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Channel modifications such as clearing and 
snagging, channel alignment or relocation, and 
channel enlargement are frequently employed to 
control floods from nonnavigable streams. While 
these methods are usually effective, their adverse 
environmental impacts are frequently controversial. 
Channel modification designs and construction 
techniques that reduce adverse environmental 
impacts are being surveyed and evaluated as part of 
the Environmental and Water Quality Operational 

Studies (EWOOS). One category of techniques may 
be referred to as selective clearing and snagging. 
Selective clearing and snagging was used as part of 
a Soil Conservation Service project to improve the 
flow capacity of the reach of the Wolf River, 
Tennessee, that is shown above. Large logs and 
obstructions were removed from the channel by 
hand labor crews with minimal environmental 
impact. 



ENVIRONMENTAL CONSIDERATIONS FOR FLOpD 
CONTROL CHANNEL MODIFICATIONS . 

F. Douglas Shields, Jr.* 

Environmental guidance for design, construc
tion, and maintenance of levees, streambank 
protection projects, flood control channels, dikes, 
and shallow-draft waterways is currently being 
developed under EWQOS Task VI B.2. Each 
project category is being addressed separately with 
FY 81 work focusing on development of environ
mental considerations for design, construction, and 
maintenance of flood control channels. (An over
view of Project VI can be found in Vol E-80-1 of this 
bulletin.) 

BACKGROUND 
Modification** of nonnavigable stream chan

nels to increase flow capacity is a method of flood 
control that has been widely practiced tor decades. 
Flow resistance is reduced and channel capacity is 
increased by clearing and snagging, channel 
alignment, and channel enlargement. Modified 
channels are frequently stabilized using channel 
lining, grade control structures, and streambank 
protection. Channel relocation and channel stabili
zation are also widely employed tor purposes other 
than flood control. 

Some channel modification projects have very 
significant environmental impacts. Several investi
gators have described the environmental impacts of 
channel modifications (Arthur D. Little, Inc., 1973; 
Barton and Winger 1973; Darnell et al. 1976; Bulkley 
et al. 1976; Griswold et al. 1978; and Parrish et al. 
1978). The severity and nature of environmental 
impact vary considerably from one project to 
another. ·Observed impaets may l3e grouped -as 
follows: 

• Loss or change of aquatic habitat and/or 
habitat diversity leading to undesirable shifts 
in production, diversity, density, and/or 
composition of aquatic communities. 

• Loss or change of terrestrial habitat and/or 
habitat diversity leading to undesirable shifts 
in production, diversity, density, and/or 
composition of terrestrial communities. 

• Increased sediment concentrations and tur
bidity, bank caving and sloughing, channel 

'Shields is a Research Civil Engineer assigned to the Water 
Resources Engineering Group, Environmental Engineering 
Division, of the WES Environmental Laboratory. 

.. The term '"channel modification" is preferred to '"channel 
improvement" because hydraulic improvements may some
times degrade environmental or aesthetic resources. Persons 
who value these resources may regard the use of the term 
"channel improvement" as offensive or euphemistic. 
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aggradation and degradation, head cutting, 
and other consequences of channel instability. 

• Reduction of aesthetic values of streams and 
riparian areas. 

• Water quality degradation, principally increas
ing temperature and sediment concentration. 

• Changes in hydrologic conditions including 
lowering the water table, draining wetlands, 
greater variation of discharge, increased 
downstream flood stages, intermittent flows, 
and increasing uniformity of flow conditions 
(depth and velocities). 

A typical unaltered stream is part of a relatively 
stable, diverse ecosystem characterized by a 
diversity of physical habitats, a wide diversity of 
species, and a complex interrelationship among the 
variables of channel morphology and transport of 
water and sediment. Adverse environmental effects 
of channel modification are ultimately related to the 
intentional and unintentional changes of the 
physical characteristics of the stream. Natural 
streams contain a diversity of current patterns, 
depths, light conditions, and substrate that support 
a diverse community of organisms. Modification 
may result in reduction of habitat diversity which in 
turn causes a decline of species diversity. Aesthetic 
resources may also be degraded by a loss of visual 
diversity. The quantity of aquatic habitat is also 
frequently reduced since stream length is usually 
lost through relocation or alignment. 

Work is under way as part of EWQOS Project 
Vl.B to develop environmental guidance for design 
and construction ol nonnav1gable stream channel 
modification projects. Use of new concepts and 
environmental design and construction guidelines 
should alleviate some adverse environmental impacts. 

IMPROVED DESIGN AND 
CONSTRUCTION PRACTICES 

A literature review has been conducted to 
compile existing information about environmental 
considerations for flood control channel modifica
tion. Findings of this literature review include 
general guidelines; selective clearing and snagging 
techniques; information about aquatic habitat 
improvement structures: and design concepts from 
several projects that use floodways, low-flow 
channels, and/or levees together in a composite 
channel geometry. Information was also found on 
management of cutoff meanders. 
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Fish berms. Enlargement of channels through 
marshy areas may eliminate shallow water habitat. 
The use of a bench or step built into the side of the 
trapezoidal cross section is a proposed solution. 
These "fish berms," 5 to 15 ft wide and 1 or 2 ft below 
the water surface, provide shallow littoral areas for 
emergent vegetation, fish breeding, and habitat for 
production of food organisms to support the deep 
water fish of the main channel. 

Single bank modification. A portion of the 
natural aquatic and riparian habitat can be 
preserved by limiting modifications to one side of 
the stream. Single bank modification necessitates 
using the existing alignment of the stream. Single 
bank modification produces a rougher channel with 
less flow capacity than an equivalent channel 
modified on both sides. On the other hand, single 
bank modification preserves at least half of the 
riparian vegetation with its associated habitat and 
aesthetic value, half of the shade, and half of the 
input of particulate organic material to the stream. 
The benefits of single bank modification can be 
enhanced by alternating banks from reach to reach, 

· by preserving clumps of trees on the modified bank, 
and by prompt revegetation of the modified bank. 
Modification of northern and eastern banks is 
preferred since this preserves shade on the south 
and west. 

Management of Cutoff Meanders. Channel 
alignment usually involves the cutting off of 
meanders that are frequently eitherfilled or drained. 
Management of cutoffs by controlling water flow 
and sedimentation may enhance and prolong their 
usefulness. Dikes can be constructed across the 
severed ends of the meander loop and culverts can 
be placed in the dikes to allow flow between the main 
channel and the cutoff. Some designs have closure 

-dtkes-that-overtop-at--htgtrftows-ur tow-plugs· in-the 
main channel that force low flows through the cutoff 
meander. 

STATUS AND FUTURE WORK 
Existing nonnavigable flood control channel 

projects that incorporate environmental features are 
being studied and evaluated to provide information 
that will be used to produce interim environmental 
guidelines for flood control channel modifications. 
A systematic survey of construction and conserva
tion agencies is ongoing to gather information about 
existing projects that incorporate environmental 
features. Field office comments on the interim 
guidelines, experience from selected existing 
projects, and continuing literature review will be 
input to an interdisciplinary team that will produce 
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design guidance for environmental features and an 
environmental engineering manual for flood control 
channels. 

Other tasks under EWQOS Work Unit Vl.B 
address environmental considerations for levees, 
streambank protection, dikes, and navigable 
waterways. 
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ICE COVERS ON RESERVOIRS 

G. D. Ashton, J. Brown, R. K. Haugen, 
K. E. Howe, and B. Brockett* 

About half the Corps of Engineers reservoirs 
experience prolonged periods of ice and snow 
cover. During these periods, air/water interactions 
such as wind shearing and aeration are eliminated 
and other physical phenomena such as light 
penetration and heat transfer are greatly reduced. 
The extent and duration of ice and snow cover also 
impact reservoir water quality during the following 
summer. An extended period of ice cover allows 
additional time for nutrients to be resolubilized and 
may increase the oxygen deficit. These changes in 
the physical environment affect the chemistry and 
biology of the impoundment. In order to understand 
and predict these changes, the physical environ
ment must first be understood. 

Reliable predictions of future water quality in 
proposed or existing reservoirs require accurate 
estimates of the times of ice formation and breakup, 
the extent of ice cover, the effects of ice and snow 
cover on light penetration, and the effects of ice 
covers on reservoir heat flux. Existing mathematical 
water quality models have the capability of 
evaluating many effects of ice covers on biological 

·Ashton is a Supervisory Research Physical Scientist and is 
Chief, Snow and Ice Branch, Research Division; Brown is a 
Supervisory Research Physical Scientist and is Chief, Earth 
Sciences Branch; Haugen is a Geographer, Howe is a 
Hydrologist, and Brockett is a Physical Sciences Technician, 
Earth Sciences Branch, Research Division, U.S. Army Cold 
Regions Research and Engineering Laboratory, Hanover, N.H. 

• CRREL lake and reservoir study sites 

and chemical parameters if thermal energy ex
changes and light penetration can be simulated for 
ice cover conditions. 

APPROACH 

The U.S. Army Cold Regions Research and 
Engineering Laboratory (CAREL) is performing 
investigations under EWQOS Work Unit IB.4. The 
objec~ives of this research are to develop and verify 
techniques for predicting (1) the formation and 
breakup of reservoir ice covers, (2) the effects of 
snow and ice covers on light penetration, and (3) the 
effe~ts of ice covers on thermal energy budgets. To 
achieve these objectives, field and office studies of 
Corps of Engineers reservoirs throughout the 
northern United States are being conducted. 

FORMATION AND BREAKUP OF 
RESERVOIR AND LAKE ICE COVERS 

Using 30-year normal minimum and maximum 
daily temperatures provided by the National 
Weather Service (NWS), cumulative freezing degree 
days for over 250 northern stations were compiled. 
Complete freeze-over dates for large water bodies 
were then estimated for each station based on Lake 
Champlain ice formation data* and isopleths drawn. 
Figure 1 indicates the areas of complete ice cover for 
January and February as well as the southern extent 
of zero cumulative freezing degree days. Similar 
isopleths can be drawn for ice-free dates and for 
estimating ice formation and breakup for extremely 

"See CAREL Report 79-26, "Lake Champlain Ice Formation and 
Ice-Free Dates and Predictive Meteorological Indicators," by R. 
E. Bates and M. L. Brown. 

200 freezino degree days (°C) accumulated by Jan I 
200 freezing degree days accumulated by Feb I 
0 freezing degree days accumulated 

Figure 1. Areas of complete ice cover for January and February 
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warm and cold winters. The relationship of air 
temperature to ice formation, thickness, and 
breakup is a complex one that can be affected by the 
shape, depth, and size of the impoundment; heat 
storage in the reservoir; topographic setting; and 
meteorological conditions such as the wind. 
Another complication is that most climatic stations 
are not located at the reservoir, so that differences 
exist between station and reservoir temperatures. 
The current method of predicting ice formation and 
breakup is being refined to incorporate these 
factors. 

In order to evaluate this prediction method, 
ice data obtained from as many Districts as 
possible and Landsat satellite imagery were 
employed to estimate the occurrence of ice 
formation and breakup on a regional scale. Both the 
ice occurrence data and satellite observations 
agreed reasonably well with the climatic analysis. A 
draft engineering technical letter (ETL) · was 
prepared describing the use of Landsat imagery for 
ice observations in reservoirs and a report on the 
climatic relationships is in final preparation. An ETL 
is also being prepared on a method of predicting the 
incremental thickening of ice covers using daily air 
temperatures. 

The work to date reveals that: 

1. Cumulative freezing and thawing degree day 
maps derived from a climatological data base 
provide a reasonable approach for approximating 
ice cover formation and breakup on reservoirs and 
lakes in the northern United States. 

2. Landsat satellite imagery provides a regional 
perspective of ice formation and breakup and, in 
many cases, offers a readily obtainable data source 
for a given site in the absence of ground observation. 
Interpretation of Landsat imagery provides slightly 
mora_accurate intormation_on ice--b reakup, whereas 
the climatic approach provides greatest accuracy at 
freeze up. 

EFFECTS OF SNOW AND ICE COVERS 
ON LIGHT PENETRATION 

To measure light penetration through ice 
covers, CAREL conducted field studies at Eau Galle 
Reservoir in Wisconsin, Red Rock Reservoir in Iowa, 
C. J. Brown Reservoir in Ohio, and at a series of 
lakes in New York and New England. Photosynthe
tically active radiation (PAR) within the wavelength 
range of 400 to 700 nm was measured using a 
quantum radiometer/photometer with a quantum 
sensor (for air and in snow) and an underwater 
quantum sensor. Water temperature and ice and 
snow characteristics were also recorded. 

Light penetration through snow, ice, or water is 
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largely dependent upon reflection and absorption 
(Figure 2). Reflection is generally characterized by 
the percentage of incident light that is reflected, 
termed albedo. Air/water interfaces have albedos on 
the order of 3 percent while air/snow interfaces may 
have albedos ranging from a few percent to 50 to 95 
percent, depending on the characteristics of the 
snow. Air/ice or snow/ice interfaces have low 
albedos, on the order of 1 O percent, and an ice/water 
interface has a very low albedo with essentially no 
reflectance. 

Energy not reflected at these major interfaces 
penetrates the snow, ice, and water below. The 
penetration of spectral radiation through any 

Light Penetration 
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Figure 2. Light penetration through snow, ice, or water is 
largely dependent upon reflection and absorption 



medium is described by the experimentally deter
mined quantity known as vertical extinction. Vertical 
extinction values cover a wide range, with differ
ences in snow accounting for a major portion of the 
variation. 

Once light has penetrated the reservoir's snow 
and ice cover, it is absorbed by the water and 
experiences exponential decay in intensity with 
depth. Turbidity, which changes throughout the 
year and varies from reservoir to reservoir, has the 
greatest influence on this decay within the water 
column. Ice covers generally reduces turbidity 
because it isolates the water body from the mixing 
effects of the wind, allowing the particles to settle 
out. Winter inflow tends to have a small sediment 
load because it is of low volume and generally 
results from groundwater flow rather than surface 
runoff. 

Field studies have provided the following 
information: 

• Approximately 60 to 70 percent of the 
incoming radiation penetrates a snow-free ice 
cover several centimetres to tens of centi
metres thick. These snow-free ice covers, 
termed "black ice," have a low albedo. 

• A thin layer of snow or of snow-ice (1to2 mm) 
decreases the amount of light penetration to 
less than 60 percent due to the high albedo of 
the thin snow. 

• A fresh snowfall of as little as 2 cm reduces 
the light penetration to 10 percent or less of 
the incoming radiation largely due to the high 
albedo of newly fallen snow. As the snow 
ages, its albedo will decrease and slightly 
more light will penetrate. 

• Successive snowfalls totaling 6 cm or more 
reduce the light penetration to less than a few 
percent of the incoming radiation. 

• A thick snow fayer (greater than about 30 cm) 
effectively eliminates light penetration. 

• With the onset of thaw, light penetration 
increases as the surface albedo decreases. 

EFFECTS OF ICE COVERS ON 
THERMAL ENERGY BUDGETS 

In many surface water bodies, water tempera
ture closely follows ambient air temperature so that 
cold water in winter absorbs heat from below. The 
extent and pattern of winter heat gain is con
strained by the fact that the water temperature 
does not fall below the freezing point. On the basis of 
a few simple assumptions, governing equations 
were solved pertaining to heat flow in bottom 
sediments and results were presented in general 
nondimensionalized curves. These curves allow 
estimation of water/sediment heat flux for any 
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Figure 3. Less heat gain of the winter water is shown in 
cases where mean air temperatures are lower 

particular case, given truncation of the water 
temperature curve at the freezing point. Required 
data for these equations are yearly air temperature 
mean and amplitude of variation, and bottom 
material thermal diffusivity. The governing equa
tions use a higher order finite element method that 
solves directly for temperature gradients and hence 
for heat flux. Thus, the method provides particularly 
accurate flux values at high computational efficiency. 
The results show less heat gain of the winter water in 
cases where mean air temperatures are lower 
(Figure 3). 

SUMMARY 
In summary, work on the above described tasks 

is yielding valuable information that can be used in 
predicting the effect of ice and snow covers on 
reservoir water quality. This information is being 
included in predictive models that are being 
concurrently developed as information becomes 
available. 
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This bulletin is published in accordance with AR 
310-2. It has been prepared and distributed as one of the 
information dissemination functions of the Waterways Ex
periment Station. It is principally intended to be a forum 
whereby information pertaining to and resulting from 
EWQOS can be rapidly and widely disseminated to Corps 
District and Division offices as well as other Federal agen
cies. state agencies. universities, research institutes, cor
porations. and individuals. Contributions of any type are 
solicited from all sources and will be considered for publica
tion as long as they are relevant to the objectives of 
EWQOS, i.e., to provide new or improved technology to 
solve selected environmental quality problems associated 
with Civil Works activities of the Corps of Engineers in a 
manner compatible with authorized project purposes. This 
bulletin will be issued on an irregular basis as dictated by 
the quantity and importance of information to be 
disseminated. Communications are welcomed and should 
be addressed to the Environmental Laboratory, ATTN: J. L. 
Mahloch, U.S. Army Engineer Waterways Experiment Sta
tion, P. 0. Box 631, Vicksburg, Mississippi 39180, or call 
AC 601, 634-3635 
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