Opportunities to Improve the USGS National Water Quality Assessment Program

By Mark Gibson

By the 1980s, Congress, federal
and state agencies, and industry had
recoghized apressing need for ameans
to systematically assess and track the
quality of water throughout the nation.
The USGS—regarded as the primary
national source of information on sur-
face and groundwater hydrology and
related water quantity issues—re-
sponded with the establishment of the
National Water Quality Assessment
(NAWQA) Program in 1985 to assess
past, current, and future water-quality
conditions and trendsin representative
river basins and aquifers (called study
units) across the United States. Per-
haps the most important facet of the
program is that the similar design of
each investigation and the use of stan-
dardized methods makes regional and
national assessments of water quality
(collectively called “national synthe-
sis’) possible.

More specificaly, the three goals
of the program are to address the fol-
lowing: (1) status—description of wa-
ter quality conditionsfor alargerepre-
sentative part of the nation’s freshwa-

ter resources; (2) trends—assessment
of long-term changes in the quality of
water resources; and (3) understand-
ing—analysis of how human-related
activities, management strategies, and
thenatural environment interact to con-
trol water quality in different parts of
the nation. Although the exact word-
ing of these goals has been refined over
time, they continue to be the organiz-
ing and planning themesfor NAWQA's
future and as such are discussed
throughout the report.

Nearing completion of itsfirst de-
cade of nationwide monitoring (1991 to
2001; called Cyclel), in 1999 USGS sci-
entists requested the input of the NRC
to help shape NAWQA activities dur-
ing the program’s second decade of
monitoring, called Cyclell. Thisreport
presents the WSTB’s most recent (of
five total) efforts to advise the USGS
on the NAWQA program. Although
some of the report’s conclusions and
recommendationsrevisit theissuesdis-
cussed by previousWSTB committees,
the majority of the report concerns the
increased emphasisin Cycle 1l on de-

fining long-term water quality trends
and understanding the causative fac-
tors of water quality conditions.
During Cycle |, NAWQA concen-
trated primarily on gathering compa-
rableinformation onwater quality (“ste-
tus assessments”) in atotal of 51 study
units nationwide. Notably, because of
budgetary constraints, a total of eight
study units that were slated for moni-
toring in Cycle | were never initiated.
More recent budget constraints have
dictated that the number of study units
in the second decade of nationwide
monitoring (called Cyclell) befurther
reduced to 42, plusthe High Plains Re-
gional Ground Water (HPGW) Study,
which was initiated in 1999. Because
of this necessary reduction, issues of
representativeness and coverage are
evenmore central to Cyclell of thepro-
gram than to Cycle|. Despite the sig-
nificant reduction in the number of
study unitsfor Cyclell, the committee
report concludesthat Cycle |l will still
maintain good coverage of the nation’s
stream and groundwater resources.

continues on page 8

The Missouri River Ecosystem: Exploring the Prospects for Recovery

By Jeffrey Jacobs

TheMissouri River ecosystem has
undergoneavariety of human-induced
changes since the mid-nineteenth cen-
tury, many of them as part of effortsto
modify theriver for society’sneeds. To
help control floods, enhance naviga-
tion, and produce hydropower, seven
dams and reservoirs were constructed
on the river during the mid-twentieth
century. Three of these reservoirs are
among the five largest in the United
States, and approximately one-third of
the length of the river’'s channel and
floodplain has been submerged. The
river’slength from Three Forks, Mon-
tanato its mouth at St. Louis has been
shortened by roughly 200 miles (from
about 2,540 milesto about 2, 340 miles)
by straightening its many meanders to
promote navigation. Between Sioux
City, lowa, and St. Louis—a distance
of roughly 735 miles—theriver hasbeen
channelized.

Inthe summer of 1999, the WSTB
assembled a committee to review the
Missouri River ecosystem’s status and
trends, science programs and status of
scientific knowledge, and organiza-
tional choices for supporting ecosys-
tem monitoring programsand for imple-
menting adaptive management. The
committee’ sreport wasrel eased in Janu-
ary 2002.

Ecosystem Satus and Trends

The report lists several specific,
quantified environmental changesinthe
Missouri River ecosystem. Examples
of these changes include a reduction
of the annual average pre-dam amount
of sediment transported past Sioux City,
lowaroughly 142 millionsto roughly 4
million tonstoday, and the alteration of
nearly 3million acresof natural riverine
and floodplain habitat. Thereport con-
cludes that “[d]egradation of the natu-

ral Missouri River ecosystem is clear
and is continuing.” It further states
that unless some portion of the hydro-
logic and geomorphic processes that
sustained the pre-regulation Missouri
River ecosystemisrestored—including
flows that emulate the natural
hydrograph, and cut-and-fill alluviation
processes—that degradation will con-
tinue.

Sate of the Science

Thereisarich and extensive body
of scientific research on the Missouri
River ecosystem. A 1997 USGSreport,
for example, listsover 2,000 studies of
the Missouri ecosystem. This body of
work provides a sound scientific un-
derstanding of the ecosystem’s struc-
ture, functions, and how they have
been affected by human actions. This
body of research, however, has not been

continues on page 9
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Assessment of NAWQA Cyclell Goals
Satus. The status component of
NAWQA isthe baseline for al further
trend- and understanding-related ac-
tivities, including the existing priority
issues selected for national synthesis
(i.e., pesticides, nutrients, volatile or-
ganic compounds, trace elements, and
ecological synthesis). The report sup-
ports the continuance of all of these
national synthesistopicsinto Cyclell
and also strongly recommends that
NAWQA make sediment anationa syn-
thesis topic (i.e., summarize and syn-
thesize findings on sediment, sedi-
ment-related pollutants, and habitat
impairment from sediment). Despite
reduced resources planned for Cycle
I1, several changesinwater quality sta-
tus assessments have been proposed
for Cyclell and are assessed inthe re-
port. For example, NAWQA personnel
have proposed to increase the
program’ sfocus on the most important
previously unsampled stream and
groundwater resources—especially
those that serve as sources of potable
water. The report concurs with this
general strategy, as well as focusing
on those sources most likely to be im-
pacted by extensive urban and agricul-
tural activities. Additionally, NAWQA
proposes to add some new contami-
nants that have become high national
prioritiesinthelast decade (e.g., water-
borne pathogens and indicator micro-
organisms, pharmaceuticals) to itslist
of constituents to be monitored in
Cyclell. Because of thelimited funds
available, such additions must neces-
sarily belimited. Thus, decisionsabout
which additional contaminants to
study in Cycle Il of NAWQA should
be made with direct input from the EPA
and other agencies so that the most
important contaminants from apolicy-
making standpoint can be monitored.
Trends. Thereliableand early de-
tection of trends is of fundamental
value because it can provide informa-
tion on changesin water quality (espe-
cialy related to anthropogenic sources)
that might be useful for decision mak-

ing and scientific understanding relating
to the management of water quality. The
report concludes that the USGS and
NAWQA arewell positioned to carry out
the important work of assessing trends
in Cyclell. Inthisregard, NAWQA has
established water quality baselines and
monitoring networksin Cyclel andisop-
erating at time and spatial scales suffi-
cient to establish these relationships.
Furthermore, NAWQA should continue
emphasis on an integrated approach to
water quality monitoring network design
that attemptsto coordinate effortsamong
variouslocal, state, and federal agencies
in an effort to make study unit designs
as efficient and cost-effective as pos-
sible.

Under standing. Identifying and de-
scribing thefactorsthat affect water qual-
ity can be gained through the linkage of
field studiesto the analytical use of mod-
el's, where observations are compared to
aconceptual relationship expressed math-
ematically. The success of such amodel
in explaining observationsisregarded as
ameasure of understanding the primary
factors or mechanisms involved. As
NAWQA progresses into Cycle Il, the
importance of model application should
not be underestimated as understanding
and prediction, embodied in water qual-
ity models, are the cornerstones of water
resources management for the future.
Several types of models proposed for
applicationin Cyclell areassessed inthe
report including those categorized as
conceptual, mass balance, statistical re-
gression, process based (mechanistic),
and hybrids of these. At thisimportant
juncturein the devel opment of NAWQA,
the report concludes that the USGS has
several major opportunities to advance
scientific understanding of factors that
affect water quality conditions. However,
there is a strong concern as to whether
or not sufficient staff, resources, and ex-
pertise are all ocated to ensure that mod-
eling efforts and targeted studies can be
devel oped and implemented adequately.
Regardless, the report strongly recom-
mends that at least a conceptual mass
balance be developed for the nonpoint
source pollutants studied in each study
unit. Furthermore, NAWQA and the
USGS should focus on simple, parsimo-
nious process models (i.e., models that

arenot overparameterized), where pa
rameter estimation and mechanistic
expressions can be related to avail-
able data.

Cooperation and Coordination and
the Future of NAWQA

The national scope of NAWQA
and its potential to provide a nation-
wide perspective on the status, trends,
and understanding of factors that af-
fect water quality have madeit afocal
point withinthe USGS. However, the
increased use and visibility of
NAWQA data and information often
occur in conjunction with external at-
tempts to influence the design or to
cooperate to broaden NAWQA's cov-
erage. Inthisregard, NAWQA must
stay firmin its design to meet its na-
tional goals, and it should not change
critical design plans to meet the di-
verse needs of the many federal, state,
and local agencies. Inthecommittee's
view, NAWQA program staff hasdone
an excellent job of establishing coop-
erativerelationshipswithin USGSand
with external programs. Theseefforts
have strengthened NAWQA and have
improved the visibility and viability
of theUSGSasawhole.

In the last decade-and-a-half,
NAWQA has progressed from a
sound concept to a mature program
that has led the way to allowing the
critical, sound scientific assessment
of the quality of the nation’s waters.
Indeed an assessment of NAWQA
and its representative accomplish-
ments to date finds it a mature and
respected national program with hun-
dreds of publicationstoits credit and
many significant science and policy
achievementsfor the programto build
upon in the coming decade. To build
on this success, NAWQA must strive
to find the appropriate balance of ef-
forts and resources between its three
primary goals of status, trends, and
understanding as it enters Cycle Il.
Furthermore, although NAWQA must
strive to be responsive to water qual-
ity policy and regulatory needs, it can-
not be driven or controlled by these
needs—thus epitomizing the struggle
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The Missouri River

well synthesized, nor are there many
studies that consider the ecosystem
as a single unit or that explore cross-
disciplinary linkages.

The most significant scientific
unknowns in the Missouri River eco-
system are how the ecosystem will re-
spond to management actions de-
signed to improve ecological condi-
tions. Carefully planned management
actions, combined with monitoring of
their impacts, would beimportant steps
toward implementing adaptive man-
agement for the Missouri River eco-
system. In addition to management
actions and ecosystem monitoring,
adaptive management would also en-
tail input from a broad range of Mis-
souri River stakeholders and the es-
tablishment of clear goalsfor the eco-
system.

Missouri River Navigation and Bank
Sabilization

No management issueonthe Mis-
souri River has polarized the river's
stakeholders as much as the debate
over how the provision of river flows
and channel depthsfor navigation has
affected the Corps of Engineers’ abil-
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of doing “good science” in the public
policy arena. Although NAWQA has
done an exemplary job of downsizing
for Cyclell, it cannot continueto do so
and still be considered a national wa-
ter quality assessment. Though it
could certainly be redesigned, this
would likely undo the basis for assess-
ment of trends and would waste a de-
cade or more of effort.

The committee was chaired by
George Hallberg, principal of the
CADMUS Group. Funding was pro-
vided by the USGS. To order the re-
port, contact National Academy Press
at 800-624-6242 or http://wamwv.nap.edu.

Mark Gibson is a Saff Officer with the
WSTB.

ity to meet ecosystem needs. Current
dam and reservoir operationsreducethe
river’'snatural hydrologic variability in
order to provide areliable 9-foot deep
navigation channel. But these reduc-
tions in natural hydrologic variability
run counter to established river science,
inwhich alarge degree of natural vari-
ability isessential for biodiver-sity and
productivity.

The report notes that net national
navigation benefits on the Missouri
River arerelatively small, and that wa-
terway traffic volume decreases asone
moves upstream. Congress should
therefore grant the Corps of Engineers
authority to provide navigation ser-
viceson anincremental basisalong the
channelized portion of the Missouri
River, based on analysis and stake-
holder input.

Policies, Institutions, and Adaptive
Management

The Corps of Engineers has al-
ways set the water release schedules
for the Missouri River mainstem dams,
guidelines for which are contained in
the Corps “Master Manual” for the
mainstem reservoir system. Over time,
an accretion of federal laws and con-
gressional committee language, com-
bined with shifting social values and
preferences, have madethe Corps man-
agement decisions increasingly chal-
lenging and often controversial. For
example, in the late 1980s the Corps
began revisions to its 1979 Master
Manual that, because of competing de-

mandsfor theriver’sresources and dif-
ferences of opinion, are still not com-
plete today.

Thereport thus recommends that a
moratorium be enacted on further revi-
sions to the Master Manual until such
revisionsreflect acollaborative, science-
based approach, based upon adaptive
management, to improve the state of the
Missouri River ecosystem. As part of
implementing adaptive management on
the Missouri, the report also recom-
mends the establishment of a stake-
holder group to help provide input for
river management decisions. Member-
ship in the group should consist of a
broad range of interest groups, includ-
ing the Missouri basin states, Indian
tribes, relevant federal and state agen-
cies, environmental groups, the naviga-
tionindustry, and floodplain farmers.

Finally, in order to ensure support
of the adaptive management effort and
to keep management actionsfocused on
some degree of ecological improve-
ments, the report recommendsthat Con-
gress enact aMissouri River Protection
and Recovery Act

The committee was chaired by
Steven Glossof the Grand Canyon Moni-
toring Research Center, Flagstaff, AZ.
Funding was provided by the Corps of
Engineersand EPA. The prepublication
of the report is available through the
WSTB a 202-334-3422.

Jeffrey Jacobsisa Senior Saff Officer
at the WSTB.
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