immediately after filling and chill immediately.

EET

N AN NCEN N - A sample is collected for the measurement of the size distribution

3 ~ " and concentration of suspended matter (<63 pm). These samples are subsampied from the composited sample (from churn) into one
t‘ “of the 1 liter boules. Use chioroform to preserve the samples. if available (10 mi per sampie bottle). If it is not available, keep
unpreserved sampie chilled until transport 1o the laboratory. The bottle is tightly capped znd labeled.

BIOLOGICAL SAMPLE COLLECTION

DRIFT - The term drift refers 10 material and organisms moving with the currest. [n many instances it is living benthic invenebrates.
but also coasists of parts of plants and animals. Most oftea we measure the near-surface drift, which consists mostly of organic
material rather than bedload or other deaser-than-water particles. The most common way to measure drift is 10 place nets having a
given orifice and mesh size into the current of the stream for 2 given time period. In our case we place the nets near the shoreline
(because of the water depth of the river) using reinforcement bar (rebar) driven into the river bottom to hold the nets. The nets we use
have an orifice opening of 100 mm (4-inches) and a mesh having pore openings of 250 microns. The top of the net orifice is
maintained just below the surface of the water. Since the river stage rises and falls rapidly and on an irreguiar basis, the nets may
need to be moved several times 10 keep them at the surface of the water. After being in the river for one hour the nets are removed
and the contents placed into containers and preserved. &u;;_[n order 10 quantify the drift it is necessary to know the velocity of the
water entering the net in feet per second (fps).. Thus. before the net or rebar are removed. this measurement must be made. Also. once
the nets are in place there shouid be no upstream diswrbance. The nets should only capture naturai drift, not that caused by sampling
of other upstream activity.

Locate a somewhat shallow area (<2 feet in depth) and in an area where the water is visibly moving downstream. Drive
1wo rebar stakes about 4 inches apart into the river bottom until they are steady. Repeat the procedure at another similar site. Place the
nets between the rebar with the top of the net just above the waler line. Secure the nets with an elastic cord., by squeezing the rebar
rods together against the opening of the net. Be certain that the safety cord of the net is looped over one of the rebar stakes 10 prevent
loss of the net should it slip from between the two rebar rods. Note and record the time the net is set, using military time. Because of
fluctuating river ieveis it may be necessary to raise or lower the nets on the two rebar stakes during the set period. After one hour,
remove the nets from the river. and wash the contents into the piastic container attached to the end of the net. Remove the drift
conteats from the piastic container by unscrewing the lid, and place into a sampie jar. Consolidate the contents of all nets into a singie
jar if possible. If pot possible, use another jar and mark it "2 of 2" on the label. The velocity in feet per second must be measured and
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recorded on the label for each net. Preserve with a 30/50 muxture of water and ethyl aicohoi. Label the contents with the following
information 1) drift. 2)location of station. 3} time nets were set, 4) feet per second in front of nets and 5} date. Place the labef INSIDL
the sample bottle, and close the lid tighuy. Finaily, seal the iid to the bottle with 2 wrap or 1wo of clectrician’s tape.

BIOLOGICAL PIGMENTS - The most useful biological pigment for determning phytopiankton biomass is Chlorophyil a. This
pigment is found in ail oxygen-producing algae, both phytopiankton and periphyton.

The major problem in coilecting Chlorophyi! a in remote ticid areas such as the Grand Canvon is that the samipie must be
frozen immediateiy after coilection. Thus we must by necessity limit the coilection of Chloropnyil a sampies to specific sampiing
stations during our synoptic experiments. The method consists of passing a known amount of water through a giass filter, rolling the
filter with its contents inside, placing the rolled filter and contents into a darkened bottle or vial. and treezing unul laboratory analysis
with a spectrophotometer.

Collect a water sample using a depth integrated sampier. or a water bottle (sampiec may be removed trom a churn spliver.)
Place a glass 47mm diameter filter onto a filter funnel and vacuum or pressure a known amount of water through the tilter. Use no
more than 25 psi with the pressure apparatus. Observe and record the amount of water passing through the filter. Remove the filter
and roll tighty with the contents inside. Place in a darkened bottle or viai and immeaiately freeze. Keep frozen unul analvsis. The
amount of water to pass through the filter is empirical. and must be determined for each sampiing circumstance. Often the filter ciogs
when there is still water in the funnel. If this happens. note the amount of water that passed through the filter. Next, discard this
waler, save the filter. and the water in the funnel above the filter. With a new filter in piace. add the saved water to the funnei and
again filter. Another technique is to add water to the funnel in smaii amounts until the filter clogs. The goal is to filter as much walter
as possible, but under ideal circumstances a iiter is sutficient.

BENTHIC INVERTEBRATES FROM STREAM BOTTOM - Earlier it was mentioned that because of temperature and other
changes in the Colorado River the benthic invertebrate community is smail and in some instances may be absent. The purpose of this
sampling procedure is too obtain insight to their locauon, and the types that might be present. We do this with 2 kick net, which is a
qualilélive samplier. The net is heid in the stream by its brailles. and a person immediately upstream from the net dislodges the stream
bottorn material. This matenial with its associated organisms are washed into the net. The net is removed from the water and the
organisms placed in a bottle containing 50/50 mixture of alcohol and water. Benthic organisms are most often the immature stages of
aquatic insects. They must be in the water at all times, for they breathe through gills. Thus. they wiil not be found on the stream
bottom between the high and low waler arcas of the river. if they are found at all. they will be on the siream bottom. especiaily rittle
areas, that are preseat (wet) during jow fJows. Thus. sampie for them ONLY during the lowest flow time of each day. This may be at
night. Repeat, sample only below the low water fine.

At low flow. select a riffle area less than a meter in depth. Have one person hold the net brailles. insuring that the bouom
edge of the net is firm against the stream bottom. The second person disrupts the stream bottom in front of the net. Standard practice
is to disrupt approximately a square meter of stream bottom. When completed raise the net upward and in an upstream direction. Be
careful not to iose the contents. Place the net on a flat surface and remove the organisms with a pair of forceps. Place the organisms
in a bottle containing a 50/50 mixture of alcohol and water. Label the botte, noting the date, time, depth of water, focation of
sampling site, size and type of stream bottom material. and approximate size of stream bottom area disturbed. Place the label inside of
the bottle. Seal the boule 1o the lid with electricians tape.

RESPONSIBILITIES OF TEAM LEADERS
The Team Leader at each of the sampling sites will be responsible for the successful compietion of all aspects of the
Synoptic experiment sampling program. This will include personnel safety both on the water and ashore. While underway, on the
river, the contractor Boat Captain will be responsible for safety mauters involving transpontation of personnel and equipment 10 the
sampling sites. In addition, the Boat Captain will assume responsibility for boat safety during ail boat sampling activities. The Team
Leader must interact closely with the Boat Captain (0 assure project objectives are met within appropriate safety considerations.

EIELD NOTES - The Team Leader wili be respoasibie for maintaining 2 log book describing ail activities involving L2am members,
including: A

1. Transpontation of equipment. persoanel and samples to and from sampting sites.

2. An event-by-event fog of training, sampling, sampie processing, preservation. and all other aspecis of the synoptic
sampling experiment
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3. Notes recording observations of weather conditions. river and nbutary conditions ( visuai turbidity, debris. beach and
shoreline conditions and fish and insect activity), sampiing or sampie processing proolems and any other observations that witi he of
vaiue in interpreting the quality of sampies collected or evaiuating the performance of team members.

4. Field record of physical measurements acquired during the sampiing periods. including temperature (water and air)., pH.
specific conductance, and any field computations necessary 1o establish transit rates or nozzie sizes for depth-integrated sampling.

5. A log of all photographs (fully annotated) takes to record sampung activities.

These logs will be submitted to Project management and become a permanent record of the synoptic expenment.

ADHERENCE TO SAMPLING AND SAMPLE PROCESSING PROCEDURES - It is the team jeaders responsibility 1o assure that ail

procedures for making Iield measurements and collecting ana processing samples are strictly followed. This is an extremely

important responsibility as a successful synoptic experiment is predicated on consistent impiementation of measurement and sample
collection techniques. so that resulits can be interpreted satisfactonly. All water samples tor chemical analysis wiil be labeled witn the
appropriate preprinted labels and secured 10 their respective botile (see labeiing instructions). Samples for biological material wiil
have their labeis placed inside the bottie or container.

LOGISTICS - the team leader is responsible for managing ail logistics relating 10 his sampling site. This will include assignment of
duties and responsibilities 0 ail team members, training of team members. overseeing collection and processing of sampies. quality
contro} of samples from his site and transportation of samples and records to the laboratory. All sampies will be transterred from the
sampiing site as quickly as possible to the appropriate demarcation point for transport o the laboratory. All samples will be kept

chilled or preserved with the appropniate preservative. it is the TEAM LEADERS RESPONSIBILITY to see 10 it that all samiples
arrive at the laboratory in a timely fashion.

REPORTING - Each team leader wiil be responsible for preparing a final confidential report which will be submitted within 15 davs
following the sampling trip to Project management (Benneit. Taylor and Averet). This report will include observations and
comments concerning the overail experiment., problems encountered at their respective sampling site (technical and personnei) and
comments regarding improvements in future synoptic experiments. This report wiil kept confidential to aliow team leaders 1o
candidly evaluate the performance of their respective sampling teams. These reports wiil be used to assist in interpreting data from
the synoptic experiment and will be used in planning future studies. '

A

X
SAFETY

Personnel SAFETY issues come FIRST. Under NQ circumstances will safety procedures be compromised. Life jackets
must be worn at g}l times whea working on or near the river, cableways or lakes. even when wading or working near shore.

CAMP PROCEDURES AND WILDERNESS ETIQUETTE

Most of the work we wili be doing during the Synoptic Expenments will be in Grand Canyon National Park. or in the Glen
Canyon Nationai Recreation Area. As such we will be conducting research as guests of the Nation. We must foliow all National Park
Service rules on camping, Swimming. boating and must follow the wiiderness rule of leaving nothing but footprints, taking nothing
but pictures. Please use exgeme common sense in this fragile and beautiful ecosystem. Let the record clearly show that we,

employees of the U.S. Geological Survey, are seasitive to the land. to the waler, and can conduct first-rate research in the most fragile
of ecosystems.
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APPENDIX

NATIONAL PARK SERVICE RULES

This is an abbreviated list of river reguiations drawn trom the Coiorado River Management Plan. [f you have any

quesuons. please ask the head boatmaa or trip ieader.
1. Life jackets must be worn at all times while on the river and kept properiy fastened and adjusted to fit.

2. Cuns. rubbish. and other refuse must be carried out. Liquid garbage must be strained through a fine mesh screen into the river and
the solids placed in garbage bags.

3. The use of soap is restricted to the mainstem of the Colorado River oniy and may not be used within 100 vards of the coniluence of
any wibutary.

4. All humaa waste must be carried out of the canyon. The head boatman will explain the toilet system 1o be used at camp and the
day toilet system to be used while not in camp. Urination must be on the wet sand beiow the high water line. After going 1o the toilet
or handling food. wash hands with soap and water.

5. Walk on esublished trails and do not create muitiple trails. Do not blaze new hiking routes or sieep in fragile desent zones.

6. Water purification: To disinfect visuaily clear water. add 8 drops of liquid chlorine bleach per gallon. mix. and let stand uncovered
for at least iwo hours. To disinfect cloudy. sediment-laden water, settle overnight or use flocculating procedures. add 10-12 drops of
liquid chlorine bieach per gailon, mix, and let stand uncovered for at least two hours. Water may also be fillered with a pump having
a nominal pore size of 0.45 microns or less. An aiternative to chemical and filtration treatment is to boil river water for a minimum of
| minute prior to use. The head boauman will ensure that purified drinking water is identified and accessible for those who desire it

7. Prior to the trip launch. the head boatman will give all passengers an orientation covering safety, Park reguiations. and health
procedures.

8. All patural. historical, archeological. and wildlife resources in Grand Canyon Nationai Park are not to be disturbed.

9. An Arizona Game and Fish Department fishing license is required for all fishing. Fishing or use of soap at the Little Colorado
River contluence is prohibited.

10. Ground-to-air radios may only be used to report a MEDICAL EMERGENCY.
Non-Park Service Notes:

1. The head boatman is responsibie for your safety and scheduting the trip. You can help the boatman by: communicating about trip
and daily scheduling needs, which equipment must be accessible or requires safe storage. and assisting with loading and unjoading the
boat. Adjustments to the scheduie may have to be made in response to flows. Let the guide/cook set up the kitchen and toilet before
you select your camping site. Don't get on the boat at night without the boatman’s permission. If you are going ror a w}xlk by

yourseif(s), _lel the guide know where you are going and when you will return. If everyone heips out with routine camp and research
chores, then the trip will operate smoothly.
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2. Please keep the research tents clean. Use a ground cloth to protect the pottom, keep the zippered doors to the inside and away from
sand. and stake them down. Please return them clean and dry.

3. Black bags and ammo-cans must be returneg at the end of the trip.
4. Consumption of alcoholic beverages on the boats or during work hours 1s prohibited.

5. Don't leave anvthing below the high water line!

5. For your heaith and safety: Most accidents happen on land -- wear your shoes. Because of scorpions be certain to shake out vour
shoes in the morning and lay out your bag just when you are ready 1o yo 1o bed (not before). Keep your distance from red ants -- their
hite can cause pain. If you see a rattlesnake, let the head boatman know avout it and do not attempt to move it yourself. Don't dive
into the niver - wade in siowly. Don't jeave the boat until it has been peacned by the boatman and secured. Your iife jacket is your
best friend -- clip it to the duffel pile, a ree, or put a rock on it on land.

7..Dehydration and sunburn are common proolems on the river. Make sure that you drink large amounts of water and protect skin by

applying sun screen and wearing protective clothing. If you find vourseif getuing stupid or crabby. you are probably dehvdrated!

ALCOHOLIC BEVERAGES

Team leaders are aiso responsible for assunng that alcoholic beverages are consumed oniy during non-working hours. For
the synoptic studies. working hours inciude the entire 48-hour sampling period plus the following 1) preparation time, 2) training and
test drive periods, 3) breaking camp and loading and unloading boats. and 4) while raft is in transit. These rules assure that we {ollow’
National Park Rules concerning consumption of alcoholic beverages while in the Grand Canyon. We ask that all team members
respect these rules.

A
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DISCHARGE AND SAMPLING TABLES FOR CABLEWAYS

09404200 Colorado River abv Diamond Creek approx 220° wide
Note: at 15 & 27.000 flow vertical angies of S to 12 deg occurreq using a 100C suspension weieht.

Q Cenuroids(fiy
5770 LEW 110 120 150 70 190 REW
Vel 1.5 19 20 20 15
Depth 23 0 230 30 ks ]
10.300 105 125 145 165 190
Vel 22 32 32 30 25
Denth g k! k] 11 12
15.350 105 130 145 165 190
Vel 33 40 40 40 6
Depth 10 24 24 25 14
27.170 100 125 145 170 195
Vel 45 60 63 60 5.1
Denth 17 10 1 19 1
Q- ft3/sec
Vel - fUsec
Depth - ft
GAGE

HEIGHT  DISCHARGE IN CUBIC FEET PER SECOND
(FEED) 0 1 2 3 4 5 6 7 8 9 10

40 - - - - 2500 3260 4020 3280 6670 8700 14700
50 11300 14000 17000 19800 22700 25900 29500 33400 37600 42000 35200
60 46600 - - e ee e e e e e e
PRELIMINARY RESULTS
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09404120 Colorado River abv Nationai Canyon approx 250-280° wide

2 Cenuoids (f)
5800 REW 75 105 140 170 210 LEW
Vel 20 24 29 25 L3
Deanth 1A 18 14 1y 13
8.630 90 120 130 180 220
Vel 21 3 30 33 29
Depth 20 17 17 17 15
13,020 70 110 145 180 220
Vel 26 29 40 39 29
Depth 22 19 20 9 19
15.530 S5 120 135 180 225
Vel 29 43 41 44 40
Depth o4 22 21 2! 20
20,440 85 115 150 10 215
Vel 40 53 54 54 50
Depth ] 24 RE K. 22
26.880 70 10 150 190 225
Vel 27 60 60 60 32
~- " Depth 23 27 26 2% 28
Q- le/scc
Vel - fUsec
Depth - ft
~
GAGE

HEIGHT DISCHARGE IN CUBIC FEET PER SECOND
(FEED O 1 2 3 4 3 6 7 8 9 10

30 - - - 1780 2290 2900 2610 4430 5360 6410 8300
40 7590 8920 10400 12000 13800 15800 17900 20300 2280025500 20900
50 28500 31900 35500 39500 43700 4820053100 58100 63400 69000 46500
60 75000 81300 87900 94900102000 110000
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09383100 Colorado River abv LCR Reach approx 310-350" wide

Q Leauroids (1)
5.520 LEW 425 360 220 280 240 REW
Vel LS 20 23 23 18
DRepth a 12 12 2 12
7.070 430 370 20 280 250
Vel 1.9 23 24 2. 2.4
Depth 10 i1 12 i3 15
13.320 430 365 320 280 230
Vel 29 36 39 38 25
Dapth 12 15§ 17 16 17
17.200 440 380 35 295 255
Vel 30 39 48 49 43
Rapth 12 13 7 17 1B
3
Q- ft /sec
Vel - fusec
Depth - ft
GAGE

HEIGHT DISCHARGE IN CUBIC FEET PER SECOND
(FEET)0 1 2 3 4 5 6 7 8 9 10

20 ~ 2870 3990 5100 6700 8900 11000 14100 17300 20800 23800
30 24300 28100 32000 36000 40800 45700 50900 56300 61800 65500 45000
40 69300 73100 76800 80600 84400 88200 92000
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09402500  Colorado River nr Grana Canyon approx 300" wide

Q Ceatroids (f0)
5610 REW 150 190 230 1230 340 LEW
Vel 15 20 18 18 13
Denth 18 16 14 13 11
8.620 150 190 230 280 30
Vel 21 23 23 22 1.8
Depth 18 18 1R 18 18
15,650 150 2 250 300 330
Vel 28 34 33 34 32
Depth 21 20 it L] 19
17.000 155 200 245 295 230
Vel 32 2 36 x5 3
Depth 22 21 200 20 20
Q- ft3/scc
Vel - fusec
Depth - ft
GAGE

A

HEIGHT DISCHARGE IN CUBIC FEET PER SECOND
" (FEED) © 1 2 3 4 5 6 7 8 9 10

0 - -- 3110 4230 5490 6930 8550 10400 12200 14200 16700
10 16500 19100 21900 25000 28400 32000 36000 40200 44800 49800 38500
20 55000 60700 66700 73100 7{@00 87000
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09379910  Colorado River biw Glen Canyon Dam approx 430 -490" wide

0 Ceouroids (fth
5,060 LEW 275 350 398 130 495
Vel kR 0 30 27 2.1
Depth 4 5 bl 2 7
11.600 260 335 390 430 490
Vel 4.0 43 4.5 4.5 35
Depth o) 2 18 1 0
13,700 250 330 3090 445 315
Vel 4.3 4.7 4.5 4.2 2.8
Depth 7 19 11 11 8
15.300 250 328 385 435 495
Vel 1.4 1.6 1.8 4.8 38
Depth 7 19 12 12 12
26.300 225 308 370 430 500
Vel 5.5 6.1 6.1 6.1 4.7
Depth 9 12 14 1& 14
27.400 225 305 375 430 495
Vel 54 6.1 59 59 1.9

S Demh 9 13 15 18 15

Q- ft3lsec
Vel - fusec
Depth - ft .
~
GAGE
HEIGHT DISCHARGE IN CUBIC FEET PER SECOND
(FEET) O 1 2 3 4 5 6 7 8 9 10

20 - - - - - - - 563 1570 3110 4400
30 4890 6900 8940 11700 14600 17800 21300 25000 29200 34000 34700
40 39600 45400 52000 58100 65000
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09380000 Colorado River & Lees Ferry approx 300" wide
2 Centroids (f)

3,140 REW 315 380 430 470 15 LEW
Vel 050 070 070 0.60 0.72 B

Depth 17 17 17 22 )]

9,040 320 385 435 480 520
Vel 12 16 16 18 18

Depth 19 20 25 25 2t

13,400 300 360 415 465 515
Vel P2 23 22l

Depth 21 20 24 =05 2

16.500 290 350 405 455 510
Vel 25 27 27 24 23

Depth 21 21 22 28 23

26.600 280 345 405 460 510
Vel 33 36 37 35 35

Depth 1 L] ~g ~a ~r

Q- ﬂ3/scc

Vel - fusec

- Depth - ft
GAGE
HEIGHT  DISCHARGE IN CUBIC FEET PER SECOND

FEED O 1 2 3 4 5 6 7 8 9 10

0 - e . ~ - 1260 2660 4750 7640 11400 9900
10 16200 22100 29100 37400 47000 58000 70500 83100 985001 16000
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