


















































































































































































































































































































































caused by Tropical Storm Claudette had little or no effect on property tax 

values or revenues. The damages, for the most part, were covered by flood 

insurance. The availability of inexpensive flood insurance has contributed to 

development in the study area. 

3.2.7.8 Residents and businesses of the Clear Lake and Clear Creek areas have 

access to a wide range of mul ti-modal transporation services. There are 

several highways tranversing the area, as well as four railroad lines. Air 

and water transportations services are also available nearby. At the present 

time, however, minimum public transportation is provided from the study area 

to downtown Houston. Therefore, area residents are heavily dependent on 

automobile transportation. 

The Clear Creek area has been characterized by high rates of growth in 

population and housing with an almost continuous building of housing units and 

a fairly high turnover rate. Residents of the Clear Creek area move to new 

dwellings within the study area and many new residents move into the area each 

year. This produces a varying sense of cohesion in the communities in the 

area. Some residents identify strongly with the area while others do not. 

Both types of attitudes exist simultaneously and vary from one community to 

the next. 

3.2.7.9 The Clear Creek and Clear Lake area is generally perceived to be 

aesthe tic ally pleasing and this perception 1S valued by both res idents and 

visitors to the area. This aesthetic value has contributed significantly to 

the growth in the area. 

3.2.7.10 Heavy rainfall followed by flooding has historically been a common 

phenomenon in the Houston-Galveston area. The most recent serious flooding 

problems in the Clear Creek watershed occurred in July (Tropical Storm 

Claudette) and September of 1979. The direct damages from Claudette were 

estimated at $227 million, which covered an area greater than, but including, 

the Clear Creek watershed. If service and administrative costs were 
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included, this total would be increased by an additional $14 million. The 

damages resul ting from the September flood, which were not so extensive, but 

also covered an area greater than the study area, were estimated to be $70 

million. 

3.2.7.11 Tropical Storm Claudette was responsible for two deaths in Harris 

and Galveston counties, while the flood of September 17-19, 1979 caused four 

deaths (two each in Galveston and Harris counties). Of the 1,090 injuries and 

illnesses resul ting from Tropical Storm Claudette, 418 occurred in Brazoria 

County, 322 in Harris County, and 261 in Galveston County. As a result of the 

September flood, Red Cross data indicated that 53 persons from Harris County 

suffered flood-related injuries and illness, while 24 persons from Galveston 

County and 21 persons from Brazoria County were similarly affected. Without a 

doubt, the floods of 1979 have had a significant physchological and 

sociological effect on its victims including the residents of the Clear Creek 

watershed. 

3.2.8 Endangered Species. The marsh, creek, riparian forest, and disturbed 

prairie communities above Clear Creek provide potential habitat for and are 

wi thin the known range of several 

status. The Biological Assessment 

potential project impacts to these 

report. A summary is as follows. 

species having endangered or threatened 

explains the known local status of and 

species and is in Appendix VI of this 

3.2.8.1 The USFWS sent a list of the following six endangered species 

potentially occurring in the area: brown pelican] arctic peregrine falcon, 

bald eagle, Attwater's prairie chicken, American alligator, and Houston toad. 

Brown pelican habitat is present only ~n the Clear Lake - Galveston Bay 

portion of the project area and brown pelicans are seen here only extremely 

rarely. The Arctic peregrine falcon passes through the project area during 

migration but is very uncommon in this part of the bay, and the upstream 

portion of Clear Creek does not contain the large marsh or open water habitat 

which falcons prefer. No bald eagle nests are known to occur along Clear 

Creek, although it is possible that an occasional eagle could hunt over the 
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prairie and irrigation reserVOl.rs adjacent to Clear Creek or in Clear Lake .. 

Known colonies of the Attwater's prairie chicken exist at Spaceland Airport, 2 

miles southeast of Clear Creek at Mile 5; at a grazed pasture 3/4-mile east of 

Clear Creek at mile 5; and at Ellington Air Force Base, 3 miles northeast of 

Clear Creek at Mile 24. Although an individual American alligator could stray 

into Clear Creek or be released there, the apparent lack of recent sightings 

and lack of large marshes indicate that this species does not regularly occur 

in the project area. The Houston toad has been collected approximately I-mile 

north of Clear Creek in the vicinity of Fuqua Road prior to 1970. 

3.2.8.2 The Louisiana milk snake, reddish egret and least tern are on the 

Texas Parks and Wildlife Department Protected Nongame list. The Louisiana 

milk snake occurs in a wide variety of haibitats and could conceivably exist 

along Clear Creek, although there are apparently no specimen records from 

here. The reddish egret probably occurs on an occasional basis l.n the 

vicinity of the Clear Lake outlet. The least tern is common in Clear Creek, 

Clear Lake, and Galveston Bay. 

3.2.8.3 The Texas diamond backed terrapin, osprey and merlin are classed as 

threa tened by the Texas Organization for Endangered Species (TOES) and each 

probably occurs in the project vicinity on an uncommon basis. The western 

smooth green snake is on the TOES peripheral list and was collected 0.4 miles 

south of Clear Creek near Telephone Road. 

3.2.9 Prime Farmland. Of growing national concern is the continuing decline 

in acreage devoted to agricu1 tura1 production throughout the United States. 

Urban sprawl and water reservoir development absorb three million acres of 

farmland per year, of which one million acres are considered prime farmland. 

At the state level, Texas has lost 1.6 million acres of farmland since 1975. 

Although a joint report released on 16 January 1981 by the USDA and the 

Pres ident' s Council on Environmental Quality called for new initiatives to 

protect American farmland, there presently exists no formally 

institutionalized recognition (i.e., laws, regulations) of the value of 

farmland preservation at the state or national levels (Sheets, 1981). 
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3.2.9.1 Most of the soils in the project area can be classified as prime 

farmland soils. Accelerated urban development and scattered developments in 

Harris and Galveston Counties have caused most of the prime farmland soils to 

be taken out of production. Undeveloped blocks and patches of lands 

throughout the developed and developing areas have become vacant land because 

it is no longer useable for efficient agricultural production. 

3.2.9.2 Installation of the channel work will enhance the soils for full 

urban development as well as improve undeveloped agricultural soils (mainly in 

the Brazoria County portion) for efficent productive use. Full development of 

all of the vacant lands with in the urbanized areas should be of increasing 

concern to community leaders and the public in view of the expected continued 

rapid urban growth in the Houston area. Continued expansion of scattered new 

developments into agricultural areas without full development of the vacant 

lands in existing urbanized areas is unnecessarily taking out large areas of 

prime farmland soils from efficient use for agricultural production. 

4. ENVIRONMENTAL EFFECTS. 

4.1 General. The following sections describe the environmental effects which 

would result from the various al ternatives. The effects of the "No Action" 

plan were discussed in Section 2.3. 

4.2 Hydrologic Parameters. 

4.2.1 During periods of dry weather the Aquisition of Floodplain Development 

a1 ternative would not a1 ter the exis ting flow patterns. The creek 

channelization a1 ternatives would increase the cross sectional area of the 

channel by widening and deepening and would result in a wider stream with a 

more sluggish flow during periods of low flow. Expected development in the 

watershed will increase future flooding by increasing the area covered with 

impervious surfaces. Runoff rates will increase and runoff travel time to the 
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Clear Creek Channel will decrease. In addition, portions of the runoff volume 

normally absorbed by soil and vegetation will be included ~n the runoff volume 

discharged to the creek. 

4.2.2.1 In the Aquisition of Flood Plain Development alternative, the high 

flow characteristics would continue as they have in the past. Some additional 

water would be absorbed as a result of the removal of concrete structures. 

The 10-and 25-year channelization alternatives would contain runoff of a flood 

occuring with the frequency of 10 and 25 year, respectively. Changes in 

channel configuration will spread the increased flows over a larger surface. 

The flood plain would be significantly decreased. The Standard Project Flood 

(SPF) alternative should contain any flood that occurs up to a SPF frequency. 

Each channelization plan includes a gated second outlet between Clear Lake and 

Galveston Bay. Additionally, the gated structure on the second outlet would 

prevent increased damage from hurricane induced storm surges. 

4.3 Water Quality. Surface water resources which would be directly affected 

by the alternatives include Clear Creek and Clear Lake. Water quality changes 

would result from dredging, dredge material disposal operations and changes in 

hydraulic parameters such as discharge and flow velocity. The latter changes 

are discussed in more detail in Section 4.2. Dredging is required in each 

alternative considered except the FloodPlain Aquisition Plan. Dredging and 

disposal operations would result in short term increases ~n turbidity and 

reduce light penetration which lowers the rate of photosynthetic production. 

The dispersed sediments can also clog and abrade the respiratory organs of 

fish. The net effect of higher turbidity levels should not be significant 

since they are of short duration, decreasing shortly after dredging is 

complete and since most motile organisms would avoid the disturbed area. 

4.3.1 Elutriate Samplin~. Examination of existing data on concentrations of 

heavy metals, pesticides, PCB's, and other miscellaneous parameters in 

potential disposal sediments indicated that further tes ting (elutr iate tes ts) 
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should be conducted to determine the potential for reintroduction of certain 

parameters to the water column. These parameters included TKN, oil and 

grease, arsenic, copper, chromium, lead, nickel, zinc, and PCB's (Tables 3, 4 

and 5 of Appendix VI). No need for further testing of pesticides was 

indicated. The indicated tes ts have been conducted and resul ts are shown in 

Table 3 of the report. Sample sites are shown on Figure 1. Results of these 

tes ts indicate that the proposed discharge of dredged or fill material will 

not cause any significant degration of water quality and no applicable water 

quality criteria will be violated. 

4.3.2 IO-Year Channel. The major physical modification of this plan is the 

widening, deepening, and bend easing of the existing channel along a 26 mile 

stretch of Clear Creek. This action would increase the cross-sectional 

channel area and the stream flow velocity of the stream and thus increase the 

streams discharge capacity during high flows. The higher velocities will 

increase the stream's capacity to transport suspended solids during high 

flows. The increased channel width can result in shallow water depths and 

more exposed water surface area during periods of low flow. This may increase 

the water temperature and allow more photosynthesis, thus lowering the 

dissolved oxygen (DO) level and increasing the (BOD). The overall changes in 

the water quality of Clear Creek due to hydrologic changes should be minimal. 
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TABLE 3 

RESULTS OF ANALYSIS OF WATER, SEDIMENT, AND ELUTRIATE SAMPLES 
CLEAR CREEK, TEXAS - 1982 

Total N Oi1~/ 
Field Solids Total and Total Total 

Samele No.lI % b~ Wt. Kje1dah1 Grease As Cr Cu Ni Pb Zm PCB's 

WATER SAMPLES (FILTERED)2/ 

CL. CRK -1 0.5 "'- 1 "- 2 10 15 25 .&: 10 50 ..r 0.5 
2 0.9 ~ 1 3 " 10 19 25 "- 10 100 " 0.5 
3 1.1 "-1 .t:-2 "'10 18 25 L 10 60 
4 1.6 "-1 3 .:.10 15 20 '" 10 40 

ELUTRIATED SAMPLES 'J./ 

CL. CRK -1 1.4 L 2 10 20 25 '" 10 60 .t:_ 0.5 
2 0.6 <: 2 "10 18 25 .L 10 40 <.. 0.5 
3 0.7 .. 2 "'-10 12 20 "-10 40 
4 0.8 "-2 ·<-10 15 20 .:..10 40 

SEDIMENT SAMPLES ':i/ 

CL. CRK -1 73 260 ' 100 4.1 13 7.6 10 12 20 < 10 
2 70 110 <-100 5.0 15 L 5 12 10 20 L_ 10 
3 67 160 .<..100 6.0 22 7.4 18 14 30 
4 57 220 ",,100 6.0 31 13 15 22 50 
5 62 500 4-100 5.2 21 7.6 12 18 30 "-10 

NOTES: 1/ Samples sites are shown on Figure 1. 
2/ Water was tested for oil and grease on an unfiltered sample. The elutriate was filtered and therefore not 

tested for oil and grease. 
3/ Results of nutrients are in mg/1; results of metals and PCB's are in~g/l. 
~/ Results are in mg/kg except for PCB's which are in~g/kg, unless otherwise noted. 



4.3.2.1 Water quality in Clear Lake would not be significantly altered as a 

result of this project. Short term impacts would result from dredging and 

disposal activities 1n the Lake area, and from upstream dredging during 

project construction. The short term impacts would be the same as those 

discussed in Section 4.3. 

4.3.2.2 The lO-Year Channel Plan 1S presented in two variations, (1) with 

buyout, and (2) modified. The effects of the with buyout plan are greater 

than those of the Modified lO-Year Channel Plan since the modified plan stops 

bend easing, widening, and deepening at Mykawa Road, reducing the affected 

area by 3.5 miles. 

4.3.3 2S-Year Channel. Structural improvements, construction and operation 

and maintenance of the 25-Year Without Buyout Alternative are similar to those 

for the lO-Year alternatives. Water quality impacts will be similar to those 

for the 10-Year al terna tives, except that low flow impacts might be slightly 

worse because of the greater channel width and consequent shallower water 

depth. Disposal site requirements and water quality impacts 1n this 

al ternative are similar to those for the lO-Year a1 ternatives. Since this 

alternative contemplates a larger channel, greater volumes of dredged material 

would be removed, resulting in an increased construction period. 

4.3.4 Acquisition of Flood Plain Development. The impacts of this 

alternative on water quality would be essentially the same as the "No Action" 

impacts (Section 3.3.2). Some slight short term increases in runoff turbidity 

would occur during removal of the structures. 

4.3.5 Standard Project Flood Channel. This plan would have water quality 

impacts similar to those for the lO-year channel. However these impacts would 

be magnified since the project channel is much larger than either the lO-or 

25-year channels. Overall short term effects would be greater since the 

construction period would be longer. 

4.4 Ground Water. Theoretically, groundwater quality could be affected by 

disposal of dredged material from channelization activities if leachate from 

dredge materia·l intersected groundwater tables. However, the water table 
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depths in the Clear Creek watershed average 225 feet, which should be 

sufficiently deep to filter any leachate. In addition, sites proposed for 

dredge material disposal are underlain by two major soil groups: group one 

soils are dominantly clay and mud, with low permeability; group two soils are 

dominantly clayey sand and silt with moderate permeability. These natural 

geological features and soil properties should prevent adverse impacts on 

groundwater from Clear Creek dredged material leachate. 

4.4.1 Population increases though 2090 in the Clear Creek watershed will 

increase water supply demands. The increased demand is likely to impact 

groundwater quantity. Groundwater is a major source of water supply for the 

Clear Creek area. Current land subsidence problems, due to excessive 

withdrawal of groundwater, will continue if current rates of withdrawal are 

increased or maintained. Continued and increased land subsidence would have 

negative effects on all proposed flood control alternatives. 

4.4.2 Existing regulations, however, are designed to limit further increases 

in groundwater use and withdrawal rates. Assuming these regulations are 

effective through 2090, current groundwater withdrawal rates and land 

subsidence problems will continue at current levels. No increased impacts on 

groundwater quantity will be assumed due to population 1ncrease, given 

enforcement of groundwater use regulations • 

4.5 Fish and Wildlife Resources. 

4.5.1 Fishery Resources. The physical modifications associated with the 

channel enlargement plans (Modified 10-Year, 10-Year with Buy Out, 25-Year and 

Standard Project Flood) include channel widening and deepening and bend 

easing. Stream channelization has a number of well documented adverse impacts 

on fishery resources. Although the upper portion of Clear Creek and most of 

the tributaries have been channelized in the past, some stream habitat 

degradation would still occur. During cons truction, water quality in the 

creek and in Clear Lake would be degraded through increased turbidity. This 

may reduce phytoplankton production, with subsequent reductions in other 
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aquatic organisms. Benthic organisms in the area of channel construction will 

be removed and benthos in open water disposal areas will be covered and 

probably destroyed. However reestablishment should begin once construction is 

complete. It is unlikely that benthic population will reestablish to current 

levels since some maintenance of the channels will be required. Animals that 

are mobile, such as fish, larvae, and insects are not affected as seriously by 

dredging as stationary benthos. During the dredging process, mobile animals 

move to quieter sites and avoid the disturbed area (Carstea, et. a1. 1976). 

Losses are secondary, as a result of habitat destruction, detritus or grazing 

food removal and changed physical environment. Channel modifications also 

reduce species diversity and change abundance of species commonly considered 

valuable 1n favor of species considered less desirable. As a result of 

channel enlargement, some emergent areas would be converted to stream habitat 

(Table 4). 

4.5.1.1 Acquisition of Flood Plain Development. Purchase and removal of the 

structure in the flood plain should result in no significant effects to the 

fishery resources of Clear Creek or Clear Lake. Water quality would continue 

to degrade as in the without conditions and fishery resources may continue to 

decline. 

4.5.2 Nursery Grounds. Nursery grounds in the study area, as defined by the 

Texas Parks and Wildlife Department (1975), included all of Clear Lake, 

Seabrook Slough, and the lower portion of Clear Creek which is under tidal 

influence. These areas are used extensively by white and brown shrimp as well 

as other sport and commercially important fish. During construction of the 

channel enlargement plans (Modified lO-Year, lO-Year with Buyout, 25-Year, and 

SPF) these nursery grounds would be adversely affected from increase turbidity 

and removal of habitat. Construction of the additional flood outlet channel 

through Seabrook Slough would convert approximately 4 acres of shallow water 

nursery habitat to less desirable deep water habitat. Other areas affected by 

construction would be converted to stream habitat but should continue to 

function as a nursery area of reduced quality. Turbidity levels should return 
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to normal once construction is complete. While present wetland areas would be 

removed by channel enlargement, additional wetlands would be created to offset 

that loss through fish and wildlife conservation measures. Hydraulic changes, 

as a result of channel enlargement, may adversely affect nursery grounds. A 

more rapid freshwater runoff, facilitated by the channel enlargement plans, 

could stress or kill early life stages of fish or shrimp in this nursery or 

force them into Galveston Bay where they could be more susceptible to 

predation. 

4.5.2.1 Acquisition of Flood Plain Development. Purchase and removal of the 

structures in the flood plain should result in no significant effects to 

nursery grounds. 

4.5.3 Riparian/Woodland Forest and Wetlands. Cons truction of the channel 

enlargement plans (Modified 10-Year, 10-Year with Buyout, 25-Year, and SPF) 

would destroy riparian/woodland forest and wetlands through the clearing of 

stream sides during channelization and coverage of upland vegetation in the 

dredged material disposal areas. Table 4 includes a listing of acreage 

affected by these enlargements. As part of the fish and wildlife 

mitigation/conservation plan, areas would be planted with representative 

species to restore the habitat lost. 

4.5.3.1 Wetland Losses. Both sal twater coastal flats and freshwater marsh 

exist within the lOO-year floodplain of Clear Creek and Clear Lake. Wetland 

losses resulting from channel enlargement plans are included in Table 4. 

These wetland resources are ecologically important for their role in nutrient 

cycling and energy production. Because of their importance to fish and 

wildlife in the watershed, a major objective of this study effort has been to 

protect and avoid losses to wetland resources within the watershed. To meet 

that objective, a total of 40 acres of wetland habitat would be created at 

various points along the channel and in Clear Lake. 

4.5.3.2 Acquisiton of Flood Plain Development. Purchase and removal of the 

structures in the flood plain should result in positive benefits to the 
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COMPARIS01 

~RUSH 

WITHOUT lITH DIFFERENCE 

1- Acquisition of 171 
Flood P 
Develop· 

2. 10-Year Modified 2/ 149 

3. 10-Year With 171 
Buyout 

4. 25-Year With 171 
Buyout 

5. Standard Project 171 
Flood 

NOTES: 

1. Plans are compared withou: 
which would be implemente 
development of 570 acres 
of 150 wood duck nest 
Construction of a 10 year 

2. Selected Plan 

182 +182 

0 -65 

0 -65 

0 -70 

0 -105 

URBAN/INDUSTRIAL TOTAL 
WITHOUT WITH DIFFERENCE AREA 

182 0 -182 353 

13 0 -13 718 

29 0 -29 814 

23 0 -23 866 

25 0 -25 1328 



riparian woodland forest since the areas of the structure removal would be 

improved by allowing natural succession resulting in an additional 182 acres 

of riparian/woodland habitat in the watershed. 

4.5.4 Disposal Areas. Discharge of dredged material at designated upland 

disposal areas will cover existing low lying vegetation and understory. The 

anticipated impacts of each alternative on riparian/woodlands and open bay 

through disposal activities are presented in Table 5. Land areas would be 

revegetated with selected native vegetation to offset losses to fish and 

wildlife resources. Most wildlife inhabiting these areas would relocate to 

nearby undistrubed areas, adding stress to those populations. wildlife would 

begin repopulating the areas following revegetation. 

4.5.4.1 The locations of disposal areas are shown on Figures 9 and 10 of the 

GDM. Except for Disposal Area 1 and certain areas within Disposal Area 19 and 

20, habitat to be impacted is disturbed prairie. Originally this prairie was 

composed predominantly of the grasses big blustem (Andropogon gerardi), 

seacoast bluestem (Schyzachrium scoparium), eastern gamagrass (Tripsacum 

dactyloides) and gulf muhly (Muhlenbergia capillaris) (Gould 1963). These 

species are still present in fair abundance in areas which are grazed or 

burned periodically; but in many locations herbaceous weeds, such as giant 

ragweed, seaside goldenrod (Solidago sempervirens) and Texas thistle (Cirsium 

texanum) and the shrubs sea myrtle, wax myrtle (Myrica ceri fera), blackberry 

yaupon (Ilex vomitoria) and wild rose (Rosa sp.) have become abundant. 

4.5.4.2 Disposal Area 1 is a deltaic island or an old disposal site having a 

dense vegetative covering of sea myrtle and salt cedar (Tamarix gallica). 

Disposal Areas 19 and 20 are partially inside three ricefie1d irrigation 

reservoirs bounded by levees. 

4.5.4.3 The open bay disposal in areas 1 and 2 would primarily involve 

increased turbidity during disposal operations. Studies on open water 

disposal show most of the discharged sediment very quickly settles to the 

bottom and forms a highly concentrated density flow out to 1600 feet or less 

(May, 1973). The mud flow forms a layer up to several inches thick that 
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TABLE 5 

IMPACTS FROM DREDGED DISPOSAL 

Total Disposal Riparian/ Brush/ 
Plan Acreage Required Woodlands Rangeland Open Bay 

10-Year Modified 594 9 530 55 

10-Year With Buyout 802 9 738 55 

25-Year Without Buyout 1065 25 985 55 

Standard Project Flood 2808 100 2653 55 

covers and suffocates some benthic organisms. Silt curtains could be used to 

help prevent heavy siltation in biologically sensitive areas around the 

disposal areas. Testing procedures outlined in Section 404 of the Clean Water 
• 

Act have been initiated. Additional information may also be found in the 

Section 404 Evaluation (Appendix VI). It is possible that the recurrent 

nature of maintenance dredging disposal activities cou~ make the bay disposal 

areas permanently emergent, resulting ~n a complete loss of the area to 

Galveston Bay fisheries. 

4.6 Recreation. The construction and operation of flood control measures 

along Clear Creek and Clear Lake would have positive and negative impacts on 

recreation. positive impacts would arise from the creation of recreational 

opportunities associated with channel rights-of-way and disposal areas of the 

flood control alternatives. These opportunities include increased recreation 

resources for many needed recreational activities, increased access to Clear 

Creek and Clear Lake and the potential for the enhancement of existing 

recrea tion resources through linking instruments. Negative impacts of the 

flood control alternatives include the visual impact of flood control devices 

and the loss of a natural, meandering creek. 

4.6.1 Although the channelization of Clear Creek would diminish its aesthetic 

value as a natural stream, the grass-lined channel would flow year round. 

Fishing and other stream-related activities will be possible. 
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4.7 Bank Erosion and Stabilization. Erosion of the banks along Clear Creek 

is primarily a function of the in-stream flow velocity. The velocity is 

affected by several factors. These factors include the cross-sectional area 

of the channel, the frictional coefficient of the channel perimeter, the 

volume and rate of runoff water, and the slope or gradient of the 'streambed. 

The first two factors would be affected by the various flood control 

a1 ternatives and resul t in increased velocities along various reaches. The 

other two are affected by the on-going environmental changes due to population 

grow'th and development. 

4.7.1 Changing the cross-sectional area by widening and deepening the channel 

can affect the veloci ty in two ways. As the water depth ~ncreases, the 

relative frictional effect of the channel "n" value (Manning coefficient) on 

velocity decreases. As the channel width increases, more streambed comes into 

contact with water; this increases the frictional effect. For high-flow, 

flood conditions, the net effect is a decrease in friction and an increase in 

velocity. Under low-flow conditions, the streambed friction dominates and 

velocities decrease. 

4.7.2 Beside these changes in frictional factors, modifications to the 

materials composing the channel banks and the streambed and changes in the 

vegetation growing on both can significantly affect the coefficient value. 

Dredging would definitely modify these character~stics over the short-term, 

but, over time, natural processes would probably tend to return the channel 

character to previous conditions. Once the channel has "aged", the net change 

in frictional factor would likely be negligible. 

4.7.3 For erosion prevention, a flow value of 6.0 feet per second (fps) has 

been chosen as the maximum permissible velocity. This value is based on the 

physical properties of the bank soils. 
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4.7.4 The Clear Creek soils are IOOstly alluvial silts and likely to be 

colloidal in nature. The maximum permissible velocity for water transporting 

colloidal silts along a channel bank of colloidal alluvial silts is 5.00 fps. 

To prevent scour in newly constructed (non-aged) channels, this value must be 

even lower (Brater and King, 1976; Chow, 1959). 

4.7.5 A survey taken during low-flow conditions along Clear Creek indicated 

that the upper 20 miles averaged one-half foot deep and that the depth in the 

low~r 20 miles averaged 10 feet deep with a range between 4 and 10 feet (Texas 

Department of Water Resources, 1977). Bank erosion is thus more likely to be 

a problem in the upper half of Clear Creek. 

4.7.6 The increased channel width and easing of bends m relation to the 

channelization alternatives would cause a 1.6 mile reach between Mile 14.05 

and Mile 15.77 to require erosion protection. 

would result under the acquisition of flood 

No significant erosion problems 

plain development alternative. 

Additional information is contained in Appendix IV. 

4.8 Socioeconomic Effects. 

4.8.1 10-Year Channel. Implementation of this plan would reduce the size of 

the 100-year flood plain to the extent that about I, 900 structures, or 98 

percent of all structures in the existing 100-year flood plain, would be freed 

from the threat of flood damage in the event of a lOO-year frequency storm. 

Those structures would be located out of the residual lOa-year flood plain and 

would be eligible for reductions in flood l.nsurance premiums. Assuming a 

household size of 2.55 persons, an estimated 4,700 persons, residing within 

the existing flood plain, would no longer be susceptible to the life, health, 

and safety hazards of a lOa-year flood with implementation of this plan. 

4.8.1.1 The 643-acres of right-of-way easement along the stream needed for 

project cons truction would necessitate the buyout of seven homes and one 

commercial business and the relocaion of the estimated eighteen inhabitants 

therein. In addition, the proposed buyout of structures within the residual 
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100-year flood plain would displace approximately 92 persons from dwellings. 

In total, 43 res idential structures and 110 inhabitants of those structures 

would be affected by buyout and relocation. If this plan is implemented, the 

threat of flood damages and the associated personal safety risks would be 

removed from all property and persons within the existing and future residual 

lOO-year flood plain. 

4.8.1.2 Those persons displaced from their homes and business due to 

implementation of this plan would be eligible for relocation assistance under 

the provisions set forth in Public Law 91-646, The Uniform Relocation 

Assistance and Real Property Acquisition Policies Act of 1970. Theoretically, 

the provisions under the law mitigate the adverse economic effects associated 

with forced relocation of the population. Any adverse social impacts, such as 

disruption of home and family life or loss of community association, would not 

be compensated, however. 

4.8.1.3 Through structured interviews with those families targeted for 

relocation, discussed at length in Appendix VIII of the GDM, it was found that 

forced relocation is not perceived as the most acceptable solution to local 

flooding problems. The majority of the families subject to relocation voiced 

preferences to remain at their places of residence even 1n the event of 

another flood of the magnitude of Tropical Storm Claudette in 1979. 

Therefore, while the channelization portion of the plan is perceived as 

beneficial insofar as reducing flooding potential, the buyout aspect of the 

plan would face possible resistence by those families affected by relocation. 

The relocation aspect of the plan is also likely to produce negative impacts 

on community cohesion, affecting, as well, neighbors who live nearby but who 

are not subject to relocation. 

4.8.1.4 Implementation of this plan would also affect future development by 

enhancing the area no longer subject to damage from a 100-year flood. 

Increased development in this area would likely. strain community services 
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beyond that which would be expected with No Action Plan. Yet despite the 

strain on community services, the IO-Year Channel with Buyout Plan has 

positive net benefits in the reduction of damages to pUblic facilities and 

utilities and in the reduction of costs of emergency services. In addition, 

increased development should expand the property tax base of local governments 

and other taxing authorities. Local leaders anticipate that flood control 

wi thin the Clear Creek and Clear Lake areas will open up more land for 

development, improve property values, 

facilitate lower development costs 

necessary. 

improve the image of 

with floodproofing no 

the area, and 

longer being 

4.8.1.5 The 643 acres purchased for right-of-way and the 12 acres purchased 

with the buyout of development in the residual flood plain would be held a 

public land and would become open space available for recreational use. This 

should meet, in part, the increasing demand for open space projected to occur 

from future development and population growth in the area. 

4.8.1.6 The construction phase of the plan, with the associated demolition 

and removal of the 36 structures in the residual lOO-year flood plain and the 

disposal of excavated material from the lO-year design channel, will produce 

some social effects which are localized and temporary in nature. For 

instance, some slight, short-term increase in local employment demand should 

occur during the construction phase. Also, noise levels are expected to 

increase and air qual i ty decrease for the short term at construction and 

disposal sites. While the aesthetics of the natural stream will be 

permanently al tered, the aesthetic quality of the disposal sites should be 

diminished only temporarily. In addition, temporary inconveniences and 

impairments to traffic flow of local roadways are anticipated for the 

short-term during disposal activity. 

4.8.1. 7 The additional gated outlet from Clear Lake into Galveston Bay 

complements upstream improvements and removes added risk of flooding to Clear 

Lake area residents. 
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4.8.2 Modified 10-Year Channel Plan. This plan also entails channelization 

of Clear Creek to contain a lO-year frequency flood; however, the existing 

development (36 homes) within the residual 100-year flood plain would remain 

intact. Therefore, rather than removing the threat of flooding from a 

100-year event from 100 percent of the residents who live within the existing 

100-year flood plain, this plan would so affect 98 percent of those 

residents. Seven homes and one business would necessarily be relocated for 

right-of-way acquisition and the residents thereof would be provided 

relocation 

dwellings 

assistance, as in 

and 92 inhabitants 

the previous ly 

thereof would 

discussed 

remain 

plan. However, 36 

susceptible to the 

respective damage and safety hazards associated with a 100-year frequency 

flood. 

4.8.2.1 The adverse social effects associated with forced relocation of the 

population within the residual lOO-year flood plain would be avoided with 

implementation of this plan. The adverse flooding damages to the property of 

this segment of the population from future lOO-year events would be partially 

compensated by enrollment in the Federal Flood Insurance Program. Since most 

of these families possessed flood insurance at the time of Tropical Storm 

Claudette, as discusses in Appendix VIII of the GDM, it can be assumed that 

the cost of future property damage resulting from lOO-year floods along Clear 

Creek would be shared, by those flood victims, with the nation t s taxpayers 

through claims paid by the Federally subsidized flood insurance program. 

4.8.2.2 With respect to the difference in Federal action proposed for 

residual lOO-year flood plain development, the Modified 10-Year Frequency 

Channel Plan and the 10-Year Frequency Channel with Buyout Plan are expected 

to produce identical social effects. These effects are delineated in the 

discussion of the previous plan. 

4.8.3 25-Year Channel and Standard Project Flood Channel Plans. 

Implementation of either of these plans would produce social effects that are 

identical to those described under the Modified 10-Year Frequency Channel Plan 

in section 4.8.2. 
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4.8.4 Acquisition of Flood Plain Development Plan. Acquisition of all 

development within the existing 10-year flood plain would entail the buyout of 

546 structures and 182 acres of land and the relocation of an estimated 1,400 

persons. This action would remove 28 percent of the development within the 

existing 100-year flood plain while leaving 1,392 structures, or 72 percent of 

existing development, and 3,400 persons susceptible to the respective damages 

and personal dangers of a 100-year flood. 

4.8.4.1 Implementation of this plan would effectively remove the potential 

for personal danger and property from a 10-year frequency flood along Clear 

Creek. A flood of greater magnitude would, however, produce effects within 

the remainder of the 100-year flood plain similar to that which would occur 

with implementation of the No Action Plan. Therefore, property outside the 

10-year flood plain within the 100-year flood plain would receive no flood 

reduction benefit from this section. 

4.8.4.2 Any 

unaffected by 

restrictions. 

future development within 

buyout would still be 

the remainder of 

subject to flood 

the flood plain 

plain building 

Property owners and residents within this area would still 

require the protection of Federal flood insurance. Additionally, there would 

be no enhancement of property values within this area to offset the revenue 

lost by local taxing entities from the public purchase of taxable property 

within the 10-year flood plain. 

4.8.4.3 Those persons displaced from their businesses and homes because of 

plan implementation would be eligible for relocation assistance under 

provisions set forth in Public Law 91-646. While adverse economic effects of 

forced relocation would, theoretically, be mitigated, the adverse social 

effects of displacing 1,400 persons would not be compensated under this law. 

Relocation action of this magnitude would produce adverse effects not only to 

those individuals directly impacted, but also to the surrounding communities 

and neighborhoods. Community cohesion within the impact area would be 

negatively affected with the disruption of numerous social networks. 
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4.S .4.4 The demand for replacemnt housing within flood-free sites for 1,400 

persons would produce inflationary effects on the local housing market which 

would tend to dilute the benefits of Federal economic relocation assistance. 

Also the increased demand for services to these replacement homes would 

severly strain the local communities' capabilities to provide necessary 

services at least for the short term. Wi th the exception of the demand for 

replacement housing, future development and population growth within the 

watershed is projected to be somewhat lower than with the No Action Plan 

because there will be less land area available for development. After 

services to the replacement housing are met, the demand for community services 

as a result of future development should be lower, as well. 

4.8.4.5 The demolition of structures within the existing la-year flood plain 

and the demand for replacement housing should produce short-term beneficial 

effects in construction employment. Noise levels will increase and air 

quality will decrease temporarily at the demolition sites. However, the 

aesthetic beauty of the natural stream will be preserved and actually enhanced 

with the removal of development from the 10-year flood plain. 

4.8.4.6 After demolition and removal of existing structures and severance of 

utilities within the 10-year flood plain, the land will be held in the public 

trust and will become open space available for recreational use cons,istent 

with periodic inundation. 

4.9 Cultural Resources. All proposed plans have the potential to adversely 

affect significant cultural resources. The completion of intensive survey of 

all areas of project impact and assessment of identified sites would be 

completed and coordinated with the Texas State Historic Preservation Officer 

and the Advisory Council on Historic Preservation in accordance with 36 CFR 

SOO prior to beginning of construction. 

4.10 Endangered and Threatened Species. The brown pelican, Arctic peregrine 

falcon, bald eagle, and American alligator will probably not be affected by 

implementation of the proposed project because of their extreme local rarity 
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and because no populations of these species are known to exist in the area to 

be impacted. Since no populations of the Attwater's prairie chicken or 

Houston toad are known to the immediate project area, the probability of 

impact is very low. However, the close proximity to past and present 

populations requires that the District monitor any future construction 

activity and dredged material disposal carefully. Also, since the Houston 

toad breeding season had passed at the time of the assessment was conducted, 

the District is surveying the most likely habitat during the current breeding 

season. The rarity of the Louisiana milk snake and western smooth green snake 

make impacts improbable, through potential habitat could be destroyed by 

disposal of dredged material. The least tern and reddish egret might suffer 

slight temporary disruption of activities during project construction; but 

impacts would be minor and temporary because of their mobility. 

4.11 Adverse Environmental Effects Which Cannot be Avoided Should the 

Proposed Plan be Im2lemented. All avoidable adverse environmental effects 

have been screened from each of the alternative plans to the maximum extent 

practicable. The unavoidable adverse environmental effects include the 

dis turbance of fish and wildlife habitat, with the most significant impacts 

occurr ing to riparian/woodland and wetlands. These impacts are presented in 

detail in Section 4.5.3. 

4.12 The Relationship Between Short-Term Uses o!~n's_ Environment and 

Enhancement of Lon&-Term Productivity. Completion of the flood control 

project would improve the safety and well-being of all inhabitants as well as 

reduce flood damage to existing and future developments in the flood plain. 

Prevention of flood damages would stimulate economic productivity insuring the 

long and short-term economic and social well-being of the area and its 

inhabitants. The long term development of recreational facilities would be 

enhanced since the project would make additional areas available for 

recreational development by locals. Short term impacts would include the 

reduction in water quality and fishery habitat and loss of riparian/woodlands 

and wetlands. Any long-term environmental effects should be offset by the 
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fish and wildli fe measures proposed as part of the project. Assumming this 

plan is properly implemented, the long-term productivity and the overall 

integrity of the natural environment of the Clear Creek watershed will be 

maintained. 

4.13 Irreversible and Irretrievable Commitments of Resources Which Would be 

Involved in the Proposal Should it be Implemented. The labor, capital, and 

material resources expended in the planning and construction of this project 

represent irreversible and irretrievable commitments of human, economic, and 

natural resources. Cons truction of this project would require removal of 

approximately 393 acres of riparian/woodlands. The fish and wildlife 

conservation measures call for reestablishment of the riparian/woodlands; 

however, natural revegetation to mature riparian forests 

years. The loss of the biotic community and wildlife 

requires 

habitat 

characteristics are also irreversible and irretrievable commitments. 
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5. LIST OF PREPARERS 

The following people were primarily responsible for preparing the FEIS. 

Name 

Mr. Merlin Henke 

Mr. Phil Glass 

Hs. Carolyn Good 

Mr. Ray Proctor 

Mr. David Templet 

Mr. Alex Bridge 

Mr. Robert Van Hook 

Mr. Lee Hunt 

Ms. Carol Hollaway 

Fish and Wildlife Biology 

Biology/Wildlife 

Archeology 

Chemistry/Water Quality 

Environmental Management 

Marine Science 

Civil Engineering 

Biology/Wildlife 

Sociology/Water Resources 
Planning 

2-1/2 year CaHfornia 
Fish and Game Dept; 
3 yrs Alaska Fish and 
Game Oept; 6-1/2 yrs, 
U.S. Fish and Wildlife 
Service; 1-1/2 years Corps 
of Engineers 

2-1/2 yrs Smithsonian­
Peach Corps; 1-1/2 yrs 
Corps of Engineers 

3 yrs Corps of Engineers 

17 yrs National Marine 
Fisheries Service Re­
search Chemist; 5 yrs 
Galveston District Water 
QuaE ty 

8 yrs. EIS Studies, 
Galveston District 

2-1/2 yrs Texas A&M 
University Oil Spill 
Control School; 1 yr 
Galveston District, 
EIS Studies 

8 yrs. Corps of 
Engineers 

5 yrs Fort Worth 
District; 1-1/2 yrs 
Galveston District, 
EIS Studies 

4 yrs, Social impact 
studies, Galveston 
District 

Fish and wildlife Biology; 
Environmental Impact 
Assessment 

Endangered Species 
Biological Assessment 

Cultural Resource 
Assessment 

Water Quality 
Effects Assessment 

Environmental Review 

Ins Coordinator; 
Environmental Impact 
A!Jsessment 

Study Manager 

Recreation Resources; 
Fish and wildlife Con­
servation Plan 

Social Impact Analysis 



LIST OF PREPARERS 

The following people were primarily responsible for preparing an Environmental Assessment which contained 
the basic data for this OEIS. (DEE, et al 1981a) 

Name 

Dr. Norbert Dee 

Hr. David Bean 

Hr. Terry A. Bowen 

Hr. Marty Hunter 

Environmental Science 
and Water Resources 

Aquatic Ecology 

Water Resources 

Water Resources 

Dr. Frederick Moleski Plant Ecologist 

Mr. Steven Pomeroy Wildlife Biology 

Ms. Cynthia Richmond 

Mr. Harry E. Smail 

Dr. Phillip Sticksel 

Planning 

Land Resources 

Air pollution 
Meteorology and 
Cl imatology 

10 years environmental 
assessments at Battelle 

5 yrs RIS studies aquatic 
impacts 

2 yrs water and environ­
mental studies at Battelle 

2 yrs as environmental 
scientist at Ohio EPA; 
I yr of environmental 
studies at Battelle 

Environmental Science and 
Water Resources 

Aquatic Ecologist 

Water Resources Engineering 
and Management 

Wastew~ter Engineer 

9 yes of environmental Botantist 
assessment including both 
field work and project 
management, 2 yrs at Battelle 

2 yrs field biology tech., Wildlife Biologist 
Univ of Georgia; 4 yrs re-
search asst •• Univ of 
Georgia, 9 yrs environ-
mental studies at Battelle 

J yrs planning and environ­
mental studies at Battelle 

Member. American lnst. of 
Cert. Planners, 8 yrs environ­
mental and land use planning 
research at Battelle 

11 yrs air quality studies 
at Battelle, 2 yrs U.S. 
EPA. Member, American 
Meteorological Society 

Planner 

Environmental/Land Use 
Planner 

Meteorologist 



6. PUBLIC INVOLVEMENT. 

6.1 Public Involvement Program. The public was actively involved during the 

preauthorization planning process for the Clear Creek Flood Control project. 

This involvement began with a public meeting in Friendswood, Texas in March 

1964. Since initiation of post authorization studies in early 1972, four 

public meetings and numerous workshop meetings have been held on the project. 

Significant environmental resources and issues were identified at a scoping 

meeting in League City, Texas on 13 August 1980. Also a Notice of Intent to 

prepare a draft environmental impact statement was published in the Federal 

Register dated 24 July 1980. More information on the public meeting may be 

found in the GDM. 

6.2 Required Coordination. This Environmental Impact Statement has been 

prepared to satisfy the requirements of all applicable laws and regulations. 

The U.S. Fish and Wildlife Service coordination report has been prepared. A 

species list was requested from the USFWS and a biological assessment was 

submitted in accordance with Section 7 of the Endangered Species Act of 1973, 

as amend. Because of the nature and location of the project, the Galveston 

District considers that impacts to endangered or threatened marine species are 

very unlikely. A letter expressing this opinion was sent to the National 

Marine Fisheries Service, and they concurred in the opinion. The biological 

assessment stated that the populations of a Federally listed endangered or 

threatened species would be affected by the project with two conditions. 

First, since the Houston toad breeding season has passed at the time the 

assessment was written, the District is surveYl.ng the most likely habitat 

during the currrent breeding season. Second, since populations of the 

Attwater's prairie chicken exist within 1-1/4 miles of the channel alignment) 

the District will continue to collect information on disposal sites in case 

prairie chickens recolonize the area. In their reply) the USFWS concurred 

with the assessment and acknowledged that informal consultation would be 

extended to include the information gathered during spring 1982. Appendix X 

consists of the assessment and pertinent correspondence. Cultural resources 
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coordination to be accomplished to comply with the National Historic 

Preservation Act includes coordination of this draft Phase 1 GDM and DElS with 

the State Historic Preservation Officer, Heritage Conservation and Recreation 

Service, and Advisory Council on Historic Preservation. Comments received on 

the DElS were used in preparation of the Final EIS. Coordination with 

interested parties and appropriate agencies will continue throughout the 

planning process. 

6.3 Statement Recipients. The Draft Phase 1 GDM and DEIS were circulated to 

all known interested local, State, and Federal agencies and interested 

organizations and individuals with a request for review and comment. Those 

entities and individuals which commented on the DEIS include the following: 

Environmental Protection Agency 

Department of Commerce 

Department of Interior 

Department of Housing and Urban Development 

Coordinator for Water Resources, 

Federal Highway Administration 

U.S. Coast Guard 

Department of Transportation 

Soil Conservation Service, Department of Agriculture 

U.S. Fish and Wildlife Service 

National Marine Fisheries Service 

Public Health Service 

Budget and Planning Office, Office of the Governor, State of Texas 

Texas State Soil and Water Conservation Board 

Texas Parks and Wildlife Department 

Texas Department of Health 

Texas Forest Service 

Texas State Historic Preservation Officer 

Texas Department of Agriculture 

State Department of Highways and Public Transportation, State of Texas 

-Texas Department of Wa ter Resources 

Texas Air Control Board 
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Texas Energy and Natural Resources Advisory Council 

The Sierra Club - Lone Star. Chapter 

The Sierra Club - Houston Regional Group 

Houston-Galveston Area Council 

Galveston County Beach Park Board 

Ms. Maria Isabel Braga 

Galveston County Judge 

Brazoria County Drainage District No. 4 

Harris County, Precinct 1 

6.4 Public Views and Responses. Public views and COncerns expressed during 

this study have been considered or addressed in this FEIS. These views and 

concerns were used to develop the planning objectives listed in Section 1. 3, 

and to determine the significant issues to be addressed in this statement. 

All responses to the DElS were considered l.n preparation of the final report 

and EIS. Responses to comments received on the DElS and main report are 

contained in Appendix III. 
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RECOMMENDATION OF THE DISTRICT ENGINEER 

I have given full consideration'to views, comments and suggestions of other 

agencies and the public during post authorization planning studies for Clear Creek. 

I have found that the Modified la-Year Channel Plan best satisfies the public 

interest while solving the watershed problems. I recommend that the Modified 

la-Year Channel Plan, as described, be approved for detailed design leading to 

construction. 

~sv 
Colonel, Corps of Engi~eers 
District Engineer 
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GLOSSARY 

ACCLIMATION - Adjustment to environmental change on the part of the individual; 
the physiological adjustment of increased tolerance shown by an organism 
to environmental change; nonstandard variation of acclimatization. 

ACIDITY - Quality of being acid or sour; having pH less than 7. (See pH.) 

ADAPTABLE - Capable of undergoing inheritable (and/or nonheritable) structural 
or functional changes. 

ADAPTATION - The result of process of long term evolutionary adjustment of a 
population to environmental changes. 

ADSORPTION - The adherence of substances to the surfaces of bodies with which 
they are in contact but not in chemical combination. 

AEROBIC - Living, active, or occurring only in the presence of oxygen or air. 

AGRICULTURAL DAMAGES - Damages to growing crops; soil erosion; deposition 
of undesirable material; weed infestation; loss of livestock and poultry; 
damages to buildings, fences, and equipment; and damages to irrigation 
facilities. 

ALGAE - Any of a group of chiefly marine or freshwater chlorophyll-bearing 
aquatic plants with no true leaves, stems, or roots. Ranging from 
microscopic single-cell organisms or colonies to large macroscopic 
seaweeds, etc. 

ALGAL BLOOM - Rapid and flourishing growth of algae. 

ALLUVIAL - Pertaining to or consisting of the materials eroded, transported, 
and deposited by streams. 

AMBIENT - Surrounding on all sides. 

AMMONIA NITROGEN - Nitrogen combined with hydrogen in the amino groups. Also 
known as amino nitrogen. 

AMPHIBIAN - Any of a class of vertebrate animals, most of which pass through an 
aquatic larval stage with gills and then through a terrestrial stage with 
lungs (e.g., salamanders, frogs, and toads). 

ANAEROBIC - Capable of living or remaining active ~n the absence of air or free 
oxygen. 

ANNUAL CHARGES - This figure is made up of two elements: the annual payment 
required to retire the investment at 7 5/8 percent over a period of 100 
years; and the estimated average annual cost of operation, maintenance, 
and major replacement. 

AQUATIC - Growing, living in, frequenting, or pertaining to marine or fresh­
water. 



AQUATIC HABITAT - A habitat located in water. 

AQUIFER - Permeable stratum or zone below the surface of the earth capable of 
producing water as from a well. 

ASSESSMENT - A quantitative and/or qualitative evaluation. This study 
evaluated the impact on hydrologic, hydraul ie, economic, environmental, 
and wildlife habitat conditions that wou~d result if anyone of a 
selected number of alternative, or variable, futures were to occur. 

BACTERIA - Any of a class of free-living, parasitic, or pathogenic microscopic 
organisms having single-celled or noncellular bodies; devoid of 
conventional nuclei; often living in colonies; colloquial, microbes. 

BASELINE PROFILE - Used for a complete survey of the environmental conditions 
and organisms existing in a region prior to unnatural disturbances. 

BASELINE STUDY - See baseline profile. 

BAY-HEAD DELTA - A delta at the head of a bay. 

BENTHIC - Of/the bottom of lakes or oceans. Of/organisms which live on the 
bottom of water bodies. 

BENTHOS - Those organisms which live on the bottom of a body of water. 

BIOCHEMICAL OXYGEN DEMAND (BOD) - The amount of oxygen required to decompose 
(oxidize) a given amount of organic compounds to simple, stable 
substances. 

BIODEGRADABLE - Can be broken down to simple inorganic substances by the action 
of decay organisms (bacteria or fungi). 

BIOLOGICAL PRODUCTIVITY - See productivity. 

BIOTA - All of the named or namable organisms of an area; fauna and flora 
(= biota) of a region. 

BIOTIC - Of or pertaining to life and living organisms. 

BIOTIC COMMUNITY - See community; biotic implies plants and animals. 

BIOTIC PYRAMID - The set of all food chains or hierarchic arrangements of 
organisms as eaters and eaten in a prescribed area when tabulated by 
numbers or by biomasses; usually takes a pyramidal form. 

BIVALVE - A mollusc having a shell composed of two valves; e.g., a clam. 

BLOOM - To flower; of algae, to appear or occur suddenly or in large quantity 
or degree; see algal bloom. 

BRACKISH WATER - Salty, water between the concentrations of freshwater and 
seawater; usually 5-10 parts per thousand. 
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BUFFER - An intermediate region or ecotone between two systems whose presence 
reduces the effects of one system on the other; a chemical substance 
which tends to maintain constant pH. 

cfs - ,(cubic feet per second) is a hydrological unit which 1S the equivalent of 
approximately 449 gallons per minute. 

CLIMATE - The average conditions of the weather over a number of years; 
macroclimate is the climate representative of a relatively large area; 
microclimate is the climate of a small area (usually near the ground), 
particularly that of the living space of a certain species, group, or 
community. 

COLIFORM BACTERIA - A non-pathogenic group of organisms which are used as a 
test to determine the presence or absence of fecal contamination. 

COMMUNITY - An aggregate of organisms with mutual relations. 

DAMAGES TO TRANSPORTATION FACILITIES - Damages to railroads, highways, and 
coun ty roads. 

DAMAGES TO UTILITIES - Damages to electric powerlines, telephone and tele­
graph lines, and pipelines. 

DELTA - The alluvial deposit at the mouth of a river. 

DETRITUS (ecology) - A mixture of living and dead organic matter washed or 
dropped into a stream, river, or lake. 

DIATOM - Common name for minute planktonic unicellular or colonial algae noted 
for the symmetry and sculpturing of the siliceous cell walls. 

DISCHARGE - As applied to a stream, the rate of flow or volume of water flowing 
in a given stream at a given place and within a given period of time, 
usually quoted in cubic feet per second (cfs) or gallons per minute (gpm). 

DISPOSAL AREA - An area either on land or in water, where dredged material is 
depos i ted. 

DISSOLVED OXYGEN - An amount of gaseous oxygen dissolved 1n a volume of water. 

DISTRIBUTION - The geographic range of a species. 

DIURNAL - Occurring every day, having a daily cycle. 

DIVERSITY - The number of kinds of organisms per unit area or volume; the 
richness of species in a given area. 

DOMINANT - An organism that controls the habitat at any stage of development; 
in practice the organism that 1S mos t conspicuous and covers the mos t 
area. 

DRAINAGE AREA - The area tributary to a lake, stream, sewer or drain. Also 
called catchment area, watershed and river basin. 
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ECOLOGY - The study of the interrelationships of organisms with and within 
their environment. 

ECOSYSTEM - A community and its (living and nonliving) environml~nt considered 
collectively; the fundamental unit in ecology. May be quite small, as 
the ecosystem of one-celled plants in a drop of water, or indefinitely 
large, as in the grassland ecosystem. 

ECOSYSTEM DYNAMICS - Characteristic and measurable processes within an 
ecosystem such as (l) succession, (2) energy flow and nutrient cycling, 
and (3) community metabolism. 

EFFLUENT - The liquid waste of sewage and industrial processing. 

ENDANGERED SPECIES - Species that are in danger of becoming extinct. 

ENVIRONMENT - The sum total or the resultant of all the external conditions 
which act upon an organism. 

ENVIRONMENTAL CRITERIA - Standards of physical, chemical, and biological 
(but sometimes including social, esthetic, etc.) components that define a 
given quality of an environment. 

ENVIRONMENTAL EFFECT - Resultant of natural or manmade perturbations of the 
physical, chemical, or biological components making up the environment. 

ENVIRONMENTAL INVENTORY - A listing of the components making up an environment 
- or a listing of types of environments. 

ENVIRONMENTAL PARAMETERS - Physical, chemical, or biological components and 
their interactions which can be stated in quantitative tel:1llS; a parameter 
is what is measured by a statistic. 

ENVIRONMENTAL QUALITY - Human (individual or social) considerations of 
desirable ecological situations. 

EROSION - The collapse or subsidence of land along the shore of a lake or 
other body of water as a result of undermining caus€~d by waves or 
currents of water exceeding anticipated cyclical levels or suddenly 
caused by an unusually high water level in a natural body of water, 
accompanied by a severe storm, or by an unanticipated force of nature, 
such as a flash flood or an abnormal tidal surge, or by some similarly 
unusual and unforeseeable event which results in flooding. Therefore, 
the use of the work "erosion" shall mean flood-related ero;;ion. 

ESTUARINE - Of/the mouth region of a river that is affected by tides. 

ESTUARY - A semienclosed coastal body of water having a free connection with 
the sea in which seawater is measureably diluted by freshwater, usually 
from rivers. 

EUPHOTIC - Of the upper layers of water in which sufficient light penetrates 
to permit growth of green plants. 
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EURYHALINE - Of/species peculiar to or living in brackish waters of marine or 
nonmarine origin, and which can tolerate great changes in salinity. 

FAULT - A surface or zone of rock fracture along which there has been 
displacement. 

FAUNA - The animals of a given region taken collectively; as in the taxonomic 
sense, the species, or kinds, or animals in a region. 

FIRST COST - Total cost of project including lands and damages, construction 
costs, engineering and design, supervision and administration, and cost 
of future facilities discounted to present worth at estimated time of 
initiation of construction. 

FISHERY - Of/fish popUlations as the basis of an industry; recreational or 
commercial. 

FLOOD OR FLOODING - A general and temporary condition of partial or complete 
inundation of normally dry land areas from the overflow of inland or 
tidal waters, or from the unusual and rapid accumulation or runoff of 
surface waters from any source, or from mudslides, which are precipitated 
by accumulations of water on or under the ground, or from the collapse or 
subsidence of land along a shore of a body of water as a result of 
flood-related erosion. 

FLOOD CONTROL BENEFITS - The monetary difference between the average annual 
damages caused by floods before and after construction of a flood control 
project in a specific geographic area. 

FLOOD DAMAGE - Damage to property resulting from a given flood. 

FLOODED AREAS - The land area covered by a given flood. 

FLOOD FREQUENCY - A means of expressing the exceedance probability of flood 
occurrences as determined from a statistical analysis of, representative 
streamflow or rainfall and runoff records. A 10-year frequency flood 
would have an average frequency of occurrence in the order of once in 
10 years (a 10 percent chance of being equalled or exceeded in any given 
year). A 50-year frequency flood would have an average frequency of 
occurrence in the order of once in 50 years (a two percent change of 
being equalled or exceeded in any given year). A SOO-year frequency 
flood would have an average frequency of occurrence in the order of once 
in 500 years (a 0.2 percent chance of being equalled or exceeded in any 
gi ven year). 

FLOOD HEIGHT - The water surface elevation reached by a given flood. 

FLOOD HYDROGRAPH - A graph showing flow (discharge) values against time at a 
given point, usually measured in cubic feet per second (cfs). The area 
under the curve indicates total volume of flow. 
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FLOOD PEAK - The maximum instantaneous discharge of a flood at a given loca­
tion. It usually occurs at or near the time of the flood crest. 

FLOOD PIAIN - The relatively flat area or lowlands adjoining the channel of 
a river, stream or watercourse or ocean, lake or other body of standing 
water, which has been or may be covered by floodwater. 

FLOOD PLAIN (ecology) - That portion of a river valley which is covered in 
periods of high (flood) water; ordinarily populated by organisms not 
greatly harmed by short immersions. 

FLOOD PIAIN MANAGEMENT - Any action which is directed toward the wise use of 
flood plains. This action generally involves the reduction and/or 
prevention of flood damage and protection of environmental values; while 
at the same time, leading to the prudent use of the flood plain. 
Corrective and preventive measures for reducing flood damage, include but 
are not limited to emergency preparedness plans, flood control works and 
flood plain management regulations such as zoning ordinances, building 
codes, health regulations, grading ordinances and erosion control 
ordinances. 

FLooDPROOFING - Any combination of structural and non~tructural additions, 
changes, or adjustments to properties and structures which reduce or 
eliminate flood damage to lands, wat.er and sanitary facilities, 
structures, and contents of buildings. 

FLooDWAY - The minimum area of a flood plain required to convey a flood peak 
of a selected magnitude. This usually consists of the most hazardous 
area of the flood plain where water velocities are appreciable. Areas on 
the landward side of a floodway normally convey little or no floodflow 
although they are inundated by water during floods. 

FLUVIAL (ecology) - Applied to plants growing along streams. 

FLUVIAL PROCESSES - Depositional, transportation, and erosional processes 
associated with a river environment. 

FOREST - An association dominated by trees; usually defined as woody plants 
over 10 meters (32.8 feet) tall. 

FOREST/WooDIAND - An area covered by a growth of trees and (or) brush so that 
more than half of surface has a vegetative canopy above 5 feet in height. 

GAME - Wild animals usually mammals or birds hunted for sport or food and 
subject to legal regulations. 

GENERAL DESIGN MEMORANDUM, PHASE I - A report that is required when the 
conditions such as laws, regulations, or physical characteristics have 
changed substantially since authorization of a project. The report 
presents the results of studies that reaffirm or reformulate the project 
under then current conditions. 
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GENERAL DESIGN MEMORANDUM, PHASE II - A report that presents the functional 
design of elements of the recommended project plan. If a Phase I study 
is not required, this report will be designated a General Design 
Memorandum with no phase reference. 

GENUS - A unit of biological classification (taxonomy), including one or 
several species sharing certain fundamental characteristics, supposedly 
by common descent. 

GRASSLAND - An area in which grasses are the major plants; trees and shrubs 
are largely absent. 

GREENBELT - A plot of vegetated land separating or surrounding areas of 
intensive residential or industrial use and devoted to recreation or park 
uses. 

GROUND WATER - Water found underground in porous rock or soil strata. 

HABITAT - The environment, usually the natural environment in which a 
population of plants or animals occurs. 

HERBACEOUS - Of/any plant lacking woody tissue in which the leaves and stem 
fall to ground level during freezing or drying weather. 

HERBICIDE - A chemical substance used to kill plants or inhibit plant growth. 

HERBIVORE - An organism which eats herbs and grasses. 

HUMAN ENVIRONMENT - The sum total of all conditions and influences (including 
(but not limited to) esthetic, ecological, cultural, social, economic, 
historical, etc.) that affect human life. 

HYDRAULICS - The branch of physics having to do with the mechanical properties 
of water and with the application of these properties in engineering. 

HYDROLOGY - The branch of science dealing with water, its properties, laws and 
distribution. 

INVESTMENT COST - First cost plus interest during construction. 

INVERTEBRATE - Any animal lacking a backbone (i.e., insects, spiders, 
crustaceans, segmented worms, round and flatworms, molluscs, etc.) 

IRRIGATION - To supply agricultural land with water by artificial means. 

LAG TIME - The delay between some event and its effect. 

LAKE - A large body of water contained in a depression of the earth's surface 
and supplied from drainage of a larger area. Locally may be called a 
pond. 

LAND USE - The purpose for which land is used. 
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LARVA - An early developmental stage of an animal which changes structurally 
when it becomes an adult (e.g., a tadpole or caterpillar). 

LIMNOLOGY - The study of the biological, chemical, and physical features of 
inland waters. 

LOWER FORM FAUNA - Invertebrates. 

MACROBENTHIC ORGANISMS - Bottom-dwelling animals which are large enough to be 
visible to the naked eye. 

MACROFAUNA - The large (i.e., visible to the naked eye) animals of an area. 

MARINE - Of/the sea or ocean. 

MARSH - A tract of low-lying soft, wet land, commonly covered (sometimes 
seasonally) entirely or partially with water; a swamp dominated by 
grasses or grass-like vegetation. 

MEAN SEA LEVEL - The average height of the sea for all stages of the tide over 
a nineteen year period, usually determined from hourly height 
observations on an open coast or in adjacent waters having free access to 
the sea. 

MGD - million gallons per day. 

mg/l - Milligrams per liter - a unit used in quantifying the weight of solute 
per volume of solvent. 

MIGRATION - A regular movement from one region to another. 

MOLLUSC - Any of a phylum of invertebrate animals including oysters, clams, 
mussels, snails, slugs, squids, octupi, whelks, and other shellfish. 

msl - Mean sea level. 

NATIONAL PLANNING ACCOUNTS - The four specific classifications or descriptive 
categories, national economic development, environmental quality, 
regional development, and social well-being, under which the effects of a 
proposed action are to be discussed or displayed. These four accounts 
are set forth by the United States Water Resources Council as germane to 
the planning of water and related land resources development 
considerations. 

NATIONAL PLANNING OBJECTIVES - The two specific target conditions of national 
economic development and environmental quality, set forth by the United 
States Water Resources Council, that are to be emphasized during the 
planning of water and related land resources actions. 

NON STRUCTURAL FLOOD CONTROL BENEFITS - The damages prevented by adoption of 
certain courses of action other than project construction. 
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NURSERY AREA - An area where animals congregate for g1v1ng birth or where the 
early life history stages develop, e.g., estuaries for shirmp. 

NUTRIENTS - Chemical elements essential to life. Macronutrients are those of 
major importance required in relatively large quantities (C, H, 0, N. S, 
and p): micronutrients are also important but required in smaller 
quantities (Fe, Mo). 

NUTRIENT CYCLING - The movement of nutrients from the nonliving (abiotic) 
through the living (biotic) parts of the environment and back to the 
abiotic parts. 

O&M - Operation and maintenance. 

ONE HUNDRED YEAR FLOOD - A flood having once chance in 100 of being exceeded 
in anyone-year period, at a designated location, although the flood may 
occur in any year and possibly in successive years. It would have one 
percent chance of being equalled or exceeded in any year. In the past, 
this flood has been referred to as the Intermediate Regional Flood. 

ORGANISM - Any living or recently dead thing. 

OXYGEN DEPLETION - Removal or exhaustion of oxygen by chemical or biological 
absorption. 

PARAMETER - One of a set of physical properties whose values determine the 
characteristics of a system. 

PESTICIDE - Toxic chemical used for killing pest organisms. Usually widely 
toxic to many living things (see herbicide). 

pH - A symbol denoting the negative logarithm of the concentration of the 
hydrogen ion in gram atoms per liter, used in expressing both acidity and 
alkalinity. pH values run from 0 to 14; 7 indicating neutrality; numbers 
less than 7 increasing acidity, and numbers greater than 7 increasing 
alkalinity. 

PHOTOSYNTHESIS - The process in which energy of light and chlorophyll are used 
by plants to synthesize carbohydrates from carbon dioxide and water. 

PHYTOPLANKTON - Small, mostly microscopic, plants floating in the water 
column. (See benthos.) 

PLANKTON - Small organisms (animals, plants, or microbes) passively floating 
in water; macroplankton are relatively large (1.0 mm to 1.0 em); 
mesoplankton of intermediate size; microplankton are small. 

PLEISTOCENE AGE - The time period between about 2 million and 30,000 years 
B.P. and associated with several glacial and interglacial episodes. 

POLLUTANT - A residue (usually of human activity) which has an undesirable 
effect upon the environment (particularly of concern when in excess of 
the natural capacity of the environment to render it innocuous). 
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POLLUTION - An undesirable change in atmospheric, land, or water conditions, 
harmfully affecting the material or esthetic attributes of the 
env ironmen t. 

PREDATOR - An organism, usually an animal, which kills and consumes another 
organism in whole or in part. 

PREDOMINANT-DOMINANT - An organism of outstanding abundance of obvious 
importance in a community. 

PRODUCTIVITY - The rate of production of organic matter produced by biological 
activity in an area or volume. (e.g., grams per square meter per day, or 
other units of weight or energy per area or volume and time). 

RANGE - The geographic area of occurrence of a species; the region over which 
a given form occurs, naturally or after introduction. 

RECREATION DAY - A standard recreational unit of use, defined as a visit by one 
indi vidual to a recreation site or area for vacation purposes during all 
or any reasonable portion of a 24-hour period. 

REPTILES - One of the major groups of vertebrate animals, including 
crocodilians, turtles, lizards, and snakes, having scales or horny 
plates, true lungs, and a three- or four-chambered heart. 

RIPARIAN - Of, adjacent to, or living on, the bank of a stream, lake or 
pond. 

RIVER MILE (R.M.) - Distance in miles along the centerline of a river above 
a designated point at the mouth of the river. 

ROOKERY - The breeding or nesting place of colonies of birds, seals, etc. 

ROUGH FISH - A fish that is neither a sport fish nor an important food for 
sport fishes, e.g. suckers, carp, gar, and freshwater drum. 

RURAL NONAGRICULTURAL DAMAGES - Damages to physical property and loss of 
production of rural industrial properties such as oilfields, sand and 
gravel plants, and other property of this type. 

SALINITY - The sum concentration of all salts or ionic components; concentra­
tion of sodium chloride is, technically, salinity or sodium chlorinity. 

SALINITY WEDGE - The movement of subsurface saline water into an aquifer or 
in an estuary. Of a body of saline (sea) water under the freshwater. 

SALT DOME - A piercement structure with a central salt plug, genrally 1 to 2 
kilometers or more in diameter, which has risen through the inclosing 
sediments from a mother salt bed. 

SALT MARSH - Similar to a fresh (grass-dominated) marsh, but adjacent to marine 
areas covered periodically (tidally or seasonally) with saline water. 
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SECONDARY EFFECTS - Those effects not considered to be the direct result of an 
action but were project induced. 

SEDIMENT - Any usually finely divided organic and/or mineral matter deposited 
by air or water in nonturbulent areas. 

SESSILE - Stationary; attached; nonmoving; in botany, nonstalked. 

SHELLFISH - Aquatic animals, usually molluscs, having an external shell or 
exoskeleton. 

SHELL MAIDEN - An archeologial site created by prehistoric Indians; the middens 
were formed from the discarded shells of the clams eaten by the Indians. 

SHRUB - A woody perennial of shorter height than a tree. 

SILTATION - Referring to the deposition of silt-sized (smaller than sandsized) 
particles. 

SLUDGE - biological - The organic or mixed organic and inorganic deposit 
accumulating on the bottom of a stream; particle size is that of silt or 
clay (not sand). 

SMSA - Standard Metropolitan Statistical Area, consisting of a county with 
one or more cities of at least 50,000 population, plus any adjacent 
counties that are metropolitan in character and econonomically integrated 
with the central county. 

SPECIES DIVERSITY - Refers to the number of species or other kinds in an area, 
and for purposes of quantification, to their relative abundance as well. 

STANDARD PROJECT FLOOD (SPF) - The SPF for a given project is calculated by 
relating the record rains torms for the surrounding weather region to the 
rainfall runoff area above the project, and using hydrological and 
hydraulic methods to predict flow elevations and volumes that would pass 
through the project area. SPF I S usually. occur less frequently than once 
in 100 years but can occur any year. 

SUBSIDENCE - The lowering of the ground surface as a result of withdrawal of 
subsurface fluids, principally water, oil and gas. 

SUSPENDED SOLIDS - Refers to solid (particulate) materials held in suspension, 
i.e., in more or less turbulent air or water, and capable of settling out 
when turbulence ceases. 

SWAMP - A flat, wet area usually or periodically covered by standing water and 
supporting a growth of trees, shrubs, and grasses; in contract to a bog, 
the organic soil is thin and readily permeated by roots and nutrients. 

TERRESTRIAL - Of/land, the continents, and (or) dry ground; contrasted to 
aquatic. 

11 



TIDAL MARSH - Marsh land periodically inundated by tidal oceanic or estuarine 
water (i.e., salt marsh). 

TO!AL KJELDAHL NITROGEN - Dissolved organic nitrogen plus ammonia nitrogen. 

TOXIC - Of/poison. 

TRANSPIRATION - The loss of water from plants normally, as vapor. 

TRIBUTARY - A stream that contributes its water to a larger stream by dis­
charging into it. 

TURBIDITY - Condition of water resulting from suspended matter; water is turbid 
When its load of suspended materials is conspicuous. 

UNDERSTORY - Vegetation zone lying between the forest canopy (overstory) layer 
and the vegetation covering the ground (ground cover). 

UPLAND - All types of landforms other than depressions (occupied by lakes, 
swamps) and those areas in close proximity to rivers, streams, or seas 
such as flood plains, beaches, mud or tide flats, salt marshes. 

UPLAND GAME - Term describing htmtable animals living in upland areas. 

VASCULAR PLANT - All plants possessing specialized cells that transport food, 
water, and mineral compotmds or that give mechnical support to the plant. 

VEGETATION - Plants in general, or the total assemblage of plants, and their 
gross appearance as determined by the largest and most common. Flora ~s 
used for the list of kinds of plants. 

VERNACULAR NAME - Accepted common name of a species of plant or animal. 

VERTEBRATE - Those animals possessing a spinal column or backbone; i.e. 
fishes, birds, amphibians, mammals, and reptiles. 

WASTEWATER - Water derived from a municipal or industrial waste treatment 
plant. 

WATERFOWL - Birds frequenting water; ordinarily referring to game birds such 
as ducks and geese. 

WATERSHED - An entire drainage basin contributing to the supply of a river or 
lake. 

WATER !ABLE - The upper limits of that part of the ground which is saturated 
with water. 
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WETLANDS - Areas 
sufficient 

that are inundated by surface or ground water with a frequency 
to support, and under normal circumstances does or would 

support, a prevalence of vegetative or aquatic life that requires 
saturated or seasonally saturated soil conditions for growth and 
reproduction. Wetlands generally include swamps, marshes, bogs, and 
similar areas such as sloughs, potholes, wet meadows, river overflows, 
mud flats, and natural ponds. 

WILDLIFE - Undomesticated animals; often hunted or at least noticed by man, 
and therefore consisting mainly of mammals, birds, and a few lower 
vertebrates and insects. 

WILDLIFE ENHANCEMENT - Manipulation of wildlife habitat regions to promote 
increases in the amount or quality of living animals. 

WILDLIFE HABITAT - The combination of vegetative and physical features which 
present animals with suitable or maximized living conditions. 

ZOOPLANKTON - Animal microorganisms living unattached in water; they include 
small crustaceans, such as copepods, and single-cell animals as protozoa, 
etc. 
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