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ABSTRACT 

SEDIMENTS AND SEDIMENTARY PROCESSES 
IN LAKE HOUSTON, TEXAS 

Jane M. Matty 

Lake Houston is a man-made reservoir located northeast 

of Houston, Texas. The purpose of this investigation was to 

determine the nature of sediments and sedimentary processes 

in the lake. Cores were collected throughout the lake and 

sediment traps placed in strategic locations to collect 

suspended sediments. Samples were analyzed for grain-size, 

organic carbon, and a number of trace elements. 

The volume of the lake has been reduced by 7»8 % during 

its first 28.5 years, with most of the sediment accumulating 
i 'A 

near the mouths of inflowing rivers. Sediment input depends 

primarily on the intensity of rainfall in the watershed. 

Sediment movement within the lake is strongly influenced by 

wave activity which resuspends sediments from shallow areas. 

The increased residence time due to resuspension allows 

greater decomposition of organic matter and the release of 

several trace elements. The principal source of both 

organic material and trace elements appears to be effluent 

from sewage treatment plants. 

Fluctuations in current velocities and the subsequent 

suspension/deposition of particles may explain variations in 

coliform bacteria, which occasionally pollute Lake Houston. 
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CHAPTER I 

INTRODUCTION 

Lake Houston is a man-made reservoir located northeast 

of downtown Houston, Texas, The lake is formed by an earth- 

fill dam on the San Jacinto River, which was completed in 

April, 195(Ambursen Engineering, 1966), It contributes 

about 40 percent of the city’s water supply, and functions 

as a public recreational facility; the success of each role 

demands good water quality. 

Lake Houston is unique, differing from a "typical" lake 

in many respects. Its climate, geomorphic and geologic 

setting, watershed characteristics, and morphology combine 

to form a system unlike any other. Rapid population growth 

in the area has caused some anxiety over the quality of 

water in the reservoir. Previous studies have cited the 

need for a complete understanding of the role of sediments 

and sedimentation in the lake and their influence on water 

quality (Eedient et al., 1980). 

The problem of aquatic pollution has elicited consider¬ 

able concern in recent years. Water pollution results from 

a more complicated situation than the simple presence of 

pollutants in water. The entry, distribution, and fate of 

contaminants in any aquatic system depend on physical, 

chemical, biological, and geological processes. An 
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understanding of these processes, their interactions, and 

their influences on contaminants is necessary for an 

understanding of aquatic pollution. 

The characterization of sediments and sedimentary 

processes has emerged as a good way to approach this problem 

(e.g. Williams et al., 1974; Alther, 1975; Baker-Blocker et 

al., 1975; Klein, 1975; Sasseville and Norton, 1975; 

Anderson et al., 1978; Feltz, 1980; Forstner and Patchi- 

neelam, 1980; Meiggs, 1980; Wheeler et al., 1980; Cahill, 

1981). Sediments record the chemical and physical condi¬ 

tions of a water body at the time of deposition. Thus a 

study of the sedimentary record yields information on 

natural (pre-cultural) conditions and subsequent changes; 

these are preserved as up-core variations in sediment 

character. Similarly, a study of the distribution and 

nature of surface sediments reveals dominant conditions of 

source area, hydraulic/ hydrodynamic regime, and chemistry 

and biology of the environment. The distribution of 

sediment-bound pollutants can be used to implicate sources 

of contamination (e.g. Meiggs, 1980). This association 

allows sediments to serve as secondary sources of contamina¬ 

tion by releasing pollutants into the water column (e.g. 

Brannon et al., 1980; Jennet et al., 1980). An investiga¬ 

tion of dynamic sediment transport, as by sediment trapping, 

provides more specific information about sediment- 

hydrodynamic relationships. More importantly, such a survey 
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will reveal shorter-term conditions and effects; the short¬ 

term variations in transport are often the most critical to 

water quality. Thus the study of reservoir sediments will 

indicate natural conditions of the environment, present 

contaminant levels, and prevalent sedimentary processes. 

The study of sedimentary processes will facilitate an 

understanding of controls on these parameters and prospects 

for future changes in water quality. Such a study provides 

a powerful tool for the assessment of water resources. 

Lakes and Lake Sediments 

The role of sediments in lake systems is multi-faceted. 

In addition to maintaining an historical record of the total 

lake system, they play an integral part in recycling organic 

matter and in regulating many geochemical cycles (Jones and 

Bowser, 1978). Lakes differ from more-extensive sedimentary 

environments in several ways. They are relatively small, 

generally enclosed systems, so are quite sensitive to 

climatic effects; chemistry and circulation are particularly 

susceptible to such influences (Collinson, 1978). Relation¬ 

ships between lake water and bottom sediments are very 

close, and are also delicately adjusted to climate (Friedman 

and Sanders, 1978). Thus geographic location is a principal 

control of the nature of a lake. Morphology (size, shape, 

and orientation) and geologic setting (bedrock; watershed 

size, shape, and drainage characteristics) of a lake are 
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equally important in governing limnological properties 

(Hutchinson, 1957). The character and behavior of lacus¬ 

trine sediments are also determined by the interactions of 

these physical parameters (Sly, 1978). 

Large, deep lakes in temperate climates are charac¬ 

terized by strong seasonal influences: for most of the year 

temperature-density stratification exists, with vertical 

mixing occurring twice a year (Hutchinson, 1957). High 

latitude and mountain lakes, as well as those in low 

latitudes, may mix only once a year, whereas other lakes 

remain stably stratified without any periods of mixing 

(Cole, 1975). Stratification and periodic mixing distin¬ 

guish these lakes in almost every respect. Stratification 

is especially important with respect to the transport of 

fine particulates which may remain in suspension for long 

periods (Sly, 1978). It also influences the behavior of 

inflowing river waters and their entrained sediment. In- 

many lakes, the density contrast between turbid river water 

and clearer lake water results in the formation of density 

flows (Neel, 1963; Allanson, 1973, Rupke, 1978; Friedman and 

Sanders, 1978). Inflows can proceed along the surface, the 

bottom, or an intermediate- level density interface (Neel, 

1963). Shallow lakes in mild climates where ice blankets 

never form tend to circulate almost continuously (Cole, 

1975). 
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The size, shape, and orientation of the lake basin, in 

conjunction with predominnn ind directions, determine the 

extent of wind-driven currents in a lake, and control the 

amount of wind-generated wave energy imparted by limiting 

fetch (Hakanson, 1977). In many lakes, most of the energy 

supplied to the system appears as waves, the impact of which 

is focused at the shoreline. This results in the develop¬ 

ment of a beach and the deposition of finer sediments in the 

deeper portions of the lake (Friedman and Sanders, 1978). 

In long, narrow lakes, wave energy is generally focused at 

the ends of the basin (Sly, 1978). The depth of the lake 

determines to what extent the bottom seoiraents will be 

affected by wave energy (Hellstrom, 19*10; Komar and Miller, 

1973; Hakanson, 1977, 1981, 1982). 

The type and amount of sediment supplied to a lake 

depends on its geologic setting. Most sediment is 

transported in by rivers, with windblown sediments and 

shoreline erosion being locally important (Collinson, 1978). 

The rate of sediment supply will vary with river discharge 

and with rainfall-runoff characteristics of the watershed 

(Viessman et al., 1977). which can be altered significantly 

by anthropogenic influences (e.g. Keller, 1979; of. Verhoff 

and Yaksich, 1982). In short, sediments and sedimentary 

processes characterizing a given lake are primarily depen¬ 

dent upon its location and surroundings. 
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Reservoirs 

Man-made reservoirs are different from natural lakes in 

a number of respects: (1) they are often constructed in 

areas where lakes will not form naturally, (2) their 

formation by the damming of rivers results in an atypical 

morphology, (3) they are built for use by man, thus are 

necessarily in areas affected by man’s activities, and (4) 

they are themselves an artificial modification of the 

environment. The general principals governing reservoir 

sedimentology are similar to those of lakes, but the 

particulars are unique to reservoirs. 

The deepest part of a lake may be anywhere, but is 

commonly toward the center. The deepest part of a 

reservoir is always near the dam, and the bottom has a 

regular slope toward the dam, established by the river 

before impoundment (Neel, 1963). This morphology affects 

circulation, as do the location and operation of water- 

supply withdrawal outlets (Martin and Arneson, 1978). These 

factors influence the formation of stratification and 

density currents and the rate of flow through the reservoir, 

hence altering sediment behavior (Neel, 1963; Slotta, 1973; 

Wunderlich and Elder, 1973). 

Sedimentation in reservoirs can affect physical and 

chemical water quality and alter ecological relationships 

(Bondurand and Livesey, 1973). Sedimentation itself is 

often a problem, reducing water storage capacities. 



7 

Reservoir sedimentation rates are usually a function of 

watershed sediment yields (Dendy et al., 1973). Entering 

sediment is typically deposited as deltas in the upper ends 

of reservoirs, where it is subject to displacement and 

redistribution through the reservoir by currents (Neel, 

1963). 

Since reservoirs generally inundate areas of fertile 

soil, they start out with high productivity potential. 

Productivity often declines after a few years, as nutrients 

are leached from the soils and soils are covered by sediment 

(Neel, 1963; Biswas, 1973). The development of a lacustrine 

ecosystem, which eventually follows impoundment, induces 

changes in the benthos, nekton, and plankton within the 

reservoir (Neel, 1963)» which may in turn affect sedimento- 

logic processes. 

Sediments and Contaminants 

Any body of water which is influenced by the activities 

of man may receive a variety of contaminants. Agriculture, 

rural and urban development, mining, industrial and sewage 

effluents, even aerosols from distant areas can contribute 

foreign organic and inorganic substances (Keller, 1979). 

Introduced contaminants are often associated with sediments, 

thus their distribution and fate are intimately tied to 

sedimentologic processes (Felz, 1980). 



8 

Organic Carbon 

Organic carbon, though not considered a pollutant 

itself, plays two roles pertinant to water quality: (1) the 

amount of organic matter present in lakes determines the 

trophic state of the lake (Likens, 1972), and (2) organic 

carbon often forms associations with trace metals, thus 

affecting their behavior (Drever, 1982). 

Eutrophication is broadly defined as an enrichment in 

nutrient or organic matter or both, which results in an 

increase in biological productivity (Likens, 1972). 

Productivity is also linked to sedimentary processes, 

particularly in areas subject to anthropogenic influences. 

For example, deforestation to create agricultural land or 

urban areas results in increased sediment runoff due to the 

loss of protective vegetation (Durum, 1982), and may also 

lead to enrichment of lake waters with nutrients (Armitage, 

197M; Stumm and Baccini, 1978). Sewage treatment plant 

effluent is another source of organic enrichment (Klotz and 

Matson, 1978). Increases in sediment supply also result in 

higher suspended sediment contents, thus higher turbidities, 

which may limit productivity by limiting the amount of light 

available for photosynthetic processes (Gloss et al., 1980). 

This leads to a decrease in oxygen production; the 

subsequent death of phytoplankton results in excess organic 

matter to be decomposed, thus an increase in oxygen 

consumption (Mortimer, 1971). The development of anoxic 
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conditions in some lakes in Michigan has been linked to 

episodes of high suspended sediment concentration (Anderson 

and Broekstra, 1977). The organic carbon content of lake- 

bottom sediments is commonly correlated with biological 

productivity and with organic pollution of overlying waters 

(Mortimer, 1971; Davis, 1980), and can be used as an 

indicator of past and present trophic conditions (Kemp et 

al., 1972). 

Trace Elements 

Trace metals occur naturally in all aquatic environ¬ 

ments and are essential, in small quantities, to biochemical 

processes of living organisms. However, increased levels of 

these elements can be toxic, even fatal (McCabe, 1974; Wood, 

1974; Keller, 1979). Whenever the rate of input exceeds the 

natural rate of recycling, contamination may result (Leckie 

and James, 1974). In a lacustrine environment trace 

elements can occur as free ions in solution, as dissolved 

organic complexes, and as inert constituents adsorbed or 

absorbed on mineral grains or complexed with organic matter 

(Forstner and Wittmann, 1979). Metals in soluble form are 

available for uptake by organisms. The factors which govern 

the solubility and solubilization of trace metals are 

therefore the factors which must be understood in order to 

evaluate the pollution potential of these elements. 

Particulate phases have been found to control the 

concentrations of trace elements in fresh water (Eisenreich 
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et al., 1980); their tendency to bind to sedimentary 

particles is an important factor determining the fate of 

these contaminants (Gibbs, 1977). The complex«ation of trace 

elements is an important mechanism of demobilization, 

allowing effective removal from the dynamic lake system 

through deposition. However, once buried in the sediments, 

trace elements can be mobilized through diffusion along 

pore-water gradients (Chesselet et al., 1976; Lerman, 1979), 

although transfer into sediments generally exceeds transfer 

out (Jennet et al.,’1980). 

Eh (redox potential) and pH are important controls on 

the adsorption of trace metals by mineral matter, again 

effecting withdrawal from the system (Williams et al., 

1974). Eh and pH also govern the formation of hydrous 

oxides of iron and manganese which Jenne (1968) has found to 

be the principal control for the fixation of Mn , Fe, Co, Hi, 

Cu, and Zn in fresh waters. Organic and inorganic 

components and biochemical processes govern Eh and pH of 

both lake sediments and lake waters (Brownlow, 1979). 

The assimilation of trace elements by aquatic organisms 

reduces their concentrations in lake waters and increases 

concentrations in sediments that eventually receive the 

remains of these organisms (Williams et al., 1974). 

Biological influences on dissolved oxygen content and 

sediment decomposition subsequently influence the release of 

any trace elements associated with organic matter. 
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The hydraulic regime of a lake is responsible for the 

input, distribution, sorting, and settling of particles 

which contain trace contaminants. These parameters can be 

correlated with oxygen content, organic content, and pH as 

well (Cahill, 1981). Sediment composition and grain-size 

significantly influence trace element distributions. Trace 

elements are concentrated in the fine fraction as adsorbed 

constituents on clays and as complexed components of organic 

molecules (also concentrated in the fine fraction); the 

distribution of particles is also a function of size. 

Storms may result in the resuspension and redispersal of 

finer sediments, increasing the residence time of these 

resuspended particles. Residence time influences the 

probability of sediment decomposition, and consequently, of 

trace element mobilization and the persistence or removal of 

contaminants. 

Surface sediments are accessible to further aqueous 

chemical reactions as well as to resuspension; thus they 

must be considered as active in the system. Only when they 

have been permanently buried are they removed; yet they may 

still be subject to diagenetic loss of trace elements. 

Periodic anoxic conditions at the sediment surface can lead 

to the solubilization of transition metals (such as Cu, Fe, 

Mn, Ni, Zn) and to the exchange of Mg for Fe on clays with 

high cation-exchange capacities (such as montmorillonite). 
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Burial does diminish the possibilities for rapid release of 

contaminants, however. 

The trace element content of sediments has been used 

successfully in recent years as both an indicator of 

pollution in overlying waters and a tracer of pollutant 

sources (e.g. Jenne, 1968; Andelman, 1973» Leckie and James, 

197*1; Williams et al., 197**; Alther, 1975; Forstner and 

Wittmann, 1979; Eisenreieh et al., 1980; Wheeler et al., 

1980; Cahill, 1981). Sediment concentrations are considered 

more reliable indicators than water concentrations which can 

fluctuate widely over short periods of time (Allen, 1979). 

Characteristics of the Study Area 

Lake Houston is located approximately 19 km (12 mi) 

northeast of downtown Houston, Texas (Fig. 1). The 

characteristics of the lake are dependent upon the 

properties of its environmental surroundings (watershed and 

climate) as well as those of the lake itself. Studies of 

Lake Houston and its watershed have been conducted by 

Eedient et al. (1980), Baca (1981), Newell (1981), and 

Bedient and Anderson (1982). 

Env irons 

Watershed. Lake Houston's watershed drains a total 

area of 7325 km^ (2828 mi^). There are two drainage 

systems, each comprising three principal streams: the East 
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Figure 1. Location map of study area 



Fork system (East Fork of the San Jacinto, Peach Creek, and 

Caney Creek) and the West Fork system (West Fork of the San 

Jacinto, Spring Creek, and. Cypress Creek). The West Fork 

system drains nearly two thirds of the total area, and 

Includes most of the agricultural and urban land (Bedient et 

al., 1980). The impoundment of Lake Conroe began in 

January, 1973; it drains 1152 km^ (445 mi^) in the upper 

West Fork. These features are shown in Figure 2. The large 

size of individual stream watersheds results in relatively 

long hydrologic response times (Newell, 1981). 

The most prominent influences of the watershed on Lake 

Houston are those of cultural activities. Under natural 

conditions, the extensive forest cover results in a low 

sediment yield. The clearing of land for urban and agri¬ 

cultural development has elicited considerable erosion and 

increased sediment yield, although the remaining forested 

areas prevent excessive erosion. Other activities which may 

have impact on the amount and character of sedimentary 

inputs include the Houston Intercontinental Airport, gravel 

operations, oil production, highway construction, and 

numerous sewage treatment plants (Bedient et al., 1980). 

The distribution of land use in Lake Houston's watershed is 

illustrated in Figure 2. 

The impact of development is greatest when in close 

proximity to the receiving water body. Eedient et al. 

(1980) noted that runoff associated with storm events 
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145 

LAKE 

HOUSTON w 

WATERSHED 

Figure 2. Distribution of land use in Lake Houston’s 
watershed. White a forest; stippled = pasture 
and cropland; black = urban; ruled a water. 



16 

increases to a much greater extent Cover normal runoff) in 

tributaries in developed areas than in those in undeveloped 

areas. Residential growth tends to cluster adjacent to the 

streams and the lake; such proximity may enhance the impact 

of construction on sediment yield (Bédient et al., 1980). 

Nutrient concentrations have also increased since urbani¬ 

zation began (Baca, 1981). 

The increase in sewage treatment plant (STP) effluent 

which accompanies population growth is conspicuous in the 

Lake Houston area. There are more than 150 STPs which 

discharge into the the lake and the streams that feed it, 

although not all of them are currently operating. During 

low-flow periods, most of the flow in Cypress Creek (which 

contributes more total suspended solids than any other 

tributary) consists of STP effluent (Bedient et al., 1980). 

Meteorology. The response of the watershed to 

anthropogenic changes is effected through meteorological 

events (there cannot be runoff without rainfall). Precipi¬ 

tation in the study area averages 125 cm/yr, ranging from 90 

to 180 cm/yr. Rainfall is generally greatest in late summer 

and fall months, and light during the winter. Predominant 

winds are from the southeast much of the year, with an 

increasing frequency of northerly winds during the winter 

(Newell, 1981). The depth of the lake precludes the 

stratification which is characteristic of many lakes. A 

slight temperature stratification does develop during calm 
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summer periods, but is destroyed by any storms passing 

through. This is characteristic of reservoirs in tropical 

climates (Aral, 1973). During the rest of the year the lake 

is isothermal (Bedient et al., 1980). Meteorological data 

used in this study was acquired from the U.S. Department of 

Commerce--NOAA and was gathered at the Houston Interconti¬ 

nental Airport. It is quite likely that this rainfall data 

does not represent rainfall over the entire watershed very 

well, but major storms will probably be recorded. 

Lake Houston 

Physical characteristics. The lake is 6.5 km (4 mi) 

long'and about 1.2 km (.75 mi) wide, with a total surface 

area of 9 km^ (3.5 mi^), a total volume of .034 km^ (2348 

acre-ft), and an effective storage volume of about .022 km3 

(1758 acre-ft). The effective storage volume is the volume 

of water lying above a depth of 6 m (20 ft), the bottom of 

the intake conduits. The average depth is about 2.8 m (12.5 

ft); the bed of the reservoir has a regional slope of .24 

m/km (1.25 ft/mi), and a maximum depth of 13.5 m (45 ft) 

near the dam, where the lake floor is slightly below sea 

level. The old river channel lies about 6 m below the lake 

bed (old valley floor) and has retained its meandering shape 

(Ambursen Engineering, 1966). These features are shown in 

Figure 3. The water-supply intake is located in a separate 

structure slightly upstream from the dam, off the west shore 
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Figure 3. Lake Houston. Bathymetry contoured in 5-foot 
intervals. Dashed line denotes channel. 
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of the lake. The bottoms of the intake conduits are 6 m (20 

ft) below the lake surface (Arabursen Engineering, 1966). 

Circulation. The major circulation patterns of the 

lake result from the interplay of wind and rain, and are 

constrained by lake geometry. During storm events rain is 

the dominant factor; during dry spells wind is most 

influential. 

After heavy rain-:, large quantities of runoff are 

delivered to the tributaries, and rapidly-flowing, sediment¬ 

laden waters enter the lake. The effects of such storms 

pass through the lake in less than 21» hours; during this 

time, down-lake flow dominates the pattern of circulation. 

The increased quantity of water flowing into the reservoir 

causes the lake level to rise during the passage of the 

storm event; fluctuations of greater than 1 m have been 

observed, all correlated with rainfall (Bedient et al., 

1980). 

When rainfall and stream flow rates are low, tributary 

inflow has little influence on reservoir circulation, and 

currents generated by wind energy are dominant. Winds 

arising from the north and southeast are the most effective 

as these find the longest fetches in the lake (Bedient et 

al., 1980). Periods of low rainfall allow the lake level to 

drop, enhancing the impact of wind-driven circulation: 

wave-base will impinge upon a larger portion of the lake 

bottom. Lake level is low throughout much of the summer due 
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to reduced rainfall and extensive evaporation (Bedient et 

al>i 1980). It is also possible that heavier water usage 

during the summer adds to this effect. 

Surface sediments. Crain-size analyses were completed 

on surface grab samples taken throughout the lake as part of 

an intensive investigation by Bedient and others (1980). 

Results of these analyses appear in Figure 4. Fine sedi¬ 

ments accumulate in deeper areas, while coarse sediments 

occur in shallow areas subject to the most intense wave 

activity. Proximity to source and the presence of man-made 

sediment barriers (such as the old submerged railroad 

bridge) were also found to influence the distribution of 

sediments. Almost all of the sediment which enters the lake 

is retained (Bedient et al., 1980). 

Productivity. Studies of phytoplankton populations 

conducted during the 1980 study revealed that no one species 

of algae is dominant. Total algal biomass is controlled 

primarily by flow through the lake and secondarily by turbi¬ 

dity; phytoplankton populations increase during calm weather 

and are reduced by storm events. Algal productivity is con¬ 

trolled by biomass and by climatic conditions (particularly 

water temperature). Algal biomass is higher near the West 

Fork than near the East Fork (Bedient et al., 1980). 

The relationships among optical properties (turbidity, 

Secchi depth, photic zone, and vertical extinction 

coefficient) are well-defined. The trophic response of the 
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Figure 4. Distribution of surface sediments in Lake Houston 
(from Bedient et al., 1980). Shaded areas (sand 
and silty sand) indicate areas subject to wave 
resuspension. S = sand; Z = silt; C r clay. 
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lake is limited by light penetration, while nitrogen is 

often the limiting nutrient. During wet periods (180 cm/yr 

rain) Lake Houston receives 3.5 times the total suspended 

solids load and 2.5 times the nitrogen-and phosphorous loads 

as during dry periods (90 cm/yr rain). Mass-balance calcu¬ 

lations indicate that most of the entering suspended solids 

are retained while most of the nitrogen and half of the 

phosphorous are lost over the dam (Eedient et al.t 1980). 

During summer temperature stratification a similar 

gradient of dissolvëd oxygen (DO) develops, with DO concen¬ 

trations approaching zero in some areas. A concomitant 

stratification of phytoplankton is also observed. Highest 

DO values occcur in the winter, and lowest values in early 

spring (Eedient et al., 1980). 

Method of Study 

Sediment cores were used to gather data on the sedi¬ 

mentary record and changes in sediments and sedimentary 

processes; sediment traps were employed to determine the 

nature of modern sediments and processes. Sixty-six cores 

were collected throughout the lake (Fig. 5). Many of these 

were X-radiographed to check for sedimentary structures. 

Cores were used to determine the total amount of sediment 

which has accumulated in the lake. A series of six cores 

was selected from deeper portions of the lake in a down-lake 

transect for analysis. 
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Figure 5. Sample locations. Circles are cores used for 
sediment rate determinations; Triangles are cores 
which were sampled for sedimentologic and geo¬ 
chemical analyses (EF = East Fork core, WF s Vest 
Fork core, NL = north lake core, ML = mid-lake 
core, SL = south lake core, DA s dam-area core). 
Squares are sediment trap locations (WF = West 
Fork trap, NL = north lake traps, SL = south lake 
trap) 
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Five sediment traps were placed in the lake: one near 

the entry of the West Fork of the San Jacinto, three in a 

vertical sequence in the north-central part of the lake, and 

one near the water-supply intake in the south part of the 

lake (Fig. 5). In the vertical sequence, one trap was 

placed approximately 1 m below the water surface, one at a 

level representative of the lake platform (former valley 

floor; about 2.5 m below the water surface), and one approx¬ 

imately 1 m above the bottom. Trap samples were collected 

over one-month periods. 

Samples were analyzed for grain-size using the RUASA 

system (Anderson and Kurtz, 1979), for total organic carbon 

content using a LECO carbon analyzer, and for trace elements 

using an IL Plasma 100 inductively coupled argon plasma 

spectrometer. Trace element analyses were performed on 

sediment samples extracted with nitric acid and sodium hypo¬ 

chlorite; this procedure dissolves the organic fraction and 

leaches adsorbed elements from inorganic particles. Details 

of sampling and analytical procedures are presented in 

Appendix 1. 

Data thus collected was evaluated to discern historical 

changes and trends in sediment type and composition and to 

determine modern processes of sediment dispersal. A model 

of sediment flux is proposed which incorporates meteoro¬ 

logical and watershed effects, sediment-associated contami¬ 

nants, and modern sedimentary processes. 



CHAPTER II 

THE SEDIHENTART RECORD 

Cores were collected from the mouths of the East and 

West Forks of the San Jacinto River and along four east-west 

transects across the main body of the lake (Fig. 5). Nearly 

all of the cores penetrated the boundary between pre- 

lacustrine deposits and lacustrine sediments. This boundary 

is easily detected due to large density contrast: lake 

sediments are clayey, unconsolidated and have a high water 

content; underlying deposits are more highly compacted and 

range in composition from fluvial sands to forest soils. In 

those cases where sediment thickness exceeded the length of 

the coring tube, depths to the pre-lacustrine boundary were 

determined by using an eight-foot probe. This method was 

also used to determine total lacustrine sediment thickness 

in additional locations. 

Tables of core data are presented in Appendix 2. 

Results 

Total Sedimentation 

Core length data was employed to construct an isopach 

map of sediment thickness (Fig. 6) which was used to 

determine the total volume of accumulated sediment and the 

subsequent reduction in reservoir capacity. The total 

volume of sediment accumulated in the lake is .0029 km3 
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Figure 6. Isopach map of sediment thickness. Contoured 
in 25 cm intervals to 100 cm; in 50 cm intervals 
over 100 cm. Circles indicate core locations; 
Triangles s additional thickness measurements* 
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(200 acre-ft). This results in an 8.4? reduction in the 

total volume of the lake. However, if only those areas 

lying above the depth of the intake conduits are considered, 

the volume of sediments accumulated is .0022 km3 (152 

acre-ft) and the reduction in effective storage volume is 

7.8Î, or 0.275Î per year. Average sedimentation rates were 

calculated and are shown in Figure 7. The highest rates 

occur where the West Fork enters the lake. In general, 

there is a good correlation between sedimentation rate and 

depth (compare Figures 7 and 3)» with a down-lake decrease 

in the rate of accumulation. 

X-Radiog raph y 

Cores from three of the lake transects (dam-area, south 

lake, and north lake) were X-rayed. X-radiographs reveal 

that in longer cores the basal sediments are laminated, 

while more recent sediments are massive. Short cores (i .e . 

those from areas with low total sediment accumulation) lack 

the laminated layer. 

Grain Size 

Six cores were chosen for analysis. Selection was 

based on core length: it was hoped the longer cores would 

contain a more complete record. An entire longitudinal 

split of each core was used for size analysis; the other 

half was reserved for geochemical analysis (Fig. 8). This 

split of each core was divided into sections, each repre- 
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Figure 7« Contour diagram of average sedimentation rates. 
Contoured in 0.5 cm/yr intervals to 3 cm/yr; in 
1 cm/yr intervals above 3 cm/yr. Circles show 
core locations. 
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Figure 8. Diagrams of cores analyzed, showing location of 
specific samples. Bottom of core is lacustrine/ 
pre-lacustrine sediment boundary. Shaded = grain 
size samples; black = geochemical samples. See 
Figure 5 for core locations. 
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senting a 5-year interval based on the average sedimentation 

rate for that core. Each section was wet-sieved at 4.75 phi 

(37 um) and the weight-percent of sand and coarse silt 

determined. Results are shown in Figure 9* Mid-lake, south 

lake, and dam-area cores all are distinctly coarser in the 

oldest (0-5 yr) section, with less coarse material in the 

ensuing intervals. The amount of coarse sediment throughout 

the core decreases from mid-lake to dam-area. The East Fork 

core is slightly coarser in the basal section, the amount of 

coarse material decreases steadily after that, with a slight 

increase in the most recent section (25-28 yrs) . The West 

Fork core has little coarse material in its early section, 

and shows an increase for the middle two sections (age s 10- 

20 yrs). The north lake core (T3-6) is very fine through¬ 

out, but shows slightly coarser material in the 10-20 yr 

sections. 

Organic Carbon 

Samples for total organic carbon (TOC) analyses were 

taken from the same six cores used for size analysis. These 

samples, located near the top, in the center, and near the 

bottom of each core (Fig. 8), correspond to the 25-28 yr, 

10-15 yr, and 0-5 yr intervals, respectively. TOC results 

are shown in Figure 10. 

Although neither down-lake nor down-core trends are 

entirely consistent, there are some general observations 

that can be made. In most of the cores, surface TCC values 
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Figure 10. Organic carbon content of core samples (weight- 
percent). For location of samples within cores 
see Figure 8. 
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are the highest. However, in the mid-lake core, TOC values 

decrease up-core, and in the dam-area core the bottom sample 

has the highest TOC value. Surface and bottom samples show 

significant down-lake variation, with highest values in the 

East Fork and southern lake areas. Mid-core samples do not 

vary nearly as much. 

Trace Elements 

Samples for trace element analysis were splits of top 

and bottom core samples used in organic carbon analysis. 

Solutions were analyzed for Al , Ba , Ca, Cr , Cu , Fe, K, Mg, 

Mn, P, Sr, V, and Zn ; As, Cd, Ni, Pb, and Sn were not 

present in detectable quantities in the solutions. Cr, Cu, 

and Zn concentrations were quite near their detection 

limits, so exhibited high standard deviations (see Table 

A2.1»). Results are depicted in Figure 11. 

The most conspicuous feature is that for all elements, 

values of top and bottom samples are fairly close to one 

another in the East Fork, West Fork, north lake, and mid¬ 

lake cores, and then diverge, with surface concentrations 

always higher, for south lake and dam-area cores. This 

reflects the fact that for all elements (except Ca and P) 

values decrease down-lake for bottom samples while they 

increase down-lake for surface samples. Ca and P have peak 

surface values in the West Fork core 
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Figure 11. Trace element concentrations in core samples. 
Black bars are core-bottom samples; white 
bars are core-top samples (see Fig. 8). 
» indicates concentration in parts per thousand 
(ppt); all other concentrations in parts per 
million (ppm). Absence of value indicates 
element not detected in solution. 
1 s East Fork core; 2 = West Fork; 3 = North 
lake; 4 = Mid-lake; 5 = South lake; 6 = Dam area. 
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Several groups of elements have similar down-lake 

trends. Correlation coefficients (r^J among elements appear 

in Table 1, and a cluster analysis dendogram in Figure 12. 

Discussion 

Sedimentation 

The volume reduction of 7.8? over 28.5 years (0.275? 

per year) calculated in this stuc y is significantly lower 

than that determined by the Ambursen Engineering Corporation 

in 1965 (Ambursen Engineering, 1966). Their estimate of 

7.4£ for an 11.5 year period (0.64J per year) was based on 

reservoir bed profiles determined along 45 range lines which 

had been established prior to the filling of the lake. 

Elevtions were adjusted to the 1954 datum to account for 

subsidence. Soundings were taken by hand with a plumb line. 

The accuracy of their estimate is questionable given the 

uncertainties in navigation, the irregularity of the lake 

floor, and possible error in defining depth with a plumb 

line. The estimate presented in this study is quite 

accurate since it is based on actual measurements of sedi¬ 

ment thickness. Lake statistics presented in the Ambursen 

(1966) report were wrong: the lake is approximately 4 miles 

long rather than 8, and 0.75 miles wide rather than 1.5. 

Their volumes are thus also incorrect, but the ratios should 

not be affected 
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Figure 12. Dendograra of correlation coefficients (r^) for 
trace elements and organic carbon in core 
samples. Constructed by weighted pair-group 
method, using arithmetic averaging of correla¬ 
tion coefficients. 
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The change from laminated to massive deposits observed 

in longer cores may reflect a major increase in sedimenta¬ 

tion rates in deeper parts of the lake. This would result 

from elevated sediment yields due to increasing construction 

in the drainage basin. Laminated sediments result from 

temporal changes in sediment character, such as greater 

yields during seasons of greater runoff, or organic matter 

accumulated after periods of high biological productivity 

(Jones and Bowser, 1978). Such seasonal influences would be 

masked by year-long'increased sediment yields. It is 

unlikely that the more recent deposits were homogenized by 

biological processes as no evidence of bioturbation (e.g. 

mottling, burrows, etc.) was observed in any of the cores. 

Nor was any evidence of bioturbation found in the grab 

samples collected for the 1980 study (Anderson, pers. 

comm.). Cores lacking a laminated lower portion were 

located in shallower areas of the lake. These areas are 

subject to wave resuspension, so accumulation of sediment is 

intermittent, and seasonal imprints would not be preserved 

(McKee et al., 1983). The distribution of surface sediments 

(Fig. H) depicts areas where resuspension commonly occurs in 

Lake Houston. 

The thick accumulation of sediment at the mouth of the 

West Fork represents a delta, in which the central portion 

accumulates sediment at a rate greater than 7 cm/yr. The 

ponding of sediment north of the power pole crossing (Fig. 
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7) is probably due to reduction in flow as fluvial waters 

disperse on entering the lake. The distribution of surface 

sediment textures (Fig. 4) shows a change to finer sediments 

just south of the poles, coinciding with the locations of 

the submerged road and railroad. Thèse three structures are 

fairly close together, and appear to exert a significant 

influence on the distrubution of sediments. North of these 

structures, coarse sediments are found in channel areas, as 

well as in some shallow areas, whereas south of them, 

coarser sediments occur extensively in shallow areas (Fig. 

1»). This suggests that fluvial processes operate as far 

south as the submerged railroad crossing (Fig. 7) while 

lacustrine processes dominate the main body of the lake. 

Grain Size 

Note that even the coarsest intervals in all cores 

contain at most 7.2Î sand and coarse silt. This indicates 

low-energy depositional conditions, or very little sand 

sized material entering the lake, on the average. All the 

cores were taken from what used to be the river channel, 

which is located well below wavebase. The relatively coarse 

nature of sediments in the oldest portions of the mid-lake, 

south-lake, and dam-area cores may reflect the transition 

from fluvial to lacustrine conditions. The sands may have 

been derived from fluvial deposits which were eroded when 

the area was flooded. The absence of a similar proportion 

of coarser sediment in the basal portion of the West Fork 
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core supports an intrabaslnal source. The small decrease in 

coarse material for the first 20 years in the East Fork core 

may reflect changing conditions; however, the difference is 

slight and may not be significant. The high percent of 

coarse sediment observed in the middle (10-20 yr) segments 

of the West Fork core may correspond to a period of 

increased construction activity in the West Fork drainage 

basin. Although this core was not X-rayed, the 10-20 yr 

interval falls within the range of ages determined for the 

transition from laminated to massive sediments observed in 

other cores. The subsequent decline in the amount of coarse 

material might indicate a shift in the relative position of 

the delta, or could reflect a change in the character of the 

sediment supply (e.g. finer source-areas being uncovered for 

construction). The north lake core exhibits a similar 

pattern, but the total amount of coarse sediment is much 

lower. The coarser material is probably trapped north of 

the power poles where sediment is ponded. 

There is no correspondence between historical rainfall 

data and the amount of coarse sediment in any core (Fig. 9), 

although total rainfall over 5 year periods does not 

necessarily credit major storm events. Hurricanes have 

passed near the Houston area during each of the 5-year 

intervals, except the earliest one, yet no significant lags 

were detected in these cores. This may be a function of the 

sediment supply, since Lake Houston’s watershed contains a 
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great deal of fine sediment. A problem with the correla¬ 

tions may be the use of average sedimentation rate to 

estimate age/depth relationships, particularly if a major 

increase in sedimentation rate did occur. However, the lack 

of lag deposits is still a significant indication that even 

major storms do not transport much coarse sediment into the 

1 ake . 

Organic Carbon 

The primary factors controlling the abundance of 

organic carbon in lake sediments are: (1) production of 

organic C in lake waters, (2) sedimentation of this organic 

matter, (3) destruction of organic material by biologic and 

nonbiologic processes, and (4) variations in deposition rate 

of whole ( i .e. inorganic + organic) sediment (Bortleson and 

Lee, 1972). In shallow lakes where sediments are sometimes 

disturbed by waves and currents, aerobic breakdown is the 

principal process of decomposition (Golterman, 1975). Most 

of the microbial activity is generally limited to the top 

few centimeters of the sediment column (Bortleson and Lee, 

1972; Kemp et al, 1972). The result is that, in many cases, 

organic matter is not significantly decomposed after only a 

short period of burial (Bortleson and Lee, 1972), and even 

in cores from undisturbed lakes, organic C increases 

slightly only at the top of the core (Kemp et al., 1972). 

Although high sedimentation rates favor the preservation of 

organic matter, if increases in inorganic sediment input 
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equal or exceed increases in organic production, the 

proportion of organic C will remain the same or even decline 

in the sediments (Eortleson and Lee, 1972). Thus the 

expected increase in TOC values due to cultural development 

(Davis, 1980) is not always evident. 

The responses of the sedimentary record to variations 

in these controlling factors are shown quite clearly in Lake 

Houston cores. In three of the six cores (West Fork, north 

lake, and south lake) TOC values increase steadily up-core. 

This would result from greater increases in organic sedimen¬ 

tation relative to inorganic sedimentation, or possibly from 

the diagenetic loss of organic carbon with depth. The West 

Fork core, located in the most productive region of the 

lake, at no time has the highest TOC values of the six 

cores; this core has the highest sedimentation rate as well, 

so probably experiences greater dilution of the organic 

material. Since the inorganic sediment input to the West 

Fork is known to have increased a great deal due to 

construction in its watershed (Eedient et al., 1980), the 

increase in organic inputs must have been great to exceed 

that in inorganic sedimentation. The higher TOC values of 

the East Fork core are likely due to lower sedimentation 

rates, which, although high enough for good preservation, 

provide less dilution by inorganic material. The mid-lake 

core shows a decrease in organic C up-core. This core, 

located in a meander of the old channel, is closer to the 
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shallows than are the other cores, and is surrounded on 

three sides by areas subject to resuspension of sediments. 

Thus this core probably received more resuspended sediment, 

which had longer residence time in the water column and a 

greater chance for organic decomposition, than did sediments 

in the other cores. As sediment accumulation raises the 

bottom closer to the water surface, sediments are exposed 

more to wave resuspension. An increase in the amount of 

resuspended material supplied to the channel area would 

result in the increased dilution of organic matter. This is 

the most likely explanation for the trend in TOC values in 

this core, especially in the light of trace element data 

(see following section). 

Down-lake trends in preserved organic carbon also vary 

through time. The greatest variation is seen among the 

core-bottom samples (from O.S to 3.3 KC). This may reflect 

the greater influence of local conditions during the tran¬ 

sition from fluvial to lacustrine conditions. These samples 

were taken 2 to 5 cm above the pre-lacustrine surface and 

generally contained visible detritus. The mid-core samples 

showed the least variability (1.5 to 2.5 £C), indicating 

that an overall equilibrium was reached, with similar 

amounts of organic material preserved in all the deep parts 

of the lake. Variation among the surface samples (all taken 

2 cm below the core top) is nearly as great as among bottom 

samples 
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Significant increases (>1î C) in surface TOC values 

over mid-core values occur in the south lake and dam-area 

cores. These two cores have the lowest average sedimenta¬ 

tion rates of the six cores examined* so organic matter may 

be less diluted by inorganic material. This increase will 

be discussed further in the next section. 

Trace Elements 

Of the elements analyzed, A1 , Ba , Ca , Cr , Cu , Fe , Mg, 

Mn ,'P, V, and Zn are common constituents of municipal waste- 

waters (Beckett and Davis, 1982; Stumm and Eaccini, 1978; 

Helz et al., 1975; Leckie and James, 1971*). All of these 

elements, plus K and Sr are also produced from the burning 

of fuel oils, and commonly occur in aerosol particulates 

(Stumm and Baccini, 1978; Klein, 1975; Leckie and James, 

1971» ; Winchester and Nifong, 1971). In addition, agricul¬ 

tural activities and leaching from soils are sources of A1 , 

Ca , Cr , Fe , K, Mg, Mn, P, V, and Zn (Stumm and Baccini, 

1978; Edzwald, 1977; Alther, 1975; Klein, 1975). Thus the 

enrichment of Lake Houston sediments in all of these 

elements may be expected as all of these sources are present 

in the watershed. 

Bortleson and Lee ( 1972) found that Lake Mendota 

sediment concentrations of A1, Mg, and K were directly 

related to erosion intensity in the watershed. This may 

account for the grouping of these three elements by cluster 

analysis (Fig. 12). The other major grouping of well 



correlated elements includes Ba , Mn , Cu , V, Cr , Fe , and Zn, 

which are present in aerosols and wastewaters. Winchester 

and Nifong (1971) reported that aerosol input was a major 

source of Cu » Fe, Hn, V, and Zn to Lake Michigan. Average 

daily concentrations of some elements from aerosols 

collected over Houston in September, 1980 (Dzubay et al., 

1982) are presented in Table 2. Aerosols might be a source 

for some of these elements to Lake Houston; however, the 

large number of wastewater treatment plants discharging into 

the lake and its tributaries is probably a more significant 

source for these elements. 

The higher concentrations of all elements in core tops 

in the southern part of the lake indicates that this area is 

acting as a sink for trace elements. The fact that similar 

enrichments occur in the East and West Forks and northern 

lake for only a few elements suggests that many of these 

metals are being transported down the lake before finally 

accumulating. Although average sedimentation rates vary 

somewhat, it is not enough to explain this enrichment by 

differences in dilution of elemental concentrations. 

Decreases in trace element concentrations with depth may 

also be due to post-depositional changes; pore-water 

analyses could be employed to distinguish which process was 

responsible, but were not done as part of this study. 

An interesting feature of this data is that the organic 

carbon content of samples correlates very poorly with every 
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TABLE 2 

Average daily concentrations of some elements 
in aerosol samples collected at the University 
of Houston» Houston TX in September, 1980. 

From Dzubay et al. (1983) 

Element Concentration 
(ng/m^) 

A1 1268 

Ba 128 

Ca 3090 

Cr 7 

Cu 30 

Fe 762 

K 262 

Mn 30 

Sr 9 

V 2 

Zn 126 
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element analyzed. This is unusual, as most studies of lake 

sediments have found very good correlations of organic 

carbon with most elements (e.g. Stumm and Baccini, 1978; 

Forstner and Wittmann, 1979; Drever, 1982). Neither is 

there the expected correlation of phosphorous to other 

elements (Edzwald, 1977; Stumm and Baccini, 1973; Forstner 

and Patchineelam, 1979). Phosphorous is the only element 

exhibiting a large, consistent down-lake increase in 

concentration up-core. Since P is not easily leached from 

soils, its enrichment generally results from enhanced 

erosion of agricultural lands (Edzwald, 1977)» although 

concentrations can be much higher in municipal wastewaters 

than in agricultural runoff (Snoeyink and Jenkins, 1980). 

Slowey et al. (1973) determined natural background 

levels of some heavy metals in Galveston Bay sediments. Two 

of their cores were located at the mouth of the San Jacinto 

River. Of the elements analyzed in both their study and 

this one (Table 3)* only Fe in southern lake surface samples 

and Mn in all surface samples exceed reported background 

levels. However, differences in procedure (they used a 

nitric acid - hydrogen peroxide leach and analyses were done 

with an AA) and in chemistry of fresh water jvs. estuarine 

environments, probably precludes a comparison of values. 
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TABLE 3 

Range in natural background levels of some heavy 
metals in Galveston Bay sediments. From Slowey, 
et al. (1972) 

concentration (ppm) 

Element Galveston Bay San Jacinto 

Cr 1-40 13-46 

Cu 1-15 10-39 

Fe 1000-14000 5200-8200 

Mn 65-600 150-1030 

Zn 8-60 30-47 



CHAPTER III 

MODERN SEDIMENTARY PROCESSES 

The movement of sediments within the lake was monitored 

by sediment traps for a 15 month period. Measurements of 

sediment flux, grain size, organic carbon, and trace element 

content were made, and results related to meteorological 

records and inferred hydrologic conditions. Trap samples 

were collected during the first week or so of each month, so 

"monthly" data refers to the sampling interval rather than 

to the calendar month. Refer to Figure 5 for locations of 

the sediment traps. Table 4 summarizes trap depths and 

abbreviations used. Tables of all data are presented in 

Appendix 3. 

Results 

Sed imen t Flux 

The flux of sediment for eac h trap is represented by 

the total dry mass of the sampl e collec ted . Resul ts are 

shown in Figure 13. The West Fork (WF) trap collected 

little sediment during the winter months and more during 

spring and fall months. The opposite is true of the south 

lake (SL) trap; in general there is an inverse relationship 

between the masses accumulated in these two traps. There is 

no clear relationship among masses collected in the three 

north lake traps. The near-surface (NLS) trap received very 



51 

TABLE 4 

Abbreviation Trap Location Depth 

WF West Fork - • mouth 1 m below surface 

NLS North lake - near surface 1 m below surface 

NLM North lake - mid-depth 2. 5m below surface 

NLB North lake - near bottom 1 m above bottom 

SL South lake - near dam 1 m below surface 

Depth = to top of sediment trap. 
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Figure 13. Total dry mass of sediment trap samples (grams). 
Letters for sample intervals indicate month: 
October, 1981 to December, 1982. Absence of 
data indicates no sample collected that month 
due to problems with sediment trap. 
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little sediment except during May, April, and August, 1982. 

Masses collected in the mid-depth (NLM) trap vary in a 

similar manner with those of the WF trap from October, 1981 

to June, 1982, while the trend is simil-ar to that of the SL 

trap for July to December, 1982. This trap has higher 

fluxes during spring and fall months, as does the WF trap. 

The north lake near-bottom (NLB) trap receives the greatest 

flux during the summer. 

Organic Carbon 

Every trap sample was analyzed for organic carbon. 

Results appear, in Figure 14. The flux of organic carbon 

(OC) was calculated as the weight percent OC times the mass 

of the sample. These results are shown in Figure 15. For 

all trap locations, the highest OC content occurs during the 

summer (June to September). The NLB trap shows the least 

increase in OC content for summer months, and the least 

variability overall. The organic flux data show the same 

summertime Increase, with high values beginning later and 

extending into October. The trends in organic flux for the 

NLM and NLB traps are quite similar. The organic flux at 

the NLS trap is generally quite low, corresponding to the 

total sediment flux at this location. 

Grain Size 

Based on sediment flux data, organic carbon content, 

and meteorological conditions, three months (October, 1981, 
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Figure Hi. Organic carbon content of sediment trap samples. 
Letters for sample intervals indicate month: 
October, 1981 to December, 1982. Absence of data 
indicates no sample collected that month due to 
problems with sediment trap. 
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SAMPLE INTERVAL 

Figure 15. Organic carton flux of sediment trap samples. 
Flux in grams (solid lines)={% organic carbon) 
x(total mass). Flux in mg/cm^/day (dashed 
lines)= (lOOO)x(flux in grams)/(surface area of 
sediment trap)/(# days in sampling interval). 
Letters for sample intervals indicate month: 
October, 19Ô1 to December, 1982. n.d. indicates 
sample not collected due to problems with 
sediment traps. 

A
B
R
/
J
U
I
O
/
S
 



56 

January, 1082, and August, 1982) were chosen for grain size 

and trace element analysis. October has average sediment 

fluxes and organic carbon contents for the trap samples, a 

medium amount of rainfall, and predominant southeasterly 

winds. January has low fluxes for all traps but the south 

lake trap which is very high, low organic carbon contents 

for all traps, low total rainfall, and strong northerly and 

southerly winds. August had moderate to high sediment 

fluxes and fairly high organic carbon contents (thus high 

organic fluxes), medium rainfall, and consistent southerly 

winds. August is a month of very high productivity and 

fairly low water level in Lake Houston. 

Initial grain-size results, determined in the lab at 

20°C, were adjusted to the approximate water temperature of 

lake water at the time of collection. The RUASA system 

includes a program to calculate the change in settling 

velocity with temperature. October samples were adjusted to 

24°C, January samples to 6°C, and August samples to 30°C. 

The water column was isothermal during October and January, 

but may have been temperature-stratified during August. 

Figure 16 shows the grain size distributions of each 

sample for the three months. There was sand present in 

several samples (see Table A3.4), but not enough to analyze. 

In October, 1981, the WF, KLM and NLB, and SL traps have 

modes at 7.5 phi. This mode is absent in the NLS sample. 

The largest mode in the SL trap sample is at 6.2 phi. There 
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Figure 16. Grain size distribution curves for sediment trap 
samples, adjusted for temperature. 
WFsWest Fork trap; NLS=north lake surface trap 
KLMsnorth lake mid-depth trap; NLBsnorth lake 
near-bottom trap; SL=south lake trap. 
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is no sediment of this size in any of the other samples. 

The largest mode in the NLS trap is at 6.7 phi, which is 

absent in the mid-depth trap sample but present in the 

near-bottom sample. Otherwise the size distribution of 

particles is similar among the three north lake trap 

sam pi es. 

In January, 1982, the south lake sample is predomi¬ 

nantly coarse silt (4-6 phi) and contains little clay. This 

sample also contains 9? sand. The modes at 4.5 and 5.0 phi 

are absent in the north lake samples and make up a very 

small portion of the WF sample. The WF modes at 6.0 and 7.0 

phi are repeated in the three north lake samples. These 

three samples exhibit similar distributions indicating size 

homogeneity within the water column for this period. 

In August, 1982 the WF, NLS, and NLM trap samples have 

similar size distributions, with low modes at 6.5, 7.25, and 

8.0 phi. The NLM sample has a slightly higher mode at 6.75 

phi. The NLB sample has modes at 7.75 and 8.25 phi which do 

not occur in any of the other August samples. The SL sample 

has a distinct mode at 7.25 phi. 

Trace Elements 

Trace element analyses were performed on samples from 

the same three months used for grain size. Solutions were 

analyzed for Al , Ba, Ca, Cr, Cu, Fe, K, Mg, Mn, P, Sr, V, 

and Zn. Elements which were not present in detectable 

quantities include As, Cd , Ni, Pb, and Sn . Concentrations 
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of Cu were quite near the detection limit so had high 

standard deviations. Results are shown in Figure 17. 

Several elements ( Al , Cu, Fe, Mn , P, V, and Zn ) were 

present in lower concentrations in the January samples than 

in the other two sets of samples. All elements but Ca and 

Zn had very low concentrations in the January south lake 

sample. Table 5 lists correlation coefficients ( r2 ) among 

trace elements and organic carbon, and Figure 18 is a 

cluster analysis dendogram of these results. The only good 

correlations are: Ai, Fe, and Ba ; P and OC. Ca shows very 

poor correlations with every element, and its similarity 

coefficients ( r) are negative for all elements but Sr. For 

each element, relative concentrations from trap to trap vary 

differently for each month analyzed. 

Discussion 

Sediment Flux 

There is a general relationship between rainfall in the 

watershed and sediment delivery to Lake Houston; Bedient et 

al. (1980) found that the lake receives 3*5 times the total 

suspended solids load during a wet year as it does during a 

dry year. However, the sediment trap data indicate that the 

dispersal of sediment within the lake is not so easily 

explained. Figure 1Ç shows the total "monthly” rainfall. A 

comparison with Figure 13 (sediment flux) reveals the lack 

of general correlation between rainfall and sediment flux at 
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Figure 17. Trace element concentrations in sediment trap 
samples. Organic carbon values for comparison. 
* indicates concentration in ppt (O.C. in weight 
percent); all others in ppm. WF = West Fork 
trap; T = north lake surface trap; M = north 
lake mid-depth trap; B = north lake bottom trap; 
S r south lake trap. n .d . indicates element not 
detected in solution. 
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Figure 18. Dendogram of correlation coefficients (r^) for 
trace elements and organic carbon in trap 
samples. Constructed by weighted pair-group 
method, using arithmetic averaging of correla¬ 
tion coefficients. 
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Figure 19* Total rainfall over sample intervals* Cata 
collected at the Houston Intercontinental 
Airport (from U.S. Dept. Commerce--NOAA ). 
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any trap location. A plot of rainfall v_s. sediment flux 

(Fig. 20) shows that the highest WF and NLB fluxes occurred 

during periods of low rainfall and in no case does the 

period of highest rainfall correspond to the greatest 

sediment flux. These rainfall measurements were made at the 

Houston Intercontinental Airport which lies about five miles 

west of Lake Houston. This may account for part of the 

discrepancy between rainfall and sediment flux (at least at 

the WF trap) as it may not reflect rainfall over the rest of 

the watershed very well. 

By taking into account wind direction and speed, and 

the resultant wave-induced resuspension of sediment, one can 

more fully explain the flux of sediment at each of the 

traps. The phenomenon of temporary deposition followed by 

resuspension has been observed in fresh water (Hakanson, 

1981; 1982), estuarine (Drake, 1976), and marine (Drake, 

1976; Baker and Feely, 1978) environments. Hakanson (1982) 

found that the area of a lake bottom experiencing erosion 

and transportation rather than accumulation of fine sediment 

could be determined by a simple calculation using only the 

values for surface area and average depth of the lake. This 

work was based on data from nine Swedish lakes of widely 

varying sizes, shapes, and depths. Application of his 

simple relationship to Lake Houston data indicates that 

approximately 275 of Lake Houston’s bottom is subject to 

nondeposition or discontinuous resuspension. This is 
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(cm/month) 

Figure 20. Relationship between rainfall and sediment flux. 
Filled circles are West Fork trap samples; open 
circles are north lake surface trap samples; 
squares are north lake mid-depth trap; triangles 
are north lake near-bottom trap; diamonds are 
south lake trap. 
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comparable to the area denoted on Figure 4 as being subject 

to resuspension based on surface sediment textures (about 

22*). It is also possible that motorboat traffic has some 

effect on resuspension in shallow areas. 

Figure 21 depicts daily means of wind direction and 

speed as well as daily rainfall. The importance of resus¬ 

pension in the lake is best illustrated by the flux of 

sediment at the SL trap during the winter. Sediment flux 

was greatest during December, 1981 and January, 1982, when 

rainfall was quite low as were the fluxes at all the other 

trap locations. There were strong northerly winds during 

both of these periods. Predominant northerly winds drive 

waves south, the length of the fetch allowing significant 

wave formation; the waves in turn pick up the sediment and 

surface currents move it south. In contrast, October, 1981 

was a period of average rainfall and predominant south¬ 

westerly winds. The WF, NLS, and NLM traps received a medium 

amount of sediment while the MLB and SL traps received lower 

than average fluxes. The fact that the NLB trap flux is low 

suggests that incoming sediments are carried further than 

this location before reaching the bottom, or perhaps that 

the settling of entering material is somehow delayed. This 

point will be discussed further in the sections on organic 

carbon and grain size. The low flux at the SL trap is 

probably a function of the location of the trap: it was 

placed near the side of the lake, in the shallows; entering 
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Figure 21 Da i 1 y m ean wind d ir ec tion a nd veloc ity (li nes 
point 1 n d irectio n wi nd is blowing toward ) and 
rain fal l; data co 11 ec ted at the Houston In ter- 
contine ntal Airpo rt ( from U .S. Dept . Comme rce — 
NOAA ). Mo nths in d ic a ted ar e sampling inte r v al s 
rather tha n calen d ar months • 
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sediment flowing down the length of the lake is probably 

deposited in the deep areas adjacent to the dam. These 

conditions result in incoming sediments moving down the lake 

with resuspension being less important. Other months which 

show evidence of resuspension in the south lake include: 

February, 1982; April, 1982; September, 1982; and October, 

1982. 

Resuspension also occurs to some extent in the northern 

portion of the lake, as illustrated by the data for March, 

1982. This month saw strong winds, more southerly than 

northerly, but very little rainfall. The WF, NLS, and NLM 

traps all accumulated a greater amount of sediment than 

would be expected from sediment input, while the NLB and SL 

traps accumulated relatively little sediment. Other months 

which show evidence of resuspension in the north part of the 

lake include: April, 1982 (WF flux was very low while the 

north lake trap fluxes were higher than average); June, 1982 

(resuspension of sediment to the NLM and KLB traps); and 

September, 1982 (very low rainfall, yet high sediment fluxes 

in all but the NLS trap). However, greater rates of 

sediment accumulation probably prevent resuspension from 

affecting the sediments as completely as in the south part 

of the 1ake. 

The WF, NLM, and SL traps can all be explained 

adequately by the balance between sediment input and wave- 

induced resuspension. A complete explanation of sediment 
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flux in the MLS and NLB traps requires that additional 

factors be taken into account. The very high sediment flux 

observed at the NLS trap during August» 1982 may be due to 

stratification of the lake at this time, and the entrainment 

of entering sediments in the surface layer of water. The 

other high fluxes - March and April, 1982 - may be explained 

by resuspension in the north part of the lake. The NLB trap 

shows a steady increase in sediment flux from spring through 

summer, which does not appear in any of the other traps. It 

is possible that this is related to the increase in water 

temperature over this period : higher temperature means 

lower viscosity, thus faster settling of particles. This 

would allow entering material to reach the bottom more 

quickly and be deposited closer to the river mouths than 

during colder periods. Lower water viscosity could also 

result in the settling of particles that might otherwise 

remain in suspension, and in the retention of resuspended 

particles deeper in the water column than during other 

periods. 

Organic Carbon 

The greatest influences on variations in the organic 

carbon (OC) content of suspended sediments in Lake Houston 

are biological productivity and resuspension of sediments. 

The effect of productivity is indicated by the increase in 

OC content of all trap samples over summer months when 
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Sediment Flux (grams) 

Figure 22. Relationships between sediment flux and organic 
carbon flux at each trap location. Filled 
circles indicate summer samples; open circles 
are resuspended samples; half-filled circles 
are resuspended summer samples; triangles are 
all other samples. This line does not represent 
a statistical relationship; rather, it depicts 
qualitatively the effects of resuspension and of 
summer productivity on organic carbon content of 
suspended sediments. 
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productivity is highest. The seemingly anomalous high CC 

value for the NLS trap in December 1982 is due to the very 

low total sediment flux (0.25 g). 

There is a general inverse relationship between 

sediment flux and the organic content of trap samples, and a 

positive correlation between sediment flux and total organic 

flux. Figure 22 shows the relationship between the two 

fluxes for each of the traps. In every case, there is a 

line which can be drawn through the data, above which the 

summer (June-September) samples all lie, and below which 

samples composed of resuspended sediments lie. Samples 

falling in neither of these categories fall close to this 

line, in most cases. This suggests that there is a general 

base level of organic carbon in the suspended sediments 

which is increased by high biological productivity during 

the summer and reduced by episodes of resuspension and 

prolonged residence times. Resuspension events during the 

summer may reduce the organic content somewhat, but in all 

cases these samples still lie above the line. Based on this 

theory, May, 1982 samples appear to have undergone resuspen¬ 

sion as well (although sediment flux data does not Indicate 

so). May samples were not recovered from the NLS and SL 

traps. Reduction in organic carbon content during periods 

of resuspension occurs to a greater extent in the SL trap 

samples than in the other traps. The NLB trap samples have 

lower OC contents than other traps; these sediments would be 
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expected to have longer residence times than those collected 

in traps nearer to the surface, even when not resuspended. 

The rather steady base amount of organic carbon in 

suspended sediments of Lake Houston most likely reflects the 

input of organic material from sewage treatment plants 

(which would be expected to have fairly steady outputs year- 

round) and from the rivers (which would vary with rainfall 

and runoff). 

Grain Size 

The grain-size curves clearly show the effects of 

resuspension. In January, the south lake sample is 

distinctly coarser than the other samples; all the January 

samples are slightly coarser and somewhat better sorted than 

corresponding samples of the other two months. The modes at 

4.5 and 5.0 phi in the SL sample are absent in the other 

January samples, indicating a different source than fluvial 

input. The slightly coarser nature of the WF and north lake 

samples compared to other months suggests some resuspension 

in the northern part of the lake as well. 

The SL samples from October and August both have 

relatively well-defined modes. The October mode is at 6.25 

phi and does not occur in the other October samples. If 

these well-sorted silts were of aeolian origin, they would 

be present in all of the trap samples. The August mode is 

at 7.25 phi, which is a less distinct mode in all the other 
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August samples. These may be the result of sorting due to 

extended transport through the lake. The August SL sample 

appears to result from the sorting of input material, while 

the October EL sample must have a different source, probably 

resuspended silts. Although the predominant wind direction 

during the October period was SE, there were a few days of 

strong northerly winds which could have caused resuspension 

of these fine silts and sent them south. 

The curves for the West Fork and north lake trap 

samples are similar to one another during both January and 

August, indicating homogeneity within the water column. The 

January PB trap is slightly better sorted than the others, 

suggesting removal of some material before reaching the 

bottom, or perhaps a greater influence of resuspension 

there. The WF and FL samples from October are less similar 

to one another, and the very fine nature of the NLM sample 

is quite interesting. Coarser sediment which is present in 

the WF, h'LS, and KLB samples appears to bypass this trap 

somehow. Or perhaps there is an extra source of fine 

sediments which reaches only the mid-depth trap, possibly 

selective resuspension of fines from the lake platform. 

Trace Elements 

The most important observation to note from the trace 

element data is that for each element except Ca and Zn, the 

January south lake trap sample has the lowest concentration 

of that element. This sample appears to have experienced 
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the greatest degree of resuspension (based on sediment flux, 

grain size, and organic carbon data); this is good evidence 

for the release of elements from the sediments during 

epi'sodes of resuspension. 

The fact that many of the elements were present in 

lower concentrations in all January samples suggests that 

there is a better correlation of behavior of these elements 

with organic carbon than the statistics (Table 3* Fig. 18) 

indicate. This suggests that the same processes which 

regulate organic carbon may affect trace element contents of 

suspended sediments, or that the decay of organic matter 

releases complexed trace elements. In a study of Wilton 

Creek, Ontario, Ongley et al. (1981) found distinctive 

seasonal trends in the geochemical characteristics of 

suspended sediments. In this case, the trends were related 

to changes in hydrologic behavior of the drainage basin. 

However, much of the effect was due to winter ice cover, 

which does not affect Lake Houston. 

The general lack of good correlation between elements 

suggests that concentrations may be more dependent upon 

source input than on chemical controls acting on or in the 

suspended sediments. There are better correlations among 

elements in the core samples studied. 

In order to evaluate the results of trace element 

analyses, one might compare them to other studies; unfor¬ 

tunately, partial digestion studies of suspended sediments 
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in small lakes are not common. Table 6 compares results for 

a few elements from this study with analyses of trace 

elements from suspended sediments in the Mississippi River. 

These analyses were performed on samples digested by 

sequential treatment with hydrochloric, nitric, and hydro¬ 

fluoric acids (Eisenreich et al., 1980), so have probably 

leached more of the available metal from the sediment than 

the procedure used for this study would have done. 

Nonetheless, concentrations from Lake Houston sediments are 

about three orders of magnitude higher than those from the 

Mississippi River. 

The U.S. Environmental Protection Agency ( E PA ) has not 

issued quality criteria for sediments in water supplies, 

though sediments could potentially release significant 

amounts of contaminants. A comparison of EPA drinking water 

quality criteria (U.S. EFA, 1976) to Lake Houston's sediment 

concentrations (for those elements analyzed for which stan¬ 

dards exist) appears in Table 7. The sediment concentra¬ 

tions are much higher than the EPA criteria, and, except for 

Cu and Zn , the release of a very small percent could lead to 

potentially hazardous drinking water. The dilution of con¬ 

taminants upon release to the water may reduce the hazard, 

however, depending on the concentration of sediment in 

suspension at the time. Eisenreich et al. (1980) have 

determined the percentage of sediment-associated elements 

accessible to release by aqueous chemical or biological 
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TABLE 6 

A comparison of organic carbon and some trace 
element concentrations in suspended sediments 
from the Mississippi River with those from 

Lake Houston 

Mississippi Lake Houston 

TOC 8-13 ppm 1.3-11.0 % 

Al 0.6-10 ppm 3.4-10.7 ppt 

Cu 1-10 ppb 1.8-9.7 ppm 

Fe 0.5-6.0 ppm 6.3-21.3 ppt 

Mn 20-350 ppb 500-4300 ppm 

Mississippi River values from Eisenreich et al. (1980) 
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TABLE 7 

A comparison of EPA water quality criteria for 
drinking water to concentrations in suspended 

sediments from Lake Houston 

* 

EPA value Lake Houston % release to 
(ppm) concentration range 

(ppm) 
exceed EPA 

Ba 1.00 148-351 0.3-0.7 

Cr 0.05 1.9-12.7 0.4-2.6 

Cu 1.00 1.8-9.7 10.3-55.6 

Fe 0.30 6300-21300 0.001-0.005 

Mn 0.05 500-4300 0.001-0.010 

Zn 5.00 17-93 29.4-5.4 

♦From U. S. EPA Quality Criteria for Water, 1976 
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reactions for some metals in Mississippi Fiver suspended 

sediments. A calculation of the amount available from Lake 

Houston sediments for these metals ( Cr , Cu , Fe , Mn ) 

indicates that EPA criteria could possibly be exceeded, even 

after some dilution (Table 8). It has been shown that small 

quantities of metals mobilized from sediments can present a 

significant environmental impact based on their bioaccumula¬ 

tion and toxicity characteristics (Jennett et al., 1980). 

Implications for Coliform Bacteria Pollution 

Periodic pollution of Lake Houston by coliform bacteria 

is a recurring problem. Results from this study may help to 

explain the seemingly capricious distribution of these 

bacteria, which occassionally reach alarming levels. 

There is a good theoretical basis for a relationship 

between the behavior of coliform bacteria and that of 

sediments: the bacteria will enter the lake associated with 

suspended particles. It is a reasonable assumption that the 

particles carrying bacteria will be hydraulic equivalents of 

coarse silt to fine sand sized sediments (5 to 3 phi; 

Anderson, pers. comm.), although this needs to be tested. 

Core and surface sediment data indicate that most of 

the sediment entering Lake Houston is temporarily deposited 

in a delta, then resuspended and moved down the lake. 

Although much of the suspended sediment travelling down the 

lake is finer than this, instances of 2 to 5 phi size 
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TABLE 8 

Calculations of the amount of some metals 
available for release from suspended sediment 

in Lake Houston compared to EPA criteria 

% Available* 
Lake Houston 
sediments 

(ppm) 
Available 

(ppm) 

EPA 
value 
(ppm) 

Cr 25-30 1.9-12.7 0.5-3.8 0.05 

Cu 93-97 1.8-9.7 1.7-9.4 1.00 

Fe 44-59 6300-21300 2770-12600 0.30 

Mn 95-97 500-4300 475-4171 0.05 

* Available = accessible to release due to aqueous 
chemical or biotic interaction; 

values from Eisenreich et al. (1980) 

+ From U.S. EPA Quality Criteria for Water, 1976 
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particles in suspension are common (see Fig. 16, Table 

A3,11). Figure 23 shows the velocities required to resuspend 

particles of this size range (from Blatt et al., 1980). For 

a particle which is hydraulically equivalent to 5 phi, a 

current velocity of 1 cm/sec is required for suspension. 

This size particle would travel the entire length of the 

lake (6.5 km) in 7.5 days if southerly flowing currents of 1 

cm/sec persisted that long. A 3 phi particle requires a 

velocity of 13 cm/sec and would travel down the lake in less 

than 14 hours. These time periods are within the life span 

of coliform bacteria in a lake environment. 

However, as the wind drops, the surface current 

velocity will drop, and particles will settle through the 

water column. In this manner, bac teria-bearing particles 

can be abundant (even in the southern part of the lake) at 

one point in' time, then absent quite soon afterward. This 

is probably an important factor affecting the heretofore 

unexplained behavior of coliform bacteria in Lake Houston. 

There is evidence that such current velocities do 

occur, and are sustained long enough for fine sand and 

coarse silt sized particles to be carried well into the 

lake. For example, the January, 1982 sediment trap samples 

all contain some coarse silt and fine sand (Fig. 16, Table 

A3»4). Climatologie data (Fig. 21) show that northerly 

winds were common and could have induced currents of the 

required minimum velocity (13 cm/sec). Such velocities are 
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Figure 23. Relationship between grain size and current 
velocity required for suspension of sediments, 
(s 12x settling velocity; from Blatt et al.t 

1980). 
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also indicated for October, 1981. Grain size analyses were 

only performed on trap samples from three months, yet nearly 

every sample contained at least a small amount of sediment 

coarser than 5 phi. This suggests that wind-generated 

currents capable of suspending particles of this size are 

not uncommon. 

Unfortunately this is only indirect evidence that such 

velocities are reached in Lake Houston. It is likely that 

current velocities of 15 cm/sec and more can be reached 

during periods of sustained winds and heavy tributary flow, 

but actual current measurements have never been made. It 

would be worthwhile to do so, and to relate these data to 

coliform distributions in the lake. 



CHAPTER IV 

SUMMART AHD CONCLUSIONS 

Analysis of cores shows that the volume of Lake Houston 

has been reduced b> only 7.8 2 over 28.5 years. However, 

sedimentation rates have increased in recent years, as 

indicated by the change from laminated to homogeneous 

sediments preserved in the cores. Most of the accumulation 

occurs in the northern reaches of Lake Houston, where the 

two forks of the San Jacinto River enter the lake. 

There is no correlation between historical rainfall 

data and grain-size distributions in cores; nor do major 

storms leave coarse lags--at least not in deep areas from 

which cores were taken. However, cores were preferentially 

recovered from deeper areas with hopes of obtaining complete 

sedimentary records. It was anticipated that this would be 

more significant; however it was discovered that cores from 

shallow areas, which may have documented storm events and 

resuspension, would have been more useful. Areas over which 

resuspension frequently occurs are evident in the distribu¬ 

tion of surface sediments, and comprise about 222 of the 

lake floor. 

Organic carbon data from cores demonstrate that organic 

loading to the lake has increased over earlier levels. This 

is due to human population expansion in the watershed, and 

the accompanying increase in sewage effluent. Inorganic 
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inputs have also increased « due to erosion as land is 

cleared for agriculture and construction. Dilution by 

inorganic sediments has diminished the impact of higher 

organic inputs. 

Major sources of trace elements to Lake Houston seem to 

be sewage treatment plant effluent and agricultural runoff, 

though the potential influence of aerosol input was not 

assessed. Trace elements are accumulating in the southern 

part of the lake; concentrations in near-surface sediments 

there are significantly higher than concentrations in the 

northern areas of the lake. None of the elements correlate 

well with organic carbon, but there are some good correla¬ 

tions among trace elements. Barium was expected to be 

higher in core-bottom sediments because of oil field 

activity in the watershed at that time, but only in the East 

Fork core was the concentration higher in bottom than near¬ 

surface sediments. 

Analyses of sediment trap samples reveal the dynamic 

nature of sedimentary processes in Lake Houston. The amount 

of sediment input from the San Jacinto River is a function 

of rainfall intensity in the watershed. A quantitative 

relationship was not possible, due in part to the location 

of the meteorological data station outside the watershed. 

The movement of sediment through the lake is complicated by 

the action of wave-driven sediment resuspension. This 

varies with the direction and velocity of the wind. The 
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most intensive resuspension occurs in the southern end of 

the lake where northerly winds have their longest fetch. 

Fines are winnowed from the shallow areas and redeposited in 

deeper portions of the lake. The remaining sediments have 

lower organic carbon and trace element concentrations. This 

may contribute to the relatively high concentrations of 

trace elements in the deeper areas of southern Lake Houston. 

The organic carbon content of sediments is increased 

during the summer due to biological productivity and 

decreased by resuspension due to extended decomposition. 

Otherwise, thé flux of organic carbon appears to be closely 

related to sediment flux, indicating that the organic carbon 

input to the lake is fairly constant. 

Poor correlations among trace elements (especially when 

compared to core data) suggest that source variations may be 

the major influence on elemental concentrations in suspended 

sediments. All of the elements but Ca appear to be removed 

from the sediments during episodes of resuspension. There 

is a fairly good correlation of organic carbon to A1, Ea, 

Fe, and P in trap samples. 

Unfortunately, sediment trap samples collected over 

one-month periods leave too many variables unknown. Such 

factors as the relative contributions to suspended sediment 

from direct stream input, resuspension of delta sediments, 

and resuspension from other areas of the lake; possible 

associations of different size and geochemical fractions 
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with discrete hydrodynamic events or conditions; the 

magnitude and time scales of variations in suspended 

sediment content; the duration and velocity of currents; 

and possibly many other unknowns may be very important. 

Events are happening on a smaller time scale; the sediment 

trap data integrate the results of too many processes over 

too long a span of time, and quantitative analyses are not 

possible. 

A comparison of core and trap data yields some interes¬ 

ting observations. The organic carbon content of suspended 

sediments is higher than that of bottom sediments. However, 

values for the north lake near-bottom trap samples are close 

to those of bottom sediments, suggesting that organic matter 

is decomposed primarily in the water column and upper few cm 

of the sediment, and bottom processes are less important. 

This could have significant implications for the lake’s 

water quality. Alternatively, the near-bottom trap could 

have collected mainly resuspended bottom sediments. 

In the trap samples, trace elements show very poor 

correlations among one another, but better correlations with 

organic carbon. Core samples have better interelement 

correlations, but poor correlation to organic carbon. This 

suggests that perhaps elements are more closely associated 

with organic matter while in suspension, but are controlled 

by other factors or processes after burial in the sediments, 

such as early diagenesis. 
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Ea , Ca , Cu, Fe , Mn, P, Sr, V, and Zn are all present at 

higher concentrations in trap samples than in core samples. 

This indicates that these elements may be released from the 

sediments prior to burial, and thus solubilized. Cr and A1 

concentrations are higher in core samples. It is possible 

that they are somehow concentrated in the sediments. K and 

Mg values are similar in both environments, seemingly 

unaffected by water column processes; however, both show 

evidence of release upon resuspension, so perhaps the 

relative proportion'increases in sediments to keep values 

comparable. Increases in Mg could be due to cation-exchange 

for Fe on clays under anoxic conditions. 

Calculations of down-lake transport time based on 

current velocities inferred from grain size data indicate 

that particles transporting coliform bacteria could reach 

the south end of the lake in as little as half a day. Fluc¬ 

tuations in current velocities may account for variations in 

coliform bacteria distributions encountered in Lake Houston. 

Overall, resuspension appears to be the most signifi¬ 

cant process affecting sediments in Lake Houston. This 

process becomes more important when its consequences are 

considered: it provides a mechanism whereby sediment- 

associated contaminants can and will be released to lake 

waters quite efficiently. The fact that the most intensive 

resuspension occurs in the southern part of the lake—near 

the water supply intake conduits--magnifies the problem. 



REFERENCES 

Allan, R.J., 1979. Heavy metals in bottom sediments of Great 
Slave Lake (Canada): a reconnaissance: Environ. Geol., 
3, 49-58. 

Allanson, E.R., 1973. Summary: physical limnology of man¬ 
made lakes, Jji W.C. Ackermann, G.F. White, and E.B. 
Worthington, eds., Man-made lakes: their problems and 
environmental effects: Geoph. Konogr. Ser., VJ_t ^82 —^ 88. 

Alther, G.R., 1975. Geochemical analysis of stream 
sediments as a tool for environmental monitoring: a 
pigyard case study: Ceol. Soc. Amer. Bull., 8£, 174-176. 

Ambursen Engineering Corporation, 1966. Report on sedi¬ 
mentation of Lake Houston, Houston, Texas, unpublished. 

Andelman, J.B., 1973» Incidence, varibility, and controlling 
factors for trace elements in natural, fresh waters, 
in P.C. Singer, ed., Trace metals and metal-organic 
interactions in natural waters: Ann Arbor Science Pub¬ 
lishers, 57-88. 

Anderson, J.B. and E. Broekstra, 1977. Note: Thermal 
wedging in Lake Macatawa, Michigan: long-term impact of 
channelization: J. Great Lakes Res., 2, 159-1 63. 

Anderson, J.B. and D. D. Kurtz, 1979. RUASA: an automated 
sediment analysis system: J. Sed . Petrol., 49_, 625-627. 

Anderson, J.B, R. Wheeler, C. P. Dunning, S. Shepley, and 
M. Fowke, 1978. Geologic assessment of environmental 
impact in Lake Macatawa, Michigan: Environ. Geol., £, 
677-78. 

Aral, T. , 1973. Thermal structure of artificial reservoirs, 
in W.C. Ackerman, G.F. White, and E.B. Worthington, 
eds.. Man-made lakes: their problems and environmental 
effects: Geoph. Monogr. Ser., 349-357. 

Armitage, E. R., 1974. The run-off of fertilisers from 
agricultural land and their effects on the natural 
environment, i_n D.E.G. Irvine and E. Knights, eds., 
Pollution and the use of chemicals in agriculture: 
Ann Arbor Science, 43-60. 

Baca, E. , 1981. Limnological characteristics of Lake 
Houston--sediment, nutrient, and hydrologic inter¬ 

actions: M.S. thesis, Rice University, unpubl. 150 p. 



91 

Baker, E. T. and R.A. Feely, 1978. Chemistry or oceanic 
perticulate matter and sediments: implications for 
bottom sediment resuspension: Science, 200, 533-535. 

Baker-Blocker, A., E. Callender, and P. D. Josephson, 1975. 
Trace element and organic carbon content of surface 
sediment from Grand Traverse Bay, Lake Michigan. Geol. 
Soc. Amer. Bull., 86_, 1358-1 362. 

Beckett, P.H.T. and Davis, R.D., 1982. Heavy metals is 
sludge--are their toxic effects additive?: Water Pollut. 
Control , 81_, 112-119. 

Bedient, P.B. and J.B. Anderson, 1982. Water quality and 
sedimentation in Lake Houston, Final Report to the 
Houston-Galveston Area Council. 

Bedient, P. B., J.B. Anderson, P.G. Rowe, C.H. Ward, R. 
Olsen, E. Baca, C. Newell, and J. Lambert, 1980. 
Environmental study of the Lake Houston watershed 
(Phase I), final report: Rice University Department of 
Environmental Science and Engineering, Houston, TX. 

Bennett, J.R., 1974. On the dynamics of wind-driven lake 
currents. J. Phys. Cceanogr., 4^, 400-414. 

Biswas, S., 1973. Limnological observations of Volta Lake 
in Ghana, i_n W.C. Ackerman, G.F. White, and E.B. Worth¬ 
ington, eds., Man-made lakes: their problems 3nd envi¬ 
ronmental effects: Geoph. Monogr. Ser., 121-128. 

Blatt, H. , G. Middleton, and R. Murray, 1980. Origin of 
sedimentary rocks, 2d ed. Englewood Cliffs, NJ: 
Prentice-Hall, 782 p. 

Bondurand, D.C. and Livesey, R.H., 1973. Reservoir 
sedimentation studies, _i_n W.C. Ackerman, G.F. White, and 
E.B. Worthington, eds., Man-made lakes: their problems 
and environmental effects: Geoph. Monogr. Ser., 17, 
364-367. 

Eortleson, G.C. and Lee, G.F., 1972. Recent sedimentary 
history of Lake Mendota, Wis., Env. Sci. Technol., è, 
799-808. 

Brannon, J.M., R.H. Plumb, Jr., and I. Smith, Jr., 1980. 
Long-term release of heavy metals from sediments, i_n 
R.A. Baker, ed., Contaminants and sediments, v.2: Ann 
Arbor, MI, Ann Arbor Science Publ., 221-266. 

Brownlow, A.H., 1979. Geochemistry: Englewood Cliffs, NJ, 
Prentice-Hall, 498 p. 



92 

Cahill, R.A., 1981. Geochemistry of recent Lake Michigan 
sediments: Illinois State Geol . Surv., Circ. j>1_7, 96 p. 

Chesselet, R. , R.A. Berner, S.E. Calvert, R.C. Cooke, A.J. 
deGroot, J.C. Duinker, A. Lerman, J.M. Martin, N.E. 
Price, E. Seuss, and R. Wollast, 1976. Solution- 
sediment chemical interactions, in I.N. McCave, ed., The 
benthic boundary layer: New York, Plenum Press, 261-272. 

Cole, G.A., 1975. Textbook of limnology: St. Louis, Mosby, 
283 p. 

Collinson, J. D., 1978. Lakes, i_n H.G. Reading, ed ., 
Sedimentary environments and facies. New York, Elsevier, 
61-79. 

Davis, J.A., 1980. Adsorption of natural organic matter 
from freshwater environments by aluminum oxide, _iri 
R.A. Baker, ed.i Contaminants and sediments, v. 2: Ann 
Arbor, MI, Ann Arbor Science Publishers, 279-304. 

Dendy, F.E., W.A. Champion, and R.B. Wilson, 1973. 
Reservoir sedimentation surveys in the United States, i_n 
W.C. Ackerman, G.F. White, and E.B. Worthington, eds., 
Man-made lakes: their problems and environmental 
effects: Geoph. Monogr. Ser. V7, 349-357. 

Drake, D. E., 1976. Suspended sediment transport and mud 
deposition on continental shelves, Jji D.J. Stanley and 
D.J.P. Swift, eds., Marine sediment transport and 
environmental management: New York, Wiley, 127-1 58. 

Drever, J. I. , 1982. The geochemistry of natural waters: 
Englewood Cliffs, NJ, Prentice-Hall, 38Sp. 

Durum, W.H., 1982. Agricultural lands hydrology, i_n G.J. 
Halasi-Kun, ed., Pollution and water resources: 
Columbia Univ. Sem. Ser., JM*.* Pt. 1 » 139-1 62. 

Dzubay, T.G., R.K. Stevens, C.W. Lewis, D.H. Hern, W.J. 
Courtney, J.W. Tesch, and M.A. Mason, 1982. Visibility 
and aerosol composition in Houston, Texas: Environ. Sci. 
Technol., 6, 514-525. 

Edzwald, J.K., 1977. Phosphorous in aquatic systems: the 
role of the sediments, i_n I.H. Suffet, ed., Fate of 
pollutants in air and water environments, pt. 1: Adv. 
Env. Sci. Technol., 8, pt. 1, 183-214. 

Eisenriech, S. J. , M.R. Hoffman, D. Rastetter, E. Yost, and 
J. Maier, 1980. Metal transport phases in the upper 
Mississippi River, in M.C. Kavanaugh and J.O. Leckie, 



93 

eds., Particulates in water: Adv. Chem. Series, 189, 
135-176. 

Feltz, H.R., 1980. Significance of bottom material data in 
. evaluating water quality, i_n R.A. Baker, ed., Contamin¬ 

ants and sediments, v. 1: Ann Arbor, MI, Ann Arbor 
Science, 271-287. 

Forstner, U. and S.R. Patchineel am, 1980. Chemical associa¬ 
tions of heavy metals in polluted sediments from the 
lower Rhine River, J_n M.C. Kavanaugh and J.O. Leckie, 
eds.. Particulates in water: Adv. Chem. Ser., 189 « 
177-193. 

Forstner, U. and G.T.W. Wittmann, 1979. Metal pollution in 
the aquatic environment: New York, Springer-Verlag, 486p 

Friedman, G.M. and J.E. Sanders, 1978. Principles of sed i- 
mentology: New York, Wiley, 792p. 

Gardner, W.D., 1980. Sediment trap dynamics and calibra¬ 
tion: a laboratory evaluation: J. Mar. Res., 38., 17-39. 

Gibbs, R.J., 1977. Transport phases of transition metals 
in the Amazon and Yukon Rivers: Ceol . Soc. Amer. Bull., 
88, 829-843. 

Gloss, S. P. , L.M. Mayer, and D. E. Kidd, 1Ç S 0. Advective 
control of nutrient dynamics in the epilimnion of a 
large reservoir: Limnol. Oceanog., 25_, 219-228. 

Golterman, H.L., 1975. Physiological limnology: Mew York, 
Elsevier, 489p. 

Hakanson, L. , 1977. The influence of wind, fetch, and water 
depth on the distribution of sediments in Lake Vanern, 
Sweden: Can. J. Earth Sci., 2Ü.» 297-412. 

Hakanson, L. , 1981. On lake bottom dynamics--the energy- 
topography factor: Can. J. Earth Sci., J.8., 899-909. 

Hakanson, L., 1982. Lake bottom dynamics and morphometry: 
the dynamic ratio: Water Resour. Res., _1J^, 1444-1450. 

Hellstrom, B. , 1940. Wind effects on lakes and rivers: 
Tekniska Hogskolan, Avh. 26 (Stockholm), 190p. 

Helz, G.R., R.J. Huggett, and J.M. Hill, 1975. Behavior 
of Mn , Fe, Cu, Zn, Cd, and Pb discharged from a waste- 
water treatment plant into an estuarine environment: 
Water Res., 9, 631-636. 



94 

Hutchinson, G. E., 1957. A treatise on limnology, v. 1, 
geography, physics, and chemistry: New York, Wiley, 
1015p . 

Jenne, E.A., 1968. Controls on Mn, Fe, Co, Ni, Cu , and Zn 
concentrations in soils and water: the significant role 
of Mn and Fe oxides, i_n Trace inorganics in water: Adv. 
Chem. Ser., 73. 337-387. 

Jennett, J.C., S.W. Effler, and B.G. Wixson, 1980. Mobili¬ 
zation and toxicological aspects of sedimentary contami¬ 
nants, _iji R.A. Baker, ed., Sediments and contaminants, 
v. 1 : Ann Arbor, MI, Ann Arbor Science Publ., 429-444. 

Jones, B.F. and C.J. Bowser, 1978. The mineralogy and 
related chemistry of lake sediments, ^n Lerman, A., 
ed.. Lakes: chemistry, geology, physics: Mew York, 
Springer-Verlag, 179-235. 

Jordan, C.F., G. E. Fryer, and E. H. Hammen, 1971. Size 
analysis of silt and clay by hydrophotometer: J. Sed . 
Petrol., JM, 489-496. 

Keller, E.A., 1979. Environmental geology, 2d ed. : Columbus 
Ohio, Merrill, 584p. 

Kemp, A.L.W., C.B.J. Gray, and A. Mudrochova, 1972. Changes 
in C, N, P, and S in the last 140 years in three cores 
from Lakes Ontario, Erie, and Huron, i_n H.E. Allen and 
J.R. Kramer, eds., Nutrients in natural waters: New 
York, Wiley, 251-279. 

Klein, D.H., 1975. Fluxes, residence times, and sources of 
some elements to Lake Michigan: Water, Air, Soil Pollut. 
4, 3-8. 

Klotz, R.L. and E.A. Matson, 1978. Dissolved organic carbon 
fluxes in the Shetucket River of eastern Connecticut, 
U.S.A., Freshwater Biol., j5, 347-355. 

Komar, P. D. and M.C. Miller, 1973. The threshold of 
sediment movement under oscillatory water waves: J. 
Sed. Petrol., 43, 1101-1110. 

Leckie, J.O. and R.O. James, 1974. Control mechanisms for 
trace metals in natural waters, ^n A.J. Rubin, ed., 
Aqueous-environmental chemistry of metals: Ann Arbor, 
MI, Ann Arbor Science Publ., 1-76. 

Lerman, A., 1979. Geochemical processes: water and sediment 
environments: New York, Wiley, 481 p. 



95 

Likens» G. E. , 1972. Eutrophication and aquatic systems; iji 
G.E. Likens» ed.» Nutrients and eutrophication. Am. Soc. 
Limn. Cceanog., Spec. Symp. 2» 2-13. 

Martin, D.B. and R.D. Arneson, 1978. Comparative limnology 
of a deep-discharge reservoir and a surface-discharge 
lake on the Madison River, Montana: Freshwater Biol*, 
8, 32-42. 

McCabe, L. J. , 1971*. Problem of trace metals in water 
supplies, ^n Proceedings, Sixteenth Water Quality 
Conf., Trace metals in water supplies: Univ. Illinois, 
Ur ban a, 1-10. 

McKee, B.A., C.A. Nittrouer, and D. J. DeMaster, 1983. 
Concepts of sediment deposition and accumulation applied 
to the continental shelf near the mouth of the Yangtzee 
River: Geology, JJ.» 631-632. 

Meiggs, T.O., 1980. The use of sediment analysis in 
forensic investigations and procedural requirements 
for such studies, _iji R.A. Baker, ed., Contaminants and 
sediments, v.1: Ann Arbor, MI, Ann Arbor Science, 
297-308. 

Mortimer, C.H., 1971. Chemical exchanges between sediments 
and water in the Great Lakes--speculations on probable 
regulatory mechanisms: Limnol. Oceanog., _16.» 287-404. 

Neel, J. K., 1963. Impact of reservoirs, i_n D.G. Frey, ed., 
Limnology in North America: Madison, WI, University of 
Wisconsin Press, 575-593» 

Newell, C. J. , 1981. An assessment of point and nonpoint 
pollution loads into Lake Houston: unpubl. M.S. thesis, 
Rice Univ., Houston, TX, 107p. 

Ongley, E. D. , M.C. Bynoe, and J.B. Percival, 1981. Physical 
and geochemical characteristics of suspended solids, 
Wilton Creek, Ontario: Can. J. Earth Sci., JJL» 1365-1 379 

Rupke, N.A., 1978. Deep clastic seas, i_n H.G. Reading, ed., 
Sedimentary environments and facies: New York, Elsevier, 
372-415. 

Sasseville, D.R. and S.A. Norton, 1975. Present and 
historic geochemical relationships in four Maine lakes: 

Limnol. Oceanog., £0, 699-714. 

Slotta, L.S., 1973. Stratified reservoir density flows 
influenced by entering streamflows: i_n W.C. Ackermann, 

G.F. White, and E.E. Worthington, eds.. Man-made lakes: 



96 

their problems and environmental effects, Geoph. Monogr. 
Ser., 2.1* 311-315. 

Slowey, J.F., D.C. Riddle, C.A. Rising, and R.L. Garrett, 
1973. Natural background levels of heavy metals in 
Texas estuarine sediments, Final report to the Texas 
Water Quality Board, Environmental Engineering Division, 
Dept. Civil Eng., Texas A&M University, unpubl. 

Sly, P.G., 1978. Sedimentary processes in lakes, ^n A. 
Lerman, ed.. Lakes: chemistry, geology, physics: New 
York, Springer-Verlag, 65-89. 

Snoeyink, V. L. and D. Jenkins, 1980. Water chemistry: 
New York, Wiley, «63 p. 

Speidel, D. H, and A.F. Agnew, 1982. The natural geo¬ 
chemistry of our environment: Boulder, CO, Westview 
Press, 21 « p . 

Stumm, W. and P. Baccini, 1978. Man-made chemical pertur¬ 
bations of lakes, jUj A. Lerman, ed.. Lakes: chemistry, 
geology, physics: New York, Springer-Verlag, 91-126. 

U.S. Department of Commerce--NOAA, 1981-1 983. Local clima¬ 
tological data: Texas (Houston Intercontinental Airport) 
U.S. Env . Data Service, Asheville, NC. 

U.S. Environmental Protection Agency, 1976. Quality 
criteria for water: U.S. Govt. Printing Office, 256 p. 

Verhoff, F.H. and S.M. Yaksich, 1982. Storm sediment con¬ 
centrations as affected by land use, hydrology, and 
weather: J. Env. Qual ., _1_1_, 72-78. 

Viessman, W. Jr., J.W. Knapp, G.L. Lewis, and T. E. Harbaugh, 
1977. Introduc tion'to hydrology, 2d ed . : New York, IEP, 
70«p. 

Wheeler, R.B., J.B. Anderson, R. R. Schwarzer, and C.L. 
Hokanson, 1980. Sedimentary processes and trace metal 
contaminants in the Euccaneer Oil/Gas Field, north¬ 
western Gulf of Mexico: Env. Geol., 3_, 163-175. 

Williams, S. L., D.B. Aulenbach, and N. L. Clesceri, 197«. 
Sources and distribution of trace metals in aquatic 
environments, ^n A.J. Rubin, ed.. Aqueous-environmental 
chemistry of metals: Ann Arbor, MI, Ann Arbor Science 
Publ., 77-127. 



• 97 

Winchester , J.W. and G. D, Nifong, 1971. Water pollution in 
Lake Michigan by trace elements from pollution aerosol 
fallout: Water Air Soil Pollut., U 50-64. 

Wood, J.M., 1974. Biological cycles for elements in the 
environment, and the neurotoxicity of metal alkyls, ^n 
Proceedings, Sixteenth Water Quality Conf., Trace metals 
in water supplies: Univ. Illinois, Urbana, 27-38. 

Wunderlich, W.O. and R.A. Elder, 1973» Mechanisms of flow 
through man-made lakes: i_n W.C. Ackermann, G.F. White, 
and E.B. Worthington, eds., Man-made lakes: their 
problems and environmental effects, Geoph. Monogr. Ser., 
17, 300-310. 



APPENDIX 1 

METHODS 

• 

Sampling 

Cores 

Sediment cores were collected manually by divers using 

1.5 inch diameter plastic tubing. Although this method is 

more tedious than using a coring device, it is better for 

obtaining undisturbed samples, particularly of the soft 

sediments at the sediment-water interface. Lake Houston 

sediments are unconsolidated enough to allow collection of 

the entire lacustrine layer using this method. 

Cores were stored at 10°C. Prior to extrusion, many 

were X-rad iographed to check for sedimentary structures. 

They were then extruded, split, and examined. Penetration 

through the pre-lacustrine surface enabled accurate 

determination of total sedimentation. Subsamples were 

selected for subsequent sed imentolog ic and geochemical 

analyse s. 

Sediment Traps 

Five sediment traps were placed in the lake. Each trap 

is constructed of a collecting chamber (55 cm long by 16 cm 

in diameter) with a 1-cm-square plastic grate covering the 

opening to reduce turbulence, and a collecting tube (35 cm 

long by it. 5 cm inner diameter). Figure AI. 1 is a diagram of 

a sediment trap used in this study. In a flume study of a 
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Figure A1.1 Diagram of sediment trap used in this study. 
Collecting tube screws onto collecting 
chamber for easy removal. 
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wide variety of sediment trap configurations, Gardner (1980) 

determined that cylindrical traps had an average trap 

efficiency closer to 100Î than those of other configura¬ 

tions, for both still and flowing water. A trap efficiency 

of 1005 implies that the trap collects particles at the same 

rate as the bed. Thus the flux data determined from trap 

samples in this study should be representative of actual 

flux in the area of each trap. The collecting tube was 

unscrewed and replaced each month by divers. Traps were 

changed during the first week or so of each month. 

Samples were stored at 10°C. Small (ca. 0.5 g) 

subsamples of wet sediment were taken for hydrophotometer 

analysis. Samples were then dried at 40°C, total dry mass 

determined, and subsamples taken for additional analyses. 

Analysis 

Grain size 

Grain size analyses were performed using the Rice 

University Automated Sediment Analyzer (RUASA) system. 

RUASA characterizes particle size on the basis of settling 

velocity, using two settling tubes and a hydrophotometer. 

This system allows accurate determination of grain size 

distributions over a wide range of sizes (Anderson and 

Kurtz, 1979). 

A 3-5 g sediment sample was homogenized and a small 

(0.35- 0.5 g) subsample retained for hydrophotometer 

analysis. The remaining sample was dried at ^OQC and 
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weighed. It was then dispersed over a 24 hour period in 

Calgon solution. The dispersed sample was wet-sieved at 

4 phi (63 um) . The >4 phi (silt and clay) fraction was 

recovered in a plastic beaker and the <4 phi (sand) fraction 

was dried and weighed. The sand fraction was split, if 

necessary, and a 0.2 g sample analyzed using the large (1.5 

m long) settling tube. The silt and clay fraction was 

covered and allowed to settle for one hour or more. The 

fines which remained in suspension were siphoned off; the 

settled material was washed into decanting tubes and 

decanted repeatedly until all the >6 phi (<l6um) fraction 

was removed. The remaining fraction (4-6 phi; 16-63 um) was 

dried, weighed, and analyzed using the small (25 cm long) 

settling tube. The fine silt and clay (10-6 phi; 1-16 um) 

fraction was analyzed using the small subsample previously 

retained. This sample was dispersed in water for 1-3 days, 

then analyzed by hydrophotometer, a photoextinetion method 

(Jordan et al., 1571). 

The RUASA system calculates size data from Gibbs' 

equation for the large settling tube and from Oden's 

equation for the small tube. Data output from this system 

includes cumulative and frequency curves, moment measures of 

mean grain size and standard deviation, and graphic measures 

of skewness and kurtosis (Anderson and Kurtz, 1979). 
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Organic carbon 

Total organic carbon (%) was determined using a LECC 

model 572-1C0 carbon analyzer. This method involves the 

combustion of a sample, measurement of evolved carbon 

dioxide, and calculation of weight-percent organic carbon. 

A sample weighing approximately 0.25 g was crushed with 

a ceramic mortar and pestle to pass through a 100 mesh 

screen. The sample was dried at 100°C, weighed, and placed 

in a filtering crucible. Tin, iron powder, and iron chip 

accelerators were added to induce combustion. Results from 

the LECO were corrected for ambient pressure and tempera¬ 

ture, and amended using a calibration curve constructed from 

results for carbon standards. 

Initially, all samples were pretreated with HC1 to 

remove any carbonate-carbon, but this procedure was 

discontinued as no samples showed any evidence of reaction 

(i.e. no effervescence). 

Trace elements 

Trace element analyses were performed using an IL 

Plasma 100 inductively coupled argon plasma spectrometer. 

The acid-extractable fraction was leached from each sample 

using sodium hypochlorite and 50Z nitric acid. Samples were 

analyzed for Al , Ea, Ca , Cr, Cu, Fe , K, Mg, Mn, P, Pb, Sr, 

V, and Zn . 

Dried samples were crushed with a ceramic mortar and 

pestle. Approximately 2 g was weighed out and placed in a 
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teflon beaker. 5 ml reagent-grade HK03* 5 ml nanopure 

deionized water, and 5 ml NaOCl (commercial Clorox) were 

added. The mixture was placed on a hotplate at about 11C°C, 

until effervescence ceased. Samples were transferred to 

centrifuge tubes, and the insoluble residue segregated by 

centrifugation. The supernatant was decanted, and the 

solution brought up to 100 ml with nanopure water and 

Triton-X (a surfactant) in a volumetric flask. This was the 

1:50 dilution stock solution, from which 1: 100, 1: 200, and 

1:400 dilution solutions were prepared for analyses. 

Duplicate solutions were prepared for all of the sediment 

trap samples; there was not enough sample to prepare 

duplicates of core samples. Each solution was analyzed at 

least twice. Procedural blanks were prepared for each set 

of solutions 
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APPENDIX 2 

CORE DATA 

This appendix contains tables of data pertaining 
to the cores collected and analyzed during this study. 
For locations of specific cores refer to Figure 5. 



Table A2.1 1^5 

Core Statistics 

Core cm Msv Lam Rate Core cm Rate 

Tl-1 16.5 16.5 0.0 0.60 T4-1 15.0 0.54 
Tl-2 29.0 29.0 0.0 1.05 T4-2 37.0 1.32 
Tl-3 12.5 12.5 0.0 0.45 T4-3 50.0 1.79 
Tl-4 50.0 11.0 39.0 1.82 T4-4 47.0 1.68 
Tl-6 57.0 6.0 51.0 2.07 T4-5 27.0 0.96 
Tl-7 38.0 19.0 19.0 1.38 T4-6 63.0 2.25 
Tl-8 54.0 7.0 47.0 1.96 T4-7 23.0 0.82 
Tl-9 26.0 14.5 11.5 0.94 T4-8 53.0 1.89 
Tl-10 25.0 5.0 20.0 1.05 T4-9 71.0 2.54 
Tl-11 14.0 14.0 0.0 0.54 T4-10 33.0 1.18 
Tl-12 24.0 17.5 16.5 0.87 T4-11 29.0 1.04 
Tl-13 26.0 17.0 9.0 0.98 T4-12 24.0 0.86 
Tl-14 31.0 13.0 18.0 1.13 T4-13 18.0 0.64 
Tl-15 31.0 5.0 26.0 1.13 T4-14 50.0 1.79 
Tl-16 13.0 13.0 0.0 0.47 T4-15 44.0 1.57 
Tl-17 16.0 16.0 0.0 0.66 

EF-1 75.0 2.68 
T2-1 33.0 22.0 11.0 1.20 EF-2 59.0 2.11 
T2-2 43.0 8.0 35.0 1.56 EF-3 76.0 2.71 
T2-3 47.0 10.5 36.5 1.71 EF-4 77.0 2.75 
T2-4 18.0 11.5 6.5 0.65 
T2-5 17.0 17.0 0.0 0.62 WF-1 60.0 2.14 
T2-6 18.0 12.0 6.0 0.66 WF-2 32.0 1.14 
T2-7 14.0 9.0 5.0 0.51 WF-3 38.0 1.36 
T2-8 15.0 15.0 0.0 0.55 WF-4 47.0 1.69 
T2-9 11.5 11.5 0.0 0.42 WF-5 73.0 2.61 

WF-6 53.0 1.89 
T3-1 17.0 17.0 0.0 0.62 WF-7 86.0 3.07 
T3-2 30.0 23.5 6.5 1.09 WF-8 81.0 2.89 
T3-3 40.0 28.0 12.0 1.45 WF-9 18.0 0.64 
T3-4 22.0 22.00 0.0 0.80 WF-10 98.0 3.50 
T3-5 34.0 34.0 0.0 1.24 WF-11 41.0 1.46 
T3-6 63.0 12.0 51.0 2.29 WF-12 51.0 1.82 
T3-7 18.5 18.5 0.0 0.67 WF-13 41.0 1 .46 
T3-8 26.0 26.0 0.0 0.95 

T1 = dam area transect cm = core length in cm 
T2 = south lake transect Msv = length of massive 
T3 = north lake transect layer in cm 
T4 = mid-lake transect Lam = length of laminated 
EF = East Fork transect layer in cm 
WF = West Fork transect Rate = average sedimenta¬ 

tion rate in cm/yr 
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TABLE A2.2 

Sand and Coarse Silt Content 
(weight percent) 
Core Samples 

Interval 

Core 0-5 5-10 10-15 15-20 20-25 25-28 

EF-3 1 .55 1 .30 1.03 0.70 0.70 0.90 

WF-10 0.53 0.57 3.10 2.66 0.70 0.85 

T3-6 0.20 0.10 0.42 0.30 0.10 0.10 

T4-2 7.20 1.85 1.08 0.70 1.20 1.10 

T2-3 4.30 0.47 0.75 0.60 0.70 0.67 

Tl-6 3.30 0.49 0.60 0.60 0.20 0.73 



TABLE A2.3 

Organic Carbon Content (wt. %) 
of core samples 

Sample Top Mid Low 

EF-3 3.71 1.50 2.72 

WF-10 2.39 1.91 1.75 

T3-6 1.91 1.55 0.90 

T4-2 1.52 1.70 1.87 

T2-3 3.68 1.92 2.13 

Tl-6 2.94 1.92 3.30 

Top = uppermost sample of core 

Mid = mid-core sample 

Low = sample from near base of 
core 
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APPENDIX 3 

SEDIMENT TRAP DATA 

This appendix contains data pertaining to 
samples collected in sediment traps during this 

the 
stud y. 
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TABLE A3.1 

Total Mass of Sediment Trap Samples 
(grams) 

WF PT PM PB DM 

1981 OCT 48.89 14.72 49.96 13.46 64.24 

NOV 13.89 15.54 30.30 22.71 72.47 

DEC 13.00 10.91 20.98 28.29 171.71 

1982 JAN 15.11 9.23 19.05 13.51 200.49 

FEB - 13.54 23.72 14.33 11.72 

MAR 71.52 35.92 46.01 18.21 45.14 

APR 10.73 ' 58.49 34.05 40.69 123.99 

MAY 107.26 - 84.27 44.36 - 

JUN 38.35 6.43 40.87 52.51 49.42 

JUL 49.20 2.35 30.41 64.52 17.87 

AUG 63.97 68.59 51.53 66.82 65.41 

SEP 77.57 2.59 59.85 74.11 85.72 

OCT 49.59 3.38 65.47 28.63 89.31 

NOV 83.14 1.45 52.71 44.24 63.20 

DEC 31.06 0.25 22.16 2.12 — 

Dash indicates sample not collected due to problems 
with sediment traps. 
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TABLE A3.2 

Organic Carbon Content 
Sediment Trap Samples 

(weight percent) 

WF PT PM PB DM 

OCT 81 7.90 4.71 4.95 3.90 3.88 

NOV 81 4.31 4.07 3.43 2.82 4.17 

DEC 81 4.61 3.40 4.83 2.78 1.40 

JAN 82 2.70 3.18 3.61 2.30 1.31 

FEB 82 - 4.53 5.05 4.01 2.81 

MAR 82 3.51 3.00 3.65 3.83 3.30 

APR 82 3.90 3.60 3.90 2.91 2.54 

MAY 82 3.13 - 2.24 3.11 - 

JUN 82 6.18 5.69 4.70 4.65 5.82 

JUL 82 9.53 5.08 6.07 4.01 5.30 

AUG 82 5.51 7.93 6.88 4.70 7.90 

SEP 82 5.69 11.02 5.16 3.60 5.20 

OCT 82 5.69 5.35 4.36 3.69 4.89 

NOV 82 2.84 4.19 3.47 3.10 2.85 

DEC 82 2.96 7.50 2.75 2.61 

Dash indicates sample lost due to 
problems with sediment trap 
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TABLE A3.3 

Organic Carbon Flux 
Sediment Traps 

(grams) 

WF PT PM PB DM 

OCT 81 3.86 0.69 2.47 0.72 2.49 

NOV 81 0.60 0.63 1 .04 0.64 3.02 

DEC 81 0.60 0.37 1 .01 0.77 2.40 

JAN 82 0.41- 0.29 0.69 0.31 2.63 

FEB 82 - 0.61 1.20 0.57 3.14 

MAR 82 2.51 1.08 1.68 0.70 1.49 

APR 82 0.42 2.11 1.33 1.18 3.15 

MAY 82 3.36 - 1.89 1.38 - 

JUN 82 2.37 0.37 1.92 2.44 2.88 

JUL 82 4.69 0.12 1.85 2.59 0.95 

AUG 82 3.52 5.44 3.55 3.14 5.17 

SEP 82 4.42 0.29 3.02 2.67 4.46 

OCT 82 2.83 0.19 2.88 1.06 4.38 

NOV 82 2.33 0.07 1.84 1.37 1.80 

DEC 82 0.92 0.02 0.52 0.05 _ 

Dash indicates sample lost due to 
problems with sediment trap. 



TABLE A3.3 
cont. 

Organic Carbon Flux 

(mg/cm2/day) 

WF PT PM PB DM 

OCT 81 . 686 .123 .439 .128 .442 

NOV 81 .085 .090 .148 .091 .429 

DEC 81 .111 .068 .186 .142 .442 

JAN 82 .070 .050 .118 • 053 .451 

FEB 82 - .108 .213 .101 • 558 

MAR 82 • 378 .163 .253 .106 .225 

APR 82 .072 .362 .228 .202 • 540 

MAY 82 .440 - .247 .181 - 

JUN 82 .421 .066 .341 .433 .512 

JUL 82 1.014 .026 .400 .560 .20 5 

AUG 82 • ^73 • 731 .477 .422 .695 

SEP 82 .846 .0 55 • 578 • 511 

0^ 
C

O
 • 

OCT 82 .427 .029 .434 . 160 .660 

NOV 82 .3^1 .010 .269 .200 .263 

DEC 82 .139 .003 .078 .008 - 

Dash indicates sample lost due to 
problems with sediment traps. 
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TABLE A3.4 

Grain Size Date—Sediment Traps 

Sample Mphi stdev skew kurt %S %Z %C 

OCT WF 8.0 1.34 -.009 .872 8 44 48 

NLS 8.0 1.28 + .032 .652 1 49 50 

NLM 8.7 1.04 -.249 .847 0 27 73 

NLB 8.3 1.23 -.190 .739 6 36 58 

SL 7.7 1.36 + .275 .162 1 59 40 

JAN WF 7.6 1 .31 + .324 .773 3 63 34 

NLS 7.9 1.34 + .133 .690 1 53 46 

NLM 8.0 • 1.26 + .116 .689 0 52 48 

NLB 8.1 1.29 -.129 .873 1 46 53 

SL 6.6 1.66 + .432 .803 9 68 23 

AUG WF 8.1 1.40 -.260 .749 0 45 55 

NLS 8.0 1.39 + .037 .630 0 48 52 

NLM 8.0 1.36 + .011 .708 0 47 53 

NLB 8.1 1.36 -.055 .760 0 43 57 

SL 7.9 1.58 -.126 .800 13 37 50 

Mphi = mean grain size in phi units 
stdev = standard deviation about mean 
skew = skewness 
kurt = kurtosis 
%S = weight percent sand (-1 to 4 phi) 
%Z = weight percent silt (4 to 8 phi) 
%C = weight percent clay (greater than 8 phi) 
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APPENDIX 4 

METEOROLOGICAL DATA 

This appendix contains meteorological data for the 
sampling period. From U.S. Department of Commerce-- 
NOAA, collected at the Houston Intercontinental 
Airport. 



TABLE A4.1 119 
HISTORICAL RAINFALL DATA 

Yearly Totals (cm) 

# Year Total #Days 5yrs Hurricô 

1 1955 104 95 
2 1956 80 88 
3 1957 145 120 
4 1958 105 115 
5 1959 162 110 Debra 
1-5 597 
6 1960 152 116 
7 1961 160 107 Carla 
8 1962 94 94 
9 1963 82 72 Cindy 
10 1964 99 102 
5-10 588 
11 1965 96 105 
12 1966 150 . 107 
13 1967 93 92 Beulah 
14 1968 156 126 
15 1969 110 62 
10- 15 605 
16 1970 122 100 Celia 
17 1971 96 87 
18 1972 129 106 
19 1973 178 130 
20 1974 125 114 
15- 20 651 
21 1975 130 112 
22 1976 139 101 
23 1977 89 96 
24 1978 114 108 
25 1979 150 111 Claude 
20- 25 621 
26 1980 99 92 
27 1981 106 89 
28 1982 108 99 

# = age of lake 
Total = yearly rainfall (cm) 
#Days = number of days with rain 
5yrs = five-year totals of rainfall (cm) 
Hurricanes = name of hurricane passing through area 

during the year indicated 



TABLE A4.2 

Daily Meteorological Data 

120 

Month Date 

OCT 10/11 
1981 10/12 

10/13 
10/14 
10/15 
10/16 
10/17 
10/18 
10/19 
10/20 
10/21 
10/22 
10/23 
10/24 
10/25 
10/26 
10/27 
10/28 
10/29 
10/30 
10/31 
11/1 
11/2 
11/3 
11/4 
11/5 
11/6 
11/7 

NOV 11/8 
11/9 
11/10 
11/11 
11/12 
11/13 
11/14 
11/15 
11/16 
11/17 
11/18 
11/19 
11/20 
11/21 
11/22 

Rain Dir 

0.51 90 
0.28 110 
0.03 130 
2.82 150 
0 110 

0.99 140 
t 180 

0.99 360 
0 50 
0 120 
t 110 

0.01 30 
0 10 
0 70 

0.03 60 
0 320 
0 80 
0 110 
0 110 
t 110 

1.22 110 
0.17 350 
0 280 
0 210 
0 100 
0 340 
0 360 
0 110 

3.73 90 
t 340 
0 350 
0 10 
0 60 
0 20 
0 90 
0 180 
t 290 
0 170 
0 190 
t 300 
0 330 
0 130 
0 130 

Vel Month 

5.0 
5.5 
6.6 
5.0 
4.7 
3.9 
5.2 
5.0 
3.6 
5.7 
6.8 
5.5 

12.5 
7.6 
4.7 
11.3 
2.7 
5.0 
7.1 

11 .1 
8.2 
8.0 DEC 
1.9 
1.1 
3.2 
2.2 
6.7 
6.1 

8.0 
9.4 
8.7 
4.1 
2.9 
3.0 
3.3 
8.5 
2.0 
4.0 
9.5 
4.7 
9.2 
4.2 
6.9 

Date Rain 

11/23 0 
11/24 0 
11/25 0 
11/26 t 
11/27 0 
11/28 0 
11/29 8.81 
11/30 0.38 
12/1 0 
12/2 0 
12/3 0 
12/4 0 
12/5 0 
12/6 0.48 
12/7 0.10 
12/8 t 
12/9 0 
12/10 0 
12/11 0 
12/12 0 

12/13 2.11 
12/14 0.33 
12/15 0 
12/16 0 
12/17 0.05 
12/18 0 
12/19 0 
12/20 0.64 
12/21 t 
12/22 t 
12/23 0 
12/24 0.05 
12/25 0 
12/26 0 
12/27 0 
12/28 0 
12/29 0 
12/30 1.45 
12/31 t 
1/1/82 0 

Dir Vel 

200 6.9 
100 4.8 
170 10.5 
190 10.4 
20 6.6 
80 6.0 
100 7.7 
200 5.4 
310 7.0 
230 3.5 
230 5.8 
360 9.8 
100 6.4 
80 7.9 
110 5.4 
30 5.1 
20 4.2 
140 5.0 
180 5.9 
350 2.3 

20 6.5 
350 10.1 
320 4.4 
160 5.4 
350 8.8 
10 7.0 
80 10.4 
90 17.0 
190 16.4 
210 7.9 
360 11.1 
20 10.2 
100 3.0 
260 4.0 
120 6.8 
350 6.1 
30 9.6 
60 7.9 
280 3.2 
50 5.4 

9.9 
8.5 
5.2 

1/2 0.18 150 
1/3 0 210 
1/4 0 300 

Month = period of trap accumulation 
Rain = amount of rainfall in cm; t = trace 
Dir = mean resultant wind direction in degrees; 0=360=North 
Vel = mean resultant wind velocity in miles per hour 



TABLE A4.2 
continued 121 

Vel Month Date Rain Month Date 

1/5 
1/6 
1/7 
1/8 

JAN 1/9 
82 1/10 

1/11 
1/12 
1/13 
1/14 
1/15 
1/16 
1/17 
1/18 
1/19 
1/20 
1/21 
1/22 
1/23 
1/24 
1/25 
1/26 
1/27 
1/28 
1/29 
1/30 
1/31 
2/1. 
2/2 
2/3 
2/4 
2/5 
2/6 

FEB 2/7 
2/8 
2/9 
2/10 
2/11 
2/12 
2/13 
2/14 
2/15 
2/16 
2/17 
2/18 
2/19 
2/20 
2/21 
2/22 

Rain Dir 

0 170 
t 190 
t 350 
0 10 

0 340 
0 10 
t 10 

2.06 40 
0.10 350 

0 260 
0 210 
0 360 
t 80 
t 220 
0 190 
0 180 
t 150 
t 170 
0 350 
0 100 
0 30 
0 60 
0 140 

0.25 110 
0.23 140 
1.78 170 

0 310 
0 80 

0.33 70 
0 340 
0 40 

0.10 20 
0 360 

0 80 
0.15 60 
t 360 
0 60 
0 80 
0 340 
0 20 

0.05 90 
0.10 150 
0.03 260 
t 180 
0 20 
t 60 

0.91 40 
0 10 
0 200 

8.3 
6.1 
8.3 

10.6 

10.6 
9.9 
3.6 
5.2 

12.0 
6.7 
8.2 
7.8 
3.0 MAR 
5.2 
7.4 
9.3 
9.2 

11.9 
8.3 
7.1 
6.3 
3.6 
5.9 
7.5 

12.5 
8.8 

13.9 
10.2 
5.9 
9.7 
8.6 

10.2 
11.7 

3.9 
4.3 

11.4 
5.4 
5.7 
7.0 
6.7 
5.6 
5.3 
7.3 
6.3 
6.3 
7.4 APR 
2.9 
2.4 
3.9 

2/23 0 
2/24 0 
2/25 1.14 
2/26 1.22 
2/27 0 
2/28 0 
3/1 0 
3/2 0 
3/3 0 
3/4 0 
3/5 0 
3/6 0.69 

3/7 0 
3/8 0 
3/9 0 
3/10 0 
3/11 0 
3/12 0 
3/13 t 
3/14 0 
3/15 0.03 
3/16 0 
3/17 0 
3/18 t 
3/19 0 
3/20 0 
3/21 0 
3/22 0.18 
3/23 1.14 
3/24 t 
3/25 t 
3/26 0.03 
3/27 1.68 
3/28 0 
3/29 t 
3/30 0.18 
3/31 0.03 
4/1 t 
4/2 t 
4/3 0 
4/4 0 
4/5 0 
4/6 0 
4/7 0.03 
4/8 0. 

4/9 0.41 
4/10 0.91 
4/11 0 
4/12 0 

Dir Vel 

170 5.6 
140 6.6 

60 8.4 
350 13.6 
350 10.1 
360 2.7 
120 1.1 
180 7.3 
170 9.2 
200 3.7 

20 10.8 
340 11.6 

350 4.9 
160 7.1 
120 8.2 
150 6.1 
180 10.4 
170 11 .5 
140 9.7 
160 10.5 
160 12.6 
150 10.1 
160 8.6 
130 10.6 
160 14.1 
170 9.9 
100 6.8 

40 11.8 
50 7.5 
40 3.2 

310 6.0 
30 8.3 
50 12.5 
50 9.0 

100 12.5 
140 9.8 
110 2.9 
130 9.6 
180 13.2 

50 6.3 
130 9.1 
280 7.4 

50 8.7 
110 12.1 
320 3.0 

40 12.5 
40 9.2 

120 3.9 
180 9.0 



TABLE A4.2 

continued 
122 

Month 

MAY 

Date Rain Dir Vel Month Date Rain Dir Vel 

4/13 0 200 12.2 6/3 0 170 7.2 
4/14 t 140 8.4 6/4 0 300 2.2 
4/15 t 130 11.1 6/5 0 110 6.4 
4/16 0 150 9.8 6/6 0 180 7.2 
4/17 0.23 20 5.2 6/7 0 160 6.4 
4/18 0.03 90 9.6 6/8 0 150 5.8 
4/19 0 180 11.3 6/9 0 190 6.9 
4/20 0.51 70 6.8 6/10 0 160 5.4 
4/21 0.99 20 10.6 6/11 0 190 7.4 
4/22 0.94 30 12.9 6/12 0 270 2.6 
4/23 0 50 7.3 6/13 0 250 1.8 
4/24 1.75 30 5.5 6/14 t 160 8.2 
4/25 0 210 4.1 
4/26 0 330 5.0 JUN 6/15 0 170 12.1 
4/27 0 60 5.4 6/16 0.20 270 5.1 
4/28 0 120 7.2 6/17 0 10 5.3 
4/29 0 150 5.1 6/18 t 220 2.4 
4/30 0 100 5.0 6/19 t 310 5.2 
5/1 0.10 50 6.0 6/20 t 50 1.8 
5/2 0 70 4.2 6/21 0 110 2.9 
5/3 0 160 2.4 6/22 2.06 120 2.5 
5/4 0 130 6.6 6/23 0 90 5.2 
5/5 0 140 9.9 6/24 0.18 20 4.2 
5/6 3.81 130 7.8 6/25 0.05 170 3.2 
5/7 0 350 9.7 6/26 0.25 240 2.8 

6/27 0 200 2.3 
5/8 0 120 5.5 6/28 0.05 190 5.0 
5/9 0 110 6.8 6/29 0 180 8.2 
5/10 0 110 9.0 6/30 0 150 7.0 
5/11 0 120 9.7 7/1 0 140 6.4 
5/12 1.93 130 16.0 7/2 0 160 6.4 
5/13 6.17 110 9.0 7/3 0 190 5.9 
5/14 0 150 8.3 7/4 0 150 6.7 
5/15 0 130 9.1 7/5 0.10 140 7.3 
5/16 0 130 9.3 7/6 0 170 6.6 
5/17 0.71 70 3.4 7/7 0 180 5.4 
5/18 0 90 4.4 7/8 0 190 4.7 
5/19 2.08 150 6.9 7/9 0 170 7.2 
5/20 0 170 6.2 7/10 0 190 6.0 
5/21 0 130 6.3 7/11 0 170 4.7 
5/22 0.36 130 6.1 7/12 0 220 3.2 
5/23 2.26 80 4.6 
5/24 0.03 140 4.6 JUL 7/13 9.12 350 1.4 
5/25 0 170 5.0 7/14 0 110 3.8 
5/26 0 190 7.7 7/15 0.64 120 3.9 
5/27 0 160 7.9 7/16 0 130 3.5 
5/28 t 170 7.7 7/17 t 150 4.6 
5/29 0 170 6.8 7/18 0 180 5.4 
5/30 0 160 6.8 7/19 t 190 5.0 
5/31 0 220 2.4 7/20 0 180 4.5 
6/1 0 360 6.6 7/21 0.66 340 1.7 
6/2 0 150 5.2 7/22 t 360 1.3 



Month 

AUG 

TABLE A4.2 123 
cont. 

Date Rain Dir Vel Month Date Rain Dir Vel 

7/23 0.38 30 1.5 SEP 9/11 0 320 3.5 
7/24 t 190 2.0 9/12 0.08 160 7.8 
7/25 t 230 2.1 9/13 0 150 7.3 
7/26 0 180 5.6 9/14 t 130 5.3 
7/27 0 180 8.0 9/15 0.03 50 2.6 
7/28 0 170 2.8 9/16 0 50 3.5 
7/29 0.08 130 6.1 9/17 0 90 2.8 
7/30 t 220 4.8 9/18 t 30 1.5 
7/31 0 190 6.3 9/19 0.08 10 0.5 
8/1 0 200 5.1 9/20 0 20 5.2 
8/2 0 160 5.3 9/21 0 10 6.0 
8/3 0 170 6.5 9/22 0 70 3.1 
8/4 0 190 5.7 9/23 0 110 5.7 

9/24 0 110 2.9 
8/5 0 200 4.3 9/25 0 330 7.8 
8/6 0 210 3.9 9/26 0 120 2.5 
8/7 1.47 130 5.7 9/27 0 120 8.1 
8/8 1.65 200 3.7 9/28 0 120 7.9 
8/9 1.04 130 4.6 9/29 0 110 7.4 
8/10 0.28 110 4.6 9/30 0 110 6.0 
8/11 t 150 1.1 10/1 0 90 6.7 
8/12 0 180 4.8 10/2 0.79 70 3.7 
8/13 0 210 4.3 10/3 0 60 5.4 
8/14 0 200 4.8 10/4 0 60 3.2 
8/15 0 190 4.7 10/5 0 100 4.9 
8/16 0 230 2.5 10/6 0.13 130 3.9 
8/17 0 150 2.1 
8/18 0.08 300 0.7 OCT 10/7 t 130 3.5 
8/19 0 80 3.9 10/8 0.20 160 8.8 
8/20 t 100 4.9 10/9 t 190 4.4 
8/21 0 100 2.9 10/10 t 10 8.2 
8/22 0 190 2.3 10/11 0.79 20 7.3 
8/23 0 200 6.2 10/12 8.56 30 9.1 
8/24 0 190 5.6 10/13 0 360 9.2 
8/25 0 170 5.4 10/14 0 330 3.6 
8/26 0 170 5.8 10/15 0.30 240 2.2 
8/27 0 190 5.8 10/16 0 30 3.0 
8/28 0 170 4.9 10/17 0 100 9.1 
8/29 0 100 2.0 10/18 0 120 6.7 
8/30 0 150 3.5 10/19 0 140 6.5 
8/31 0.30 130 3.3 10/20 t 360 8.5 
9/1 0 120 5.3 10/21 0 20 7.2 
9/2 0 160 1.5 10/22 0 20 9.3 
9/3 2.31 220 1.1 10/23 0 10 7.5 
9/4 0 40 7.7 10/24 0 40 6.5 
9/5 0 70 6.6 10/25 0 360 1.5 
9/6 0 80 5.6 10/26 0 120 5.0 
9/7 0 80 4.0 10/27 0 110 11.2 
9/8 0 80 6.0 10/28 0 120 10.2 
9/9 0 40 6.6 10/29 6.05 20 3.9 
9/10 0 60 7.7 



Month 

NOV 

TABLE A4.2 124 

cont. 

Date Rain Dir Vel Month Date Rain Dir Vel 

10/30 0.05 120 5.3 12/8 0 40 8.8 
10/31 0 120 7.8 12/9 0.03 30 11.1 
11/1 0.03 120 8.4 12/10 0.48 70 8.5 
11/2 2.49 120 6.2 12/11 0.58 340 10.3 
11/3 0.28 10 7.8 12/12 0 350 10.8 
11/4 0 350 6.7 
11/5 0 140 2.9 DEC 12/13 0 100 6.4 
11/6 0 120 9.4 12/14 0.53 90 5.6 
11/7 0 120 8.1 12/15 0 320 7.4 
11/8 0 100 9.5 12/16 0 70 2.2 

12/17 0 120 5.7 
11/9 0 110 8.9 12/18 0 210 11.3 
11/10 0 120 9.3 12/19 0 330 5.9 
11/11 0.20 140 8.9 12/20 0 210 2.1 
11/12 0.15 350 6.2 12/21 0 160 5.6 
11/13 0 30 4.1 12/22 0.03 170 7.6 
11/14 0 360 5.4 12/23 0.41 150 11.8 
11/15 0 20 6.2 12/24 0.15 160 14.5 
11/16 5.82 70 9.3 12/25 4.17 40 5.3 
11/17 1.70 20 2.1 12/26 1.83 20 8.3 
11/18 t 70 4.6 12/27 1.14 300 8.9 
11/19 3.23 140 8.0 12/28 0 310 5.9 
11/20 0 140 3.5 12/29 0 340 9.0 
11/21 0 110 2.5 12/30 0 40 6.6 
11/22 0.33 140 3.9 12/31 1.60 30 11.1 
11/23 0.43 230 3.7 1/1/83 0.33 350 6.9 
11/24 t 20 13.7 1/2 0 320 9.8 
11/25 t 40 9.6 1/3 0 10 5.2 
11/26 4.70 60 6.2 1/4 0 70 4.8 
11/27 1.17 300 7.3 1/5 0 80 3.9 
11/28 0 220 4.2 1/6 0 180 2.5 
11/29 0 190 2.5 1/7 0 200 2.3 
11/30 2.11 80 3.7 1/8 0.05 320 4.5 
12/1 0.10 170 14.9 1/9 0 140 1 .0 
12/2 0.66 160 16.6 1/10 0 350 3.7 
12/3 0.76 270 4.6 1/11 0 300 4.2 
12/4 0 240 5.3 1/12 0 20 5.0 
12/5 0 240 4.2 1/13 0 260 5.6 
12/6 0 360 6.1 1/14 0 270 2.5 
12/7 0 90 5.8 


