Measuring Colorado Water Quality in the Grand Canyon NP
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The Glen Canvon Environmental Studies
(GCES), a program under the Bureau of Recla-
mation, was created in 1983, Agencies and
organizations parlicipating in the GCES pro-
gram include the USFWS. the Arizona Game
and Fish Departient, Arizona State University
and environmental 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 ef-
fects of the Glen Canyon Dam and 1ts operations
on the downstream resources of the remaining
Gien 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 currently underway

YT
and in other management decisions regarding
future development of water quality monitoring
programs. Decistons will be made on which
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 Burcau of Reclamation and the NPS.

Because the interactions of sediment, river
flow, water chemistry and biology, are four of
the most important factors influencing the heulth
and recreational value of the ecosystem of the
Colorade River, the USGS has and continues to
contribute a great deal of hvdrologic rescarch
effort to GCES.

The first synoptic study under GCES fo-
cused on water chemistry and hiology on differ-
ent reaches and tributarics of the Colorado River



and under different flow regimes downstream
trom Glen Canyon dam. These studies provide
detailed information on water quality spatiully
and by flow level. Such information should
assist the Nationa! Park Service not only in
determining locations for long-term monitoring
throughout the river corridor but alsoin refining
management objectives that may drive deci-
sions regarding the release of water from Glen
Canyon Dam,

Synoptic sampling 1s used 1o assess, in o
comprehensive manner. the characteristics or
conditions of & system. such us the Colorado
River. at 4 fixed pont in time. Sampling 1s
coordinated and carried out simultaneously at
several carelully predetermined locations. These
sitesare selected o provide the maximum amount
of infoermation regarding important inputs or
disturbances to the system.

The purpose of this type of experiment is to
permit the development of a general under-
standing of the system and to provide a targe
data hase of information for use in defining the
spatial characteristies in as much detail as pos-
sible. In addition. the data base is uwseful for
establishing protocols and direction for much
more detailed and specific future investigations
and rescarch studies.

In the case of Jarge river systems. repetitious
sampling. closely spaced in tme. can provide
additional information regarding short-term
variations in chemical and biological waterygual-
ity in relation to a variety of physical vartations
including hyvdrelogic. meteorologic. and diel
conditions.  Executing water-guality synoptic
cxperiments during different seasons of'the vear
can alse provide information concerning long-
term temporal suriations.  Collectively. this
iformation can provide a rapid and compre-

Table 1. Chemical determinations made
on syvnoplic sumples

Trace
Nutrients Elements Cont'd
Nitrate Boron
Phosphate Cadmium
Ammonium ion Chromium
Dissolved nitrogen Cobalt

Dissolved phospborus Copper
Dissolved organic carbon Iron

Major ions Lithivm
Calcium Lead
Magnesium Munganese
Sodium Mercury
Potassium Melybdenpum
Silica Nickel
Chloride Selenium
Sultate Strontium

Trace Elements Thallium
Aluminum Uramum
Arsenic Vanadium
Birium Zine

Bervihum







780 field measvrement were made during the
synoplic experiment. Water samples were col-
lected for analysis of chemical and bologicat
characteristios and suspended-sediment concen-
tration. Chenical deteeminations are listed in
Table 1. Biological determinations included
drift biomass collected with 100 mm orifice-
diameter nets at all sites and 0.5 M orilice-
diameter nets at selected sites; benthic inverte-
brates at the lowest tlow in the main stem
Colorado Riverand at sampling-time tlow inthe
tributaries: phytoplankton and zooplankion
abundance:and. atseveral stations. chlorophyll
aconcentration { Averett and [watsubo.in press).
About 2.300 water samples were colleeted for
chemical and biological measurements. In ad-
dition to the specific determinations. team lead-
ers and team memhers were careful to make
detaited notes on river conditions. including
floating materialin the river. and to take pictures
of the river and sampling sites at the time of the
SYnoptic experiment.
Summary

Synoptic sampling provides a way of rapidly
evaluating water quality in large river systems.
These data are especiatly useful in guiding fu-

ture research directions. By designing time

variation in the svnoptic sampling, additional

information can be obtained regarding tempo-
ral changes inchemical and biological proper-
tes.

Tavior and Averert are with the USGS in
Boudder, C0: Mazza is with the NPS at Grand
Canvon, AZ
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