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ABSTRACT 

Construction and subsequent draining of reservoirs can have dramatic affects on 

the release of nutrients and sediments to waterways. This study describes how the 

temporary draining of a small reservoir for dam repair influences downstream water 

quality.  The Valley Mill Reservoir has a surface area of 6.1 hectares and volume of 

150,000 m
3 
when filled.  Water chemistry monitoring and water sampling were 

performed at six sites during baseflow and ten sites during runoff events for one year. 

Water samples were analyzed for total nitrogen (TN), total phosphorous (TP), and total 

suspended sediment (TSS) concentrations. Results indicate that draining of Valley Mill 

Reservoir caused only minor changes in water chemistry.  However, reservoir drainage 

caused significant erosion of the exposed lake bed as well as the stream channel upstream 

of the reservoir.  Increases in TSS lagged behind drainage but increased dramatically 

once drainage was complete.  Mean TSS increased from 7.5 mg/L upstream of the 

reservoir to 20.7 mg/L in reservoir outflow during baseflow.  During storm events, TSS 

increased over 100 percent to nearly 100 mg/L in the drained reservoir outflow, with a 

maximum concentration of 525 mg/L.  The increase in TSS resulted in TP increases 

during baseflow and storm events, since TP is known to attach to sediment.  Mean 

outflowing TP increased by 10 percent to 43 ug/L during baseflow and by 20 percent to 

207 ug/L following storm events.  Total nitrogen remained below 5 mg/L at all 

monitoring sites and decreased by 5 to 15 percent after flowing over the exposed lakebed.  

Therefore, draining of Valley Mill Reservoir may have caused degradation of water 

quality downstream of reservoir outflow due to large amounts of sediment and 

phosphorus being released from the drained reservoir. 
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 1 

CHAPTER ONE 

INTRODUCTION  

 

Human actions have contributed to the decline of water quality in water bodies 

worldwide.  One of the most dramatic of these actions has been the damming of streams 

and rivers to construct reservoirs, which alter the flow of water, sediment, and nutrients 

through the river system.  Reservoirs have both positive and negative impacts on the local 

environment.  Some positive functions of dams and reservoirs include providing a water 

supply for drinking water, industrial uses, and irrigation, flood control, hydro-power 

generation, recreational uses, and improving water quality (Baxter, 1977).  Negative 

effects of dams and reservoirs include barriers for fish migration, reservoir sedimentation, 

decreased sediment and nutrient supply to downstream reaches, eutrophication, and 

increased channel erosion downstream of reservoirs (Baxter, 1977; Ligon et al., 1995; 

Shields et al., 2000). 

There are currently over 75,000 dams in the United States.  The greatest rate of 

dam construction occurred between the late 1950ôs to the late 1970ôs, with few dams 

constructed after 1980 (Graf, 1999).  The average age of dams in the United States is 40 

years (Shuman, 1995), so reservoir drainage for dam repair or removal is increasingly 

becoming necessary.  Approximately one-third of reservoirs greater than fifty years old 

have lost between 25-50 percent of their original storage volume, while about 10 percent 

have lost all their original storage volume (Thornton, 1990).  Since many of the reservoirs 

in the United States are over 50 years old, reservoir drainage may be necessary for 

dredging of accumulated sediments to increase reservoir storage volume.   



 2 

Since sediments and nutrients accumulate in reservoirs, drainage is likely to 

release these pollutants downstream.  Of the few reservoir drainage studies conducted in 

the United States, most have focused on the effects that dam removal has on channel 

form and sediment delivery to downstream reaches (Ligon et al., 1995; Shields et al., 

2000; Egan, 2001; Doyle et al., 2002; Pizzuto, 2002).  Dam removal and reservoir 

drainage are emerging fields in science, and relatively few environmental studies have 

accompanied drainage operations.  Most drainage studies have evaluated the effects of 

reservoir drainage associated with dam removals rather than temporary drainage.  

Therefore, the effects that temporary drainage for reservoir management has on sediment 

and nutrient transport are not well understood. 

 The State of Missouri ranks fifth in the nation of states with the most dams at 

3,541 (Shuman, 1995).  There are 16 dams located within Greene County and 44 more in 

the six bordering counties (Missouri Department of Natural Resources, 1980).  All of 

these dams were built before 1980 and will be in need of repair in the near future.  This 

study is the first in the region to scientifically evaluate the effects that temporary 

reservoir drainage has on downstream water quality.  Since there are 60 dams in the 

immediate area, this study is essential, as other dams are likely in need of repair, which 

may require reservoir drainage.   

This study focuses on the 6.1 hectare Valley Mill Reservoir (VMR), drained to 

repair an ageing dam and remove excess sediments from the basin.  Valley Mill 

Reservoir is located in Greene County, Missouri, and within the Springfield city limits.  

Springfield is the third largest city in the state with a population of approximately 

151,000 (U.S.Census, 2003).  Springfield receives 20-25% of its drinking water supply 
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from Fulbright Spring (Wright Water Engineers, 1995).  Fulbright Spring receives 60-

70% of its recharge from a swallow-hole located on the South Dry Sac River (SDSR), 

approximately 300 meters downstream of the confluence of the SDSR and VMR outflow 

(Coulter, 2003).  In 1908, the Springfield Water Company purchased VMR, since it was a 

valuable water source for the city (Bullard, 2000).  Given that VMR is an important 

drinking water source, it is critical to maintain a high level of water quality in outflow. 

 

RESEARCH QUESTIONS 

This study will fill gaps in knowledge about the effects that reservoir drainage has 

on downstream water quality.  It is currently unknown how water quality is affected by 

reservoir drainage.  There are four main questions addressed by this thesis.  First, how is 

sediment and nutrient transport influenced by reservoir drainage?  Phosphorus movement 

through streams is relatively slow and dependent on sediment transport (Stanley and 

Doyle, 2002).  While nitrogen is transported through aquatic systems in both particulate 

and dissolved phases in runoff, it is highly soluble and does not sorb as strongly to 

sediment as compared to phosphorus (USEPA, 1999A).  The key question in relation to 

this thesis is to what extent reservoir drainage remobilizes stored sediment and nutrients 

from the now exposed lake bed. 

 Second, how does discharge influence water quality and sediment and nutrient 

transport after flowing over the exposed lake bed?  Baseflow is the constant stream 

discharge not influenced by precipitation (Dodds, 2002).  Baseflow is the typical flow in 

a watershed, and geomorphic change is gradual and limited during baseflow conditions 

(Leopold et al., 1964).  Following storm events, stream stage and water velocity increase, 
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resulting in scouring and erosion of the streambed (Leopold et al., 1964).  However, to 

what extent does the change in flow energy and associated chemical regimes influence 

the remobilization of pollutants? 

Third, does draining a reservoir create a significant source of pollution?  Most 

excess nutrients and sediments in a watershed enter streams from nonpoint sources; 

comparing a drained reservoir as a point source of pollution to nonpoint pollution sources 

throughout the watershed will determine if the reservoir provides a greater source of 

pollution than the rest of the watershed.  Does the drained lake bed represent a significant 

source of pollution from the watershed as a whole when compared to other sources or 

tributary inputs in the watershed? 

Finally, does reservoir drainage significantly impact other water quality 

parameters?  Turbidity, pH, water temperature, total dissolved solids concentration, and 

dissolved oxygen concentration will also be evaluated during this study.  These 

parameters are typically considered when determining the quality of water resources and 

therefore will be included in this study. 

 

PURPOSE AND OBJECTIVES 

The purpose of this study is to evaluate the effects of reservoir drainage on water 

chemistry and sediment and nutrient transport to downstream reaches of the SDSR in 

Southwest Missouri.  The effects of reservoir drainage must be better understood to 

protect downstream reaches and the habitats these reaches support from degradation 

during future reservoir drainage operations.  The primary objectives of this thesis are to:  
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1. Quantify and compare reservoir inflow and outflow water chemistry, 

total nitrogen (TN), total phosphorus (TP), and total suspended sediment 

(TSS) concentrations during baseflow and storm event flow. 

 

No previous studies have been conducted on reservoir drainage operations in the 

Ozarks region.  By evaluating changes in water quality after flowing over the exposed 

lake bed during baseflow and event flow, an estimate of pollution emanating from the 

drained reservoir can be calculated for a range of discharges.  With a better understanding 

of how water quality changes with changing flow conditions, management efforts can be 

improved to account for changes in discharge to prevent downstream water quality 

degradation for future drainage operations. 

2. Evaluate temporal trends in water quality and sediment and nutrient 

transport.  

 

Evaluating temporal changes in water quality trends will determine if water 

quality is influenced by seasonal climate and land use patterns.  If water quality and 

sediment and nutrient transport are influenced by seasonal changes, seasons with the 

greatest degradation in water quality and the highest sediment and nutrient transport can 

be targeted.  Also, by evaluating temporal transport trends, it can be determined if most 

of the sediment and nutrients are released shortly after drainage or if it is steady long-

term release.  Management efforts can then be directed towards preventing either higher 

level but shorter-term pollution releases or lower level but longer-term pollution releases. 

3. Compare drained reservoir contributions to watershed water quality 

trends. 

 

Valley Mill Reservoir outflowing water quality will be compared to water quality 

trends throughout the watershed.  Comparing VMR to nonpoint pollution sources 

throughout the watershed will determine if VMR provides a greater source of pollution 



 6 

than other land uses in the watershed.  This will allow management efforts to address 

both point sources as well as nonpoint sources of pollution in the Valley Mill watershed. 

 

HYPOTHESES 

 It is hypothesized that water quality in the SDSR will degrade due to increased 

sediment and phosphorus eroded from the drained reservoir and transported downstream.  

Draining of a reservoir causes an increase in water velocity upstream of the dam, which 

causes a channel to form in the drained lake bed as sediment is eroded downstream 

(Stanley and Doyle, 2002).  Phosphorus readily sorbs to sediment and is primarily 

transported with eroded sediment (USEPA, 1999A).  However, nitrogen concentration 

should decrease following reservoir drainage due to increased sediment-water contact 

causing denitrification (Stanley and Doyle, 2002).  Denitrification is the process in which 

bacteria convert nitrate to N2 gas which is released from the water (Dodds, 2002).  In 

addition, since water velocity increases with drainage, it is also believed that draining of 

the reservoir will result in increased erosion of the stream channel upstream of the 

reservoir. 

 Also, it is believed that the drained VMR is the greatest source of pollution within 

the Valley Mill watershed.  Valley Mill Reservoir acted as a pollution trap for several 

decades before it was drained, which allowed for the storage and long-term accumulation 

of sediment and other associated pollutants. The drainage of VMR will allow for loosely 

consolidated sediments to be exposed for an extended period of time.  This area of 

exposed fine-grained sediment is like no other in the watershed and will likely erode 

quickly and impact water quality more than any other area of the watershed.  
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BENEFITS OF THE STUDY 

 This is the first study in southwest Missouri to evaluate how water chemistry and 

sediment and nutrient transport are affected by reservoir drainage.  Few reservoirs remain 

drained long enough to permit a scientific evaluation of the processes that occur during 

drainage.  This allows for a unique examination of a potentially growing problem since 

many reservoirs in the Ozarks region are reaching the end of their intended lifespan.  This 

study is especially important for southwest Missouri since there are over 60 dams in and 

surrounding Greene County and several more in the Ozarks region (Missouri Department 

of Natural Resources, 1980).   

The primary benefit of this study will be an improved understanding of how water 

quality is impacted by reservoir drainage.  By monitoring water chemistry and sediment 

and nutrient concentrations, changes in water quality due to reservoir drainage can be 

quantified.  This study will also lead to improved protection of water quality during 

future reservoir drainage operations.  Reservoir drainage operations will be increasingly 

common in the Ozarks since many of the reservoirs in the area were constructed over 40 

years ago.  Given that our understanding of erosional processes and water quality impacts 

will be enhanced, future reservoir drainage operations can be managed to reduce those 

effects on downstream ecological communities. 
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CHAPTER TWO  

LITERATURE REVIEW  

 

 Research on reservoirs has generally not focused on the implications of reservoir 

drainage on downstream water quality.  There is significant literature on the effects that 

dams and reservoirs have on aquatic ecosystems such as sediment transport, water 

chemistry, water quality, geomorphology, nutrient dynamics, and ecology (Baxter, 1977; 

Kennedy and Walker, 1990; Thornton, 1990; Jones and Knowlton, 1993; Heimann, 1995; 

Ligon et al., 1995; Shields et al., 2000).  In spite of this research, how these processes are 

affected by reservoir drainage is not well understood.  In fact, few ecological studies have 

accompanied dam removal and reservoir drainage operations in the United States 

(Stanley et al., 2002).  Recently, however, the importance of reservoir drainage has been 

recognized, and there is a growing body of literature (Childers et al., 2000; Rye, 2000; 

Egan, 2001; Bushaw-Newton et al., 2002; Doyle et al., 2002; Pizzuto, 2002; Pohl, 2002; 

Stanley and Doyle, 2002).  While researchers are gaining a better understanding of 

reservoir drainage impacts, much work is still needed to increase our knowledge and 

awareness of the interrelated processes that occur following reservoir drainage. 

 

SEDIMENT AND NUTRIENT PROBLEMS  

Sediment is the number one non-point source pollutant of our nationôs waters 

(USEPA, 1990).  Sediment erosion and transport to streams is a natural and necessary 

geomorphic process in stream development.  However, human activities have greatly 

increased erosion rates and sediment loads delivered to streams.  The most significant 
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sources of sediment in watersheds originate from agricultural land uses (Waters, 1995) 

and construction sites (Schueler, 2000).  Row-crop cultivation on floodplains and 

livestock grazing in riparian zones are considered the primary agricultural practices 

causing increased sediment delivery to streams (Waters, 1995).  Construction sites are 

also significant temporary sources of sediment to streams; sediment export is 20 to 2,000 

times greater at construction sites than any other land use (Schueler, 2000).  Stream 

channels can experience severe ecological impacts due to increases in suspended and 

deposited sediment.  Impacts of suspended sediment on aquatic ecosystems include light 

attenuation, reduced species diversity and density, increased water treatment costs, taste 

and odor problems in drinking water, and transport of nutrients and other pollutants 

(USEPA, 1999B; Schueler, 2000; Davies-Colley and Smith, 2001).  Deposited sediment 

impacts include benthic smothering, reduced habitat value, decreased species diversity 

and density, decreased dissolved oxygen concentrations, and loss of reservoir storage 

(USEPA, 1999B; Schueler, 2000). 

 Nutrients, such as nitrogen and phosphorus, can also impair water resources due 

to internal nutrient loading (Klotz and Linn, 2001) and accelerated eutrophication 

(Carpenter et al., 1998).  Phosphorus readily sorbs to sediments and is primarily 

transported to streams and lakes in surface runoff with eroded sediment (USEPA, 1999A).  

Nitrogen does not sorb as strongly to sediment and is transported to aquatic systems in 

both particulate and dissolved phases in runoff (USEPA, 1999A).  Excessive inputs of 

these nutrients can lead to tremendous plant growth and eutrophication of waterways.  

Eutrophication is one of the most common impairments of surface waters in the United 

States and accounts for ~50% of the impaired lakes and ~60% of the impaired river 
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reaches in the U.S. (USEPA, 1996).  Phosphorus and nitrogen are primarily removed 

from the water column by sedimentation, uptake by aquatic organisms, and 

denitrification (Jansson et al., 1994; USEPA, 1999A). 

 

RESERVOIR INFLUENCE ON WATER QUALITY  

Reservoirs severely alter the flow of streams and rivers, water quality, and 

sediment and nutrient transport.  When a stream or river flows into a reservoir, water 

velocity decreases.  With decreased water velocity, the ability of the stream to transport 

sediment decreases, resulting in the development of a delta and sedimentation of the 

reservoir (Thornton, 1990).  Thornton (1990) asserts that approximately one third of the 

reservoirs in the Midwest, the Great Plains, and the southeast and southwest United 

States greater than fifty years old have lost between 25-50 percent of their original 

storage volume, while about 10 percent have lost all their original storage volume. 

Baxter (1977) states that the concentrations of constituents in reservoirs are highly 

dependent on inflowing waters and that reservoirs typically improve inflowing water 

quality by allowing suspended solids to settle out.  These deposited sediments are then 

easily eroded when the water level is lowered.  Baxter (1977) also states that most of the 

inflowing sediment load is deposited when the stream first enters the standing body of 

water, forming a delta.  As a result, sediment accumulation in reservoirs is greatest near 

the sources of inflow and decrease longitudinally towards the dam; nutrient concentration 

has also been found to exhibit similar patterns (Kennedy and Walker, 1990).   
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RESERVOIR WATER LEVEL DRAWDOWN  

Reservoir water level drawdown is a widely practiced multipurpose tool used for 

reservoir management.  Reservoir drawdown can be used to address several problems 

associated with reservoirs such as aquatic plant control (Massarelli, 1983; Cooke et al., 

1993), improving water quality (USEPA, 1977), controlling internal phosphorus loading 

(Jacoby et al., 1982), monitoring sediment erosion (Vernieu, 1997; Childers et al., 2000), 

dam repair, dredging, as well as other improvement projects.  Reservoir drawdown is a 

versatile, well-established practice useful in dealing with a wide range of reservoir 

problems. 

An experimental drawdown of Lake Mills, in northwestern Washington, was 

conducted to determine the effects that lowering Lake Mills would have on sediment 

transport and water quality downstream of the reservoir (Childers et al., 2000).  The 

water level was lowered 18 feet, and data was collected on stream flow, suspended 

sediment and bedload, water quality, deposited sediment, and cross-sectional surveys of 

the lake bed and delta.  During drawdown rapid lateral and vertical erosion of the channel 

occurred in the delta of the reservoir.  The maximum suspended sediment concentration 

was recorded at 6,110 mg/L downstream of the delta, and it was estimated that 300,000 

cubic yards of sediment were transported downstream during the two week experiment 

(Childers et al., 2000).  Suspended sediment concentrations in downstream reaches of the 

reservoir increased during reservoir drawdown, which could potentially have negative 

impacts on water quality. 

 A study conducted by William Vernieu (1997) examined the effects of reservoir 

drawdown on sediment re-suspension in Lake Powell.  Prolonged drought conditions in 



 12 

the Upper Colorado River Basin caused water levels to decrease to approximately 27 m 

below full pool from 1987 to 1993.  This steady drawdown exposed extensive alluvial 

deposits in which the Colorado River channel first down-cut and then began eroding 

laterally as the channel began to meander.  Vernieu (1997) found that sediment 

concentrations increased dramatically in the lower portions of the river in areas of the 

exposed delta just before entering the reservoir.  Significant increases in total nutrient 

concentrations were also measured and exhibited trends similar to sediment 

concentrations. 

 

RESERVOIR DRAINAGE AND DAM REMOVAL  

 Over 75,000 dams have been constructed on U. S. rivers, while over 400 dams at 

least 1.8 m tall or 30.5 m wide have been removed since 1922 (Pohl, 2002).  Reservoirs 

have a limited lifespan, and since most reservoirs were constructed before 1970, dam 

removal operations are likely to increase in the near future. With removal comes a series 

of erosional and depositional processes upstream and downstream of the dam in which 

headcut migration and channel incision erode sediment from the former impoundment 

and deposit it on downstream reaches (Doyle et al., 2003).  However, since few dam 

removal operations in the United States have been accompanied by ecological studies, the 

impacts of reservoir drainage and dam removal are not well understood. 

 

Ecology and Water Quality Impacts 

Reservoir drainage and dam removal cause profound ecological impacts on 

aquatic systems.  Sediment deposition on downstream reaches has caused severe declines 
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in macroinvertebrate and fish communities following previous dam removal operations 

(Stanley and Doyle, 2003).  However, drainage can restore man-made reservoir 

ecosystems to natural riverine ecosystems because riverine taxa can quickly replace fish 

and macroinvertebrates adapted to slow-moving water and riparian vegetation 

immediately begins growing in the nutrient rich exposed lake bed (Stanley and Doyle, 

2003). 

Bushaw-Newton et al. (2002) assessed the ecological impacts of the removal of a 

2 m high dam on Manatawny Creek in southeastern Pennsylvania.  For the study, 

researchers evaluated changes in geomorphology, sediment characteristics, water quality, 

and biology due to dam removal.  Ten months after removal, the stream channel upstream 

of the dam down-cut approximately 0.5 m, and fine-grained sediments were eroded and 

transported downstream.  Downstream of the dam, the stream channel aggraded 

approximately 0.5 m.  Results indicate water quality degradation was minimal and short-

term, likely due to the short residence time (less than 2 hours) of the reservoir before dam 

removal (Bushaw-Newton et al., 2002).  Algae and benthic macroinvertebrate 

communities were not significantly impacted by dam removal, while fish abundance 

initially declined following removal but increased above pre-removal levels within one 

year after removal (Bushaw-Newton et al., 2002). 

Water quality was monitored following the removal of two Minnesota dams in 

1999 (Rye, 2000).  Monitoring was conducted before, during, and after dam removal to 

assess the impacts of dam removal on water quality.  The Appleton Dam was removed in 

stages, which allowed time for vegetation growth in the lake bed before complete dam 

removal.  The Frazee Dam reservoir was drained before removal, also allowing for 
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vegetation to stabilize the lake bed.  Total suspended sediment concentration initially 

increased with a gradual, steady decline following removal of the Appleton Dam (Rye, 

2000).  Sediment concentration also increased following the removal of the Frazee Dam 

but returned to pre-removal concentrations within two months (Rye, 2000).  Results of 

monitoring indicate that these two dam removals only caused short-term impacts to water 

quality. 

 

Geomorphic Processes and Sediment and Nutrient Transport 

 Stanley and Doyle (2002) studied the geomorphic changes of reservoir bottoms 

following dam removal.  They suggest that channel development in formerly impounded 

reservoirs goes through six geomorphic stages of development.  The first stage is the 

original conditions that trap inflowing sediments and nutrients.  The second stage occurs 

when reservoir drainage begins and water level lowers, increasing water velocity and 

sediment-water contact.  Nitrogen retention should occur during the second stage and 

progressively increase during the remaining stages because greater sediment-water 

contact should amplify denitrification, which removes nitrogen from the water and 

releases it to the atmosphere.  During the third stage the stream begins degrading into the 

lake bed and large amounts of sediment will be transported downstream.  Mass wasting 

of the newly formed stream channel and further down cutting and sediment transport 

characterizes the fourth stage.  Nearly all sediment erosion and phosphorus transport will 

occur during the third and fourth stages.  The fifth and sixth stages involve aggradation 

and finally stabilization of the new stream channel.  Therefore, sediment and nutrient 
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transport downstream will lag following the initial drainage, but will be dramatic once the 

stream begins forming in the exposed lake bed before finally reaching equilibrium. 

 Doyle et al. (2003) studied the effects that dam removal has on stream channel 

geomorphic processes.  Researchers examined the channel response of two rivers in 

southern Wisconsin following dam removal.  Both river channels that formed in the 

former impoundments adjusted to removal first by bed degradation, then widening and 

finally aggradation (Doyle et al., 2002).  However, erosion occurred throughout the 

length of one channel while the other was controlled by head-cut migration due to 

consolidated fine-grained sediment (Doyle et al., 2002).  Large amounts of fine-grained 

sediment were removed from both reservoirs immediately following dam removal, but 

later sediment erosion was controlled by the rate of channel adjustment.   

 

WATER QUALITY TRENDS IN SMALL WATERSHEDS  

Coulter et al. (2001) conducted a study of water quality in a small (350 acre) 

mixed-use watershed.  The purpose of the study was to evaluate the implications of urban 

development on water quality within the watershed.  For the study, bi-weekly water 

samples were collected throughout the watershed for a one-year period.  Results indicate 

that the main water quality problems associated with urban areas in the watershed were 

high turbidity and total suspended sediment concentrations from increased sediment 

delivery due to construction activities, while agricultural regions supplied increased 

concentrations of nitrogen and phosphorous to the streams (Coulter et al., 2001).   

Kuusemets and Mander (2002) examined nitrogen and phosphorus leaching in a 

378 hectare agricultural watershed in southern Estonia.  About 60 percent of the 
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watershed is used for agriculture while 30 percent is natural forests and bogs.  The upper 

watershed flows into a small storage lake, which then flows into the lower watershed.  

Nutrient leaching varied widely throughout the watershed and was dependent on land use, 

agricultural practices, soil conditions, relief, and hydrogeological conditions.  Research 

also showed that phosphorous was primarily removed by sedimentation, especially in the 

storage lake (Kuusemets and Mander, 2002).  However, they found that the storage 

capacity of the lake had been exceeded and became a source of phosphorous. 

 

REGIONAL RESERVOIR STUDIES  

Research was conducted on the physical, chemical and biological characteristics 

of three reservoirs in Missouri (Heimann, 1995).  Water quality, sedimentation patterns, 

and nutrient concentrations were all examined, and Heimann (1995) found that all three 

lakes were experiencing problems with sedimentation.  Over 1,000 acre-ft of sediment 

was deposited in each of the three lakes over a 30 to 50 year period (Heimann, 1995).  

Heimann (1995) also found that reservoir bottom sediments had high concentrations of 

nitrogen and phosphorous, potentially causing eutrophication.  Heimann (1995) 

determined that these sedimentation and nutrient problems are most likely occurring due 

to increased urbanization and agricultural practices in the watersheds. 

 Jones and Knowlton (1993) analyzed the regional patterns of the limnology of 

Missouri reservoirs.  Fellows Lake and McDaniel Lake, both located within the Ozarks 

Highland region in Greene County, north of VMR, were included in the study.  They 

found that McDaniel Lake had a total phosphorus concentration of 54 ug/L and a total 

nitrogen concentration of 0.55 mg/L and was classified as eutrophic (Jones and Knowlton, 
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1993).  Fellows Lake was sampled twice and had a mean total phosphorus concentration 

of 13 ug/L and a mean total nitrogen concentration of 0.21 mg/L and was classified as 

mesotrophic (Jones and Knowlton, 1993).  Jones and Knowlton (1993) state that 45 

percent of the mesotrophic and 10 percent of the eutrophic lakes in Missouri are located 

within the Ozarks Highland region, indicating that nutrients are a potential problem for 

reservoirs in the region. 

 

SUMMARY  

 Reservoirs act as sinks for inflowing sediment and nutrients, but when drained 

they are likely to become a source for these pollutants to downstream reaches.  The 

increased sediment and nutrient loads transported and deposited downstream of reservoirs 

can damage habitat and cause eutrophication resulting in decreased species density and 

diversity.  Many of Missouriôs reservoirs are ageing and experiencing eutrophication and 

sedimentation problems.  These reservoirs will increasingly be in need of drainage to 

remove the excess sediment and nutrients accumulating within the reservoir.  Studies 

have addressed the ecological and geomorphic processes that occur following reservoir 

drainage to gain insight into the implications associated with drainage.  However, the 

magnitude and effects of reservoir drainage are site-specific and dependent upon several 

variables.  A better understanding of the water quality impacts that occur following 

reservoir drainage in southwest Missouri requires additional research to determine the 

extent and consequences of drainage on sediment and nutrient transport downstream. 
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CHAPTER THREE  

STUDY AREA 
 

 This chapter describes the climate, hydrology, geology, soils, and land uses of the 

Valley Mill watershed and the VMR Study Area.  The VMR Study Area is a sub-section 

of the Valley Mill watershed, which includes VMR, Sanders Spring, Jarrett Spring, and 

the SDSR.  The Valley Mill watershed is situated on the Ozarks Plateau within Greene 

County, Missouri. 

 

VALLEY MILL WATERSHED  

 The Valley Mill watershed drains approximately 12.7 km
2
 in Greene County, 

Missouri (Figure 3.1).  The watershed is located on the urban fringe of Springfield, 

Missouri, which is the third largest city in the state with a population of 151,000 

(U.S.Census, 2003).  Approximately half the watershed is within city limits; the 

remaining portion is in more rural Greene County.  Greene County is located in 

southwest Missouri on the Springfield and Ozarks Plateaus.  The Valley Mill watershed 

drains from south to northwest into VMR.  Elevation ranges from 433 m at the southern 

boundary to 366 m at the spillway of VMR.  All streams in the watershed flow into the 

reservoir before discharging into the SDSR upstream of a major losing section on that 

river.  The SDSR, which is a sub-watershed of the larger Osage River drainage basin, 

loses most of its flow to a swallow-hole located approximately 300 m downstream of 

VMR outflow (Bullard et al., 2001).  This sub-surface flow recharges Fulbright Spring, 

which supplies 20ï25 percent of the drinking water for the City of Springfield (Wright 

Water Engineers, 1995).
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Figure 3.1 Map of Valley Mill Watershed 
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Climate 

 The Valley Mill watershed has a temperate climate with mild winters and warm 

summers.  The thirty-year mean temperature for Springfield, MO is approximately 13.5
o
 

Celsius (NOAA, 2003A).  Normal temperature ranges in degrees Celsius in Springfield 

are: -3.3
o
 ï 6.6

o
 in winter, 10.4

o
 ï 15.8

o
 in spring, 21.6

o
 ï 27.8

o
 in summer, and 11.7

o
 ï 

17.8
o
 degrees in the fall (NOAA, 2003B).  The average annual precipitation for 

Springfield is approximately 114 cm, with most of the rainfall occurring during the 

months of March through June (NOAA, 2003A).  There were 117 days of measurable 

rainfall during the study period of March 1, 2002 to March 31, 2003 totaling 

approximately 103 cm, more than 10 percent below normal, with September, October, 

November, and December receiving only about 50 percent of the normal precipitation 

(NOAA, 2003A).  The watershed also received approximately 107 cm of snowfall during 

the study period.  The 2002/2003 snowfall season was the fourth greatest ever recorded in 

Springfield (NOAA, 2003C). 

 

Hydrology 

 The Valley Mill watershed drains an area that contains a reservoir, several springs, 

and a number of ephemeral tributaries.  Although the exact date of construction is 

unknown, the original Valley Mill dam was built by the McCracken Mill Co. around the 

period of the Civil War.  The modern reservoir dimensions were created in 1908 when 

the basin was cleared and a new dam erected (Figure 3.2).  The current dam dimensions 

are 30 m wide and 5.5 m tall.  Field and GIS mapping of VMR bathymetry by Susan 

Licher for her thesis project in the Resource Planning program at Southwest Missouri 
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State University shows that VMR is 506 m long and averages 105 m wide and 2.5 m deep, 

with a pre-drainage storage volume of 150,000 m
3
 and surface area of 6.1 hectares 

(Licher, 2003).  The water renewal rate of VMR was about 115 hours during baseflow 

conditions. 

Drainage of VMR began on March 19, 2002.  As soon as the lake bed was 

exposed, vegetation immediately began growing in the drained impoundment (Figure 3.3).  

Vegetation growth was rapid with willow trees over six feet tall covering a large expanse 

of the exposed lake bed within 6 months of drainage; vegetation grew to over 2.5 m 

within 18 months (Figure 3.4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

Figure 3.2 Valley Mill Reservoir with Water Level at Full Pool 
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Figure 3.3 Valley Mill Reservoir, June 2002 

Figure 3.4 Willow Trees and Other Vegetation Growth on the Dry Lake  

      Bed within the Drained Valley Mill Reservoir, August 2003 


