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The Glen Canyon Environmental Studies 
(GCES), a program under the Bureau of Rec la­
mation. was created in 1983. Agencies and 
organizations partic ipating in the GCES pro­
gram include !.he USFWS. the Arizona Game 
and Fish Department. Arizona State Univers ity 
and e nvironmenta l consultants to these partici­
pants. More recently. the USGS has played an 
important role in this effort . 

These studies, under the auspices of GCES 
are designed to provide information on the e f­
fects of the Glen Canyon Dam and its operations 
on the downstream resources of the remaining 
Glen Canyon and Grand Canyon of the Colo­
rado River. The information gained from such 
studies will be used in the environmental impact 
statement (EIS) analysis curre ntly unde rway 
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and in other management decisions regarding 
future development of water quality monitoring 
programs. Dcci~ions will be made on w hich 
flows are necessary to maintain the natural 
processes of this riverine system. These studies 
have been done by the GCES with the coopera­
tion of the Bureau of Reclamation and the NPS. 

Because the interactions of sediment, ri ver 
flow, water chemistry and bio logy, are four of 
the most important fac tors influencing the health 
and recreational value of the ecosystem of the 
Colorado River. the USGS has and continues to 
contribute a g reat deal of hydro logic research 
effort to GCES. 

The fi rst synoptic study unde r GCES fo­
cused on water chemistry and bio logy on differ­
ent reaches and tributaries of the Colorado River 



and under different now regimes downstream 
from G len Canyon dam. These studies provide 
detailed information on water quality spatially 
and by now level. Such information should 
assist the National Park Service not only in 
determining locations for long-term monitoring 
throughout the rive r corridor but also in refining 
management objectives that may drive deci­
sions regarding the release of water from Glen 
Canyon Dam. 

Synoptic sampl ing is used to assess. in a 
comprehens ive manner. the characteri stics or 
conditions of a sy~tem . such as the Colorado 
River, at a fixed point in time. Sampling is 
coordinated and carried out simultaneously at 
several care fully predetermined location\. These 
sites arc selected to provide the maximum amount 
of information regarding important inputs or 
disturbances to the 'Y~tem. 

The purpose of this type of experime nt is to 
permit the development of a general under­
standing of the system and to provide a large 
data base of info rmation for use in defining the 
spatial characteriMics in as much detail as pos­
sible. In addition. the data ba~e i~ useful for 
establishing protocol~ and direction for much 
more detailed and ~pccific future investigations 
and research studies. 

In the case of large ri ver system,. repetitious 
sampling. closely ' paced in time. can provide 
addit io nal information regarding ' hort-term 
variations in chemical and biological" ater qual­
ity in re lation to a variety o f physical variations 
including hydrologic. meteorologic. and d iel 
conditions. Executing water-quality synoptic 
experime nts during different seasons of the year 
can also provide information concerning long­
term temporal Yariations. Collectively. this 
inforn1ation can provide a rapid and compre-

Table I. Chemical de terminations made 
on synoptic samples 

Trace 
Nutrients E lements Cont'd 

Nitrate 
Phosphate 
Ammonium ion 
Dissolved nitrogen 
Dis,olvcd phosphorus 
Dissolved organic carbon 

Major ions 
Calcium 
Mag nesium 
Sodium 
Potassium 
Silica 
Chloride 
Sulfate 

Trace E lements 
Aluminum 
Arsenic 
Barium 
Beryllium 

Boron 
Cadmium 
Chro mium 
Cobalt 
Copper 
Iron 
Lithium 
Lead 
Mangane\c 
Mercury 
Molybdenum 
Nickel 
Se lenium 
Strontium 
Thallium 
Uranium 
Vanadium 
Zinc 
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ed for water-qual ity measurements and 
ple collection for chemical and biological 

lysis. A total of 470 river kilometers (the 
ater of Glen Canyon Dam to Columbine 

s) was included in the synoptic experiment. 
uded also was the forebay of Lake Powell 
ed by Glen Canyon Darn where the water 
would ultimately be released into the river 
sampled. 

ixty-eight people (al l but four from the 
S) participated in the synoptic experi ment. 

ach mainstream sampling station, o r combi­
n mai nstream-tributary station, a team 

er was designated. The team leader was 
ned the responsibility fordirecting the sam­
. processing samples, and recording field 

. Training of team leaders and team mem­
 on field measurements and sample collec­
was performed on Oct. 29, 1990. at Lees 
y, AZ. Three training sessions, including 3 
ours of classroom instruction and ri verside 

pment demonstration and use. were pre­
d by scienti sts from the USGS National 
arch Program. 

fter training and equipment testing, per­
el were transported to their assigned sam­
 locations. Personnel were at their stations 
te Saturday. Nov. 3, 1990. Sunday, Nov.4, 
. was used to establish local sampl ing 
mes, and field-measurement sites, and to 
tice measurements and sample collection. 

f the I 0 mainstream Colorado River sam­
 stations, 6 have cableways that cross the 
 for discharge measurement and sample 
ction. The cableways were used in the 
ptic experiments for water-sample collec­
 At stations where a cableway was not 
lable, sampl ing and measurements were 
ormed using a winch and boom mounted on 
at. In small tributaries. samples were col­
d by depth-integrated discharge-weighted 
edures. The samples from the cableways 
by boat were collected by the D-77 sampler, 
ified to permit use of the collapsible-bag 
nique as described by Meade and Stevens 
0). Samples collected by wading used the 
8 1 sampler. In both cases. sampling equip­
t was designed and configured to maintain 
integrity of samples for low-level trace­
ent analysis. 

ield measurements and sample collection 
n at 6:00am on Monday, Nov. 5, 1990, and 
inued every 6 hours thereafter. until and 
ding midnight, Nov. 6. 1990. This scheme 
ided 8 measuring and sampling times over 
-hour period, accommodating diel varia­
 and fluctuating river stage caused by vari­

 water release from Glen Canyon Dam. All 
equent water samples for chemical and 
ogical analysis were field-filtered and pre­
ed, if necessary, at the time of collection. 
samples were shipped chilled to the USGS 
onal Research Program laboratory at Arvada, 
 for laboratory analysis (Taylor and o thers, 
). 

ield measurements at each station inc luded 
 and tributary discharge, temperature. alka­
n concentration, and Secchi-diskdepth. About 
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