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DeGray Lake Visitors Center

Blakely Mountain Dam and Lake Ouachita
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BASIN
DEVELOPMENT
INVESTIGATIONS
UNDERWAY

NAME

Chesapeake Bay Basin

Chesapeake Bay Model, Matapeake, Maryland - Testing is being accomplished at the 
Baltimore Harbor portion of the model.

PURPOSE STATUS

BASIN DEVELOPMENT

T o provide appraisal of the water T o  be completed in 1983.
resources needs and of the economic
interrelations am ong the several
portions of the basin, and their
homogeneity, growth and sensitivity
to development of water and related
la n d  r e s o u rc e s .  R e s u l ts  o f
completed studies in portions of the
basin will be fully utilized.

Water resources needs will be 
projected to the year 2020, and 
means for m eeting those needs will 
be identified in general terms.

T he study area includes the entire 
Chesapeake Bay and its tidal 
tributaries from the Virginia Capes 
to the head of the tidal portion of 
the Susquehanna River. Water 
resources to be considered include 
navigation, fisheries, flood control, 
noxious weeds, water pollution, 
w a te r -q u a li ty  c o n tro l ,  beach  
erosion, and recreation. A m ajor80WSE_266 “Water Development in Maryland,” 1981
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MASSACHUSETTS COASTAL AREA

The Charles Hirer in the wetlands of Natural Vallen Storage
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MASSACHUSETTS COASTAL AREA

The Charles Hirer in the wetlands of Natural Vallen Storage
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Harrisville Harbor provides well-needed refuge for light vessels.

Harrisville Harbor, Lake Huron
Recreational Navigation Project—Completed

In 1945, Congress authorized the construction of a 
chain of harbors along the western shore of Lake Huron. 
One of these was at Harrisville, located 30 miles south of 
Alpena. It is the only safe refuge for light-draft craft between 
Alpena and Au Sable, Michigan.

There is a Weather Bureau Warning Display Station at 
Harrisville and a state park with camping facilities is located

just south of the harbor. The Michigan State Waterways 
Commission and the city have provided a public dock with 
facilities for mariners.

Construction of two breakwaters and dredging to 10 
feet in the harbor basin and 12 feet in the entrance channel, 
have cost the United States $1,562,637. Local interests 
contributed an additional $129,500 for construction of the 
breakwaters, channel, and basin. Maintenance costs amount 
to $592,074.
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Lock and Dam No. 2 at Hastings, Minnesota, is one of a series of locks and dams constructed and operated on the 
Upper Mississippi River by the U.S. Army Corps of Engineers to provide a stairway of water for commercial barges 
and pleasure boats.
ing diagonally through the business district of Min-
neapolis for four miles, it forms the boundary between 
the Twin Cities of St. Paul-Minneapolis. The Minnesota 
River, first major tributary of the Mississippi, flows into 
the Mississippi at the Twin Cities. From the Twin Cities, 
the Mississippi River winds through an 856-mile stretch 
of high bluffs, rolling hills, and wild wetlands, passing 
near prairie farms and more than 500 forested islands. 
On its journey, it is joined near Prescott, Wisconsin, by 
the St. Croix River. For the next 137 miles the Mississippi 
River forms the Minnesota-Wisconsin state line. It con-
tinues southward, and near Genoa, Wisconsin, becomes 
the state line dividing Iowa and Wisconsin. In this 
stretch, the Wisconsin River joins the Mississippi River.

The Mississippi River forms the entire 312-mile 
eastern boundary of Iowa and the entire western boun-
dary of Illinois. Along this reach, major Illinois 
tributaries and several Iowa tributaries flow into the 
Mississippi. The Rock River joins the Mississippi im-
mediately below Rock Island, Illinois. Further 
downstream, the Illinois River — largest tributary of the 
Mississippi River above the mouth of the Missouri — 
flows into the Mississippi near Grafton, Illinois. Still fur-

ther south, below East St. Louis, the Kaskaskia and the 
Big Muddy Rivers join. Iowa tributaries include the 
Turkey, M aquoketa, Wapsipinicon, Iowa, Cedar, 
Skunk, and the Des Moines Rivers. The Turkey flows in-
to the Mississippi near the northern part of the state at 
Guttenberg, the Des Moines at the southern end of 
Keokuk. The others join the Mississippi River at random 
intervals and over the reach drain the eastern two-thirds 
of the State of Iowa. Tributaries draining the sections of 
the State of Missouri, which are included in the Upper 
Mississippi River Region, include the Fox, Wyaconda, 
and the Fabius Rivers.

The Upper Mississippi River Region ends at Cairo, 
Illinois, but the Mississippi continues southward passing 
through or past Five more states on its journey to the Gulf 
of Mexico.

Upper Mississippi River 
Comprehensive Basin Study,
Completed Comprehensive Study 
(North Central Division)

An executive order providing for an Upper 
Mississippi River Basin Commission (UMRBC) was
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GLOSSARY
Acre-foot: A volume of water equivalent to 1 acre of land covered to a depth of 1 
foot.

Advanced engineering and design work: Work done by Corps of Engineers in 
preparation of a project for construction.

Agricultural levee: A levee that protects agricultural areas where the degree of 
protection is usually less than that of a flood control levee.

Alluvial: Of, pertaining to, or composed of sediment deposited by flowing water, 
as in a riverbed, flood plain, or delta.

Appropriation: The setting aside of money by Congress, through legislation, for a 
specific use.

Arch-gravity structure: A structure which derives its resistance to the pressure 
of water from both an arching effect and its own weight.

Authorization: House and Senate Public Works Committee resolutions or specific 
legislation which provides the legal basis for conducting studies or constructing 
projects. The money necessary for accomplishing the work is not a part of the auth
orization but must come from an appropriation by Congress.

Bank and channel stabilization: The process of preventing bank erosion and 
channel degradation.

Basin: (1) Drainage area of a lake or stream, such as a river basin. (2) A naturally 
or artificially enclosed harbor for small craft, such as a yacht basin.

Concrete-gravity structure: A type of concrete structure in which resistance to 
overturning is provided only by its own weight.

Confluence: The place where streams meet.

Control dam: A dam or structurewith gates to control the discharge from the up
stream reservoir or lake.

Crest length: The length of a dam along its crest.

Dam: A barrier constructed across a valley for impounding water or creating a 
reservoir.

Damages prevented: The difference between damages without the project and 
the damages with the project in place.

Degree of protection: The amount of protection that a flood control measure is 
designed for, as determined by engineering feasibility; economic criteria; and 
social, environmental, and other considerations.

Dike: An embankment to confine or control water.

Diversion channel: (1) An artificial channel constructed around a town or other 
point of high potential flood damages to divert floodwater from the main channel to 
minimize flood damages. (2) A channel carrying water from a diversion dam.

Earthfill dam: A dam with its main section composed principally of earth, gravel, 
sand, silt, and clay.

Flood capacity: The flow carried by a stream or floodway at bankfull water level. 
Also, the storage capacity of the flood pool at a reservoir.

Flood plain: Valley land along the course of a stream which is subject to inunda
tion during periods of high water that exceed normal bankfull elevation.

Flood proofing: Techniques for preventing flood damage to the structure and 
contents of buildings in a flood hazard area.

Floodwall: A wall, usually built of reinforced concrete, to confine a stream to pre
vent flooding.

Gilsonite: A natural black bitumen used in the manufacture of acid, alkali, and 
waterproof coatings.

Groin: A walllike structure built perpendicular to the bank to prevent beach 
erosion.

Habitat: The total of the environmental conditions which affect the life of plants 
and animals.

Headwaters: (1) The upper reaches of a stream near its source. (2) The region 
where ground waters emerge to form a surface stream. (3) The water upstream 
from a structure.

Hydraulic earthfill dam: An embankment built up from waterborne clay, sand, 
and gravel carried through a pipe or flume.

Ice jam: Accumulation of ice packed together and piled up, choking the stream 
channel, and causing a rise in water level above the jam.

Jetty: A structure similar to a groin built on a seashore or riverbank to prevent 
erosion due to currents and/or tide.

Joint-use storage: Reservoir storage space which is used for more than one pur
pose. The operation may follow a fixed predetermined schedule or may be flexible 
and subject to adjustment, depending upon particular hydrologic conditions.

Left or right bank of river: The lefthand or righthand bank of a stream when 
the observer faces downstream.

Levee: A dike or embankment, generally constructed close to the banks of the 
stream, lake, or other body of water, intended to protect the landside from inunda
tion or to confine the streamflow to its regular channel.

Mouth of river: The exit or point of discharge of a stream into another stream, a 
lake, or the sea.

Oxbow lake: A lake formed in the meander of a stream, resulting from the 
abandonment of the meandering course due to the formation of a new channel 
course.

Paleontology: The study of fossils and ancient life forms.

Reach: A length, distance, or leg of a channel or other watercourse.

Reservoir: A pond, lake, tank, basin, or other space, either natural or created in 
whole or in part by the building of a structure such as a dam, which is used for 
storage, regulation, and control of water.

Revetment: (1) A facing of stone, concrete, or sandbags to protect a bank of 
earth from erosion. (2) A retaining wall.

Revetted levee: A stone or concrete faced embankment raised to prevent a river 
from overflowing.

Riprap: A layer, facing, or protective mound of randomly placed stones to prevent 
erosion, scour, or sloughing of a structure or embankment. Also, the stone so 
used.

Rock dike: An embankment built principally of rock.

Sill: (1) A horizontal beam forming the bottom of the entrance to a lock. (2) A low, 
submerged damlike structure built to control riverbed scour and current speeds.

Spillway: A waterway on a dam or other hydraulic structure used to discharge ex
cess water to avoid overtopping of a dam.

Stage: The elevation of the water surface above or below an arbitrary datum.

Standard project flood: A flood that may be expected from the most severe com
bination of meteorological and hydrological conditions that are reasonably char
acteristic of the geographical region involved, excluding extremely rare combina
tions.

Tributary: A stream or other body of water that contributes its water to another 
stream or body of water.
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Philpott Lake (Wilmington District)

Project Data

Drainage area above dam 212 square miles

spillway section is ungated and is located in the old 
streambed. Three penstocks guide the flow of water 
through three generating units with a total capacity of 
14,000 kw. The project affords 154,500 acre-feet of flood 
control storage. The reservoir at full power pool covers 
2,880 acres.

Dam:
T y p e........
Crest length 
Height . . . .

Concrete 
. 892 feet 
. 220 feet

Lake Capacity: 
Flood control 
Inactive. . . .  
Power........

154,500 acre-feet 
54,000 acre-feet 

110,000 acre-feet

Total Capacity 318,500 acre-feet

Power:
Installed capacity ............................. 14,000 kilowatts

VISITATION—1979........................................... 1,193,500

The Philpott Dam, authorized by the Flood Control 
Act of 1944, is an integral unit in the comprehensive 
plan for the development of the water resources of the 
Roanoke River Basin. The dam is on Smith River in 
Virginia, 7 miles upstream from Bassett and about 39 
miles above the Virginia-North Carolina State line. The 
drainage area above the Philpott Dam is 212 square 
miles.

The dam consists of a concrete gravity structure, 892 
feet long and 220 feet high at the highest point. The

The project is being operated primarily for the control 
of floods and generation of hydroelectric power. Other 
benefits will accrue to the project from fish and wildlife 
preservation and public use of the reservoir area. The 
estimated cost (1980) is $14,672,000 for new work.

Philpott Lake has seen considerable development of 
recreational resources since the project was completed. 
Additional facilities are under construction and being 
planned. Fishing, boating, swimming, picnicking, and 
related activities are enjoyed in season. In 1979, about 
1,193,500 persons visited the reservoir area for sight-
seeing, fishing, hunting, boating, picnicking, swimming, 
and camping.

The project has provided flood protection to the cities 
and towns in the Smith River Valley below the dam, 
including Spray, N.C., since 1951. About $16,770,000 in 
flood damages have been prevented by the project. An 
estimated $5,000,000 of the total damages prevented 
was in connection with Hurricane Agnes in June 1972. 
“Agnes” was the first major flood since the flood control 
capacity became available in 1951. Generation of power 
began in September 1953. The Southeastern Power 
Administration markets power available at Federal 
projects in this area. Power revenues to September 30, 
1980 amounted to $10,109,000 marketing expenses 
deducted.

Philpott Lake
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Colorado-San Juan Basin

NAVAJO INDIAN RESERVATION,
Arizona, New M exico, and Utah 
(Los Angeles Dist rict )

A survey investigation at the Navajo Indian 
Reservation was authorized for flood damage 
prevention and allied purposes by section 176 of the 
1976 Water Resources Development Act (Public Law 
94-587).

The Navajo Indian Reservation, with a 1976 
population of 149,000,1 encompasses 26,000 square 
miles in Arizona, New M exico, and Utah. The 
northern part of the reservation drains into the San 
Juan River, which is a major tributary to the Colorado 
River above Lees Ferry. The southern part drains into 
the Little Colorado River.

The investigation will assist the Navajo Indians in 
developing a comprehensive plan for water resour-
ces development in an extremely arid region. The 
Corps of Engineers will provide information on flood 
damage prevention and related water resources 
development problems, and will recommend, where 
justified, construction of specific projects.

During the flood of October 1972, several small 
earthfill dams in Arizona constructed by the Bureau 
of Indian Affairs failed. Also, severe damage 
occurred in several northeastern Arizona communi-
ties.

The investigation will begin when funds are made 
available.

VIRGIN RIVER NEAR ST. GEORGE, BANK 
PROTECTION (Los Angeles Dist rict )

Investigation of erosion and bank protection 
problems around bridge abutments, specifically in 
the vicinity of St. George, Washington County, was

initiated in March 1980. The study was requested by 
county and state officials following flooding on the 
Virgin River in February 1980 that resulted in about 
$895,000 in damages ($401,000 to roads and bridges). 
One phase of the study, which is authorized under 
Section 14 of the 1946 Flood Control Act, as 
amended, includes investigating possible emergency 
flood control repairs to the Washington Fields, River 
Road, and Man-of-War bridges. The February 1980 
flood caused about $73,000 in damages to the 
abutments of these three bridges, which span the 
Virgin River near St. George and provide access to 
nearby farmland and communities. Completion of 
the study is indefinite.

EM ERGENCY WORK

The largest known flood in the Colorado-San Juan 
Basin occurred in September 1970 when heavy rains 
caused severe flooding on the lower reaches of 
McElmo Creek, on Montezuma Creek, and on the 
San Juan River. Industrial areas, utilit ies, and crop-
lands suffered moderate flood damage. Two persons 
lost their lives, and damages exceeded $717,000. 
Emergency flood fighting and repair work under 
continuing authorities available to the Corps of 
Engineers totaled about $46,000.

Emergency bank protection work, authorized by 
Section 14 of the 1946 Flood Control Act, was 
performed along a short reach of M ill Creek in Moab 
in 1978 at a cost of $55,000. Total costs for flood 
emergency work in the basin have totaled about 
$214,000.

Right bank abutment of State Highway 262 Bridge over McElmo 
Creek at Aneth was washed away during flooding in September 
1970. (Desert News photo —Reed Madsen)

'The most recent population figure—the 1980 census for the Navajo Indian Reservation not complete prior to going to print.
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CLI MATE -  MEAN TEMPERATURE

Legend: 2 = 40°-45°
3 = 45°-50°
4 = 50°-55°
5 = 55°-60°
6 = 60°-65°
7 = 65°-70°

Dat a El ement  Number :  47

Sour ce:  U. S.  Weat her  Bur eau Repor t s

Codi ng Met hod:  Hand t r ansf er  of  i sol i nes t o gr i d base map f r om USGS map
Accur acy:  Best  j udgement
Pr obl ems:  The U. S.  Weat her  Bur eau sour ce had onl y 16 poi nt s of

i nf or mat i on i n t he ar ea
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CLI MATE PRECI PI TATI ON ( MEAN)

Legend:  0 =  9. 00- 12. 10 I nches/ Year
1 = 12. 11- 15. 20 I nches/ Year
2 = 15. 21- 18. 30 I nches/ Year
3 = 18. 31- 21. 40 I nches/ Year
4 = 21. 41- 24. 50 I nches/ Year
5 = 54. 51- 27. 60 I nches/ Year
6 = 27. 61- 30. 70 I nches/ Year
7 -  30. 71- 33. 80 I nches/ Year
8 = 33. 81- 36. 90 I nches/ Year
9 = 36. 91- 40. 00 I nches/ Year

Dat a El ement  Number :  9 ( 99)

Sour ce:  Oper at i ons Br anch,  Cor ps of  Engi neer s,  Los Angel es Di st r i ct

Codi ng Met hod:  Hand t r ansf er  of  i sol i nes t o gr i d base map f r om USGS map
Accur acy:  Wi t hi n t hr ee gr i d cel l s
Pr obl ems:  Di f f i cul t  t o accur at el y i nt er pol at e l i ni ng up cont r ol  poi nt s.
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GROUNDWATER - TOP ELEVATI ON

Legend:

Dat a El ement

Sour ce:

Codi ng Met hod
Accur acy:
Pr obl ems:

Coded i n hundr eds of  f eet  
Reduced f or  di spl ay as

0 = 0-  8801
1 = 881- 1760'
2 = 1761- 2640'
3 = 2641- 3520'
4 = 3521- 4400'
7 = Wat er - bear i ng sedi ment s
8 = Non wat er - bear i ng r ocks
9 = No i nf or mat i on

Number :  19

Depar t ment  of  Wat er  Resour ces -  Geohydr ol ogy of  Chi no-  
Ri ver si de,  l i nes of  equal  el evat i on of  gr oundwat er  i n wel l s

Depar t ment  of  Wat er  Resour ces -  Sant a Ana Ri ver  i nvest i gat i on
n n o  2T-, equ^  el evat i on of  gr oundwat er ,  Fal l  1951 ( I 960) :
1 -  2 Mi l es ( 1: 126, 720)

Gr i d over l ay t o sour ce,  cent r oi d posi t i on 
Wi t hi n 2 gr i d cel l s
Maps t oo f i nel y det ai l ed;  caused conf usi on
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FIGURE A-4.3 — Installation of Head Cover and Runner Assembly for Yadkin Falls Plant

FIGURE A-4.4 Cross Section of Gorge Plant Hydraulic Turbine before and After Modernization

12380WSE_292 “Waterpower ‘79: The First International 
Conference on Small-Scale Hydropower: Conference Pro-
ceedings,” 1980



FIGURE A-4.6— One of the Replacement Stainless Steel Runners for Hoover Powerplant

12580WSE_292 “Waterpower ‘79: The First International 
Conference on Small-Scale Hydropower: Conference Pro-
ceedings,” 1980
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Figure 1+5- Deepwater Ducket line dredge
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Fig. 1. Model sluice

Fig. 2. Type A stilling basin

80WSE_299 “Sluices and Diversion Scheme for Allatoona 
Dam, Etowah River, Georgia: Model Investigation,” 1948



12

dischg, 3170 cfs; TW elev, 692.7

Type A-l stilling basin,

Fig. l8. Pool elev, 800 
dischg, 63̂ -0 cfs; TW elev, 698.4

Type A-l stilling basin,

Fig. 17. Pool elev, 8^0 
dischg, 3790 cfs; TW elev, 693.1

one sluice operating

Fig. 19. Pool elev, 8^0 
dischg, 7580 cfs; TW elev, 699.9

two sluices operating

End sill pressures

19. Since the jet from one sluice appeared to remain concentrated 

until it impinged on the end sill, it was feared that the end sill was

80WSE_299 “Sluices and Diversion Scheme for Allatoona 
Dam, Etowah River, Georgia: Model Investigation,” 1948
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Figure 6. Recommended deflector plate design

22

80WSE_301 “Flood Control and Irrigation Outlet Works 
and Tailrace Channel for New Melones Dam, Stanislaus 
River, California: Hydraulic Model Investigation,” 1981



Figure 8. 1:12-scale model of New Melones fixed-cone valve

locations at which forces were measured is shown in Plate 16. The bot-

tom vertical load cell (No. 5) was positioned near the center of gravity 

of the plastic hood and set to support the entire weight of the model 

hood (83 lb). This ensured that little vertical load was placed on the 

four horizontal load cells (Nos. 1-4). Rollers were provided with both 

vertical load cells (Nos. 5-6) to ensure freedom of movement in the 

horizontal direction.

35. Initial tests were conducted without the deflector plates to 

determine the force exerted upstream by the flow deflected by the back- 

splash cone. Load cell 6 was not used because no net upward force was 

anticipated. Time-histories of loading and the amplitude spectrum of 

loads measured with the maximum flow, pool el 1088, and a 28.1-in. 

sleeve travel are shown in Plates 17-21 for load cells 1-5, respectively. 

The left figure on each plate is the time-history of loading with the 

mean loading subtracted out. The right figure is the amplitude spectrum

25
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Photo 13. Recommended deflector plate design. Top view of flow
conditions in 1:12-scale model

80WSE_301 “Flood Control and Irrigation Outlet Works 
and Tailrace Channel for New Melones Dam, Stanislaus 
River, California: Hydraulic Model Investigation,” 1981
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Figure 18. Gabion unit prior to filling with stone (after Terra Aqua 
Conservation, Bekaert Steel Wire Corp., 1977)

are compartmented rectangular containers made of galvanized steel hex-

agonal wire mesh and filled with stones. Compartments are formed of 

equal capacity by wire netting diaphragms or partitions. These par-

tition walls add strength to the container and help retain its shape 

during the filling operation. They also provide assurance that the 

fill will remain evenly distributed, even after extensive settlement.

72. Gabion units are normally filled with hand-size stones, usu-

ally dumped into them mechanically. The filled gabion then becomes a 

large, flexible, and permeable building block from which a broad range 

of structures can be built. This is done by setting and wiring individ-

ual units together in courses and filling them in place, or by filling 

and then placing individual units. The wire mesh used in gabions is 

heavily galvanized. It may be safely used in fresh water and in areas 

where the pH (acidity indicator) is not greater than 11. For highly 

corrosive conditions, a PVC (polyvinyl chloride) coating should be used 

over the galvanizing. Such treatment is an economical solution to 

deterioration of the wire near the ocean, in some industrial areas, and 

in some polluted streams.

73. The foundation blanket specified for Masonboro Inlet will

48
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Photograph 8. Tunnel exit and chute.

Photograph 9. Primary stilling basin.
View from upstream.

80WSE_304 “Applegate Dam Spillway and Outlet Works, 
Applegate River, Oregon,” 1984



Photograph 13. Spillway approach channel at elevation
1,900, p/Hd = 1.01. Spillway discharge 
93,600 cfs. Pool elevation 1,985.

80WSE_304 “Applegate Dam Spillway and Outlet Works, 
Applegate River, Oregon,” 1984



Figure 19. Artificial islands add habitat and visual 
diversity to borrow pits and other aquatic areas.
Although the island shown here is in an urban area 
and was landscaped for aesthetics * extensive use by 

waterfowl for nesting and loafing was observed

8 ft and were 4 in. thick. A nesting square 2 by 2 ft by 2 in. thick 

was placed in the center of each platform. Styrofoam was partly covered 

with chicken wire, soil, and brush. The entire platform was framed by 

8-in.-wide logs and anchored with a rope and a 25- to 30-lb rock. An 

alternate design specifically for Canada geese is given by Will and 

Crawford (1970).

231. Islands created by excavation or fill can be created using 

dredges, bulldozers, draglines, or similar equipment. Coarse aggregates 

for base provide stability, while finer materials on the surface allow 

for the establishment of vegetation. Normally, vegetation will estab-

lish itself naturally, but planting may be advisable for some soils (see 

discussion on wildlife seeding and planting, paragraphs 317-347), and 

watering could be appropriate in arid climates (Giroux 1981a). If the 

primary objective is enhancement of nesting cover for the prairie duck 

complex, vegetation should not be allowed to grow densely on the island 

except on its windward side (Giroux 1981a). Periodic burning or mechan-

ical scarification may be desirable (Duebbert 1982). To further mini-

mize erosion at sensitive sites, islands may be situated along the lee 

shore of the basin and oriented parallel to prevailing winds and
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80WSE_305 “Environmental Features for Streamside Le-
vee Projects,” 1985



Figure 21. Excess dredged material was deposited in 
thin layers on this foreshore site in Fulton, 111., 
and will be planted to vegetation valuable as wild-

life habitat

lush growth of vegetation that will provide shading for borrow pit 

ponds. Moreover, thin spreading will slightly raise the elevation of 

foreshore areas so that less flood-tolerant species can be used.

Specific recommendations for developing upland habitats for wildlife 

from dredged material are provided by Hunt et al. (1978) and Walsh and 

Malkasian (1978).

280. If material is suitable for a low dike or earthen dam, ponds 

or wetlands can be created and serve as valuable wildlife habitat. Wet-

lands created by impoundment are more amenable to management through 

water control (paragraph 213) than those created by excavation.

281. Another option involves placing the excess material in 

mounds. Such placement is used to add diversity to an otherwise flat 

topography (Figure 22). Additionally, mounds that are placed on wind-

ward sites of borrow pits can shelter waterfowl and other wildlife dur-

ing high winds, and mounds generally can serve as wildlife retreats dur-

ing rapidly rising floodwaters (Grizzel and Vogan 1973).

282. The best height for material placement depends on resource

10380WSE_305 “Environmental Features for Streamside Le-
vee Projects,” 1985



Figure 1. Map of Cracraft Dike Field with water quality and fish 
sampling stations indicated (USCG = U. S. Coast Guard)

680WSE_306 “Fish of Two Dike Pools in the Lower Missis-
sippi River,” 1984



Figure 7. Mean catch per unit of effort (C/f), 
mean weight (C/y), and mean number of species 

for electroshocking data over time

23
80WSE_306 “Fish of Two Dike Pools in the Lower Missis-
sippi River,” 1984
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Fi gu r e 15. Sh or e l i ne connect i on  l eak age under  h i gh p r essu r e.

80WSE_307 “Techniques for Reducing Turbidity Associ-
ated with Present Dredging Procedures and Operations,” 
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Table 1

Plant Indicator Status Categories*

Indicator Category

OBLIGATE WETLAND 
PLANTS

Indicator
Symbol __________________ Definition_________________

OBL Plants that occur almost always (estimated
probability >99%) in wetlands under natural 
conditions, but which may also occur rarely 
(estimated probability <1%) in nonwetlands• 
Examples: Spartina altemi flora, Taxodium
distiohum.

FACULTATIVE WETLAND FACW 
PLANTS

FACULTATIVE PLANTS FAC

FACULTATIVE UPLAND FACU 
PLANTS

OBLIGATE UPLAND UPL
PLANTS

Plants that occur usually (estimated probabil7 
ity >67% to 99%) in wetlands, but also occur 
(estimated probability 1% to 33% in nonwet-
lands). Examples: Fraxinus pennsylvanica,
Comus stolonifera.

Plants with a similar likelihood (estimated 
probability 33% to 67%) of occurring in both 
wetlands and nonwetlands. Examples:
Gleditsia triacanthos, Smilax rotundifolia.

Plants that occur sometimes (estimated prob-
ability 1% to <33%) in wetlands, but occur 
more often (estimated probability >67% to 
99%) in nonwetlands. Examples: Querous
rubra, Fotentilla arguta.

Plants that occur rarely (estimated probabil-
ity <1%) in wetlands, but occur almost 
always (estimated probability >99%) in 
nonwetlands under natural conditions. 
Examples: Pinus echinata, Bromus mollis.

* Categories were originally developed and defined by the USFWS National 
Wetlands Inventory and subsequently modified by the National Plant List 
Panel. The three facultative categories are subdivided by (+) and (-) 
modifiers (see Appendix C, Section 1).
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Figure 3. Organic soil Figure 4. Gleyed soil

Figure 5. Soil showing 
matrix (brown) and mottles 

(reddish-brown)

Figure 6. Iron and manganese 
concretions
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Figure 7. Watermark on 
trees

Figure 8. Absence of leaf 
litter and drift line 

(extreme left)

Figure 9. Sediment deposit on 
plants

Figure 10. Encrusted detritus
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DATA FORM 1

WETLAND DETERMINATION

Applicant Application Project
Name: Number: Name :

State: County: Legal Description: Township : Range :

Date: Plot No.: Section:

Vegetation [list the three dominant species in each vegetation layer (5 if 

only 1 or 2 layers)]. Indicate species with observed morphological or known

physiological adaptations with an asterisk.

Indicator
Species Status Species

Trees Herbs

1. 7.

2. 8.
3 . 9.

Saplings/shrubs

4.

5.

6.
Woody vines

10.
11.
12.

Indicator
Status

% of species that are OBL, FACW, and/or FAC:____. Other indicators:

Hydrophytic vegetation: Yes ____ No ____. Basis:_______________

Soil

Series and phase:___________________  On hydric soils list? Yes_____; No

Mottled: Yes_____ ; No_____ . Mottle color:__________ ; Matrix color:_____

Gleyed: Yes_____ No_____ Other indicators:_____________________________

Hydric soils: Yes_____ No_____; Basis:__________________________________

Hydrology

Inundated: Yes_____; No_____ . Depth of standing water:______

Saturated soils: Yes_____ ; No_____ . Depth to saturated soil:

Other indicators:_________________

Wetland hydrology: Yes____ ; No 

Atypical situation: Yes___ ; No 

Normal Circumstances? Yes_____ No

Wetland Determination: Wetland___

Comments :

• Basis:

; Nonwetland

Determined by: 

B2
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Figure 12. The Riverine Utility Craft or RUC

R I V E R I N E  U T I L I T Y  C R A F T

E M P T Y  W E IG H T  ( I N C L U D I N G  D R IV E R  A N D  F U E L ) 4 9 9 0  K G (1 1 ,0 0 0  L B )

G R O S S  W E IG H T  ( D R I V E R ,  F U E L  A N D  P A Y L O A D ) 5 9 0 0  K G ( 1 3 ,0 0 0  L B )

L E N G T H  ( O V E R A L L ) 6  2 5  M ( 2 1 .5  F T )

W ID T H  ( O V E R A L L ) 4 . 2 7  M (1 4  F T )

H E I G H T  ( O V E R A L L ,  L E S S  W IN D S H IE L D ) 2 .3 4  M ( 7 .6 7  F T )

R O T O R  S P A C IN G  ( C E N T E R  T O  C E N T E R ) 2 .7 9  M (1 10  IN . )

R O T O R  D I A M E T E R  (D R U M  O N L Y ) 0 .9 9  M (3 9  IN . )

R O T O R  D I A M E T E R  ( O V E R  H E L I X ) 1 .4 7  M (5 8  IN .)

R O T O R  L E N G T H  ( O V E R A L L ) 5 .6 4  M (2 2 2  IN . )

R O T O R  L E N G T H  ( IN  C O N T A C T  W IT H  G R O U N D ,  N O  R U T ) 4 . 9 5  M (1 9 5  IN . )

G R O U N D  C L E A R A N C E 1 .2 4  M (4 9  IN . )

F L O A T I N G  D E P T H  ( E M P T Y )  (W A T E R ) 0 . 5 5  M ( 2 1 .5  IN . )

F L O A T I N G  D E P T H  ( L O A D E D )  (W A T E R ) 0 .6 1  M (2 4  IN . )

Figure 13* General specifications for the RUC

80WSE_309 “Guidelines for Dewatering/Densifying Con-
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originally developed by the Dutch, who use the Amphirol, a small twin

archimedean screw vehicle approximately one third the RUC's size, to

make initial drainage trenches during their polder reclamation opera- 
14

txons. WES was not able to obtain an Amphirol for trenching evalua-

tion, but studies were conducted with the Marsh Screw Amphibian shown 

in Figure 22, a prototype military vehicle approximately the same size 

and horsepower as the Amphirol. The Marsh Screw was found to be sa-

tisfactory for use in disposal area survey and reconnaissance activi-

ties but was not found suitable for extended disposal area dewatering.

In the Dutch procedure, the Amphirol makes trenches on about 8 ft center- 

to-center spacings across the entire disposal area, though, if the crust 

is greater than about 2 in., shallow depressions are produced in the 

surface rather than a complete drainage trench cut through the crust, 

as constructed by the RUC.

86. Numerous problems will exist whenever RUC trenches across the 

disposal area intersect the perimeter RUC trench, as the vehicle will

Figure 22. The Marsh Screw, a smaller archimedean screw amphibious craft
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b. View of plow point and moldboard 

Figure 25. Drag plow used in Thiokol trenching operations
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Figure 27. Thiokol drag plow produced trenches extending from 
the dragline perimeter trench into the disposal site

80WSE_309 “Guidelines for Dewatering/Densifying Con-
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Photo 1. Gravel cover at head of Cottonwood Bar, 
mile ^70, 26 September 1975

W ^  n f ^ g r s a -t  g l * . 12* 1
\

m$!?WJ* 11 S a Z T -      iniii • t - hmn*, jmmrmmmrr*

•L*

t Ikli' Ytt fmJM

Photo 2. Cobbles on Cottonwood Bar, mile U70, 
26 September 1975- Grid divisions are 2 cm

D3

80WSE_310 “Suspended Sediment and Bed Material Stud-
ies on the Lower Mississippi River,” 1977



Photo 7* Gravel cover at head of Mid-
dle Ground Island, mile ^09, 7 August 
197^- Trench cut to expose underlying 

sand. Six-in. rule for scale
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Figure 11. Surface flow patterns; spur dike angle 60 deg

Figure 12. Surface flow patterns; spur dike angle 75 deg
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Figure 13. Surface flow patterns; spur dike angle 105 deg

Figure 14. Surface flow patterns; spur dike angle 120 deg
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Figure 18. Initial placement of stone apron

Figure 19. Final conditions for stone apron after 24 hr
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Figure 20. Initial placement of gabion apron

Figure 21. Final conditions for gabion apron after 24 hr
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Figure 1. Hand held scrapers.

9

80WSE_312 “Procedures and Devices for Underwater 
Cleaning of Civil Works Structures,” 1987



Figure 3. Brushes and abrasive discs.
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Figure 4. The Whirl Away Rotary cleaning tool.
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Figure 8. Jetin high pressure, high flow waterjet tool.
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Figure 10a. Flow Industries high pressure, low flow cleaning tool.

Figure 10b. Flow Industries waterjet cleaning system.
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Figure 13. SCAMP self-propelled cleaning vehicle.

rate is about 450 square feet per minute. An impeller in a central duct 

secures the vehicle to the work surface with a thrust of 1,000 pounds. Power 

is supplied by a surface generator to a 15 horsepower submersible electric 

motor that drives a duplex hydraulic pump. One of the pump units powers the 

wheels and the cleaning brushes, while the second unit drives the impeller. 

The vehicle, connected to a surface control console with a coaxial cable, can 

be operated by remote control or directly steered by a scuba diver. The

31
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Figure 14a. Brush-Kart self-propelled 
vehicle.

Figure 14b. Brush-Kart cleaning vehicle and 
deployment system.
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AIR COMPRESSOR

Figure 15. Air lift for removing 
submerged fouling materials.

Figure 16. Underwater dredging system.

36

Figure 17. Jetting nozzle with 
balancing retrojets.
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Figure 18. NCEL sediment excavation jet-dredge tool.

38

80WSE_312 “Procedures and Devices for Underwater 
Cleaning of Civil Works Structures,” 1987



Figure 19. NCEL portable hydraulic bandsaw.

Figure 20. Ultrathermic cutting torch.
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NOTE: FIGURES REPRODUCED FROM REF S3.

FIGURE 5-1
Shear Distribution in Channel Bends (from EM 1110-2-1601 (U))
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Table A2. Ice thickness measurements and observat ions of surface condit ions on lakes, 
rivers and fast  sea ice locat ions in Alaska.

Ice thickness Snow depth
Date ________ (cm)________ _____________ (cm)

1971 (cont’d)
Apr 17 104 84

24 104 76
May 1 102 74

8 30 cm water overflow covering the ice.
15 Water up 90 cm.
16 Ice moves 90 m downstream.
17 Ice running from bank to bank.
21 River free of ice.

1972
Apr 15 91 46

22 91 43
29 91 38

May 6 91 43
6 30 cm water overflow on ice. Maximum 

observed from 25 Mar to 6 May.
ice thickness

7 60 cm water overflow on ice.
8 No further information available.

1973
Apr 7 81 61

14 81 58
21 81 56
28 81 51
28 10 cm water overflow on ice.

May 5 81 25
5 20 cm water overflow on ice.

15 River free of ice.

1974
Apr 13 91 46

20 91 41
27 91 25

May 18 River free of ice.

BARROW, ALASKA

Measurements made on Imikpuk Lake at approximately 100 to 150 m 
off the west shore toward the center of the lake.

Ice thickness Snow depth
Date (cm) _______________ (cm)_________

1961 
Missing

1962
Apr 21 182 10

28 178 10
May 5 170 10

12 161 9
19 150 9
26 140 9

Jun 2 127 8
2 About 3 cm of water on the lake ice. No further 

measurements made.

1963 
Missing

1964 
Missing

1965
Incomplete

1966
Apr 18 154 36

19 No further information available.

Ice thickness Snow depth
Date______________ (cm)______________________ (cm)

1967
Apr 29 156 36

29 Numerous cracks.
30 No further information available.

1968
Incomplete

1969
Incomplete

1970
Mar 21 Few cracks 1 to 2 cm wide visible in the occasional snow-

free areas.
28 191 15
28 Snow cover hard-packed, medium sized crystals in bottom

layer.
29 No further information available.

1971
May 22 185 28

23 185 28
23 Few visible cracks in bare areas.
29 175 20
29 1-cm slush ice on surface of lake.
30 No further information available.

1972
Apr 8 188 13

15 184 17
22 181 18
29 184 13

May 6 181 23
13 180 22
20 188 14
20 Cracks covered with 13 cm hard-packed snow during May.
21 No further information available.

1973
Apr 28 193 17
May 12 193 13

19 193 13
26 198 13
26 Some above-freezing air temperatures, but no water ob-

served on ice. Snow cover settling.
26 Depth of water at measurement site 2.8 m, maximum

depth of lake approx. 3 m.
Jul 12 North Salt Lagoon free of ice.

21 Middle Salt Lagoon free of ice.
26 Imikpuk Lake free of ice.
28 Sea ice along north shore in Chukchi Sea moved out,

allowing ships to pass eastward from Pt. Barrow.

1974
Incomplete

BARTER ISLAND, ALASKA

Measurements made on fresh water lakes located near the station at 
approximately 20 to 100 m offshore.

Ice thickness Snow depth
Date ___________ ( c m )___________________(cm)

1961
Missing

8680WSE_315 “Maximum Thickness and Subsequent Decay 
of Lake, River, and Fast Sea Ice in Canada and Alaska,” 
1980



Date
Ice thickness 

(cm)
Snow depth 

____(cm) Date
Ice thickness 

(cm)
Snow depth 

(cm)

1962

Apr 28 
28

May 5 
12 
19 
26 
26

27

1963
Incomplete

1964 
Missing

1965
Incomplete

1966 
Apr 30 
May 7

7
16
21
28 

4
11 
18 
25 
30

Note: Measurements during 1962 only were made on 
sea ice on Beaufort Sea approx. 1 km offshore north 
of the station.

149 23
Few leads and some open sea water reported by aircraft 

3 to 8 km from shore NW to NE of station. There 
is approx. 30 to 45 cm of water below the ice in the 
freshwater lake.

145 18
141 18
135 5
126 Trace

Large area of open sea water reported approx. 8 km 
offshore to the NW through NE of the station. Be-
yond this point there are intermittent leads and open 
water for a considerable distance out. There is approx. 
60 cm of water under the ice in the freshwater lake.

No further information available.

1968 (cont’d) 
Mar 30

213 3
213 5

Maximum ice thickness observed 16 Apr to 7 May.

Jun

1967 
Mar 25 
Apr 3

8
15 
22
29

May 5 
12 
19 
26

Jun 2 
9

16 
18

23
23
30 
30

Aug 15 
18 
19

1968 
Mar 30

211
211
201
185
160
124
99
74

154
156
152
140
132
127
124
122
114
107
102
95
86

3
10
5
3
3

22
8
8
6
5
4
5 
1 
1

Trace
Trace
Trace

1970
Apr

Open area 50x65 m in size in center of lake. Rapid 
thawing observed.

61
Ice surface soft, numerous puddles of water.

37
Breakup, ice considered unsafe for further measure-

ments. Open leads and floating ice chunks. 
Camden Bay ice-free.
Beaufort Sea ice-free.
Simpson Cove ice-free.

178 8

Numerous cracks in ice, some quite deep. No leads or 
openings. Several large patches of snow-free ice on
lake, but some drifts are 61 cm high. Ice thickness
at water hole site is 124 cm, but that area is kept
open artificially.

Apr 6 178 8
13 178 15
20 175 8
20 Top layer of snow rather brittle.
27 175 8

May 5 170 8
11 165 6
19 157 4
26 145 5
30 124 4

Jun 8 107 10
15 85 Trace
15 Lead extends across lake, 180 m long and 10 cm wide.
22 55
29 33
29 Part of lake covered only with pancake ice. Ice cover in

some areas soft. Ice measurements terminated due to
rapid melting. Ice near shore still fast in numerous
spots.

Jul 30 Beaufort Sea and Camden Bay free of ice.
1969

Apr 5 198 13
12 196 14
19 194 19
26 191 13
26 Large crack extends NE to SW and numerous small

cracks branch outward.
May 3 185 9

10 182 8
17 174 5
24 170 4
31 165 3
31 Crack extends NE to SW, length undetermined due to 

snow cover. Ice appears to be decaying.
Jun 7 132

7 Pools of water starting to appear.
14 98
21 56
21 Large leads developed near shore.
28 13
28 Entire ice pack merely floating on lake with about 18 m 

of open water between shore and ice. Ice observations 
terminated.

11 198
11 1/3 of ice surface clear of snow.
18 196
18 1/2 of ice surface clear of snow.
25 198 1

May 2 192 3
9 196

16 194
16 40-knot winds removing'snow from ice cover, except for 

an occasional drift.
23 Ice soft and spongy at 46 cm and water encountered at 

51 cm depth.
30 Surface candled, numerous cracks. Ice spongy from top 

to bottom. Melt ponds along edge of ice.
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Ice thickness Snow depth
Date (cm)______________________ (cm)

1970 (cont’d)
Jun 6 185

6 10 cm of candled ice on surface.
13 175
13 Bottom half of ice cover very soft. Area of open water 

observed around the edge of ice.
20 165
20 2 to 8 m of open water surrounds floating lake ice.
27 147
27 10 to 25 m of open water surrounds floating lake ice.

36 cm of candled ice on top and bottom ice slushy. 
Numerous melt ponds.

1971
Apr 3 204 10

3 Ice solid, no soft areas.
10 206 10
10 Approx. 28 cm of water under ice at this part of the 

lake.
17 208 10
24 203 10
24 Bottom of ice cover becoming soft.

May 1 Ice thickness measurement, made in an area which has 
remained mostly clear of snow, 216 cm.

8 198 8
8 Ice becoming soft 122 cm from the top and slushy 183 

cm from the top.
15 Ice thickness of 185 cm on this date does not appear

representative because some ice on top was candled 
and the lower 122 cm was waterlogged.

22 198
29 193
29 Surface candled.

Jun 5 180
5 Top 46 cm candled ice, remainder of ice rotten.

12 173 Trace
12 3 to 6 m of open water around edge of lake.
19 150
19 15 to 30 m of open water around edge of lake. Melt

ponds on ice with sections becoming quite rotten.
26 Ice observations terminated, open water surrounding ice 

sheet. Surface ice candled with many cracks during 
June.

1972
Apr 22 203

22 Bottom of lake ice becoming porous.
28 211
28 Ice cover solid on this date.

May 5 210
5 Bottom layer of ice becoming soft again.

12 208
12 Lowest 90 cm of ice sheet soft. Surface ice candling.
19 208 8
19 Top 60 cm ice is hard, mid 60 cm soft and lowest portion 

of ice wet.
26 210 10

Jun 16 160
16 30 cm of candled ice over softer ice. Rapid deterioration

of ice with numerous melt ponds on surface.
24 137
30 142

1973
Apr 24 188 10
May 5 189 15

12 189 10
19 191 10
26 188 8

Date
Ice thickness 

(cm)
Snow depth 

(cm)

1973 (cont’d)
Jun 2 168 0

2 Large puddles of melt water on ice and 5 cm of candled
ice on top.

9 150 0
9 Numerous melt ponds, some 15 to 20 cm deep. Top 10

cm of ice is candled.
16 142 0
16 Large areas of open water around shore of lake. Ice

rotten down to 90 cm. Top 20 cm of ice is candled.
23 119 3

Jul 16 Lake free of ice.

1974
Mar 30 190 0
Apr 6 189 0

13 185 0
20 184 1
27 185 0

Aug 1 Lake free of ice.

BETHEL, ALASKA

Measurements made on the Kuskokwim River at distances ranging from 
25 to 200 m off the north shore.

Ice thickness Snow depth
Date (cm)_____________________ (cm)

1962
Mar 26 144 5
Apr 2 138 10

9 132 0
9 Top 38 cm of ice extensively honeycombed.

16 138 0
16 Cold weather has solidified surface, though top 38 cm 

still porous.
23 137 0
30 128 0
30 Ice extensively honeycombed.

May 7 102 0
7 Top 30 to 46 cm extensively honeycombed and composed 

of alternate ice and water layers.
15 93 0
15 Top 25 cm porous. Observer waded to hip boot height

to get on ice. Last ice measurement.
25 Surface slushy, shore ice.
26 Surface jammed ice, numerous cracks.
29 River channel free of ice. Only ice on bank and shore

remain.
31 River free of ice.

1963
Apr 21 107 11

27 102 10
27 Snow cover slushy except for drifted areas.

May 5 100
5 River ice soft and slushy. River has risen approx. 60 cm.
6 South side of river ice under water for approx. 45 m from

shore, due to a strong south wind.
12 91
12 Water overflow covering both banks and about 30% of

river.
13 River ice is honeycombing and crystallizing. River level

up approx. 1.2 m.
16 River ice has moved approx. 45 m from shore. Main ice

is still solid.
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Ice thickness Snow depth
Date (cm) (cm)

1963 (cont’d)
May 18 Entire river ice is moving. Ice appears very honey-

combed and crystallized.
21 Main river ice has broken up.
22 River is clear of ice, water level higher than normal.
26 River free of ice.

1964
Apr 19 132 23

19 Snow over the ice consists of 5 cm slush-ice, 18 cm ice 
crystals. Between 0-5 cm of water and slush at 
bottom. Ice soft and watery.

May 3 141 8
3 Ice consists of 118 cm solid ice, 10 cm slush-ice and 13

cm shell ice.
10 135 3
10 Slush and shell ice frozen solid.
17 140 3
17 Top 46 cm ice soft and contained water.
24 132
25 Water beginning to collect over the river ice on the south

side.
31 112
31 Considerable overflow, 15m area of open water on the 

south side of the river. River ice honeycombed and 
crystallized, no firm ice at test site.

Jun 8 River free of ice.

1965
Mar 14 105 24

21 103
21 Snow cover has turned into slush and water 15 cm deep.
27 98
27 All slush and water refrozen. 30 cm of soft and rotten

ice beneath 4 cm of loose ice crystals.
31 Water starts to flow on ice near the south bank of river. 

Apr 4 97
4 Cover consists of 3 cm loose ice crystals at top, then

20 cm of firm ice followed by 30 cm soft ice and 
water, and the rest of ice firm.

11 94 8
11 Top 30 cm of ice solid but crystallized, the rest soft.
17 85
17 Ice soft and starting to rot.
24 71
24 Top 20 cm ice crystallized and soft, the rest rotten and 

crystallized.
28 South side of river covered with water, and on the north

side overflow getting deeper.
May 8 33

8 River ice has only 5 cm of firm ice near the top, rest is 
rotten.

17 Ice opened up at the bend on the west end of village.
19 Ice has started moving, river level rising a few meters,

shore ice still holding.
20 River clear of ice except for a few stray cakes due to a

jam up in river. North wind has broken the shore ice 
loose.

23 Ice flowing heavy most of the day.
24 A few cakes of ice flowing in the river in morning, by

afternoon all the ice is gone.

1966
Apr 10 119 13

17 122
17 Some overflow along shore. Snow cover across river 

varies from 3 to 30 cm.
24 121

Ice thickness Snow depth
Date (cm) (cm)

1966 (cont’d)
Apr 26 Slush on top of ice over approx. 1/3 of river.

27 Approx, all of ice appears to have slush and snow crystals
at surface.

May 1 97
1 Top 30 cm ice rotten, rest firm. Slush (up to 61 cm) 

covers most of river.
4 Water over ice on south side of river.
5 Approx. 1/5 of river on south side covered by water.
8 74

13 Overflow ice breaking up.
17 River rising, overflow ice moving.
18 Ice appears rotten and pitted at top.
22 South side of river open.
23 Ice moving down channel.
24 Ice running in river entire day.
25 Few floating ice cakes observed in river.
26 River free of ice.

1967
Apr 16 117

16 Cover consists of 8 cm crust ice over 15 cm water and 
slush, then 10 cm of very soft ice all over the main 
ice layer.

23 114
23 3 to 20 cm loose ice crystals on surface.
30 91
30 Few small open holes observed in ice. Overflow observed 

on south side of river during high tides.
May 3 Water over ice on south side of river is increasing in depth.

7 Shore ice is breaking up.
8 Shore and river ice has started to move.
9 Most of ice now small chunks and needle-like in appear-

ance. River still solid with ice.
11 River about 1/3 full of ice and running on south side.
12 River passed its crest. Few stray ice chunks in river.
14 All ice gone.

1968
Apr 7 108 Trace

14 107 3
14 Some water overflow on south side of river.
21 103
21 8 cm slush and 23 cm soft ice on top.
28 Ice crystals 10 cm in depth observed on top of ice cover.

Bottom 66 cm of ice cover soft.
May 5 86

6 Tide action has piled ice on south side of river near a
sand bar.

11 Water covering 1 /3 of ice on south side; north side has
considerable overflow.

12 Shore ice breaking up and large holes observed.
14 Ice moved a little and then jammed.
16 Ice moved rapidly down channels on both sides of river.
17 Loose ice running near center of river.
19 Small amount of ice left near banks of river.
20 Ice entirely gone.

1969
Mar 30 110 17
Apr 6 109 17

13 109 8
13 Top 46 cm soft ice. Slush and water 0 to 20 cm deep on 

river.
16 Water overflow observed on ice.
20 104 4
26 River water level rising.
27 90 3

89

80WSE_315 “Maximum Thickness and Subsequent Decay 
of Lake, River, and Fast Sea Ice in Canada and Alaska,” 
1980



Site Thaw Depth, cm Cone Index
No. 1976, '77 and '78 measurements 1977 measurement

) 40 80 120 160 200 Avg Max
7 9 - I R*| i!l 42 100
82-  I 4 - -

82- 2 j 1 14 210
84 - IA e 63 190
9 0 - I ■ 52 1 20

96- 2A u —
60 170

97-  I *R iL 1 15+ > 300
9 9 - I 5=. 95 220

103- 2 53 180
103- 3 u. * 72 240
10 4 - IA mm, 54 280
I0 7 - I Jo Perimafros___ _j¡t 107+ > 300
I0 8 - I 51 + > 300
108- 2 L i 186+ > 300*

I09-  I m 75 220
I I I  - I V 79 200
I 12-  IA 52 160
I I4 - IA . m 1 10+ > 300
I 17 - I L. ■ 74 120

II9A - I ■
m 53 130

I2 2 - IA ____ i 56 170
I2 4 - I 60 150
127-  I 49 160
127- 2 m 49 100

I27 - 3 ■ - -

132-  I i t i 89 170*
I32- 2 - -

LEGEND! ■ ■  or iR(Right Toe) c= ^  or iL(Lef t  Toe) mam or iu (undisturbed)
« minimum cone index 10, the minimum value at all other sites was 0.

Figure 43. Thaw penetration and cone penetrometer index values of 
each test site.

areas adjacent to the road show no distinctly de-
creasing trend when progressing from the south 
to the north (Fig. 43), but upon close examination 
of the data, and recalling that Atigun Pass (on 
Alyeska Alignment Sheet 110) is the imaginary 
line between the Subarctic to the south and the 
Arctic to the north, some trends do appear. The 
first trend we note is a much wider variation in 
thaw depths at the individual sites in the subarc-
tic region. Site 99-1 exhibited the largest varia-
tion in undisturbed thaw depths of the subarctic 
sites. The thaw depth was 88 cm in 1976 but 135 
cm in 1978, a variation of 53%. The greatest 
variation north of Atigun Pass was at site 117-1 
where the thaw depth ranged from 41 cm in 1976 
to 55 cm in 1978, a differences of 34%.

The second notable trend is that undisturbed

thaw depths from site 111-1 northward average 
less than those observed at sites 79-1 though 
109-1. Another trend is also observed in Table 14, 
i.e. the average thaw penetration in the un-
disturbed areas has increased each year. Climat-
ic observations (Table 1) indicate that 1977 was 
clearly the warmest thaw season south of Atigun 
Pass and only slightly warmer than the 1976 
thaw season north of Atigun Pass. These data 
also confirm the main reason that thaw penetra-
tion depths are greater at the subarctic 
sites —the air thawing indexes are substantially 
larger.

These data are substantiated by additional 
data obtained during the 1977 vegetation trans-
ect studies (see Vegetation section). Thaw varia-
tions at approximate 5-km spacings along the

6280WSE_316 “Environmental Engineering and Ecological 
Baseline Investigations along the Yukon River-Prudhoe 
Bay Haul Road,” 1980



Figure 55. Upstream ponding caused by shoulder thaw consolidation and bowing 
of the culvert, site 91-C1, August 1977.

Figure 56. "Maintenance clogging" problem caused by surface material graded 
down sideslope of road, site 91-C2, August 1977.

7880WSE_316 “Environmental Engineering and Ecological 
Baseline Investigations along the Yukon River-Prudhoe 
Bay Haul Road,” 1980



Figure 105. Hydroseeder, with bales of wood cellulose fiber on trailer.

Figure 106. Aerial fertilizing of pipeline workpad in the vicinity of Old Man, 
September 7976.

133 80WSE_316 “Environmental Engineering and Ecological 
Baseline Investigations along the Yukon River-Prudhoe 
Bay Haul Road,” 1980



Figure 109. Contour harrow used for seedbed preparation.

Figure 110. Flarrowed ground in which seeds are buried, resulting in increased 
germination.

moved from the edge of the site, where organics 
and mineral soils were spread, to the middle of 
the site, which had no fine-grained soils on the 
surface.

Surface preparation. Following the initial year 
(1975), much more attention was placed upon 
surface preparation. In many areas special har-
rowing equipment, such as a contour harrow

(consisting of a large wire mesh with heavy wires 
protruding downward) was towed over the sur-
face both before and after seeding (Fig. 109). 
Contour harrows were first used north of Toolik 
during 1976. By 1978 the practice was employed 
along the entire Haul Road. Harrowing appeared 
to result in greatly increased germination rates 
and a subsequent increase in vegetative cover,

142
80WSE_316 “Environmental Engineering and Ecological 
Baseline Investigations along the Yukon River-Prudhoe 
Bay Haul Road,” 1980



application. For purposes of the numerical simulation, a rectangular region 

approximately 62,400 ft long in the alongshore direction and 29,400 ft wide in 

the offshore direction was considered. It included a portion of Pamlico Sound. 

The variable grid used for the simulation is shown in Figure 10. The grid was

Figure 10. Numerical grid used for Oregon Inlet, 
North Carolina, simulation

30

80WSE_317 “Erosion Control of Scour during Construc-
tion,” 1984



Figure 11. Topography used for Oregon Inlet, 
North Carolina, simulation

Figure 12. Water-surface elevation plot for Oregon Inlet, 
North Carolina, simulation

80WSE_317 “Erosion Control of Scour during Construc-
tion,” 1984
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Figure 3. Seaward-looking view of 6-foot-wide wave tanks.

Figure 4. Seaward-looking view of 10-foot-wide wave tanks, with 
protective covers over subaerial beach.

14
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Appendix A

Common Name S cien tific  Name

B irds

black duck Anas rubripes
American coot Fúlica americana
bald eagle Haliaeetus leucocephalus
bank swallow Riparia riparia
black-bellied tree duck Dendrocygna autumnaiis
black skimmer Rynchops niger
brant Branta bemicla
bufflehead Bucephala albeola
Canada goose Branta canadensis
canvasback Aythya valisineria
c liff swallow Petrochelidon pyrrhonota
common goldeneye Bucephala clangula
common merganser Mergus merganser
fulvous tree duck Dendrocygna bicolor
gadwall Anas streperà
greater scaup Aythya marila
white-fronted goose Anser albifrons
harlequin duck Histrionicus histrionicus
hooded merganser Lophodytes cucullatus
least bittern Ixobrychus exilis
lesser scaup Aythya affinis
palm warbler Dendroica palmarum
brown pelican Pelecanus occidentalis
prothonotary warbler Protonotaria citrea
red-breasted merganser Mergus senator
redhead Aythya americana
ring-necked duck Aythya collaris
ring-necked pheasant Phasianus colchicus
roseate spoonbill Ajaia ajaja
Ross’ goose Chen rossii
ruddy duck Oxyura jamaicensis
seaside sparrow Ammospiza maritimus
snow goose Chen caerulescens
sora rail Porzana carolina
whistling swan Olar columbianus
wood duck Aix sponsa
yellow-headed blackbird Xanthocephalus xanthocephalus

Mammals

beaver Castor canadensis
manatee Trichechus manatus
mink Mustela vison
muskrat Ondatra zibethicus
nutria Myocastor coypus
raccoon Procyon lotor
river otter Lutra canadensis
sea otter Enhydra lutris
swamp rabbit Sylvilagus aquaticus
water shrew Sorex palustris
white-tailed deer OdocoUeus viginianus
Virginia opossum Didelphis virginiana

(continued) Preceding page blank

WES TR W RP-DE-2, October 1991 Scientifc Names of Plants & Animals
A3
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Total Length

PROLARVA

POSTLARVA
Figure 2. Typical prolarval and postlarval fishes (after McGowen 1988)
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Figure 1 Schematic diagram of popnet system and the setup for 
fishing the net
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o. Pool el 5,740, gate 1 discharge 150 cfs and opening 66 percent, gate 2 
discharge 150 cfs and gate opening 66 percent

p. Pool el 5,798, gate 1 discharge 50 cfs and opening 15 percent, gate 2 
discharge 50 cfs and opening 15 percent

Photo 3. (Sheet 8 of 9)

80WSE_321 “Little Dell Outlet Structure, Utah: Hydraulic 
Model Investigation,” 1989
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c. 75—ft—wide breach

d. Lateral erosion

Photo 4. (Concluded)

80WSE_322 “Center Hill Fuseplug Spillway, Caney Fork 
River, Tennessee: Hydraulic Model Investigation,” 1992



PLATE 1

80WSE_322 “Center Hill Fuseplug Spillway, Caney Fork 
River, Tennessee: Hydraulic Model Investigation,” 1992
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FIGURE II1-3: Rendering of the DPG fuselage, arms, sensors, and
water-tight instrumentation cylinder.

80WSE_323 “The Design, Development, and Evaluation of 
a Differential Pressure Gauge Directional Wave Monitor,” 
1982
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FIGURE III 5: Isolation sensor diaphragms shown at-
tached by flexible and nylon tubing through the top 
of the water-tight instrumentation cylinder and into 
the transducers.

80WSE_323 “The Design, Development, and Evaluation of 
a Differential Pressure Gauge Directional Wave Monitor,” 
1982
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The instrument was calibrated twice; once with the 1/8 inch 

arm and 1/16 inch I.D. center inflexible tubing used at CERC, and 

two weeks later, with the 1/8 inch I.D. flexible tubing used on the

FIGURE V-3: The DPG bench calibration system. One pair of sensors

shown for clarity.

final instrument installed at the FRF, Duck, NC. Early during the 

first calibration, one of the chamber transducers failed. This meant 

that only one side of a differential transducer could be loaded at a

80WSE_323 “The Design, Development, and Evaluation of 
a Differential Pressure Gauge Directional Wave Monitor,” 
1982
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FIGURE VI-3: Preparing for field installation: the
DPG suspended underneath the operator's platform of 
the CRAB.

80WSE_323 “The Design, Development, and Evaluation of 
a Differential Pressure Gauge Directional Wave Monitor,” 
1982



BEGIN

*  Do not plant
* *  Least cost planting method

* * *  Least cost but not recommended for dredged material disposal 
area

Figure 1. Planting decision key, Atlantic and gulf coasts.

9
80WSE_324 “Planting Guidelines for Marsh Development 
and Bank Stabilization,” 1977



BEGIN

*  Do not plant 

* *  Least cost planting method 
* * #  Least cost but not recommended 

for marsh development on 
dredged m ate ria l

Note! T idal range not a determining 
facto r on Pacific  coast

Figure 2. Planting decision key, Pacific coast.

10
80WSE_324 “Planting Guidelines for Marsh Development 
and Bank Stabilization,” 1977



III. DETERMINING SEED APPLICATION RATE AND PLANT SPACING

1. Seeding.

The recommended application rate for seed is given by:

Seed application rate = Ra x Qs

where Ra is a base application rate of 2 gallons per acre (19 liters 
per hectare) of seeds for California cordgrass (Spar t i n a f o l i o  sa) or 
1 gallon per acre (9.5 liters per hectare) of seeds for smooth cordgrass 
(S. a l t em i f l o r a) , and Qs is the seed quality index for the seed source. 
Qs is approximated by collecting and examining seed before harvest.
The total number of spikelets examined divided by the number of full 
spikelets (Fig. 3) is the Qs.

Threshing will reduce the volume of harvested material by about 50 
percent. Therefore, the volume which must be harvested in anticipation 
of planting is:

where A is the area to be planted in acres.

2. Sprigs, Plugs, and Seedlings.

The Table summarizes recommended plant spacing for marsh development 
projects (plant cover in three growing seasons) and for bank stabiliza-
tion projects (cover in one to two seasons).

X 7

Figure 3. Full spikelet.

Harvest volume = 2(Ra x Qs) x A

II
80WSE_324 “Planting Guidelines for Marsh Development 
and Bank Stabilization,” 1977



Smooth, Gulf Coast, and California Cordgrasses

Growth habit Seed head Stem and leaf

Saltmeadow Cordgrass

Growth habit Seed head Stem and leaf

Figure A-l. Plant identification.

18

80WSE_324 “Planting Guidelines for Marsh Development 
and Bank Stabilization,” 1977
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Breaking ice with explosives

80WSE_325 “Breaking Ice with Explosives,” 1982



MOUND OR OR

MULTIPLE
PLUMES 0

COLUMN WITH 
CENTRAL JET

COLUMN WITH 
SMOKE CROWN

Figure 4. Surface eruptions from underwater explosions.

(m) ( f t )

10 100 1000 1 0 ,0 0 0  (kg)
W, Charge Weight

Figure 5. Surface effects from underwater explosions. (After Young 
1971.)

4
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Figure 7. Spartina alterni flora seedlings,
15 weeks old, in 10-centimeter- 
diameter peat pots (five seedlings 
per pot).

19

80WSE_326 “Salt Marsh Establishment and Develop-
ment,” 1975



Figure 9. Seed germinating in sandfilled peat pots (center).

Figure 10. Seed germination in an environmentally controlled chamber.

21
80WSE_326 “Salt Marsh Establishment and Develop-
ment,” 1975



Fi gur e 28.  Pl aci ng of  gal vani zed wi r e net t i ng i n t he f al l  of  1973 t o 
pr ot ect  t r anspl ant s f r om wi l dl i f e f eedi ng.

Fi gur e 29.  New pl ant  gr owt h emer gi ng t hr ough pr ot ect i ve net t i ng,  
spr i ng 1974.

44
80WSE_326 “Salt Marsh Establishment and Develop-
ment,” 1975



Figure 33. Looking southward at transplants in section 4B at site 1
(Fig. 2) in July 1973. Note transplants of S. altevniflora 
(center) and of S. patens and A. bveviligulata (left).

Figure 34. Looking southward at transplants in section 4B at site 1 
(Fig. 2) in April 1974. Transplants of S. altevniflora 
(center) are barely visible. Note extensive drift material 
at left and in the region of A. bveviligulata transplants.

48

80WSE_326 “Salt Marsh Establishment and Develop-
ment,” 1975



Figure 6. Original stilling basin design

evaluating hydraulic performance with various apron elevations. Tests and 

computations indicated that it would be hydraulically and economically feasi-

ble to elevate the apron. Flow conditions with the type 1 (original) design 

stilling basin apron are shown in Photos 5-7. Flow conditions with alterna-

tive designs, type 2 (apron el -25.0) and type 3 (apron el -15.0) design 

stilling basin aprons, are illustrated in Photos 8-9 and 10-11, respectively. 

The highest apron (el -15.0) did not provide satisfactory hydraulic perfor-

mance with a discharge of 90,000 cfs passing through a fully opened single 

gate bay as excessive standing waves (Photo 10), turbulence, and unsatisfac-

tory velocity distribution were observed. The type 4 (recommended) design 

stilling basin apron (el -20) was at the highest apron elevation that would 

maintain satisfactory hydraulic performance with fully open single gate opera-

tion. Velocities measured at the end of the apron with various apron eleva-

tions investigated are shown as isovels in Plates 28-39. A comparison of 

Plates 28-39 indicates that the best flow distribution is obtained with the 

apron located at el -20. Plate 40 indicates that the apron should not be 

higher than el -20 due to the excessive standing waves that occurred with a 

discharge of 90,000 cfs through a fully opened single gate. Additional tests

16

80WSE_327 “Old River Control Auxiliary Structure: Hy-
draulic Model Investigation,” 1988



Photo 3. Approach flow, discharge 550,000 cfs, pool el 66.4, 
tailwater el 61.4, gates fully open

Photo 4. Approach flow, discharge 90,000 cfs, pool el 55.0, 
tailwater el 24.2, one gate fully open, 15-sec exposure time

(prototype)

■
I

80WSE_327 “Old River Control Auxiliary Structure: Hy-
draulic Model Investigation,” 1988
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A suggested flow net grid system which, includes important friction 
zones of the idealized inlet is shown in Figure B-5.

100 m

I--------------------—•

Figure B-5. A suggested grid cell system for the idealized inlet 
(seven channels and eight cross sections).

71
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Inlet Hydraulics,” 1977
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F i g. 1. The w ave tan k

F i g. 2. The w av e- gen er at i n g dev i ce

80WSE_329 “Empirical Verification of Transference Equa-
tions in Laboratory Study of Breakwater Stability,” 1948



Fi g. 4. C l ass C sect i on  bef or e w ave at t ack  - -  l :4 5 - sc al e m odel

F i g.  5. C l ass B sect i on  bef o r e w ave at t ack l :4 5 - sc al e m odel

80WSE_329 “Empirical Verification of Transference Equa-
tions in Laboratory Study of Breakwater Stability,” 1948
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Fig. 6. Complete breakwater section before wave attack -- l:45-scale model

the total time and effort required for the tests. From previous tests it was known 
that the greater part of the damage experienced by the model breakwaters occurred 
early in each test and that thereafter erosion and displacement were comparatively 
slow. Therefore, ascertaining the precise point of stability for a given model, in 
the range where the movement of breakwater materials had become quite gradual, 
was a tedious and time-consuming procedure which necessitated repeated shutdowns 
for breakwater surveys after brief periods of progressive operation. Much of this 
delay was eliminated by following the simple procedure of determining the point of 
stability for one model selected as a pilot and running the other two models for 
equivalent periods of time as determined by the appropriate model scale. However, 
as a precaution to ensure the reliability of results, the model runs for these two 
models were extended beyond the computed equivalent times, and surveys were made 
both at the computed time and at the end of each test.

The l:30-scale (or largest) model was selected as the pilot model for the 
study. On this model stability tests were performed for each of the breakwater sec-
tions that have been described using both 15- and 21-ft waves. The breakwater 
sections were considered stabilized by the forces of wave action when continued 
wave attack caused no further displacement of material other than such slight move-
ment as must inevitably persist until all wave action ceased. Progress in the dis-
placement of material was followed throughout the tests by frequently cross-sectioning 
the model breakwater. Cross sections were taken at 0.5-ft (model) stations along 
the middle 10-ft portion of the model, the extremities of the model adjacent to the 
walls being excluded because of the unnatural effects of the tank walls thereon. The

80WSE_329 “Empirical Verification of Transference Equa-
tions in Laboratory Study of Breakwater Stability,” 1948
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Fi g. 7. A  21- f t  w ave br eak i n g on t he com pl et e b r eak w at er  — scal e 1:30

D ur i ng the co u r se of  the t est s i t  w as obser v ed  t h at  the poi n t s w h er e w ave 
def or m at i on  began  an d w h er e com pl et e b r eak i n g occu r r ed  d i f f er ed  f or  the t h r ee 
sect i on s t est ed  and t h at  w i t h i n  t he l i m i t at i on s o f v i su al  ob ser v at i on  t h ese poi n t s w er e 
at  about  the sam e l ocat i on s f or  both  15-  and 21- f t  w av es. I n pr ot ot y pe d i m en si on s 
(the pr ot ot y pe sect i on s ar e show n to scal e i n  Fi g. 3), ob ser v at i on  show ed t h at  f or  
t est s of  the C l ass C sect i on  (cr ow n  el ev at i on  at  - 24 f t  sw l ) w av e def or m at i on  began  
on the out er  sl ope of  t he b r eak w at er  about  1 5 f t  seaw ar d  of  t he cen t er  l i n e, and co m -
p l et e br eak i n g occu r r ed  on t he i n n er  sl ope about  45 f t  h ar b or w ar d  of  the cen t er  l i n e. 
Fo r  the C l ass B  sect i on  (cr ow n  el ev at i on  at  - 10 f t  sw l ) cor r espon d i n g poi n t s w er e 
about  60 f t  seaw ar d  and 45 f t  h ar b or w ar d  of  the cen t er  l i n e. T h ese dat a show  t h at  
t h ese p ar t i al  b r eak w at er  sect i on s di d not  su f f er  the f u l l  f o r ce of  b r eak i n g w av es. 
The un i f or m  sh ape and com par at i v el y  sm oot h  su r f ace of  t he p ar t i al  sect i on s af t er  
at t ack  subst an t i at e t h i s obser v at i on . F i g. 8, 9, and 10 show  t he ef f ect s of  15—f t  w ave 
at t ack  on the l :6 0 - sc al e m od el s. Ef f ect s of  t he 21- f t  w av es w er e si m i l ar ,  but  so m e-
w hat  m or e pr on oun ced. A s can  be seen  in F i g. 8 and 9, t he act i on  of  the w av es 
cau sed  a gen er al  f l at t en i n g of  t he p ar t i al  st r u c t u r es,  w i t h bot h  l an dw ar d and seaw ar d  
d i sp l acem en t  of  m at er i al ,  but  w i th som ew h at  gr eat er  deposi t i on  of  m at er i al  on the 
l an dw ar d si de i n  t he d i r ect i on  of  w ave pr opagat i on . I n t est s of  the com pl et e, C l ass 
A  sect i on  (cr ow n  el ev at i on  at  +10 f t  sw l ) w ave def or m at i on  began  on the ou t er  sl ope 
of  t he b r eak w at er  about  7 5 f t  seaw ar d  of  the cen t er  l i n e, and com pl et e br eak i n g o c -
cu r r ed  n ear  the cr ow n  of  the b r eak w at er  about  15 f t  seaw ar d  of  the cen t er  l i n e. 
A ppr eci ab l e dam age r esu l t ed  (see Fi g. 10). Cap st on es w er e t oppl ed f r om  the cr ow n  
and d r agged  seaw ar d , al m ost  com pl et el y  cov er i n g t he C l ass B en r ock m en t  on the

80WSE_329 “Empirical Verification of Transference Equa-
tions in Laboratory Study of Breakwater Stability,” 1948
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pu l l  out  af t er  a sam p l er  d r i v e h as 
been  st ar t ed  and p ar t i al l y  com p l et ed . 
W henever  t h i s occu r s i t  i s n ecessar y  
to r em ov e the sam p l er  f r om  the bor e 
h ole an d cl ean  out  the bor i n g in o r d er  
to r em ov e san d d i st u r bed  by  the p ar -
t i al  d r i v e. A t y p i cal  an ch or i n g a r -
r an gem en t  i s show n by  f i gu r e 7.

D r i l l  r i g s

The W ater w ay s Ex p er i m en t  
St at i on  i s p r esen t l y  u si n g st an d ar d  
com m er ci al - t y p e t r u ck - m ou n t ed  r o -
t ar y  d r i l l  r i gs in un d i st u r bed  san d 
sam p l i n g op er at i on s. The d r i l l  r i gs 
u se “ N ” - si z e d r i l l  r od s and ar e 
equ ipped w i th  o i l - op er at ed  h y d r au l i c 
d r i v e sy st em s capab l e of  ex er t i n g a 
d r i v e f o r ce in ex c ess of  80001b. The

F i g . 7. A  t y p i cal  an ch or i n g ar r an gem en t

l en gth  of d r i v e i s 2.5 f t . One of  the 
d r i l l  r i gs on a t y p i cal  bor i n g l ocat i on  
i s show n by  f i gu r e 8.

D r i l l i n g m ud

The d r i l l i n g m ud i s p r ep ar ed  
on the job  in sum p p i t s by  m i x i n g ap -
p r ox i m at el y  t h r ee p ar t s of  pow der ed 
ben ton i te and one p a r t  b ar o i d  b y  
w eigh t  in to the ci r cu l at i n g w at er  un t i l  
the d esi r ed  w eigh t  and con si st en cy  or  
v i sco si t y  ar e obtai n ed. The p r ep ar a-
t i on  of  the d r i l l i n g m ud can  be f ac i l i -
t at ed by  f i r st  f i l l i n g the pi t  w i th  w at er , 
then addin g the b ar o i d  and ben ton i te 
th rough  a m ud gun an d  con t in u in g 
ci r cu l at i on  un t i l  a sm oot h  t ex t u r e i s 
obtain ed. F i gu r e 9 sh ow s m ud bein g

F i g . 8. W ater w ay s Ex per i m en t  St at i on  d r i l l  r i g on 
t y p i cal  bor i n g l ocat i on

80WSE_330 “Undisturbed Sand Sampling below the Water 
Table,” 1950
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r esu l t s al l  sam p l es shoul d be d r ai n ed  bef or e t hey ar e t r an spor t ed  or  any  at t em pt  i s 
m ade to sl i ce t h em  or  r em ov e t h em  f r om  the sam p l e t u bes f or  den si t y  d et er m i n a-
t i on . The cu r r en t  p r oced u r es i n  use for  dr ai n i n g, t r an spor t i n g, and det er m i n i n g 
den si t y  in the f i el d  and l ab or at o r y  ar e d i scu ssed  in the f ol l ow i ng p ar agr ap h s.

D r ai n i n g sam p l es.  A f t er  the expandi ng pack er  h as been  p l aced i n the bot -
t om  of the sam p l e tube and the sam p l er  h ead and p i st on  r em ov ed , the tube i s p l aced 
i n  a r ack  ( f i gu r e 13) and al l ow ed to dr ai n . The sam p l e t ubes shoul d be m ai n t ai n ed

i n a v er t i cal  posi t i on  f r om  the t i m e they 
ar e r em ov ed  f r om  the sam p l er  un t i l  t hey 
ar e d r ai n ed . A l so , ex t r em e car e m u st  be 
ex er c i sed  to av oi d  d i st u r ban ce of  the sam -
pl e by  r ough  h andl i ng or  j ar r i n g.  The t i m e 
r equ i r ed  f or  p r oper  d r ai n age v ar i es f r om  
24 to 43 h ou r s, dependi ng on the am oun t  
and ch ar ac t er  of  the f i n es in the sam p l e. 
The sam p l e n ev er  shoul d be per m i t t ed  to 
dr y  out  un der  any  c i r cu m st an ces, si n ce i t  
i s i m possi b l e to sl i ce sat i sf ac t o r i l y  a dr y  
san d sam p l e or  t o r em ov e i t  f r om  the tube 
in i n cr em en t s f o r  den si t y  det er m i n at i on s.

F i g. 13. R ack  f o r  d r ai n i n g sam p l es T r an sp or t at i on  of  sam p l es.  A f t er  
the sam p l es h ave been  dr ai n ed the dr i l l i n g 

m ud and al l  san d  con t am i n at ed by  d r i l l i n g mud ar e r em ov ed  f r om  the top of  each  
sam p l e w i th the cl ean - ou t  au ger . N or m al l y , the t op 1 t o 1 — 1 /Z  i n. of  each  sam pl e 
w i l l  con t ai n  d r i l l i n g m ud t h at  h as been  m i xed w i th san d  in the bot t om  of  the bor i n g 
dur i ng p r e v i o u s  
cl ean - ou t  o p e r a -
t i on s. M ud pen e-
t r at i on  i nto the bot -
t om s of the sam p l es 
i s u su al l y  l ess t han  
0.25 in. Expan d i n g 
p ack er s a r e  then 
i n ser t ed  i n the t ops 
of  the sam p l e t u bes.
The sam p l e t ubes 
con t ai n i ng t he sam -
p l es on w h i ch  den -
si t y  det er m i n at i on s 
onl y ar e to be m ade 
ar e then p l aced  i n  a 
h or i zon t al  posi t i on

Fi g. 14. Rack  f o r  t r an spor t i n g sam p l es i n  h or i zon t al  posi t i on , 
p ack er s in en ds of  t ubes of  top t i er

Note

80WSE_330 “Undisturbed Sand Sampling below the Water 
Table,” 1950



AUGER CUP

CUP AU G ER A S S E M B L Y AUGER CUP AND HEAD

Fi g.  16. Cup au ger

80WSE_330 “Undisturbed Sand Sampling below the Water 
Table,” 1950
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F i g . 18. 5- i n .- d i am et er  
un d i st u r bed san d sam pl e 
f r om  depth  of 46.5 f t  to 
48.9 f t . Note d i sco l o r a-
t ion  a t  top of  sam pl e 
cau sed  by  i n t r u si on  of 

d r i l l i n g m ud

F i g. 19. 3- i n .- d i am et er  
un di stu r bed san d sam pl e 
f r om  depth  of  108.5 f t  to 
110.5 f t . Note t h at  en -
t i r e  sam p l e i s h igh ly  
st r at i f i ed . D ar k  st r at a 
n ear  bot t om  of  sam p l e 

con tain  l i gn i t e

F i g . 20. 3- i n .- d i am et er  
u n d i st u r bed  san d sam p l e 
f r om  depth  of 96.5 f t  to 
99.0 f t . Note d i sc o l o r a-
t ion  a t  top of  sam p l e 
cau sed  by  i n t r u si on  of  

d r i l l i n g m ud

80WSE_330 “Undisturbed Sand Sampling below the Water 
Table,” 1950
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Figure 23. Removal of last increment of filter material during posttest 
test sampling (no base material for this test)

39

80WSE_331 “Laboratory Tests on Granular Filters for Em-
bankment Dams,” 1987



Figure 2. A view of Bodkin Island in January 1991, showing the bulkhead 
shoreline from the north, the standing vegetation, and the tall dead pine 
snag and osprey nest

80WSE_332 “Design of Habitat Restoration Using 
Dredged Material at Bodkin Island, Chesapeake Bay, 
Maryland,” 1992



Figure 51. Velocity vectors, 17:00 to 17:20 EST, 8 June 199180WSE_332 “Design of Habitat Restoration Using 
Dredged Material at Bodkin Island, Chesapeake Bay, 
Maryland,” 1992
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80WSE_333 “Lock and Dam 1, Red River Waterway: Hy-
draulic Model Investigation,” 1986



Photo 18. Plan B-35, upbound tow approaching the lock; 
discharge 31,000 cfs, tailwater el 21.0 (normal)

80WSE_333 “Lock and Dam 1, Red River Waterway: Hy-
draulic Model Investigation,” 1986



b. Right emptying valve and culvert

Figure 3. The l:25-scale model, type 1 (original) design

80WSE_334 “Red River Waterway Revised Outlets for Red 
River Locks: Hydraulic Model Investigation,” 1990



a. Normal valve

c. Single valve (right)

Photo 21. Maximum discharge and flow conditions for emptying operations 
with 4-min valve; type 13 design outlet area; initial head 3.5 ft; 

initial lock chamber el 121.7; lower pool el 118.2

80WSE_334 “Red River Waterway Revised Outlets for Red 
River Locks: Hydraulic Model Investigation,” 1990
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Figure 1-7, Schematic Diagram of Storm Wave Attack on Beach and Dune

I - I I

80WSE_340 “Shore Protection Manual, Vol. 1,” 1977



N
O

TE
: 

Va
ri

ou
s 

sc
al

es
 

ha
ve

 
be

en
di

st
or

te
d 

to
 

gi
ve

 
a 

cl
ea

re
r 

p
ic

to
ri

al
 

re
pr

es
en

ta
ti

on
.

W
*

W

LE
G

EN
D

:

SW
L 

= S
ti

llw
at

er
 

Le
ve

l 
^

S
j 

= T
ot

al
 

Se
tu

p 
at

 
Sh

or
e

S 
= S

et
up

d 
= d

ep
th

 
be

lo
w

 
SW

L
D 

= T
ot

al
 

de
pt

h
rs

x»
T’

sy
 =

 x
1y

 
co

m
po

ne
nt

s 
of

 w
in

d 
st

re
ss

 

V 
= y

-c
om

po
ne

nt
 

of
 

w
at

er
 

tr
an

sp
or

t
un

it 
w

id
th

 
(o

f 
x 

)
W

 
= 

W
in

d 
Sp

ee
d

W
x,

W
y

=
x,

y 
co

m
po

ne
nt

s 
of

 w
in

d 
sp

ee
d

= 
y-

co
m

po
ne

nt
 

of
 

bo
tt

om
 

st
re

ss
 

= 
C

or
io

lis
 

pa
ra

m
et

er
 

= 
de

ns
it

y 
of

 
w

at
er

 
= 

g
ra

vi
ty

 
= 

tim
e

by f p 9 t

F
i
g
u
r
e
 
3-
51
. 

S
c
h
e
m
a
t
i
c
 
o
f
 
F
o
r
c
e
s
 
a
n
d
 
R
e
s
p
o
n
s
e
s
 
f
o
r
 
B
a
t
h
y
s
t
r
o
p
h
i
c
 
A
p
p
r
o
x
i
m
a
t
i
o
n
.

80WSE_340 “Shore Protection Manual, Vol. 1,” 1977



Figure 2-27. Wave Diffraction at Channel Islands Harbor Breakwater, 
California

2-82
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December 1952

Figure 2-60. Wave Reflection at Hamlin Beach, New York
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Figure 2-67. Spilling Breaking Wave

Figure 2-68. Plunging Breaking Wave
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Figure 2-69. Surging Breaking Wave

Figure 2-70. Collapsing Breaking Wave
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ffcMT (

Fi gur e 6- 29. Er ec t i ng Snow- t ype Sand Fenc i ng

( Savage, 1962)

Fi gur e 6- 30. Snow- t ype Sand Fenc i ng F i l l ed  t o  Capac i t y

6-38
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( February 1965)Before Restoration

After Restoration (June 1965!

Figure 6-19. Protective Beach (Wrightsville Beach, North Carolina)
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Before Restoration (1964)

After Restoration (1965)

Figure 6-21. Protective Beach (Carolina Beach, North Carolina)
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Nantucket Is land , Massacnusens u s  r <l  i  

Photograph,Courtesy of U.S. Steel

A splash apron may be added
next to coping channel to
reduce damage due to overtopping.

Dimensions and details to be 
determined by particular site 
conditions

Coping channel
Top of bulkhead_____________ Si

f
Tide Range

_i__
Dredge bottom.

Timber wale 

-Steel sheet piles

Sand f i l

Former ground surface—T i  

■Tie rod- Timber block 

Round timber pile

Figure 6-7. Steel Sheet-Pile Bulkhead

6 - 8
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-N
oj

Pioneer Point, Combridge, Maryland (before 1966) 
Courtesy of Portland Cement Association

4 expansion joint 
calked -Slabs= .-rlv0- ' ' ••

3"T.8i G-sheet-piling 3 l 0 long

Figure 6-9. Concrete Revetment

6-10

80WSE_341 “Shore Protection Manual, Vol. 1,” 1977



L
A
K
E
 
s
t
.

Port Sanilac, Michigan (Ju ly  1963)

Figure 6-70. Cellular Steel Sheet Pile and Sheet-Pile Breakwater
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Nawiliwili, Kauai, Hawaii (1959)

Figure 6-68. Tribar-Rubble-Mound Breakwater
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Bottiom

DOLOS
(DOLOSSE, plural ) TRIBAR

Figure 7-92. Concrete Armor Units

7-195
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Table 7-14. Unit Weights and Internal Friction Angles of  Soils

Classification

Min.
(loose)

Max.
' (dense)

Min.
(loose)

Max.
(dense)

Min.
(loose)

Max.
(dense)

GRANDULAR MATERIALS
1. Uniform Materials

Standard Ottawa SAND 92 110 93 131 57 69
Clean, uniform SAND (fine or Medium) 83 118 84 136 52 73
Uniform, inorganic SILT 80 118 81 136 51 73

2. Well-graded Materials
Silty SAND 87 127 88 142 54 79
Clean, fine to coarse SAND 85 138 86 148 53 86
Micaceous SAND 76 120 77 138 48 76
Silty SAND and GRAVEL 89 146 90 155 56 92

MIXED SOILS
1. Sandy or silty CLAY 60 135 100 147 38 85
2. Skip-graded silty CLAY with stones or rock fragments 84 140 115 151 53 89
3. Well-graded GRAVEL, SAND, SILT and CLAY mixture 100 148 125 156 62 94

CLAY SOILS
1. CLAY (30 to 50 percent clay sizes) 50 112 94 133 31 71
2. Colloidal CLAY (—0.002 mm. >50 percent) 13 106 71 128 8 66

ORGANIC SOILS
1. Organic SILT 40 110 87 131 25 69
2. Organic CLAY (30 to 50 percent clay sizes) 30 100 81 125 18 62

Unit Weight (lb/cu ft)

Dry Wet Submerged

Classification Friction 
Angle 0

(degrees)

Density or
Unit Weight (lb/cu ft)

Consistency
Soil

Equivalent Fluid

Active Case Passive Case

Coarse SAND or SAND and GRAVEL 45 compact 140 24 820
38 firm 120 29 510
32 loose 90 28 290

Medium SAND 40 compact 130 28 600
34 firm 110 31 390
30 loose 90 30 270

Fine SAND 34 compact 130 37 460
30 firm 100 33 300
28 loose 85 31 280

Fine, silty SAND or sandy SILT 32 compact 130 40 420
30 firm 100 33 300
28 loose 85 31 280

Fine, uniform SILT 30 compact 135 45 400
28 firm 110 38 300
26 loose 85 33 220

CLAY-SILT 20 medium 120 59 245
soft 90 44 183

Silty CLAY 15 medium 120 71 204
soft 90 53 153

CLAY 10 medium 120 84 170
soft 90 53 153

CLAY 0 medium 120 120 120
soft 90 90 90

(after Hough, 1957)

7 - 222
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(After Nagai, 1962̂ )

Fig. 13. N-shaped block

,15,(After Jackson, 1961)

Fig. it-. Pelican stool

(After Jackson, 1968̂ ) (Courtesy of Stabits Ltd., Sardinia House,
52 Lincoln's Inn Fields, London, W.C. 2)

Fig. 16. StabitFig. 1 5 . Quadripod

80WSE_343 “Concrete Armor Units for Protection Against 
Wave Attack: Report of the Ad Hoc Committee on Artificial 
Armor Units for Coastal Structures,” 1974



(Courtesy o f R. J. O’Neill, Marine Modules, Inc., 
475 Tuckahoe Road, Yonkers, N. Y. 10710)

(Courtesy o f  R. J. O’Neill, Marine Modules, Inc., 
475 Tuckahoe Road, Yonkers, N. Y. 10710)

Fig. 17. Sta-Bar Fig. l8. Sta-Pod

(Courtesy o f  B. Hakkeling, Ing, Merellaan 269, 
Maassluis, Netherlands)

(Courtesy o f  Noreno, Cort Adlers Gate 16,
Oslo, Norway)

Fig. 1 9 . Stoik cube Fig. 20. Svee block

80WSE_343 “Concrete Armor Units for Protection Against 
Wave Attack: Report of the Ad Hoc Committee on Artificial 
Armor Units for Coastal Structures,” 1974



C '= 0 .4 7 7  H; D = 0 .4 7 0  H ; E = 0 .2 3 5  H;

F = 0 .6 4 4  H ; G = 0 .2 1 5  H ;  1 = 0 .6 0 6  H;

J = 0 .3 0 3  H; K  = 1.091 H; L  = 1.201 H;

N O T E :  S H A P E  A N D  D IM E N S IO N S  O F  U N I T  
W E R E  B A S E D  ON T H O S E  U S E D  IN 
M O D E L  T E S T S . 12

Fig. 36. Details of tetrapod armor unit

80WSE_343 “Concrete Armor Units for Protection Against 
Wave Attack: Report of the Ad Hoc Committee on Artificial 
Armor Units for Coastal Structures,” 1974



T H E  C E N T E R  O F  A L E G  

G = 2 A

V  = 6 . 2 5 2  A 3

ELEVATION

N O T E :  S H A P E  A N D  D I M E N S I O N S  O F  U N I T  W E R E  B A S E D  ON
T H O S E  U S E D  IN M O D E L  T E S T S . 12 A T  P R E S E N T  T I M E  
P A T E N T E E  R E C O M M E N D S  C = 1.25 A,  A N D  F I L L E T S  
A T  I N T E R S E C T I O N  O F  H O R I Z O N T A L  A N D  V E R T I C A L  
M E M B E R S  W I T H  A R A D I U S  E Q U A L  T O  A / 4 . T H E  
E Q U A T I O N  F O R  V O L U M E  IN CU Y D  IS T H E N ,  A P P R O X -
I M A T E L Y ,  V  = 0 . 2 4 3 • D E T A I L S  O F  F O R M S  S H O U L D  BE  
O B T A I N E D  F R O M  P A T E N T E E .

Fig. 37. Details of tribar armor unit

80WSE_343 “Concrete Armor Units for Protection Against 
Wave Attack: Report of the Ad Hoc Committee on Artificial 
Armor Units for Coastal Structures,” 1974



80WSE_344 “The History of the Beach Erosion Board,
U.S. Army, Corps of Engineers, 1930-63,” 1977
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80WSE_345 “Swimming Pool,” 1955



80WSE_345 “Swimming Pool - Indoor,” 1955
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T E S T  C O N D IT IO N S

HYDROGRAPHIC SURVEY
TEST 4 A

CONTOURS AFTER TESTING  7 HOURS WITHOUT 
WAVES PLUS 2 4  HOURS WITH WAVES 

PLUS 7  HOURS W ITHOUT WAVES

M A T E R IA L : s a n d
SP E C IF IC  G R A V IT Y  =2.65 
Djo=0.25 mm

FL O O D  FLO W  =  0 .5 5  C F S  
W A V E  H E IG H T  CH0 i  =  0 .0 6 5  F T  

W A V E  P E R IO D  =  1.0 S E C  
W A T E R  D E P T H  =  1.0 F T  S W L  
W A V E  D IR E C T IO N  =  0 ° C N O R M A L >

PLATE 2580WSE_346 “Model Materials Evaluation Sand Tests, 
Hydraulic Laboratory Investigation,” 1976
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pingo as constructed from elevation surveys and the radar sounding data. A 

core through the pingo revealed that the ice in it was composed of bands con-

taining different bubble arrangements and geometries as well as sandy ice 

layers up to 0.7 m thick (Fig. 6)(pers. comm., Bruce Brockett, CRREL). The 

depth to the bottom of the ice and to the various internal layers was esti-

mated by using an effective velocity of the radiated impulse wavelet in the 

bubbly ice and overburden of 0.172 m/ns. Using this value, and the wavelet 

time of flight, the calculated ice depth agreed within 2% with the drill-

hole-measured depth of 13.1 m.
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Figure 3. Second radar profile over Weather Pingo using a 300-MHz antenna. 
Horizontal banding is noise.
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Figure 1. Diagram that conceptualizes the relationship between wetland functions and 
wetland values. The dashed line separates the geomorphic setting, which con-
tains wetland functions, from societal interaction with wetlands. Items above the 
dashed line can continue in the absence of society; those below show the “uses” 
of wetlands by society. Critical processes and mechanisms (e.g., photosynthesis, 
microbial activity, and decomposition) and ecosystems functions (e.g., primary 
productivity, biomass accumulation, and nutrient cycling and retention) may be-
come resources for human life support. The term extractable resources is meant 
to include intangibles, commodities, and all other goods and services that contrib-
ute to the human life support system. Note that human life support relies both on 
wetlands in their geomorphic settings and fossil fuels. Feedbacks initiated by so-
cietal values can be either constructive or destructive. While values are merely 
perceptions, they establish how the life support system interacts with the wetland 
resource. Adapted and modified from Twilley (personal communication, 1990, 
University of Southwestern Louisiana, Lafayette, LA), Taylor, Cardamore, and 
Mitsch (1990), E. Maltby (personal communication, 1990, University of Exeter, 
Exeter, U.K.), and Whigham and Brinson (1990)
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Figure 2. Four major hydrologic types of wetland types in Wisconsin 
(Continued)
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Water table usually 
below wetland level

d. Surface water slope

Figure 2. (Concluded)
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Overwash forest

Dwarf forest

a. Five types proposed for mangroves in Florida by Lugo and Snedaker (1974) as 
illustrated in Wharton et al. (1977)

Figure 5. Classifications of wetlands based on their functional properties (Sheet 1 of 4)
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Flowing versus still-water proposed by Brown, Brinson, 
and Lugo (1979) for forested wetlands

CORE FACTORS
I^^Hydròiòaici:: Ëhërgÿ;:;*^ ......,
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Æ n4i
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TEMPERATURE 
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PIRE FREQUENCY 

HERBIVORY

MOD LOW 

LOW LOW 

LOW HIGH 

LOW HIGH

HIGH MOD 

MOD MOD 

LOW MOD 

LOW LOW

LOW MOD 

LOW LOW 

LOW HIGH 

LOW LOW

BOTTOMLAND NORTHERN 

HARDWOOD RIVERINE 

FOREST MARSH

MANGROVE TEMPERATE 

FOREST SALTMARSH

BOG-

MUSKEG POCOSIN

c. The use of modulating factors to characterize specific types of wetlands 
beyond the core factors (Brinson and Lee 1989)

Figure 5. (Sheet 2 of 4)
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d. Riverine, basin, and fringe arranged around three core factors 
proposed by Lugo, Brinson, and Brown (1990b)

Strings

• ltN l i t11•/ I t ,  I

Background

Centers

e. Six generic landform patterns that have equivalents 
for wetlands (Kangas 1990)

Figure 5. (Sheet 3 of 4)
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f. Cypress wetlands of Florida arranged along increasing water and nutrient flows

Figure 5. (Sheet 4 of 4)
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