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Abstract. Stream restoration and enhancement pro-

vides opportunity to correct or improve previous altera-
tions that have destroyed, diminished, or impaired the 
character and function of stream systems. The Savannah 
River Site (SRS) as a National Environmental Research 
Park operated by the Department of Energy provides an 
ideal research opportunity for restoration of coastal plain 
streams. The temporal range of disturbances to SRS 
streams span the range of pre-SRS legacy impacts through 
the early infrastructure development in the early 1950's to 
more recent and current industrial activities. A multiphase 
program has been established to characterize SRS streams, 
identify risks of legacy and recent disturbances, and iden-
tify disturbed stream reaches improvable by restoration. 
Phase I involves a broad scale survey of potential stream 
disturbances and stream basin characterization. Phase II, 
initiated in 2010, assesses the effects of stream alterations 
in a subset of Phase I identified streams. Stream hydrolo-
gy, geomorphology, and habitat availability at the reach, 
segment and basin level are being assessed. The proposed 
Phase III project will further evaluate a select subset of 
stream reaches by measuring additional hydrology, physi-
cochemistry, and geomorphology features. This thorough 
stream evaluation will guide prescription of restorative 
actions. Future phases will implement and monitor en-
hancement and restoration efforts. 

INTRODUCTION 

Stream restoration refers to activities that are taken to 
correct or improve previous alterations that have de-
stroyed, diminished, or impaired the character and func-
tion of stream systems. Enhancement refers to activities 
that are initiated to improve an aspect of an impaired 
stream system where recovery to the natural or reference 
condition is not feasible or practical. Stream restoration 
and enhancement projects are commonly performed 
worldwide and have become an emerging business enter-
prise. In the United States alone, billions of dollars have 
been spent on stream and river restorations (Palmer et al. 
2005). In highly degraded stream systems, restoration 
programs and projects within the U.S. are focused primari-
ly upon returning structure to a stream channel cross-

section (width/depth, bank full discharge, meanders and 
pools, hydraulic gradients, and vegetation, etc.)(Rosgen 
1997, North Carolina State University 2002, McCandless 
and Everett 2002). The primary goal is to restore the hy-
drodynamics and energy gradients to a condition compa-
rable to local natural streams or rivers of similar order, 
and to stabilize sediment transport (net degrada-
tion/aggregation). Given these conditions, restoration suc-
cess criteria have often in the past been based upon geo-
physical and floral assessments. In contrast however, res-
torations efforts aimed at improving biology without ade-
quate attention to the physical aspects frequently fail 
(Kondolf et al. 1995, Kondolf 2000).  

Stream structure refers to the pattern or organization of 
features within a system, whereas stream functions are the 
processes and rates of a system (Bunn and Davies 2000). 
Although the relationship is poorly understood, it is usual-
ly assumed that structure and function are closely related. 
Structural measures have been used to a greater extent 
than functional measures to characterize the integrity of 
aquatic systems because the methods for measuring struc-
tural attributes are well established and tend to be less 
complicated. However, functional measures have been 
advocated for stream assessments (Matthews et al. 1982) 
and restoration goals (Wohl et al. 2005). In addition, there 
has been a recent movement to incorporate functional at-
tributes for regulatory purposes (Meyer 1997, Gessner and 
Chauvet 2002, Davies and Jackson 2006). The combined 
use of structural and functional measures provides a better 
assessment of the integrity status of water bodies, and 
provides better integration across levels of hierarchical 
organization (Bunn and Davies 2000). A successful resto-
ration will expedite recovery of the stream functional pro-
cesses as well as the floral and faunal community struc-
tures (Kolka et al. 2002). 

The Savannah River Site (SRS) is a 801 km2  (309 
square mile) National Environmental Research Park oper-
ated by the Department of Energy. The SRS lies on the 
upper Coastal Plain along the southwest border of South 
Carolina, USA. Today a broad array of disturbances rang-
ing from pre-Savannah River Site land use to contempo-
rary industrial activities shapes the local landscape. Pre-
SRS land use subjected streams to extensive disturbances 
including cattle grazing, timber harvest, channelization, 
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and intensive agriculture (Cabak and Inkrot 1997, White 
and Gaines 2000, White 2004). Lasting effects are evi-
denced by deep erosion gullies along stream valleys and 
incised or rerouted stream channels. Riparian corridors 
were fragmented by numerous dams and levees; remnants 
of many remain. It is becoming increasingly recognized 
that such legacy impacts can have long lasting effects on 
U.S. stream systems and at times interact synergistically 
with more recent disturbances (e.g. McIntosh et al. 1994).  

Construction of the original SRS infrastructure was a 
monumental task. Networks of roads and railroads, power 
plants, nuclear reactors as well as production and waste 
handling facilities were completed in only five years 
(1951-1956). Such intensive construction activity conse-
quently impacted many SRS streams. Subsequent removal 
of land from agriculture has allowed regeneration of for-
ests now managed by the USDA Forest Service. Present 
day stormwater runoff and effluent releases from SRS 
industrial areas and the consequent erosion and sediment 
deposition continue to alter some streams. Some channels 
were reconfigured directly (e.g. Beaver Dam Creek) to 
accept high volume industrial water releases, or indirectly 
restructured by the discharge of reactor water (e.g. Pen 
Branch and Fourmile Branch). Both active and abandoned 
structures may continue to fragment streams, alter hydrol-
ogy, and provide nick points for beaver impoundment. 
Characterizing SRS streams will allow us to identify risks 
of legacy and recent disturbances as well as identify po-
tential contaminant sources including waste sites, outfalls, 
and contaminated aquifers in relation to surface flow paths 
and seep zones. A collaborative effort among Savannah 
River Nuclear Solutions-Area Completion Projects, Uni-
versity of Kentucky, USDA Forest Service, Savannah 
River National Laboratory, and Savannah River Ecology 
Laboratory has been undertaken to establish a baseline of 
wetland impacts to SRS headwater streams and support 
SRS natural resource stewardship through a three phase 
program.  

 
OBJECTIVES AND APPROACH 

 
Phase I.  A stream characterization project (Phase I) was 
initiated to assess structure in headwater streams at the 
Savannah River Site (SRS) and to determine areas where 
stream remediation may be warranted. This phase involves 
a broad scale survey of potential stream disturbances and 
stream basin characterization. We are identifying drainage 
basins where contiguous high-quality watersheds could be 
established. A watershed approach is both of critical eco-
logical (Wohl et al. 2005) and regulatory importance (e.g. 
COE/EPA, (33 CFR Parts 325 and 332; 40 CFR Part 230). 
The latter establishes requirements of a watershed ap-
proach to restoration in association with mitigation. Con-
sequently a stream segment must be evaluated in the con-
text of the relevant drainage basin or sub-basin. Within the 

basins, stream reaches with disturbances potentially im-
provable by restoration or enhancement are being identi-
fied. Additionally, disturbances are being placed into a 
temporal context to establish whether disturbances were of 
pre-SRS or SRS origin. This temporal context assists in 
determining the regulatory requirements of a disturbance 
including whether appropriate for compensatory mitiga-
tion. Pre-SRS disturbances will also provide valuable in-
sight about a stream’s ability to recover without human 
intervention. Our surveys are identifying streams that rep-
resent a broad disturbance gradient ranging from severely 
altered streams to the best available reference systems. 
The least disturbed streams are critical to establish an 
endpoint model system. This also satisfies a requirement 
of the above cited CFR. Reference condition determina-
tion is being conducted in collaboration with Paller et al. 
(2010). Streams spanning a broad temporal disturbance 
gradient ranging from likely the early 19th century or ear-
lier (Brooks et al. 2000, White and Gaines 2000, White 
2004) to active impacts from industrial areas are being 
identified.  

Phase I efforts require examining aerial photos (1938-
2010), LiDAR imagery (2009), existing GIS data, maps 
(1943 to current), and literature to identify disturbances 
such as flow impediments, erosion, or channelization. A 
significant contribution of this study also stems from ex-
tensive ground surveys. Study streams were walked from 
their confluence to near the drainage divide. This included 
all valleys with perennial or intermittent channels as well 
as significant ephemeral channels. The ephemeral chan-
nels are particularly important to determine where outfalls 
enter streams since they are often located at the head of 
ephemeral valleys. Disturbances were noted and way-
points saved. The ground survey located disturbances and 
stream features that would otherwise have gone undetect-
ed. A digital elevation model displaying 1 m gradients 
created from the 2009 LiDAR imagery is aiding basin 
characterizations. We are summarizing our data in GIS 
layers, text descriptions, and detailed tables. Basin charac-
teristics are being measured for each tributary basin (Table 
1).  

 
Table 1. Stream features measured in Phase I. 
Drainage area Stream length 
Drainage perimeter Basin relief 
Cumulative stream length Basin relief ratio 
Drainage density Entire stream gradient 
Basin length Cum. Intermittent length 
Drainage shape Main intermittent length 
 

To date, Phase I is focusing on the entire Mill Creek, 
Meyers Branch and McQueen Branch drainages, 18 Upper 
Three Runs (UTR) tributaries, six Tinker Creek tributaries 
and the included main stem, and the Pen Branch drainage 
above Indian Grave Branch (Figure 1). The Meyers 
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ultaneously and continuously record stream temperature 
and stage height with the latter converted to discharge via 
stage-discharge rating curve. Water chemistry and sus-
pended sediment samples will be collected at each moni-
toring station for select storm water events. Water quality 
parameters such as temperature, pH, dissolved oxygen, 
electric conductivity, and turbidity will be measured in the 
field. Automatic water samplers equipped with a flow ac-
tuator (programmed to begin sampling in response to a 
rain event) will be installed to provide samples for labora-
tory evaluations. Samples will be analyzed for alkalinity, 
major nutrients, total organic carbon, dissolved organic 
carbon, and trace elements (Ba, Be, As, Se, Tl, V, Fe, Mn, 
Pb, Sb, Cu, Zn, Cd, Cr, Ni). Turbidity and total suspended 
solids (TSS) will used to characterize suspended sediment 
levels.  

Three 30 to 50-cm long sediment cores (as conditions 
allow) will be collected from each reach. The first core 
will be used for 210Pb analyses, while the second will be 
used for elemental and 239+240Pu analyses. The third 
core will be used for mineralogical and elemental anal-
yses. Cores will be subsampled at 2cm intervals or where 
evidence of depositional stratification is present. The 
210Pb will provide a depth to age profile using the con-
stant rate of supply model that assumes a constant influx 
of unsupported, atmospheric 210Pb to the site. Measurable 
239+240Pu result from nuclear-weapon testing that began 
in the 1950s, peaked in 1963 and ceased in 1972 and may 
provide a metric for examining sediment accretion since 
this time. Mineralogical and elemental characterization by 
by x-ray diffraction and ICP-OES analysis, respectively, 
will provide insight into the source of sediments and po-
tential contamination. 

 
PRODUCTS 

 
This program will locate potential ecological impacts 

and link descriptions to GIS maps. Flow patterns will be 
established including documentation of where surface or 
ground water discharges actually enter a stream. Addition-
ally it will provide information useful in refining flow 
path models such as those associated with SRS permitted 
outfalls. It will provide critical information to improve 
reference site or background selection as well as sample 
placement determination and justification. It will make 
stream basin characterizations readily available. We will 
provide improved hydrological information and accurate 
maps. Provision of locations of numerous historical dams 
and levees will improve SRS archeological data bases. We 
will provide detailed assessment of nearly 50 streams with 
even more detailed evaluation of a subset of these. We 
will identify locations potentially useful for compensatory 
mitigation and provide a framework upon which a restora-
tion program and a potential mitigation bank could be 
built.  
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