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ABSTRACT

A preliminary hydrologic investigation of Topock Marsh, located in northwestern

Arizona, was conducted for the U.S. Fish and Wildlife Service between 1995 and 1998.

The study identified the hydrological components of the marsh system, quantified an

annual water budget, defined the water quality conditions of the open-water marsh,

examined water management concerns, and provided data for a concurrent submersed

aquatic vegetation (SAV) study.

The water budget tabulated monthly values for all hydrologic components except

net ground-water flow, which was determined by difference. The principal components

were river inflow (+60,020 ± 1,020 ac-f1), rainfall (+890 ± 40 ac-f1), evapotranspiration

(-28,170 ± 940 ac-fl), storage (-980 ± 30) and marsh outflow (-26,860 ± 890 ac-f1).

The net ground-water value (-6,960 ± 1,650 ac-f1) suggests that the marsh recharges

ground-water. The Refuge also exceeded its diversion and consumptive use entitlement.

Water quality conditions were assessed using continuous and discrete sampling

methods. Three in-situ devices measured routine water quality parameters (temperature,

pH, conductivity, dissolved oxygen, oxidation-reduction potential) for two years.

Quarterly water samples (1997-98) from four marsh sites were analyzed for major and

select minor ions, and 6 i80-8D values. The continuously monitored parameters exhibited,

to varying degrees, temporal (diurnal and seasonal) and spatial variability. The marsh was

well mixed and has oxygen levels capable of supporting most aquatic life. Evaporative

concentration was the major process controlling major ion chemistry. Isotope data
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confirmed that the marsh and nearby shallow ground-water derive from a river-water

source. The marsh is normally turbid (30 NTU), apparently resulting from the

resuspension of detrital material by wind-generated waves. The turbidity values dropped

below 5 NTU during the 1996 summer as dense patches of SAV "filtered" the water.

Light penetration is probably a limiting factor controlling the distribution of SAV in the

marsh.

Today's water management plan is the culmination of historical practices,

incomplete science, institutional goals, and other constraints. Together these factors have

led to relatively static hydrologic conditions in the marsh. Potentially negative

consequences can result from the continuance of traditional management, including loss of

diversity, accelerated in-filling, and salinization. The Refuge should consider simulating

disturbances (e.g., flooding) and developing a more complex water management plan.
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INTRODUCTION

Problem

Located in northwestern Arizona (Fig. 1), Havasu National Wildlife Refuge was

established in 1941 as a "breeding ground for migratory birds and other wildlife"

(USFWS, 1994). The Refuge encompassed former channels and backwaters on the lower

Colorado River (LCR) flood plain, an area then called Topock Swamp. The emplacement

of upstream Hoover Dam (1936) and downstream Parker Dam (1938), however,

dramatically changed the river hydrology near the swamp (Appendix A-1). The combined

effects of decreased river flows and a downstream reservoir caused the main channel to

deteriorate and aggrade several feet in the Needles, California area (Metzger and Loeltz,

1973). To alleviate the flooding caused by a rising water table, a permanent channel was

constructed along the western flood plain boundary using a dredge (Fig. 2). This caused

the marsh to be disconnected from its water source. The south dike and inlet canal were

constructed in 1966 to restore water levels in the marsh. This transformed the riverine

swamp into a shallow water impoundment and wetland, now called Topock Marsh.

Water quality (esp., turbidity and temperature) after impoundment became a

nagging concern for Refuge managers. Historical documents provided in Appendix A-2

portray the succession of water management practices that have culminated into the

water-level management plan of today (see below). The open-water, wave-exposed area

of Topock Marsh is normally turbid year-round except under certain conditions. The

turbidity may limit the productivity of submersed aquatic vegetation (SAV),



Figure 1. Colorado River watershed boundary showing location of Topock Marsh,
Arizona (Scale: 1" = 155 miles).
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Figure 2. Topock Marsh and surrounding features (image from USGS
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predominantly spiny naiad (Najas marina L.). Spiny naiad provides important habitat for

benthic invertebrate production, fish feeding and spawning, and water bird foraging.

Turbid water also detracts from the aesthetic beauty of the marsh, which generates

criticism from local sportsmen.

Besides water quality, water use is also a concern for the Refuge. The Supreme

Court in Arizona v. California (U.S. Supreme Court, 1964) decreed the Refuge a federal

entitlement for the diversion of 41,839 ac-ft and consumptive use of 37,339 ac-ft,

whichever is less. That is, water managers can divert more than 41,839 ac-ft, provided the

difference of inflows minus outflows remains less than 37,339 ac-ft. The Refuge wants to

flush turbidity from the marsh using river water, but is concerned about exceeding their

legally available supply. The Refuge also must contend with the seasonality of river

operations. Annual releases from Hoover Dam follow a seasonal cycle, with the lowest

flows in the winter (Appendix A-1). During winter months, the river stage is often below

the intakes that feed into the marsh.

The absence of river flooding has lead to static hydrologic conditions in the marsh,

which has contributed to some profound ecological changes. For instance, the lateral

accretion of cattail (Typha sp.) and bullrush (Scirpus sp.) is estimated to be several feet

per year (Appendix A-2 and personal observation). In one dramatic example, cattails

completely overgrew the 215-acre Beal Lake in 1994. Today, approximately 32 percent

of the open-water marsh is overgrown with monospecific stands of emergent vegetation.

Mitsch and Gosselink (1986) comment on the significance of hydrology in wetlands:
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• hydrology leads to unique vegetation composition but can limit or
enhance species richness, and,
• primary productivity in wetlands is enhanced by flowing conditions and a
pulsing hydroperiod, but is often depressed by stagnant conditions.

These generalizations appear relevant to Topock Marsh. While certain species are indeed

successful (e.g., coots, carp), the overall diversity of the ecosystem, at all trophic levels,

appears depressed.

Of course some unfavorable changes in the marsh are occurring naturally. Most

water bodies lie in depressions that gradually fill in. Topock Marsh acts as a settling basin,

trapping sediment from more than six washes along its eastern shore and from the

Colorado River inflows. Emergent and submergent plants fix nutrients and create biomass

that accumulates in the marsh -- a natural process known as eutrophication. Both of these

processes will lead toward the eventual in-filling of the marsh (provided net suspended

material is not exported).

In short, the Refuge management is concerned with the associated issues of water

quality, water quantity, and their timing. Managers would like to know if a future water

management plan can improve water quality, promote SAV production, perhaps improve

ecological diversity, and still adhere to the water entitlement restrictions.

Objectives

1. Identify hydrological components of the marsh system and quantify an annual
water budget.

2. Define the water quality conditions of the open-water portion of Topock Marsh
on both a seasonal and a diurnal basis.
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3. Quantify the hydrological/water quality relationships within the marsh and to
assess the effects of the current water management practices.

4. Define the composition, extent, and relative abundance of SAV during the time
of peak standing crop.

Approach

Water Quantity. This study determined the water budget for the marsh system in

calender year 1997. A simple water balance equation was used to evaluate the hydrologic

components of the system: Change in Water Storage Inputs - Outputs. The inputs into

the system included diverted river water, local surface runoff, direct precipitation, and

groundwater seepage. The outputs included evapotranspiration (ET), surface water

outflow, and groundwater seepage (Winter, 1981). Hydro-meteorological instruments

measured or estimated all of these variables with the exception of ground water seepage.

A bathymetric survey of the marsh determined marsh storage (Guay et al., 1999).

Consequently, net ground water seepage was calculated by difference for each month.

The study also measured water table, river, and marsh elevations at a few locations to

demonstrate the hydraulic interaction between the river and the marsh.

Water Quality. Several concurrent measurements investigated the physical and

chemical characteristics of marsh water. Three in-situ Hydrolabs® measured routine

water quality parameters (temperature, pH, specific conductance, dissolved oxygen, and

redox potential) every hour from 1995 to 1997. These instruments were installed at the

northern, middle and southern portions of the open-water marsh (see Fig. 10). In

addition, discreet or point samples were collected from four locations (SW-1,2,3,4) on a
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quarterly basis for one year to determine more detailed water chemistry, such as major ion

concentrations, nutrient levels, and turbidity. At each sample location a portable Hydrolab

recorded routine water quality parameters at various depths. Together these data helped

determine the spatial and temporal variability of water quality parameters in the marsh.

Environmental isotopes (PO, SD) were analyzed on occasion to independently

verify hydrologic hypotheses. Encrusting salt minerals in the marsh were also analyzed

and identified.

The turbidity in the marsh was examined at a variety of observational scales. A

turbidimeter and Secchi disk measured light attenuation by suspended particle.

Gravimetric methods, a scanning electron microscope, and a conventional light

microscope provided more detailed characterizations of the suspended material.

Submerged Aquatic Vegetation (SAO. Factors affecting the distribution and

abundance of SAV were investigated by Alanen (1998). She measured select

environmental factors that appeared to influence the productivity of SAV. Submerged

biomass and sediment nutrient content were also determined for consecutive years.

Spatial Data Analysis. Resource and bathymetric maps were created from existing

digital data and field measurements. The resource map began as a mosaic of United States

Geological Survey (USGS) orthophoto quads (1990). The bathymetric map/model of the

marsh was produced by integrating a global positioning system (GPS), a geographic

information system (GIS), and sonar measurements (Guay et al., 1999). The bathymetric

model provided volume-surface area-depth information.
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HISTORICAL PERSPECTIVE

Abridged History of Significant Hydrologic Events at Topock Marsh

This section provides an abridged history of significant hydraulic and hydrologic

events in the Needles area and Topock Marsh (Table 1). The reader is encouraged to

review an expanded chronology of the LCR basin (Appendix A-3), as well as annotated

notes pertaining to Topock Marsh (Appendix A-4). The majority of the information

below is culled from unpublished annual narratives written by the Refuge Manager, but

many key dates are corroborated with data from the USBR (1996). The historical

concerns about water supply and water quality at Topock Marsh clearly portend the

origin, evolution, and purpose of this research project.

Table 1. Abridged chronology of To pock Marsh area

1936, 1939 Hoover and Parker Dam filled

1941 Havasu National Wildlife Refuge established

1944 River channel in Needles aggrades and Reclamation enlarges levees

1951 The Colorado arrives to dredge channel from Needles to Topock Gorge

1960 Channelization of river so effective that Marsh is cut off and water is at all time
low

1965 South Dike construction begins, former riverine system becomes impoundment

1966 Inlet canal completed

1968 Farm ditch completed

1974 Topock Marsh Enhancement Project dredges channel along marsh's western
shore and creates interior road

1983 Major flood and Refuge area saturated for a three years;
Locals suggest channel began degrading after flood

1986 Topock south levee constructed for flood protection
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River Becomes a Marsh

As Hoover and Parker Dam filled in the late-1930's, peak river flows dropped

dramatically from above 120,000 cfs to below 40,000 cfs (USBR, 1996). Prior to these

impoundments, the Topock Marsh area was described as having a well-defined main river

channel along the western shore that periodically meandered across the modern flood

plain. By the early 1940's, however, the main channel had deteriorated and sandbars

extended across the 5-mile wide flood plain, choking the marsh with sediment (Figs. 3, 4).

Havasu National Wildlife Refuge was established by Executive Order 8647 on

January 22, 1941, "...as a refuge and breeding ground for migratory birds and other

wildlife" (USFWS, 1994). However, the sediment deposition near Needles (Fig. 5) had

caused the river channel to aggrade 7 feet (Metzger and Loeltz, 1973).

The City of Needles and the Santa Fe railroad, which crossed the marsh, were

repeatedly flooded, so Reclamation commenced emergency relief measures to enlarge

existing levees in 1944. New engineering was a way to solve the consequences of old

engineering, a mind set that persists today, and "channelization of the river" was seen as

"the only solution" (USBR, 1996). In 1951 a Reclamation vessel, The Colorado, came to

dredge a permanent river channel (channelization) along the western flood plain boundary

between Needles and Topock Gorge. It would later dredge as far north as Big Bend, thus

channelizing about 31 miles of river.

By the early 1960's the channelization had rerouted the river so effectively that the

marsh was at an all-time low (Fig. 6). Then Secretary of Interior Udall responded to



Figure 3. Filled in Colorado River channel (Nov 20, 1943) , looking east from a
point about 1/2 mile north of the entrance to Beal Slough. Water was said to have
flowed over the entire area less than a year prior. Beginning growths of tamarisk,
willow, cattail, were noted. Willows and cattails form tree line in background.

Figure 4. Filled-in Colorado River channel, looking south about 2 1/2 miles
northwest of Topock. This is an example of the shallow, meandering streams that
were beginning to flow over the filled-in channel. This area was almost dry two
months prior to the picture. Approximately three square miles of Refuge land
above Topock was occupied by similar features (Nov 20, 1943).

23
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concessioners' demands and directed the USBR to construct a south dike and inlet canal

to "preserve the natural heritage of the area." The south dike was constructed in 1965

(Fig. 7), and the inlet canal provided inflow by March 1966 (Fig. 8). The former riverine

ecosystem had been transformed into a shallow-water impoundment and wetland. From

the decree of the Supreme Court case, Arizona v. California (1964), the Refuge was

granted a federal entitlement to divert 41,839 ac-ft and a consumptive use of 37,339 ac-ft,

whichever is less (brief citations pertaining to the Refuge's water rights are found in

Appendix A-5).

In 1966, poor water quality was blamed on algal blooms and inadequate

circulation. With a single inlet and eight miles of thirsty marsh, it was decided that the

deeper holes needed better hydraulic connection. The following year explosives were

used to link Glory Hole with the Beal Lake area. The algal blooms recurred. Raising the

water level in the marsh was postulated as means to improve water quality. By 1968, the

second inlet canal (farm ditch) was extended to the Glory Hole, and the north dike was

also constructed to prevent back flooding on to Indian lands to the north.

Submerged aquatic vegetation is discussed in each annual narrative, as these plants

were considered to be important forage for waterfowl (see Alanen, 1998). Each season,

the manager adjusted marsh conditions to promote SAV, with the subsequent narrative

postulating a reason(s) for its success or failure. For example, in 1969 the "algal bloom"

problem seemed to improve but then "water quality markedly worsened," and shallow

water conditions were touted as the cause for poor water quality. A water quality study



Figure 6. Five-mile Landing boat launch in 1961. Normally water
level half way up concrete boat ramp in background.

Figure 7. South dike looking NW in 1965. The dike was constructed
from river dredge spoils and eventually created the impoundment
Topock Marsh.

26
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Figure 8. USGS inlet structure in 1966 looking east. Note river levels this day below
canal depth, a problem during many winter days today. The three intakes gates are at
bottom of structure.
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was initiated. Cattails and sediment clogged major water arteries, and a dragline was

needed to clear Glory Hole.

Water use also became a growing concern following the Arizona v. California

case. The Refuge's response was interesting given that the outlet and the farm ditch flows

were not instrumented. The Bureau of Reclamation (hereafter Reclamation) proposed

constructing a dike (the dredge spoils became the interior road) that would reduce the

surface area of the marsh (and ET), thus allowing shallow areas behind the dike to dry up.

In 1970, attempts were made to pump Beal Lake dry, but seepage from the river was too

great. Four years of poor water quality and high turbidity followed, but in 1972 SAV

production was the "best the old-timers have seen." Water level management had not

varied much from the preceding years. In 1973, Pintail Slough was treated with 2-4,D to

remove cattails.

The Topock Marsh Enhancement Project began in 1974. The plan was to dredge

a channel along the western shore of the marsh and to use the tailings to a construct a dike

along that edge. Diking and dredging was expected to improve water management and

water circulation. The optimum marsh level for SAV production was suggested to be

456.2 ft msl, but wind was considered an important variable. Several good SAV years

(1975,'76,'78) were noted, especially in protected areas. In 1979, aquatic plants "fell

off," with only spiny naiad observed. The drop in diversity from many to only a few SAV

species seems to have occurred then. An ecosystem becoming less diverse also becomes a

motif in the narratives.
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The Refuge promulgated water management guidelines in 1979. The annual

sequence is as follows: (1) from February to May, raise the marsh elevation to protect

aquatic plants and fisheries from rising water temperatures; (2) use increased depth ( > 3

feet) to promote cattail suppression; and (3) in the fall, lower water levels to meet

consumptive use requirements and expose SAY to waterfowl. Turbidity was still

considered a problem, and the narratives speculate that wave action, river sediment,

dredging, and carp are all causes. Turbidity and carp are blamed for poor SAY

production in 1980-81, but the following year had an excellent SAY crop.

Major floods occurred in July 1983 (43,000 cfs), and all the dikes overflowed as

the marsh elevation rose about 5 feet above normal. After several years of saturated soil

conditions and high river flows, a new Topock south levee (1986) was constructed

downstream of the old south dike for added protection against future floods. The 1983

floods killed many of the willows, mesquites, and cottonwoods. The flooded conditions

were cited in 1986 as the reason for limited SAY production. The next year, SAY

production was at its best since 1983, and during the next 4 years SAV production was

considered good. The annual narratives ended in 1992. During this study, SAY

production seemed high in 1996 (see Fig. 57) and comparatively low in 1997.

Water management over the past three decades included several recurring ideas:

(1) a goal of promoting an annual crop of aquatic plants; (2) that turbidity, and perhaps

temperature, were limiting SAY production; (3) explanations of turbid conditions that

included algal blooms and suspended soil particles (caused by wave action, carp, and river
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sediment), (4) a desire to flush turbidity from the marsh, (5) an understanding that river

operations controlled river water availability, and (6) that legally available water may be

insufficient to flush the marsh adequately. The culmination of experience, management

objectives, and available science eventually led to the current water level management plan

that is summarized below (Havasu NWR, 1987).

1.Keep water diversion within legal limits (see Appendix A-5);

2. After March 1, fill marsh rapidly to approximate elevation of 456.25 ft rnsl;

3. Maintain elevation throughout summer and fall;

4. Drop marsh elevation rapidly to about 455 ft msl in late October, and attempt to

maintain until mid-December;

5. Mid-December, use inflows to maintain elevation at 455.5 ft ins1;

6. Close diversion USGS gates (inflow) December 31.
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Topock Marsh Data Sources

This section briefly identifies the source of historic and recent, published and

unpublished data that are especially pertinent to this study. The significance of each

reference is discussed further where cited in the report.

Topock Marsh Water Quality. The Refuge headquarters has on file many

unpublished documents containing water quality data. These include memorandums,

special projects, and annual narratives dating back to 1941. The Refuge has partnered in

investigations of algae, turbidity, and emergent vegetation; a few examples of these are

provided in Appendix A-2. The quality of these data is often unknown (e.g., no field

notes) and many values may not be comparable to modern measurements given the

changes in analytical methods (e.g., turbidity). Marsh water has been sampled almost

monthly at the outlet (G4) by the USBR (Blythe office) since 1983 (see Appendix B-7).

These unpublished data include select field parameters (temperature, pH, conductance)

and major cation-anions concentrations. Published water quality data for the marsh are

also available from the USGS for the periods 1975-77, 1980-81, and 1983 (Smith et al.,

1997). Alanen (1998), a contributor to this study, determined the nutrient content of

marsh sediments, while Andrews et al. (1997) analyzed sediment, vegetation, and biota on

the Refuge for select environmental contaminants (e.g., selenium).

Topock Marsh Water Quantity. In accordance with Arizona v. California, the

USBR is required to publish the annual diversions, return flow, and consumptive use by

water user along the LCR (USBR, 1998). The Topock Marsh record is compiled in
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Appendix B-6.

Regional Water Quality, Quantity and Management. The hydrogeology of the

Needles area is thoroughly described by Metzger and Loeltz (1973). Reports that

specifically address Mohave Valley hydrology include Owen-Joyce and Raymond (1996)

and Wilson and Owen-Joyce (1994). Water accounting reports that also discuss ground

water resources include Owen-Joyce (1987) and USBR (1997a). Regional studies of

Southwestern aquifers are summarized by Anderson (1995). River water quality is

published by the USGS (Smith et al., 1997) and by Reclamation (USDOI, 1999).

Environmental isotope data are discussed by Guay et al. (2001). Water management at

Topock Marsh and in the LCR basin is described by USFWS (1994) and the USBR

(1996), respectively.
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SITE DESCRIPTION

General Description

Topock Marsh is an eight mile-long, shallow water impoundment and wetland

located on the Havasu National Wildlife Refuge (Fig. 2). The Refuge headquarters is

located in Needles, California, while the marsh is located across the Colorado River in

Arizona, north of Topock, Arizona. The marsh is presently managed as a restricted

multiple-use area. For example, it provides nesting habitat for avifauna, including the

endangered Yuma clapper rail and Clark's and Western grebe, is an important stopover

habitat for numerous species of migratory bird, but it is also a well known Arizona sport

fishery and local duck hunting area.

Regionally, this valley is typical of the Basin-and-Range Province, characterized by

north-south trending rugged mountain ranges separated by nearly flat valley floors (Fig.

9). The marsh falls on the boundary of the Mohavian and Sonoran biogeographic

provinces (Brown, 1994). The climate is semiarid to arid. The 50-year Needles airport

record shows an average annual air temperature of 22.9 °C and precipitation of 4.5 inches

(WRCC, 1997). Within the LCR basin (Lake Mead to Mexico), there are 212,600 surface

water acres in reservoirs, 18,700 acres in flowing river, and 10,200 acres in backwaters

(USBR, 1996). Backwater areas ordinarily offer the best habitat and foraging sites for

waterfowl. At 4,045 acres, Topock Marsh comprises roughly 40 percent of the LCR's

backwater habitat. Located on the Pacific flyway, and flanked by hostile deserts, the

marsh no doubt appears as a "carrier deck" for passing birds.
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Colorado River water enters the marsh through two east-flowing diversion canals

(Figs. 2,10). Water not lost to evaporation or seepage is released through a control

structure on the south dike where it eventually rejoins  the river. Within the "marsh

boundary" (Fig. 2) there are 1,291 acres of emergent vegetation and 151 acres of

terrestrial land, and 2,603 acres of open water.

Other Refuge management units that divert surface water include Pintail Slough

(-120 ac) and the agricultural fields (-111 ac). The slough is flooded and tilled in both

the fall and spring, and it is the principle moist-soil management area on the Refuge. The

water delivery system for the slough was designed by the Refuge maintenance foreman,

Mr. Leonard Walters. He constructed an earthen plug with culverts and screw-gates at

the discharge end of the inlet; this allows for the river head to be realized at the marsh and

the slough area to be flood irrigated through a lateral culvert (with screw gate but

unmetered).

In the fall, the variety of wildlife can be spectacular in the slough. A profile across

the wetland is reminiscent of marshes in New England, with tiered succession of plants,

ranging from open water to woody species over a relatively short distance.

The agricultural fields near the slough are used to grow wheat and other forage for

migratory birds. Water for irrigation, typically needed September through October, is

diverted (and metered) from the inlet canal using a platform-mounted pump and delivered

along a series of concrete lined ditches. The other large agricultural area (-100 ac), called

the Bermuda patch, is irrigated by a wheeled sprinkler system. The water source is a deep
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well (-118 ft below grade) that is metered and considered a river water diversion by the

USBR. In 1997, the well pumped 198 ac-ft of ground water. More recently, the well has

yielded water to irrigate a 20-acre cottonwood nursery, which is part of a reforestation

program.

Some other locally significant features include Three-mile Lake, the fire break,

Golden Shores, Warm Springs Wash, Sacramento Wash, and Beal Lake. Three-mile Lake

is a seepage lake located in a former river channel, north of the Refuge boundary. The

water quality appears similar to the open-water marsh despite no river connection. The

fire break is a fire line coincident with Refuge property boundary. Fire management

requires removal of vegetation from this zone (Fig. 2). Golden Shores is a burgeoning

desert community with an estimated 80 ground water wells (Sandra Owen-Joyce, USGS

Tucson, pers. comm.). Warm Springs Wash has a large debris fan that protrudes directly

into the marsh above the south dike (Fig. 9). Sacramento Wash does not empty directly

into the marsh, but Owen-Joyce (1987) estimates it to discharge about 10,000 ac-ft/yr of

ground-water to the river. Thus it is locally a significant ground water source. Beal Lake

is a 215-acre open-water habitat that overgrew with cattails in 1994. A herbicide was

applied in 1996 to remove the cattails, and the lake was being inundated in 1998. Beal

Lake is hydraulically connected to the marsh by a 1/2-mile by 20-foot wide, unlined ditch,

which is equipped with a screw gate at the marsh end (unmetered).

Hydrological Features

Hydrologically important features are shown schematically in Fig. 10 and discussed
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in more detail below. Two surface water inflows feed by gravity into the marsh -- the

inlet canal and farm ditch. Before inlet canal water reaches the marsh, it must pass the

USGS measurement structure (G1), three privately-owned agricultural pumps (13 1 ), a

4-mile unlined sandy canal, three propeller meters in culverts (G2), a Refuge agricultural

pump (P2), and the Pintail Slough irrigation culvert. The inlet canal grade is a slight

0.01% (2 foot drop in 4 miles), with an intended capacity of approximately 100 cfs. The

flow is normally impeded by sediment and emergent vegetation that requires excavation

every few years. To prevent backflow of canal water to the river, the USGS structure is

equipped with aluminum flap gates.

Measured and unmeasured water losses and gains are occurring in the canal. For

example, unmeasured losses result from seepage and could, if similar to other unlined

ditches, be nearly 30 percent of the flow (Dr. Jeffrey Silvertooth, University of Arizona,

pers. comm.). In the summer months, water that discharges to the flood plain is most

probably lost to phreatophyte transpiration.

Three non-Refuge, platform-mounted, agricultural pumps withdraw water directly

from the inlet canal (after 01). The Refuge should receive credit for those extractions. In

practice, however, these diversions are self-reported and not well accounted for. The

local names of the pumps are Vanderslice, Mohave Indian, and Chesney. Chesney and

Vanderslice pumps are part of the Mohave Valley Irrigation District. The district reports

monthly withdrawals to the USBR. The Chesney pump is metered (meter is often

vandalized) and is used to irrigate 65 acres of alfalfa on sandy soils (Bob Chesney, pers.
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comm.). The Vanderslice pump estimates its discharge from a shaft revolution totalizer,

and the irrigated acreage is unknown. The Mohave's withdrawals are not reported (many

disputes over water and land ownership still exist), and their flow meter was vandalized

during most of this study. The pump irrigates about 77 acres (Del Wakimoto, farm

manager, pers. comm.).

River water also diverts to the marsh through a culvert (regulated by screw gate)

under the levee road that discharges into an open-unlined ditch -- the "Farm Ditch" --

opposite the maintenance facility ("Shop" in Fig. 2). The discharge end of the culvert has

a poorly fitted flap gate intended to prevent back flow. The water conveys about one-half

mile before it passes through a single culvert equipped with a propeller meter and trash

grate (G3). The sinuous canal continues another half-mile before discharging the marsh at

"Glory Hole." The farm ditch has the same chronic sedimentation and maintenance

problems as the inlet canal. Nonetheless, both canals seem to provide good habitat for a

range of wildlife and fishes, as beavers, muskrats, bass, ducks, carp, coots, coyotes, and

hawks were frequently sighted.

The south dike is an earthen dike and road constructed from dredge spoils (Fig. 7).

It has a concrete outlet structure that measures discharge, or, in rare cases, inflow to the

marsh. Another secondary and rarely used connector between the marsh and the river is

an unmetered culvert (with screw gate) that joins Beal Lake to the backwater channel that

parallels the south dike road.

The "swale" areas (Fig.2) are actually two wetlands, totaling a minimum of 20
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acres, that have deteriorated culverts connecting them to the marsh. This study included

these open-water areas as part of the marsh system. During high water periods the

southern swale periphery expands some 50 or more acres to become a moist-soil area.

The swales exemplify the difficulty of delineating the western "marsh" boundary given the

low-relief and fluctuating water levels. After a prescribed burn in 1998, these areas

flourished with wading birds.

The surface water sampling points are designated "SW." These locations were

chosen to represent quadrants of the open-water marsh. Depending on season, however,

SW-1 and SW-3 can receive pulses of comparatively unmixed river water. The three

Hydrolab stations are designated "H." These were operated 1995 to 1997.

The five monitoring wells used during the study are designated "MW." These

shallow wells (<20' below ground surface) allowed for water table monitoring and water

sampling of the unconfined alluvial aquifer. The wells MW-1,2,3,4 were installed using a

trailer-mounted soil auger rig. The installation and construction of these 2" PVC wells

was similar to standard environmental protocol. Each well has a slotted screen, solid riser,

gravel pack, bentonite seal, and grouted cover. Unlike most standard constructions, the

auger flights had an inside diameter of 4V2" rather than the usual 6" or more, thus the wells

have a smaller gravel pack and annulus. This is not a concern because the well screen

generally rest in fine to medium sand. MW-5 was installed by the USBR (Blythe office),

and well construction details are unknown. Ground water samples for chemical analysis

came from wells MW-1,2,3,4, while MW-1,2,3,5 had water level recorders.
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Water Measurement Gages and Instrumentation

This section describes the instrumentation employed in this study (Table 2) and

provides a qualitative ranking of performance. The extensive detail on the USGS

structure presented here is because several agencies rely on its measurement to determine

both the diversion and consumptive use of the marsh.

USGS Inlet Structure

Reclamation built the Topock Marsh inlet gaging station in 1966 (Fig. 8). It is

located 33 river-miles downstream of Davis Dam and directly across from the City of

Needle's marina. While the USBR is responsible for system-wide river water accounting,

the USGS (Yuma) locally operates and maintains this and many other structures along the

river. The Refuge, by agreement with USGS, has the authority to control the gate

openings for their water management purposes.

The inlet is a constant-head, adjustable, rectangular orifice water measurement

structure. The purpose of the inlet is to measure and control the volume of river water

diverted to the marsh. Technical details about this structure are in Appendix B-1. Typical

design criteria for this type of structure are available in Reclamation's Water Measurement

Manual (USBR, 1997b) and other texts (Bos, 1978).

Federal agencies appear to understand there are significant concerns regarding

water measurement at the USGS site. The principal problem is that the structure is not

designed to measure discharge where the range in river stage is quite large. In addition,

local observers note the problem has been exacerbated by the down-cutting
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Table 2. Instrumentation S

Site Location Data Collected Operator/
Service
Interval

Instrument Type Instrument
Reading
Interval

Qualitative
Instrument

Performance
Rating

Topock Inlet
Structure (GI)

river stage=H1.
head drop=H2,
gate opening=A

USGS. monthly
service

2-stilling wells,
constant head
submerged orifice

15-60 mins fair

North Dike
Inlet (G2)

discharge (cfs)
and totalizer
(ac-11)

USFWS,
weekly debris
removal,
monthly
readings

3 propeller meters
from Water
Specialities
Corp., CA

continuous
totalizer & cfs

fair - good

Farm Ditch
(G3)

discharge (cfs)
and totalizer
(ac-fl)

USFWS, bi-
monthly
cleaning and
monthly
readings

1 propeller meter
from Water
Specialities
Corp., CA

continuous good

South Dike
(G4/G5)

marsh
stage=H1, river
stage=H2, gate
opening=A

USFWS and
consultant,
monthly

2-pressure
transducers, tape
and pulley system
on gate

hourly fair-good

Mohave Valley,
8 mile NE of
Marsh

climate data
used for ET
estimates

Univ. of
Arizona,
monthly

AZMET, solar,
wind, temp.
precip, RH

hourly good

Bermuda Patch,
Remote
Automated
Weather
Stations(RAWs)

climate data Desert Research
Institute, UNV
unknown

wind, precip,
temp, —RH

hourly good-excellent

Shop, Class A
Evaporation
Pan (E-Pan)

evaporation USFWS and
consultant,
monthly

Analog gage
Novalynx, CA,

hourly fair-good

Ground Water
Wells (MW-
1,2,3,5)

water table
elevation, temp.

Guay, quarterly WaterLOG Data
Logger, Design
Analysis, UT

hourly good-excellent

North Dike - HI
5- Mile - H2
South Dike - H3

water quality:
T, pH. SC, DO,
redox

USFWS and
consultant,
monthly

3-H20 Hydrolabs
Austin, TX

hourly fair-good

Topock Gorge
Gage 2 miles S.
of Marsh (G6)

river stage USBR-Blythe,
monthly

stilling well 15 min excellent
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of the river channel since the 1983 flood. The following paragraphs describe evidence of

select measurement problems.

Design Criteria

The USBR (1997b) lists 15 conditions for measurement accuracy using fully

contracted submerged rectangular orifices (Appendix B-2). If met, the effective discharge

can be measured to within ± 2 percent. The inlet does not appear to satisfy several criteria

(i.e., No's 1,6,9,10,12,14). For example, Fig. 11 shows the cumulative frequency

distribution for the differential head (H1 minus 112), which should have a minimum value

of 0.2 feet (criterion 12). These data represent hourly measurements for the 1995 water

year. More than 50 percent of the time criterion 12 was not satisfied.

Calibration Data

When the USGS personnel collect monthly readings from Gl, they also attempt to

compare their computed discharge (Qc) against their measured (using current meter)

discharge (Qm). (Often this check can not be performed because the river stage is rising

or falling too rapidly.) Qm is measured below the inlet canal using a current meter. The

percent error is then computed as [(Qm - Qc)/Qc] x 100. The USGS (Yuma office)

supplied the calibration data (Qc and Qm) for the period August 1994 to May 1998

(Appendix B-3). Fig. 12 shows a plot of percent error for the 18 values. For smaller

discharges the error is often quite large, sometimes ± 50 percent. (Note, however, a

small percent error in a large discharge can be a much larger volume than a large percent

error in a small discharge).
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These data also suggest that at the higher discharge rates, Qm is typically 20

percent or more greater than Qc. A regression of Qm and Qc yields the following

relationship: Qm = 1.3(Qc) - 11.2, with an R-squnred of 0.90 (bold line, Fig. 13). This

relationship suggests that measured inflows are actually greater than computed values, but

alternative explanations should be investigated further.

Figure 13. Regression of Qm-measured (current meter) and Qc-calculated
(computed value). Reference line is 1:1, Qm = Qc.

Weir Behavior

When the upstream water surface drops below the top of the orifice opening, the

structure, in effect, becomes a weir (USBR, 1997b). Weir discharge is computed

differently, yet is not discussed in the descriptive literature (see Appendix B-1). The

bottom sill elevation is 453.25 ft msl. If the gate opening is 42 inches (I recall only a 36"
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opening), then the top of the gate opening is 456.75 ft msl, thus weir behavior might be an

expected source of error in this range. This would be a concern during winter months, but

may represent a small fraction of the annual inflows.

The gate settings also compound the problem. The Refuge often sets the front and

back gates in tandem to be either wide open or closed. These settings do not conform to

"normal" operating procedure, nor are they optimal for water measurement (Appendix B-

4). Since other factors may also be affecting water measurement, such as approach

velocity, it appears that the USGS structure will require further study.

Propeller Meters

Propeller meters are installed at the north dike and the farm ditch. Each meter is

factory calibrated and equipped with an acre-feet totalizer and cfs indicator. Fouling by

debris (esp. cattails) is the most common reason for instrument failure. Failures are

relatively rare (estimated at once per year) but may go undetected for days or months.

The north dike has three meters installed in parallel culverts that began operating in April

1994. If meter failure occurs here, the average of the other two meters is used. The farm

ditch has a single culvert and meter that began operating 8 January 1997. This was the

first time that farm ditch inflows were measured.

These propeller meters were field checked twice on the inlet (G2) and once on the

farm ditch (G3) using a current meter (Marsh-McBirneye) and the two-point method. On

the inlet, and during high flow (102 cfs) and falling head conditions, the current meter

method measured 17 percent greater discharge than the propeller meters. During a low
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flow period (36 cfs) the difference between the two methods was < 1%. Measured in a

high flow period (32 cfs) on the farm ditch, the two methods were a remarkable 0.6 %

apart. In short, this spot check suggested that the propeller meters, at that time, did not

have a large gross or systematic error.

South Dike Outlet

The south dike was constructed in 1965. The original structure had stop-logs and

a fish ladder, but the "new" south dike (post 1984) had a submerged rectangular orifice

and adjustable gate (Appendix B-4). Pressure transducers are mounted on either side of

the structure to measure the head differential between the marsh and river. As with the

USGS inlet structure, the theoretical discharge (cfs) is Qc = CA (2gh) 1/4 , where C is the

contraction coefficient (typically 0.61), A is the opening area OF ), g is the gravity

constant (32.2 fl/sec2), and h is the head differential 00. This structure has not been

independently calibrated, although the USBR's Doppler system was tried and failed during

this study (pers. comm., Wil White, USBR Blythe Office). Since the actual C value is not

known, I used here the standard empirical value of 0.61. It is possible that with age the

orifice is causing partial rather than full contraction, thus C could increase or decrease.

The discharge measurement is less problematic at the outlet (G4/G5) because the

orifice is always completely submerged. However, several attempts to automate the

system have proved unsuccessful, and the gate opening was set manually by counting the

revolutions of the screw-gear shaft. The automated system fails because marsh waves

dislodge or break the metal tape connecting the calibrated pulley to the sliding gate. The
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computer normally correlates pulley revolutions to gate height, but tape failures cause

erroneous "A" value. To reattach the tape the structure needed to be sealed with concrete

slabs (using crane), water evacuated (using large pump), and the computer reset -- an

evolution requiring two or more man-days. While I tried several tapes and attachment

strategies, the automated approach failed a few times each year. During 1997, I carefully

recorded gate openings using the shaft revolutions. It should be noted that the outlet

structure may be leaking, as swirling eddies were on the discharge side even after the gate

was closed.

Meteorological and Evaporation Instrumentation

Four sites have meteorologic or ET-related instrumentation. For historical climate

data, the Needles Municipal Airport record extends back to 1941. A Remote Automated

Weather Station (RAWS) is located in the north end of the Bermuda Patch that federal

agencies use for fire management. Both of these data sources are accessable through the

Western Regional Climate Center (WRCC), a national climatic service. This study used

rainfall and wind data from the WRCC. Another weather station, operated by the Arizona

Meteorological Network (AZMET), at the University of Arizona, provides Mohave

Valley irrigators with an estimate of potential evapotranspiration (AZMET, 1997).

Located about 8 miles north of the Refuge, this station provided climatic data and was the

primary instrument used to estimate evapotranspiration (see Brown, 1997). Lastly, I

installed a Class A type evaporation pan was installed in the maintenance yard in 1995.

Although the yard area was fenced off, the pan served as the local watering hole for
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various wildlife (esp. birds). Without proper maintenance (filling, cleaning) its

performance was erratic, therefore I did not use pan data.

Ground Water Wells

I equipped four monitoring wells (MW-1,2,3,5) with down hole data loggers to

record water table elevation and ground-water temperature every hour from about August

1997 to September 1998. I visited the wells were visited every one to three months for

data retrieval and, if necessary, resetting. The data logger units performed well until the

last month when their steel support cables corroded and one eventually broke.

Water Quality

During 1995-97, three model H20 Hydrolabs were deployed in the marsh at north

dike (111), 5-mile landing (H2), and south dike (H3). A Hydrolab is a commercial water

quality monitoring device that records hourly water temperature, pH, specific

conductance, dissolved oxygen, and redox potential. Each hydrolab was attached to a

metal pole and suspended in the water column to about one foot above the bottom. At the

normal summer marsh elevation (456.5 ft msl), the water depths at 11-1,2,3 were

approximately 9.5 ft, 4.5 ft, and 4.8 ft, respectively. The Hydrolabs in the shallower

waters were expected to record warmer water temperatures. In addition, H1 was located

near enough the inlet to receive relatively unmixed river water inflows.

The Hydrolabs were accessed by boat, the data down-loaded, and the units

recalibrated on a monthly basis by a consultant or the Refuge biologist, both trained by the

vendor. Monthly maintenance is an important task since some sensors "drift," usually as a
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result of algal fouling, membrane relaxation, or electrolyte depletion. The USFWS Region

2 office processed the data. Despite the maintenance schedule, however, extended down-

time periods occurred where one or more sites logged no measurements. Technical

problems, vandalism, and mishaps seemed to occur frequently. Of the expected 92 months

of data from the three instruments, approximately 50 months logged less than 1/2 month's

data. Overall, the data logged ranged from fair to good for reasons discussed in the water

chemistry section.

Other Gages and Instruments

The Topock Gorge River gage (G6) is located in a rock-walled canyon about 2

miles below Topock Marsh. The USBR Blythe office operated the gage. This study

employed several portable water-quality instruments: (1) Hach Potable Turbidimeter,

Model 2100, (2) Portable Hach One pH Meter, Model 43800-00, (3) Eagle Magna III

sonar unit, and (4) a YSI Model 30 Handheld Conductivity and Temperature System.
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Base and Bathymetric Map

This study required a resource and bathymetric survey (map). I presented the

technical details of their construction as a conference paper (see Appendix B-5, Guay et

al., 1999). The Advanced Resources Technology (ART) group in the School of

Renewable Natural Resources, University of Arizona, provided a copy of all related data

to USFWS Region 2. Below is a brief description of the procedures and results.

Base Map

A detailed resource base map of Topock Marsh, required for this study's planning

and navigation purposes, did not exist in 1996. During project start-up, I constructed an

initial base map by "mosaicing" infrared aerial photos (1994) that were overlain by a 100

meter grid. Later, I created a final resource map (Fig. 2) by mosaicing four 1992

orthophotoquads (Needles, Warm Springs, Topock, Whale Mountain) into a single image

for subsequent ARC/INFO use as a background map. The USGS orthophotoquads were

standard 7.5 minute quadrangles, georeferenced, monocolor, photographic quality, with

roughly 1-meter resolution. I then digitized the marsh shoreline, cattail islands, and other

key resources on-screen in ARC VIEW (as shape files) and converted to background maps

for field work.

The marsh shoreline (water elevation. 456.5 ft imp was delineated by the change

in vegetation (cattail to saltcedar) and site knowledge. The boundaries were updated with

the 1996 color aerial photographs and aforementioned infrared images. As explained

above, the marsh shoreline incorporated Beal Lake and two swale areas. Within the
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shoreline polygon, the cattail areas comprised about 1,292 acres, or 32% of the marsh

area (Fig. 2). "Terrestrial" areas within the shoreline boundary, as identified by site

inspection or vegetation type (mesquite and saltcedar), comprise 152 acres, or about 4%

of the marsh area (faint blue, Fig. 2). These areas were usually islands or peninsulas

constructed of dredge spoils along the western shore; typical examples are east and south

of the Beal Lake inlet.

Bathymetric Map

The Refuge and local fishermen requested I construct a bathymetric map, but the

study needed the data to compute the monthly change in storage for the water budget.

The depth-volume-surface area relationships were used to calculate open-water

evapotranspiration and direct rainfall.

Briefly, the method integrated a differentially corrected global positioning system

(GPS), GIS, and sonar measurements to construct a bathymetric model of the marsh.

Concurrent GPS measurements from registered benchmarks in both Arizona and

California located the base station antennae at the Refuge headquarters. A conventional

boat was equipped with a GPS antennae, commercial sonar unit and a modified stem tube

that indicated the sonar draft. The outlet transducer (G4) monitored hourly the marsh

elevation. With the base station operating, the boat traversed the marsh and the crew

manually entered into a laptop approximately 2,800 sonar and draft measurements. Post-

processing the data linked measurements to a geographic position. Calibration and quality

assurance of various measurements was performed at regular intervals and at known
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depths and locations. The lateral coordinates of any fix appear to have an error of 6 to

12 ft. The sonar accuracy is estimated to be about ± 0.3 feet, assumed to represent the

expected range of errors. The depth, draft, and marsh elevation data was normalized to

the reference elevation of 456.5 ft msl. At this elevation, the accuracy of the volume is

estimated at ± 10 percent. The greatest sources of error include estimating the marsh's

elevation during windy days and inaccurate sonar measurements over unconsolidated

sediment.

Table 3 and Fig. 14 show the computer model analysis of Topock Marsh, while a

bathymetric map is in Appendix B-5. At water elevation 456.5 ft msl, the marsh has a

volume of 14,495 ac-ft and a surface area of 4,045 ac. The average depth is roughly 3.6

feet. It is noteworthy that the computer-generated volume is within 9% of a simple

topographic map estimate (area , 16,000 ac-ft), where I assumed the average depth to be

4 ft. Linear extrapolation was used to determine surface area and volume values between

the 1/2-foot intervals in Table 3. When the marsh elevation was above the reference

elevation, values were extrapolated using the increment of the previous interval (i.e., 456.0

to 456.5).

Fig. 14 indicates that the change in surface area of the marsh is comparatively

small until the marsh elevation drops to about 454.0 ft msl, where it falls off dramatically.

If the aim of a water operation were to expose shoals to migratory birds that feed on

benthic invertebrates, then lowering the water elevation another foot, to 453 ft msl, would

expose an additional 1,279 acres of feeding habitat.



Table 3. Elevation, marsh volume, and surface area relationships of To pock Marsh
Marsh Elevation

(ft ms1)
Marsh Volume

(ac-ft)
Marsh Surface Area

(acres)
456.5 14495 4045
456.0 12552 3777
455.5 10707 3617
455.0 8933 3485
454.5 7219 3372
454.0 5573 3129
453.5 4181 2463
453.0 3104 1850
452.5 2285 1467
452.0 1628 1136
451.5 1158 767
451.0 825 578
450.5 577 429
450.0 386 334
449.5 243 240
449.0 146 151
448.5 83.4 102
448.0 49.3 36.5
447.5 33.2 28.6
447.0 20.7 21.4
446.5 11.7 14.7
446.0 5.8 9.3
445.5 2.4 4.9
445.0 0.6 2.3
444.5 0.06 0.11
444.0 0.02 0.04
443.5 0.01 0.02
443.0 0.00 0.01
442.5 0.00 0.00
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Figure 14. Topock Marsh's elevation, volume, and surface area relationships using
TOPOGRID model (see Appendix B-5 for methodology).
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Site Conditions 1996-98

The time series data presented here for select hydrologic, water quality, and

climatic parameters enable comparison of the site conditions at Topock Marsh during this

study (1996-98) to recent decades. These data also illustrate several interesting historical

trends.

Topock Inlet Diversion

Fig. 15 (see Appendix B-6) shows the official record of annual diversion and

consumptive use (1967-97). Data for the 1983-85 flood period are shown but not used in

statistical calculations because of missing values. The mean and median annual diversion

to the marsh are 45,399 ac-ft ± 14,220 (is = one standard deviation) and 40,992 ac-ft,

with a range of 100,960 to 29,165 ac-ft. The mean and median consumptive use for the

marsh are 38,007 ac-fl ± 5,797 (Is) and 38,231 n41, with a range of 57,781 to 29,385 n-

it. (I assume these tallies did not include the estimated inflows from the farm ditch.) In

1997, the Refuge diverted 58,082 ac-ft (G1), about 41% greater than the median value,

reflecting the management decision to increase flow-through at the marsh while river

water was available (USBR, 1998).

Colorado River TDS

Fig. 16 shows the concentration of total dissolve solids (TDS) in the Colorado

River water below Hoover Dam (USDOI, 1999). The recent wet period is diluting the

river system, as did the 1983 flood event.
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Figure 16. Weighted annual TDS Colorado River below Hoover Dam 1941-97. (Source:
USDOI, 1999)

Marsh TDS

Fig. 17 shows the unweighted TDS concentration at the outlet (G4) for the period 1983-

95 (Appendix B-7). The computed average TDS (evaporative concentration) is 1,000 mg/L ±371

(1s), with a range of 1,862 to 523 mg/L.
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Figure 17. Topock Marsh outlet TDS (solid line) and moving average (10 values) shown with
dotted line.

The average specific conductance at the outlet in 1997-98 was1307 laS/cm (n=-4), and using 0.62

multiplier established from this study for events 1 and 4, the TDS was 810 mg/L. This value is

less than but within one standard deviation of the historic mean.

Annual Temperature

The dashed lines in Fig. 18 represent ± one standard deviation above and below the mean

monthly air temperatures at Needles Airport (1948-98). The solid line represents 1997 values.
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Figure 18. Mean monthly air temperature ± is (dashed lines) for Needles airport
(1948-98) with 1997 values shown in boxes (w/ solid line).

The average annual air temperature for the period of record is 73.2 °F ± 1.2 ( 22.9 °C), but the

average 1997 temperature was 75.3 °F, a slightly warmer year (Appendix B-8).

Rainfall

The average annual rainfall at Needles airport (1948-98) is about 4.6 ± 2.3 (1s) inches,

with a range of 9.6 to 1.2 inches (Appendix B-8). Figure 19 shows rain gage readings near the

marsh (AZMET and RAWS). The 1997 rainfall data at a third location, the Needles
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Figure 19. Recent rainfall record at two locations near the marsh.

airport, was 3.43 inches, similar to the average data from of the other two gages (3.35 inches).

Slightly less than average rainfall occurred during the study year.

Evapotranspiration

Fig 20 shows the monthly potential (reference) evapotranspiration (ETo) indicated by the

AZMET weather station in Mohave Valley (AZNLET, 1997). The average annual ETo for the

past six years was 82.4 ± 4.9 (1s) inches/year (6.9 feet ± 0.4). The 1997 value of 85.1 inches/year

(solid line) is slightly above the average for the period of record, consistent with
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Figure 20. Reference ET at AZMET station in Mohave Valley near the marsh.

a climatically warmer year (Appendix B-9).

In summary, these data suggest that the 1997 conditions were slightly warmer and wetter

than for an average year. Consequently, the diversions into the marsh were greater, the TDS

declined, but the potential ETo was up slightly. Nonetheless, the study period seems to represent

relatively typical conditions.
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WATER BUDGET

This section discusses the hydraulic relationship between ground and surface

water and presents an annual water budget for Topock Marsh. With the conversion of

bottom land to farmland in much of Mohave Valley, the Refuge provides a unusual

opportunity to monitor water-table fluctuations away from direct influence of ground-

water pumping and irrigation practices (see Fig. 9).

Surface-Water Monitoring Results

The results of annual, monthly, and weekly surface-water elevation measurements

are described in this section.

River Elevation at USGS Inlet 1997-98 

The operation of the lower Colorado River system is well documented (USBR,

1996). The cycle of daily, monthly, and annual releases from Davis Dam are reproduced

in Appendix A-1. These are similarly reflected in Fig. 21, which is a bar plot of the river

stage recorded at the USGS inlet structure (G1). Each box represents the mean monthly

elevation (box center) ± (la). The single line shows the monthly range. The solid dots

are the monthly Davis Dam release for 1997, indicating the expected strong correlation

between river flows and stage at Gl. Even with greater than normal river flows in 1997

(USDOI, 1999), the operational cycle appeared typical. The lowest flows occur in the

winter when there is less demand for water by agricultural and electric power users.
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Marsh Elevation 1997

Fig. 22 shows the marsh elevation every 4 hours (running average n=5) for the

1997 calender year. Water management and river operations influence the marsh's annual

cycle. As an example, the Refuge will schedule cattail suppression when the marsh can be

drained and later flooded.

Seiches

The otherwise stationary marsh surface experiences many short-term, small

perturbations. Fig. 23 provides evidence that many of these are seiches, or wind-induced

tilting of the water surface. The plot shows the marsh elevation (4 hour interval) for the
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Fig. 22. Marsh elevation at south dike outlet every 4 hours in 1997. Line
represents moving average (n=5).

first 38 days in 1997 and, on the secondary Y-axis, the average daily wind speed (mph).

In Mohave Valley, the dominant winter wind is from the north (Appendix C-1). During

windy episodes, the marsh surface responds by stacking in the southern end. I investigated

whether sudden river inflow, direct rainfall, or flash flooding were related to the marsh's

elevation changes and did not find them related. The marsh elevation showed no

significant change even for larger rainfall events (e.g., 1/26, 9/12, 9/25, 11/13). I visited
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washes following five runoff events and found they had minimal flow. In summary, short-

term fluctuations in the marsh surface often appear to be linked to seiches.

455.4

455.2

455.0

454.8

454.6

454.4
1 3 5 7 9 11 14 16 18 20 22 24 27 29 31 33 35 37

Julian Day 1997

Figure 23. Evidence of seiches in marsh. Northerly winter winds cause stacking of the
water level in the south.

Annual Trends of Marsh and River

Fig. 24 shows the monthly average of surface-water elevation measurements from

three river locations (G1, G5, G6) and the marsh (G4). Two probable inaccuracies bear

mentioning. First, the average river elevation at the USGS inlet (G1) is probably below

the indicated value because the position of the stilling well in the inlet structure is above

the lowest river stage (Fig. 8). The error is unknown, but the average river stage is likely

0.5 feet or less below the computed value. The second error relates to the Topock Gorge

gage (G6); one-half a month's data are missing for September 1997 and I suspect the
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value to be slightly greater.

Overall, the river stations show the typical annual cycle of river releases, with

summer high and winter low flows (see Appendix A-1). These data show an expected

decline in river-water elevations and amplitude in the downstream direction. The average
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Figure 24. Average surface water elevations for 3 river locations (see Fig 10.) and Topock
Marsh (1997-98).

river elevation at the USGS inlet (G1) was three or more feet above the marsh level most

of the year. In the winter months the average river stage (G1) approaches the marsh

elevation. During these periods the inflows to the marsh are often insufficient to maintain

marsh levels or create flow-through conditions.
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Along the south dike (G5), the marsh elevation was greater than the river in all but

a few months, allowing the marsh to discharge to the river and create flow-through

conditions. In February of both years, however, the river elevation in Topock Bay (River

G5) was at or above the marsh elevation. Seepage across the south dike is discussed

below in the Ground Water Results section.

It is interesting and useful to quantify the approximate elevation change in the river

at three downstream locations relative to the inlet. These values might be used in

hydrologic models and resource planning. Table 4 shows the differences in average river

stage for the period of 1997-98. The gradient for the river is calculated by dividing

average stage change by the downstream distance. Since the farm ditch had no stage

recorder, it was estimated using G5 data. Table 4 shows the river gradient to be about 1/2

foot per mile. More hypothetically, the average marsh elevation must equal an average

river elevation, along a "common contour," somewhere below the farm ditch but above

the Topock Bay inlet.

Table 4. Average river stage for three location relative to the USGS inlet (G 1)

River Location USGS Inlet
G1

Farm Ditch
(No Gage)

Topock Bay Inlet
G4

Topock Gage
G5

Distance Downstream
from G1 (miles)

0 3.7 9.7 12.2

Average Difference in
Stage Below H1 (ft)

-- 1.9* 4.8 ± 0.9 11
(1s)

7.1 ± 0.8 ft
(1s)

Gradient (ft/mile) -- 0.50* 0.50 0.58
* estimated/calculated using Topock Bay gradient
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Monthly Trends of Marsh and River

Fig. 25 shows hourly elevation data for a "typical month" at the same monitoring

locations. The diurnal cycles of hydro-power releases becomes obvious, particularly at

Gl. The daily river stage varies by 4 fi at this location. This plot also shows how the

amplitude of the releases are attenuated further down stream (see USBR, 1996). These

data confirm that the minimum river elevation at G1 is occasionally at or below the marsh

elevation.

River (G1)

Marsh (G4)

River (G5)

River (G6)

Figure 25. Diurnal cycling of river stage in November 1997 at 3 river stations (see Fig.
10), along with a nearly constant marsh surface (-456 ft ms1).
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Weekly Trend

Fig. 26 shows hourly elevation data for the first week in November. The

differences in amplitude, symmetry, and phase provide interesting detail about hydrologic

responses in the flood plain. The distinctive asymmetry of the daily hydrograph at river

site G5 might, for example, corroborate the river's influence in nearby wells.
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Figure 26. 7-day river stage and marsh elevation relationship (see Fig 10 for locations).

To summarize, the river and marsh experienced typical annual water elevation

cycles in 1997. The marsh has seiches. Except for the first few months of each year, the

marsh elevation is below the average river stage at G1 but above the river stage at G5.

The hydro-releases from Davis Dam are attenuated in the down-stream direction.
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Ground-Water Monitoring Results

Four monitoring wells (MW-1,2,3,5) equipped with data loggers recorded water-

table fluctuations and temperature in the unconfined river aquifer. The loggers recorded

hourly measurements from about October 1997 to September 1998. Well construction

and instrumentation are described above. The monitoring provided evidence of the

hydraulic relationships between the river, shallow ground-water, and Topock Marsh.

Two earlier reports that published water-level contour maps of Mohave Valley

(Metzger and Loeltz, 1973; Owen-Joyce and Raymond, 1996) suggested the ground

water contours between the river and marsh were nearly parallel with the river, with the

hydraulic gradient toward the marsh. Both maps had few observations near the marsh,

and the later study occurred during the 1984 flood event.

Well Information

Seven monitoring wells located are near Topock Marsh (Fig. 27). Reclamation

installed three and the author installed four others, with permission of the Refuge (Table

5). USBR professionally surveyed wells MW-1,2,3,5 were in 1998 (along with the inlet

and south dike) using high-precision GPS equipment.

Relationship Among of Monthly Ground-Water, River, and Marsh Elevation

Fig. 28 shows the average monthly elevation of the ground-water, marsh (G4), and

river (G1 and G5). The plot suggests that all four wells respond in varying degrees to

either the river or marsh elevation. For instance, MW-5 closely mimics the river,
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Canals
Topock Marsh Shore Li
Cattails

Figure 27. Monitoring well location map. MWs-1,2,3,4,5 used in this study (Scale:
1"z 1 mile).
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whereas MW-3 appears to mimic the marsh.

The ground-water elevations at MW-1, MW-2, and MW-3 are always below both

the marsh and river. This suggests a ground-water low between the marsh and river. The

water table level at MW-5 is most often between that of the marsh and the river (G5) but

was actually above the marsh from about January through March 1998. Thus the

hydraulic gradient may reverse itself in this area, alternating toward and away from the

marsh. Additional monitoring wells will be needed to determine with certainty the actual

hydraulic gradient in these areas. This plot again shows that the marsh elevation (G4) was

typically 2 feet higher than the adjacent river (G5) for about 8 months of the year. As a

first approximation, the seepage losses through the south dike are:

q= K•b•I

where K is the hydraulic conductivity, which Metzger and Loehz (1973) estimated a

minimum value of 5,000 gpd/fe; b is the saturated thickness, estimated at 2 ft; / is the

hydraulic gradient through the south dike, estimated conservatively at 2 111200 ft, or 0.01

ft/ft; and q is the total flow. If the length of the south dike is approximately 16,400 ft and

the gradient is assumed to be constant for 240 days, then the seepage loss is 1,208 ac-ft.

Individual Well Behavior

Plotted below (Figs. 29-32) are the 2-hour water-table elevations for wells MW-

1,2,3, and 5. Appendix C-2 lists major rainfall events, river operations and marsh

operations that may have influenced the water table during this period, and additional

climatic data are at AZMET (1997).
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MW-5 Results

Fig. 29 shows the ground-water elevation trends at MW-5 and (for reference) the

river elevation trends at G1 (running average n=24).
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Figure 29. MW-5 ground water elevation and River (GI) elevation (running average n =
24).

The well is within a remnant stand of multi-storied dense riparian vegetation, which

includes willows (Salix exigua) and cottonwood (Populus fremonti). The water table

fluctuated between 5 and 1.5 ft below ground surface. Of the wells with data loggers, it is

located closest to the river (Table 5).

MW-3 Results
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Fig. 30 shows MW-3 and the marsh surface elevation (running average, n=24).

The well extends into silt and clay. The water table fluctuated between 3 and < 1 foot

below grade. This location is closest to the marsh and in a dense stand of saltcedar. The

water table mimics the marsh elevation from December through April, but transpiration

appears to cause drawdown and an increased amplitude in the diurnal water-table

Figure 30. MW-3 ground-water elevation and Topock Marsh elevation (running average
n = 24). Anomalous spikes are cause by runoff entering well casing.

fluctuations during the summer One alternative explanation for the fluctuations is diurnal

inflows through the inlet canal located 200 yards north, as addressed more fully below. As

the marsh elevation is above the ground water table, it is plausible that the marsh

recharges this well year-round. The anomalous spikes (Feb, Mar, Sept) represent rainfall
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events. The casing is flush-mounted within a local depression, thus runoff funnels its way

into the monitoring well.

MW-1 Results

Fig. 31 shows the ground-water fluctuations in MW-1. The well is on a "fire

break" among thick stands of saltcedar (Figs 2 & 27). The river alluvium in this area is

predominantly silt, with some fine sand and clay. The closest open-water body is the

marsh (Table 5).
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Figure 31. MW-1 ground water elevation.
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The water table fluctuated from about 7 to 3.5 feet below the ground surface. It is

interesting that the ground water rebounded in late November through early January as the

river elevation dropped (cf. Fig. 29). The summer drawdown and increasing amplitude, as

in MW-3, suggests transpiration is the dominant cause of the water-table fluctuations. On

July 7th the ground water sprang up after a major wildfire spread north and destroyed

vegetation near wells MW-1 and MW-2.

MW-2 Results

Fig. 32 shows MW-2 data. The well penetrated fine to medium sands, with

vegetative cover being more sparse and composed of arrowweed (Pukhea sericea) and

mesquite (Prosopis glandulosa). The water table fluctuated between 6 and
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Figure 32. MW-2 ground water elevation.
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2.5 feet below ground level. The well location is east of the main river channel and 990 ft

south of 3-Mile Lake, within a remnant river channel. Despite being relatively close to the

river (4,620 ft), the amplitude of the diurnal fluctuations is the least of all the wells,

suggesting that vegetation and soil type are important factors. Like MW-1, the ground-

water elevation rose until mid-April and rebounded after the July wildfire.

Ground-Water Temperatures

In addition to measuring the water level, the data loggers also recorded ground-

water 'temperature. Fig. 33 is a plot of 2-hour readings (moving average, n = 100) for

nearly all the 1997 water year. The ground water-temperature, as expected, straddles the

MW-3
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Figure 33. Ground-water temperature. The warmest ground-water temperature nearly
coincides with the coldest season.



81

average air temperature (Needles airport) of 22.9 °C. The phase shift with atmospheric

temperatures likely results from the thermal properties of soil rather than the delayed

arrival of colder river recharge.

Summarizing ground water data, the water-table elevation in all four wells appears,

to varying degrees, to be influenced by plant transpiration, river stage, and the marsh

elevation. The next section will explore this further. The increased amplitude and

precipitous decline in the ground-water table at MWs-1,2,3 implicates transpiration as a

dominant process. A ground-water depression east of the marsh and north of Beal Lake is

plausible given that the water-table elevation is often below the marsh and the river (Fig

28). Seepage losses from the marsh across the south dike could occur much of the year.

Ground-water temperatures in all wells are similar despite their different locations and

proxirnities to open water. Interestingly, the warmest ground-water temperatures are

nearly coincident with coldest air temperatures.
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Diurnal Fluctuations Caused by Transpiration and River Releases

From the previous section, transpiration and daily river releases are likely to be the

leading causes of diurnal fluctuations in the water table. These processes can be in phase

and difficult to distinguish. That is, the afternoon drawdown caused by transpiration often

coincides with the drop in river stage. To further investigate their relationship, this

section compares the water table fluctuations during low (Jan '98) and high (Jul '98)

transpiration periods in four wells (MW-1,2,3,5) and the river.

5	 6	 7	 8	 9	 10	 11	 12	 13	 14	 15
January 1998

Figure 34. Diurnal relationship of ground water and river stage during January 1998.
Vegetation is dormant in this season and MW-1,2,3 appear to be unaffected by the river
stage. MW-5 clearly mimics the river. (Locations shown on Figs 10, 27).
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Fig. 34 shows the diurnal fluctuations in ground-water elevation and river stage for

a "typical" 10-day period in January 1998. Both river stations G1 and G6 illustrate the

symmetry and amplitude in the river hydrograph. Monitoring wells 1, 2, and 3 show

virtually no response to the river elevation cycles. However, the symmetry, timing, and

amplitude in the water table at MW-5 closely mimic the river (esp. G6), suggesting direct

response. Therefore, in the winter (non-growing) season hydraulic processes may be the

dominant cause of ground-water table fluctuations, especially for wells near the river.

This finding was suggested by Metzger and Loehz (1973), who studied water-level

fluctuation in Mohave Valley using a larger network of wells. They found that the daily 4-

ft change in river stage affected ground-water levels to a marked degree only a few

hundred feet from the river.

Conversely, Fig. 35 shows the same wells for a "typical" two-week period in July

1998. For clarity, the hydrograph from G6 is omitted. Again MW-5 echoes the river

stage, in fact, it becomes more evident with the asymmetrical cycles during this period.

However, MW-1 and MW-3 have diurnal fluctuations not previously seen in January's

data. I postulate that these result primarily from transpiration, as both wells are located in

saltcedar thickets (Fig. 27). Transpiration appears to impart a right-hand skew on the

diurnal pattern. It is interesting that MW-2 continues to be unaffected. Even with

surrounding vegetation burned at MW-1, the well continued to record diurnal fluctuations.

Overall, these data demonstrate that the diurnal water-table fluctuations are to

varying degrees the consequence of river cycling and plant transpiration, and depend on



July 1998

Figure 35. Diurnal relationship of ground-water and river stage July 1998. MW-1 and
MW-3 experience diurnal fluctuations caused by plant transpiration, MW-5 mimics river
stage, but MW-2 is unresponsive. (Locations shown on Figs 10, 27).

factors such as vegetation type, proximity to the river, and soil type. Metzger and Loetlz

(1973) also concluded that wells positioned in the center of natural vegetation, away from

the river, had annual water-level patterns almost entirely due to the seasonal transpiration

of the plants.

84
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Water Budget Method

One main objective of this study was to calculate the water balance (budget) of

Topock Marsh and determine the important river law quantities of diversion and

consumptive use. A water-budget is an accounting method used to investigate

components of a hydrologic system. The approach is described in most introductory texts

(Kadlec, 1996; Maidment, 1993; Mitsch and Gosselink, 1986; Wetzel, 1983) and, for

lakes, in a seminal paper by Winter (1981). Colorado River water accounting systems use

water balances (Owen-Joyce and Raymond 1996; USBR 1997a). The basic premise is

that mass and energy are conserved in a hydrologic system. Fig. 36 schematically

illustrates the components of a simple water-budget. Briefly, the change in storage of a

system for a specified period must equal the inflows minus the outflows, or in equation

form:

A Storage = Inflows - Outflows.

The inflows and outflows are themselves comprised of several components. Ideally, each

component is independently measured and has a known error. However, in most water-

balance studies at least one component is unmeasured, termed the "residual," and is

calculated by difference. For a given period of time, the water-budget components for

Topock Marsh in equation form are:

AV = P + S, + T, + G, - ET - S o -

where:

AV = change in volume of water storage
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= precipitation (rainfall)
S, = surface-water inflow (G1 + G3)
T, = unmeasured tributary inflow (eastern washes)
G,	 = ground-water inflow
ET	 = evapotranspiration
S.	 = surface-water outflow (G4)
G.	 = ground-water outflow

Water Budget Components

In calender year 1997, all components were "measured" except G,,G., and Tr

Assuming that tributary inflow (T,) was negligible and rearranging G, - G._ Gnet, then the

water budget can be written as

Gr,e, = AV - P - S, + ET + So.

The right-hand side variables were summed monthly to determine if the marsh was losing

to (-) or gaining from (+) the ground water system. Each component is briefly described

below. The uncertainty of each measurement is conservatively estimated from multiple

sources that included vendor specifications, published papers (Winter 1981), academic

experts, field calibration, and the author's subjective study experience.

Storage. The change in storage was determined using Table 3 and the average (4-

day) initial and final elevation of the marsh for each month. As described previously, I

estimate the uncertainty to be ± 10 percent.

Precipitation. Direct rainfall into the marsh (in 1997) was estimated by averaging

the monthly rainfall totals from the RAWS and AZMET stations. The depth was

multiplied by the marsh surface area, which was estimated using Table 3. Winter (1981)
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suggests rainfall measurement error at ± 13 percent.

Surface water inflow. Surface inflow included the sum of sites G2 and G3. This

study did not use the G1 inflows because of potential channel losses. Factory calibrated

propeller meters have an advertised uncertainty of ± 2 percent, but under field conditions

± 5 percent seems more realistic.

Tributary inflow. Tributary inflow is difficult to measure or estimate. Owen-

Joyce (1987) estimates that 7,600 ac-ft per year enters the river between Davis Dam and

Warm Springs Wash, therefore, the marsh's proportion of this is probably < 1,000 ac-ft

per year. During 1997, the eastern washes were examined during and following storm

events to document ponding or significant down-cutting. Runoff may have reached the

marsh on only a few occasions -- the event dates were 1/26, 8/10, 9/24, and 12/21.

Refuge personnel reported that an 8/27 downpour near Oatman (15 miles east) produced

runoff that entered the marsh, although the marsh stations recorded no rainfall. I assumed

tributary runoff to be negligible in 1997.

Evapotranspiration (ET). Potential ET (ETo) was based on data from the AZMET

weather station. Potential ET is an estimate of the water used by a well-watered, fully

covered grass surface, 8-15 cm in height (Brown, 1997). The value is typically adjusted

for specific crops (or conditions) by an adjustment factor, Kc (crop coefficient).

Therefore, actual ET is equal to Kc x ETo. For the marsh, open water areas were

assigned a Kc = 1 (Dr. Paul Brown, Specialist, Soil, Water and Environmental Science,

University of Arizona, Tucson, AZ, pers. comm.). Choosing a Kc value for cattail areas is
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more controversial. Shading (by plants) can cause water conservation, while transpiration

can provide a parallel path of enhanced water loss (Kadlec et al., 1988). The literature

contains a range of opinion and correction factors that are specific to the physical setting

and method of experiment. Some studies indicate cattails greatly increase ET (Brenzy et

al., 1973), while other research suggests that the Penman equation underestimates water

loss from wetlands (Kadlec et al., 1988). A review paper by Idso (1981) concludes that

vegetation may lower the evaporation rate only slightly in natural settings, compared to

open water. Thus, I chose Kc = 1 based on Idso's recommendations. Monthly ET values

were adjusted accordingly by converting monthly average marsh elevation to an average

surface area (Table 3). Typical uncertainty values for annual estimates of ET are ± 10

percent (Dr. Lloyd Gay, Professor, Watershed Management, University of Arizona,

Tucson, AZ, pers. comm )

Surface-water outflow. Surface water discharges from the marsh through the

south dike outlet (G4). The uncertainty is estimated at about ± 10 percent.

Problems With Water Budgets

The water budget approach is deceptively simple. Each hydrologic component

often requires measurement of several parameters (e.g., ET = temperature, humidity, wind

speed, solar radiation), and each measurement has an associated error. Even if the errors

for each measurement were known, it is no simple task to compute the aggregate error;

thus it is rarely computed in most water balance studies. Winter (1981) points out how

the aggregate error may disguise the value of the residual, which may result in a wrong
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conclusion (e.g., recharge becomes discharge). Furthermore, a net value (Griot) means that

only the difference between G, and Go is known, but not their magnitudes. For example,

both ground-water fluxes may be large or small, but their differences are the same. The

relative importance of each process is lost.

Presenting the raw calculation serves as an important starting point for the Refuge.

I assumed that the description of the error (e.g., ± 10% for ET), as provided in the

literature or by a manufacturer, is a range representing ± 3 standard deviations (3a, or

here estimated by 3s). In addition, the errors are assumed to be normally distributed and

statistically independent. The uncertainty for the water budget equation is as follows

(Harris, 1995):

+ s
Gnet	

2 + s2 + s2
I
. + S T2 + s2

Stor P S	 So

where "s" represents the standard deviation of each water-budget term. It is important to

stress that error calculation here only provides a guide for understanding uncertainty, since

the uncertainty of each measurement was conservatively estimated and expected to change

with flow conditions and season (e.g., ET).
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Results of the Water Budget

The results of the 1997 water budget are tabulated in Table 6 and shown

schematically in Fig. 37. Appendix C-3 lists gate operations during the study year.

Diversions to agricultural fields (P2) or Pintail Slough are treated as part of the marsh

system; these diversions are downstream of the inlet meters (G2), and their consumptive

use is relatively small, roughly 650 and 120 ac-ft per year, respectively.

Inflow. The Refuge diverted approximately 58,082 ac-ft from the river through

the USGS inlet structure (G1). From this, 1,698 ac-ft were withdrawn from the inlet canal

for non-Refuge irrigation (Chesney + Vanderslice + Mohave pumps). The propeller

meters at north dike (G2) measured 46.890 ac-ft entering the marsh. From this, the

seepage loss (G1-G2) for the year in the unlined inlet canal is estimated at 17 percent.

Note that on three occasions, one of the three G2 meters failed and the two working

meters were averaged to compute inflow (Table 6, bold values). About 13,237 ac-ft

entered the marsh through the farm ditch, or 28% of the total canal inflow (G2 + G3).

Seepage losses from the farm ditch were omitted from this water balance but are probably

proportional to those in the inlet canal. Direct rainfall on the open-water marsh equaled

888 ac-ft (<2% of inflows). In 1997, the measured inflow into the marsh

(G2+G3+rainfall) totaled 61,015 ac-ft.

Outflow. The marsh discharged 26,864  ac-ft to the river through the south dike

outlet (G4). The AZMET station indicated the marsh lost 28,170 ac-ft to ET. Thus the

marsh lost 55,034 ac-ft.
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Outflow = -26,864 ac-

ET = -28,170 ac-ft
Rainfall = +888 ac-ft

Inflows = +61,015 ac-ft

Topock Marsh

AStorage = -976 ac-ft
N
v

Net Ground Water = -6,958 ac-ft
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Storage Change. From the beginning to the end of the year, the marsh elevation

lowered about 0.29 feet, or it lost 976 ac-ft from storage.

Net Ground Water. The net ground-water storage can be computed as follows:

AStorage - Inflow + Outflow = (-976)-(61,015)+ (55,034) = Guet = -6 958 ac-ft.

Figure 37. Water budget results for Topock Marsh 1997.

Water Budget Discussion

The annual water budget suggests the marsh recharged the surrounding ground

water aquifer (6,958 ac-ft). This finding is reasonable and supported by other data

presented later in this report. Marsh water probably recharges areas west of the marsh

where there is withdrawal by phreatophytes. The monitoring wells (MW-1,2,3) from this

study had water elevations that were always below the average elevation of the marsh and
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river (see Fig. 28). In a similar but perhaps denser stand of phreatophytes at the Cibola

Refuge, Gay (1986) measured a growing-season ET of about 66 inches (5.5 ft). Owen-

Joyce (1987) calculated consumptive of dense saltcedar in Palo Verde Valley assuming 3.4

ft per year. The daily drawdown caused by phreatophytes near MW-1 and MW-3 was

clearly demonstrated in a previous section (pg. 73). Some of the overall loss could be

attributed to seepage losses (1,208 ac-ft) across the south dike.

It is interesting that the net ground water flux was positive during the first half of

the year. Much of the recharge to the marsh may be occur along the south dike where the

elevation of G5 approached G4 in February (Fig 24). The dike material contains sandy

fluvial dredge spoil (Fig. 7). For nearly two miles along the dike, the open water areas on

either side are separated by only a few hundred feet. Refuge personnel have observed

Beal Lake rising and falling rapidly with river stage, and one early attempt to drain the

lake proved impossible.

Error Analysis

To reiterate concern about the water-budget approach, it is possible that the error

of all other components overwhelms the residual term. Using my uncertainties (e.g., ET

10%) and assumption regarding error (equal to ± 3 times the standard deviations), the

net ground-water term (Gne) has the following error:

SGnet V(33)2	 + (38)2 + (1017) 2 . + (939)2 + (895)2	 1,649ac - ft
Stor	 ET	 So

The annual Gne, value error does not reverse my interpretation in this case. However, a
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10% underestimate in the annual inflow combined with a 10% overestimate in outflow,

with storage unchanged, yields a Gne, value equal to +4647 ac-ft, completely changing the

interpretation. Nevertheless, other estimates or data appear to support these findings as

presented. For example, seepage losses in unlined canals in western irrigation systems are

typically about 20-30%, not dissimilar to the inlet canal (Jeff Silvertooth, Extension

Specialist, University of Arizona, pers. comm.). Cooley's (1970) annual open-water

evaporation estimate for the Needles area is 86.9 inches — within 2 inches of the AZMET

estimate (Appendix B-9).

Diversion and Consumptive Use. This study indicates that the Refuge diverted

more than its entitlement for a 12-month period (calender year 1997). The marsh diverted

71.319 ac-ft (G1 + G3). More practically, 60,127 ac-ft actually entered the marsh

(G2+G3). Nonetheless, both values exceed the allowable 41.839 ac-ft. (Note, the Refuge

would receive a credit for 1,698 ac-ft for G1). Consumptive use generally means

diversions less measured (and sometimes estimated or unmeasured) return flows to the

river (USBR, 1997a). From this study, the computed consumptive use for Topock Marsh

was as follows: inflow 69,621 ac-ft (G1+G3- pumps) minus 26,864 ac-ft (G4 outflow),

yields 42,757 ac-ft; or using the metered values (G2+G3), the consumptive use was

60,127 ac-ft (inflow) less 26,864 ac-ft (outflow), or 33,263 ac-ft. The former exceeds the

Refuge's annual consumptive use limit of 37,339 ac-ft, but the latter is less. Note the

Bermuda well (P3) withdrew only 180 ac-ft in 1997 and was neglected in these

calculations.
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The Refuge has considered requesting additional inflow that would increase the

flow-through rate. All other factors aside, the open-water ET is estimated to be about

27,911 ac-ft per year. That assumes the marsh is maintained at 456.5 ft msl (surface area

4,045 ac), the 5-year average potential ET (calculated by the Mohave Valley AZMET

station) is 6.9 ± 0.4 ft (la), and the "crop" adjustment factor = 1. This value should be

independent of the flow-through rate and indicates the "consumptive use" by the open-

water portion of the marsh.

In summary, the marsh, even in low flow years, probably diverts more water than it

is entitled. Relying on the USGS (G1) gage as the legal measuring point raises concerns

because of its inaccuracy and the channel losses that occur before the marsh. Nearly 46

percent of the confirmed inflow into the marsh is lost to evapotranspiration, equaling an

estimated 7.1 ft. The consumptive use has been computed since 1968 (Fig. 15), but the

farm ditch flows were never included. Under the current water management plan, the

annual change in storage will be negligible. The marsh recharged about 6,960 ± 1,650 ac-

ft to the surrounding aquifer. Using G2 and G3, instead of G1 and G3, then the

consumptive use by the marsh would be similar to it legal consumptive use limit.
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WATER CHEMISTRY

Overview

The primary purpose of this project's water-quality monitoring was to better

understand the physical and chemical behavior of the open-water marsh. Ground-water

geochemistry was also investigated to a limited degree. The program had two main

tracks: (1) continuous monitoring of routine water quality parameters, and (2) discrete

sampling and detailed water analysis. Table 7 summarizes these programs and Fig. 10

shows sampling locations. Continuously monitored sites are designated "H", and discrete

sampling sites are designated "SW" or "MW."

Table 7. Water Øuality Monitoring and Samnling Program

Site Location Data Collected Operator
/ Service
Interval

Equipment
Used

Frequency or
Sampling
Interval

Subjective
Data Quality

Rating

CONTINUOUS
Temp, pH,

Specific Cond,
DO, Reclox

USFWS
and

consultant
monthly

H20
Hydrolabs
Austin, TX

Hourly
(1995-97)

Fair-good
N. Dike (H1)
5- Mile (H2)
S. Dike (H3)

DISCRETE
SAMPLING

Temp, pH,
Specific Cond,
DO, Redox,
Turbidity,
Major/minor
ions,
0-H isotopes,
Vertical profiles

Guay

Peristalitic
Pump,
Portable H20
Hydrolab,
Turbidimeter,
Secchi Disk

Quarterly
(1997-98)

Major/minor
chemistry fair;
Field
parameters
good-excellentSW-1,2,3,4 and

Col. River

MW-1,2,3,4

Temp, pH,
Specific Cond,
DO, Redox,
Major/minor
ions,
O-H isotopes,

Guay

Peristalitic
Pump,
Portable H20
Hydrolab,
turbidimeter

Quarterly
(1997-98)

Major/minor
chemistry fair;
Field
parameters
good-excellent



98

Continuous Monitoring Results

The Hydrolab® results provided baseline, temporal, and spatial water-quality

information. This section summarizes these results for each parameter and presents select

diurnal relationships. Appendix D-1 contains the monthly average data. A missing data

point on Figs. 38-42 indicates no data were collected that month, otherwise, any available

data were used.

Temperature

The marsh's water temperature ranged from about 10 to 30 °C, with an average of

about 20.9 °C. The range brackets the mean annual air temperature of 22.9 °C.

35
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o
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H3H3

Jan-95	 Jul-95	 Jan-96	 Jul-96	 Jan-97	 Jul-97
Apr-95	 Oct-95	 Apr-96	 Oct-96	 Apr-97	 Oct-97

Figure 38. Average monthly water temperature at Hl, 112, and 113.
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The greater probe depth and river influence at Hl probably accounts for the lower values

during certain periods. Overall, the spatial variability in temperature is quite small relative

to its temporal variation.

pH

pH of water is the negative logarithm of the hydrogen-ion activity, and modern

probes normalize the reading to 25 °C. Many processes can modify the Ir
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Figure 39. Average monthly pH at at Hl, H2, and H3. Values above pH 8.5 are
interpreted as erroneous.

balance in a marsh environment, including weathering reactions, ion exchange, redox

processes, photosynthesis and respiration, and evaporation (Stumm and Morgan, 1996).
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River water enters the marsh with a pH of approximately 7.8 to 8.0 (Smith et al., 1997).

It seems unlikely that the values in Fig. 39 above about 8.5 are correct, suggesting a

problem with probe "drift" or calibration. The Hydrolab vendor indicates that in low

salinity waters, the pH electrode diffuses electrolyte too rapidly and the maintenance and

calibration must be performed more often than the 30-day cycle used during this study

(Hydrolab technical support, pers. comm.). Some natural systems do have pH values of 9

or greater (Hem, 1992). However, the fact that two stations concurrently registered a full

pH unit apart, and the average pH measured by the USBR (Appendix B-7) was 7.9± 0.3,

and, during discrete sampling, the freshly calibrated portable Hydro lab never measured a

pH above 8.25, indicates these values are spurious.

Specific Conductance

Specific conductance (SC) is the ability of water to conduct an electrical current.

SC is expressed in microsiemens per centimeter and, unlike electrical conductance (EC), it

is normalized to 25 °C. The measurement relates to the type and concentration of ions in

solutions. Once an empirical relationship is developed, SC can be used to estimate the

total dissolved solids (TDS). For the range of water conditions in the marsh, the

relationship is:

TDS (mg/L, by evaporation) = SC (11S/cm) x (0.63-0.68)

The lower value of 0.63 is typical of Colorado River water (Smith et al., 1997), while the

upper value represents the average coefficient for 1983-95 south dike samples (Appendix

B-7). Interestingly, the first quarter ground-water samples had a coefficient of 0.59 (n=4)
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and the surface-water samples coefficient was 0.65 (n=5).

Fig. 40 shows the average monthly specific conductance measurements. For the

study period, the overall averages at Hl, 112, and H3 were 1140, 1358, and 1604 1.1.S/cm.

In water year 1996, the river near the marsh inlet had a typical value of 1050 AS/cm (see

Smith et al., 1997). Relative to the river, the increase in the SC measured at Hl, 112 and

H3 were 9%, 29% and 53%, respectively. The decline in SC values in the marsh reflect

the decrease in the SC in the river (USDOI, 1999). The author is not aware of any studies

that suggest these salinity levels poise a threat to marsh fauna.

2000

800
Jan-95	 Jul-95	 Jan-96	 Jul-96	 Jan-97	 Jul-97

Apr-95	 Oct-95	 Apr-96	 Oct-96	 Apr-97	 Oct-97

Figure 40. Average monthly specific conductance at Hl, H2, and H3.
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Dissolved Oxygen

The dissolved oxygen (DO) content of a water is often positively correlated with

the healthiness of an aquatic system. The solubility of oxygen in water is a function of

atmospheric pressure, temperature, and salinity. In pure water at equilibrium with

saturated air (1 atm), the solubility ranges from 11.3 mg/L at 10 °C to 7.6 mg/L at 30 °C

(Cole, 1994). The average DO concentration from the three monitoring sites was a

reasonable 6.8 mg/L. Alternatively stated, the average values of temperature and DO

(20.9 °C and 6.8 mg/L) suggest the marsh water was typically 76% saturated (Fig. 41).

The comparatively low values in September 1996 (H2 = 3.2 mg/L or 38% saturated) may

Apr-95	 Oct-95	 Apr-96	 Oct-96	 Apr-97	 Oct-97

Figure 41. Average monthly dissolved oxygen content at HI, H2, and H3.
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have been related to large areas of decomposing SAV.

Oxidation and Reduction

Reactions in which one or more electrons per molecule are transferred are called

oxidation-reduction reactions, or redox reactions. The reactivities and mobilities of

important elements in biological systems (e.g., Fe, S, N, and C), as well as those of a

number of metallic elements, depend strongly on redox conditions (APHA, 1992). The

Hydrolab measures oxidation-reduction potential (ORP), defined as the potential (electron

"pressure" or availability) of a solution at a platinum electrode. It is calibrated in millivolts

versus the Standard Hydrogen Electrode.

700

200
Jan-95	 Jul-95	 Jan-96	 Jul-96	 Jan-97	 Jul-97

Apr-95	 Oct-95	 Apr-96	 Oct-96	 Apr-97	 Oct-97

600

500

400

300

Figure 42. Average monthly oxidation-reduction potential at Hl, H2, and H3.
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However, as long as free dissolved oxygen is present in solution, the redox potential

varies little in the range of +400 to +700 mv (Mitsch and Gosselink, 1986). These ORP

values indicate the water column is normally an oxidizing environment, but below this

range nitrogen species can be reduced (+220 mv). It is unclear if H3 experienced reducing

conditions in 1997 or lia technical problem existed.

Although the measurement is simple to perform, there are many factors that limit

its interpretation in a natural system. These include the relatively slow electrode kinetics,

the existence of micro-environments, and the presence of mixed potentials.

Select Diurnal Relationships

Many interesting geochemical relationships are in "living" systems that experience

diurnal cycles related to photosynthesis and respiration. Two examples follow. Fig. 43 is

a plot of pH and dissolved oxygen at 112 during July 1996. The Hydrolab was enclosed by

a dense growth of SAY. Note the pH probe probably drifted and should be closer to 8.0,

but this does not affect the pattern. Both pH and DO peak at dusk and reach their daily

minimum about dawn. During daylight hours, aquatic plants consume CO2 (an acid) from

the water, causing the pH to climb. At the same time they release oxygen.

The second example highlights the out of phase cycling between ORP and DO

(Fig. 44). Redox potentials are sensitive to pH if hydrogen and hydroxide ions are

involved in the redox half cells (Compton and Sanders, 1996; APHA, 1992). Cell

potentials tend to decrease as the proton concentration decreases (pfl 1). Since the DO is

in-phase with pH, there is an apparent inverse correlation.



105

i,

,

;
,;(,, \; \

\
1
l

,L!1
',1

:	 i
:

!	 i

A	 i61
1

11 1
\/

,

I

-4

\ '',
''',

I
1

7.5pH 9.4

DO

9.2

Q.

9

6.5

5.5

07/13	07/1	 1 •

1996

Figure 43. Diurnal cycling of pH and DO at H2, July 1996. Note pH has probably
drifted and should read below 8.3.

8	 540

DO
520

-

ORP
500

6.5

480
6

460
5.5

440

07	 07/14	 07/15	
420

1996

UMW

Figure 44. Diurnal cycling of DO and ORP at H2, July 1996.

7.5

7

5

,
—

`,--

/
/	 \

1
, —

..!
\	 ./ '

-
/
/	 '^

1 \.
' \



106

Summary of Hydrolab Data. The Hydro lab data indicate that the water quality

parameters exhibit, to varying degrees, spatial (e.g., specific cond.) and temporal (e.g.,

temperature) variability. The marsh system was diluted by the lower TDS river water

resulting from recent high flows. The dissolved oxygen levels would support a healthy

ecosystem and suggest thorough mixing. Redox potentials suggest the water column is an

oxidizing environment, however, intermittent problems with the pH and ORP probes may

have occurred.
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Discrete Sampling Overview

Discrete, or point, sampling and analysis was performed quarterly at four open-

water marsh (SW-1,2,3,4) and four ground-water (MW-1,2,3,4) sites from May 1997

through April 1998 (Figs. 10, 27). The objective of point sampling was to determine the

following: (1) changes in water quality with depth (marsh only), (2) major dissolved ion

concentrations, (3) nutrient content of the open-water marsh, (4) evaporative salt minerals

chemistry, (5) isotope values of the marsh and nearby ground water, and (6) model the

geochemical changes in the marsh. The working hypothesis was that evaporative

concentration was the principal process causing changes in conservative element

concentration. Dissolution/precipitation, ion-exchange and biological conversion are

recognized as important but usually secondary processes.

The "SW" sites selected represent quadrants of the marsh, and the "MW" sites

represent the shallow alluvial aquifer. Quarterly sampling events are hereafter designated

by number (i.e., Event 1,2,3,4).

Methods

Marsh sites were accessed by boat, and most other sites required an off-road

vehicle. Field parameters were measured using an inverted portable Hydrolab capped with

a flow-through cell (Fig. 45). A peristaltic pump lifted water into the base of the cap,

flooded the sensors, then discharged through a Marprene (Watson-Marlow brand name)

rubber tube that poured directly into sample bottles. The Hydrolab analyzed the inflow

every 5 seconds, then transferred the data directly to a laptop via cable. The laptop
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recorded data for 2 to 10 minutes after the readings stabilized (sometimes requiring 1-5

minutes). For open-water marsh sampling, the tubing was inserted into 5 ft sections of

threaded 'A" PVC pipe. The pipe sections were calibrated and the intake end was fitted

with a porous plastic strainer that filtered large debris (> 0.5"). The pipe assembly was

held over the gunnel at the desired sampling depth. With this method, water samples

never contacted lubricated pump parts and had minimal exposure to the atmosphere.

During ground-water sampling, the intake end of the tube was inserted directly into the

PVC well after approximately three annulus volumes (-25 gallons) were purged from the

well with a hand-bailer. These procedures insured that fresh ground-water replaced

stagnant bore-hole water.

Figure 45. Hydrolab sampling system at MW-2 along "fire break."
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Water samples were chilled to near 4°C in the field and brought to the field station

for refrigeration the same day. Within 24 hours, the processed samples were put in

laboratory sample containers and preserved. Processing began by gently agitating the

sample as it approached room temperature. The vacuum pump assembly filtered water

through a 0.45 pm cellulose acetate membrane filter. On occasion, pre-filtering through a

0.4im borosilicate micro fiber filter (MFS brand) was necessary for excessively turbid

samples. Certain analyses required unfiltered samples. Laboratory sample containers

were clearly labeled, preserved (if required) or frozen, depending on the receiving lab's

protocols.

Alkalinity Determination

Alkalinity determinations followed Standard Methods 2320 (APHA, 1992).

Alkalinity is briefly reviewed here, but for detailed discussions see Stumm and Morgan

(1997) and Dreyer (1997). The alkalinity of water is its quantitative capacity to react with

a strong acid to a designated pH (Csuros, 1997). It is the sum of all titratable bases in the

water. For a typical natural water, alkalinity is primarily a function of carbonate,

bicarbonate, and hydroxide species, and an indication of the concentration of these

constituents. However, in some unusual cases species of noncarbonates, such as borates,

phosphates, silicates, and organic acids can contribute significantly to alkalinity.

The measured value varies with the end-point used. I employed a common

technique known as the Gran plot (see Harris, 1994) on trials of Colorado River water to

determine the optimum acid concentration, sample volume, and endpoint (APHA, 1992).
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The sample volume was determined to be 100 mL, titrated with 0.1 M HC1 acid, to an

endpoint pH of 4.5. The acid was standardized using NaCO3 and procedures in Standard

Methods. During field titrations, the endpoint was marked by the change in color of the

mixed bromocresol green-methyl red indicator that was added to each sample (10 drops).

Since nearly all the samples had pH values below 8.3, none of the titrations was done to

determine the "P" (phenolphthalein) alkalinity (pH> 8.3). The values determined for

Colorado River water in this study are similar to those published by the USGS (Smith et

al., 1997).

Laboratories

I subcontracted four University of Arizona laboratories for various analyses

because of their significant cost reduction and proximal location. The primary lab was the

EPA certified Soil, Water, and Plant Analysis Laboratory in the Department of Soil,

Water, and Environmental Science. They performed most of the inorganic analyses and,

for event 1, total organic carbon (TOC) and total carbon (TC) analysis on filtered and

unfiltered samples. The carbon analyzer failed after event 1, so during sampling events

2,3,4, the Civil Engineering Laboratory analyzed samples for TOC, and later on, for TC.

Some general and analytical method information from the various laboratories is in

Appendix D-2.

A second lab in the Department of Soil, Water, and Environmental Science

determined inorganic nitrogen, total nitrogen, and soluble and total phosphorus (Dr. D.L.

Thompson). This lab attained the comparatively low detection limits needed for N and P
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parameters. The Laboratory of Isotope Geochemistry, Department of Geosciences (Dr.

Austin Long), determined isotope values. The Arizona Materials Lab, Department of

Materials Science and Engineering (Dr. Brent Hiskey), analyzed salt-crust samples using

standard x-ray diffraction techniques.

Data Quality Problems

This study checked the analytical results from the primary lab using a cation-anion

balance, which evaluates if electrochemical neutrality is conferred by the analyses (Csuros,

1997). The computation in milliequivalents per liter (meq/L) is as follows: %Difference =

[(sum of cations - sum of anions)/(sum of cations + sum of anions)] x 100. For Topock

Marsh samples the acceptance criteria range between ± 2 and 5 percent. Regrettably, over

half (61%) of the analyses failed to meet this basic quality test, especially during events 2

and 3 (Appendix D-3). About 50 water samples were re-analyzed by the same lab, but the

results were again inconsistent. Therefore, this report excludes analytical data from events

2 and 3.

The nutrient analyses (inorganic N and P) had a few samples where the total value

did not equal the sum of the component parts. I believe these discrepancies are acceptable

because the concentrations approach low parts per billion values (Appendix D-4). All

other analyses appeared to meet the quality assurance/quality control standards.
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Sampling Results

Field Parameters

Standard water quality parameters (temp, pH, spec. cond., D.O., redox) were

measured in the field during point sampling at surface- and ground-water sites (Table 8).

These values represent near-surface conditions in the marsh and are (unweighted)

averages, except for the secchi disk depth, turbidity, and alkalinity values which are one-

time measurements. Appendix D-5 has a complete summary of the Hydrolab data,

including a few sites not discussed here.

The portable Hydro lab data reaffirm the temperature range indicated by the

continuous recorders. The average in-situ pH of the river and marsh water was 8.06 ±

0.12. The pH of ground-water was substantially lower than surface-water, probably

indicating acidification from root respiration (1CO2) and organic acids. Most ground

water was colored red-yellow to orange-brown. River water's average specific

conductance reading was about 954 uS/cm, but the marsh discharged 1,307 uS/cm water

(at SW-4), a 37 percent increase. The specific conductance of ground-water was as much

as 7 times greater than river water. Dissolution of salts, evaporative concentration, and

transpiration are processes causing this increase (see Payne et al., 1979). Surface-waters

were nearly saturated with oxygen (except in a few backwater areas, Appendix D-5),

while ground-water was often < 10 percent saturated. Surface-waters again appear to be

oxidizing environment, but ground-water was often a reducing environment.
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Table 8. Water quality measurements from quarterly sampling at To pock Marsh, 1997-98..
Event No.	 Sample	 Temp

Date	 Location	 °C pH

_
Spec.
Cond.
ptS/cm

D.O. Redox Secchi Turbidity Alkalinity
%Sat mV	 Disk	 NTU	 as mg/L

ft	 CaCO3
Event 1. Col. River 26.7* 8.03 949 101 245 -- 2.4 135

May 1997 SW-1 25.7 8.03 1004 98 324 1.97 13.6 135

SW-2 29.9 7.88 1094 87 313 1.31 27.3 148

SW-3 29.0 7.98 1278 91 278 1.64 24.0 170

SW-4 28.0 8.02 1373 90 329 1.57 24.5 168

MW-4 26.3 7.06 5147 6 35 -- -- 608

MW-1 23.4 6.91 6361 5 70 -- -- 643

MW-2 -- -- 2780 -- -- -- -- 293

MW-3 25.4 7.17 2155 17 37 -- -- 325

Event 2. Col. River 21.1* 7.86 979 107 285 >8 0.7 130
Sep 1997 SW-1 29.7 8.15 1008 121 220 2.23 10.4 131

SW-2 31.2 8.04 1119 107 221 1.35 27.1 138
SW-3 27.3 7.94 1155 119 212 2.53 11.1 204
SW-4 28.2 8.10 1302 101 231 1.15 48.9 131
MW-4 28.4 6.93 5482 5 -11 -- -- 606
MW-1 28.2 6.84 4387 18 11 -- -- 615
MW-2 27.9 7.05 3065 15 8 -- -- 307
MW-3 24.9 6.90 1365 3 -6 -- -- 298

Event 3. Col. River 11.5 8.18 959 96 340 -- 2.6 133
Dec 1997 SW-1 8.3 8.15 1198 96 341 1.84 21.5 150

SW-2 8.8 8.25 1176 102 338 1.84 28.0 145
SW-3 8.0 8.20 1267 95 348 1.57 25.5 155

SW-4 8.1 8.21 1289 94 358 1.35 39.6 150
MW-4 19.6 7.15 7507 5 92 -- -- 675
MW-1 20.6 7.09 4439 4 84 -- -- 639
MW-2 22.4 7.51 2069 7 58 -- -- 236
MW-3 22.4 7.20 1268 4 67 -- -- 265

Event 4. Col. River 16.3 8.15 928 97 189 -- -- 143
Apr 1998 SW-1 20.0 8.03 986 93 274 2.95 11.5 135

SW-2 19.0 7.90 1045 89 283 1.57 35.0 153

SW-3 19.7 8.02 1144 97 285 3.12 13.5 163

SW-4 19.2 8.17 1262 100 282 1.8 26.2 175

MW-4 20.0 7.27 5332 4 66 -- -- 600

MW-1 20.3 7.04 6054 2 86 -- -- 710

MW-2 20.4 7.47 2480 3 56 -- -- 275

MW-3 21.6 7.25 1344 2 67 -- -- 271

* - collected near G2, -- no data
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The secchi disk depth was measured at each "SW" site. The typical depth was

between 1 and 2 feet, with readings > 2 ft associated with river water plumes or backwater

conditions. Limnologist's rule-of-thumb is that the bottom of the photic zone is two to

three times the secchi disk depth. At this depth, the rate of respiration nearly equals the

rate of gross photosynthesis and plants are unable to grow (Vymazal, 1995). Estimating

the average secchi disk depth to be about 1.5 ft in the open-water marsh, then the bottom

of the photic zone would be between 3.0 and 4.5 ft, or very near the average water depth

(3.6 ft) of the marsh. These data suggest that the light-blocking turbidity could be a

limiting factor for submersed aquatic vegetation (SAV). The decline of SAV in coastal

waters has been linked to light-blocking algae (USEPA, 2000). Fig. 46 demonstrates the

relationship between turbidity and secchi disk readings for the marsh. The equation shown

is a least squares fit to the natural logarithms, but the relationship will require additional

data at both ends of the curve for increased accuracy.

The alkalinity in the marsh increases slightly from north to south. Besides

evaporative concentration, typical processes in the marsh that can increase alkalinity

include photosynthesis, denitrification, sulfate reduction, and calcite dissolution (Stumm

and Morgan, 1996). Although it is often recommended that alkalinity titrations be done

on unfiltered samples (APHA, 1992), the study filtered the water samples first. This

allowed for better comparison of samples given the variability in sample turbidity. Tests

showed that the average alkalinity difference between filtered and unfiltered marsh

samples (SW's) was less than 3% (n=5). Bicarbonate concentrations were calculated from
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NTU = 57.7/(Secchi) I 
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Figure 46. Scattergram of secchi disk and turbidity data for near-surface samples in
Topock Marsh. The regression equation is taken from a least squares fit to the natural
logarithms, which exhibited r2= 0.84 and SE = 0.22.

the alkalinity values as follows: bicarbonate (mg/1) = alkalinity (as CaCO3) x 1.22.

Overall, the water-quality measurements taken during point sampling confirmed

the trends observed in stationary Hydrolab data, with a few notable exceptions. For

example, pH values were consistently < 8.3. The freshly serviced and calibrated Hydrolab

used during point sampling suggests that the elevated pH values measured by the

stationary Hydrolabs are probably incorrect. The turbidity in the marsh, when not

influenced by the river, generally ranges between 20 and 50 NTU. Ground waters were

typically more saline, anoxic, acidic, and reducing than surface waters.
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Vertical Profiles in the Marsh

During marsh sampling I used the Hydrolab to investigate water quality parameters

at various depths. The averaged values are in Appendix D-5. The purpose was to

determine if the marsh stratifies or experiences significant changes in water quality with

depth. These vertical profiles (Figures 47-51) are summarized below. The plots show

water quality as a function of depth at the four sample sites (SW's) during quarterly

sampling (1997-98). On several occasions the field conditions (e.g., shallow water or

inclement weather) precluded multiple measurements, thus a single point represents a

given location.

The temperature profiles for the four locations indicate that the marsh is generally

unstratified. The "apparent" stratification at SW-1 is probably caused by the daily inflow

of colder (more dense) river water flowing beneath warmer marsh water. pH values

apparently decrease with depth. Respiration along the sediment interface may cause this.

At SW-1, the pH profile probably results from river water having lower pH values than

marsh water. Specific conductance does not appear to change with depth. Dissolved

oxygen saturation values varied 5 to 15 percent along most profiles, but in May 1997

values dropped sharply at most locations. At the sediment-water interface oxygen is

depleted, but the probe was intentionally positioned an inch or so above the bottom to

avoid resting on the sediment. Redox values did not change significantly with depth,

although, if the probe inadvertently rested on the bottom, the device reported reducing

conditions. The redox values for point sampling were typically much less than those
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measured by the stationary Hydro labs. It is unclear if slow electrode kinetics (portable

unit), drift of the stationary instruments, or some other factor caused this discrepancy.

I investigated a few backwater areas with the Hydrolab during events 1 and 2

(Appendix D-5). In event 1, these locations (SW-5,6,7) typically had lower pH, DO and

redox values, although they had marsh-like SC values. These backwater areas appear to

have poor circulation and a thick decomposing organic bottom layer. In event 2, the

probe recorded supersaturated dissolved oxygen levels (120%) in a large patch of

submersed vegetation; measurements revealed similar levels at other locations during

reconnaissance sampling in 1996.

Excluding the river influence at SW-1, these vertical profile data suggest the marsh

is normally unstratified. The pH and DO may decrease slightly with depth, while the SC

and redox do not change systematically.

Major-Ion Chemistry

The major-ion concentrations of surface- and ground-water samples are reported

in Appendix D-3. The primary purpose was to investigate the geochemistry of the open-

water marsh. Because of quality assurance concerns, only the results of events 1 and 4 are

used in the illustration and summary below (Table 9). These samples were collected (May

97 and April 98) during the warmer and higher flow-through period.
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Table 9. Summary of major ion chemistry for the Colorado River, surface (SW) and
round	 sampling sites for events 1 and 4 at To pock Marsh, 1997-98.
Sample

Location
TDS*
mg/L

IC
ppm

Mg'
ppm

Ca '
ppm

Na-

ppm
SO42- HCO3 - 	Cl-

ppm	 ppm ppm
F-

ppm
Si02

ppm
% Ion

Balance

Event 1.
C. River 616 5.6 21 70 95 244 165 76 2.1 8.2 -2.9
SW-1 649 5.2 23 83 103 253 165 79 <0.2 9.0 2.3
SW-2 669 7.2 26 79 116 251 180 77 <0.2 7.8 4.7
SW-3 836 9.9 34 87 137 332 207 106 1.8 8.9 -0.2
SW-4 937 9.8 38 88 157 381 204 136 <0.2 8.8 -1.7
MW-1 3793 8.8 109 180 999 1290 784 724 <0.2 23.8 1.4
MW-2 1991 9.3 74 167 371 835 357 310 <0.2 26.8 -1.8
MW-3 1537 6.9 39 104 349 547 397 241 <0.2 26.1 -1.9
MW-4 3889 9.2 139 297 911 1390 741 686 <0.2 25.7 4.6

Event 4.
C. River 567 4.2 27 74 81 220 174 68 0.2 7.1 1.2

SW-1 559 4.1 28 78 92 207 165 63 0.3 7.4 7.7
SW-2 581 5.3 31 83 99 203 186 60 0.3 6.5 10.8
SW-3 662 6.5 33 88 114 239 198 78 0.3 5.1 8.0
SW-4 740 7.4 41 93 129 272 214 90 0.3 3.1 8.1
MW-1 3760 6.9 111 136 1080 1260 867 715 1.0 24.2 2.0
MW-2 1454 7.8 67 91 323 578 336 202 0.6 20.2 2.1
MW-3 793 4.2 82 41 152 233 330 96 0.7 21.8 8.7
MW-4 3427 7.9 118 194 804 1270 732 652 1.0 20.4 -2.1

* sum of constituents

Surface- Water

Fig. 52 is a bar plot of the dissolved concentrations of major constituents in

Topock Marsh for event 1. The TDS increased slightly from the river to SW-2, then rose

sharply in the southern portion of the marsh (SW-3,4). The sudden increase may result, in

part, from the morphometry of the marsh (Fig. 2), as both inflow canals discharge above

the constricted area (west of Golden Shores). In events 1 and 4, the TDS increased 51%

and 30% from the river to the south dike, respectively.

From the standpoint of milliequivalents per liter (meq/L), river water enters the
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marsh as Na-Ca-SO, water (event 1): Na(42%) > Ca(37%) > Mg(18%) > K(1%) and

SO4(5 1%) > HCO 3(27%) > C1(22%). The discharge from the marsh is also Na-Ca-SO,

water: Na(47%) > Ca(30%) > Mg(21%) > K(2%) and SO4(52%) > C1(25%) >

HCO3(22%). The relative decrease in Ca and HCO3 suggests what modeling later

confirms (see below), i.e., the marsh water is saturated with respect to CaCO 3 .

Figure 52. Event 1 major-ion and TDS concentrations in Topock Marsh.

Table 10 indicates the concentration factor (CF) for various constituents. The CF

is a ratio of the outflow concentration (SW-4) divided by the inflow concentration (C.

River). For instance, the event 1 Cl ratio of 1.8 means the outflow was 80% more
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concentrated than the inflow. Since chloride does not participate in water-rock ion

exchange interactions, it is considered a conservative ion (Mazor, 1997). In the marsh

some Cl is wicked from the system and deposited as a salt crust (see Salts), but this is

estimated to minimally affect the chloride concentration in the open-water marsh. By

comparing the relative change of other ions to chloride for event 1, Table 10 shows that

Calf, Nat, SO42-, HCO3 -, and Si02 are lost to the system. Plausible reactions that could

Table 10. Concentration factor of major ions in marsh surface water (outflow/inflow in mg/L).
Conc. Factor TDS IC Mg2÷ Ca 2+ Na+ SO42- HCO3 - C1- Si02

Event 1
Event 4

1.5
1.3

1.8
1.8

1.8
1.5

1.3
1.3

1.7
1.6

1.6
1.2

1.2
1.2

1.8
1.3

1.1
0.4

result in mass loss include precipitation, ion-exchange, or biological conversion. If

evaporation caused the Cl concentration increase, then about 44% of the initial volume

evaporated (e.g., = [1/1.8]x100). As a first approximation, the water budget (Fig. 37)

confirms this suggestion (ET/Inflows = 46%). Event 4 results are less definitive, perhaps

because of the cation-anion imbalance in SW-4.

Ground- Water

Fig. 53 shows major ions in ground-water (event 1). MW-4 contained the most

saline ground water, and again converting to meq/L, the well had Na-SO -Cl water:

Na(60%) > Ca(22%) > Mg(17%) > K(<1%) and SO 4(48%) > C1(32%) > HCO 3(20%).

The proportions are visibly different from river-water, with a large percent increase in Na

and Cl. Robertson (1991) suggested that ground water can be distinguished from river

water using increased salinity and a lower sulfate:chloride ratio. He noted that Colorado
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Figure 53. Event 1 concentrations of major ions in ground water wells along with
TDS.

River water has a SO4:0 ratio of 3:1, while ground water from deeper wells (non-river

water) has a ratio of 1:1 or less. Table 11 shows the SO4 :Clratios for ground water

samples from events 1 and 4. These data suggest an inverse relationship between salinity

and SO4 :Clratio (see Table 9). The comparatively long record (1983-95) of major-ion

chemistry for south dike (Appendix B-7) had a SO4 :C1range of 1.9 to 4.8, with a mean of

3.2 ± 1.5 (is). This example also illustrates the difficulty of interpreting a water's source

by its major-ion chemistry (see Metzger and Loeltz, 1973). Nonetheless, waters with a

SO4 :Cl< 1 were not present in shallow ground water samples, suggesting the alluvial

aquifer is recharged by river water (as expected).
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Table 11. Ratio of sulfate:chloride in surface and ground waters near Topock Marsh (m L).
SO4 :C1 C. River SW-1 SW-2 SW-3 SW-4 MW-1 MW-2 MW-3 MW-4
Event 1
Event 4

3.2
3.2

3.2
3.3

3.2
3.4

3.1
3.1

2.8
3.0

1.8
1.8

2.7
2.9

2.3
2.4

2.0
1.9

Trace Elements

Surface- and ground-water samples were analyzed for select trace elements to

provide a preliminary indication of their concentration. Event 1 analyses are in Table 12.

Trace element concentrations in natural waters typically have a broader range than those

of major ions. The laboratory's detection limits were often too high for the several

elements (e.g., Al, Cu, Fe, and Zn). Therefore, Fig. 54 shows the concentration of Ba, B,

and Mn. These values are consistent with reported river values (Smith et al., 1997).

Table 12. Trace element results of event 1 water samplin g
Sample

Location
Aluminum

ppb
Barium

ppb
Boron
ppb

Copper
ppb

Iron
ppb

Manganese
ppb

Zinc
ppb

Colorado River <150 100 202 <30 <30 <30 <15
SW-1 <150 125 178 <30 222 40 <15
SW-2 <150 160 169 <30 132 <30 <15
SW-3 <150 214 313 <30 38 <30 <15
SW-4 <150 185 426 <30 <30 <30 <15
MW-4 <150 74 637 <30 <30 814 <15
MW-1 <150 52 742 <30 <30 871 19
MW-2 <150 89 434 <30 <30 186 <15
MW-3 <150 62 380 <30 <30 294 15

< actual value is known to be less than value shown

The CF for barium in the marsh was 1.9, similar to chloride, suggesting it behaves

conservatively in the marsh. It is interesting that in ground water the concentration was

much less. Barium is chemically similar to calcium and it may co-precipitate with calcium

minerals. In Topock Marsh, barium was measured in the tissue of certain biota,

submersed plants, and sediment as part of a contaminant study, though they were not
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Figure 54. Trace element concentrations in the marsh and wells.

identified as an environmental problem (Andrews et al., 1997). Robertson (1991) notes

that boron correlates well with chloride and other soluble salts in ground-waters of the

Southwest. These ground-water values also correlated well with chloride (r2 = 0.96). The

concentration factor in the marsh was 2.1. Boron is commonly monitored in contaminant

studies involving irrigation drainage in the West, as it appears to cause reduced hatch

weight and juvenile survival rates in certain species (Hallock and Hallock, 1993; Setmire

et al., 1993). In Topock Marsh, boron concentrations in biota and sediment were not

cited as a threat to wildlife (Andrews et al., 1997) . Manganese has several valance states
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(II, III, IV), with the Mn2+ being the most common form in natural waters (Hem, 1992).

Typical river concentrations below Parker Dam are about 30 ug/L (Smith et al., 1997).

The higher oxidation states form metal oxides which are insoluble, but under reducing

conditions manganese becomes soluble. Manganese was at or below the lab detection

limit in the marsh (for all events), yet the ground-water concentrations were almost 1 part

per million (ppm).

Besides providing some base-line data, these values suggest that trace elements

have complex bio geochemistry. Elements of environmental concern in the LCR basin, like

selenium, which have multiple valence states, will require detailed study (see Setmire et

al., 1993; Cutter, 1991).

Nutrients

Literature on plant nutrients and biogeochemical cycles in wetlands and lakes is

voluminous (see Cole, 1994; Mitsch and Gosselink, 1986; Stumm and Morgan, 1996;

Vymazal, 1995; Wetzel, 1983). It is well understood that organisms alter their abiotic

environment by cycling essential nutrients, especially carbon, nitrogen and phosphorus.

As a first approximation, organisms remove or add these elements during photosynthesis

and respiration in a fixed biomass ratio of CN/P z 106:16:1 (Stumm and Morgan, 1996).

Nutrients occur as inorganic and organic forms, and within particulate and dissolved

fractions (Wooton, 1994).

The purpose of this survey was to provide preliminary concentration data of the

dominant carbon, nitrogen and phosphorus species, and, if feasible, to characterize the
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trophic condition of the open-water marsh. The nutrient status of marsh water might

indicate whether N or P are limiting algal production (Bachmann, 2001; Mitsch and

Gosselink, 1986). It is believed that open-water nutrient concentrations have little effect

on SAV production, because these plants take up nutrients through their roots (Nichols,

2001). Alanen (1998) investigated nutrient concentrations in the marsh sediments.

Topock Marsh, like most wetlands, stores its nutrients in the organic rich sediments. The

sediment reservoir is made available by mineralization under anaerobic conditions.

Sediment concentrations of some nutrients appear to be 100 to 1000 times greater than

the open water concentrations, although availability is a separate concern for rooted plants

(Alanen, 1998).

Carbon Results. In filtered water samples total carbon (TC) is comprised of

dissolved inorganic carbon (DIC) and dissolved organic carbon fractions (DOC). In most

natural waters, the DIC fraction is many times greater than DOC (APHA, 1992). The

DIC is composed of carbonate, bicarbonate and dissolved CO2. Analytical methods for

determining carbon species are discussed by APHA (1992), Wooton (1994), and Csuros

(1997). Usually one fraction is determined by difference, where TC (dissolved) = DIC +

DOC.

Table 13 shows the carbon analyses on filtered samples from four sampling events.

These are averaged values and may or may not exactly sum since determinations were

performed at separate labs (Appendix D-4). Nevertheless, these results suggest that the

marsh has an average TC concentration of about 41 mg/L,
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Table 13. Average dissolved concentrations of total, inorganic, and
or anic carbon for surface water sampling during events 1 through 4. 1

Sample Site Dissolved
TC

mg/L

Dissolved
DIC

mga-

Dissolved
DOC
mg/L

Col. River 35 33 3
SW-1 37 33 4
SW-2 38 34 5
SW-3 46 41 6
SW-4 44 37 9
MW-4 158 152 12
MW-1 161 156 11
MW-2 69 68 7
MW-3 77 70 9

Marsh Average 41 37 6
Marsh % of TC 86% 14%

Cone Factor 1.3 1.1 2.8
values are average of four sampling events

with 86% DIC and 14% DOC. The DOC values compare quite well to values tabulated

for rivers and lakes in Wotton (1994), and for North American lakes (Nurnberg, 1996),

and the DIC results are consistent with published river data (Smith et al., 1997).

However, besides (DOC) there is also dead particulate organic carbon (POC). When

filtered and unfiltered samples from the four open-water marsh sampling sites were

analyzed (event 1 only), the concentrations were similar. The concentration factor

suggests the marsh is a sink for inorganic C (e.g., CaCO 3) but an exporter of organic

carbon.

Nitrogen. Nitrogen is a crucial constituent of protein, genetic material, and thus

life on this planet (Vymazal, 1995). The biosphere contains many nitrogen species that lie

between the most oxidized (+V = NO3 -) and reduced forms (-III = NH3 or NH). For

Examples include the multiple biotic/abiotic transformations involving five other valence
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states NO2- (III), NO (II), N20 (I), N2 (0), NH20H (-I). In the marsh, near pH 8, the

predominant nitrogen species should be NH 41- and NO; (Hem, 1992; Vymazal, 1995).

Table 14 compares some nitrogen and phosphorus concentrations for (1) the upper

Colorado River, (2) Colorado River below Hoover Dam, (3) Colorado River at Topock

Marsh, and (4) Topock Marsh. The values for the upper Colorado River are flow-

adjusted median concentrations at the Colorado-Utah state line (Spahr and Wynn, 1997).

The Smith et al. (1997) values are unweighted averages for the 1996 water year at

Hoover Dam. The Topock samples for the river and marsh are averages from the four

sampling events during this study (Appendix D-4). The ammonia concentrations at

Needles appear to be about an order of magnitude too high; ammonia is usually

transformed to nitrate, lost through uptake, or adsorbed on particles.

Table 14. Average concentrations of nitrogen and phosphorus for filtered samples at 3
Colorado River sites and To pock Marsh see Appendix D-4).

Source/ Location Ammonia*!
Ammonium
mg/L as N

Nitrate
(+Nitrite)
mg/L as N

Total Nitrogen

mg/L as N

Total
Phosphorus
mg/L as P

Spahr and Wynn
(1997)
Upper Basin'

0.05* 0.64 1.32 0.083

Smith et al. (1997)
Hoover Dam

0.036* 1.51 —1.55 0.013

River (Needles, CA) 0.20 0.15 1.3 0.036

Topock Marsh 0.25 0.06 1.1 0.006

'Not determined if these were filtered samples.

Phosphorus. Phosphorus is a very important and irreplaceable element in all living
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systems (Vymazal, 1995). It occurs as soluble and insoluble complexes in both organic

and inorganic forms in wetland soils. The phosphorous concentration in wetland soils

ranges from 0.001 to 7.0 mg P g"' (Vymazal, 1995). The marsh sediments appear to have

a typical value of <10 ppm (Alanen, 1998). The principal inorganic and plant accessible

form is orthophosphate, whose form (PO43-, HPO42-, H2PO4 -) depends on pH (Mitsch and

Gosselink, 1986). In contrast to soluble forms, several insoluble forms are present (e.g.,

Al-, Fe-hydroxides—P). The environmental factors that affect the sorption and release of

phosphorous from sediment include redox potential, pH, temperature, wind-induced

turbulence (Vymazal, 1995).

Below Hoover Dam, the river had an average orthophosphate concentration of

about 3 parts per billion (Smith et al., 1997). The filtered (and unfiltered) river water at

Needles averaged a comparable 6 parts per billion (ppb). Sampling events 1 & 2 yielded a

the range of dissolved total-P in the marsh of 8 to 38 ppb, but the average was 24 ± 10

ppb.

Silicon. Silicon is an essential nutrient for diatoms. It occurs in fresh waters in

two forms: (1) as dissolved hydrosilisic acid (H4SiO4) and (2) as particulate Si02 in

diatoms; the latter includes Si adsorbed on to inorganic particles or complexed organically

(Wetzel, 1983). The silica content of natural waters varies less than many other inorganic

constituents, averaging about 13 mg/L in surface runoff worldwide. Ground-water

concentrations may be somewhat higher. In lakes, seasonal cycles of silica are common,

and the overall silica cycle is regulated largely by autochthonous metabolism within the
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lake. The Si02 content in Topock Marsh appears relatively constant, suggesting solubility

or biotic regulation.

In eutrophic lakes, silica concentrations in the trophogenic zone are often near

analytical undetectability (Wetzel, 1983). If the concentration of silica falls below about

0.5 mg/L, diatoms can not compete with other algae. Some diatoms do not bloom below

a certain Si02 concentrations. The silica concentration for the four sampling events

averaged 8.8 ± 3.3 ppm in the marsh and 25.6 ± 3.8 ppm in ground water. Thus, silica

does not appear to be a limiting factor for diatom production in Topock Marsh.

Finally, if unfiltered samples of marsh water are assumed to have the approximate

total C, total N and orthophosphate P concentrations — 44 mg/L, 1.5 mg/L, and 0.02

mg/L -- then, the molar ratio of N:P is 80:1 suggests that for vegetation sequestering

nutrients from the water column, such as epiphytic algae, phosphorous may be a limiting

nutrient. Using typical trophic limits for lakes in North America, the marsh is in the

mesotrophic range (Nurnberg, 1996).

Salts

Salt crusts and coatings are ubiquitous in desert environments. In the winter

months, so conspicuous is the salt deposition on siltier soils, that the landscape appears

nearly snow covered (Fig. 55). Within the marsh, standing deadwood bears distinctive

white collars above the water line, and cropped cattails shoots are clumped with salts (Fig.

56). Salt can he tasted on the saltcedar (Tamarix sp.) leaves, and it effloresces

(mineralizes) on all concrete structures. Virtually any material that can wick water
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Figure 55. Salt encrusted ground surface near MW-1, December 1997. View is
east on fire-break, surrounding vegetation is salt cedar in brown leafless period.

Figure 56. Salt encrusted cattail stalks in marsh 1997.
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becomes encrusted with a few millimeters of salt.

Salts impact the ecology of the flood plain. Saltcedar, an exotic bush that has all

but replaced the native vegetation surrounding Topock Marsh, tolerates saline conditions

all too well. Westbrooks (1998) comments, "the salt cedar invasion in the desert

Southwest is a severe threat to the structure and stability of native plant communities and

has led to the precipitous decline in cottonwood populations." Not only is salt cedar

reported to increase fire frequency, soil salinity, and alter habitat for insects, birds and

mammals, but it consumes approximately 3 to 4 feet of water per year (Owen-Joyce,

1987b; Owen-Joyce and Raymond, 1996).

Goudie and Viles (1997) describe the nature of desert salts, and especially their

destructive capabilities, in an excellent monograph. Major lakes in the Southwest where

salt studies are a focus include Mono Lake (MBESC, 1987), Pyramid Lake, and Great

Salt Lake (Wold et al., 1997). This was a preliminary investigation into the salt minerals'

identities and composition.

Four salt encrusted soil samples (S1,S2,S4,S6) were collected along the interior

road south of glory hole (Fig. 2). In order to remove the interference caused by garden-

variety minerals such as quartz and feldspar, three samples (S2p,S4p,S6p) were dissolved

and recrystallized at 80 °C. The two types of samples are hereafter referred to as "native"

and "precipitate." The powdered salt samples are mounted on glass slides and analyzed by

x-ray diffractometry. To potentially corroborate the x-ray identification, I also analyzed

the chemistry of the raw salts. Outlining these procedures, the native samples were sifted,
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weighed (-100 mg), dissolved in analyte-free water (100 ml), filtered, and analyzed for

major ions. Two composite samples of salts scraped from several cattail stalks in the

marsh were also analyzed (S8, S9). The results are summarized below.

Salt Identification

Appendix D-6 shows the samples' x-ray patterns. Mineral phases were identified

using a handbook (Chen, 1977) and a computer search and match (DMS software)

procedure. Table 15 summarizes the results of the computer matching routine. The data

base included all ephemeral salts and common precipitate minerals.

Table 15. X-ray identification of salts minerals near  To pock Marsh.

Sample # Si S2 S2p S4 S4p S6 S6p

Location/
Sample Info

N. Beal
Ditch
Native

Beal
Ditch
Native

Beal
Ditch
Precipitate

Glory
Hole
Native

Glory Hole

Precipitate

MW-4

Native

MW-4

Precipitate

Primary
(Probable)

Halite*
K-Halite
Thenardite*

Halite
Halloysite

Halite* Halite* Halite* Halloysite Halite*
Brucite*

Secondary
(Possible)

Sepiolite
Calcite
Brucite

Sepiolite
Brucite

Alunite
Brucite

Sepiolite Palygorskite Palygorskite
Halloysite
Coquimbite

Tertiary
(Questionable)

Halloysite
Alunite Alunite Palygorskite

Alunite

Halloysite
Sepiolite
Alunite
Palygorskite
Calcite

Alunite
Sepiolite

* highly probable

The "goodness of fit" and geochemical inference led to a qualitatively ranking of

probable, possible, and questionable. Only the probable minerals, especially those with an

asterisk, should be accepted with certainty. Unequivocal identification of a mineral

generally requires analysis of a relatively pure phase. The results are surprising in that

common evaporative minerals such as calcite and gypsum are not present, but halite
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(NaC1) and perhaps thenardite (NaSO4 mineral) are. Re-precipitated salts gave slightly

different results.

Table 16 shows the chemical analyses for the same native samples. The reported

concentration units are ppm, which I infer to be milligrams per kilogram of original salt

sample. The ion balance for these analyses is acceptable. In the case of Si, the x-ray and

chemistry independently confirmed each other, i.e., 1 mole of SO4 combines with 2 moles

of Na to give Na2 SO4 (thenardite). The remaining Na (3.4 moles) could combine with Cl

to yield 3.1 moles of NaC1 (halite), with the remainder incorporated into sulfate,

carbonate, and other minerals. The other solutions are less straightforward, as the mineral

identification did not constrain the chemistry. In S2, for example, halite forms with 0.6

moles of Cl and Na. This leaves 3.2 moles of Na, 0.5 moles of Mg and 1.8 moles of Ca

potentially to combine with 3.7 moles of SO4 and 0.8 moles of HCO3 .

Table 16. Molar oronortions of major ions of dissolved salts.
Major Ion	 Units (Si)

N. Beal
Ditch

(S2)
Beal
Ditch

(S4)
Glory
Hole

(S6)
MW-4

Average
Value

Ca M 0.0 1.8 0.5 1.7 1.0
Na M 13.8 3.8 4.4 3.4 6.4
Mg M 0.2 0.5 0.8 0.5 0.5
K M 0.0 0.0 0.1 0.0 0.0
Cl M 3.1 0.6 2.0 0.5 1.5

SO4 M 5.2 3.7 2.4 3.9 3.8
HCO3 M 0.6 0.8 0.4 0.5 0.6

Ion Balance 0.5 -2.2 -1.5 -5.7 -1.7
Bold values are most abundant elements

Nevertheless, a hypothetical Topock Marsh salt principally comprises of Na and

SO4, and could have a "stoichiometry" as follows (normalized to Ca = 1):
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Na 6 . 4 Ca 1 . 0 Mg 0 . 5K .07 SO4 Cl 1.5 HCO3 0 . 6

The hypothetical stoichiometry of the average cattail salt was somewhat different:

Na 5.7 Mg 1 . 4 Ca 1.0 K 0.2 Cl 4 .2 SO4 3 . 0 HCO3 0 . 3

These results suggest that despite a range in chemistry, the salts consist predominantly of

Na, SO4, and Cl. Since soils become encrusted in the winter, it is possible that colder

ground temperatures affect precipitation. For example, the solubility of Na2SO4 is about

86% less at 0°C than at 35°C (Goudie and Viles, 1997). The rising water table combined

with decreased mineral solubility may explain the seasonal occurrence of salts in areas like

MW-1 (Fig. 55). It is unclear why less soluble minerals like calcite and gypsum are not

routinely detected (kinetics?).

Atmospheric Deposition

Airborne salts and nutrients can enter the marsh as either wetfall or dryfall. Visible

plumes of wind-generated dust crossed the marsh and even caused road closures for

several days in 1996-98. Some of the dust originated from new agricultural fields being

cleared on the Mohave Indian Reservation. I observed severe dust storm in Needles about

once or twice per month. Therefore, this section investigates whether dryfall contributes

significantly to major ion chemistry of the marsh.

Schlesinger et al. (1982) found atmospheric deposition to be an important source

of nutrients for a southern California forest. They reported mean annual deposition rates

(kg/ha) as follows: Ca (2.2), K(0.7), NW-N (0.5), NO 3--N (1.5), Na (7.2), Mg (1.2), and

SO42- (3.6). They considered these rates natural and uninfluenced by sea spray.
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Atmospheric deposition rates are available on-line at the National Atmospheric Deposition

Program/National Trends Network (NADP, 1998). In 1997, at a Nevada site about 150

miles northwest of Topock Marsh, NADP reported the following rates (kg/ha/yr): Ca

(0.9), K(0.08), NH4+-N (0.4), NO 3--N (1.5), Na (0.3), Mg (0.07), Cl (0.4) and SO42- (1.0).

Given the marsh volume of 1.8 x10 1° L and surface area of 1,637 ha, and using the NADP

estimates, then the annual concentration increase caused by airborne NH4+ and NO3-

would be approximately 0.036 and 0.14 mg/L, respectively. This represents about twice

the nitrate concentration in the marsh (Appendix D-4). For most other major ions,

however, these concentrations represent negligible quantities (e.g., Ca = 0.08 mg/L).

Reheis and Kihl (1995) collected dust samples for about 5 years from 55 sites in

southern Nevada and California. They found the range of dust deposition to be between

4.3 to 30 g/m2/yr. Three stations near Needles (Sites 23,24,28) had an average total dust

flux of 12.2 g/m2/yr. This included carbonates or calcite (1.53 g/m2/yr), soluble salts

(1.08 g/m2/yr), and gypsum (0.25 g/m2/yr). These quantities would have a negligible

effect on the marsh's major-ion chemistry. In short, atmospheric deposition may provide

a significant nutrient load to the marsh, but it does not affect the general chemistry.

Hydrogen and Oxygen Isotopes

This study included analyses of the isotopic composition ( 180, SD and 311) of

waters collected from 5 surface- and 18 ground-water sites in southern Mohave Valley,

near Needles, California. The purpose of sampling was to verify that Colorado River was

the principal source of water in the marsh and surrounding ground-water. After only a few
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initial samples, the variability in values prompted broader sampling of accessible sites in

southern Mohave Valley. These data concurred with previous studies from the lower

Colorado River basin (Robertson, 1991; Payne et al., 1979; Wyman, 1997). On a basin-

wide scale, waters could be identified as originating from (1) local precipitation (rainfall),

(2) "older" river water, (3) recent river water, and as mixtures of all types. These findings

are being submitted for journal publication (Guay et al., 2002), and Appendix D-7 has

several figures and tables from the manuscript. Only the results pertinent to the hydrologic

interpretation of Topock Marsh are summarized below. Note that sample numbers and

figure references in this section refer to Appendix D-7.

(1) As Colorado River water evaporates in the open-water marsh, the 6 1 80 and 6D

values increase progressively from the inlet (SN-12) to the outlet (SN-15) along an

evaporation trend, called the Topock Marsh Evaporation Line (TMEL, Fig. 8).

The fact that the TMEL passes through this cluster of values suggests recent river

water is the dominant source water to Topock Marsh.

(2) A single water sample from the Bermuda Patch well (P3) indicates it is recharged

by recent river water (SN-22, Fig. 10). This is not surprising in that the well is

within a few hundred yards of the farm ditch and main river channel. I recommend

that this well be re-sampled following a low-flow period in the river and after

several hours of pumping.

(3)	 The majority of ground-water samples from shallow monitoring wells (SN-

16,17,18,19) lie on or near the TMEL, suggesting an evaporated river-derived
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source (Fig. 9). This is not surprising considering their depth (<20 ft) and location

between the river and marsh. Evaporation of ground water could occur in low-

lying seepage areas or as a result of capillary rise in the fine-grained alluvium.

Alternatively, these data are consistent with evaporated marsh water recharging the

flood plain (esp., SN-16,18). Plant transpiration does not appear to deflect 8' 80-

SD pairs off from the TMEL (see also Busch et al., 1992). Points lying below the

TMEL cannot derive from present marsh or river water; therefore, these may

represent the contribution of older river water with lower initial 8 180 and SD. A

sample from SN-18 (MW-3) plots above the TMEL (4/15/98) probably because it

was taken soon after a rain event, and surface runoff leaked into the flush-mounted

well-cover.

(4) Two samples from 3-Mile Lake (SN-20, Fig.9) confirm a recent river source that is

isotopically similar to the inlet waters at Topock Marsh (SN-12). As indicated by

the relatively low specific conductance values (-1,500 uS/cm), this seepage lake

maintains relatively fresh water. The Lake area is not owned by the Refuge, but it

is a prospective site for future fisheries management programs.

(5) Marsh water appears to be the source of water from a private well water located

on the lower terraces of the Golden Shores development, about 1/2 mile east of the

marsh (SN-21, Fig. 10). This result was unexpected as the well owner estimated

the well bottom to be above the marsh elevation. An estimated 50-80 wells are in

the Golden Shores area. These wells may depress the water table and promote
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marsh recharge.

(6)	 Although this study did not detect direct ground-water recharge into the marsh by

a non-river water source, it may be occur at the mouth of the Warm Springs and

Sacramento Washes. This is consistent with the elevation and isotope values of

well-water upgradient of the marsh. Installation and sampling of shallow

monitoring wells near the marsh could verify this possibility.

Turbidity

Since the mid-1960's, Refuge managers and recreational users alike have

associated high turbidity with low productivity and poor marsh health. Locally, the

turbidity is often referred to as "algae blooms." The Refuge personnel attempt to reduce

turbidity by flushing the marsh (dilution). In this preliminary survey, the aim was to

identify the composition of the suspended material and investigate its distribution and

occurrence. The composition of the turbidity was investigated using a variety of analytical

tools, ranging from scanning electron microscopy (SEM) to aerial reconnaissance.

Instruments equipped with continuous turbidity sensors were unavailable for this study,

therefore, information about the distribution and occurrence relied on periodic

nephelometric measurements and aerial photographs.

Theory and Terminology of Turbidity

The literature on turbidity is prolific, especially in three sub-disciplines: (1) water

and wastewater treatment (De Zuane, 1990; Salvato, 1982), (2) sediment transport

(Gippel, 1984, Gippel, 1995; Binldey and Brown, 1993) and (3) marine and limnological
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studies (Wotton, 1994; Wilber, 1983). In natural waters, free floating material (suspended

sediment) is called seston. There is both bioseston (plankton and nekton) and abioseston

(tripton). These categories include particles whose sizes range several orders of

magnitude, from colloidal (<0.05 pm) to greater than 2 mm (Wotton, 1994). Suspended

solids usually impart an optical property to water (Wilber, 1983). Gippel (1984) explains

that as light enters water, photons are absorbed or scattered. Both phenomena interfere

with the direct transmission of light through the medium, which causes it to lack clarity.

This lack of clarity, as perceived by humans, is turbidity. Turbidity measurements involve

two main types of commercial turbidimeters: (1) attenuation, and (2) nephelometric

(Gippel, 1995). The latter, used in this study, measures scattered light at 90° to the

incident beam (usually white light) and employs a ratio optical system to correct for water

color, interferences, and fluctuating lamp intensity. It is important to recognize that

relationships between suspended sediment concentrations and turbidity are not direct and

need calibration, but are often quite good. Thus, turbidity is a composite or bulk value

that is affected by many factors, especially particle size, particle composition, and water

color (Gippel, 1995).

Overview of Marsh Turbidity

Colorado River water enters the marsh relatively cold and clear (< 3 NTU), and

reenters the river somewhat turbid (>30 NTU) and warm (Table 8). At both locations

distinct mixing plumes are apparent. As stated above, the secchi disk, which is visible 10

or more vertical feet into the river, disappears in 1 to 3 feet into the marsh. Most of the
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time, most of the year, turbid conditions exist everywhere in the open-water marsh, with

values averaging about 25-30 nephelometric turbidity units (NTU). One exception occurs

during the summer months when, in certain years (see Appendix A-2), including 1996, the

marsh experiences a significant accumulation of SAY (Alanen, 1998). The vegetation is

predominantly one species, spiny naiad (Najas marina L.). Fig. 57 is a real color, aerial

photograph showing the variety of SAY growth during peak production in 1996. Murky

light green areas (eastern shore) represent the normal open-water conditions, developing

SAY areas appear dark green, and dense SAY patches already at the surface appear pink-

brown.

It is interesting that during SAY blooms the turbidity readings drop below 5 NTU.

The mechanism for removal was not part of this study, but the seston appeared to be

physically adsorbed onto the plant substrate. Sudden agitation of the plants, as by a fish or

boat, caused resuspension of the material. The increased plant growth caused a

concurrent decrease in turbidity, with both processes appearing to reinforce each other. In

addition, the increased plant density attenuated the physical agitation of the waves, thereby

reducing the major cause of turbidity.

Table 17 summarizes the turbidity field measurements. The lower turbidity

readings at SW-1 and SW-3 probably result from their proximity to the inlet canals. In

addition to river dilution, physical factors such as wind, fetch, water depth, bottom

substrate, marsh currents, and wind barriers also affect seston concentrations. During

windy days, discrete color zones develop within the marsh (Fig. 57).
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Figure 57. Topock Marsh showing normal turbidity in milky green, darker areas with
growing SAV, and the most dense SAV (labeled) already at the surface. The image is
August 1996 true color air-photo. Golden Shores grid is 1 mi'. Note dredged channel
along western edge. Dirt road along marsh is "interior" utility road.
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Table 17. Select turbidity field measurements from  Topock Marsh 1997-98.

Sampling
Event

Colorado River
(NTU)

SW-1
(NTU)

SW-2
(NUT)

SW-3
(NTU)

SW-4
(NTU)

1 2.4 13.6 27.3 24.0 24.5

2 0.7 10.4 27.1 11.1 48.9

3 2.6 21.5 28.0 25.5 39.6

4 - - - 11.5 35.0 13.5 26.2

Average 1.9 14.3 29.4 18.5 34.8

Light Microscope

During a reconnaissance visit in January 1996, the Refuge staff reported an "algal

bloom." The marsh appeared greenish and opaque. I collected five water samples. Two

epiphytic samples contained an abundant and diverse variety of diatoms, with trace

populations of blue-green and green algae. Three open-water grab samples, when

undisturbed, deposited a white floc within a few minutes. Using a light microscope to

observe the floc at 1,000 magnification, approximately 95 percent of the particles were

unidentifiable but suspected to be plant detritus. These particles measured 0.5 to 50 [tm in

their longest dimension. Most larger clusters appeared to be aggregated by a biofilm.

After staining with phytoplankton dyes (neutral red, Nile blue A, Evan's Blue), they

appeared to take up the first two stains. This was an anomalous result as it indicated the

particles, while not algae, were viable or "living cells" (Harrison, 1988). Using a

hemocytometer, I calculated that the particle density was about 2 x 104 particles (>1 I.tm in

size) per milliliter. Importantly, only a few planktonic algae cells were present.
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Scanning Electron Microscopy

A scanning electron microscope enabled the identification of the size range and

composition of the seston. Fresh or frozen marsh water samples were vacuum filtered

(0.45 pm) and prepared by professional laboratory personnel using standard SEM

protocols at the Imaging Facilities, Division of Biotechnology, University of Arizona

(Appendix D-2). From two sampling periods and four locations, six mounts were made

and examined for approximately 10 hours.

Fig. 58 illustrates the variability in particle size (horizontal bar in lower right corner

= 100pm). The mount was prepared by filtering about 2 ml of marsh water so as to avoid

matting. Particle sizes ranged from less than 1 pm to greater than 100pm. Long rod shape

objects are easily identified as diatoms. Platy or regular-edged objects are suspected to be

inorganic particles. Fig. 59 shows a large agglomerated particle that appears to be bound

by a biofilrn but may contain inorganic and organic constituents. However, even with an

attending specialist, identification of individual particles without further testing is a

difficult task. Wooten (1994) says of the these living rafts:

...they are diverse and can include combinations of floc of degrading macroseston
from a variety of plant and animal sources, feces, and mineral constituents...
although the matrix of organic aggregates is nonliving, it can harbor a rich
microbial community, which mineralizes the organic constituents... .therefore,
macroaggregates function as high-nutrient micropatches.

Fig. 60 shows detrital material at relatively high magnification (bar = 5 pm). This

particular sample appeared to contain diatom skeletons, organic detritus, active colonies

of bacteria and fungi, and some inorganic particles. The SEM micrographs suggested that



Figure 58. Scanning electron micrograph of particle sizes causing
turbidity in Topock Marsh. Bar = 100 um.

Figure 59. Scanning electron micrograph of agglomerated particle
causing turbidity in Topock Marsh. Diatom is labeled for scale, Bar
= 100 11M.
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Figure 60. Scanning electron micrograph of suspended material in Topock Marsh. Bar =
5 um.
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the amounts of inorganic and organic particles were similar.

Total and Volatile Solids

This section summarizes gravimetric and nephelometric data obtained from

processing field samples. The procedure combined Standard Method's techniques for (1)

Total Suspended Solids Dried at 103-105 °C and (2) Fixed and Volatile Solids ignited at

500°C (APHA, 1992; see Csuros, 1997). Below is a brief outline of the laboratory steps:

(1)Pre-weigh noncombustible glass fiber filter paper (0.8 j.im pore size)
(2)Agitate sample and measure specific conductance (vS/cm) and turbidity (NTU)
(3)Filter measured volume (250-900 mL, until clogging), light rinse
(4)Place filter paper in labeled petri dish and dry at room temperature
(5)Place in drying oven at 103 °C for 1 hour, reweigh cool
(6)Place paper in crucible, ignite at 500 °C for 15 mins, include 2 blanks
(7) Reweigh cool

I obtained reasonable precision after several trial runs. Table 18 summarizes

events 3 and 4 only, but all original data are in Appendix D-8. The values shown are the

average of 16 trials, or 4 trials per sample site (SW's 1-4). These data indicate

Table 18. Summary of turbidi - ravimetric-ne helometric  relationships
Sampling Initial %Turbidity Weight of dried % lost Suspended NTU/

Event Turbidity Removed by Susupended from material in mg
Filtering Material 500°C sample

(NTU) (mg) drying mg/L

Dec 1997 28+13 95.3 10.7±2.1 14.3±4.5 32 ± 10 2.6 ± 0.79

Apr 1998 21±9.5 94.2 13.2 ± 7.3 14.9± 1.0 27 ± 10 1.9± 1.0

the marsh samples had an average turbidity of about 25 NTU, similar to the field

measurements. Filtering (0.45 gm) removed about 95 percent of the turbidity. Sometimes

the filter paper would tear slightly during vacuum pumping, thus the actual removal
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percentage could be greater. The amount of suspended material available for combustion

was near the minimum standard because the filter paper clogged easily. Upon ignition at

500 ± 50 'V in a muffle furnace, the papers immediately oxidizes to a topsoil brown or olive

green color, depending on the sample site. At this temperature, paper blanks were also

tested to determine the mass lost from paper ignition. This was probably the greatest

source of error because it was nearly 50 percent of the total mass lost. One cycle of

combustion was satisfactory given the small amount of suspended material. These data

shows that approximately 15 percent of the suspended material is volatile. Therefore, the

majority of the material is inorganic. The mg/mL and NTU/mg ratios are also calculated.

Assuming a full marsh volume of 14,495 ac-ft and particulate concentration of 32 mg/L,

then about 634 tons of suspended material are in the marsh.

Turbidity Summary

During this study, wave action and the resuspension of bottom material

(autochthonous source) appear to cause turbid conditions in the marsh. Turbid conditions

(-25 NTU) were ubiquitous in the marsh most of the year. During windy periods, zones

of turbid water are visible along the shallow margins. It is not certain if other factors such

as bottom-feeding fish or waterfowl are causing significant turbidity, but I consider them

of secondary importance. Water clarity improved during the summer months of certain

years (see Appendix A-4) when the SAV growth was most dense (Fig. 57). Some

backwater areas, isolated from wind and waves, appeared to maintain a relatively low

turbidity. Algae did not appear to be a major cause of turbidity. Instead, the seston
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appears to be composed primarily of inorganic particles (-85%).

Geochemical Model (NETPATH)

NETPATH (version 2.3) is a computer program that can interpret net geochemical

mass-balance reactions between an initial and final water along a hydrologic flow path

(Plummer, 1994). The aim here was to determine the mass transfer of a set of plausible

minerals and gases that must enter or leave the marsh to account for the observed

chemical changes. The event 1 constituent concentrations of Colorado River and SW-4

were used as the initial and final water.

The modeler minimizes the complexity of the natural system by selecting

"constraints" and "phases." A constraint is typically a chemical element (e.g., Calcium,

Silica) and phases are usually minerals or gases (e.g., Halite, CO2). A model is defined as

the masses (per kilogram of water) of a set of phases that must enter or leave the initial

solution in order to exactly define a set of constraints in a final water. Saturation indices

(calculated in WATEQ4), field evidence, or geochemical intuition guide the selection of

phases.

For this study, I used a very simple set of phases and constraints were used (Table

19), in part, because of the limited amount of reliable water-quality data. Calcite (CaCO3)

was selected as a phase, since WATEQ4 suggests both the initial and final waters are

saturated with respect to this common mineral. Gypsum (CaSO 4•2H20) is a common

mineral in desert environments. Hydrogen sulfide gas (H 2 S)is present in the marsh

sediments (personal observation). Thenarndite (Na2SO4), or a mineral of similar



154

composition, appears to be a common encrusting mineral.

Table 19. NETPATH Constraints and nhases in To pock Marsh model

Model Name Phases Constraints

Topock Marsh -
(Simple)

Calcium, Carbon, Sodium,
Sulfur

Unforced: Calcite, H2S gas,
Gypsum, Thenarndite

Although the model can calculate an evaporation factor, a simpler approach is to

assume chloride behaves conservatively and to normalize constituent concentrations to

"unevaporated" values. This removes the effects of evaporation and focuses on the

chemical changes. Input concentrations and model results are found in Appendix D-9.

Since the number of constraints and phases were similar, only one plausible model was

suggested (Table 20).

Table 20. NETPATH plausible model

MODEL. Topock Marsh	 1 model checked
(Simple)	 1 model found

Calcite -0.51 mmoles/kg water

Gypsum -0.008

H2S gas -0.16

Thenarndite -0.16

Evaporation Factor 1.78

These results indicate that exclusive of evaporative effects, the outlet water can

be created from river water by precipitating (minus sign) calcite, gypsum, thenarndite, and

transferring H2S to the atmosphere. In the future, and as accurate analytical data confirm



other processes, the complexity of the model can be increased to include ion exchange

reactions, aerobic oxidation of organic matter, and other redox reactions.
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Discussion

Clear, cold, and relatively low salinity river water enters the marsh (G2) and

becomes turbid, warm, and more saline before reentering the river (G5). Some physical

factors control these changes including the rate of flow-through, climate, and marsh

shallowness. Wave action and evapotranspiration are the primary causes of turbidity and

TDS increase, respectively.

Continuous monitoring (Hydrolabs) demonstrated spatial and temporal variability

in routine water quality parameters (T, pH, SC, DO, ORP; Figs 38-42). The variability

included diurnal (Figs 43, 44), seasonal (Fig. 38), and multi-annual (Fig. 40) patterns. The

portable Hydrolab (Table 8) and the USBR data (Appendix B-7) confirm several trends

recorded by the stationary Hydrolabs, except for pH and possibly ORP. The alkalinity

values suggest the marsh is reasonably well pH buffered. The major-ion chemistry of the

open-water marsh is explained most simply by a few dominant processes: (1)

evapotranspiration, (2) precipitation of carbonates and other salts, and (3) sulfate

reduction (Metzger and Loeltz, 1973). Ion-exchange (Ca-Na) may also be an important

process (Robertson, 1991). Unfortunately, poor data quality precluded better modeling.

The concentration factor (CF) reveals the dominant effect of evapotranspiration. The

stationary Hydrolab data yielded a CF of 1.5, event 1 sampling analytes (Cl, Mg, and Na)

had a CF of about 1.8, and a CF of 1.9 can be computed from the water budget if the

marsh is modeled as a simple system: 61,015 ac-ft entered and 28,170 evaporated. The

concentration of conservative species (e.g., Cl) also increased by a similar factor. For
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other analytes, the marsh acts as a sink (lower CF) or a source (higher CF). The vertical

profiles measured with the portable Hydrolab indicate the marsh is generally well mixed.

The open-water marsh is not nutrient poor but may be phosphorous-limited. It is plausible

that the major reservoirs on the Colorado River (e.g., Lake Mead) strip nutrients from the

river. However, anthropogenic sources such as wastewater discharges (e.g., Las Vegas,

Laughlin, Needles and from septic systems in the Bullhead to Needles corridor) and

irrigation return flows may offset this loss. Regarding the trophic status of the marsh, the

available data suggest it is mesotrophic. This conclusion is based on the low

concentration of planktonic algae, comparatively low biomass production of SAV

(Alanen, 1998), high silica concentration, and the low-moderate nutrient values.

The isotope data (PO, 6D) from MW-1,2,3, and 4 suggest that recent river water

recharges the shallow ground-water aquifer. This is not surprising where as the wells are

situated between the river and river-fed marsh. MW-1 values plot close to those of mid-

marsh water (SW-2,3) and, therefore, implicate the marsh as a potential source (but other

explanations are possible). MW-3 values plot close to SW-1 values, which also are

consistent with a marsh source. MW-4 has specific conductance values (Table 8) that are

5 times greater than that of the river, yet two of the isotope values are nearly identical to

recent river water values. This suggests it receives relatively unevaporated recharge

directly from the river, possibly along the remnant channel within which it is located (Fig.

27).

Salt mineralization is ubiquitous in and around Topock Marsh. The grab samples
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of salt were composed predominantly of sodium and sulfate, with lesser amounts of

calcium and chloride. One concern for the refuge is that areas west of the marsh may

become highly salinized. This is quite plausible given the shallow ground water table, high

rates of evapotranspiration, recurring winter deposits of salt, the absence of flooding, and

the pervasive salt crusts deposited by salt cedar. Some salt no doubt leaves the system

either by ground-water discharge or by wind transport.

The marsh is normally turbid (-25 NTU). The turbidity appears to be caused by

the suspension of authocthonous detritus, usually during sustained windy periods. Other

turbidity-causing mechanisms (e.g., fish, wildlife) seem secondary. Although the marsh

has an algae-like color, the concentration of planktonic algae was low during one test.

The seston appears to be composed mostly of inorganic (— 85% by mass) material. Desert

runoff from the eastern washes do on rare occasions cause turbid conditions. It is likely,

as Alanen (1998) suggested, that the turbidity is limiting SAV production by blocking the

necessary photosynthetic light. One cautionary word, however, reduction in turbidity, by

whatever means, may promote algal growth. Turbidity, while aesthetically unpleasing,

does not necessarily indicate an unhealthy aquatic environment.

In general, the field measurements and water chemistry examined in this study do

not point to a major water quality problem in Topock Marsh. The open-water marsh is

generally well mixed and has satisfactory levels of dissolved oxygen to support aquatic

life. Backwater areas are generally less turbid and more anoxic (Appendix D-5). The

reducing conditions in the marsh sediment do generate hydrogen-sulfide (H2 S) and
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ammonium (NH4-), while common to wetland environments, it is toxic to many organisms.

Not studied here, selenium may pose a serious threat to the biota in the marsh (see

Andrews et al., 1997).
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CONCLUSIONS

This study involved analysis of the water quantity, water quality and, to a limited

degree, discussion of their associated management at Topock Marsh. In 1997, the major

water budget components of the marsh were surface inflows (+60,020 ± 1,020 ac-ft),

rainfall (+890 ± 40 ac-ft), evapotranspiration (-28,170 ± 940 ac-fl), surface outflows

(-26,860 ± 890 ac-fl), and change in storage (-980 ± 30 ac-11). The only unmeasured

component, net ground water, was determined by difference (-6,960 ± 1,650 ac-1). This

suggests the marsh was recharging the surrounding flood plain, a finding supported by

water level measurements and the isotope ( 180 and SD) values of ground water. The

Refuge both diverted and consumptively used more river water that its legal entitlement, in

part, because river flows were 34% greater in 1997 than during the previous seven years

(USDOI, 1999). In addition, several assumptions (e.g., surface area of the marsh) affect

these legal quantities. Accurate water measurement is problematic at nearly all locations

around the marsh because of the fluctuating river stage, sedimentation and debris, and the

small head difference between the river and marsh. A bathymetric model of the marsh

provided the depth—surface area—volume relationships needed to compute month-to-

month and the annual change in storage.

Ground-water hydrology was a minor focus of the study. The water table beneath

the modern flood plain was generally shallow, or less than 5 ft below the ground surface.

The ground-water table responded, in varying degrees, to river stage, marsh elevation, and

plant transpiration. Ground-water elevations had characteristic seasonal and diurnal
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cycles.

The water quality of the open-water marsh was examined using both continuous

and discrete monitoring. The continuously monitored parameters (temperature, pH,

conductivity, dissolved oxygen, oxidation-reduction potential) do not indicate that

extreme or detrimental water conditions develop in the marsh. The marsh does not

significantly stratify, deplete in oxygen, nor warm past 30°C. Some parameters like

temperature exhibit a broad temporal range (— 10 to 30 °C), while others, such as specific

conductance, exhibit significant spatial variability within the marsh.

The results of detailed water analyses (discrete point sampling) suffered from

laboratory error in about 60 percent of the samples. Data from sampling events 1 and 4

(acceptable data) suggest that changes in the major ion chemistry result primarily from

evaporative concentration. Hydrolab data, major ion chemistry (event 1), and the water

balance all suggested that incoming water is concentrated by a factor of about 1.8.

Previous research and chemical modeling also suggested dissolution-precipitation and ion-

exchange may be important processes. Water entering and leaving the marsh is

predominantly sodium-calcium-sulfate water.

Ground-water is usually more saline than surface-water. The dissolved oxygen

levels were usually very low (<10 % saturated) and the ORP values indicated reducing

conditions. Transpiration and root respiration probably account for the major differences

in ground- and surface-water chemistry.

Marsh waters are turbid most of the year, with typical values of about 30 NTU.
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The seston consists of organic and inorganic detritus that is suspended by waves agitating

the shallow bottom sediments. The seston derives from both allochthonous and

autochthonous sources, which includes sediment from the river and washes, dryfall, and

aquatic plants. Ignition tests indicate about 15 % of the seston is organic. Turbidity

values drop below 5 NTU in those areas with dense SAV. Alanen (1998) suggested that

turbidity may partial control the distribution and occurrence of SAV, a result supported by

this study's secchi disk data. Algae did not appear to be a significant cause of turbidity

during this study.

Water Management Implications and Related Concerns

The results of this study have several implications for water management at the

Refuge. Also expressed below are several related observations and concerns, although not

specifically addressed by this study.

1. The current system of water measurement needs many improvements. The

principal reasons are that the existing water measurement devices (or structures) perform

poorly because of the relatively small head difference between the river and marsh, the

river stage fluctuates, and the canals clog with sediment and debris. Local officials also

suggest the river channel has been eroding downward since the 1983 flood. In addition,

most measurement stations have no recent calibration data (e.g., G4) and no alternate

methods of measurement are in place if an instrument fails (e.g., G3). Illustrating these

points, the outlet structure (G4) has never been field calibrated, may have a significant

leak, and the automated gate recorder fails several times a year.
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2. Several legal issues regarding water rights need resolution. First, and at the

time of this study, the USBR was testing remotely sensed data (LCRAS) as a method to

determine consumptive use (USBR, 1997a). This prompted discussion regarding whether

the consumptive use of the flood plain west of the marsh should be deducted from the

open-water consumptive use of the marsh. If deducted, it would clearly cause the Refuge

to exceed its water right; e.g., 5,000 acres of saltcedar could consume (at 4 ft per year)

approximately 20,000 ac-ft. It must be negotiated whether this loss is to be treated as a

loss from the entire river system. Losses from the inlet canal and the legal point of

diversion should also be reexamined. The Refuge should request return flow credits for

water discharged through the south dike to the river if the current water accounting

system is not renegotiated.

3. With the farm ditch inflows, Topock Marsh will usually divert more water

than it is legally entitled (41,839 ac-ft). This assertion is based on historic data (Fig. 15)

that suggests the Refuge is near the diversion limit most years, exclusive of the farm ditch

inflows. The farm ditch inflows accounted for 19% of the total inflow (G1+G3) in 1997.

4. The evaporative water loss from open-water Topock Marsh is nearly

constant from year to year. The annual rate of open-water evaporation in Mohave

Valley is about 6.9 ± 0.4 ft, and if the marsh has 4,045 acres of "open water," then the

consumptive loss is about 27,911 ac-ft. The amount of flow-through should not

significantly effect this value.
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5. The rate of flow-through affects the water quality of the marsh.

The diversion of river water into the marsh increased in 1997 (Figs. 15). The marsh was

diluted by lower TDS river water (Fig. 16) resulting in a 10-20 percent decline in marsh

salinity at H3 (Fig. 40). The rate of flow-through is, however, governed by the overall

river flow, the capacity of the inlets and outlet structures, and the water management

choices of the Refuge.

6. The marsh is normally turbid. The marsh is turbid primarily because wind-

induced waves impinge on the shallow bottom and suspend fine-grained detritus (seston).

The prolific production of emergent vegetation creates particulate organic material. The

turbid water conditions have both positive and negative benefits for the marsh-river

ecosystem.

The strategy of flushing the marsh to remove turbidity appears to have limited

potential due to the limited capacity of the inlet (G1 .100 cfs, G3 .30 cfs) and outlet (G4

.30 cfs). Table 17 values do indicate that turbidity values are lower in areas (SW-1, SW-

3) near the inlets. During this study, plumes of less turbid water were sometimes visible 1

km below either inlet. During a drawdown/flushing experiment in 1966, river water

apparently flowed to a point north of Golden Shores, but interestingly, water quality in

Catfish Paradise remained the same (Appendix A-2: see 30 December 1966, Graves letter,

Topock Marsh -- Study of Water Conditions).

Changes in the capacity of the inlets and outlet would no doubt improve water

circulation when river water is available. However, this raises the larger questions of legal
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diversion limits and management objectives -- should Topock Marsh be managed as a

riverine or backwater habitat?

7. Light penetration appears to be an important factor regulating SAV

production. While it is agreed that the "boom and bust" cycles (Appendix A-2, A-4) are

not yet understood, data from this study and Alanen (1998) suggest that light penetration

may be a key factor. If so, then lowering the marsh elevation, possibly concurrent with

extreme flushing, at some point in the Spring, might actually promote SAV production.

This hypothesis could easily be tested in the open marsh by constructing an enclosure near

1-12.

8. The marsh is infilling. The marsh, like most basins, is infilling No less than

six appreciable debris fans enter the marsh along the eastern shore. In addition, the

sluffing inlet canals and main river channel both contribute sediment to the marsh.

Emergent vegetation covers approximately 32% of the open-water area. During this

study, bulrush colonized certain open-water areas at a rate of 10 or more ft per year. A

1975 experiment also recorded this colonization (Appendix A-2: 7 November 1975

Memorandum, Marsh & Gorge Vegetation - Photo Reference Points). Bulrush often

colonizes in deeper water to forms "atoll-like" looking features in the marsh (Fig. 57).

Cattails later succeed the colonizers and, over time, trap sediment and organic material to

form quasi-terrestrial islands. With the marsh operating as an impoundment,

eutrophication -- i.e., the natural nutrient enrichment and in-filling of a water body -- of

the marsh will likely go on.
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9. Areas of the flood plain may be salinizing. Although not explicitly addressed

in this study, several observations indicate that the salinity of soils and ground water may

be increasing in low-lying areas of the flood plain. For example, ground water away from

the direct influence of the marsh or river (MW-1, 4) had conductivity values as much as 6

times greater than river water. Vast salt-coated areas (Fig. 55) are especially conspicuous

in the winter months. Salt-encrusted soils are in areas where saltcedar has become the

dominant plant. Are static hydrologic conditions promoting the retention of salt?

10. The current water-management plan is "reactive" and reveals a legacy of

constraints. The current water-management plan is the fusion of institution goals and

various legal, social and physical constraints. The institutional goals, though transitory,

presently include management for certain endangered or threatened species (i.e., Yuma

Clapper Rail or Southwestern Flycatcher). Important legal constraints, which are

normally immutable, are the mandated mission of the Refuge and the legal quantities of

available river water. Local sportsmen, including anglers and duck hunters, often voice

their preference for a flow-through, open-water lake. In addition, the Refuge has several

physical or hydrologic constraints including limited river-water availability, fluctuating

stage (with daily and seasonal cycles), limited intake and outflow capacity, and a normally

small hydraulic head difference. Over time, the operation of the river, combined with the

various constraints, have led to a "reactive" (rather than proactive) water-management

plan that promotes relatively static hydrologic conditions.
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11. The water-management plan should promote biodiversity. Not specifically

investigated in this study there is the suggestion that static conditions limit biodiversity at

the marsh. Returning to Mitsch and Gosselink (1986) whose comments began this report:

Hydrology is a two-edged sword for species composition and diversity in
wetlands; it acts as both a limit and a stimulus to species richness. Hydrology
stimulates diversity when the action of water and transported sediments creates
spatial heterogeneity, opening up additional ecological niches. Hydrologic
conditions are extremely important for the maintenance of a wetland's structure
and function, although simple cause and effect relationships are difficult to
establish. Hydrologic conditions affect many abiotic factors, including salinity, soil
anaerobio sis, and nutrient availability. These in turn determine the flora and fauna
that develops in a wetland. Finally, completing the cycle, biotic components are
active in altering the wetland hydrology.

At first glance, it appears that relatively few plant (salt cedar, cattail and bulrush,

spiny naiad) and animal species (coots, grebes, cormorants and feral pigs) dominate

Topock Marsh. This is probably a false impression. Nonetheless, the heterogeneous

environments created by annual flooding, such as a shifting river channel and sandy

beaches, are clearly absent in this impounded system (see Fig 5). This raises again the

management question of which ecosystem are we managing for? Clearly, static

conditions have provided habitat for a few important conservation species (e.g., Yuma

Clapper Rail, Southwestern Willow Flycatcher). Yet periodically inundated areas (e.g.,

Pintail Slough and swales) clearly result in a species richness not observed elsewhere in the

marsh.

A somewhat contrary view to hydrologic disturbance emerged after the 1983

flood. The prolonged flooding drowned (and killed) most cottonwood trees, promoted
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the proliferation of salt cedar, and caused the salinization of many agricultural fields. It

should be noted that standing water and saturated soils persisted for more than a year after

this flood (Appendix A-4). In the end, the beneficial effects of disturbance must be

balanced against the potentially negative impacts, such as the bioaccumulation of selenium.

Hydrologic disturbance is a proactive method to promote new opportunities for a greater

variety of species at the Refuge.

Recommendations

1. Review all aspects of water measurement with USBR and USGS. Topics

for discussion include structure or instrument performance, maintenance, calibration, as

well as, point of diversion, channel losses, flood plain losses (east and west), annual open-

water evaporation, and return-flow credit. The installation of automated gates structures,

a pipeline (inlet canals), or use of an average consumptive-use value (based on open-water

ET of the marsh), might also be discussed. Automated gates could optimize conditions

for accurate water measurement. In addition, an agreement for oversight monitoring of

withdrawals from the inlet canal should be negotiated with the agricultural users. Inspect

flap gates seals (at different river and marsh elevations) and investigate whether the outlet

structure is leaking. Invite an independent water-measurement specialist to inspect all

sites (low water period) and review data from this report. Hydrolab monitoring could be

reduced to a single location (south dike) with bi-monthly service. Overall, water

measurement, monitoring, and maintenance tasks need to be minimized at the Refuge.

Alternatively, a field hydrologist position (for Havasu, Cibola, Bill Williams) might be
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added to the staff.

Legal quantities of water need to be negotiated. Request that diversion limits be

increased. Recognize that consumptive use limits will not be exceeded when only the

open-water portion of the marsh is considered. If approved, propose increasing the flow-

through capacity. Present the evidence that SAV production might be enhanced from

higher rates of flow-through, i.e., diluting turbid waters might allow for greater light

penetration.

Revisit the argument (Appendix A-5) that the United States intended to reserve

rights to the use of so much river water as might be reasonably needed to fulfill the

purpose of the Refuge (in 1941). Investigate whether an average water loss might be

determined to avoid intensive water measurement. Determine whether the water right

warrants amendment in light of the change from riverine to an impounded system.

2. Establish a Topock Marsh Commission (TMC) and Develop a Water

Management Plan. The TMC will independently set goals and policy for the Refuge that

include a societal valuation of the resources. The TMC will consist of river professionals

(USBR, USGS, BLM, USFWS), plus state, regional, and local decision makers. It is

imperative that local groups, such as the City of Needles and Golden Shores, Mohave

Reservation, irrigation districts, and sportsman groups all be part of the decision process.

The goals might range from traditional marsh management (no change) to a fully restored

riverine system (after Schmidt et al., 1998). The TMC will perform citizen outreach and

education, develop consensus, establish priorities, and strengthen support and stewardship
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for the resource. It appears that many of the management issues facing the Refuge are less

scientific than social or political. One principal goal for the TMC (or a subcommittee) is a

revised water-management plan. The plan will review all operations of the Refuge

regarding water resources, and prioritize its water use.

3. Promote hydrologic disturbance. This can be achieved in several ways.

Perform controlled floods by diverting water from inlet canals (small-scale) or the river

(large scale). These floods could be controlled, in part, by the inlet water control

structures and Davis Dam, respectively. Moistened channels might be used for

cottonwood regeneration. Excavate to create seepage lakes in areas where ground-water

flow-through is high, thus recreating environments similar to Three-mile Lake. Dredging

areas of the marsh could improve water circulation and recreational uses, and to check

emergent vegetation. The dredge spoils create island habitat that serve as wind breaks.

Construct an additional inlet to the main river channel (near MW-5) that delivers water to

Beal Lake, the backwater channels, and the southern end of the marsh.

4. Future Research. Investigate the rate of marsh infilling and vegetative

encroachment. Determine if the flood plain is becoming salinized. Investigate the

biogeochemistry of selenium in LCR marsh environments. Quantify the extent of water

loss in the inlet canals. Refine hydrologic estimates of surface-water runoff from the

eastern shore. Determine ground-water discharge in the Warm Springs and Sacramento

Wash areas. Determine ground-water gradients in the flood plain. Quantify the extent of

marsh water recharge to wells near Golden Shores. Monitor water use in peripheral areas
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— Pintail Slough, swales, agricultural fields, etc. Model the entire system with the aim of

maximizing the benefits of water used.

In summary, the Refuge has been concerned with the associated issues of water

quality, water quantity, and their management. The Refuge wanted to know if a water-

management plan could maximize water quality, (SAY)  production, perhaps biodiversity,

and still meet their water use restrictions. They needed this study to answer several

fundamental hydrologic questions, such as water quantity and quality, before these more

complex questions can be approached in the future. This study has preliminarily answered

decades of questions. Hopefully, this report leads to a comprehensive water management

plan and the conservation of this important resource.
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Files	 4pgubtalli,f-x4.3g6

Assistant Regional Supervisor, Division of Wildlife Refuges
Albuquerque, New Mexico

Telephone Call--Paul Oliver, Bureau of Reclamation--Havasu Lake Refuge

Mr. Paul Oliver, of the Bureau of Reclamation's Boulder City office,
called this morning to report that he had heard rumors of a problem we
are experiencing in the Topock Marsh impoundment. He referred specifi-
cally to the submergent vegetation loss apparently being suffered as a
result of extremely high water temperatures in the shAllows. This was
the subject of a recent report from Acting Refuge Manager Joe Welch.

Mr. Oliver indicated that his Bureau will be happy to assist in any
way possible, and he suggested that we might wish to consider trying
periodic minor fluctuations within the marsh.to attempt to overcome
the effects of the heated water: He pointed out that releases from
Davis Dam are lowest on. the weekend and it might be possibleto phase
experimental fluctuations within the marsh with the weekend low flows
of the river. Mr. Oliver went:on.to say that he feels that increased
volumes of water turned into the marsh through the inlet canalwould
have little effect on the hot waterin.the shallows, since the cold
river water would in all probability tend to flow along the bottom of
the marsh as a density current..

I explained to Mr. Oliver that Acting Refuge Manager Welch is continuing
to study the matter and should be in_a position to make some rather
concrete comments shortly.

Mr. Oliver also said that he has been advised by his people stationed
in the Needles area that there is some concern on the part of the
sportsmen in general that striped bass are becoming a predator problem
in that part of the river between Needles and Bullhead City. Apparently
a number of striped bass have been caught and found to have ingested
smaller bass and trout. Mr. Oliver said that he had been advised that
one fisherman caught a striped bass with a 9-inch trout in its stomach.
He intimated that local sportsmen are quite concerned about this, and
he suggested that someone from our Bureau might wish to look into this
matter, particularly in light of the current concern about reports pre-
pared in behalf of the Department on the effects of the channel work
in the Colorado River in this area.

I told Mr. Oliver that I would make the Division of Fishery Services
aware of this problem and that they may be able to offer some assistance

cc:
Havasu Lake Refuge
Fishery Management Services
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through their field biologist in the area. Mr. Oliver said that more
specific information on the fish problem could be gained fraabtr. Larry
King, Bureau of Reclamation employee stationed at Needles.

Lynn A. Greenwalt

cc:
Havasu Lake Refuge
Fishery Management



An experimental water management plan was initiated in 1966.
From April through August an estimated 30 cfs were diverted into
the marsh. Water levels were only slightly reduced during
this period, however, water temperatures rose markedly. In
AuPrust temperatures ranged from 62 0 F. in the inlet canal to
110 0 F.-in the key areas of the marsh. Scalding of the dense
beds of aquatics resulted. The inflow was increased to 60 cfs
in an effort to reduce water temperatures. After la days of
increased flows temperatures in the key areas were recorded
at 950 F. Weather conditions at this time became cooler
than normal and affected water temperatures in the marsh
making an evaluation of the results of the inflow uncertain.

Data available indicated that an evaluation of the several factors
will be necessary before an effective water management plan can
be developed. Because of the limited staff at this station, we
feel that the study could best be undertaken by a graduate fellow
on a doctorate program.
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WILDLIFE MANAGEMENT STUDY OUTLINE

Branch of Wildlife Refuges, Region 2 , Project: Havasu Lake 

1. Title of Study: Ecological Status of Topock Marsh

2. Objectives:

A. Evaluate the effect of circulating water through the marsh on
the production of desireable aquatics.

B. Determine the successional vegetative trend that is occurring
in relation to water diversion practices.

C. Evaluate cther factors influencing marsh & water management
including:

1. geologic water flows
2. river flows
3. climactic factors
4. fish

D. Formulate a water diversion plan to enhance marsh management.

3. Justification:

2to.rinF the past twenty years aggradation of the Colorado River has
occurred in Topock Gorge, backing water into Topock Marsh. Water
levels in the marsh were directly affected by releases at Davis
Lam. River levels fluctuate daily, monthly and seasonally with
resulting fluctuations in the marsh. During the period March
throuqh Au,Tust hid river flows backed water into the marsh
promoting the growth of aquatics. From September through February
low river flows drained the marsh and deteriorated habitat
conditions, resulting in decreased waterfowl use.

During 1965 an inlet canal and dike were constructed in Tonock
Narsh to maintain water levels. These developments created a
new environment with complex management problems.

Because river flows directly affect ground water flows, it was
believed that minimal inflows would maintain water levels in the
marsh during the summer months and encourage production of wluatics.
The inflow could then be increased during the fall and winter
months when river flows were reduced.
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Ecological Status of Topock Marsh	 181

OBJECTIVES:

A. Evaluate he effect of circulating fresh water through the
Marsh on the production of desired submergent and emergent
aquatics and their proper balance in the environment (predetermine
what environment is required for optimum waterfowl habitat).

B. Determine the successional vegetative trend that is occurring
in relation to water management practices and determine wnat
changes should be undertaken to enhance Marsh management.

C. Evaluate other factors affecting marsh and water level manage-
ment in the Marsh, the primary ones being:

a. Geologic flows

b. Aver flows

c. Climatic factors

d. Fish

D. Evaluate water management practices relative to marsh enhancement
for waterfowl production.

JUSTIFICATION:

During the past twenty years aggredation of the river occurred in
Topock Gorge and backed water into the old river channels above Topock
to form Topock Marsh. Water releases at Davis Dam thus directly
affect water levels in the Marsh. Seasonally, hign flows occur from
March through August and flood the Marsh. Low flows from September
through February drain the Marsh and have resulted in deteriorating
Marsh conditions and decreasing waterfowl use.

During 1955 tne Secretary of the Interior directed the construction of a
dike and inlet canal to preserve the natural heritage of tne Marsh. Now tnat
these developments are completed, a new environment has been created.
Study and documentation cf conditions should be undertaken, to formulate
a marsh and water management plan which will provide a basis for
evaluating and advancing wildlife management goals for the refuge.

PCEijrtE:

3ecause of the limited staff at this refuge we feel that this management
study could be best undertaken by a graduate fellow on a doctorate program.

Funds required to sustain the researcher and provide needed equipment can
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UNITED STATES GOVERNMENT 	BUREAU OF SPORT F-ISHERIES & WILDLIFE

Memorandum
	 Region 2, Albuquerque, New Mexico 87103

TO	 : Refuge Manager, Havasu Lake Refuge	 DATE: September 6, 1966
Needles, California
Wildlife Biologist Through

FROM : Acting Regional Supervisor, Division of Wildlife Refuges	 2-R
Albuquerque, New Mexico

SUBJECT: Investigation of Topock Marsh Aquatic Vegetation Mortality

Your field reports of aquatic vegetation mortality in Topock Marsh from
possibly the increase in water temperatures is perplexing and certainly
of considerable concern. However, it will require very thorough investi-
gation. We would suggest that a wildlife management study outline be
prepared for your investigations. This should assist in several ways
of which the planning, scheduling of data gathering, and reporting date
would be paramount. It will also insure proper distribution of your
findings should they have application in other similar situations.

If we can assist in the study planning or preparation of the outline
(following procedures in Wildlife Refuge Manual, section 3331), or in
the investigation, please feel free to advise us.

Mitchell G. Sheldon

P.S. Any chance that herbicides could be a factor in the marsh?
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:6 of ...iscussion on -okocl: . .2:: E.,

7,oct.:m.:).ar 2,

1. "Ile t.urbidity in tha ''arsh is th r<rsult of a blue— an
resemblin tyba, isnabaona or alat1-...rj-z.

.2. ,Tne fil .;oa bloom liaz resultz.K .:. in a definite reduction of acquatic_
foO,1 plants.—

3. .-Zalinit4 wag . increasotl but it tias not establiensd to be a dafLnitc
contributirk; factor to an increasecl al.:;ao bloom or a dccreased fie.;

"population.

't • .irbidity was associated with silt only at ona station near te
Wet-canal.	 A0-99 .not appear . to_bea major contributin,.
ti.ctor ..to lhe present problem in the harsh proper.

tiiited eiamination.of-bottom materiel (rocks) showed lare nuMbers
7sf - red midges that indicate n limited oxy,Ini condition that could
ai.:Nersely affect tLe fishery._

:r:LUTICT:

1. Possibiliti4s of controllini: Vv.!	 Oy ,Isa of an r..1,accide

aas not at this ti. a:pan/ . f3asibl) 'Jut
on a trial basis..

volume •:,.:.cciv,tn,e of water is z,ssential to ;:rov.r.tin,_.; a

recu.r.rence of tis probl:=. '7.'nis would most Ilracticr..11y

accoo -p,lihcil by encourai:v	 .::ff.?ct" of te river

tics in t:„ ...e

1. Initiato ac.ti•h to obtain a le._/.11	 water decr:...-3 for

shoule	 :ear the outlJt of tho
what 4,r,....trs :are	 introeuccd

,:onctlr-iet a :1!.:f1 ,.:tor	 at t:1!	 )utlet to tu rn watrs
It-AA -Late aice at tha canal out1::t.

:z7zpi, - -ru	 stur',.;	 ..)±. data r?.levant
inneCiatd
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eional Director, PWC, Albuquerque, N.M..7ecomber 5, 1966
Attention: Division of Refuzes

efuje 7Lanader,' Havasu Lake NWR
:ieedles, California

Topock Marsh — Ctudy of ';ater Conditions

1-.J.2irl• the week of 29 November to 2 December we -1Pfie a detailed study of
water conditions in Topock Marsh under the gaiOnnee of Mr. Henderson and

aeldon. Attached is a copy of the physical and chemical data that
r. Henderson collected. Also attached is an outline of our combined
thouhts re6arding the problem in the Marsh.

:.ecommend.ation el is a key consideration in any potential solution
tD the al;ao bloom problem. We wish to request an opinion from our
solicitor as to the menin of our water "riEhts 6 . Especially
am concerned with the definition of "consumptive use" in the decree
and the interpretation of whether or not we have a choice of 41,839
acre feet of diverted or 37,339 acre feet of consumptive use. If we
may elect to choose which restriction we have to live under then con-
sumptive use would allow us considerably more freedom in manadins the
Marsh.

aecommendations #2 and 3 depend upon the availability of funds froc some
source other than the station's allotments.

:-.ecommendations ..Y4, 5 & 6 will be completed by station personnel as
ouickly as possible.

:lecommenclations	 — 11 depend to a Lreater or lescer c:ctent upon
the answer received from our solicitor in reply to i ,.ecommendation
action will not be initiated until a reply is received.

:oeommendations .12 and 13 will be etudi:d and incorporated into the
.:Inna,zernrent plan if practical.

:.ecol:iendation 14 should be initiated by F.:).

would jroatly ar,prociate any comments or su.7z.zestions rezardinL; the
hove recommendations.

Mayne•. Graves
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SUMRARY REPORT OF TOPOCK MARSH WATER QUALITY INVESTIGATIONS
HAVASU LAKE NATIONAL WILDLIFE REFUGE

November 28 - December 2 ) 1966

An inspection by boat of the Topock Marsh with Refuge Manager Graves
and Assistant Manager Welsh initiated the investigations of the water
quality problem in Topock Marsh. The water within the confines of
the dike had a homogeneous algae bloom severe enough to turn the water
a chartreuse color. It is extremely turbid, with visible light
penetration of about 10 inches, which I am sure has resulted in a
severe reduction of aquatic plant production. Fishing success has
been extremely poor and is the primary complaint of the concessionaires
and their customers. The only fish that have been reported, according
to one concessionaire, are those which in his opinion have been caught
by trotline. Legal sport fishing has produced practically no catch
within the dike, while the southern half of Beal Lake and other clear
water areas below the dike have produced moderate success.

The water level within the marsh is being maintained at 455 feet of
elevation. Beal Lake, immediately adjacent to the marsh but below
the dike, was a level from 2i to 3 feet lower than "normal." The
river has dropped, which has caused lowering of the water levels below
the dike. We are, however, still receiving sufficient water at the
inlet structure of the canal to produce the calculated 100 second feet.
There is a large sand bar forming immediately adjacent and upstream
to the intake of the canal, which will soon, I am sure, present problems
of getting a sufficient head to provide the necessary water.

The canal has been flowing at 100 c.f.s. for approximately 90 days
and has just maintained the 455 elevation of the marsh. On November 28
the first water this year was trickling over the stop logs ) but this
may have been due to a breeze blowing directly into the structures.
This inflow of 200 acre feet per day indicates that a large geologic
loss of water may exist. This assumption is based upon the pri.mise
that 6 acre feet per year is the evapotranspiration rate that is
generally accepted for this habitat and vicinity. This evapotranspira-
tion rate should now be at about the low for the year because the bulk
of the marsh vegetation has died back and climatic conditions are much
cooler. At the present rate of 100 c.f.s., we will be able to run
the ditch for approximately 200 days before we reach the 42,000 acre
feet diverted, as stipulated by the decree and the Bureau of Reclamation.
An opinion from our Solicitor's Office should be obtained to determine
whether we have the either/or prerogative of diverted water or consumptive
use. If consumptive use is the criteria for measuring our water right,
this would permit reasonable marsh management and an adequate supply of
water to correct our present water quality problem.
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A more detailed inspection of water conditions was made in cooperation
with Croswell Henderson and Ronald Gumtoe, of Fishery Services;
Riehard Fisher and Don Welch of River Basin Studies; and refuge
personnel. The physical and chemical data collected by Henderson and
Gumtoe ia appended.

Waterfowl use of the marsh proper was quite low except for the arm
north of the canal outlet, which was being used by gadwall, baldpate,
some mallards, and coots. A couple hmlAred geese were using the
sands spits and mud islanas within the marsh as resting areas, but
were feeding elsewhere. It is assumed that the low waterfowl utiliza-
tion of the marsh is due to the extreme reduction of aquatic plPnt
production.

Recording water gauges were installed on November 26 by Geologic
1 Survey personnel, and in a discussion with them, they were of the

opinion that when the river levels are lowered through channelization
this will probably severely reduce the marsh by draining through the
sand and gravel of the old underlying river channels, which would
possibly substantiate our contention of a severe geologic loss at
present. This loss may, however, be accelerated because of the
"head" that is created by holding the marsh at a 455 elevation and
might be reduced if the lake elevation were somewhat lower. Other
possibilities of reducing this geologic loss would be to dike the
arm north of the canal outlet, as all evidence inAicates that perhaps
as much as one-half of the discharge is flowing into the dead-end
north neck at 20 c.f.s. It has not been Checked during the period
of increased flow except that the north neck is clear (has no algal
bloom) at present. This clear water is, however, progressing down
the marsh and is at present approximately one-third the linear
distance from the canal outlet to the marsh outlet structure, but is
perhaps only one-fifth or less of the marsh water area.

This algae that has caused the bloom is to be identified by
Mr. Henderson, as are requirements of this particular species if
known. It appears to be a very tolerant plant, as it is found from
the feather edge to depths of 12-15 feet and has been a continual bloom
through the temperature range of above 100 degrees to the present low
of 50° F. It also apparently "prefers" a somewhat more saline condition
than is found in the river or "cleared" portion of the marsh. Specific
requirements of the algae if known may contain some indication of a
possible control method.

The consensus of opinion of all the investigators present was that
the only apparent correction of the undesirable water vality condition
Is a complete exchange of the water in the marsh. This is based not
only upon the clearing effect of the increased cpnat flow, but also
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that this condition did not exist historically when the marsh surged
with,theincreased river elevations. Draining and refilling were
i.êdOUtbecause of the extended refilling time predicted. This

4ii-ededexchange during the critical summer period might be brought
by propping open the flap gates of the outlet structure,

increasing the number of surge inlets through additional gate- .
'controlled'struqViares, and/or breaching the dike. .,Additiotial,:,64.

rarizg,1340lie,rar_biçved;through utilization of the eXidtinCifigatipp .-

At;:ucgqpIpayaverses-ih -i_fai.ii:tield-S;but should be used th
ciwIl_Op2f_absol4aly eSsential, as this will probably also be

	i0„-:;a64nst our water right.- .„

To improve the water circulation 'within the marsh, it appears
essential that the vegetation-choked channels between Goose and
Willow Lakes and between the main marsh and Beal Leke be opened,
probably using some type of explosive. Additional circulation
might also be achieved through the use of high-volume, low-lift
barge-mounted pumps similar to those that are planned for use at
the Anahuac Refuge. A summer surge structure, if additional ones
are justified, should probably be placed between upper and lower
Beal 'Ake for additional circulation. Construction of an additional

-channel between Beal Lake and Willow TPke might also be considered
for a more efficient water exchange. Interior diking possibilities
should be investigated to better utilize the allotted canal water
for immediate and long-range marsh management if we are required to
abide by the 42,000 acre feet diverted water of the decree.

It appears essential that some type of fish population census and
species composition be conducted as soon as possible. The dissolved
oxygen content of the water Should also be investigated under various
conditions from just before daylight until after dark during a one-day
period because of the abundant midge larva that vas found during the
investigation, and these are usually indicative of a low available
oxygen content. This is further borne out by a phone call received
from Assistant Manager Welsh that on December 8 he found three bass
and seven carp in a shallow area of the marsh that were exhibiting
signs of severe distress. These fish were reported to be "gasping
for air." The fish were not retrieved because of the nearby fishermen,
and it was not wanted to point out the fact that some fish may be
in trouble. The refuge staff has indicated they will keep a close
check upon this and keep us advised.

In summary, it should be pointed out that information and suggestions
contained herein or appended are a temporary solution to the immediate
problem and that long-range plans need to be formulated for marsh
management following the probable dredging of Topock Gorge and the
resulting average low river elevations.

Mitchell G. Sheldon
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MiMO IQ: Kacoru	 December 26,

FROM: Croswell aanderaon, Pesticide Surveillance Project, Fort Collins, Colorado

3UAJEGT: Trip K.port'- oavasu 141 .4a ..4il411fe aefuze, ro water quality in Topock a.ran

1AUS: Sovember 23 - Duce:mbar 2, 1966

.;AJOit COULLCIS;
Zlayne D. Graves - lafuga Manazar
Joa Walen - asst. aofugs Manager
Mitchell G. Shaldon (asd) - 2iologisr, 4i1dlifa Refuges
Dennis Illige - Rivar
aicharu J. Flans; -	 hery biologist - liver L:aains
Donald d. 4alch - Wildlife niologist - aiver isias
Ronald L.Gumtoa Fianery Liologist 7iohary Z,arvicen

•_Iv..tner 24 - 1:;) inoeul:: via :.;estara Alriihes - Lv. iort olim 9;3t	 t, rrive

Phoenix 1:j4.;	 lo 21loaaix	 :;asins offica. Iii4CUj4441 TopoCi‘. ,Aarsh

ProJi= 4ich 1.1114e, iinoar and f;on Jelch. To .ieedlaa, Cali2ornis via Govt.

auto vit isber and Don 'ielca. Mac Blayna Gravea ano .1Q4 v,ioleh and maile

Le:ICAO:it plans :or Topock Harsh investigations.

ovember 29 - To iopock Marsh with Graves, Jos Welch, Dot, *delch, "lisher and

Guntow. Took vater sanridas in 2 aum!..ar of areas througnout te laka for

anal7ais. Major problem - heavy bloom of a olan1;_toal-a--a-lse-green .11.42 :2_1!

causing excessive turoidity and shading out suumergent waterfowl food plants

and apparently also having Z0424 alleot on fishing in tna naran.

nvember 3U - Joinau hy 2ad Snalidou. To Topock Moran hy boat wit'a Steldon and

Joe :;elch. Influx of flow is clearing up watar to soa.: extant in upper

raactea of ears:i. got rest of party and went co Zopoc.: Gorge via jat boat.

io alg.o proolums down rivar, all waters clear.
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As the fishery has apparently been affected and there is little or no

ifornation 'mailable ou fish populations in the lake, Cumtov and Dick Fisher have

;reed to couduot limited fiah populations studies in the nersh. They will contact

..maa directly as to'timing etc.

If the temporary measures taken to increase flown, totter exchange etc. de

t improve or correct the situation, it may he neceasary to carry out more

tenet,* studies. A final program would necessarily bdi based on results of the

'dies preeeatly being carried out. It way be necessary that additional chemical

:erminetion suth as hardness, alkalinity, suffates, chlorides, nitrogen,

aphorus - he conducted in order to determine sources or reasons for buildup of

ca in the lake proper. Higher pH, 'aerates., and conductivity V*11143 appear to

uisocieted with the presense of the algae bloom but have not been established

:he cause.

Plankton taunts should be made periodically to determine if nuabers fluctuate

conditions under which fluctuations occur.

Studies of bottom animals used as fish food should be mad*.

Further studies of fish populationa ,, including •pasuing success, etc. should

mde.

If algae blooms are cleared up throughout most of the lake Sut remain in some

3 nat do not receive such circulation, chemical treatment could be tried on

-yerimental basis. The very herd waters may causa difficulty in the use of

ir copper sulfate, however a chelated form may be successful. I have

.lated information on other possible algacides from Dr. Palmer, once he definitely

:ifies the algae.	 any elgacides may also have an eifect on the vascular

:Ic plants.
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The bloom in Topock Marsh has persisted sii144 June under temperature conditions

saing from 10-0 I to less than 60° Y. It nay begin to naturally dissipate with

wet water temperatures.

The influx of now...flow. 	(100 cfs since Septmsher) has apparently cleared up Some

sae in tne upper portion of the lake. A continuation of or an increase in vs tar

•:hange may further improve cooditions. The tree of improvemeat should bo

parved carefully and the rat. etc. recorded.

Physical and cholaical conditions; (temperature, turbidity, pd and conductivity)

ruld be recorded at one or two week intervals at the stations shown on fir. Sheldon's

and possibly *hove and below the change indicated by the influx of now water.

The following equipment was loaned to Refugee in order to nelp with the coaduct

the above study:

USGS Turbidity scale

dellige pH outfit with phenol red and thymol blue color disks and ildicator

solutions

RB3-316 Solu aridge with VS-1 and VII -1 conductivity cells.

A study should be sad* of the diurnal fluctuAtious of dissolved oxygen. A

37 bloom of algae may GILLS* oxygen depletion especially in the early morning hours

a may affect fish. I would suggest that oxygen studies should be made about

each month with readings taken every two to four hours from before daylight until

r desk. A mirdsmas of four sampling stations should be includeds 1. Upper

h - above bloom area; 2. Five mile landing; 3. Catfish Paradise; and A. Inlow

c
sIgta Irkurrsrso bloom occurs. 4

Cl.mtow will give assistance in setting up the oxy3en studies and will furnish

ment. I will send sewn additional equipment and reagents to help with these

lea.



192

All partlea concerned sntuld pro2ia517 zec to&ether about April Or UA7 to

:Aries+ information aOtairo.d and examine conditions existing in ths marsh at this

_za. A definite proirem of study, if needed could he set up at this tins.

Cresuall Aenderson

islc

Ragionsl Director - Region:1

Washington Office

Rsfugss - legion 2

Laya* Graves t,-/-

tonsid Gumtov

River Isaias - Phoenix

./

Su 3:1,3
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Regional Director, FWS, Albuquerque, N.M.	 December 30, 1966
Attention: Division of Refuges

Refuge Manager, Bavasu Lake 11WR
Veedlee, California

Topock Marsh — Study of Water Conditions

As instructed by Mr. Nelson in our telephone conversation of Lecember 19
we have initiated a series of drawdown "flush" cycles on Topock Marsh.
We removed 27" of stop—logs at 3:30 p.m. on December 20, 11" of stop—
logs at 8:15 a.m. on December 21 and an additional 22" at 12:15 p.m.
on December 21. Tho Marsh elevation prior to removal of the stop—logs
was 45514. A reading was taken at eaoh of the 4 staff gauges twice
daily during this first cycle. These readings are included on the

During this first cycle the inlet canal continued to flow an estimated 70
second feet until recember 23. On this date the inflow of water was
increased to delay the cycle in the hopes that the stop—logs would not
have to be replaced on Christmas ray. After adjustment an estimated
100 second feet of flow was introduced into the Marsh.

Readings from the staff gauges on December 22 indicated that the Marsh had
been drawn down approximately one foot. Two bays of stop—logs were
installed at 3:30 p.m. on the 25th. The remaining two bays were installed
at 1100 a.m, on December 26. At the completion of the first drawdown the
Marsh elevation read approltimateLY 454.14.

During this drawdown period a marked change was noted in the water conditions.
the "clear" water moved from a point approximately -4- mile above 5 Mile Landing
to a point'approximately 300 yards down Marsh from 5 Mile Landing. A zone of
mixed water was evident that reached from the clear water lin south to
Golden :bores. The water below Golden Shores showed very little change.
Water quality tests showed a marked reduction in both turbidity and con-
ductivity at 5 Mile Landing. The water tests indicated that little
change in water quality had occurred at Catfish Paradise. Mr. Gumtow ran
oxygen tests at Catfish Paradise on December 23. :le found 9 pInn of oxygen
which he indicated was very good. There was no indication of a lack of
dissolved oxygen.

On the 27th I made an inspection of the canal by drifting from the inlet
structure to C20 in a small boat. No additional cutting action was noticed
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on the ditch banks. We decided to increase the inflow of water again.
At 2:00 p.m. on the 27th we raised the inlet gates 4" to increase the

nflow by approximately 20 second feet. The ditch was agai inspected on
the 28th. No bank damage was evident.

After 4 days the Marsh elevation has risen approsimat034 .2 of a foot.
We estimate that the Marsh will be raised to 454.5 by January 6, 1967.

Blayne D. Craves
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Files, Havasu Refuge
	 January •, 1-367

Fishery Mgt. Biologist, P a rker ; Arizona

Water samplinz and ota;ervaticns, Topock Marsh

Following are data on the 8-23, 11-3 and 12-28-66 visit to Toaack
marsh.

8-23-66
SurfacR

Location	 Temp. uF	 Notes

River	 69
Canal heading	 69
9000' down canal	 76
15200 1 "	 76
17500 1 "	 76
18200'	 " at	 --
Canal mouth	 77
1200 1 N of mouths lake	 80
1200 1 S " "	

▪ 	

83
400' '4" 	•

	

83
1 mile S,	 90

,f

Clear water
Above
Above
Sliant turbidity, inflaence of lake
2urbidity, clay
Turbidity, clay

Turbidity clay
Above
Above
Plankton tirbidity

A large strong eddy evidenced by debris drift was immediately north of
the canal mouth and visibly extended over an area of about 200 feet
in diameter, a slight eddy was south of the canal mouth. In the upper
canal reaches banks are sloughing away and the canal haa poor hater
carrying characyerisitics„ sandy bottom; some grasaes fBermuda) grow-
ing along bank appears to hold bank. Lower canal reaches bank becomes
clayey and less aloughing appeared, canal appears more water tight.
Considerable loss in temp from mouth to end in canal, becoming several
degrees higher than river. Brush and trees may help. Jrmap there are
several old river channels W.alch may provide some aid thraugh sub-surface f".
floes from river (such conditions are known to exist in other downstream
reaches of the river). Canal flowing 25 cfs. Sujarest train laraer incremen-
of flow.

11-30-66

Locati-:n 'rime Temp. Cand. Turb. pH	 Notes

rive Mile 1145a 59 1
0 70 8.2	 Plankton turbidity

1 M. N. 5 Nile 1155a 59 1350 21 ---	 Above
1. N 5 Mile
200 yds. W 1257a 59 1200 20 8.1 Silt turb.
500 yds	 W 1216a 59 1300 70 8.4 Interface ; silt and Plk.
800 yds	 W 1222a 59 1300 55 8.1 In arm betwean*drned.

trees.
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A distinct line appeared between silt and plankton turbidity in a
westerly direction from the section Corner. At the extrete west end
silt turbidity again apTeared.

A . disolved oxygeb reading obtained from a avletakenff the dock
at Catf. Paradise at the bottom (4 ft. contour) was	 ppm. Turbidity
could have influenced the sample however heAvy.Win6 blowing over the
marsh with resultant mixing during the last three days undoulitedly has
made for high oxygen contents. The . sample is not doubted.

The location and arrangements of four gates in a single phase exhaust
system appears to be less adequate than four seperate gates at that
nuther Of locations. Sucb an arrangement may offer better re-circulati
possibilities.

This office has agreed to set up and condict limited fish population
sampling when the water temperatures start a warming trend about in
March. Nan-power requirements for such work will be met by the Fefuge,
and R.B15 when avaialable. More deti 4led studies would necessitate
additional funds and raan-power.

.0%.7L
Ronald E. Cumtow

Os Regional Director
Refuge Manager
C. Henderson
RBS, Phoenix
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:Ajionnl :tirector, i'L:, ,a -suquezque,	 Jannar:: IL, 1)-..;
.Attehtion: :ivinion of flefes

,efa,e 7ana„e:', :ava3:.1 Lake :sef'Icje, *:eodies,

pock	 -.3t1:.u,y of e•tar .Zonditionp

le have completed tae second cycle of the narsh "flushin". Ao 2reviounlY
repofted tne fist ::.2aw down was coplete ZA Lecember 26th. :he :tarl
displayed a vezv L:radual increaso in elevation throuL:h january 12 when
the taret elevation	 454.5o was .reachec. 211.ri:k; this period the river
elavationewere low and water flow throula the inlet canal aporati.;.

All sto2 logs were removed on January 12 at 1:00 p.m. and the second
draw doua initiatoq. !dyer levels remained low per!dttinz razia F-oleaso
of water and the draw aown was complete on Sanuary 14. :ha stop lo,,,;s
were installed at 4330 p.m. on thp 14th.

Darink: this second o.:(cle no cane of the inlet control .;ates was
no esti.mtea flows in the canal varisd from 30 ofs to 150 cfs. d.zrih„

t!,e	 out y,rs'oa-cly avers„ .,..:ea less than 1X cf. ::everal inactioms
of the canal Ic.s!..nk.s r6vealea no si,illficant ecosion.

L1rin6 this secohd cycle the water •alitz," i:12roved consitiorably. ?ha
",lear water lino" moved down to C.ol.lon. ';;Loros 	 mixed water was eviaont
as far :Iowa marsh az Cat:ish Itara,diso. J't- least a po ..tion of this cisanini;
coqld be attrinte,:l to ten:eraturo 117io off" of tho	 'sloom az water
aenditions in eal iazo :hro no cio.zlatioh was ?ossi -ale, also iproved
markedlj ,Infin this perioa.	 af	 Aatar qqality tes -r.s
are	 ac 	fo:' yoar 2Crji,Y1.

Urava::
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IOMONALFORMNMW

W13-104

UNITED STATES CrtiVERNMENT

Memorandum
TO	 : The Files

	
DATE: April 27, 1967

FROM : Refuge Manager, Havasu Lake Refuge, Needles, California

SUBJECT: Water Quality Data

Ron Gumtow and I have discussed the question of collecting data from Topock
March to some extent. Ron has also had an opportunity to talk to Brudge
Henderson. We feel that the following schedule will give us adequate
quality data during the coming summer:

Weekly - Refuge personnel should run turbidity, temperature,
pH and conductivity tests weekly. If possible, this data
should be collected at approximately the same time of day
each week.

Biweekly - Every other week we should include tritration samples
for alkalinity, hardness and a single dissolved oxygen test at each
station.

Monthly - Ron will schedule a monthly trip to the refuge and will
run a series of tests at Catfish Paradise and ai the outlet structure.
These tests will include dissolved oxygen run every 2 hours during
the daylight hours, CO2' H2S ' chloride, nitrate, Phosphate, nitrite,sulfate, vertical temperature and possibly a coliform bacteria count.

In a discussion with Jim Rouse, FWPCA, Jim indicated that their
agency will be running a bacteria count on a monthly basis at
certain stations along the river. He said that he will try to
set up one station in Topock Marsh to give us a monthly bacteria
count.

If we succeed in obtaining a fisheries student as a summer assistant, we
should also expand our program to include data from additional stations
throughout the Marsh. This expansion to the program can be detailed
when it is certain that summer assistance is forthcoming.

Blajne D. Graves



OPTIONAL MIA NO. 10
solo—lo.
UNITED STATES GOVINCNInAENT

Memorandum
TO	 RefuEe Nanar.er, Havasu LakelFIR	 DATE: June 29, 1967

Needles, California

FROM : Asst. 2efuEe !'anaL.er

SUBJECT: 'Aater Quality Conditions in Topock Marsh

June 28th Mr. Taylor and myself collected a series of water temperatures
data on the surface and 3 feet below the surface at various points in the
marsh between Five !ale Landing and where the inlet canal enters the marsh.
The data is presented in tabular form with locations of the data collection
sites on the attached map.
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Time	 Station

8:00 a.m.	 5 rile Landing ..
6:40 a.m.	 i mile north 'of 5 Vile
9:05 a.m.	 Lower Tonock Bend
9:10 a.m.	 addle Tonock Bend
9:20 a.m.	 Upper Tonock Bend
9:30 a.m.	 300 yd. south of inlet canal
9:45 a.m.	 Inlet Canal -
10:00 a.m.	 100 yd. east of inlet canal
10:10 a.m.	 100 yd. north of inlet canal
10:15 a.m.	 300 yd. north of inlet canal
11:05 a.m.	 5 Vile Landing
1:30 p.m.	 5 Vile Landing
1:50 p.m.	 -4-mile north of 5 nile
2:00 p.m.	 Lower Tonock Bend
2:05 p.m. 	niddle Topock Bend
2:15 p.m.	 Unper Topock Bend
2:20 p.m.	 300 yd. south of inlet canal
2:30 p.m.	 Inlet Canal
2:40 P.m.	 100 yd. east of inlet canal
3:40 p.m.	 5 'iile Landing

90o

Surface 3' Depth

84(30 82°
84

84o

80°o .
78..k o

82
.7o6
i3o

74 70°
65	 ' 65o

68° g°
71° 69°
75

0
72°

88o 8,o
93o 98o

94 90°
92- 8

5
o

8:lo
o

84:
79

79 - 72°
72° 69°
70° 68°
95 o 93o

Thee te=eratures were collected in an effort to locate an area where suitable
t enmeratures exited for t'ne 7.)lantin7 of the bass on June 29, 1967.

4. •ka4L
Welch
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Regional Director	 June 30/67
Topock Marsh

We advised we were aware that degradation in the vicinity of the 30 c.f.s. structure and the proposed now
100 c.f.s. diversion may preclude the possibility of diversions into the Topock Marsh especially during
the period from October through February when the flow in the river is low. This would mean we could
divert only during the remainder of the year but this is the time of year when the water would be needed
the most especially for temperature control.

Charts prepared by the Bureau of Reclamation indicate that degradation is occuring at the Topock Bridge,
and during the 7-year period from 1960 through 1966 this has mounted to two feet. Even if the Topock
Gorge is not channelized this degradation is expected to continue but at a rate which nobody can forecast.
The design of the outlet structures will depend upon river conditions at the time designs are prepared
because the greater the head differential between Topock Marsh and the Colorado River the more the
structures will carry.

The suggestion was made that perhaps the Beal Lake Structure be designed only to automatically
discharge into the river* Fresher cooler water will be brought into Beal Lake through the new channel
constructed between it and the main body of Topock Marsh.

Following the discussions, it was tentatively decided that we would prepare an estimate of the quantity of
water in acre-feet that we would need to accomplish our purpose. The Arizona-California decree sets forth
a maximum diversion of 41,839 acre-feet with a consumptive use of 37,339 acre-feet. In arriving at our
water requirements, we must include the 37,339 acre-feet of consumptive use which is for pond
evaporation, evapotranspiration, farming operations, and any other consumptive use. In other words, what
is needed is in estimate of the volume of water required to meet our requirements of one, two, or three
complete changes during the year. Changes should be designated to occur when they will best serve our
purpose.

In addition to the above we must furnish a justification for this extra water -- in other words the benefits it
will provide to overcome existing problems.

This information will be sent to the Bureau of Reclamation in Boulder City, Nevada for concurrence,
suggestion and comments. It will then be sent to W.O. for reporting further to the Bureau of Reclamation.

If and when we ever get approval to increase our diversions from the river, the Bureau of
Reclamation appears to be willing to design the facilities needed for diversion of water, facilities
for discharging water, and making suggestion and designs for reducing turbidity and Improving
circulation.

Francis V. Olson
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Regional Director	 June 30, 1961

Regional Engineer

Havasu Lake NWR - Diversions to Topock Marsh

On June 27, 1967, Mr. M. C. Nelson and I discussed with Messrs. Paul Oliver, Stan Freeland,
and Jonez of the Bureau of Reclamation in Boulder City, Nevada the water problem at Topock
Marsh. Following our meeting we very briefly discussed a recommended course of action to Mr.
A. B. West, Regional Director.

The problems of alkalinity, turbidity, and water temperatures and their effects in the Topock
Marsh were discussed in considerable detail.

Mr. Nelson explained that from records kept since about January 1, 1967, there has been an
increase in turbidity, soma change in alkalinity or salinity, and a significant increase in water
temperature. This in turn has its affect on waterfowl and fishing conditions in the impoundment
area. From a recent centrifuge test of a water sample, no blue algae or vegetable material was
found but all suspended matter was mineral. Since the impoundment area has been held to
approximately elevation 455 the general concensus was that the turbidity was caused by wind
acting because of the large expanse of shallow water.

To over come the turbidity and to improve circulation of water in the marsh, Mr. .Oliver
suggested digging some holes and opening up some channels using the spoil to create wind break
dikes. This sounded very reasonable to us.

We explained that we were very seriously considering increasing the diversions into the marsh to
control salinity and water temperature. In considering diversions into the marsh we were
suggesting rates of diversion up to 330 e.f.s. To got this quantity, water would be diverted in the
following amounts at the following points:

1. 150 cis at the new diversion structure built by the Bureau of Reclamation.

2. 30 c.f.s at the old diversion structure inside the refuge and now the fanning
units.

3. 100 c.f.s. through a new diversion structure located about 3/4 mile upstream
from the 30 c.f.s structure.

4. 50 c.f.s. through a new structure to be Installed in the Beal Lake dike.

Cc: Refuges
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Regional Director, FWS, Albuquerque, NM	 June 30,19
Attn: Division of Refuge

Refuge Manager Havasu Lake NWR, Neadles, California

Water Conditions - Topock Marsh

Attachad are the remate of a survey of water conditions in Topock Marsh. Note that the
temperatures at a depth of 3 feet are quite close to the surface temperatures. This would
indicate that the water within the marsh is being effectively "mixed". This is supported by the
readings taken by Mr. Gumtow on the 29th when water temperatures at the outlet structure
were the same, 84°F, on the surface and at a depth of 9 feet. During car examinations of the
marsh we have observed scattered indications that some aquatic vegetation is present. During
the last week the samples of vegetation have been noticably "pale" and "generally sick.
looking". We feel that this is due to the combination of high turbidity and increased water
temperatures.

We feel that these observations indicate a rapid degmeration of water quality to a condition
similar to that which preceded the algae "bloom" last summer. We also feel that the need for a
rapid exchange of water is urgent. River levels have been quite and our efforts to spill water
are successful only for a brief petiod during the weekend low flows. We request permission to
open the flap gates on the outlet control structure to permit an exchange of water. We
recognize that this may not solve the present marsh condition but it should certainly improve
water conditions to some extent. The data gained regarding the influence of such an action
could prove highly valuable in evaluating proposed actions in the future. We feel that all
possibilities should be explored to provide a sound basis for future decisions.

Our bass arrived from the Cedar Bluffs National Fish Hatchery on the 29th. The 200,000
fingerlings were planted at a site approximately 100 yards east of the canal along the eastern
bank of the marsh. This was the only site where we could approach the water with the hatchery
truck that had temperatures that would permit planting. Water temperatures at the release site
were 70°F. At the surface and 68°F. At a depth of 3 feet.

Blayne D. Graves
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RegionP1 Directcr, TWS, abuauerque,	 August 9, 1967
Attn: Division of Jildlit'e aefuges

Refuge 14anager 1;kvasu .are Nda, Needlce, ;alifcrnia

Water Yanipulation - 'oeock Marsh

Durin the we of July 24th e noted a marked chane in the appearance
tze water in Teocck	 The -water had a creenish celer and resembled

the samples that we had colleeted lnst fall when te algae bloom cccurred.
lee results of our weekly testing showe:: little change in turbidity, pH,
cr conductivity; however temneratures were increasin:r, at each of the test
stet-Jens. A sample was .collected from Beal Lake and placed in a centrifuge.
The results showed definately that algae was present in significant
cuantities. rie contacted	 and received permissicn to cT:cn the flap gates
on the cutlet structure to exchange water in tre marsh with te understand-
ine tnat the marsh elevation was not to exceed 455.50.

The gates were opened on July 29. iiie river elevation at the structure
was 457.20 while tee marsn elevation was 455.33. :iater moved into the marsh
until late in the afternoon on the 30th. The river low on the 30th was
455.10 and we effectively evacuated wat2r frcm tne marsh for approximately
5 hours. We again evacuated water on the 31st when the river reaehed a low
of 454.96. The gates were closed on August 1.	 elevaticn at this

was 455.50.

:e establisleed 5 teetinz stations to evaluate t.le esl of our water
ranieulation. esuits cf our tests are tabulated on the attached sheet.
•e collected water sales at each station eac ziay and preserved them
or analysis. The_prinaryeffect.. -..of :the water- frii5venirit . was a-lowering

tof - temperaturee in the southern -portion Of the marsh.  Station I dropped
147 and station 2, lccated about 'mile ncrth 	 I;itfish ?aradise,
dreyoed 11° F. Ihe appearance of the Na ter iJinroved ccnsider7ible to
a -f;ciLlt just north of station 2.

-le feel that tais trial coenin .,.. cf the rates indicated tLat the -rsh
c•n.tions can be significantly affected by oceration of te cutlet ,,ates.
:e also feel that the effects weu1.3. nive been ::ore extensive ta.:1 we not
been limited to an clevation of 455.50. iad the -:J,ces oeen cnen for a
lchRer period cf time we are confident that te ..ivaer quality could ,.;pve
lyeen i:aeroved as far north as Five .Mile Landin.
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1350
1300
1250
1275
1100

1350
1250
1250
1175

1150
1250
1275
1250
1100
2300

1150
1 .450
1275
1250
1250

1250
1250
1250
1300
1100

1250
1250
1275
1250
1150

1250
1250
1225
1225
1050 .
2300

Weather

Calm
Scattered
01ouds

Slijlt breeze
f:'cattered
Clouds

Gusty
Scattered
Oloudz

Gusty
Scattered
".lcu.!s

scattered
Acuds

Elijbt 17 ,reeze
r ,lttered

1 i7ht breeze
1 ear

Topcck Marsh - Algae Survey
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Date Station Time Term TLip.

7/28 1*. 6:00 pm 96 45
2 6:25 95 20
3 3:50 95 35
4 3:15 95 8.4	 30
5 2:30 94 8.4	 25

7/29 1 4:50 pm-- 86 7.)	 45
2 4:25 88 7.9	 45
3 3:50 92 7.9	 50
h 3:15 91 8.0	 55
5 200 93 7.8	 35

7/30 1 4130 pm 82 7.9	 45
2 4: 00 84 7.8	 50
3 3:25 87 7.9	 60
4 2:55 86 8.0	 70
5 2;15 33 7.8	 75

eeal '6:35 90 8.0	 120
Lake

7/31 1 4:50 pm 85 7.8	 45
2 _4:25 86 7.9	 .25
3 350 90 7.9	 h2
4 3:20- 88 7.9	 .50
5 2:40 89 7.8	 '50

8/1 1 4:35 pm 55 8.0	 55
2 4:10 89 8.0	 50
3 3:50 92 7.9	 55,
4 3:20 86 8.4	 60-
5 2:45 92 7.9	 60

5/2 1 4:05 pm 85 8.3	 63
2 3:45 89 8.2 - 60
3 3:20 93 E.0	 50
4 2:55 95 3.0	 60
5 2:20 93 8.0	 25

3/9 1 3.55 am 35 3.0	 50
2 8:45 57 8.0	 45
3 8:30 37 7.9	 55
4 3:10 56 7.9	 60
5 7:50 35 5.0	 45

2eal
iwz:e

13:30 37 7.2	 90

6't14:L cr:-t 9- 
SS .3 s>

"-	
're 53'1 5-0
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HAVASU LAKEllATIONAL WILDL.LPh REFUGE
(Detail of Topock Marsh)
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August, 1967

Refuge Manager, Havasu Lake NWR, Needles, California

Telephone conversation with Red Sheldon and Marc Nelson

Red called to ask several questions regarding Topock Marsh and our trial inflow of water.
I reported the results that we observed and stated that I felt that the improved water
conditions indicated we should attempt to control the algae bloom with additional water
in the marsh. Mr. Nelson came on the line and discussed the marsh and stated that he was
authorizing me to raise the marsh to elevation to 456.00. We are to attempt to spill water
if at all possible then permit the river to circulate through the outlet gates. Marc is on his
way to C.C. and instructed me to report the results of the increase in the marsh elevation
to Jim Harman next week. I indicated that we would send a report on our activities in the
marsh to R.C. as quickly as possible.

Marc also discussed the development of Shorty's Camp. He stated that the issuance of a
contract to Mr. Harcourt is dependent upon his willingness to make us aware of his
development plans in advance of any construction. He indicated that the contract for Mr.
Harcourt is presently being processed.

Marc inquired if we had any additional information regarding the road problem in the
Bill Williams area. I replied in the negative and Marc requested that we inform him if
any additional information should become available.

Marc also requested that we make an accurate determination of the amount of fence that
will be required in the Havasu Landing area to control access. We are to explore the cost
of construction of said fence and send a report to R.O. I can only guess but we may
receive additional funds to handle this problem.

Blayne D. Graves
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•P. 0. Box 427
Boulder City, Nevada 89005

Dear Mr. West:
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I am writing this letter to express my concern over the difficulty
we are having in overcoming the water turbidity problem at Topock
Marsh.

As you may be aware, our inability to date to hold down summer water
temperatures in the marsh impoundment has resulted in an algae bloom
which turns the water a dirty, greenish-brown and is injurious to
the growth of aquatics as well as to fish life: There is a certain
amount of sediment involved in this turbid condition as well.

• We have experimented rather unsuccessfully with surging the impound-
. ment and attempting to replace the bad water with good. Unfortunately,

the algae bloom does not dissipate appreciably when cool weather ar-
rives, but it is during the cool weather season when evaporation is .

•• low that we would have the best opportunity to flush the Topoek Marsh
out, if there were sufficient water available from the river. Any
inflow at this time would be helpful since there is so little water
loss from the marsh. I understand, however, that we are getting no
flow through the intake structure at present low river stages because
of silting in front of the structure. Perhaps your people and ours
can discuss this problem in greater detail at the time of the proposed

11 meeting in January on the dredging, but in the meantime, we would liketo be able to pour as much fresh water as possible into Topock Marsh
• during the present cool season.

Any assistance you could give us in this matter would be appreciated.

Sincerely yours,

v/by to Field Supv., RBS,
Phoenix, Arizona 12/20/67 (HLB)

Willian T. Krummes
Regional Director
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The problem of water quality in the ne(Wly impounded Topock Marsh development is re-

ceiving intensive study by our Bureau in an effort to clear up the turbidity as

quickly as possible. The dike which was a long-time proposal of the BSF&W was
,

completed by Reclamation in 19 !p6 It had by then become a necessity because of

decreasing winter water levels which were beginning to leave the Marsh high and dry

in winter. Conversly, IX the marsh fluctuated to extremely high levels in summer

when river flows were up. Construction of the dike became a necessity for preser-

vation of the Marsh and its waterfowl and fish populations. .

Diking of the Marsh to protect it from drainage in winter made it susceptible to

high water temperatures in summer when river levels preclude spilling and circula-

tion of the water in the Marsh impoundment.

UMM=ME=Ot• 53=M;MMfaMMt

MMMMEMfrMEWAMM

sl=mn
d

vantowsrmaroxv=zinsizsizts2±1-9-a. The deterioration . in water quality

persifsSinto fall and winter seemingly little affected by colder temperatures. It

cannot be adequately replaces in winter by fresh water because of the limited

quantity that can be obtained from the river during low winter flow levels.
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ie impounding the maximum water surface allowable under our water rights decrees

about elevation 455 feet, with about 4,000 surface acres. The maintenance.of

this pool and other irrigation processes for present and proposed farming practices,

utiliztit our 38,000 acre-feet approved for consumptive use. The 41,000 acre-feet

of water authorized for diversion is insufficient to maintain suitable water

quality. Present inflow capacity and water control structures will not permit sig-

nificant increases in diversion for circulation.

We are diligently studying the problem. Fishery Management studies are following

the progress of water level manipulation experimentation and also providing the

bais for fish stocking practices that are being carried out by the Bureau.

Water elevation and turbidity readings and sampling is being followed through by

refuge staff. Water manipulation experiments were carried on all summer of 1967

in an attempt to evacuate turbid water and replace withigish.. Success was limited

but showed promise in the lower part of the lake where the spilling was done and

the upper part where inflow occurred. Problem is the inability to spill from the

impoundment about 5 out of 7 days a week because of high water levels below the

dike. Studies indicate we must have much greater xchange of water. New experi-

mentation starting now will involve evacuation of about 8,000 acre-feet of poor
from

quality water and replace with fresh/the canal. We are blocking the upper "neck"

of the refuge impoundment to stop any possible loss of water above the canal en-

trance to the Marsh. The canal from the 30 CFS intake ditch is IXXXXX being opened

up deeper into the marsh and some pumping experimentation will be attempted in 1968

for f4ahriag purposes. In addition the water level will be held up to 456' if in-

flows are sufficient to permit it. Maximum flows abovethe 100 CFS design, will be

applied to the canal which we now feel is sufficiently well sodded to stand it. It

is expected we can reach 150 CFS or better. Better summer releases can be expected



Regional--.Director, FWS, Albuqiierque, NJ..
AT'fffs. -."•Division of . WildlifeRefugee'. .•	 -	 .	 .

,
- Refuge  Manager, Rayasu•lake B)111; Needles, California

.RcperiMéntal _Application. Of Copper -Sulfate

.	 .
We•are:planning an erperirerital application of : copper sulfate to çolitrql
the algae'hIOom - in-.Topook arsh. We have ,selected, Beat Lake as the 'feet

.-•;; area for this -program because Of 4...ts :riselation" freci.the.marsh proper and .
because the bloOm•hai ;been	 heavy inthe lake during . the.•two arusinitaii:	 •	 .

•••	 .
.- We feel that ir• full . evaluation of this program should include :personnel

- -4.from the .--DiVii'�On ::offPieheries . • Services'. " We suggest that Mr. -.1,Guitew,
.Psherie Mologat at .terker•j:could. • 'Prtivide inValuable  assistance in

he project.

We anticipate contacting Mr.
•	 . • -•	 .

Cumtow in the near future and *would like to
..!- discUes7theikojact . With him. Do we have the "green . liglit" for this
'• project? ',•We.Woold.appreciate any suggestions or Ootimente you. might

for the Prejeet....-:•:'-'.

210
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eiorial firector, 1V3, Albuquerque, 11.1. 	 April 5, 1763
Attn: Division of Wildlife Refugee

Refuze Ranager, Eavasu Lake Yaa, Needles, California

Topock 7‘areh - Water luality

At the present tine Topock Y.arell is at elevation 456.34. The elevation of
the top of the stoplogs is 453.17. le have an Aorta flow of water over the
logs at low river stages. Water conditions within the marsh are better than
I have ever seen then. Water throuchout the marsh is clear and deep enough
to permit easy boating access. The algae bloom which has been present since

- last sumeer has dissipated. Centrifuge samples show very Donor quantities of
alcae and the algae present appears to be dead. F;lehlag .success.has,improved
within the star-oh and the local boaters and fishermen are quite pleased-iiith
thitii- Conditiozi. Tho following comments summarize our manipulation of
water elevations since the first of January. .4e removed the stoplot:s from the
outlet structure on January 13 and 19. The marsh was at elevation 455- 20
prior to Lais draw down. The stoplogs were replaced on January 27 with the
marsh at elevation 453.30.

The inlet canal gates were adjusted to permit mn increased flow of water to
raise the marsh as rapidly as Possible. The dike across the upper end of
the marsh was "eloped" on February 2 and construction was conpleted on
February 9.

The nareh had recovered to elevation 455 by :larch 1, however water conditions
within the marsh had not improved an expected. We had clear water down marsh
as far as Five Hilo Landing. The water at Catfish Paradise was still turbid
and definitely had algae present. Shallow water areas of :eal, Allow and
Goose lakes were clear, but the major portions of these lakes appeared similar
to the water at Catfish Paradise.

As the water elevation rose above 455, water conditions in the above areas
improved rapidly. The hieher water levels may have increased circulation
into the lakes and accounted for this improved water quality.

2eabi1itation of the farm ditch has progressed to the point where water aan:
new be introduced into the . marsh through this structure. The .litch 	 was
opened on :!arch 22 and the river was hie-h enouch to provide a cood flow of
water into the ditch.

".4e are now exploring the nocibilities of establishini; a pump at Deal lake to
pump water over the dike. '413 are Oxperimenting with our osii1 .16 - ina41
and have contacted Clautle Lard regarding a pump that nay be available from
his station. If neither of these units prove suitable for the task, we would
reco:r.menci that a "pto" jriven pump be purchased. It would appear advisable to
condnct our col.per :77;.ifate pro6ram in 2ea1 Lake before startinc Tunpin6
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activities. Ron Gumtow suggested an application date in mid-April so that
we have a little time to further investigate pump possibilitieo.

We feel that a closer investication of water conditions shoula be conducted
this spring. A plankton net would be useful in collecting samples and we
feel that a centrifuge would be a real benefit to our evaluations. Is
there any possibility of obtaining these items for use at our station
this spring? One or both items may be available from fisheries services.

‘,4 •1• 1.14Y

Blayne L. Graves
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E.ntranco Canal
•

Late	 Turb. pm	 Top. 
o
p

46o1/12/68	 20+
:2/16/68	 11+	 54

2/23/68	 12
3/1/68	 - 36

o

3/8/68	 -	 55o

3/15/68	 1 1 -1.	 56°
3/2/68	 -	 58°
4/5/68	 12+	 62°

15/9	 12	 50°,e
3/24	 o/67	 15 . 57
4/7/67	 19

Fti Cond. u/nhoe

5.6 950
5.6 900
- 310
3.4 300
a.2 930
8.2 920
3.4 '920
8.4 920

8.1 1025
8.0 1200
8.2 1100

Upl:er 'Jock

,
Date	 fus	otb. ppm	 Temo. 	 PH	 Cond. u/n:Ios

1/12/66 30 46 8.4 1C00
2/16/68 •40 647. 8.6 900
2/2)/68 28 68- - 900
3/1/68 29 60° 8.4 930
3/8/68 30 56° 8.2 920
3/15/68 65 60° 7.8 910
3/2:768 29 58o

8.2 970
4/5/68 75 64° 8.4 920

1/5/67 210 46° 8.1 900
3/2,/67 50 700 7.8 1200
4/7/67 110 Ô5o 6.2 1200

Topock send

,:ur. --- lem.:.
o.
t	 :.-7.1 :.;oLIL:.	 u/n.los:ate

1/12/ ,38 75 47°, 3.2 1000
2/16/66 130 63- 3.6 1150
2/23/68 90 70° - 1000
3/1/68 50 53° 3.2 930
3/8/68 60 59: 8.2 930
3/15/68 29 65 8.2 900
3/22/68 37

57o
8.4 1030

4/5/63 40 46° 1.6 1100
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1/5/67 55 46° 8.0 1500
3/24/67 45 71° •1.6 1100
4/7/67 55 66° 3.0 1300

Fiva 	tile Ladi.11,Ç

turb. pzrn 1222121 PR Cond. u/nhoeLate
1/12/68 60 1100

0
6.4

2/15/68 6o 6.6 900
2/21/68 60 :;;0

810
3/1/68 50 63° 8.2 920
3/3/68
3/15/68

70
29

580

64°
3.4
8.2

950
900

3/22/68 45 56° 0.4 960
4/5/66 Go 650

3.4 940

1/5/67 65 45: 3.0 1200
3/24/67 45 71, 8.0 1200
4/7 x 67 55 56 - 3.0 1300

Catfish Paradise

Turb. PPIn Temp. °F PH Cond. u/nhosLate

1/12/68 45 460 3 .4 1250
2/16/68 40 63° 3.6 1050
2/23/68 22 69°, 1125
3/1/68 40 64: 3.4 1100
3/8/68 43 59; 3.2 1100
3/15/63 24 62 8.2 110C
3/22/68 33

590
6.4 1100

4/5,68 45 65° 6.2 1150

1/5/67 40
0

45, 7.8 2000
3/m/67 35 69- 8.2 1600
4/7/67 60 65° 8.1 1500

Leal Lako (upper)

Date Turb. pr41 2emp. °F PH :ond. u/nlios

1/12/63
2/W63

•5
10

„o
'7°o6)o

3.5
6.6

1450

1250
2/2)/63 60

10o
- 1000

3/1/68 29 (So 8.0 1150
3/3/68 60 60° 8. 0 1270
3/15/63 45 66 1250
3/22/68 45 57 c, 8.2 1270
4 68 40 64 3.0 1325
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1/5/67
3/	 67

58
50

46!
72- 7.8

3000
2000

4/7/67 55
610 8.3 2500

Beal Lake (south)

Turb. ppm 2222t-51
...o

40_

PH

8.6

Cond. u/nhosDate

1/12/68 40 2200
2/16/68 13 65u 3.6 2000
2/2y68 24 610 - 2000
3/1/68 12 62° 3.2 1730
3/8/68 50 61° 8.2 1730
3/15/68 20 660 8.0 1750
3/22/68 23 57: 8.2 1730
4/15/68 16 66 8.4 1425

1/5/67 20 47: 8.0 2200
3/2,/67 30 67 8. 0 1400
4/7 67 40 660 8.2 1500

Topeck 3ay

Turb. um Temp. °I; PH Cond. u/nhosDate

1/12/68 60 46° 8.6 1000	 \
2/16/68 40

590 8.6 980
2/23/68 20 660 - 960
3/1/68 13 60° 8.2 •	 920
3/8/68 45

570
8.0 900

3/15/68
3/22168

16
5o

38
0
058 8.2

8.4
.900
900

4/5/65 12 62° 8.2 940

0/67 55
t4.57

8.2 1250
3/2,
4/7 67

/67
30
35 5

63
8.0
8.3

1200
1200

Lost Lake

Tiro. ppm
o_

22221._..L.	 Pli Cond. u/nhos:ate

1/12/68 75 48 	 3.6 1500
2/16/63 45 650 8.6 16co
2/21163 45 71, - 1500
3/1/68 34 64- 8.4 1490
3/8/68 - _ _ -
3/15/68 50 63 1750
3/2,/68 28 60

0
8.4 1350

4/5/66 45 67° 3.2 1400
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UNITED STATES GO\IF4...NMENT

Memorandum
•

TO	 : The Files	 DATE: July 2, 1968

FROM : Refuge Manager, Havasu Lake NWR, Needles, California

SUBJECT: Topock Marsh Water Quality Investigations

I informed Mr. Harman by telephone that we had pulled all the stop logs
in the outlet structure on July 1. I also informed Mr. Harman that we
plan to lower the marsh elevation by approximately 1 ft, elevation 455.0
and then refill this foot as quickly as possible to elevation 456.

We discussed the general water quality of the marsh and I indicated that
we were developing a real algae buildup in certain portions of the marsh
primarily Willow Lake and Goose Lake. Beal Lake continues to .look real
good. We have made numerous examinations of the algae under a microscope
and can isolate no species as being the predominant one present, rather
the "bloom" is a conglomeration of a wide variety of phytoplankton •
including several diatoms, Spirogyra and small qualtities of Anabaenopsis.
We have not yet treated Beal Lake with copper sulfate but do plan a
treatment as soon as our investigations indicate an algae population
which would justify such a treatment.

cc: RO, Attn: Refuges

216



0,1%1NAL.1.000 MO. 16

MAY OW IIIWIrKVI

•ILA ••.1.1 (.1 .71 ) 111,11.1 

217

UNITED STATES GOVERNMENT

Memorandum
U.S. FISH & WILDLIFE SERVICE 

To	 Files - Havasu NWR - Needles, Ca. 	 DATE: Nov. 7, 1975

FROM :	 Refuge Manager Trainee - Havasu NWR

StnnEcT:	 Marsh & Gorge Vegetation - Photo Reference Points

Thirteen locations were selected in Topock Marsh, Topock Bay and Topock Gorge
during 1973 for annual comparison of emergent yegetation encroachment into
open water marsh habitat. Blue fence posts p64jecting 4' out of the water at
the leading edge of the 1973 vegetation growth were placed at selected loca-
tions throughout the marsh. Photos were then taken at eye level in September
and October when vegetation was the height of its growth.

Measurements were taken this year at the stakes to record the linear distance
the leading edge of the vegetation mass has advanced or retreated from the
marker. The water depth at the marker was also recorded to obtain the extent
of siltation occuring in the respective areas.

Personnel were unable to locate 6  of the 13 established markers in 1975. The
approximate location of three of these markers was located and photographed.
No attempt was made to photograph the remaining three locations because their
location would not be acertained.

It was very evident that the posts which were placed in the different areas
were not adequate for a continuing study. The markers were difficult and
impossible to locate in areas where vegetation estended past the marker.
The posts are too short to be seen above the vegetation and the color of
the posts blends with the vegetation to the extent that their detection is
difficult. Plans are being formulated to establish new posts (tall enough
to extend well above emergent plant growth) in the 13 locations. The new
posts should be installed before Fall 1976 and will facilitate future
monitoring of the vegetation points.

Enclosed are ten photographs of the areas located. The marker number, the
approximate location, and the date photographed are noted on the back of
each photograph. The stake locations and the data compiled are listed below.

#1. South Willow Lake at outlet of western most "Beal Channel". The leading
edge of the vegetation has advanced two feet beyond the stake and the vegetat
has become established in the open water behind the stake. The water depth
is 18" at elevation 456.0. Bulrush (Scirpus genera) is the predominant
vegetation.

Save Energy and You Serve America!
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#2. Northeast Willow Lake. The leading edge of the bulrush (Scirpus genera)
vegetation has extended seven feet beyond the stake. The water depth is 36
inches at elevation 456.0.

#3. Northeast Willow Lake. The stake could not be located but, the approxi-
mate area was located. It was estimated that the vegetation had advanced
approximately five feet. Water depth was 30 inches at elevation 456.0. The
vegetation was cattail (Typha genera).

#4. Mid-north Goose Lake. The stake could not be found but, the approximate
area was located. It was estimated that the cattail (Typha genera) vegeta-
tion had advanced approximately 10 to 15 feet. The water depth was 24 inches
at elevation 456.0.

#5. Mid-north Goose Lake. The leading edge of the bulrush (Scirpus genera)
vegetation has extended 12 feet beyond the stake. The water depth was 24
Inches at elevation 456.0.

#6. Mid-Beal Lake. Photograph of this area has not been received from the
developer. The bulrush (Scirpus genera)vegetation had exgended two feet
beyond the stake. The water depth was 12 inches.

#7. West Beal Lake. Neither the stake nor the approximate area could be
found. No photograph was taken.

#8. 100' north of Shorty's boat ramp in Topock Bay. The leading edge of the
vegetation had extended 15 feet beyond the approximate location of the stake.
The stake could not be found but other structures present facilitated the
location of the area and the measurement of the advancement of vegetation.
The water depth could not be estimated. The vegetation was cattail (Typha 
genera). The elevation was 447.2.

9. Topock Bay. Neither the stake nor the approximate location of the stake
could be found. No photograph was taken.

10. Topock Gorge - key backwater 03. The vegetation has neither advanced
nor retreated. The water depth was three inches at undetermined river
elevation. The vegetation was cattail (Typha genera).

#11. Topock Gorge - key backwater #4. The leading edge of the vegetation ha:
advanced 18 inches beyond the stake. Further advancement is inhibited by
the channel. There was no water at the stake. The vegetation was cattail
(Typha genera).
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#12. Topock Gorge - key backwater #4. The leading edge of the vegetation
has not advanced but increased density and height of vegetation are easily
distinguished. There was no water at the stake. The vegetation was cattail
(Typha genera).

#13. Havasu Lake Delta - "The Island". The stake could not be located.
No photograph was taken but it was estimated that the stake is currently
surrounded by vegetation. The predominant vegetation in the area is
cattail (Typha genera).

on M. Brock
efuge Manager Trainee

Havasu NWR
Needles, Ca.
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Files	 January 26, 1976

Robert A.. Karges
Wildlife Biologist

Water Quality Study - Topock Marsh (Meeting January 15, 1976
Needles, California)

A meeting was held to review and discuss the possibility of
Biological Service funding a water quality study in Topock
Marsh. The meeting was attended by Joe Kathrein and Jim
Brown of Biological Services; Bob Delaney and Neil Hartman
of Havasu Refuge and myself. Brown is a member of the National
Stream Alteration Team located in Columbia, Missouri.

c,„4- 4e
After our on-site tour of the en.Lanaement project  and the
Mohave Indian land clearing operation to the n6-ith of the
refuge, CBS felt we did have a project which was of more
than local interest -- particularly the methodology utilized
in dredging and the placement of spoil. OBS felt they could
become site specific as it concerns the water quality study
as it could be tied into the dredging program. Brown indicated
that they would develop a proposal or proposals for funding.
They are considering developing water quality proposals with
and without the Mohave Indian drainage scheme.

Funding is not clear but they feel they would have a fair
chance in getting DR to finance a study -- particularly since
BR is involved with the Mohaves in developing the drainage
scheme. We met with the BR Regional Director and Phil Sharp
on Friday, primarily to explain the 03S functions. Kathrein
did bring out the need for a water quality study on Tonock
and that we would be anproaching BR for possible funding.
Sharp indicated that this could be a possibility. Should BR
decline,.Kathrein feels they may have some year-end funds in
OBS to get a study off the ground. OBS didn't provide a time
table for submitting the proposals.

We had previously provided OBS with the background material
.(our memo October A, 1975) and the j stification_forthl_studv.
Biological Service expressed an interest at that time, but are
looking for projects that have wide application and are not
site specific.
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Prior to the Needles meeting, I had asked Martin Einsrt, BR
to send a representative to the meeting to explain the Mohave
drainage program. BR declined as they didn't have any new
information to supply. Einert indicated that in the near
future they would be requesting a meeting with us and the
Mohaves to discuss the drainage scheme. I feel they would
have attended this meeting but they wanted the Mohaves to
he represented. I declined,stating I felt it would he
premature at this time.

Other Item: In the meeting with BR, Sharp indicated a strong
desire for us to develop enhancement work as it concerns
the backwaters on Imperial National Wildlife Refuge. Apparently,
ER is interested in becoming involved in the Imperial. The
opportunity didn't develop to see what Sharp had in mind.

Robert A. Karges

cc: Havasu NWR
Imperial NWR
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1/5/67
2/3/67
4/7/67

22
40
No Readings

47n°	 8.2
57 - 	8,3

2000
2200
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1700-	 Exploration of lower Colorado River by Spanish priests and military,
1800	 culminating with the establishment of a mission at Yuma in 1774 and its

subsequent destruction by Yuma Indians in 1781 (Ohmart et al. 1988).

1848	 Acquisition of lower Colorado River area north of the Gila River by the
United States.

1840-	 Exploration of lower Colorado River by U.S. military. Most of the early
1870	 expeditions were exploring possible transportation routes through the area.

Notes on the geology, flora, and fauna of the lower Colorado River were
made.

Tamarisk introduced into the United States as an ornamental tree and escaped
cultivation by the late 1800s. Expansion of range rapid by the early 1900s,
especially between 1935 and 1955 along the Colorado River (DeLoach 1989).

1850	 Fort Yuma established by U.S. Army.

1852	 First steamboat, the *Uncle Same captained by James Turnbull, travels up the
Colorado River to re-supply Fort Yuma. Marks beginning a the steamboat
trade which would eventually have profound effects on the mature riparian
areas along the river (Lingenfelter 1978).

1854	 Gadsden Purchase consummated, extending U.S. territory south of the
Gila River to the present international boundary with Mexico.

1857	 Lower Colorado River from Yuma, Arizona, north to present site of
Hoover Dam explored by IC. Ives; region reported to be valueless.

1862	 Colorado River Gold Rush begins. 1861 silver strike at Eldorado Canyon and
the 1861 gold strike at Laguna de la Paz created what is known as the
Colorado River Gold Rush of 1862 (Lingenfelter 1978). Gold rush fueled
steamboat trade along lower Colorado River. Initially, downed, dried
cottonwood, willow, and mesquite were utilized as fuel for the steamboats

- (Ives 1861). Increased . river traffic soon utilized all of the available wood
debris, and crews began cutting down large quantities of cottonwoods,
willows, and mesquites. By 1890, most of the large cottonwood-willow stands
and mesquite basques had been cut over (Oilman et al. 1988; Grinnell 1914).
Natural regeneration continued to establish new stands with each annual floc:xi
event.
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1869	 Colorado River from Green River in Utah to the Virgin River confluence
explored by John Wesley Powell.

1877	 Southern Pacific Ftailroad completes line over the Colorado River at Yuma.
First diversion of water from lower Colorado River by European settlers for
irrigating the Palo Verde Valley near Blythe, California.

1883
	

Second rail line crosses river. Together with the crossing at Yuma, the
crossing at Needles by the Atlantic and Pacific Railroad in 1883 sounded the
death knell of steamboat trade along the lower Colorado River (LaRue 1916).
Declines in mining further reduced steamboat commerce, and by 1887,
steamboats no longer went above Eldorado Canyon (Lingenfelter 1978).

1885
	

First documented improvements on the lower Colorado River. Lieutenant
S.W. Roessler hired a barge and crew to make improvements at Six Mile
Rapids ard Mojave Crossing for navigation; first recorded instance of
alteration of river (Smith 1972).

Carp known established in the lower Colorado River ecosystem; first alteration
of the native fish fauna (Minckley 1973).

1892	 Channel catfish stocked into Colorado River by Arizona Game and Fish
(Lavers 1962)

1895	 Construction begins on Alamo Canal at Yuma to irrigate Imperial Valley.

1901	 Alamo (Imperial) Canal completed; water diverted near Yuma and conveyed
through Mexico to irrigate the Imperial Valley in California; canal supplied
700 miles of lateral canals, enabling irrigation of 75,000 acres.

1902	 Reclamation Act passed establishing U.S. Reclamation Service. U.S.
government began planning large scale irrigation projects. (LaRue 1916).

1905	 Flood on Gila River breaks through temporary diversion structure at
Alamo Canal heading and Colorado River flows into Salton Sink.

1907	 Southern Pacific Railroad repairs dike and redirects river back to correct
channel. Salton Sea accidentally created from Colorado River floodwaters;
330,000 acres inundated; flooding increased the political pressure to dam the
Colorado River.
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1909	 Laguna Diversion Dam completed; water diverted through the Yuma Main
Canal to irrigate 53,000 acres in the Yuma Valley, Arizona, and 14,700 acres
in the Reservation Division in California, and through the North Gila Canal to
irrigate 3,500 acres in the Gila Valley, Arizona.

1910	 Joseph Grinnell leads 3-month expedition from Needles to Yuma to collect
data on mammals, birds, and associated habitats. Expedition provides one of
first detailed accounts of the flora and fauna of the lower Colorado River.
Grinnell observed carp and catfish, documented effects of Laguna Dam on the
ecosystem, and documented loss of riparian habitat to agriculture (Grinnell
1914).

1913	 Estimated acreage irrigated along the mainstem Colorado River between the
Virgin River and the International Boundary was 367,000 acres, most of this
being in the Imperial Valley (LaRue 1916). The 53,000 acres along the
mainstem Colorado between Cottonwood Basin and the U.S./Mexico boundary
resulted in a substantial loss of riparian habitat.

1920	 Tamarisk appears along the mainstem of the Colorado River (Ohmart et al.
1988). This species is adapted to the changed riverine ecosystem and
displaces native riparian species throughout the lower Colorado River.
(Important wildlife habitats, including the cottonwood-willow gallery forests,
have all but disappeared from the Colorado River and have been replaced by
the less desirable Tamarisk [Anderson and Ohrnart 198413)).

1922	 Colorado River Compact signed; water allocated between the upper (Colorado,
Wyoming, New Mexico, Utah) and lower (California, Nevada, Arizona)
basins.

1927
	

Irrigated acreage along the mainstem of the lower Colorado River increased
from 53,000 in 1913 to 95,000 in 1927 (Wilbur and Ely 1948). Results in
further decreases in riparian habitat.

1935	 Boulder Darn (now Hoover Dam) completed; Lake Mead covers 300 square
miles and stores 31 maf of water, enough to irrigate 650,000 acres in
California and Arizona and 400,000 acres in Mexico.

Hydrography of river changed; devastating floods eliminated. Hydropower of
4 billion kilowatt-hours produced annually.

FWS stocks largemouth.bass, bluegill sunfish, green sunfish and black crappie
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into lake Mead; stock rainbow trout into river below Lake Mead (Jouez and
Sumner 1954).

1938	 Parker Dam completed; Lake Havasu behind dam covers 39 square miles and
stores 600,000 acre-feet of water. MWD diversions into the Colorado River
Aqueduct imitiated.

Imperial Dam completed; additional water diverted for irrigating southeast
California and southwest Arizona.

Pilot Knob Wasteway completed, allowing water diverted from behind
Imperial Darn on the California side to be returned to the river.

1938-	 Although largemouth bass and bluegills already present in the system, the State
1939	 of California plants additional stocks to increase the spread of the species (Dill

1944).

1939	 Gila Gravity Main Canal completed, replacing the North Gila Canal (from
behind Laguna Dam) and delivering irrigation water from behind
Imperial Dam to irrigate 105,000 acres in Arizona's Gila Valley.

1940	 All-Arnerican Canal completed, replacing Alamo Canal and delivering
irrigation water from behind Imperial Dam to Imperial Valley in California;
461,642 acres currently irrigated.

1941	 Havasu National Wildlife Refuge established near Needles, California.

Imperial National Wildlife Refuge established near Martinez Lake, Arizona.

Siphon Drop completed, delivering irrigation water from All-American Canal
to the YU= Valley in Arizona; replaces Yuma Main Canal (sealed in 1948)
originating behind Laguna Dam.

1944	 Headgate Rock Dam completed; irrigation water diverted to the CRIT
Reservation near Parker, Arizona; water diverted to enable irrigation of
107,588 acres.

1948	 Coachella Canal completed; water from All-American Canal conveyed to
Coachella Valley in California; 58,579 acres currently irrigated.

Red shiners introduced to Colorado River as baitfish.
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1950	 Morelos Darn completed; irrigation water delivered by Mexico to the Mexicali
Valley.

Davis Darn closes and first water storage for Lake Mohave begins in January
1950. Powerplant still under construction.

1952	 Yuma division stabilized from Laguna Dam to SIB; 17.6 miles of levees
constructed, 17.4 miles dredged, 264,000 cubic yards of riprap placed,
41 miles of access roads constructed.

1953	 Davis Darn and powerplant completed, providing regulation of water to be
delivered to Mexico and regulating flows from Hoover Darn; Lake Mohave
behind darn capable of storing 1.8 maf of water.

Threadfin shad introduced into Lake Mead. By 1956, threadfm shad had
spread throughout the lower Colorado River (ML-Ickley 1973).

Mohave Division from Davis Darn to Topock, Arizona, channelized and
stabilized; 31 miles of channel dredged, 288,082 cubic yards of riprap placed,
and 47 miles of levees built.

1954	 Laguna Dam no longer used for diversion (Imperial Dam used instead).

1956	 Topock Settling Basin completed, providing control of river sediment near
Needles, California; 4,400,000 cubic yards of material excavated.

1957	 Palo Verde Diversion Darn completed; irrigation water diverted to the Palo
Verde Valley near Blythe, California; 121,000 acres currently irrigated.

1959	 Striped bass introduced by the State of California into Colorado River near
Blythe. (Introduced into Lake Havasu in 1960 and into Lake Mead in 1969).
Became top fish predator in the Colorado River system.

1962	 Flathead catfish introduced into river by State of Arizona.

1963-	 Tilapia introduced into Colorado River by California and Arizona.
1967

1964	 Cibola National Wildlife Refuge established near Blythe, California.
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1965	 Laguna Settling Basin completed, providing control of river sediment north of
Yuma. Arizona; 3,120,000 cubic yards of material excavated.

Irrigated acreage estimated at 293,000 acres along the mainstem of the lower
Colorado River (Lower Colorado Region State-Federal Interagency Group for
the Pacific Southwest Interagency Committee 1971).

1966
	

Senator Wash Dam and Reservoir completed north of Yuma, reservoir covers
470 acres and holds 13,836 acre-feet of water.

Topock Marsh inlet and outlet structures completed providing 4,000 acres of
marsh habitat at Havasu National Wildlife Refuge.

1967	 Palo Verde Oxbow inlet and outlet structures completed near Blythe,
California, to provide wildlife habitat.

1968	 River channel stabilized from Palo Verde Dam to Taylor Ferry; 19.5 miles.
Banklines armored in Parker Division, Section I; 11 miles stabilized.

1969	 Training structures south of Laughlin, Nevada, completed, reducing bankline
erosion.

1970	 NEttry Lake inlet structure completed south of Imperial Dam, to provide
wildlife habitat.

Cibola Division stabilized from Taylor Ferry to Adobe Ruin; 16 miles
dredged.

1974	 Cibola Lake inlet and outlet structures completed at Cftola National Wildlife
Refuge, to improve wildlife habitat.

1983	 Reservoirs on the entire lower river spilled for the first time duc to extremely
high precipitation from an El Nifio weather event_

1985	 Inlet structure to CAP aqueduct behind Parker Dam completed; water diverted
to supply Phoenix and Tucson, Arizona; 0.5 maf currently diverted.

1992	 Powerplant added to Headgate Rock Dam; maximum generating capacity is
19.5 megawatts (mW).

1993	 Hoover Dam powerplant upgraded from 85 mW to 130 mW output.

1995	 Parker Division, Section Id stabilized.
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The following chronology are notes are primarily extracted from the Refuge's

annual narratives.

Year	 Lower Colorado River Basin

1922	 The Colorado River Compact signed at Sante Fe, NM

1934	 Parker Dam construction commenced October

1935	 Hoover Dam completed, water impounded in Lake Mead beginning Feb

1938	 Parker Dam completed, water impounded in Lake Havasu
- rapid aggradation of river channel, rising 7' at Needles by 1945

1941	 Havasu and Imperial National Wildlife Refuges created

1942	 Davis dam construction commenced but suspended for war materials

1951	 Bill Williams River floods to 61,410 cfs on 29-30 Aug

1953	 Davis Dam filling in May 1951, completed dam in June

1964	 Cibola National Wildlife Refuge created

Topock Marsh and Needles Area

1861	 Ferry established to cross Col. River at Fort Mohave (15 miles N. of
Needles)

1883	 (Aug) Southern Pacific RR connected with Atlantic and Pacific RR's at
Needles

1938	 Parker Dam completed, water impounded in Lake Havasu
- rapid aggradation of river channel, rising 7' at Needles by 1945

1944	 Emergency relief measures commenced in Needles, existing levees enlarged

1947	 (July 24) The Needles Operating Yard established in May to facilitate
dredge operations by the ship "The Colorado"
- Exploration and boundary surveys of Topock Swamp

1948	 (Oct) "The Colorado" dredge delivered to Needles, CA



1949	 Dredge "The Colorado" christened 28 Jan, tested 31 Jan, began two-shiff30
operations in Apr and three-shift operation in Jul, all work on Needles to
Topock channelization
- Dredge "The Colorado" sank 4 Nov, and major recovery began 12 Dec
- Snow storm Jan 12, 1949 drops more than 8" in Topock

1950	 Dredge "The Colorado" recovery completed 25 Feb, rehabilitation
completed 22 May, returned to Needles-Topock channelization 16 Jun

1951	 Dredge "The Colorado" completed Needles-Topock charuielization 21 Apr,
but maintenance dredging commenced 25 Jun
- Jun 25th plug removed and Colorado River flows down new USBR
channel

1952	 The Needles temporary bridge constructed
- (Jun) Marsh elevation maximum 458.46'
- Construction of temporary protective works for HWR

1953	 Dredge "The Colorado" performed maintenance dredging from Needles to
Topock until 5 Jan, then June through October
Channel dredging north from Needles to Big Bend (Jan-May, also Nov)

1954	 Project office established in Needles, the Dredge "The Colorado" out of
service 11 May, moved from dredging Big Bend stretch to Needle
Operating Yard for overhaul and standby

1957	 Marsh elevation reaches 459.27 ft

1959	 Topock Ditch (west end of farm ditch) constructed (Feb); Marsh elev =
459.37 (May)

1961	 USBR dredge, "The Little Colorado, "continues to dredge near Topock
- Marsh elevation at all-time low (Lake Powell filling)

1962	 Golden Shores development begins
- Topock Marsh extremely low again
- Bermuda pastures cleared, first ground water well fails to exceed 110
gpm

1963	 Estimated 4-5 tons of silt/acre foot in river



1965	 Concessioners write officials about low water levels in marsh, resulting ii31
then Secretary of the Interior Udall directing USBR to construct dike and
inlet channel to preserve the natural heritage of the area.  South Dike
completed but not inlet canal.
- HWR headquarters moved from Parker, AZ to Needles, CA
- Irrigation well drilled at farm w/ 1800 gpm

1966	 Inlet canal completed in March, water elev. to 455.00 by June, but led to
algae bloom
- Refuge concerned with allocation -- 41,000 AF diverted or 38,000 AF
consumptive, which ever is less

1967	 First maize crop on Refuge
- Gradual degradation (lowering) of river bed noted in Needle area
- Recurring algal bloom
- Beal Lake ditch constructed to improve water circulation
- Blasted 4000 ft of ditch (w/ ammonium nitrate explosive w/ dynamite)
near Glory Hole and Beal to improve circulation

1968	 Marsh levels maintained at 456 (Mar-Dec), water quality remained good
- Farm ditch extended (7,350) to Glory Hole
- North Dike constructed (elev. 459 ft) to prevent circulation in shallow
areas
- "excellent production of spiny naiad and sago pondweed" ..."first time
1966"... no algae bloom

1969	 Marsh levels good
- no algae bloom
- water quality "markedly worse than 1968" limited aquatic production
- North Beal Lake dike - constructed (800 ft) to dry and reduce shallow
water surface area in marsh, and flood control
- Glory Hole blocked with sedimentation and emergent vegetation...
dragline used to clean and reroute
- shallow areas perceived as generating poor water quality (e.g., Pintail and
Beal)
- Spading Meter installed N. Dike
- water quality study initiated

1970	 - Dike in Goose Lake area extended to 2,500 ft; aim to de-water
- Attempted to pump Beal Lake dry, seepage to great, added bentonite
along river side, lowered water 2.5', seepage again problem
- good stands of aquatic plants



1971	 Marsh raised to 455.5	 232
- Heavy August rains caused Sacramento Wash to flood depositing 3-4 feet
over 400 acres
- moderate stands of aquatics (last year's beds non-producing)
- Pintail Slough irrigation ditch constructed
- 800 fi added to Goose Lake dike
- control gate added to Glory Hole
- 4' year of poor water quality, high turbidity, temp and chemistry similar
to other years
- Bureau wants to construct dike with dredge..."to dry up fringe areas"
now utilized by cattails. .proposed 6 miles of dredge for $500,000

1972	 Aquatic vegetation was excellent "best the old-timers have seen".., no
explanation.. .water level management didn't vary.
- River discharge dropped to 2000 cfs for 5 weeks in Oct due to low
demand for irrigation water
- Sacramento Wash flowed in Nov with 2-3 fi of silt in Topock Bay
- Dredging continues in river near Lost Lake

1973	 Pintail Slough experimental cattail program treated with 2-4,D

1974	 "Little Colorado" dredges 4 miles of channels towards Glory Hole, plus
poured 2 miles of dike — Topock Marsh Enhancement Project

1975	 "Little Colorado" extends to 6 miles of channels to south of Glory Hole,
primary purpose: (1) diking to permit water management and (2) improve
water circulation. Worked stopped.

1976	 October flash flood produces 6-9' flow in Sacramento Wash and deposits
silt in Topock Bay
- 4,000 acres cleared on Mohave Indian reservation; their allotment =
285,000 AF
- Chain-link fence erected around USGS inlet structure (note bridge just
north)
- Outlet stop logs replaced with concrete door
- Flap gate installed on farm ditch
- optimum marsh eley for aquatic plants thought to be 456.2
- wind considered key variable to plant production
- 1975 and 76 appear to be excellent years for plant production

1978	 BR Dredge returns to finish enhancement project; by end of year added
another 1.5 miles of channel
- another good year for aquatic plants... thought to be protected areas



1979	 Aquatic plants fell off this year (poor)... and only spiny naiad observed ?33
not sago pondweed
-Dredging completed of 16' deep channel (WPRS), inlet bridge (flatcar)
on pontoons installed... now road from maintenance yard to pintail
complete
- Excavator purchased for dredging/maintenance of channels (23' deep)
- 28-29 Jan„ Snow in Needles
- New auto-wheeled irrigation system on Bermuda patch
- Communication system installed (repeater)
- Bill Williams hits 500 then 3800 cfs in Mar 1980
- Agricultural fields size estimates (confusion): fields #3(=18acres),
#4(?17a), #5(41a) = 83(75?a), and fields #1,#2 = 57(62?, 51?) a, w/
Bermuda patch (Topock Farm) = 100 (83?a). Pintail = 60a(`82). In 1981
total acres given as 130a for 1-5. Later is irrigated late Aug-early Oct.
- General Marsh Operation explained: spring and summer raise marsh to
protect aquatic plants and fisheries etc from rising temps.... More water
cover implies more areas for plants to establish themselves.. .above 3 feet or
so it provides cattail suppression.. .also coincides with peak river releases...
In the Fall, lower water levels to meet consumptive use and expose
vegetation to waterfowl... .it is also the period when water can be released
from marsh as river drops
(Interesting that so much concern was placed on consumptive use
calculations when no one was including farm ditch inflow, and until gate
replaced stop logs, water entered with rising river)
- marsh raised to 456.66 but started to saturate ground
- Turbidity considered constant problem: stated causes, (1) wave action,
(2) sedimentation from Colorado R., (3) dredge and carp.
- 456.25 suggested as optimum for a. plants

1980	 Apparently 2 sparling meters on USGS inlet, both not working, water
comes thru outlet too
- not good year for plants, patchy, although marsh operated at desired

456.2ish; Spiny N. dominant, high turbidity ("hampers a. plant growth")
- Pintail S. estimate at 165 acres
- Repeater stolen ($4,400), contract for boat house
- Winter inflow from river considered too low to maintain marsh

1981	 A. plants poor again, but dense in sheltered areas... shallowness, turbidity
and carp blamed
- Sacramento Wash flowed (Sep), backflowed into marsh



1982	 High water suggested as temperature buffer good for plants and fisheries234
- excellent year for A. plants, especially protected areas, not open areas
(fair)
- Pintail being worked on
- Transfer of water rights from Planet Ranch to USFWS 1509 af surface
- Feral Horses (3 of 4) rounded up

1983	 Land Acquisition comments: Refuge established with 43,000 acres,
enlarged to 45,761 acres in 1949, reduced to 22,007 in 1964 (Incorp of
Lake Havasu City), in 1968 expanded to 41,495 with Needles ; then a few
misc shifts < 3000 acres, to bring total = 45,431. Topock unit = 7200,000
alluvial basin, 4,000 marsh and 200 a crops.
- Topock Marsh unit flooded by emergency releases; July 5th, =
45,000cfs, 6000 acres upland flooded with loss of cattail in gorge; pulled
concrete gates to save marsh, south dike topped at 459.8 and same day N
dike topped, river and marsh leveled off at 461.1, (5' above normal) on 7
Jul.
- A. plants minimal due to"excess water"
- 2.1" rain fell in August/8 hrs
- again the thinking, summer high water protects fishery from extreme heat
and promotes production of A. plants, while winter lowering of water
exposes A. plants for waterfowl.
- Catfish Paradise concession closed

1984	 No rainfall for 9 months
- River still 35,000 cfs July, August, September, can't manage above
26,000 cfs
- flood damage cleanup on S. Dike, preliminary work on flood protection
dike south of Topock

1985	 Snow in Chemehuevi Mts. and Needles (higher areas?)
- High 28,000 cfs May - August, Feb - Mar
- August first opportunity to use interior road since 1983
- "continued to be plagued by water quality problems".... "High water
flows carrying heavy sediment loads from the CR have all but eliminated
submergeant vegetation.. ."carp have worsened the water quality"
- BR construction of new S. Dike (73,000 cfs protection)
- Control gate between North and South Beal
- Gravity flow system for Pintail
- Bill Williams subheadquarters established



1986	 - New South Dike operational	 235
- Peak May and June at 35,000 cfs
- Lower Colorado River Contaminant Study" = metals, organics, Se
- Comments about floods past, "standing water from years past killed
many willows, mesquite, and cottonwoods".. Saltcedar invaded
- water quality problem + severely limited SAY, high temp, sediment
load and turbidity blamed, poor circulation, and carp
- feral horses back (4)
- Brush fire (350 refuge acres) on July 10
- Final touches on new S.Dike

1987	 Best SAV production since 1983, dense, "only spiny naiad and no sago
pondweed"
- observation that river channel is down cut and average depth of river is
4.8' below pre-1983
- observe that backflow in inlet canal reaches river
- consensus that "flushing" is best, but water intake not adequate in winter
- New south dike dedication
- security gates constructed
- remove pylons in river north of inlet
- Golden Shores Water Co. given right to lay 1000' of pipe

1988	 Assistant manager position remains open for 3 rd year
- "Marsh SAV production remains monotypic"
- Final Report on LCR Contaminant Study
- Farm ditch excavated for 2 miles due to clogging

1989	 Weather station placed at shop has only adequate function
- dry year < 2", 80% occurred in 2 days
- "Study of the Structure and Function of the Lower Colorado River
Riparian Plant Communities"
- Test wells drilled around marsh
- Two 5 gallon cans of Silvex (2,4,5-T) transferred to storage
- SAV = "good growth of only spiny naiad in 1987, '88, '89"
- light dredging by BR in Topock Bay and Golden Shores Marina area

1990	 - "Contaminant Bio accumulation in Certain Bird Species"
- 1990, good SAV again
- rd diesel fuel spill in inlet
- Confrontation with Bob Chesney over installation of pump
- Beal Ditch cleaned out
- Boathouse on river removed



1991	 Jim G. claims Chesney (Vanderslice pump) is illegal, been there since 1930

1992	 Bill Williams officially separated
- plans discussed w/ BR about moving measurement point, and add flap
gates on inlet
- considering replacing saltcedar w/ cottonwood/willow, mesquite, and
arroweed to save water
- Topock Marsh at its recent lowest 453.86, cone of depression suggested
north of marsh
- ? SAV reduced
- Diesel tank on inlet vandalized and spilled 400 g to inlet
- Red farm pump installed on inlet
- Inlet needed clean out

1993-98 No Reports
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Statement of Refuge Water Rights

From pg 298-299 (Rifkind, 1960)
1. Havasu Lake National Wildlife Refuge.

Findings of Fact
1. An Executive Order of January 22, 1941 (No. 8647) established the Havasu

Lake National Wildlife Refuge and set apart approximately 37,370 acres of land owned by
the United States in Mohave and Yuma Counties, Arizona and San Bernardino County,
California, as a refuge and breeding ground for migratory birds and other wildlife..

2. On February 11, 1949, the Assistant Secretary of the Interior, by Public Land
Order 559, added approximately 1,677 acres in Arizona and approximately 1,080 acres in
California to the Havasu Lake National Wildlife Refuge.

3. In withdrawing lands for the Havasu Lake National Wildlife Refuge the United
States intended to reserve rights to the use of so much water form the Colorado River as
might be reasonably needed to fulfill the purposes of the Refuge.

4. The Fish and Wildlife Service of the United States Department of Interior has
formulated a development plan for the Havasu Lake National Wildlife Refuge.

5. Annual diversions of 41,839 acre-feet and annual consumptive use of 37,339
acre-feet of water from the Colorado River will satisfy the estimated water requirement of
the development plan for the Havasu Lake National Wildlife Refuge.

Conclusion of Law
The United States has the right to the annual diversion of a maximum of 41,839

acre-feet or to the annual consumptive use of 37,339 acre-feet (whichever is less) of water
from the Colorado River for use in the Havasu Lake National Wildlife Refuge, with a
priority of January  22, 1941 as to land reserved by Executive Order No. 8647, and a
priority of February 11, 1949 as to land reserved by Public Land Order 559.

From pg 309-310 (Rifkind, 1960):

"The water rights created by such a federal reservation do not depend upon state
law or upon the actual diversion and beneficial use of a specific quantity of water. On the
contrary, they are superior to subsequent appropriations under state law, although the
subsequent appropriator may be first to divert and use the water. (See pages 257 et se q.,
supra.)

Refuge water rights are also discussed in USFWS (1994) and Reisner (1990).
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STATION NO.
09423550

UNITED STATES
DEPARTMENT OF THE INTERIOR

GEOLOGICAL SURVEY
WATER RESOURCES DIVISION

FILE
06/25/95

Revised by:

Doughtnan/Bivens

Description of Gaging Station on Topock Marsh Inlet near Needles, Ca.

LOCATION: Lai 34'50'10" long 114°3503" in NE1/4NW114 sec. 33. T. 9 N.. R. 23 E., San Bernardino meridian.
in Ari7ona, Mohave County. on left bank of Colorado River north side of canal inlet structure, 1.3 miles cast of
Needles, 32 miles downstream from Davis Dam, and 55 miles upstream from Parker Dam. Hydrologic Unit 15030101.
Needles 7.5' quadrangle.

ESTABLLSIIMENT: January I, 1967, U. S. Geological Survey. Inlet structure built by U. S. Bureau of
Reclamation in 1966.

GAGE: Two Fischer-Porter water stage recorders on separate clocks are used to determine forebay. and afterbay
elevations. The two water stage recorders used to determine difference in head are operated by graduated 11(.4u-tapes

. and are located over 18-inch stilling wells. The gate-opening recorder is a Campbell 301 BDR. interfaced with a
liandar encoder mounted over the top of the left river gate. Gate opening is indexed by an indicator mounted on top

' of each gate. By an understanding with U. S. Fish and Wildlife who operate the river gates. all three gates will always
be opened the same amount in Diller to reduce the instrumentation needed and simplify computation of daily
discharges. Also the canal gates should remain fully open. Shelter is a walk-in block house.

torehay & ai terhay recorders are set to read NISI. whirls 4.-xhoo rt. Tile onside -.;aft. t k'olt.:(1	 kr:
wingwall about 10 feet upstream of the upper gates, is used to reference forebay (OSS +50.00 (t). The afterbay is
referenced to a MP at 475.47 ft for outside water-surface. Auxiliary electric tape gages can determine inside water-

surfIce (ET +50.00 ft).

The tOrebay intake turns into the well at a sharp angle. An intake for the afterbay exits between the left and center

'marsh gates.' A lower afterbay intake is punched directly into the afterbay well at about 454.50 ft.

Each of the duce river gates are three feet high by four feet wide. The lowest elev.ation on the sills of the thrde river
gates is 453.25 ft above MSL.

There are three slide gates, the canal gates, which control the outflow through three 42-inch diameter pipes on the
downstream side of the structure. These are left open. The water level in the canal on the downstream side of the
diversion structure is generally above the outlet end of the outflow pipes: reverse flow occurs, hut flap gates were
re:nstalled in 1994.

Il rSTORY : In January. 1969.a lower intake was punched directly into the afterbay well at about 454.50 ft.
In !979 WY Enviroiech sparling meter was installed in right culvert exit. Sparling meter out of operation June 2.1980:
w;i : removed June 29, 1982. ADR clocks changed from I hr to 15 min on Jul. 8, 1993.

RIITERENCE MARKS: Bench marks were installed and levels were run by the Bureau of Reclamation. Listed
.s'ations in NISL.	 ,

PM- I. elevation 475.46 ft, is a bron7e cap at the top of the headwall on the right side of the inlet structure about 3 ft
upstream of the river (upper) gates.
RM- I. elevation 476.00 It, lip of afterbay well, orange paint spot.
R M-2. elevation 475.98 ft, lip of forcbay well, orange paint spot.
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Description of Gaging Station on Topock Marsh Inlet near Needles, Ca06/25/95

RM-3, elevation 475.47, MP for outside WS for afterbay, at rear of shelter over afterbay intake, orange spot.

Left gate sill 453.25 ft (levels of Jan. 16. 1969).
Gage zero elevation 400.00 ft.

CIIANNEL AND CONTROL: Channel is man-made ditch in natural alluvial substrate. The control is the gate
structure of the inlet.

The rating is based on the submerged orifice formula:
Qr = CA(2gh)". The measurements made through the 1968 calendar year indicated C should be about 0.66: A =
I2(gate opening). ThLs formula can be simplified to the following version:

Qr = 63.52(G.0.)(forebay-afterbay)05 .
Furthermore, daily discharge can be adjusted by the ratio, Om:Qr , to conform to the measurement, Qm. This has been
done by applying ratio monthly and is not prorated.

DISCIMRGE MEASUREMENTS: Most releases should be low enough to he measured with 8-foot wading-

rod at the foot bridge 400 feet below structure. Stage change can he rapid, but head change should be relatively small.

WINTER FLOW: Not affected by ice.

REGULATION: The flow is completely regulated by U.S. Fish and Wildlife personnel as determined by the needs
of the marsh area Channeliration of the Colorado River and the construction of a levee had isolated the Topot:k Marsh

area. To maintain this area as a wildlife refuge, the inlet structure was built. Flow is diverted at the inlet structure into

a canal which carries it into the marsh and then is returned to the Colorado River at Topock Marsh Outlet (09423650)
1.5 miles north of Topock. AZ. I

DIVERSIONS: Vanderslice Farm.

ACCURACY: Fair, because or numerous problems involved and the varying conditions encountered.

COOPERATION: U.S. Fish & Wildlife, whose yearly allotment is 41,840 ae•ft, controls the gates.

Revisions of: 1985. all except locus. 1992, timer. 1993: cf. G.O.: recording, removed defunct ref, formula.

MILEAGE DISTANCE
0.0

ROAD LOG
REMARKS

Needles at Broadway. Bus. 40 Loop & U.S. 95.
Proceed north on Broadway to "K" Street. turn right then jog left on "Front Street"

to go through railroad underpass on "K" Street.

2.0	 2.0	 Colorado River bridge.

2.2	 0.2	 Turn right on Levee Way.

2.8	 0.6	 At T turn right on Barrackman Rd.

3.1	 0.3	 Road curves left and passes walled housing development.

4.2	 1.1	 Cont. down levee to site on right in chainlink fence. Adeq. parking. *** Spec. keys

required. 	-
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UNITED STATES
DEPARTMENT OF THE INTERIOR

GEOLOGICAL SURVEY
WATER RESOURCES DIVISION

Revised: 8-26-85
By Dorries

Bivens  

DESCRIPTION OF GAGING STATION: Topock Marsh Inlet nr. Needles, California

LOCATION: Lat. 34°50'10", long. 114035.03“ in NEI; NA, Sec. 33, T. 9 N., R. 23 E.,
San Bernardino meridian, in Ariaona,'Mohave County, on left bank of Colorado
River north side of canal inlet structure, 1 .3 riles east of Needles, 32 miles
downstream from Davis Dam, and 55 miles upstream from Parker Dam. Needles 7 1e
topo. Hydrologic Unit 15030101.

ESTABLISHED: January 1, 1967 by U. S. Geological Survey. Inlet structure built by
V. S. Bureau of Reclamation in 1966. Channelization . of the Colorado River and
•the construction of a levee had isolated the Topock Marsh area. To maintain
this area as a wildlife refuge the inlet structure and diversions canal were
built. Flow is diverted at the inlet structure into a canal which carries it
into the marsh and then is returned to the Colorado River at Topock Marsh outlet
gaging station (09423650) 1.5 miles north of Topock, Arizona.

GAGE: Three water-stage recorders all driven by separate clocks are used to determine
headwater and tailwater elevations and gate openings. The two water-stage
recorders used to determine difference in head are located in a full-length
concrete block shelter over two 18-inch stilling wells. One water-stage recorder
registers water elevation above three upper or upstream gates on the Colorado
River side of the structure. The other water-stage recorder registers water
elevation on the downstream side of the upper gates. The third recorder is
located in the same full-length concrete block shelter and registers gate openings
for number one gate (northern-most gate). By understanding with the U. S. Fish
and Wildlife who operate the gates, all three gates will always be opened the
same amount in order to reduce the instrumentation needed and simplify computation
of daily discharges. Feb. 15,1 1977 an electric tape gage was installed inside
shelter on 141 and H2 wells. iThe El and 112 recorders are set to read MSL minus
400 ft. The outside staff, located on right (#3) intake wingwall, about 3 ft
upstream of upper gates and the electric tape gages, used to measure elevation of
H1 and 142, are set to read MSL minus 450 ft.

The lowest elevation on the sill of the three upper slide gates is 453'.25 ft
above meant sea level. The upper gates are each of 4 ft wide and 4 ft high.

There are three slide gates which control the outflow through three 42-inch
diameter pipes on the downstream side of the structure. The water level in
the canal on the downstream side of the diversion structure is generally above
the outlet end of the outflow pipes..•
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The 18-inch stilling well for the downstream recorder (H2) originally would
not drain low enough as there was no outlet below 457.50ft. However, this
was rectified in January 1969 by punching a hole at about 454.50 ft. At
the same time the intake static tube for the upstream stilling well was
moved upstream to eliminate drawdown that had previously been noted.

There is an outside staff located on each wingwall about 3 ft upstream of
the upper gates set to UGVD of 1929 minus 400 ft.

The Sparling flow meter was removed June 29, 1982 as tAsh would collect on it
and was being vandalized

CHANNEL AND CONTROL: Channel above and below structure is dirt and gravel. The
control is the upper and lower gates of the inlet. The rating is based on
the formula Q..C.Arigl-Tor	 x 8.02 X 12 (gate opening -2.08071-F--12). The measure-
ments made through the 1968 calendar - year indicate C shbuld be about 0.66
which was used. To further conform to the measurements the QmiQr ratios are
plotted on a 9-279-C to determine the final adjustmentr•to be applied to the daily
discharge. Qr is the computed discharge by the formu1a.'f0m is the measured discharge.

BENCH MARKS: Bronze tablet at the top - of the headwall on the right side of the
inlet structure about 3 ft upstream of the upper gates. Levels were run and
the bench marks were installed by the Bureau of Reclamation. Elevation 475.46 ft
above mean sea level. Lip of H1 and H2 wells is 476.00 ft above MsL and gate
opening references on pedestals for each upper gate'areat elevation 476.72 ft
MSL (levels of Nov. 29, 1966). When the gates are closed (zero gate opening)
the average vertical distance measured from the referenbe mark on the pedestals
to the top of the gate stems is 2.08 ft. Left gate sillLis at e1eVation . 453.25:ft
MST (levels of Jan. 16, 1969).

DISCHARGE MEASUREMENTS: Low flow measurements cans.be made bY wading in the channel
above the inlet structure. Low and medium flbw measurerbnts are usually made
between the inlet structure and a foot bridge 400 ft bdlow structure . , Higher
flow measurements can be made from the foot bridge by Wand line or bridge boom.

5

Measureing conditions should be good mostof the time. Most releases should be
low enough to be measured by wading.

WINTER FLOW: Not affected by ice.

RDalLATION: The flow is completely regulated by U. S. Fish IS Wildlife personnel as
determined by the needs of the marsh area.

DIVERSIONS: None. Flow into the marsh returns to the Colofado River,at the Geological
Survey, Topock Marsh Outlet gaging station (09423650).

ACCURACY: Because of numerous problems involved and.becaus4 of the varying conditions
encountered, records are fair.

COOPERATION: U. S.

F t i wod 1,
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PART II

TNIXT STRUCTURE AND CANAL

General Descrtption

The inlet canal extends eastward from a point on the Colorado River just

below the bridge at Needles to the upper end of the Topock Marsh.

4total_1ength_la_4 sp_miles. It is excavated in sandy soil with

side slopes of 2 to 1, nominal bottom width of l 4.0 feet, designed

depth of hoo feet, and a gradient of .000095 irreofrgr7fiArTFIlle).

If these initial conditions are maintained it will have a flow capacity_

of 100 cubic feet per second._

The intake structure (see Drawing Nos. 423-300-532, -533, and -534)

controls diversion from the Colorado River into the inlet canal. It f "

consists of three 142-inch asbestos-bonded, corrugated-metal pipes with

concrete headwalls and concrete inlet and outlet transitions. The inlet'

trensition is equipped with three 42-1ndh diameter 'control gates and

three 48-inch x 42-inch gates to permit adjustment of the flow measuring

orifices. Float wells and a shelter house are provided to permit

ressuring and recording of the differential head across the measuring

orifices. The intake structure 18 !d to divert 1WW1.ibi 4.7 71rter

scç.ond into the inlet canal with a river-water surface elevation of

4571._ a Marsli water purface.elevation of 455.0, and with the inlet

canal in a good state of maintenance. i/Ç( j-)

Maintenance of Inlet Canal

Periodic raintenance of the inlet canal will be required to assure its

continued efficiency and stability. The canal is designed to deliver
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100 cubic feet per second with a Marsh voter surface elevation of 455.0 and

a water surface elevation of 456.82 feet below the intake structure as shown

on Brewing No. 423-300-532. This elevation is equivalent to a depth of 4.o

feet of water above the floor of the outlet transition at the intake

structure. If thene water-surface elevations occur during diversion of

100 cfs through the canal, its hydraulic efficiency is confirmed. If the

water depth over the floor of the outlet transition should be more than

4.0 feet for a flow of 100 .cfs, maintenance of the canal may be required.

This will consist of excavation in the canal to restore the full width

and depth of the vnterway provided in the original construction.

Peduction of the hydraulic capacity of the canal generally will result

from deposition of vind-borne or water-borne sediments within the

wetted canal prism. Wind-borne sediments should only be a significant

problem in the initial years of operation. The problem can be minimized

by establishing vegetative cover on the canal banks or by encouraging

the growth of natural vegetation. Low-growing vegetation such as

Bermud a grass is desirable from the standpoint of facilitating maintenance

work and access *long the canal. With diversion of thetatiercrIrSTFAI

t:":444r7r-sirATtrIlftif4WririrltervItTviatm7.0111 and with a sediment

concentration in the diverted flow equal to that in the river,

epproximetely 07,7"1".».! Mrrrs,41, of sediment vill be diverted into the

ennnl each year. Mont of the sediment will be deposited in the canal due

to its flnt 	11 eut and the attendant low velocities. A requirement

for ennunl clenning of the canal should be anticipated.
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Maintenance of Intake Structure
	 251

Very little maintenance of the intake structure should be necessary.

Earth slopes around the structure may require occasional dressing to

correct for wear caused by pedestrian traffic. Local dressing of

riprapped slopes may also be required. Experience indicates that

casual visitors, fishermen and others, tend to move rocks to suit their

personal purposes, requiring occasional restoration to preserve the

appearance of the facility 'and to insure the full protection of the

slopes.

Restoration of paint on submerged metalwork is of questionable value.

Experienced operators generally feel that the extended life of the

metalwork does not warrant the inconvenience and cost of removal and

painting. If removal and painting of submerged surfaces are undertaken,

long-life paints such as the Bureau of Reclamation's VR-6 system of

vinyl coating in eertainly warranted. Unfortunately, such painting is

beyond the competence of most maintenance personnel and of most local

painting contractors. Exposed metalwork above water ray be repainted

with alinnintrn paint. Thorough cleaning and preparation of the surfaces

is required. If bare metal is exposed in the cleaning process, the use

of a primer coat compatible with the finish coat is required. Machinery

finish paint is also suitable for metalwork which is not submerged.

PaintenPnce should be provided to keep the area neat and attractive.

Since the structure is a publicly operated facility which will be

observed by rsny persons, its general sppearanee should be maintained

at a level which will reflect credit upon the operating agency.



Loeal rainfall below Davis Dam and other operational requirements way

require curtailment of flow in the river at the intake structure. The

resulting drop in the river stage may occur several times in a year

and is most likely to occur during the autumn and winter months. The

rapidJy falling river stage may expose a sandbar which forms in the

entrance channel to the intake structure during periods of normal and

high riverflow and reduce or cut off the flow to the intake structure.

The reduced flow through the intake structure may occur only during

portions of the day or throughout the day. The lowered river levels

may continue for periods from several days through several weeks. If

the reduced inflow into the Marsh cannot be tolerated, it will be
—

cary to excavate a channel through the sandbar to restore flaw. The

volume of material to be excavated will be small but it will be important

that suitable excavating equipment be available in a state of readiness

to perform the work when necessary.

During extended periods of high flow in the river, particularly if flood

water is being released from upstream reservoirs, seepage into the canal

immediately below the intake structure may increase. The canal section

should be carefury and frequently examined at such times to determine

if seepage flows are increasing. Any evidence of an increase in

seepage flow at such time, particularly those which are accompanied by

sediment or turbidity in the seepage water (sand boils), requires

Irralate remedial action. If the flow is localized and small in volume,

blanketing the area with permeable well-graded gravel i two or three

feet in drTth,may be adequate. If there is any indication of structural
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failure of the canal banks due to the seepage, it is advisable to shut

off all flaw through the intake structure and immediately construct one

or wore earth cofferdams in the canal below the point of leakage. This

action will reduce the total pressure head from the river to the point

of seepage outflow thus limiting the erosive potential of the seepage and

possible damage to the levee near the intake structure.

S22rat1on  of Intake Structure

The inlet structure is a constant-head, adjustable-orifice measuring

structure of a type which has been widely used by the Bureau of

Reclamation because of its convenience and dependability of operation.

It includes three 48-inch by 42-inch rectangular gates which, when opened,

create an adjustable orifice. Measuring veils associated with these

gates permit measurement of the differential head across the gate and

subsequent computation of the rate of discharge.

Setting of the structure to achieve a desired rate of diversion is

relatively simple using the Table, "Theoretical DisCherge--Topock Marsh

Intake Structure." After the rate of diversion is selected, a discharge

is'selected from the table under the column for normal operating head

of 0. 1%0 feet. This discharge should be equal to one-third, two-thirds,

or the total diveraion required. The corresponding gate opening is then

determined from the first column of the table, and the orifice gate or

uktes oprned accordingly. One or more of the 42-inch diameter control

gates is then opened until the differential head observed in the

measuring wells is 0.40 feet. The differential head and total rate of

diversion will tend to change until the water surface elevation in the
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canal below the structure has stabilized. Ordinarily, the lack of

precision thus created will be of no concern. If necessary, compensation

can be accomplished by readjusting the control gates to produce a head

differential of 0. 110 feet after about 30 minutes of operation.

The follwing examples are given to illustrate normal operation:

Exmple 1:

Desired diversion: Approximately 75 cfs

Discharge for one gate (differential head = 0.40 column):
25.56 cfs (76.5 cfs for three gates)

Corresponding gate opening: 1.8 feet

Gate adjurint: Open three orifice gates to 1.8 feet. Adjust
the two outside control gates to approximately equal openings
until differential head observed in measuring wells is 0.40 feet.

yxnmple 2:

Desired diversion: Approximately 45 cfs

Discharge for one gate (differential head = 0.40 column):
22.7 cfs (45.4 for two gates)

Corresponding gate opening: 1.6 feet

Gate adjustment: Open two outside orifice gates 1.6 feet.
Adjust two outside control gates equally until differential
head of 0.40 feet is observed in measuring wells.

Multiple gates in the structure give considerable flexibility in

operation. While reveral combinations of gate openings and number of

gmten in eperation are possible, the operating choice should consider

the following criteria and considerations:



J. The structure should be operated so that discharge is

symmetrical about its centerline. Operation of a single

gate requires use of the center gate; operation of two gates

requires use of the two outside gates. On the orifice gates,

symmetrical operation results in more accurate measurement.

On the control gates it reduces erosion in the canal near the

structure.

2. Small gate openings (particularly those less than 0.5 feet)

should be avoided by reducing the number of gates in operation.

Small gete openings are readily clogged by trash producing

erratic control of diversions.

3. The rate of diversion will vary periodically with the river

stage. This should be considered when setting the gate openings

particularly if adjustment is near the time of maximum or

minimum stage. Operating experience will indicate the amount

of compensation which may be required in the rate of flow

used to compute the gate setting.

4. The purpose of the orifice gates is only to measure water.

The control gates are used to regulate the flow And to absorb

the differential head between the river end canal which is not

used by the measuring orifice or other parts of the structure.

The function and operation of these two sets of gates should	 /

not be confused.
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operating methods and considerations assumes a water elevation of

452.0 feet or lower below the structure.

Water levels in the Marsh are controlled by the installation of stop-

logs in the guides. The top of the top log acts as the crest and must

be set at the desired elevation. If outflow is desired for circulation

of water through the Marsh, the quantity of outflow is first determined.

The logs in the fish ladder are then adjusted to provide the desired

flow conditions. Using the three-foot weir table, the quantity of flow

through the fish ladder is then computed and subtracted from the desired

outflow. Then, using the five-foot weir table to compute the flow over

the stop-logs, one or more of the stop-log crests is then lowered

sufficiently to provide the difference.

F -fAmple:

It is desired to maintain the Marsh water level at elevation

455.0. Considering pertinent factors such as inflow, evapo-

ration and the need for circulation flow, it is considered

that an outflow of 40 cfs is required. A 9- inch sheet of

water over the upper control on the fish ladder is desired.

Since 9 inches or 0.75 feet of water over a 3-foot weir is

6.5 cfs, 33.5 cfs remain to be released over the stop-log

control bays. If all the four bays are to be employed, the

flow over one bay will te 8.4 cfs which, from the 5-foot

veir table, requires a depth of flow of 0.63 feet. Since

the water surface elevation in the Marsh is to be 455.0, the

top log in the fish ladder must be set 0.75 feet lower at
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PART

OUTLET STRUCTURE

General DescriTtion

The outlet is located in the dike near the lower end of the Marsh. It

is a reinforced concrete structure incorporating four five-foot stop-log

bays for water control rind a three-foot fish ladder. A battery of flap-

gates is included to minimite reverse flow over the stop- log bays due

to river floods or other high water conditions. A water stage recorder

has been installed to permit measurement and recording of return flow

to the river. The structure is designed to permit regulation of the

vster level in the Marsh at 455.0 feet above sea level or at a lower

elevation. Details of the outlet structure are shown on Drawing No.

4 23- 300-535.

Maintenance_

Maintenance requirements for the outlet structure are the name as

for the inlet structure.

yormalpTeTation

The outlet structure is designed to provide control of the water level

in the MarPh with a water l evel below the structure of approxirately

452,0 feet above sea level or lower. This low water level is dcrendent

eomrletinn of work to control and stabilize the river. Until that

Ilm-X in sul ,atantially accompliched, low water levels in the Marsh cnn

be prevented, but control and mnnegement of the water level will be

possible only to a very limited extent. The following discussion of

257



2585. Variations in the rate of diversion which will result from

chenges in the river stage will be indicated by recorded changes

in the differential head through the orifice gates: Normal

changes above and below a differential head of 0.40 feet will

produce acceptable accuracy of measurement. A significantly

lesser head reduces the relative precision of measurement. A

larger head may create operating difficulties when the river

stage is law. It is desirable to operate consistently around

a common center value of differential head (0)0 feet) to

avoid unnecessary Work in rating the structure.

6. The table of theoretical discharge is based on assumed orifice

coefficients and other factors. It should be adjusted by the
-

responsible hydrographer to reflect rating measurements when a

sufficient quantity of data has been assembled.

7. All changes in the opening of the orifice gates together with

the time and date of the change should be noted on the differ-

ential head recorder chart. The hydrographer responsible for

the structure will provide operating personnel with detailed

instructions for use of the particular equipment provided.



elevation 454.25, and the control logs 0.63 feet lower at
	 259

elevation 454 .37. The logs are set accordingly and the recorder

chart is noted to show the time of change and setting of the

logs in all control bays and the fish ladder.

Flood Operation

The space above the dike between elevations 1455.0 and 459.0 was

assigned as flood control space. The total capacity of this space is

approximately 21,000 acre-feet. The estimated runoff volume of a 100-

year, 6-hour storm over the contributing drainage basin is 11 , 000 acre-

feet. Release of inflow of storm water in the Marsh is to be accomplished

through the outlet structure at rates up to approximately 600 cfs. If

flood inflow volumes in excess of 21,000 acre-feet should occur, a low

section of the dike near the upper end of the structure (between Stations

135+00 and 143+00) which was constructed with a crown elevation of 459.0

(one foot lower than normal crown elevation of Vo.o) will be overtopped.

Tbis feature insures that flood-indueed damage will occur in an area

where repair can be accomplished quickly and conveniently through the

replacement of the eroded fill material. Overtopping of the outlet

structure and the main portion of the dike la thus prevented.

The only day-to-day operation required in anticipation of flood inflow'

is to maintain the impounded water-surface elevation at or below

elevation 1155.0 so that the flood control space is fully available for

emergencies.

'Then storm infirm has resulted in storage of water above elevation

4 55.0, the excess storege should be released as promptly as possible
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by eljusting the outlet structure to provide releases up to 600 cfs

until the water level in the Marsh has been restored to normal

operating levels of 455.0 or lower. Release of water from flood storage

is an emergency operation which requires close coordination with other

such operations along the river. It should be initiated only after

establishing contact with and receiving instructions from the U. S.

Bureau of Reclamation, Lower Colorado River Control Office at Boulder City,

as discussed in Part V of these operating criteria.



261PART IV

DIKE

GenS./1 1.112.4..-,19111Et4on

The Toro ck Yareh Dike-vas constructed with a crown elevation of

k60.0 feet. The necessary materiels were excavated from the bottom of

the Hersh and deposited along the dike alignment. The existing crose-

section reflects the rethod of placement having very flat slopes above

the existing water-surface level with steeper slopes under water.

Sufficient material has teen placed in the fill to provide protection

from wave ection under anticipated future conditions. Minor beaching

of the edge of the fill may result from wave action and lowered water

levels, but erosion affecting the central core of the fill should not

occur becseee of the stable beach slopes which will be developed by

the preceding erosion. The highest portion of the fillortich is to

the east of the outlet structure, rires 14 feet above the bottom of

the Marsh.

A section of the fill northwest of the outlet structure was conetryeted

to elevation 459.0. The purpose of this special section is to localite

end control esmage which vould result from floods on the local drainage

Pit& or on the river itself. Details of the Dike are shown 17 Prnwing

ro. 423-3n5-mi.

Maintenance

FAintr!rance of the Dike requires a limited amount of work to keep the

"'"'""LY to the outlet structure in good condition. Vegetation should

)elt ender control on the crown of the Dike northwest of the outlet
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l'ART V

WATER SCHEDULING

VormalOperations

Estimates of daily diversions and returns must be furnished to the Needles

Office of the Bureau of Reclamation for transmittal to Boulder City on

Wednesday of each week for the following Monday through Sunday.

Revisions of the daily estimates during the week which would change'the net

diversion from the river by 50 cfs or more must be reported at least

24 hours prior to making the actual diversion.

Flood pperations—

During periods of flood control operations  on the COlorado River,

releases at Pavia ram may be controlled so that either low or high flows

ri' occur ln the river at the intake and outlet structures. The Bureau

of Reclamation, through its Needles office, will notify the Tbpoek Marsh

op4ating personnel in advance of major changes in riverfrows due to

flood control operations.

As stated on page 15 under Flood Operation, release of water from flood

storage in Topock Marsh requires close coordination with other such

operations along the river. Flood releases should be initiated only

after establishing contact with and receiving instructions from the

Fiver Control FflginPer, lower Col fly-ndo Diver Control Office at Boulder City.

This contact ray be made directly or through the Needles office of the

ThireAll of Reclaration.



structure to assure ready access for inspection and maintenance. It

is also desirable that the growth of vegetation be controlled on other

portions of the Dike, particularly the banks of the high fill section

east of the outlet structure. Control of trees and brush by mowing

or use of chemical sprays is recommended. The resulting grassy cover

ebould be ruch more attractive to the visiting public, will conserve

waten and will facilitate any maintenance which may be needed.
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1 2.05 I  4.76  1 7.04

14.06 11,22 19.88

1 6.06 t 9.68 22-72

18.07 22.14 25.56

20.08 24.60 28.40

22.09 27.06 31.24

24.10 29.52 34.08

26.11 31.98 36.92

28.11_ 34.44 39.76

30.12 36.90 42.61

2.01	2.46	 2.84
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DIFFERENTIAL 4IEAD ON ORIFICE ( FEET)

45.45

2.6
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2 .2

3.2	 22 72 32.1 3 39.36

THEORETICAL DISCHARGE
TOPOCK MARSH INTAKE STRUCTURE
For one measuring orifice , compute d from the

formula Q r CA	 with C=0.70.

11 Normal operating hod
	

; r:

To oynld trash problems, s mal ,ute Opinings shouid be
a voided by reducing the number of gates In use.
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WEIR TABLE

TOPOCK MARSH OUTLET STRUCTURE
For one stop-log bay computed from the formula

Q: 3.33 01 3/2

HEAD
. H..

JFEET)

0.0

DISCHARGE"Q" FOR FISH LADDER	 (L'z' 3.0 FL)	 .

-0

0.3

.2

0.9

.3

1.6

.4 .5 .6 .7

5.8

.8

7.7

.9

0.0 2.5 3.5 4.6 8.5

I .0 10.0 11.5 13.1 14.8 16.5 18.3 20.2 22.1 24.1 26.2

2.0
X

28.3
X

31.1
X

33.5
X

35.9
X

38.5 ,,
it

41.1	 /
x

43.7
x

46.5
x

49.3
x

52.2

3.0
X

55.2
X

58.3
X

61.4
X

64.6 67.9
X44

71.2
X

74.6
X

78.2
X

818
X

85.5

4.0
-X

89.2
X

93.3
X

97.4
X

101.7
X

106.1
-X

110.5
X

115.0
X

119.7
34

124.4
X

129.2
•
5.0

-X
134.2

X
139.1

X
144.2

*
149.4

X'

154.7
*

160.1
X

165.6
*

171.1
X

176.7
X

182.5

HEAD DISCHARGE "Q" FOR CONTROL BAY (L= 5.0 Ft.)"H .

(FEET) .o .1 .2 .3 .4 .5 .6 .8 .9

.6 0.0 0.5 1.5 27 4.2 5.9 7.7 9.7 11.9 14.2

I , 0 16.6 19 2 21.9 24.7 276 30.6 33.7 36.9 40.2 43.6

X X X. 34 X
2.0 49.1 519 55.8 59.9 64.2 ( 68.5 72.9 77.4 82.2 87.0

X X 14 X
3.0 92,0 97.1 102.2 107.6 113.1 118.7. 124.4 130.4 136.3 . 142.4

X X X X X X
4.0 148.7 155.6 162.4 169.5 176.8 184.2 191.8 199.5 207.4 215.4

X
5.0 223.6 231 9 2404 249.0 257.8 266.8 276.0 285.2 291,6 304 2

-X From Table 3P, U S B R. Hydraulic and E covotion Tables, Eleventh Edition.
Assumed water surface elevation is 455.0
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INTEGRATING DIFFERENTIAL GPS, GIS, AND SONAR MEASUREMENTS TO MA.. Page 1 of 6

Integrating Differential GPS, GIS, and Sonar Measurements to Map the Bathymetry of Topock
Marsh, Arizona

Bradley E. Guay, Michael Kunzmann, Wolfgang Griinberg, D. Phillip Guertin

Abstract

Natural resource scientists routinely need bathymetric maps of inland water bodies to answer
environmental questions. This study integrated differential GPS, GIS, and sonar measurements to
construct a bathymetric map and model of Topock Marsh, Arizona, a shallow.water impoundment
and wetland. Our procedures are summarized as follows: (1) create a georeferenced base-map using
USGS orthophotoquads; (2) locate a base station near the marsh; (3) collect bathymetric
measurements; (4) post-process GPS location data; and (5) convert, analyze and display results. This
technique was ideal for small- to medium-sized lakes and ponds where sub-meter accuracy (x,y) is
desired. Our aim was to calculate the monthly change in storage of the marsh for a water balance
calculation (Guay, 1999). These procedures generated resource maps, a bathymetric model, and
volume-surface area-depth relationships.

Introduction

Proper water management of fresh water reservoirs, lakes and ponds often requires the storage
capacity or the bathymetry of the water-body be known. For instance, bathymetric data has been used
to determine reservoir sedimentation rates (Leonard and Coughlan, 1997), the distribution and
occurrence of submerged vegetation (Lehman, 1998), and to develop an environmental management
plans (Sherin, 1997). The aim of this study was to determine the monthly change in storage of a
shallow reservoir. These results were incorporated into a larger hydrological investigation that
included an annual water balance. ARC/INFO was used to analyze the bathymetric data and provided
volume-surface area-depth relationships.

The approach was to integrate a differentially corrected Global Positioning System (GPS), a
Geographic Information System (GIS) and sonar measurements. There already exist commercially
available navigation devices (e.g., Eagle's UltraMapTM) that combine and automate these functions,
and even provide background maps. These units rely on a differentially corrected Coast Guard
navigation signal (Radio Technical Commission for Maritime - RTCM protocols). Originally the
RTCM signal was broadcast along the coast, major rivers, and major lakes (e.g., Great Lakes), but
there are plans to expand its range (pers. comm., Navigation Information Service, 703-313-5900).
The principle limitation to these systems for natural resource mapping are their: (1) horizontal
accuracy of 10 meters or less, (2) inefficiency in attributing (annotating) a position with complex data
information (e.g., plant or animal sightings, water quality measurements, etc.), (3) inability to use and
display multiple layers of background data, (4) line-of-site signal interference, and (5) relatively
small memory.

Similar to previous investigations of inland water bodies (Leonard and Coughlin, 1997), our
procedures were aimed primarily at overcoming these limitations. Cost and time never became a
critical concern for this project, in part, because we used low-cost graduate student labor, in-house
technical expertise (University of Arizona, Advanced Resources Technology Group- ART). and less
than state-of-the-art receivers and laptops. Our procedures can be briefly summarized as follows: (1)
create a georeferenced base-map from USGS orthophotoquads; (2) determine coordinates of the base
station antennae; (3) collect bathymetric measurements; (4) post-process the GPS location data, and
(5) convert, analyze and display results in the ARC/INFO environment. The last procedure (#5)
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consumed an estimated half the man-hours of the project because data augmentation (explained
below) was needed to generate a realistic model of the marsh bathymetry, and there are some
complex physiographic features at the site.

The study site was Topock Marsh, located on Havasu National Wildlife Refuge, in northwestern
Arizona (fig j). The 13 km-long marsh occupies a former channel of the Colorado River that was
converted to a 1638 ha (4045 ac) shallow water reservoir and wetland with dikes and levees in the
1960's. Most of the marsh is shallow (I to 1.5 m deep) with gradually changes in relief, but along the
western shore there are a series of man-made dredged channels (1.5 to 4 m deep) with sharp breaks in
slope. In addition, the shallowness, strong winds, and prolific stands of tangled deadwood and cattails
precluded navigation and data collection in some areas (fig 2a,b). The marsh also experiences a
phenomenon known as seiches, or wind-induced stacking of water. On windy days, estimates of the
marsh elevation had added uncertainty because the elevation shifted at either end by as much as 0.15
m (0.5 ft).

Methods and Data Collected

The base map was created by mosaicing four USGS orthophotoquads into one image for subsequent
ARC/INFO use as a background map. The USGS orthophotoquads were standard 7.5 minute
quadrangle, georcferenced, monocolor, photographic quality, 1 meter resolution image maps. The
marsh shore line, cattail islands, and other key resources were digitized on-screen in Arcview (as
shape files), converted into ARC/INFO coverages, then "ungenerated" into ASCII coordinate files for
use as GPS background maps during field work (fig 3).

The Refuge headquarters, located 15 km west of the marsh, was chosen as a secure base station. The
coordinates of the base station antennae were determined by making concurrent position
measurements at three known geodetic control points (e.g., registered benchmarks) in both Arizona
and California (fig 4). This task required the maximum three sets of equipment (laptop, antennae,
receiver). The receivers (Geolink Inc., Motorola, 8 channel) were utilized because of their low cost
and ability to generate carrier-phase position data for several post-processing software packages.
Carrier-phase post-processing software, GRAVNAV by Waypoint Ltd., was able to calculate the base
station antenna position with a horizontal accuracy of less than 0.5 meters. Unfortunately, this task
was more complex than usual because the benchmarks, marsh, and base station were located in
adjacent UTM zones, they used different reference datums (NAD 27 vs. WGS 84) and historical
measuration techniques, and one of the benchmarks appeared to be displaced from its original
position (fig).

A 15-foot Glastron boat was equipped with: (I) a laptop with Geolink data collection software, (2) an
Oncore Receiver with GPS antenna, (3) a commercial-grade sonar unit (Eagle Magna IIITM), and (4)
a plastic tube that indicated the sonar draft on a staff gage inside the stern of the boat (figs 6a,6116c).
The elevation of the marsh was recorded hourly by a pressure transducer calibrated to a staff gage at
the outlet of Topock Marsh. The measurement error of the pressure transducer, draft indicator, and
sonar are estimated or cited as ± 0.03 m (0.1 ft). With the GPS base station operating, a two-person
team traversed the marsh at trolling speed and manually entered sonar, draft, and field observations
into the GEOLINK data collection software. Sonar measurements were entered about 5 to 30 meters
apart depending on the bottom terrain, while draft readings were recorded every few minutes.
Measuring water depth with a calibrated survey rod and comparing to our computed depth tested
system accuracy.

Data collection occurred in half-day intervals to reduce file sizes, minimize possible data loss, and to
facilitate data post-processing techniques. The GPS raw data files were collected and attributed using
the Geolink Data Collector software module, post-processed together with the base station files using
Post-Point of GRAFNAV differential correction software, then converted from Motorola file formats
to an interim ASCII format utilizing Geolink's Data Management Software. Using Post-Point
software, the horizontal accuracy of boat's position was estimated to be 2 to 4 meters. The Data
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Management Software generated all the necessary geo-relational files and "sml" programs to
automatically build coverages in a PC-ARC/INFO format in the field. Eventually all coverages were
exported to ArcView so that the data could be easily viewed by refuge managers and researchers.
Each new coverage was reviewed daily to expose major data collection or post-processing errors.
Since each hour of data collection used about 1.5 to 2.0 megabytes of disk space, files were
transferred to lomega ZIP disks for archival storage.

After GPS post-processing and coverage attribution, the bathymetric data were normalized in
ArcView database environment to a reference elevation (456.5 ft nisi) by correcting for sonar draft
and daily marsh elevation The reference elevation coincides with the upper water elevation that
Refuge managers use most of the year (Havasu NWR, 1987) and the digitized shore line. The shore
line was delineated on the orthophotoquads by using recent airphotos, vegetation types, and site
knowledge. Depths for each point were re-computed using the reference elevation as the "zero
depth." These points were added as an attribute to the coverage, making feet below the reference level
as the mapping unit. The areal distribution of the corrected depth values are shown in Figure 7. Not
surprisingly, the data are concentrated in the most accessible boating areas. The original field location
data contained 2,888 attributed points. The resulting shape files were then used to create a point
coverage in ARC/INFO.

The adjusted x,y,z point data were then used as subsequent input for elevation models using
ARC/INFO CREATTIN and TOPOGRID tools and procedures. However, both procedural models
incorrectly interpolated many areas of the marsh based upon our site experience. The problems were
most acute where point density was low and along the dredged channels. For example, dredged
channels were represented as discontinuous features with alternating deep and shallow topography,
rather than as continuous u-shaped man-made channel (fig 8a,b).

To achieve a representative model of the marsh, based on site-specific experience and others physical
indications of depth, we performed four types of "data augmentation" or enhancement. Figure 9
shows the location of a typical dredged channel area that is used to illustrate before and after effects
of data augmentation with TOPOGRID tool. First, a relatively few data points that initially fell
outside the shore line boundary were shifted as a cluster to their probable position. This was a simple
adjustment since the boat tracked from shore to shore in a predictable sinusoidal path (fie 10). Next,
we constrained the computer interpolation by hand drawing contour lines on-screen. This was done
using the existing data, mostly along the steep slopes of dredged channels and parallel to the deep-
water edge of cattail islands. The added contour lines were incorporated into the elevation model. A
third type of augmentation relied on existing data and "expert opinion." That is, very important data
points (VIP's) and contour lines were added in data poor areas, usually between actual measurements,
or, where expert opinion could confidently estimate depth. For example, in areas where the
embankment was steep-faced and the closest sonar reading was a 50 meters or more off-shore, the
computer would interpolate a shallow shelf that was known to be incorrect from field experience.
This problem was especially true along the eastern shore between Five-Mile Landing and Golden
Shores (fin 3). In this situation, three parallel contour lines were added to modify the bottom profile
to better represent this former river meander (see fig 12). Always, the added depth values were
consistent with nearby points and site experience. In three smaller backwater areas (e.g., Beal Lake)
where boating was not feasible, depth values had to be estimated from shore observation while the
area was drained. The overall profile of these features was a reasonable combination of measurement
and judgement. The final type of data augmentation was used specifically along the bottom of the
dredged channels. The channels were not recognized as continuous trench-like features (fig 10).
Therefore, we used the stream option in TOPOGRID tool to create a more realistic model. Later we
found segmenting this feature into shorter sections at 2-meter resolution produced a smoother
representation at 10-meter resolution (fin Ila,b).

Figure 12 shows the augmented data compiled with the original data. Following the data
augmentation, the point coverage (now 3,363 data points) and shore-line  coverage were again used to
generate a bathymetric model of the marsh. Both the TIN and TOPOGRID models were recreated at
10-meter resolution. The volume-surface area-depth relationships were determined using an AML
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that combined map algebra and the GRID function ZONALSUM at 2-meter (x, y) resolution for 0.13
m (0.5 foot) depth intervals.

Results

The results of the study were encouraging. They provided various resource maps and reasonable
estimates of the marsh's volume, surface area, and depth. Figure 13 is the final bathymetric map
made using TOPOGRID tool. Table 1 shows the volume estimates of the marsh using four methods.
It is interesting that our final method (;3) is only about 9% less than the classical topographic map
estimate ( 4 1). And there was near parody in the two elevation models (methods c3 and 44), with only
about a 2 % difference.

Figure 14 illustrates the relationship of the marsh's volume, surface area, and depth. The average
marsh elevation at the end of each month was used to determine the surface area and volume; these
quantities were later used to compute evaporative losses from the open-water marsh and the month to
month change in storage, respectively.

Table I. Comparison of four volume estimate methods for Topock Marsh assuming a surface
elevation of 456.5 ft above msl.

( 1 )

Traditional topographic
map and assumed 1.22

m (4 ft) depth

(2)

Original Data w/
TOPOGRID tool

,
(3)

Original Data, w/
data augmentation

and TOPOGRID tool

(4)

Original Data w/ data
augmentation and

TIN

19736000m3

(16.000 ac - ft)

17310154m3

(14034 ac-ft)

17894870m3

(14508 ac-ft)

17534328m3

(14215 ac-ft)

The study allows Refuge managers and researchers to make some informed water management
decisions in the future. For example, the Refuge learned that the surface area changes little until the
water elevation drops below 454.0 ft msl, when it begins to fall dramatically. Suppose the aim of
water operations were to expose shoals to migratory birds that feed on benthic invertebrates, then
lowering the water elevation another foot to 453 ft msl would expose an additional 1279 acres of
feeding habitat.

Discussion

In agreement with Leonard and Coughlan (1997), the integration of differential GPS, GIS, and sonar
measurements was successful in producing a bathymetric map and, in this work, a model of Topock
Marsh. Data analysis was able to provide estimates of the monthly change in storage in the marsh. At
the reference elevation, the overall accuracy of our volume and surface area estimates, while
unknown, are expected to be near ± 10 percent. The greatest sources of error seem to result from
estimating the marsh elevation and from sonar measurements over unconsolidated bottom material
(organic mud). The elevational error was greatly reduced if data collection occurred on windless days
and during periods when the overall marsh level was being held constant. The sonar error was
reduced by adjusting the sensitivity but was never completely overcome in backwater areas.
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Several factors need consideration when following these procedures. For example, it was important to
have a background map and real-time GPS display of the boat's position. This procedure aided in
navigation and eliminated certain gross errors. Notwithstanding, mosaicing imagery (100 MB
memory per orthophotoquad) requires substantial computing power (we used an UltraSparc 1000
with 4 GB Ram). To locate the base station, we needed three sets of equipment concurrently
operating at well defined, first-order (if possible) benchmarks, within a reasonable radius (< 10 km)
of the base station, to yield the highest position accuracy with the receivers and software we used. It
was a tremendous asset to have some site knowledge for planning data collection traverses and, later,
data augmentation. For instance, the track of the boat over dredged channels required a 45 degree
heading to the axis of the channel or much of the contour was not identified. For more regularly
shaped, or more nature water bodies, a simple grid pattern seems a reasonable approach. The amount
of hours spent enhancing the data was surprising large. The algorithms for producing the bathymetric
models have some inherent biases. For example, TOPOGR1D tool has a terrestrial bias the assumes a
hydrologically active surface that has more "peaks than sinks." In addition, the stream option in
TOPOGRID tool creates a continuous depression or trench that forces the overall feature to descend
along its length. If the trenches were not segmented, the channels were too deep and the volume was
overestimated. However, it is reassuring that the augmented data (using TOPOGRID tool) only
increased by 3.4% the volume of the marsh when compared to the original data (Table 1).

Nevertheless, and even with all the data augmentation, we felt our final bathymetric model was very
representative of Topock Marsh and provides a powerful water management tool for the Refuge.
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Depth below 456.5 ft msl
0 - 1 ft
1 - 2 ft
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Land
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USGS Record of Tcpock Inlet Diversion (Yuma Office)	 Annual 1968-82
Ac-ft	 JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC Totals 1985-97

1967 4750 3440 7910 7230 7000 7440 7750 7330 5300 5390 3350 1380 68270	 45435
1968 5220 7280 9810 9330 9750 9120 11600 11400 10000 7420 5640 4390 100960
1969 307 0 80 1600 3470 3530 6700 8200 4440 690 3940 5740 38697 Max
1970 0 100 3380 1760 1840 3050 5430 6480 9770 8500 3350 0 43660	 100960
1971 349 522 3220 3230 2120 5120 4110 4170 4800 3830 1690 4080 37241
1972 0 0 1150 2570 3120 6070 6670 3770 3480 3490 4950 6330 41600 Min
1973 1620 0 1510 1590 3380 8810 5480 5180 6020 6220 4230 1040 45080	 29165
1974 0 0 1790 3380 3040 3490 2960 2820 6300 5620 1970 3900 35270
1975 0 0 2830 3450 3450 5250 6660 4640 5320 3700 2530 2910 40740 SD
1976 0 0 9560 877 3280 9890 1830 6850 3170 3150 807 2580 41994	 14254
1977 0 0 7560 978 2050 5090 4120 5280 5440 4520 1140 2100 38278
1978 38 0 6120 1210 3980 6280 3450 6780 4070 1860 1230 1540 36558 Median
1979 163 2110 4760 4430 2830 5320 6030 3710 3260 5220 2650 1580 42063	 40992
1980 925 1200 4890 3610 4440 5010 4350 7190 4190 1760 1600 891 40056
1981 514 3120 4440 2410 4840 6350 4670 7470 4110 1100 509 383 39916
1982 1140 3830 5220 4300 3130 6960 8040 4360 2620 1560 296 642 42098
1983 6090 1140 1260 2570 4330 6280 21670
1984
1985 1100 3020 2700 3230 1210 1730 2090 15080
1986 2390 1680 1610 1250 1290 4630 6580 744 3010 7350 5520 2170 38224
1987 169 496 2900 3610 3640 5820 6730 6660 2340 1200 914 3680 38159
1988 3730 0 3340 4940 3160 5850 6020 4430 3560 1960 1230 899 39119
1989 689 2080 5930 5660 3530 6170 7620 5890 3820 1310 286 0 42985
1990 0 2130 5880 5160 4190 4800 5060 4230 3170 1860 1130 635 38245
1991 545 1740 3290 5730 4850 5890 7070 4860 2610 1450 833 631 39499
1992 113 1690 1310 3010 5820 4170 5850 2600 1290 1580 322 1410 29165
1993 23 0 0 0 2260 10600 9630 7540 4540 4210 2440 0 41243
1994 0 0 3730 9190 8040 9630 9350 8610 5430 6190 5070 883 66123
1995 48 2370 9590 11490 9070 9520 6860 5650 3280 2600 567 746 61791
1996 737 1250 5830 6850 5150 5480 7760 6890 3860 1510 222 529 46068
1997 241 7090 5880 4720 5070 8750 8570 7670 3920 3890 2940 329 59070
1998 1920 1520 6150 4960 8070 7550 8720 — — — — — 38890

Averages 1057 1493 4364 4037 4340 6226 6290 5659 4357 3460 2175 1844 43478
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Havasu Diversion
Date	 Consumpt	 AF

1964
1965
1966
1967 68270
1968	 57781	 100960
1969	 30083	 38697
1970	 36277	 43660
1971	 34384	 37241
1972	 37720	 41600
1973	 42568	 45080
1974	 33286	 35270
1975	 35370	 40740
1976	 38032	 41994
1977	 34083	 38278
1978	 33760	 36558
1979	 34739	 42063
1980	 39696	 40056
1981	 39562	 39916
1982	 39123	 42098
1983	 21669	 21670
1984	 0	 0
1985	 0	 15080
1986	 38236	 38224
1987	 38231	 38159
1988	 39263	 39119
1989	 43192	 42985
1990	 39227	 38245
1991	 39709	 39499
1992	 29385	 29165
1993	 38929	 41243
1994	 46718	 66123
1995	 61791
1996	 46068
1997	 30811	 58082

Source: Andrew Hautzinger, USFVVS
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Sum ion: Na K Ca Mg CO3 HCO3 CL SO4 NO3 SI F
STA COC SDATE Temp PH EC TDS TDS

uS/cm mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
942365 02108183 8 1101 745 722 107 5.1 86 30.4 0 159 83 303 1.2 10 0.8
942365 03/07/83 8 1156 756 768 114 5.9 88 32.2 0 171 106 307 1.2 10 0.4
942365 04/04183 8.1 1090 694 691 94 5.5 84 30.4 0 156 94 264 16.0 8 0.7
942365 05/02/83 8.1 1106 706 714 94 5.1 85 29.8 0 161 89 286 20.0 8 0.3
942365 06/01/83 7.3 1064 731 726 100 5.1 86 29.2 0 166 97 283 16.0 9 0.5
942365 07/05/83 7.3 1076 701 712 100 5.5 86 30.4 0 151 90 288 14.0 6 0.3
942365 08/01/83 8.1 1093 732 697 94 4.7 79 29.2 0 156 83 286 19.0 8 0.7
942365 09/07/83 8.1 1077 735 655 86 5.1 83 28.0 0 124 81 286 1.5 9 0.6
942365 10/04/83 8 1058 694 694 101 4.7 85 28.6 0 156 86 288 1.3 5 0.5
942400 11/28/83 8.5 1067 704 620 66 5.9 86 28.6 14 137 83 243 1.6 9 0.6
942400 12/14/83 12.2 8.5 1633 1118 1103 170 10.6 124 52.3 36 190 149 432 1.4 13 0.2
942400 12/29/83 8.3 1038 693 663 92 5.5 85 28.6 19 120 83 267 2.2 8 0.7
942365 01/04/84 11.1 7.9 1724 1188 1175 181 10.6 116 49.8 0 278 175 456 2.4 15 0.6
942365 03/06/84 12.2 7.7 1430 987 1065 140 8.2 112 40.1 0 234 151 466 0.8 6 0.6
942365 04/02/84 8 775 523 491 69 3.9 58 20.7 0 120 57 204 2.2 5 0.4
942365 05/02/84 18.9 7.8 1597 1113 1048 151 10.6 118 47.4 0 278 140 408 1.9 3 0.3
942365 05/30/84 8 1042 690 644 90 5.5 76 29.8 0 164 75 264 0.0 5 0.7
942365 07/03/84 28.9 8.2 979 651 616 86 4.3 76 29.8 0 134 80 255 0.5 4 0.6
942365 08/30/84 8.1 1479 950 921 144 4.7 88 42.5 0 164 142 394 1.1 6 0.3
942365 10/03/84 17.8 8.3 944 646 603 83 3.9 80 26.1 0 164 67 235 1.8 7 0.3
942400 11/05/84 8.2 918 639 573 78 4.7 76 23.1 0 164 63 219 2.7 6 0.7
942400 12/06/84 7.9 914 568 581 77 4.3 77 25.5 0 164 66 223 1.6 8 0.7
942365 01/23/85 8.2 966 573 519 65 3.5 70 23.7 0 137 58 207 1.5 8 0.4
942365 04/29/85 8.1 910 581 574 76 3.9 75 24.3 0 159 65 226 1.5 8 0
942365 05/22/85 7.6 948 568 73 4.3 78 25.5 0 161 56 226 1.5 7 0.2
942365 06/30/85 20 8.3 866 598 565 72 4.7 77 25.5 5 156 63 214 1.8 9 0.2
942365 08/21/85 8.2 894 601 582 72 3.9 75 31.0 0 166 70 219 1.6 9 0.5
942365 11/04/85 8.4 862 589 574 74 3.9 75 25,5 24 137 58 221 1.6 7 0.7
942400 12/02/85 7.6 860 562 554 69 5.1 75 24.3 0 164 57 214 1.6 9 0.7
942365 01/06/86 8 798 542 559 69 3.9 81 24.9 0 144 69 214 1.9 9 0.7
942365 03/31/86 7.9 839 549 529 69 3.9 73 24.3 0 159 52 202 1.6 8 0.3
942365 04/29/86 8.1 823 540 519 65 3.9 72 23.7 0 156 55 197 1.6 7 0.3
942365 06/02/86 8 828 536 532 65 3.9 73 24.9 0 149 66 199 1.6 8 0.3
942365 06/30/86 8.1 815 541 592 72 4.3 75 24.9 0 164 52 252 1.8 11 0.6
942365 08/04/86 8.2 824 538 581 73 3.5 75 24.3 0 164 60 235 1.5 9 0.3
942365 08/27/86 8 812 543 515 64 3.5 69 21.3 0 168 46 199 1.3 9 0.4
942365 10/06/86 16.1 8.2 840 549 538 66 3.9 69 24.3 0 159 56 214 1.3 8 0.3
942365 10/27/86 8.2 823 552 664 86 3.9 84 29.2 0 168 82 264 1.2 12 0.6
942365 01/05/87 8.1 793 554 514 65 3.5 70 23.1 0 132 51 214 1.1 7 0.3
942365 04/01/87 8.1 827 615 575 77 4.3 76 24.3 0 156 60 228 1.7 9 0.3
942365 06/02/87 8 832 552 523 65 4.3 70 24.3 0 151 60 199 0.9 8 0.3
942365 08/05/87 8 835 533 524 66 3.1 70 24.3 0 146 57 207 0.3 8 0.7
942365 10/05/87 8 1106 736 676 100 4.3 80 31.6 0 200 90 238 0.8 11 0.3
942365 11/03/87 20 8.4 1822 1239 1156 207 11.7 78 62.0 12 107 181 524 0.8 15 0.3
942365 01/07/88 10 8.1 792 558 562 69 3.9 75 25.5 0 164 64 216 0.8 9 0.7
942365 02/29/88 8 2330 1714 1596 281 7.8 158 63.2 0 422 280 533 1.1 17 0.7
942365 04/04/88 7.8 1423 995 992 133 6.3 124 42.5 0 246 140 389 0.3 9 0.3
942365 05/02/88 7.9 935 645 617 80 4.7 81 28.0 0 178 75 231 1.1 9 0.4
942365 06/08/88 26.1 8 876 577 546 71 3.9 74 25.5 0 164 61 204 1.4 7 0.2
942365 07/06/88 22.2 8 881 681 666 93 5.1 89 29.2 0 178 79 252 0.8 10 0.7
942365 08/03/88 22.8 7.9 875 585 578 72 5.1 75 25.5 0 171 61 226 0.8 10 0.3
942365 09/06/88 8 868 577 553 73 6.3 73 25.5 0 151 61 214 0.0 9 0.7
942365 09/28/88 17.8 7.9 1035 891 639 92 7.8 81 29.2 0 173 84 231 0.0 10 0.2
942365 11/03/88 20 7.8 2430 1624 1719 302 11.7 160 66.8 0 356 259 684 0.0 21 0.2
942400 12/08/88 13.3 7.8 2490 1644 1615 281 11.0 164 64.4 0 400 284 552 0.1 17 0.3
942365 01/06/89 12.2 7.8 2490 1572 1504 261 9.8 150 60.8 0 395 248 519 0.6 17 0.6
942365 02/06/89 2.8 7.8 2380 1660 1620 295 6.3 158 62.0 0 369 285 574 0.5 17 0.3
942365 03/01/89 13.3 7.8 944 628 605 81 4.3 78 26.7 0 161 66 242 0.9 8 0.7
942365 04/04/89 16.7 7.7 959 639 631 84 5.1 81 28.0 0 171 70 250 0.9 9 0.5
942365 05/02/89 17.8 8 925 625 608 79 4.7 77 27.3 0 164 69 242 1.1 9 0.3
942365 06/01/89 17.8 7.8 937 626 612 83 4.3 80 28.0 0 164 67 247 1.1 4 0.3
942365 06/29/89 7.7 1064 735 707 99 5.1 89 31.6 0 203 83 272 0.4 5 0.3
942365 08/02/89 26.7 8 1793 1291 1207 207 12.9 90 66.8 0 154 174 549 1.0 13 0.3
942365 09/06/89 23.9 8.3 1736 1228 1207 207 12.1 82 64.4 19 107 167 574 0.7 15 0.3
942365 09/27/89 26.7 7.9 1790 1271 1190 209 12.1 84 68.0 0 124 172 554 1.1 15 0.2
942365 11/01/89 13.9 7.9 1874 1289 1241 207 12.5 90 66.8 0 146 183 579 1.1 13 0.2
942400 11/29/89 11.1 7.9 1928 1327 1249 207 12.1 98 68.0 0 156 177 579 1.0 12 0.2
942365 01/08/90 8.9 7.9 1943 1369 1333 214 12.1 102 68.0 0 177 184 634 0.8 11 0.3
942365 01/30/90 11.7 7.9 1939 1296 1260 202 11.3 102 68.0 0 181 173 585 1.2 8 0.7
942365 03/01/90 20 7.7 1948 1360 1265 219 12.1 108 69.3 0 192 172 570 0.4 0 0.7
942365 03/29/90 22.2 7.7 1900 1255 1197 193 10.2 100 60.8 0 202 157 545 1.2 8 0.6



Sum ion: Na K Ca Mg CO3 HCO3 CL SO4 NO3 SI F
STA COCSDATE Temp PH EC TDS TDS

uS/cm mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
942365 05/03/90 20 8 1826 1292 1220 198 11.3 106 65.6 0 196 162 549 1.1 9 0.4
942365 06/13/90 26.7 7.7 1902 1120 1079 170 10.2 102 55.9 0 189 132 485 0.0 10 0.6
942365 07/02190 28.9 7.8 960 639 625 87 4.7 79 28.6 0 165 74 245 0.0 8 0.3
942365 08/02/90 22.2 7.1 980 655 634 90 4.7 78 28.6 0 165 77 247 1.1 8 0.3
942365 09106/90 25.6 7.2 1474 1143 1021 179 11.7 80 49.8 0 174 121 464 0.7 10 0.3
942365 09/26/90 21.1 7.6 1665 1060 1015 167 11.7 88 51.0 0 163 138 450 0.9 10 0.4
942400 11/07/90 14.4 7.7 1745 1217 1142 186 12.5 94 58.3 0 160 163 520 0.8 11 0.2
942365 01/09/91 14.4 7.6 1817 1315 1222 205 13.7 102 62.0 0 182 172 554 0.6 3 0.4
942365 03/04/91 16.7 7.4 1468 969 957 144 7.8 108 40.1 0 220 140 375 0.1 9 0.6
942365 04/03/91 20 7.5 1836 1323 1262 198 12.9 104 64.4 0 189 153 610 0.4 6 0.3
942365 05/16/91 21.1 7.8 1720 1194 1165 195 11.3 108 60.8 0 267 162 460 0.2 8 0.3
942365 06/11/91 23.3 7.6 1172 784 772 101 5.5 90 32.8 0 181 91 292 1.0 49 0.2
942365 06/26/91 21.1 7.6 1144 714 676 97 4.7 85 31.0 0 172 77 267 1.2 10 0.3
942365 09/05/91 8 823 794 771 115 5.5 92 35.8 0 174 96 312 1.3 9 0.3
942365 09/26/91 7.7 1370 893 870 136 5.5 96 38.9 0 216 117 335 1.3 10 0.7
942400 11/04/91 7.6 2010 1414 1341 235 13.3 96 70.5 0 153 203 620 1.0 11 0.5
942400 11/15/91 7.6 2030 1414 1348 244 12.9 100 71.7 0 153 200 614 1.8 11 0.2
942400 12/26/91 16.1 7.7 2050 1266 1213 209 10.6 102 63.2 0 171 172 545 1.2 7 0.4
942365 02/03/92 13.3 7.5 2040 1490 1433 256 12.9 110 74.1 0 179 206 659 3.1 4 0.6
942365 02/26/92 16.7 7.8 2060 1370 1342 230 12.1 110 69.3 0 184 191 614 1.1 3 0.5
942365 04/27/92 27.8 8.1 2110 1360 1336 223 11.7 110 66.8 0 189 198 604 1.2 6 0.4
942365 06/10/92 25 8 2080 1474 1406 256 13.7 94 72.9 0 161 215 649 1.4 6 0.7
942365 07/07/92 25.6 7.9 2100 1498 1450 265 14.1 100 79.0 0 156 228 659 0.9 9 0.3
942365 09/11/92 25.6 8 2050 1466 1371 256 14.9 98 74.1 0 149 211 614 1.6 11 0.4
942365 10/07/92 19.4 8 2100 1218 1191 212 11.7 90 63.2 0 127 173 554 1.2 9 0.3
942400 11/05/92 14.4 8 2160 1204 1310 242 12.5 92 69.3 0 133 206 599 1.3 8 0.4
942400 12/02/92 8.9 7.7 2200 1434 1429 240 12.9 112 72.9 0 158 238 649 1.2 8 0.3
942365 01/05/93 8.9 7.7 2180 1528 1533 251 13.3 122 76.6 0 170 252 709 1.0 5 0.3
942365 02/03/93 8.1 2070 1378 1403 244 12.9 108 71.7 0 174 217 639 0.1 4 0.5
942365 03/10/93 21.1 8 2070 1464 1522 265 13.3 116 72.9 0 182 268 674 1.3 1 0.4
942365 03/30/93 18.9 8 2090 1492 1408 249 13.3 114 72.9 0 190 164 674 1.2 4 0.4
942365 05/03/93 25.6 8 2030 1382 1306 242 13.3 102 69.3 0 145 211 574 1.3 5 0.3
942365 06/01/93 21.1 7.9 2490 1802 1715 320 16.8 115 85.1 0 163 287 787 1.7 4 0.6
942365 07/08/93 28 7.6 2740 1866 1757 320 16.4 120 91.1 0 148 301 812 1.3 6 0.6
942365 08/11/93 29.4 7.5 2350 1708 1633 295 17.6 110 87.5 0 142 264 764 1.2 8 0.6
942365 10/14/93 7.7 1499 986 979 151 6.3 102 43.7 0 214 130 404 1.3 11 0.7
942365 10/28/93 18.9 7.6 2100 1382 1335 228 11.7 108 66.8 0 153 197 624 0.6 6 0.5
942365 01/20/94 16.7 7.8 2120 1482 1440 247 11.7 122 74.1 0 171 235 645 1.2 2 0.2
942365 02/10/94 17.8 7.5 2110 1488 1445 249 11.7 122 74.1 0 178 230 649 0.8 1 0.7
942365 03/03/94 15.6 7.8 2220 1560 1505 254 12.1 126 75.3 0 184 241 684 0.9 1 0
942365 08/04/94 31.1 7.9 1486 1012 980 160 8.6 84 48.6 0 124 155 435 0.2 14 0.6
942365 09/28/94 27.8 7.9 1540 1061 1053 174 8.2 82 52.3 0 98 157 500 0.4 19 0.6
942365 10/07/94 23.3 8.1 1567 1076 1068 177 8 .2 84 52.3 0 104 167 500 0.5 16 0.6
942365 11/02194 18.9 7.9 1590 1076 1065 181 7.8 86 53.5 0 101 162 500 0.3 14 0.4
942400 12/08/94 12.2 7.5 1668 1179 1109 193 7.8 87 55.3 0 132 173 492 0.6 21 0.7
942365 01/12195 14.4 7.8 1601 1123 1120 186 8.2 92 53.5 0 138 169 524 0.6 3 0.2
942365 02/02/95 13.3 7.5 1654 1081 1069 172 9.8 94 52.3 0 157 155 489 0.6 1 0.7
942365 03/09/95 20 7.9 1640 1067 1067 167 9.8 104 53.5 0 182 155 460 0.7 7 0.3
942365 05/22/95 23.3 7.9 1465 926 996 142 9.8 118 47.4 0 201 139 410 0.5 8 0.4
942365 06/15/95 26.1 7.6 1474 991 1028 144 10.6 110 45.0 0 194 142 445 0.4 14 0.6
942365 07/12/95 28.9 7.5 1484 967 1031 149 10.6 106 46.2 0 184 145 450 0.4 14 0.4
942365 08/09/95 27.2 7.9 1513 957 1000 163 9.8 BO 47.4 0 146 150 450 0.4 11 0.6
942365 09/08/95 8.1 1533 994 1086 170 10.2 98 48.6 0 137 163 500 0.0 13 1.3

Mean 19.4 7.9 1467 1000 969 154 8.2 94 46.5 1.0 174 136 414 1.7 9.1 0.4
SD 6.1 0.3 533.1 371.0 359.7 74.0 3.8 20.3 19.5 4.8 53.7 67.6 173.5 3.2 5.4 0.2

Topock Marsh South Dike Outlet Chemistry 1983-95

Bold indicates apparent error in value and corrected; EC is actually specific conductance according to Wil White, USBR Blythe
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STATION NUMBER 048118 Fl cMENT : GAILY MEAN TEMPERATURE QUANTITY: MONTHLY AVERAGE

STATION : NEEDLES FM AIRPORT

FROM DATA WITH UNITS: DEGREES F

Note	 Provisional Data ••• After Year/Month 199804

a = 1 day rrissing. b = 2 days rrissing, c = 3 days, ..etc..,

z = 26 or more days missing. A = Accirrriations present

Long-lean means based on columns; tus, the monthly row may not

sum (or average) to he long-term annual

MAXIMUM ALLOWABLE NUMBER OF MISSING DAYS: 5

YEAR(S)	 JAN FEB MAR	 APR MAY	 JUN	 JUL AUG	 SEP OCT	 NOV DEC ANN

1948 9999.00z	 9999.00z	 9999.00z 9999.00z 9999.00z	 9999.00z 94.53	 93.94	 87.3 74.52 58.31c 4887 75.911

19.49 40.31	 49.57 60.34	 72.87 77.1	 88.73 95.73	 91.65	 89.87 70.65 85.68 50.29	 71.05

1950 47.8.4	 58.8 63.77	 74.62 79.08	 87.57 93.58	 93.85	 84.22 78.1 64.25 58.03	 73.6.4

1951 51.26 55.72a 61.87	 89.95 79	 87.48 96.24	 90.31	 87.05 72.19 58.08 48.58	 71.48

1952 48.69	 54.97 55.97	 70.07 82.24	 86.07 93.03	 95.85	 87.37 78 27 56.75 51.6	 71.74

1953 57.37	 55.09 63.35	 69.32 72.42	 87.17 95.9	 92.27	 87.83 73.18 61.95 51.58	 72.29

1954 51.63	 63.14 58.79	 74.82 82.69	 88.95 95.97	 91.31	 88.3 76 05 64.22 52.23	 73.84

1955 47.98	 51.45 62.03 66.18j 78.5	 87.22 91.77	 90.68	 87 77.53 60.93 55.62a 71.70a

1956 55.74	 51.69 62.97	 70 80.79	 90.25 93.45	 91.89	 90.4 72.47 58.88 54.35	 72.74

1957 51.37	 62.11 63.65	 69.93 76.16	 92.1 95.98	 90.6	 88.43 70.31 56.1 54.06	 72.4

1958 53.78	 58.75 57.28	 68.45 6.4.05	 89.67 44.76	 96.1	 87.52 7724 60.82 57.15	 73.79

1959 53.55	 54.48 8.4.9	 75.32 79.32	 93.27 98.87	 91.82	 84.42 74.76 81.23 53.68	 738

1960 47.65	 51.95 65.45	 72.22 79.68	 93.83 96.89	 94.84	 88.15 73.5 60_23 52_24	 73.05

1981 5429	 58.34 62.48	 71.92 78.45 9359e 97.15	 93.37	 83.03 72.02 57.82 50.77	 72.77

1962 52.48	 56.89 58.18	 7723 76.87	 8828 95.47	 96.18	 89.13 7524 64.78 55.34	 73.84

1963 49.52	 62.66 62.31	 68.82 82.4	 85.7 96.61	 9999 z 87.97 78.65 62.3 52.81 71.39a

1964 49.42	 52.68 59.85	 68.15 77.31 87.379 999 z 93.48	 85.88 79.69 57.57 53.29 69.50a

1965 54.47	 58.98 59.89	 67.1 75.84	 83.1 94.45	 93.9	 81.62 76.6 62.07 51.73	 71.48

1986 49.03	 5223 6421	 73.68 83.65	 89.7 95.35	 96.23	 88.73 73.31 62.33 53.74	 73.52

1967 53.23	 58.54 65.1	 63.02 79.52	 86.92 97.13	 96.53	 87 77.45 64.45 49.31	 73.18

1968 53.32	 62.95 65.21	 89.75 81	 90.83 94.34	 90.42	 87.2 74.81 82.3 48.13	 73.35

1989 55.89	 54.7 60.79	 71,95 83	 87.45 96.18	 98.42	 88.32 71.37 82.87 55.08	 73.83

1970 51.87	 60.52 62.05	 65.68 81.58	 90.3 9727	 95.15	 84.47 71.39 62.25 50.89	 72.78

1971 53.02	 57.68 64.1	 69.47 74.68	 88.8 98.18	 92.05	 85.58 68.74 58.95 49.18	 71.7

1972 49.87	 59.91 71.63	 72.3 80.97	 90.8 9823	 92.53	 84.98 69.84 58.82 49.27	 73.08

1973 48.73	 55.48 56.23	 68.03 82.39	 90.92 98.34	 92.35	 85.12 74.27 59.97 54.56	 72.03

1974 49.45	 58.43 65.18	 70.28 81.85	 94.07 94.03	 92.94	 89 74.92 61.4 49.92	 7327

1975 51.53	 54.64 59.42	 63.53 77.58	 88.53 90.45	 93.66	 87.62 72.73 60.13 55.06	 71.74

1976- 54.76	 59.33 60.71	 67.53 82.39	 88.62 95.19	 91.45	 82.4 71.89 62 52.31	 72.38
1977 52.18	 60.41 58.6	 7325 73.45	 9223 96.48	 94.16	 86.33 80.75w 63.85 5735 73 48a
1978 5324	 57.77 64.70a	 88.55 7924	 91.7 98.58	 93.58	 85.62 78.61 59.5 47.92	 73.08
1979 48.52	 53.75 6121	 70.2 80.18c	 89.18 94.84	 90.82	 91.07 77.42 8023b 55.051 	7413e
1980 55.88b	 60.05 60.53	 69.92 74.42 88,288 96.97 a 94.28	 t9999.00z 75.056 63.43 59.34 70.38b
1981 57.8	 59.41 63.52	 76.32 8027e	 94.05 97.71	 96.42	 88.02 71.44 65.16e 5629c	 75.52
1582 52.39	 59.2 61.92 70.45a 79.16	 87.1 93.53	 93.31	 85.45 70.32 58.95 51.15	 71.91
1983 54.71	 57.62 62.63	 65.98 78.94	 87.62 94.42	 89.74	 88.88 73.94 62.58 54.87	 72.68
1984 55.28	 58.38 65.31	 70.48 88.15	 89.1 94.08	 92.48	 88.72 70.32 59.78 51.31	 73.45
1985 52.03	 55.77 62	 74.8 81.81	 91.98 9723	 95.02	 79.97 73.92 5865 54.87	 73.17
1988 58.85	 6129 68.34	 72.37 81.69	 92.63 92.74	 96.11 80.89k 71.081 63.25 52.891 	 78.38c
1987 50.52j	 58.14 60.29j	 73.85j 80.18 90.52i 92.1 k 94.32	 k 88.82 77.95 60.97 49.74j	 72.819
1988 5208. 	 59.14 64.87	 69.8 79.81	 90.43 97.87	 91.53	 85 80.81 62.85 53.82	 73.95
1989 51.73	 57.89 69.73	 78.15 81.78	 90.45 98.02	 93.1	 87.32 74.58 84.68 5.4.26	 75.14
1990 52.4	 55.88 68.69	 73.82 79.15	 91.52 95.6	 92.32	 87.87 75.77 63.12 48.71	 73.57
1991 51.76	 62.7 58.1 9999.00z 77.26	 86.5 95.34	 94.44	 87.63 78.55 62.52 53.16 73.45a
1992 52.94	 60.1 62.79	 74.38 82.58	 89.05 94.31	 95.13	 89.37 7724 58.83 49.19	 73.83
1993 52.26	 se 65.1	 72.8 82.34	 88.23 93.31	 93.77	 88.95 7526 57.9 52.98	 73.07
199.4 55.81	 54.82 6831	 73.7 80.13	 94.82 97.29	 98.34	 89.85 72.98 55.97 54.29	 74.89
1995 54	 63.41 63.5	 70.43 77.08	 87.65 96.55	 97.48	 91.22 78.65 67.45 55.87	 75.11
1996 58.84	 63.02 67.08	 75.5 83.6	 92.3 99.06	 97.31	 86.57 75.16 64.02 55.32	 76.31
1997 55.94	 58.86 69.6	 72 87.5	 89.67 94.6	 96.44	 8922 74.31 63.18 52.79	 75.3.4
1998 55.27	 55.09 63.11	 E8.72 78.27	 89.22 102.13 9999 . 00	 z9999.00z 9999.00z 9999.00z99 99.00z	 6795f

MEAN 52.4	 57.53 62.96	 70.92 79.86	 89.57 95.74	 93.73	 86.99 74.58 6121 52.83	 7324
S.D. 3.34	 3.41 3.48	 3.41 3.08	 2.55 1.7	 2.28	 2.34 2.85 2.77 2.81	 1.2
SKEW -0.89	 -0.17 0.2	 -0.12 -0.14	 0.13 -0.05	 0.28	 -0.79 o -0.14 0.09	 0.46
MAX 58.85	 6341 71.63	 78.15 87.5	 134.82 99.06	 38.42	 91.22 80.61 67.45 59.34	 76.31
MIN 40.31	 49.57 55.97	 63.02 72.42	 83.1 91.77	 89.74	 79.97 68.74 55.97 47.92	 71.05
NO YRS 49	50 49	 47 513 	 49 48	 47	 48 48 50 47 	413
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STATION NUMBER 048118 ELEMENT : DAILY PRECIPITATION
STATION : NEEDLES FM AIRPORT
FROM DATA WITH UNITS - INCHES

Note ••• Provisional Data After Year/Month 199804
a = 1 day rrissing, b = 2 days missing, c = 3 ctays, ..eIc..,
z = 28 or more days rrissing. A = Accarnulations (resent
Long-term means based on cokrms; Ihus, the rrrrnifty row may not
sum (or average) to the long-term annual value.

QUANTITY: MONTHLY SUM
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MAXJMUM ALLOWABLE NUMBER OF MISSING DAYS: 5

YEAR(S) JAN FEB MAR APR MAY JUN JUL	 AUG	 SEP OCT NOV DEC ANN
1948 0.00z 0.00z 0.00z 0.00z 0.00z 0.00z 0.1	 0.08	 0.05 0.41 0 0.72 1.381
1949 4.19 0.1 0 0.01 0.01 o 0.02	 0.19	 0.11 0.08 0.15 0.32 5.18
1950 0.04 0.01 0.3 0 0 0 0.4	 0	 0.4-8 0 0.03 0 1.26
1951 0.38 0 0 0.32 0.31 0 021	 4.2	 0.23 0.49 0.47 0.75 7.36
1952 0.58 0.07 1.02 1.07 0 009 0.97	 0.18	 0.45 0 0.5 0.89 5.82
1953 0 0.53 0.18 0.03 o 0 1.4	 0.39	 o 0 0.03 0 2.56
1954 1.12 0.05 1.69 0 0 0 0.64	 0.15	 0.07 o 0 0.03 3.75
1955 1.92 0 0 0.03i o o 1.19	 1.58	 0 o 0.1 0 4.79a
1956 0.59 o 0 002 - 0 o 0.81	 0.13	 0 0 0 0 1.55
1957 0.32 0.14 0.02 0.25 0.16 0.05 o	 1.08	 0 1.37 0.48 0.16 4.01
1958 0.33 1.02 0.81 0.28 0.68 0 0	 0.8	 0.09 0.53 0 o 4.5
1959 0.2 0.19 0 0.02 0 0.01 0.19	 2.09	 0.31 1.1 0 2.07 6.18
1960 0.54 0.64 0 0 0.03 o 0.03	 0.04	 0.69 o 1.15 0 3.12

- 1961. 0.14 o 0.07 0.02 0.12 0.00a 0.04	 0.55	 0.02 0.4 0.02 0.17 1.55
1962 0.01 0.34 0 0 0 0.01 0.17	 0.15	 0.03 0.18 0 0.34 1.21
1963 0 0.65 0.04 0.01 o o o	 o z 1.04 1.65 0.64 0 405e
1964 0 0 0.02 0.33 o o o z 0.19	 0.02 0.003 0.87 021 1.70a
1965 0.18 0.42 1.57 2.81 0 0 0.12	 0.05	 0.11 0.15 1.72 2.45 9.58
1966 0.17 0.99 0.58 0 0 0.02 0.17	 0.09	 0.04 0.66 0.4 0.89 4.01
1987 0.19 0 0.01 0.32 0.01 0 02	 0.1	 017 0 0.52 0.71 2.83
1968 0 0.43 0.32 0 0 0.14 1.55	 0.01	 0 0 0.09 0.19 2.73
1989 0.59 0.17 0.04 0 0.17 0.02 0.09	 0.14	 1.99 0.04 0.25 0 3.5
1970 0.01 0.82 0.33 0.02 0 0 0.58	 1.45	 0.1 0.03 0.14 026 3.72
1971 0 0.08 0 0 0.34 0 0.01	 2.8	 0.1 0.31 0.04 0.0 4_28
1972 0 0 0 0 0 0.41 0.02	 0.38	 0.32 0.9 1.04 0.16 3.21
1973 0.12 0.82 1.3 0.08 0 0.08 0	 0.24	 0 0 0.36 0 2.98
1974 1.55 0 0.65 0 0 0 2.21	 0.29	 0.17 0.09 0.38 0.4 5.72
1975 0 0.21 0.49 0.08 0 0 0.01	 0	 1.8 0.11 0.08 0.19 2.77
1976 0 1.56 0 0.48 0 0 0.01	 0.14	 4.72 0.84 023 0.28 828
1977 0.25 0 026 0.08 0.21 0.01 0.12	 1.52	 0.37 0.00w 0.03 011 2.94a
1978 2.39 1.23 129 0.88 0.11 0 0.06	 0	 0 0.79 0.75 128 8.78
1979 1.09 0.23 1.34 0 0.03 0 1.38	 0.66 a 0.00 0.07 0 0 4.8
1980 2.15b 121 0.88 0.78 0.02 0.01 1.55	 0 0.00z 0.05 0 0.04 667e
1981 0.04 0.22 0.92 0 0.18 0.01 0.11	 0.28	 0.68 0.83 0.44 0 3.51
1982 022a 0.83 0.88 0.03 0.38 0 0.38	 3.37 d 0.10a 0.09 0.62 0.99c 7.89
1983 0.16 0.91 1.89 0.19 0 0 0.04	 3.33 b 0.54 1.14 0.07 0.42 8.69
1984 0 0 0 0.02 0 0 0.59	 1.8	 0.38 0 0.84 2.8 5.83
1985 123 0.18 0.33 0.09 0 0 0.12	 0	 0.44 0.26 1.22 0.14 3.99
1988 0.3 0.58 0.58 025 0 0.00e 0.12 e 1.48	 b 0.10h 0.59j 0.62 1.14 5.07b
1987 02 0.04 0.02 0.02 002E 0.07 0	 0 j 0.28 0.85 1.53 0.1oi 2.79c
1988 0.51 0.94 0.03 2.34 0 0.03 0.28	 1.94	 0.09 0.02 0.15 0 8.31
1989 1.07 0 0 o 0.02 0 0.07	 0.2	 0.04 0.3 o 0.09 1.79
1990 0.92 0.12 0.1 0.24 0.73 0 0.84	 028	 1.7 0.1 0.03 o 5. 06
1991 1.35 0.34 2.12 0.00z o 0.1 o	 0	 0.54 0 0.4 0.87 5.72a
1992 071e 1.78 3.19 0.02 0.75 0 0	 0.8	 0.02 0.59 0 1.57 911
1993 3.64 2.54 0.43 o 0.09 0.01 0	 0.18	 0 0 0.34 0.01 7.22
199.4 0.15 029 1.42 0 0.15 o 0.09	 0.09	 0 0.18 0.38 1.81 4.54
1995 2.34 0.23 0.44 0.35 0.13 0 0	 0.19	 0.03 o o 0 3.71

1996

1997
0.01

0.53
022 0.04 0 0.15 0 0.46	 0.03	 0.92 0.12 0.52 001 2.48

1998
0.1 0 0.05 0 0.05 0,04	 0.33	 1.61 0.1 0.32 029 3.430.38 3.8 0.48 0.12 -99 -99 -99 I 0.00	 z 0.00z 0.00z 0.00z 0.00z -1 93441

MEAN
S.D.

0.66 0.5 0.52 024 -1.92 -1.98 0.35	 0.7	 0.44 0.3 0.35 0.47 481

SKEW
0.93 0.7 0.7 0.55 14.16 14 0.52	 1.01	 0.8 0.41 0.41 086 2.31

MAX
2.12 2.48 1.71 3.52 -8.78 -6,88 1.81	 1.87	 3.57 1.56 1.49 1.75 0.61

MIN
4.19

o
3.6 3.19 2.81 0.75 0.41 221	 42	 4.72 1.65 1.72 2.13 9.58

NO 'MS
o o o -99 -99 o	 o	 o o o o 12150 50 50 48 49 50 49	 48	 48 48 50 49 41



Estimated ET for Marsh usinQ AZMET and C
AZMET STation: Mohave Valley"
Method:	 ETo Reference (Penmen modified)

Years	 1993	 1994	 1995	 1996 1997 1998

AZMET
Average
1993-98

Cooley (1970)2

Open Water
Evap, AZ

Corr. Factor
(x 1.2 )=

1997
Marsh

ET
ac-ft3

Jan 2.1 2.4 1.9 4.1 3.3 2.8 2.8 2.2 2.6 930
Feb 3.1 3.6 3.8 4.1 5.3 2.9 3.8 3.1 3.7 1598
Mar 6.3 6.1 5.1 8.0 8.1 6.2 6.6 5.0 6.0 2796
Apr 9.3 7.9 8.3 9.9 9.0 8.3 8.8 6.6 7.94 3082
May 11.4 10.3 9.7 10.7 10.8 9.6 10.4 9.0 10.8 3686
Jun 11.2 10.3 10.4 10.9 10.2 10.8 10.6 9.9 11.9 3443
Jul 10.8 9.6 9.2 10.1 9.3 10.0 9.8 9.9 11.9 3171
Aug 9.4 8.4 8.1 9.0 8.5 9.4 8.8 9.0 10.8 2929
Sep 8.8 6.9 7.0 6.9 6.5 7.0 7.2 6.9 8.3 2153
Oct 6.6 5.3 6.1 6.1 6.3 5.9 6.0 5.3 6.4 1995
Nov 4.4 3.8 4.1 4.4 3.5 3.6 3.9 3.3 4.0 1103
Dec 4.5 2.7 2.9 3.0 4.4 4.4 3.6 2.2 2.6 1286

Totals (in): 87.9 77.3 76.6 86.8 85.1 80.7 82.4 86.9 28170
(ft) 7.3 6.4 6.4 7.2 7.1 6.7 6.9 7.2

'Source: http://ag.arizona.edu/azmet/20.htm; 2Cooley (1970); 3assumes 4,042 acres surface area
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HAVASU RAWS. WIND ROSE. 1997.
HOURS USE° FOR WINO ROSE ("1" - USED, "0" - ROT USED)
O	 6	 12	 IS	 23	 f16.6

TOTAL NUY R ER Or ORçr RVADONS UgED : 9505
H0t.:RLT W•t40 STATISTICS T OR THE PER100 97010 I -97 I 23 I
OATES USED : 0101 - 1731
SPEC° CAT EGORICS: 0-3.3 -CALM", 53-10.5 MPH. ETC

111.9:nemi
Owvelie C..Aer
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HAVASU RAWS. WIND ROSE. 1997.
HOURS u5E0 rOR WHO ROSE (1" - US(O. "0" - NOT USED)
0	 4.	 44	 1•	 /	 (11-

TOTAL NUIJOER 0 ORSERVATIONS USED : 	 671
)uuaty WO s TAM tICS FOR 1HE PERIOD 970101-971231
DATES uSE0 : 0701 - 0229
SPEED CAJEcoRiEs: 0-5.5 -CALM-. 55.)Q MPH. ETC

Ilkorte•ra Re9;enest
Oemel• C off

281



HAVASU RAWS. WINO ROSE. 1997.
HOURS VSE0 FOR WINO ROSE ("1" - USED, "0" - NOT USED)
0	 4 	14	 •	 I I—

TOTAL MAWR Or ORSERvADONS USED : 	 746
HOURLY tv , ..0 s, ,Anstcs FOR THE PERIOD 970101-971231
DATES uSE0 : 0301 - 0331
SPEED CATECORtES. 0-5.5 "CALM% 5.5-10.5 MPH. ETC

Weirtden Tteit:ensi
Cl.noto C.«.{•.•
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HAVASU PAWS. WIND ROSE. 1997.
Houns usEo FOR vamp ROSE ("1" — USCO, "1"" — NOT 1J5(0):

•	 ( I . • 1- I

TOTAL NUVREP or ORSERVATIONS USED :	 871
HOuRty wiNu 5:ATI5HCS FOR THE PE 14100 970101—S71731
041175 US1.0 : 0401 — 0430
SPEED C.A11C0PIE5: 0-5.5 "CALM", 5.5-10.5 MPH. ETC

30

Mesiwe. •.00,10j

(NM 0 till C OW
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HAVASU RAWS. WIND ROSE. 1997.
Hot,Rs usto roFe *MD ROSE ("1" - USED, "Er - NOT USED)

I.	 1 4	 I •	 •	 II. • 1' b

TOTAL NUMBER OF OBSERVATIONS USED : 	 869
)40u6LY WHO STATISTICS FOR THE PERIOD 970101-971231
OATES USE') : 0501 - 0531
spEE 0 cArr_CORIES: 0-5.5 "CAL1r, 3.5- 10.5 MPH. ETC

11.0erw
Cs.'* Ceetter
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HAVASU PAWS. WINO ROSE, 1997.
HOURS USED rp4R 1610.ROSE. ,("1" Inv%	 - Nor usco)

TOTAL NUMBER Or ORSERVAT1ONS USED : 	 739ruunty WINO STATrStif,S FOR THE PERM 970101-9717310A/CS USED : 0501 - 0630
SPEED CMECOR:ES: 0-5.5 -CALM', 5.5-10.5 MPH. ETC

ReVonsl
€14.1.7t. E.* or
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IllttISS1 2 lllllll 1111122

TOTAL titmER or ORSERVATIONS USED :	 783
HOURLY W:NO STATISTICS FOR 1 11E PERIOD 970101-971231

OA'ES 1)5(0 : 0701 — 0731
SPEED CATEGORIES* 0-53 "CALM". 53-10.5 MPH. ETC

HAVASU RAWS. WIND ROSE, 1997.

Howls usco FOR NO ROSE ("1" — USED, ^0" NOT USED)
0	 tA 	ly	 AX	 M 7

%Won, R.04.0
V4-,,kmo
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TOTAL NUMRQ Or 09SEFMTIONS USED :	 843
HouRty	 STATISTICS fOR THE PERIOD 970101-071231

OATS USE') : 0801 - 083I
VITO CATECOP:Lz - 0-5.3 -cAto.r. 5.5-10.5 MPH, ETC

HAVASU PAWS. WIND ROSE, 1997.
HOURS V.SED FOR 110140 .ROSE, ("1" no. , "o- - NOT USE0)
o
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HAVASU RAWS. WINO ROSE. 1997.
HOURS USED rOR WINO ROSE (''1••	 t/SED.	 NOT usE0)

4 	 IS	 41 	 dI.fl 1.I

TOTAL NUMBER Or OBSERVATIONS USED 	 716
HOURLY WA,0 SIAM TICS FOR THE PER/00 970101-971231
DATES USED : 0901 - 0930
SPEED CA !F COP.1.5- 0- 5.5 "CALM". 5.5- 10.5 MPH, ETC
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HAVASU RAWS. WIND ROSE, 1997.
Noun USED FOR wo.posc,ct- (7, 	- NOT USED)0

21311111211.1123111111111

TOTAL NUVRER OF ORSERVATIONS USED :	 675
houRLY WINO STATISTICS FOR THE PERIOD 970101-971231
OATES USED : 1001 - 1031
SPEED CATEGORIES 0-5.5 **CAW, 5.5-10.5 NPH, ETC

30

25
. 	 . 	 .

20

1 5

10
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HAVASU RAWS. WINO ROSE, 1997.
Nouns USE0 roR ,onuo Ro5E (-1- - u5E0,	 - NOT usc)
0	 4 	• 1	 14	 JI	 eL.

TOTAL MAWR Or OBSERVATIONS USED :	 902
N0u1V,Y w , NO STATISTICS 'OR TNE PER100 970101-971231
OAT	 USU./ : 1101 - 1130
SPEED CATEGORIES 0-5,5 "CN.M". 5.5-10.5 MPH. ETC

Whew- RoOomel
C4040,
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HAVASU PAWS. WIND ROSE. 1997.
HOURS USED FOR WIND ROSE ("1" - USED. "0" - NOT USED)

l•	 4.0	 SI	 )

TOTAL NUMBER V OFKEPVADONS USED :	 V7
HouRLY **NO S:MtSTICS FOR 111E PERIOD 970101-921231
DA'ES USED : 1201 - 1231
SPEED CATECOMES . 0-5.5 "CALM". 5.5-10.5 MPH. ETC

•-•
Weldor, Regional
(1.-ol , • C."-
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APPENDIX C

Wind Rose for 1997

HAVASU PAWS. WIND ROSE. 1997.
HouPs usr.o Fop wiNo. aos€ ("I"	 USECkt "0" - NOT USED)

NUAK1EP 0 OPSFPVATIONS USED :	 714
NOunLY vvr40 ST ATISIICS FUR 111E rtoloo 970101-971231
DA1r.S J.CJ: 0101 - 0131

EFU CA'TCOP.T...;• 0-5.5 "C.41.144". 5.5-10.5 MPH. ETC
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Important Hydrologic Events, River Operations, and Marsh
Operations Affecting Ground Water Elevations

Major Event Date(s) Quantity Monitoring Wells
Most Affected

Rainfall 1/26/97, 9/12/97, 0.71", 0.73", MW-1, MW-3
2/3/98, 0.64",
2/4/98, 2/14/98, 1.18", 0.69",
2/20/97 0.77",
9/4/98 0.77"

River 9/9/97 River Drops MW-5
Operations 12/26/97 Flood Releases 12,600 cfs

12/29/97 18,200 cfs
1/21/98 22,000 cfs

Marsh 9/22/97 Outlet closed MW-3
Operations 12/3/97 Outlet opened

12/30/97 Outlet closed
2/19/98 Inlets closed
3/4/98 Inlets opened
7/5/98 Major Fire MW-1, MW-2
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Control Gate Operations in 1997

*irk** Inlet Gates fr**** Approx.
Date North Middle South Outlet Gate Farm Ditch Marsh Elev. Time

24-Jan-97 454.57
27-Feb-97 1.0 456.24
03-Mar-97 456.50
05-Mar-97 4.0
11-Mar-97 1.0 1.0 1.0 10:00 AM
13-Mar-97 456.75
04-Apr-97 1.0 1.0 1.0 456.54
09-May-97 0.7 0.7 0.7 456.78
14-May-97 0.9 0.9 0.9 456.60
27-May-97 1.1 1.1 1.1 456.55 11:55 AM
30-May-97 1.3 1.3 1.3 456.56 07:26 AM
02-Jun-97 1.7 1.7 1.7 456.55 09:27 AM
06-Jun-97 3.0 3.0 3.0 3.0 456.48
10-Jul-97 1.0 456.50 11:00 AM
15-Jul-97 2.0 456.59
24-Jul-97 3.0 456.68
28-Jul-97 2.3 456.60
04-Aug-97 2.0 456.60
06-Aug-97 3.0 456.75 10:00 AM
08-Aug-97 4.0 456.74
20-Aug-87 2.5 3.0 2.5 4.0 02:30 PM
09-Sep-97 2.5 08:00 AM
19-Sep-97 1.0 456.40 08:41 AM
22-Sep-97 0.0 07:25 AM
07-Oct-97 closed 456.18 08:30 AM
03-Dec-97 4.0 456.1 04:25 PM
06-Dec-97 3.5 455.92 12:22 PM
10-Dec-97 455.62 05:50 AM
30-Dec-97 0.0
04-Feb-98 open 454.6
09-Feb-98 454.86
19-Feb-98 0.0 0.0 0.0 closed 08:48 AM
03-Mar-98
04-Mar-98

3.0 3.0 3.0
open

02:45 PM
12:00 PM

13-Mar-98 0.0 0.0 0.0 03:45 PM
17-Mar-98 1 11:00 AM
26-Mar-98 2 08:00 AM
30-Mar-98 2.0 2.0 2.0 4 01:09 PM
01-Apr-98 1.5 1.5 1.5 03:27 PM
06-Apr-98 0.5 0.5 0.5 11:15 AM
11-Apr-98 1.5 1.5 1.5 10:57 AM
14-Apr-98 1.0 1.0 1.0 11:49 AM
30-Apr-98 2.0 2.0 2.0 12:13 PM
04-May-98 2.5 2.5 2.5 12:00 PM
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WATER CHEMISTRY
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Hydrolab Data for HI, H2, H3 from Topock Marsh 1995-97

Hydrolab Monthly Averages

Location Date Temperature pH
Specific

Conductance
uS/cm

Approx
TDS

mg/La

Dissolved
Oxygen
mg/L

Redox

mv
North Dike

H1
Jan-95
Feb-95
Mar-95
Apr-95
May-95
Jun-95
Jul-95 26.5 8.8 1190 785 6.1 540.5
Aug-95 27.3 8.9 1190 785 5.0 574.2
Sep-95 26.4 8.0 1250 825 4.7 591.3
Oct-95 19.7 8.1 1280 845 4.6 636.2
Nov-95 17.0 8.1 1270 838 5.0 581.3
Dec-95 11.5 8.2 1350 891 6.3 596.2
Jan-96 9.4 8.3 1430 944 6.6 621.8
Feb-96
Mar-96
Apr-96
May-96 23.4 8.1 1170 772 7.4 528.1
Jun-96 26.3 8.2 1160 766 7.2 514.0
Jul-96 27.3 8.2 1150 759 6.7 571.8

Aug-96 28.5 8.3 1120 739 7.8 542.9
Sep-96 26.1 8.5 1130 746 7.8 517.8
Oct-96 20.1 8.4 1030 680 8.1 554.8
Nov-96 14.3 8.4 1050 693 8.2 596.3
Dec-96 9.7 8.1 1230 812 9.0 578.0
Jan-97 10.5 8.2 1330 878 8.1 572.5
Feb-97 12.4 8.2 1070 706 8.5 557.1
Mar-97 12.6 8.3 970 640 8.8 596.4
Apr-97 19.1 8.4 970 640 6.7 566.6
May-97 22.6 8.5 980 647 7.0 563.6
Jun-97 23.2 8.7 980 647 6.9 585.3
Jul-97

Aug-97
Sep-97
Oct-97 20.3 8.2 970 640 7.0 600.7
Nov-97 17.0 8.3 960 634 7.2 630.1
Dec-97

5-Mile Jan-95
H2 Feb-95
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Hydrolab Data for Hl, H2, 113 from Topock Marsh 1995-97

Hydrolab Monthly Averages

Location Date Temperature pH
Specific

Conductance
uS/cm

Approx
TDS

mg/La

Dissolved
Oxygen
mg/L

Redox

mv
Mar-95
Apr-95
May-95 27.2 7.9 1390 917 5.7 563.8
Jun-95 30.2 7.9 1360 898 4.7 606.5
Jul-95 30.9 7.9 1350 891 5.9 522.6
Aug-95 30.6 7.8 1410 931 4.8 532.1
Sep-95 28.2 8.0 1440 950 4.7 597.5
Oct-95 20.2 8.2 1360 898 7.8 456.6
Nov-95 17.2 8.2 1390 917 7.7 520.6
Dec-95 11.6 8.2 1440 950 9.0 470.9
Jan-96 10.4 8.3 1500 990 9.9 460.7
Feb-96 14.9 8.2 1490 983 9.1 532.2
Mar-96 16.5 8.5 1450 957 7.9 562.7
Apr-96 20.3 8.8 1250 825 7.4 548.1
May-96 24.7 8.7 1340 884 5.7 591.0
Jun-96 28.1 9.0 1350 891 6.5 598.6
Jul-96 31.2 9.3 1270 838 7.2 455.1

Aug-96 32.1 9.1 1270 838 7.1 362.0
Sep-96 23.8 8.2 1540 1016 3.2 478.8
Oct-96 20.2 8.7 1520 1003 5.4 556.1
Nov-96 14.3 8.8 1520 1003 8.2 579.8
Dec-96 9.7 8.7 1420 937 10.2 586.2
Jan-97 10.6 8.5 1480 977 10.0 577.6
Feb-97 12.4 9.3 1280 845 8.9 543.3
Mar-97 12.5 9.4 1110 733 9.4 591.0
Apr-97 20.4 9.3 1120 739 6.9 603.6
May-97
Jun-97
Jul-97 29.4 8.2 1140 752 4.6 604.5
Aug-97 30.1 8.0 1130 746 5.0 555.2
Sep-97
Oct-97
Nov-97
Dec-97

South Dike Jan-95
H3 Feb-95

Mar-95
Apr-95
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Hydrolab Data for HI, H2, 1I3 from Topock Marsh 1995-97

H drolab Monthly Averages

Location Date Temperature
C

pH
Specific

Conductance
uS/cm

Approx
TDS

mg/La

Dissolved
Oxygen

mg/1.,

Redox

mv
May-95
Jun-95 27.2 7.9 1670 1102 6.5 609.2
Jul-95 29.8 8.1 1630 1076 6.4 641.2

Aug-95 30.5 8.4 1640 1082 6.1 651.7
Sep-95 28.1 8.4 1710 1129 6.3 617.9
Oct-95 20.5 8.6 1800 1188 7.2 611.4
Nov-95 17.6 8.2 1800 1188 7.7 583.1
Dec-95 12.0 8.1 1910 1261 9.0 566.3
Jan-96
Feb-96
Mar-96
Apr-96
May-96 22.7 8.3 1840 1214 7.0 481.4
Jun-96
Jul-96 30.4 8.3 1600 1056 5.3 413.4
Aug-96 29.7 8.3 1590 1049 5.2 454.8
Sep-96 25.7 8.6 1670 1102 4.2 515.6
Oct-96 20.2 8.6 1650 1089 6.1 471.6
Nov-96 14.5 8.5 1690 1115 7.8 532.5
Dec-96 10.0 8.2 1700 1122 9.4 555.9
Jan-97 10.6 8.5 1700 1122 8.9 417.4
Feb-97 12.8 8.2 1720 1135 7.4 329.3
Mar-97 12.6 8.3 1710 1129 7.3 390.5
Apr-97 20.3 8.3 1390 917 5.8 376.0
May-97 26.0 8.1 1330 878 4.4 315.7
Jun-97 26.3 8.1 1340 884 4.5 318.4
Jul-97

Aug-97
Sep-97 27.9 8.3 1300 858 4.1 299.3
Oct-97 21.0 8.5 1240 818 5.2 313.4
Nov-97 17.5 8.5 1270 838 5.5 357.7
Dec-97

Bold indicates less than 1/2 months data was used;a = Spec. Cond x 0.66
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SUMMARIES OF METHODS USED FOR SOIL ANALYSES IN
THE SOIL, WATER, PLANT ANALYSIS LABORATORY

DEPARTMENT OF SOIL & WATER SCIENCE
UNIVERSITY OF ARIZONA

Sample preparation and extraction
	 Soil air dr:, (OP 2)(no reference)
	 Soil grind and sieve (OP 2)
	Soil ball milling using Spex ball mill (OP 2)(no reference)
	 Phosphoric acid treatment of soil samples for Total Organic Carbon analysis (OP

23)(reference #2)
	Water extractions on soil samples (OP 3)

	Fixed ratio extraction (ml watece soil) ex: 1:1, 10:1 (reference #6, sec 10-
2.3.2 modified)
	 Saturated paste extraction

	Wet oxidation of soil using the CEM microwave digestion system and
concentrated acids (HNO3. H202, HC1, HF) (OP 25)(reference #7, method EPA
3051, modified)

	Dry ashing and fusion of soil samples for Total Sulfur analysis using
Sodium bicarbonate/silver oxide and the muffle furnace @ 550 degrees C (no OP
#-)(reference #3)

	Olsen bicarbonate extraction on soil samples for plant available Phosphorus (OP
I 3)(reference fi6, sec 24-5.4 modified)
	 Exchangeable cation extraction of soils usine Ammonium acetate (OP 12)
	 Cation Exchange Capacity extraction using Sodium:Magnesium Nitrate method

(OP 12) (reference tr-L 6, pages 149-157)
	 DTPA extraction of soils using sodium bicarbonate for plant available metals

(0P16)
	Free Iron Oxides: Dithionite-Cirrate-Extractable Iron and Aluminum. (reference 1-4

6, sec 17-5, modified)
	% moisture analysis of samples (reference 45, sec 21-2.2)

Sample analyses
	 pH measurement of soil extracts using pH electrode (OP 9)(reference #6, sec 10-

3.2 modified)
	Electrical Conductivity of soil extracts using YSI Conductivity meter (OP 6)

(reference ; .-76. sec 10-3.3 modified)
	 Carbonates/ Bicarbonates. - Alkalinity titrations

	on soil extracts by 6u-ation usine 0.02N H2SO4 and Phenolphthalein and
Bromocresol-Methyl Red indicator solutions (OP 5)
	 on soil directly usine back titration after reaction with IN H2SO4 and

Phenolphthalein indicator solutions (OP 5)
	Total Carbon analysis of soil samples by high temperature combustion usine the

Carlo Erba 1500 Nitrogen. Carbon, Sulfur Analyzer (OP 23)(reference g2)
	 Total Organic Carbon (Organic Matter) analysis of soil samples pretreated with

H3PO 4 by hieh temperature combustion usine the Carlo Erba 1500 Nitrogen,
Carbon. Sulfur Analyzer (OP 23)(reference #2)

	Total Nitrogen analysis of soil samples by high temperature combustion usine the
Carlo Erba 1500 Nitrogen. Carbon, Sulfur Analyzer (OP 23)(refe.rence #2)

File name: SoiLme:h.des
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	Total Sulfur analysis of soil samples by high temperature combustion using the
Carlo Erba 1500 Nitrogen, Carbon, Sulfur Analyzer (OP 23)(reference 42)

	Total Sulfur analysis of soil sample extracts after fusion by dry ashing using the
Dionex Ion Chromatoeraph (no OP 4)(reference .43)
	 Cation analysis (see list below) on soil extracts and digests usine the Leeman Labs

ICP (Inductively Coupled Plasma) Emission Spectrometer (OP # 24) (reference
#7, method EPA 6010, modified)

Sodium	 Calcium	 Maanesium	 Potassium
	Analysis of Metals (see list below) on soil extracts and digests using the Leeman

Labs ICP (Inductively Coupled Plasma) Emission Spectrometer (OP 24)
(reference 47, method EPA 6010 modified)

_Aluminum Beryllium	 Boron	 Cadmium
Chromium	 Cobalt	 Copper	 Iron
Lead	 Manganese Nickel	 Silicon	 Silver
Vanadium Zinc

	Analysis of Arsenic and Selenium on soil extracts or digests by Atomic
Absorption/ Graphite Furnace (Note: Samples shipped to outside lab)(method
EPA 7060 & 7740, respectively)

	Anion analysis (see list below) on soil extracts using the Dionex Ion
Chromatograph (OP 11)(reference 4-4, sec 4110, reference 46, pp 504-505)

Fluoride	 Chloride	 Nitrite	 Bromide	 Nitrate
Phosphate	 Sulfate
	 Bromide analysis on soil extracts using the Alpkem Rapid Flow Analyzer

utilizing colorimetric analysis (OP _J
	 Phosphorus analysis on Olsen bicarbonate extract (plant available P) or HNO3

digest (Total P) by ascorbic acid colorimetric method (OP 13)(reference 46, sec
24-5.4	 2.1, modified. respectively)
	 Analysis of Mercury on soil digests by cold vapor (Note: samples shipped to

outside lab)(method EPA 7470)

Physical characteristics
	 Particle size disz-ibutior, usine the hydrometer method (OP 14)(reference 5, sec

15-5. modified . )
	 Gravel fraction usine dry sieving methods (>2rnm) (OP 8)
	 Sand fractionation usine wet/dry sieving. methods (OP 8)

References
1. Artiola. J.F. Manual of Operating. Procedures for the analysis of selected soil, water, plant

tissue and wastes: chemical and physical parameters. Soil 8: Water Science Report 89-
101. University of 	 Department of SWES. Shantz Bldg 38. Tucson, AZ
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2. Artiola, J.F. 1990. Determination of carbon, nitrogen, and sulfur in soils, sediments, aria
wastes: a comparative study. Intern. J. Environ. Anal. Chem. Vol. 41, pp. 159-171.

3. Artiola, J.F., and A.M. AIL 1990. Determination of total sulfur in soil and plant samples
using sodium bicarbonate/silver oxide, dry ashing and ion chromatography. Commun. in
Soil Sci. Plant Anal. Vol. 21(11&12), pp. 941-949.

4. Clesceri, L.S., A.E. Greensberu, and R.R. Trussell. 1935. Standard Methods for the
Examination of Water and Wastewater. 16th Ed. APH.A/AWWA/WPCF. American
Public Health Association. 1015 15th St. NW Washington, DC 20005. I268p.

5. Klute, A. 1986. Methods of Soil Analysis-Part 1, Physical and Mineralogical Properties.
Second Ed. Agronomy No. 9. ASA, Inc., SSSA, Inc. Publishers. Madison, Wisconsin.
1188p.

6. Page, AL., R.H. Miller, and D.R. Keeny. 1982. Methods of Soil Analysis-Part 2, Chemical
and Microbiological Properties. Second Ed. Agronomy No. 9. ASA, Inc., SSSA, Inc.
Publishers. Madison, Wisconsin. 1159p.

7. U.S. EPA. 1986 Methods of Analysis of Hazardous Solid Wastes. SW-846. Third Ed. U.S.
Environmental Protection Agency, Office of Solid Waste. Washington, DC. 20460.

8. U.S. EPA. 1983. Methods for Chemical Analysis of Water and Wastes. EPA-600/4-79-020.
Revised Edition March 1983. U.S. Environmental Protection Agency, Environmental
Monitoring and Support Laboratory. Research and Development. Cincinnati, OH 45268.
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Brad most of these methods are written for soil and plant analyses, the principles, however, are
the same.

Total N

Bremner, I M , and C.S. Mulvaney. 1982. Nitrogen-total. In A.L. Page et at. (ed.)
Methods of soil analysis. Part II. 2nd ed. Agronomy 9.595-624.

I used the Permanganate-reduced iron modification: page 619

Inorganic N

Keeney, D.R. and D.W. Nelson. 1982. Nitrogen-Inorganic forms, p. 643-698. In: Methods of Soil
Analysis Monograph 9, Part 2. Chemical and Microbiological Properties rd ed. Page,
AL., R.H. Miller and D.R. Keeney (eds.). A.S.A., S.S.S.A., Madison, WI.

Pages 649-658, MgO & Devardas Alloy (Ammonium and Nitrate + Nitrite)

Phosphorus

Olsen, S.R. and L.E. Sommers. 1982. Phosphorus. In: Methods of Soil Analysis. Monograph 9,
Part 2. Chemical and Microbiological Properties 2'd ed. Page, AL., R.H. Miller and D.R. Keeney
(eds.). A.S.A., S.S.S.A., Madison, WI.

For both Total and Soluble P determination I used the Paramolybdate development
method	 Soluble P: page 419

The total P digestion method I used was a modification of the Kjeldhal digest, where
selenium was dropped from the catalyst mixture (Seleniium interferes with P)

Additional Phosphorus reference:

Van Lierop. 1976 Digestion procedures for simultaneous automated determination of NH4, P, K,
Ca., and Mg in plant material.

Estimated Detection Limits (These are rough estimates based on some formulas on page 1-3
of the Standard Methods book you lent me Keep in mind that the nitrogen analyses are based on
mass of N Actual concentration detection limits are controlled by the volumes of the samples and
concentration factors Since all of your samples were concentrated and the concentration factor
changed depending on the volume of sample I received the numbers below may not be of use to

you )

Method Critical Level Method Detection Limit

Inorganic N analysis 2 gg 4 gg

Total Nitrogen 18.4 gg 30 gg

Soluble & Total P 2 ppb 6 ppb
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Analytical Results for Major and Minor Constituents for Sampling Events 1- 4
Event 1.
Sample

Location
TDS
ppm

IC MC Ca
ppm ppm ppm

Na+
ppm

SO42- HCO3 - 	Cl-

ppm	 ppm	 ppm
F	 Si02

ppm ppm
Ion

Balance
Col. River 603 5.6	 21 70 95 244 	165 76 2.1 8.2 -2.9

SW-1 636 5.2	 23 83 103 253	 165 79 <0.2 9.0 2.3
SW-2 654 7.2	 26 79 116 251	 180 77 <0.2 7.8 4.6
SW-3 818 9.9	 34 87 137 332	 207 106 1.8 8.9 -0.3
SW-4 919 9.8	 38 88 157 381	 204 136 <0.2 8.8 -1.8
MW-1 3722 8.8	 109 180 999 1290	 784 724 <0.2 25.7 1.2
MW-2 1965 9.3	 74 167 371 835	 357 310 <0.2 23.8 -1.9
MW-3 1508 6.9	 39 104 349 547	 397 241 <0.2 26.8 -2.0
MW-4 3823 9.2	 139 297 911 1390	 741 686 <0.2 26.1 4.5

Event 2.
Sample

Location
TDS
ppm

1(4 Mg" Ca'
ppm ppm ppm

Na+
ppm

SO42- HCO3- 	Cl-

ppm	 ppm	 ppm
F	 Si02

ppm ppm
Ion

Balance
Col. River 516 4.1 27 35 48 237 158 76 2.6 8.8 -22.5

SW-1 551 4.5 29 42 59 251 159 79 0.3 8.8 -17.4
SW-2 644 5.2 33 46 70 294 168 99 0.4 13.4 -17.5
SW-3 718 5.7 34 46 79 313 249 105 0.4 12.9 -22.3
SW-4 743 6.8 42 39 77 359 159 123 0.4 18.5 -21.0
MW-1 2339 5.2 79 74 489 841 751 449 0.8 31.9 -14.7
MW-2 1933 8.9 87 151 313 841 375 320 0.9 26.8 -6.8
MW-3 784 5.5 38 63 108 255 363 102 0.5 33.6 -12.0
MW-4 2916 8.0 137 211 685 1060 740 422 <0.2 28.7 5.8

Event 3.
Sample

Location
TDS
ppm

K4 Mr Ca++
ppm ppm ppm

Na+
ppm

SO42- HCO3- 	Cl-

ppm	 ppm	 ppm
F	 Si02

ppm ppm
Ion

Balance
Col. River 457 4.6	 26 75 90 125 	162 48 0.2 8.6 19.9

SW-1 680 6.3	 36 89 121 233	 183 97 0.9 6.9 9.2
SW-2 617 5.6	 37 89 121 187	 177 83 0.5 7.4 16.8
SW-3 895 6.2	 38 90 131 377	 189 153 0.9 6.9 -6.5
SW-4 935 5.9	 38 87 128 417	 183 157 0.8 10.9 -9.9
MW-1 4529 4.8	 91 144 807 1880	 780 1190 <0.2 28.5 -26.3
MW-2 1430 7.4	 58 120 268 587	 288 223 1.8 22.7 -1.5
MW-3 1055 3.8	 35 93 138 408	 323 193 1.1 25.0 -17.2
MW-4 4680 9.2	 187 368 1300 1410	 824 976 0.6 24.0 12.5

Event 4.
Sample

Location
TDS
ppm

1(4 MC Ca'
ppm ppm ppm

Na+
ppm

SO42- HCO3 - 	Cl -

ppm	 ppm	 ppm
F	 Si02

ppm ppm
Ion

Balance
Col. River 567 4.2	 27 74 81 220 	174 68 0.2	 7.1 1.2

SW-1 559 4.1	 28 78 92 207	 165 63 0.3	 7.4 7.7
SW-2 581 5.3	 31 83 99 203	 186 60 0.3	 6.5 10.8
SW-3 662 6.5	 33 88 114 239	 198 78 0.3	 5.1 8.0
SW-4 740 7.4	 41 93 129 272	 214 90 0.3	 3.1 8.1
MW-1 3760 6.9	 111 136 1080 1260	 867 715 1.0	 24.2 2.0
MW-2 1454 7.8	 67 91 323 578	 336 202 0.6	 20.2 2.1
MW-3 793 4.2	 82 41 152 233	 330 96 0.7	 21.8 8.7
MW-4 3427 7.9	 118 194 804 1270	 732 652 1.0	 20.4 -2.1
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Event 1. Minor Ions and Trace Metals

Sample
Location

,kluminuir Barium
ppb	 ppb

Boron
ppb

Copper
ppb

Iron
ppb

Manganese
ppb

Zinc
ppb

Col. River <150 100 202 <30 <30 <30 <15
SW-1 <150 125 178 <30 222 40 <15
SW-2 <150 160 169 <30 132 <30 <15
SW-3 <150 214 313 <30 38 <30 <15
SW-4 <150 185 426 <30 <30 <30 <15
MW-1 <150 52 742 <30 <30 871 19
MW-2 <150 89 434 <30 <30 186 <15
MW-3 <150 62 380 <30 <30 294 15
MW-4 <150 74 637 <30 <30 814 <15

Event 2. Minor Ions and Trace Metals
Sample

Location
kluminuir Barium

p438bgb9
Boron
M

Copper
Ito

Iron
plc)

Manganese
it

Zinc
p<13130

Col. River
SW-1 165 108 127 <30 <30 <20 <30
SW-2 241 150 132 <30 <30 <20 <30
SW-3 157 174 163 <30 <30 <20 <30
SW-4 241 200 202 <30 <30 <20 <30
MW-1 <150 44 650 <30 <30 591 1680
MW-2 158 52 320 <30 <30 195 56
MW-3 259 58 204 <30 156 363 <30
MW-4 <150 65 567 <30 98 1060 <30

Event 3. Minor Ions and Trace Metals
Sample

Location
kluminuir Barium

ppb	 ppb
Boron
ppb

Copper
ppb

Iron
ppb

Manganese
ppb

Zinc
ppb

Col. River <575 120 117 <20 <25 <10 <35
SW-1 <575 208 145 <20 <25 <10 <35
SW-2 <575 178 159 <20 <25 <10 <35
SW-3 <575 227 161 <20 <25 <10 <35
SW-4 <575 217 173 <20 <25 <10 <35
MW-1 <575 41 678 <20 <25 838 170
MW-2 <575 63 224 <20 <25 150 <35
MW-3 <575 50 192 <20 <25 608 <35
MW-4 <575 82 739 <20 <25 1750 <35

Event 4. Minor Ions and Trace Metals
Sample

Location
kluminurr Barium

ppb	 ppb
Boron

ppb
Copper

ppb
Iron
ppb

-Manganese
ppb

Zunc
ppb

Col. River <200 88 110 <20 <25 <2:1 <35
SW-1 <200 90 104 <20 <25 <20 <35
SW-2 <200 116 110 <20 <25 <20 <35
SW-3 <200 155 120 <20 <25 <20 <35
SW-4 <200 183 134 <20 <25 <20 <35
MW-1 <200 138 692 31 172 1140 <35
MW-2 <200 52 222 <20 <25 94 <35
MW-3 <200 59 428 36 <25 393 <35
MW-4 <200 59 462 50 28 1340 <35



Event I.

Event 2.

Event 3.

Event 4.

Averages

Nutrient Results for Sampling Events 1-4

Appendix 13 Nutrient Concentrations in Surface and Ground Waters

Sample

Location

TC I •43

etIVL

TO'

n1P/L

D1C

rtlft/L

IC'

rnS/1-

DOC

InPiL

TOC"

mR/L

Total-N

Pere

Total-N'

Pern

NO3-N

elm

NO3*

eem

NH4

PM

NH4'

PM

Total-P

PO

Total-P•

Prk

Ortho-P

ePb

Ortho-P"

pot)
Col. River 36.1 63.1 34.8 29.1 1.3 34.0 0.5 1.0 0.09 0.22 0.05 0.06 0 4 1 2

SW-1 37.0 39.9 34.0 34.0 3.0 5.9 0.7 0.7 0.01 0.02 0.09 0.05 0 8 14 16
SW-2 36.8 42 4 32.4 34.0 4.4 8.4 0.7 2.1 0.19 0.36 0.09 0.09 0 38 21 26
SW-3 46.2 47.5 40.6 39.0 5.6 8.5 0.3 0.6 0.09 0.20 0.08 0.08 22 31 2 10
SW-4 48.8 48.8 39.0 40.6 9.8 8.2 2.1 1.0 0.20 0.06 0.05 0.08 19 21 4 13
MW-4 167.0 171.0 156.0 156.0 11.0 15.0 1.3 -- 0.01 -- 0.34 -- 3 ... 7 -
MW-1 164.0 169.0 154.0 154.0 10.0 0.3 0.3 0.3 0.06 0.01 0.26 0.16 22 301 8 602
MW-2 74.7 79.0 74.7 67.7 0.0 11.3 0.7 0.8 0.20 0.01 0.08 ow 10 95 12 112.
MW-3 91.2 92.9 81.7 72.9 9.5 20.0 1.0 -- 0.08 -- 0.09 - 8 -- 4 -

Col. River 36.1 -- 31.1 -- 5.0 -- 0.7 2.4 0.22 0.08 0.28 0.27 98 12 16 3
SW-1 37.4 -- 31.3 -- 6.0 -- 1.5 1.0 0.09 0.03 0.32 0.37 0 17 3 11
SW-2 37.7 -- 33.0 4.7 -- 0.7 1.0 0.04 0.03 0.25 0.20 0 II 3 25
SW-3 56.2 - 49.0 -- 7.2 -- 0.7 2.1 0.04 0.06 0.23 0.24 0 16 2 16
SW-4 45.5 -- 31.3 -- 14.2 -- 2.7 1,6 0.04 0.04 0.92 1.30 34 34 4 63
MW-4 -- -- 0.06 -- 0.71 -- -- - -- -
MW-1 -- - 0.01 0.01 0.49 0.55 - - -- --
MW-2 -- - 0.16 0.20 0.24 0.27 - - - -
MW-3 -- - 0.04 -- 0.89 - -- - - -

Coi River 35.3 -- 31.8 -- 3.5 -- 0.5 1.0 0.18 0.19 0.21 0.21 -- - 6 11
SW-I 41.7 -- 36.0 - 5.7 -- 0.0 1.2 0.02 0.01 0.10 0 23 - - 4 26
SW-2 41.0 - 34.8 - 6.1 -- 1.0 0.9 0.03 0.01 0.06 0.15 -- - 4 25
SW-3 42.5 - 37.2 5.3 -- 0.3 0.6 0.07 0.02 0.30 0.28 -- - - -
SW-4 40.1 -- 36.0 -- 4.1 - 0.3 2.7 0.08 0.04 0.36 0.28 - - - -
MW-4 178.5 -- 1621 -- 16.5 -- 0.4 -- 0.03 - 0.85 - -- - 6 --
MW-1 167.6 -- 153.4 -- 14.2 -- 0.9 -- 0.09 -- 0.82 -- -- - 14 --
MW-2 74.0 56.7 -- 17.3 -- 0.3 -- 0.03 -- 0.49 -- - 9 --
MW-3 77.8 -- 63.5 -- 14.3 -- 0.2 -- 0.01 0.49 -- -- -- 12 --

Col. River 30.6 -- 34.2 -- 2.4 -- 3.6 -- 0.09 - 0.27 - 10 - o -
SW- I 32.9 -- 32.4 -- 2.7 -- 1.9 2.1 0.07 0.02 0.25 0.39 0 0 194 875
SW-2 35.2 -- 36.6 -- 3.6 -- 1.9 2.1 0.07 0.02 0.25 0.39 0 o 194 875
SW-3 37.4 -- 39.0 -- 4.6 -- 1.4 1.8 0.00 0.00 0.30 0.31 1 0 3 9
SW-4 42.2 - 42.0 -- 6.0 -- 1.4 1.8 0.00 0.00 0.30 0.31 I 0 3 9
MW-4 128.7 -- 144.1 - 10.0 2.1 -- 0.00 - 0.86 -- 0 - 2 --
MW-1 152.5 -- 170.5 - 8 .3 -- 4.4 - 0.07 -- 1.13 -- 4 1 --
MW-2 57.0 -- 66.0 -- 3.5 -- 2.3 -- 0.03 - 0.58 - 46 -- 2 --
MW-3 62.4 -- 65.0 -- 43 -- 3.2 -- 0.00 -- 0.54 -- 24 -- 2

Col. River 34.5 33.0 3.0 1.3 1.5 0.15 0.20 36 8 6 5
SW-I 37.2 39.9 33.4 4.4 1.0 1.3 0.05 0.19 0 8 54 232
SW-2 37.7 42.4 34.2 4.7 1.1 1.5 0.08 0.16 o 16 55 238
SW-3 45.6 47.5 41.5 5.7 0.7 1.3 0.05 023 8 16 3 12
SW-4 44.1 48.8 37.1 8.5 1.6 1.8 0.08 0.41 18 18 4 28
MW-4 158.1 151.9 12.5 1.3 0.03 0.69 2 o 5 o
MW-I 161.4 156.4 10.8 1.9 0.06 0.67 13 301 8 602
MW-2 68,5 67.8 6.9 1.1 0.10 0.35 28 95 8 112
MW-3 77.1 70.4 9.4 1.5 0.03 0.50 16 0 6 0

SW-I 2,3 4 Mu. 41.2 44.7 36.5 5.8 1.1 1.5 0.06 0.25 6 15 29 127
• - unfiltered sample

Event 1 it 2. Soils tab. Determined by difference, TOCTC-IC
1 Event 3. Civil Eng. Lab. Determined by differessee, TOC =TC-IC

Evert 4. Civil Eng Lab. Determined independently (nay not sum): IC.  TIC, TOC
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Hydrolab Data for Point Sampling of Surface and Ground Water Sites

Sampling
Event Sample

Approx.
Location

Depth
ft

Temp
C pH

Specific
Cond.
uS/cm

Dies.
Oxygen
% Sat

Rados
mv

Field
Turbidty

NTH

Secchi
Disk
ft

Event #1 River @ N. Dike 0.0 26.7 8.03 949 101 245 2.4
May 1997 SW-1 0.0 25.7 8.03 1004 98 324 13.6 1.97

5.7 23.7 8.02 997 97 328 8.3
9.8 22.7 7.88 1006 83 272

SW-2 0.0 29.9 7.88 1094 87 313 27.3 1.31
2.6 27.4 7.71 1120 63 324 92.3

SW-3 0.0 29.0 7.98 1278 91 278 24.0 1.64
1.6 28.6 7.78 1279 75 287 40.7

SW-4 0.0 28.0 8.02 1373 90 329 24.5 1.57
3.3 24.1 8.04 1372 90 325
4.3 27.3 7.96 1381 82 327 24.0

MW-1 23.4 6.91 6381 5 70
MW-2
MW-3 25.4 7.17 2155 17 37 366.0
MW-4 26.3 7.06 5147 6 35 45.8
SW-5 N. Dike 0.0 28.5 7.18 1205 40 306 9.46

Backwater 0.8 27.5 7.07 1212 33 314 20.5
SW-6 Narrows 0.0 28.4 7.60 1315 87 265

Backwater 3.3 28.2 7.59 1318 65 276
Buoy 1 6.6 27.7 7.50 1321 55 163

9.8 27.9 7.50 1324 57 113
SW-7 Narrows 0.0 28.8 7.29 1386 39 210 6.6 4.10

Buoy 2 6.6 27.4 7.04 1404 7 -95
Event #2 River @ N. Dike 0.0 21.1 7.86 979 107 285 0.7 > 8.0
Sep 1997 SW-1 0.0 29.7 8.15 1008 121 220 10.4 2.23

6.6 24.8 7.94 992 109 226
9.8 23.7 7.76 992 94 231 27.7

5W-2 0.0 31.2 8.04 1119 107 221 27.1 1.35
4.1 30.4 7.97 1119 99 222 85.9

SW-3 0.0 27.3 7.94 1155 119 212 11.1 2.53
3.3 27.1 7.95 1154 124 196 28.7

SW-4 0.0 28.2 8.10 1302 101 231 48.9 1.15
3.3 28.2 8.11 1298 102 230
5.7 28.1 8.11 1298 102 231 91.1

MW-1 28.2 6.84 4387 18 11
MW-2 27.9 7.05 3065 15 8
MW-3 24.9 6.90 1365 3 -6
MW-4 28.4 6.93 5482 5 -11
Buoy 2 Buoy 2 27.8 8.16 1197 120 220

Needles Tap 31.4 7.20 2313 106 370
Event #3 River @ river 11.5 8.18 959 98 340 2.6
Dec 1997 SW-1 0.0 8.3 8.15 1198 96 341 21.5 1.84

5.7 8.1 8.13 1199 96 342 20.1
8.2 8.2 8.10 1200 96 341

SW-2 0.0 8.8 8.25 1176 102 338 28.0 1.84
3.3 8.8 8.26 1179 102 331 231.0

SW-3 0.8 8.0 8.20 1267 95 348 25.5 1.57
SW-4 0.0 8.1 8.21 1289 94 368 39.6 1.35

4.1 8.1 8.19 1288 95 363 48.3
MW-1 20.6 7.09 4439 4 84
MW-2 22.4 7.51 2069 7 58
MW-3 22.4 7.20 1248 4 67
MW-4 19.6 7.15 7507 5 92

Event #4 River @river 16.3 8.15 928 97 189
Apr 1998 SW-1 0.0 20.1 8.03 986 93 274 11.5 2.95

3.3 19.7 8.01 989 96 273 17.0
6.6 19.4 7.97 991 96 275 65.0
9.8 19.4 7.93 993 95 277

SW-2 0.0 19.0 7.90 1045 as 283 35.0 1.57
4.9 18.9 7.89 1043 89 284

SW-3 1.6 19.7 8.02 1144 97 285 13.5 3.12
SW-4 0.0 19.2 8.17 1262 100 282 26.2 1.80

5.9 19.3 8.16 1261 100 278
MW-1 20.3 7.04 6054 2 86
MW-2 20.4 7.47 2480 3 56
MW-3 21.6 7.25 1344 2 67
MW-4 20.0 7.27 5332 4 66
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Tank I. Colorado River Inatopo Dina mei Sample %formation

Silo
Numter

(SN)
Load

!dearer
846111* Oda

%wee

Rimr Itioarirc
Bobo/Dien

Cenyon	 6'0%. 60%.
Trinun

Unit (T1A
1 C840d0-U1818121e 1293684 USGS' 46.5 423

01024185 46_0 419
092095 -16.6 -125
04411115 • -16.3 -125
07/10/85 • 411 -123
11/05465 46.4 -122
03/2986 • -163 -121
05/1286 • -16.4 -123
07/15/36 • -16.7 -122
91/19016 46.5 -118
10/29/86 -161 -121
12/1696 -16.5 -121
42/2987 • -16,3 -121
0021937 • -165 -121
0512357 • -16.7 -123
aravs7 • -151 -116

2 Ci.. UT 11/19414 -16.4 -121
0399/85
OV22/85

• -16.1 -119
•
•

-161
-164

-116
-120059055

0793/PS • -160 -118
0910395 • -159 -119
11/19/85 • -164 -121
019286 • 464 -120
039495 • -160 -120
05/19/86 • -162 -120
0691136 • -166 -121
0121316 • -1513 -118
11913186 • -15.8 418
0395/87 • -15.9 -118
olayirr • -15.6 -116
0921187 • 46.4 -120
0825/27 • 460 -117
07/22/87 • -15.9 -118
08/19/87 • 45.9 418

3 Lom Fony, AZ 11937/84 • -14.7 -113
01/0495 44.9 417
049295 Friedman'
0913285 -15.6 -119
06/11/85 Friedman' -118
07/0985 -15.1 -115
09/0395 45.2 415
109095 Friadroar? -114
168355 -15.1 -113
030286 -15.0 415
0602/86 • -15.3 -116
07/02186 • -15.0 -114
0897/86 -14.8 414

4 1282 Mead (nflow) 1004180 (80868.03 9991) 483	 -12.9 -106
100984 Fr1d6re 483 415
0399185 483 -115
10/1985 .183 -115
6822196 &Moe 423	 -108 -93 117

1997 Virold 483	 -12.7 -102
5 Lake 1Vad (oulflow) 1001184 Fried2281. 576 -107

(111101183 576 -109
07212/85 576 -107

6 Laughlin, NV Mt bridge) 1991 Wynne 687	 -126 -90
1991 687	 -127 -98
1992 687	 -124 -101
1993 687	 -120 -98
1995 687	 -120 -99
1997 • 667	 -125 -99

7 Nandlas, CA 07011194 9499e' 733	 -120 -93 164
0301/31 730 160
1092% 723	 -11.8 -99 166
0 6119198 2. 18 y , XOD) 730	 -13.1 -103 11.7

Needles, CA (sotth of) 0E10956 735	 423 -96
0192/97 735	 42.2 -98
05/1997 735	 -125) 403
0325/97 735	 -12.8 -99
12/30/97 751	 42.6 -98
04113% 751	 -13.0 -99

8 Parker COM (mallow) 1 )03/80 usos, 817	 -12.5 -104
082893 817 128
060399 817 141
07/0294 • 817	 41.6 -92 16.7
0803/95 USOS' 817	 -10.9 -33
000198 E68oe' 817	 -128 401 127

P erker, AZ 090391 Frkdaver? -110
04/11/85 840 413

9 Imperial Darn (inflow) 1 00491 (Robertson, 1991) 1017	 -125 -103 80
11/1 2197 USOS' 1047	 -121 -100
959097 1047	 422 -98
02/12/97 1047	 -12-0 -98
12/17/97 1047	 -122 400
12/18/97 1017	 -120 -96
C13/2097 1047	 -122 -97
08/2697 1047	 -122 -100
11/1397 1047	 -110 -99 331,441,716,613,
02/1&97 • 1047	 -120 -96 531,421347,291,
0599/97 • 1047	 -12.1 -1C0 230,211.181,151,
06126177 • 1047	 -123 -98 131114,97,83,79,

10 Imperial Dam (outflow) 1965-1 997 USBR• 1019 I 6151413924,28
11 Medea Vary 12/16/74 Marc et at, 1979) 1110	 -122 -101 177

12/1614 1163	 -122 -99 174
12/1694 • 1165	 -12.2 -98
12/1694 • 1167	 42.0 -99
0423/6 • 1110	 -123 -99
05/31/26 • 1110	 -12.1 -99



Table 3 Isotopic Data for Soudem Moleve Wiley GrOVIld Water and Rainfall
Site	 Alneut.	 VOl	 Stelie

Number	 Local	 Sample	 Dsta	 Orourd Water (OW)	 Tritium	 Surface	 Depth	 Water

(SN)	 Identifier	 Rik	 Sown	 Rainthll (R)	 %. 60%.	 9(541 (11.9	 Well Tn.	 Elmnion(moad) to below grade Mention (et uut)
21	 Campbell Well	 04/15/98	 (Ousy,..2000)	 OW	 -9.0	 -81	 private	 186	 37
22	 Rellige Farm Pomp	 08/04/96	 •	 -12.4	 -96	 irrigation	 140	 36	 134
23	 Claypool Well	 08/01/96	 ' 	 -13.9	 -104	 private	 142	 11	 137
24	 Clkarey Well	 08/02/96	 •	 -13.5	 -101	 irrigetion	 142	 15	 134
2$	 City ofNeedles Well 48	 12/12/97	 •	 -13.8	 -99	 9.01i4 499911	 145	 38

City °Mad]. Well 18	 06/19/98	 -12.8	 -99	 15.2

26	 City oftbrecUes Well/11	 12/12/97	 ' 	 -13.9	 -106	 0.9	 143	 91
-100

27
City ofNeedles Well 011
City ofNeedles Well 112

06/19/98
06/19198

•

•
-13.8
-12.6 -98

183
28.4 145 91

20 Rained. Needle. 01/12/97 • R -10.4 -79
Rainfall, Needles 09/25/97

R
-9.2 -58

n Red Sping 01/12/97 G W -9.3 -70 274
30 Klioefelter Weil/Spring 12/12/97 • -10.7 40 416 pivoTe 366
31 Wm= Springs Artesian Well 04/15198 • -9.8 -71 274 287

32 Sacreroneo Wash Well 00115/98 • -100 -72 • 244
33 Golden Shores Well 42 08/05/96 -9.1 48 Publie way 219 132

34 Topock 91.11 04(15/98 -9.9 -74 • 168

35 Golden Shares Well 01 04/15/98 -9.1 -68 • 189 146

320
Table 2. Torock Marsh ard Surrotrding Shallow Oround Water Sample Inkeration and Isotope

Site

Number
(SN)

Umal
Idenlaer

Sank
Dale

Data
Sown

Surface V.89(8/0)

Cnound Water (OW) 5/00%. 6/3%. Well Type

An..
Surface

Elevation (m Ind)

Stalk
Water

Elevation (m on.1)
12 Topock Marsh (north dike) 08/05/96 (0.y, 2000) SW -10.4 -87

05115/97 • -12.4 -95
09/25/97 • -12.5 -97
12/30/97 4.5 -77
04/15/98 -12.7 -98

13 Topoek Marsh (5-N6Ie NE) 05/15197 -12.4 -97
14 Topock Marsh (Beal dilet) 09/25/97 -92 42

04/15/98 -9.4 41
15 Topock Marsh (outlet) 08/01/96 -4.4 -59

01/26/97 -2-5 -41
05/15/97 -7.6 -75
09/25/97 -6.9 -72
12/30/97 -7.0 -70
04/2 5/99 -7.4 -71

16 Monitoring Well - I 05115197 OW -8.5 -60 2' PVC 140 138
12/30/97 • -8,2 -75
04/15/98 -8.3 -75

17 Maribri99	 - 2 05115/97 -10.8 -95 140 138
12/30/97 -109 -91
04/15/98 -11.0 -97

18 Monitoring Well- 3 05115/97 -11.3 -95 140 139
12/30/97 -10.9 -90
04/1998 -10.9 -84

19 Moritorirg Well 4 05115/97 -12.7 -102 140 138
12/30/97 -12.4 -98
04/15/98 • -11.4 -94

20 3-Mile Lake 08/02/96 OW/SW -10.4 49
01/26/97 • -11.8 -95

• it.' ke ElIinaled value



Fig. 7
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Fig. 7. Tritium concentrations in lower Colorado River samples 1965-1998. Data sources andlocations are given in Table 1.

Fig. 8.

Fig. 8. Plot of 6"0-6D pairs for Topock Marsh and recent Colorado River samples (SN-7, Table
1) for period 1996-98. Regression of evaporated marsh water samples (open triangles) defines
the Topock Marsh Evaporation Line (TMEL) with slope 5.1.
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Fig. 10. Plot of 45"0-8D pairs for ground water and rainfall events in southern Mohave Valley
(Fig 2). Average value for recent Colorado River water (SN-7, 1996-98), and estimates of winter
and summer rain in Needles (after Friedman et at, 1992) plotted for reference. City of Needles

Fig 10.

	

	 wells (open box) are annotated with tritium concentrations (TU). Note SN-33 has been offset
from SN-35 for plotting purposes.

Fig. 9.
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Fig. 9. Plot of (5"0-8D pairs shallow of ground water near Topock Marsh (Table 2). SN 16-19are monitoring wells, SN-20 is 3-Mile Lake (see text). Recent Colorado River water added forreference.
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DISSOLVED OXYGEN = 0.228 MMOLES/KG H20
EH MEASURED WITH CALOMEL = 9.9000 VOLTS	 FLAG CORALK PECALC 1DAVES
MEASURED EH OF ZOBELL SOLUTION = 9.9000 VOLTS 3 0 1 I
CORRECTED EH -- 0.3290 VOLTS
PE COMPUTED FROM CORRECTED EH = 5.506

• ** TOTAL CONCENTRATIONS OF INPUT SPECIES ***

TOTAL	 LOG TOTAL	 TOTAL
SPECIES	 MOLAL1TY	 MOLALITY	 MG/LITRE

Ca+2	 2.0 2.19790E-03 -2.6580 8.80000E+01
Mg+2	 2.0 1.55641E-03 -2.8079 3.78000E+01
Na+	 1.0 6.83624E-03 -2.1652 1.57000E+02
K+	 1.0 2.50888E-04 -3.6005 9.80000E+00
Ba+2	 2.0 1.34843E-06 -5.8702 1.85000E-01
H4S104	 0.0 1.46613E-04 -3.8338 8.80000E+00
Cl-	 -1.0 3.84007E-03 -2.4157 1.36000E+02
HCO3.	 -1.0 3.34680E-03 -2.4754 2.04000E+02
SO4-2	 -2.0 3.97034E-03 -2.4012 3.81000E+02
NO3-	 -1.0	 1.42938E-05 -4.8449 2.00000E-01
H3B03	 0.0 3.94491E-05 -4.4040 4.26000E-01
HPO4-2	 -2.0 1.29276E-07 -6.8885 4.00000E-03
NH4+	 1.0 1.53658E-04 -18134 2.15000E+00
DOC	 0.0 8.16770E-04 -3.0879 9.80000E+00
DOX	 0.0 2.28372E-04 -3.6414 7.30000E+00

SouthDike_597

****DESCRIPTION OF SOLUTION ****

ANALYT. COMP.	 PH	 ACTIVITY H20 = 0.9996
EPMCAT 14.77 13.06	 8.020	 PCO2= 1.808249E-03
EPMAN 15.16 13.45	 LOG PCO2 = -2.7427

TEMPERATURE P02 = 9.835898E-29
EH = 0.3290 PE = 5.506 28.00 DEG C PCH4 = 3.414044E-89
PE CALC S = 0.000	 CO2 TOT = 3.324425E-03
PE CALC DOX= 12.344 	 IONIC STRENGTH DENSITY = 1.0000
PE SATO DOX= 2.455 	 1.940457E-02 TDS = 1042.5MG/L
TOT ALK = 3.347E+00 MEQ	 CARB ALK = 3.330E+00 MEQ
ELECT = -3.899E-01 MEQ	 CHARGE IMBALANCE= -1.5%

IN COMPUTING THE DISTRIBUTION OF SPECIES,
PE = 5.506 EQUIVALENT EH = 0.329VOLTS

DISTRIBUTION OF SPECIES

1 SPECIES	 MOLALITY ACTIVITY LOG ACT GAMMA

I H- I. 1.0731E-08 9.5499E-09 -8.020 8.8995E-01
2E- -1. 3.1201E-06 3.1201E-06 -5.506 1.0000E+00

324



88 MgSO4 0. 1.4697E-04 1.4741E-04 -3.831 1.0030E+00
89 MgPO4- -I. 1.1259E-09 1.0018E-09 -8.999 8.8984E-01
90 MgHPO4 0. 3.8251E-09 3.8367E-09 -8.416 1.0030E+00
91 MgH2PO4 I. 18246E-11 2.5134E-11 -10.600 8.8984E-01
92 MgF+	 I. 3.2531E-06 2.8947E-06 -5.538 8.8984E-01
93 NaOH 0. 2.5789E-09 2.5868E-09 -8.587 1.0030E+00
94 NaCO3- -I. 9.9071E-07 8.8156E-07 -6.055 8.8984E-01
95 NaHCO3 0. 4.6893E-06 4.7036E-06 -5.328 1.0030E+00
96 NaSO4- -1. 2.7878E-05 2.4807E-05 -4.605 8.8984E-01
97 NaHPO4- -1. 8.9377E-11 7.9531E-11 -10.099 8.8984E-01
98 NaF aq 0. 1.9828E-07 1.9888E-07 -6.701 1.0030E+00
99 KOH	 0. 4.6664E-11 4.6805E-Il -10.330 1.0030E+00
100 KSO4- -1. 1.3730E-06 1.2218E-06 -5.913 8.8984E-01
101 KHPO4- -1. 3.0815E-12 2.7420E-12-11.562 8.8984E-01
164 H3SiO4-1. 2.5309E-06 2.2521E-06 -5.647 8.8984E-01
165 H2S104-2-2. 2.9214E-11 1.8316E-11 -10.737 6.2696E-01
166 SiF6-2 -2. 1.5084E-30 9.4569E-31 -30.024 6.2696E-01
170 Ba0H+	 I. 1.2941E-12 1.1515E-12 -11.939 8.8984E-01
171 BaCO3 0. 2.0110E-09 2.0171E-09 -8.695 1.0030E+00
172 BaHCO3+ I. 8.2523E-09 7.3432E-09 -8.134 8.8984E-01
173 BaSO4 0. 2.1238E-07 2.1302E-07 -6.672 1.0030E+00

PHASE 1AP KT LOG IAP LOG KT 1AP/KT LOG IAP/KT

1 Calcite 1.097E-08 3.239E-09 -7.960 -8.490 3.388E+00 0.530
2 Aragonit 1.097E-08 4.497E-09 -7.960 -8.347 2.440E+00 0.387
3 Dolomite 5.865E-17 7.427E-18 -16.232 -17.129 7.897E+00 0.897
7 Witherit 3.773E-12 2.759E-09 -11.423 -8.559 1.368E-03 -2.864
8 Gypsum 1.235E-06 2.621E-05 -5.908 -4.582 4.713E-02 -1.327
9 Anhydrit 1.236E-06 4.282E-05 -5.908 -4.368 2.886E-02 -1.540
11 Barite 4.250E-10 1.137E-10 -9.372 -9.944 3.739E+00 0.573
12 Hydroxap 1.223E-07 2.684E-04 -6.912 -3.571 4.559E-04 -3.341
13 Fluorite 8.249E-12 2.628E-11 -11.084 -10.580 3.139E-01 -0.503
14 Si02 (a) 1.345E-04 2.005E-03 -3.871 -2.698 6.709E-02 -1.173
15 Chalcedy 1.345E-04 2.940E-04 -3.871 -3.532 4.576E-01 -0.340
16 Quartz 1.345E-04 1.108E-04 -3.871 -3.956 1.214E+00 0.084
26 Talc 4.491E+22 1.608E+21 22.652 21.206 2.792E+01 1.446
28 Chrysotl 2.481E+30 9.806E+31 30.395 31.991 2.531E-02 -1.597
29 Sepiol c 6.469E+13 5.194E+15 13.811 15.716 1.245E-02 -1.905
30 Sepiol d 6.469E+13 4.571E+18 13.811 18.660 1.415E-05 -4.849
42 PCO2 4.709E-05 3.254E-02 -4.327 -1.488 1.447E-03 -2.839
43 02 gas 2.507E-38 1.077E-03 -37.601 -2.968 2.327E-35 -34.633
4-4 H2 gas 7.640E-28 6.961E-04 -27.117 -3.157 1.098E-24 -23.960
43 NH3 gas 2.231E-06 5.446E+01 -5.651 1.736 4.097E-08 -7.388

1SouthDike_597
-----------
INITIAL SOLUTION
------------

TEMPERATURE = 28.00 DEGREES C PH = 8.020
ANALYTICAL EPMCAT = 14.768 ANALYTICAL EPMAN = 15.159

OXIDATION - REDUCTION
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PE = 3.950 EQUIVALENT EH = 0.235VOLTS

DISTRIBUTION OF SPECIES

1 SPECIES	 MOLALITY ACTIVITY LOG ACT GAMMA

1 H+	 I.	 1.0324E-08 9.3325E-09 -8.030 9.0393E-01
2E-	 -1. 1.1226E-04 1.1226E-04 -3.950 1.0000E+00
4 Ca+2	 2.	 1.4471E-03 9.2244E-04 -3.035 6.3744E-01
5 Mg+2 2. 6.9919E-04 4.4934E-04 -3.347 6.4267E-01
6 Na+	 I. 4.1014E-03 3.6548E-03 -2.437 8.9111E-01
7 K+	 I. 1.4194E-04 1.2601E-04 -3.900 8.8775E-01
11 Ba+2 2. 5.0599E-07 3.1723E-07 -6.499 6.2696E-01
13 H4S104 0. 1.3404E-04 1.3444E-04 -3.871 1.0030E+00
14 Cl-	 -I.	 2.1452E-03
15 CO3-2	 -2.
16 SO4-2	 -2.
17 NO3-	 -I.
18 1-13B03	 0.
19 PO4-3	 -3.
20E-	 -1.	 1.0627E-04

1.9044E-03 -2.720 8.8775E-01
1.8647E-05	 1.1895E-05 -4.925 6.3789E-01
2.1150E-03	 1.3398E-03 -2.873 6.3349E-01
2.3962E-10 2.1322E-10 -9.671	 8.8984E-01

1.7275E-05	 1.7328E-05 -4.761	 1.0030E+00
1.5942E-12 5.5762E-13 -12.254 3.4977E-01

9.4564E-05 -4.024 8.8984E-01
23 NH4+ I. 3.6441E-05 3.2426E-05 -4.489 8.8984E-01
27 DOC 0. 1.0831E-04 1.0864E-04 -3.964 1.0030E+00
28 DOX 0. 2.5331E-04 2.5408E-04 -3.595 1.0030E+00
31 OH- -I. 1.3690E-06 1.2182E-06 -5.914 8.8984E-01
32 02 AQ 0. 2.4991E-38 2.5067E-38 -37.601	 1.0030E+00
33 H2 AQ 0. 7.6173E-28 7.6404E-28 -27.117 1.0030E+00
34 HCO3- -1. 2.5614E-03 2.2891E-03 -2.640 8.9369E-01
35 H2CO3 0. 4.6944E-05 4.7086E-05 -4.327 1.0030E+00
40 HSO4- -1. 1.4182E-09 1.2620E-09 -8.899 8.8984E-01
48 NO2- -1. 6.4297E-06 5.7214E-06 -5.242 8.8984E-01
50 NH3 AQ 0. 2.2244E-06 2.2311E-06 -5.651	 1.0030E+00
52 NH4SO4- - I . 6.2898E-07 5.5969E-07 -6.252 8.8984E-01
57 H2B03- -1. 1.2383E-06 1.1019E-06 -5.958 8.8984E-01
58 BFOH3- -1. 7.4618E-10 6.6398E-10 -9.178 8.8984E-01
59 BF20H2- -1. 7.0422E-14 6.2664E-14 -13.203 8.8984E-01
60 BF30H- -1. 6.6086E-20 5.8806E-20 -19.231	 8.8984E-01
61 BF4-	 - I .	 2.3713E-25 2.1100E-25-24.676 8.8984E-01
65 HPO4-2 -2. 1.7800E-08 1.1160E-08 -7.952 6.2696E-01
66 H2PO4- - I . 1.8674E-09 1.6617E-09 -8.779 8.8984E-01
69 HF AQ	 0. 1.3607E-09 1.3648E-09 -8.865 1.0030E+00
70 HF2-	 -1.	 5.6370E-13 5.0160E-13 -12.300 8.8984E-01
75 Ca0H-	I. 1.8430E-08 1.6399E-08 -7.785 8.8984E-01
76 CaCO3	 0. 1.9034E-05 1.9091E-05 -4.719	 1.0030E+00
77 CaHCO3-, I. 3.0907E-05 2.7621E-05 -4.559 8.9369E-01
78 CaSO4 0. 2.4976E-04 2.5052E-04 -3.601 1.0030E+00
79 CaHSO4 I. 1.5159E-11 1.3489E-11 -10.870 8.8984E-01
80 CaPO4- -1. 1.7134E-09 1.5246E-09 -8.817 8.8984E-01
81 CaHP0-1 0. 5.8077E-09 5.8253E-09 -8.235 1.0030E+00
82 CaH2PO4- I. 4.5532E-11 4.0516E-11 -10.392 8.8984E-01
83 CaF+	 1. 8.8813E-07 7.9029E-07 -6.102 8.8984E-01
85 lv1g0H- I. 2.2801E-07 2.0289E-07 -6.693 8.8984E-01
86 MgCO3 0. 5.2194E-06 5.2353E-06 -5.281 1.0030E+00
87 M2HCO3- 1. 1.3632E-05 1.2130E-05 -1.916 8.8984E-01
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INITIAL SOLUTION

TEMPERATURE = 26.70 DEGREES C PH = 8.030
ANALYTICAL EPMCAT = 9.558 ANALYTICAL EPMAN = 10.060

OXIDATION - REDUCTION

DISSOLVED OXYGEN = 0.253 MMOLES/KG H20
EH MEASURED WITH CALOMEL = 9.9000 VOLTS	 FLAG CORALK PECALC IDA VES
MEASURED Eli OF ZOBELL SOLUTION = 9.9000 VOLTS 3 0 1 I
CORRECTED EH = 0.2350 VOLTS
PE COMPUTED FROM CORRECTED EH = 3.950

*• • TOTAL CONCENTRATIONS OF INPUT SPECIES I's*

TOTAL	 LOG TOTAL	 TOTAL
SPECIES	 MOLALITY	 MOLALITY	 MG/LITRE

Ca+2 2.0	 1.74773E-03 -2.7575 7.00000E+01
Mg+2 2.0 8.68490E-04 -3.0612 2.11000E+01
Na+ 1.0 4.13515E-03 -2.3835 9.50000E+01
K+ 1.0	 1.43315E-04 -3.8437 5.60000E+00
Ba+2 2.0 7.28628E-07 -6.1375 1.00000E-01
H4SiO4 0.0 1.36569E-04 -3.8646 8.20000E+00
Cl-	 -1.0 2.14518E-03 -2.6685 7.60000E+01
HCO3- -1.0 2.70604E-03 -2.5677 1.65000E+02
SO4-2 -2.0 2.54181E-03 -2.5949 2.44000E+02
NO3- -1.0 6.42998E-06 -5.1918 9.00000E-02
H3B03 0.0 1.85143E-05 -4.7325 2.00000E-01
HPO4-2 -2.0 3.23079E-08 -7.4907 1.00000E-03
F- -1.0	 1.10613E-04 -3.9562 2.10000E+00
NH4+ 1.0 3.92943E-05 -4.4057 5.50000E-01
DOC 0.0 1.08310E-04 -3.9653 1.30000E400
DOX 0.0 2.53311E-04 -3.5963 8.10000E+00

Eventl_River
****DESCRIPTION OF SOLUTION ****

ANALYT. COMP.	 PH	 ACTIVITY H20 = 0.9998
EPMCAT 9.56 8.62	 8.030	 PCO2= 1.447209E-03
EPMAN 10.06 9.12	 LOG PCO2 = -2.8395

TEMPERATURE P02 = 2.363307E-35
EH = 0.2350 PE = 3.950 26.70 DEG C PCH4 = 9.862759E-77
PE CALC S = 0.000	 CO2 TOT = 2.701457E-03
PE CALC DOX= 12.451	 IONIC STRENGTH DENSITY = 1.0000
PE SATO DOX= 2.456	 1.315291E-02 TDS = 697.3MG/L
TOT ALK = 2.706E+00 MEQ	 CARB ALK = 2.698E+00 MEQ
ELECT = -5.003E-01 MEQ	 CHARGE IMBALANCE = -2.8%

IN COMPUTING THE DISTRIBUTION OF SPECIES,
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Input Values for

NETPATH
1 2 4

Colorado River

Water ra Marsh
Topock Marshe South

Dike outlet

Column 2 normalized to

Chloride

Event L May 1997 May 1997 May 1997

Temperature 'V 26.7 28 26.3

pH 8.03 8.02 7.06

Eh mV 235 329 35

Alkalinity as mg/L CaCO, 136 168 608

TDS sum of constituents 682 1018 4186

Spec. Cond. uS/cm 949 1373 5147

Diss 0, mg/L 8.1 7.3 0.5

Ca ppm 70 88 297

Mg PPm 21.1 37.8 139

Na ppm 95 157 911

K ppm 5.6 9.8 9.2

Cl ppm 76 136 686

SO, ppm 244 381 1390

HCO 3 ppm 165 204 741

CO, ppm 0 0 0

SiO, ppm 8.2 8.8 25.7

NH 	Tot NK ppm 0.6 2.1 1.6

NO ; + NO2 PPm 0.09 0.2 0.01

B total ppm 0.2 0.43 0.64

PO, ppm 0.001 0.004 0.007

Al ppm <0.15 <0.15 <0.15

F ppm 2.1 <0.2 <0.2

Fe ppm <0.03 <0.03 <0.03

Ba ppm 0.1 0.185 0.074

Cu ppm <0.03 <0.03 <0.03

Zn ppm <0.015 <0.015 <0.015
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