


FIGURE 4. AERIAL PHOTOGRAPH OF A PORTION OF THE
 
CONTRARY CREEK BASIN. STATE ROUTE 652 - STATION L-4
 

AND BRIDGE ACROSS CONTRARY CREEK ARE IN FOREGROUND.
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FIGURE 8. SUMMARY OF TEMPERATURE, OXYGEN, 
AND PER CENT SATURATION OF OXYGEN FOR THE 
STUDY PERIOD IN THE PRE-IMPOUNDMENT BASIN. 
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FIGURE 9. SUMMARY OF DIVERSITY INDICES II\J THE
 
NORTH ANNA RIVER FOR THE PERIOD OF STUDY.
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FIGURE 10. COMMUNITY STRUCTURE OF MACROBENTHOS 
AT STATE ROUTE 208 FOR THE PERIOD OF STUDY. 
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FIGURE 11. COMMUNITY STRUCTURE OF MACROBENTHOS 
AT STATE ROUTE 658 FOR THE PERIOD OF STUDY. 
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FIGURE 12. COMMUNITY STRUCTURE ON
 
CONTRARY CREEK AT STATE ROUTE 652.
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FIGURE 13. COMMUNITY STRUCTURE IN MEL'S CREEK
 
AT STATION L-5 DURING EARLY FALL, 1969.
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FIGURE 14. COMMUNITY STRUCTURE IN ELK CREEK
 
AT STATION L-6 DURING EARLY FALL, 1969.
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FIGURE 15. COMMUNITY STRUCTURE IN POND CREEK 
AT STATION L-7 DURING EARLY FALL, 1969. 
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FIGURE 16. COMMUNITY STRUCTURE IN REED'S CREEK
 
AT STATION L-8 DURING EARLY FALL, 1969.
 

PERCENT OF COMMUNITY STRUCTURE 

o 20 40 60 80 100F---r--""=;:,:.....--.~-~,:::.....----,---..::::r-I ---,----;.:,~--,----'-l, 
ANNELIDA 

ARTHROPODA 
CRUSTACEA 

DECAPODA 

INSECTA. 
Station L- 8 Reed's Creek 

ODONATA 
Early Fall 1969 

EPHEMEROPTERA 
Diver1>ity Index =.95 

PLECOPTERA 

HEMIPTERA 

MEGALOPTERA
 

COLEOPTERA
 

TRICHOPTERA
 

DIPTERA
 

52 53 



II 
I 

ELECTROCHEMICAL ACTIVATION AI\ID REGENERATION
 
OF CARBON SURFACES
 

FOR TERTIARY WATER TREATMENT
 

Description of Research Performed 

The objective of this project was to study the feasibility of electrochemically 
activating and regenerating carbon surfaces for use in tertiary water treatment 
to remove persistent pesticides. Work performed during the fiscal year 
1969-70 was concerned with development of activation procedures. Work 
during fiscal year 1970-71 was directed toward study of the absorption 
process for a selected pesticide and toward the development of a small scale 
absorption cell for use in pesticide removal from otherwise potable water. 

Summary of Experimental Work 

(a) Selection of a pesticide for study and development of analytical methods. 
The pesticide Dieldrin was chosen for study and an analytical scheme was 
devised for its detection. Analysis for Dieldrin was based on extracting the 
aqueous Dieldrin with chloroform, evaporating the chloroform extract, and 
then dissolving the Dieldrin residue in hexane. The hexane solution was 
analyzed in a gas chromatograph with an electron capture detector. Standard 
solutions of 99.5+% Dieldrin in hexane were used as standards in calibrating 
the chromatograph. Average recovery factors for Dieldrin in the extraction 
procedure were found to be about 91 %, and the average reproducibility of 
the analysis was ±13%. 

(b) _~L!9L<?iQieldrii1 degradation. Because some of the experiments were of 
several weeks duration, a study was made of the stability of aqueous Dieldrin 
solutions. A solution of 0.30 ppm Dieldrin in distilled water at room 
temperature was placed in a glass beaker and stirred with a Teflon covered 
stirring bar. Samples were removed and analyzed every 24 hours for seven 
days. The results of this indicated a Dieldrin decomposition that was first 
order in Dieldrin with a reaction rate constant of 0.00865 hr- 1. 

(c) Stuc!ies of_!h~__~t\ll)~!!11~~ __ 0~J2L~ldrin _absg~tio!l~ll~rbon surfaces. 
Initially it was assumed that pesticides would simply absorb on exposed 
carbon surfaces and that an equilibrium between absorbed and dissolved 
pesticide would be rapidly established. Study of the resulting absorption 
equilibrium was carried out by immersing carbon coupons in beakers 
containing a measured volume of aqueous Dieldrin and determining the loss 
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of Dieldrin from the solution phase. In the course of these studies, it was 
found that there is indeed a surface equilibrium that is established within 
minutes, but it was also found that a slow absorption process continues that 
requires about 24 hours for substantial completion. Furthermore, not all of 
the absorbed Dieldrin can be recovered by elution with distilled water, and 
this suggested that there may be another even slower absorption process. 

A model for the absorption process was developed, and an analytical solution 
was obtained for the expected time variation of the solution phase Dieldrin 
concentration following immersion of the carbon coupon. However, data 
analysis is imcomplete at present. 

Tentatively, it is assumed that rapid absorption of Dieldrin by the carbon 
surface is simply absorption on wetted carbon surfaces and that the 
continuing slow absorption is either due to surface diffusion of Dieldrin into 
macropores not wetted by the solution or else is due to diffusion of Dieldrin 
into the carbon structure along grain boundaries. 

(d) Equilibrium studies. Because of the two types of absorption phenomena 
observed, a fast surface absorption completed in minutes and a slower 
absorption step requiring about 24 hours for completion, two types of 
equilibrium measurements were made. A pseudo-equilibrium was determined 
by measuring the Dieldrin absorption taking place after a contact time of 10 
minutes and a second equilibrium was taken to be that absorbed after 24 
hours of contact. Data necessary for constructing a curve of equilibrium 
solution concentration versus surface uptake in the range of 0 to 0.30 ppm 
aqueous Dieldrin were obtained at 25°C. Typical results are shown in Table 
1 for Graphitar 39, a commercial carbon manufactured by the U.S. Graphite 
Co. 
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TABLE 1 

DIELDRIN ABSORPTION EQUILIBRIUM 

10 min equilibrium 24 hr equilibrium 

Dieldrin Dieldrin 
soln. cone. absorbed soln. cone. absorbed 

ppm Mg/cm2 
ppm Mg/cm 2 

0.164 0.83 0.012 6.3 
0.200 2.06 0.014 10.3 
0.230 3.17 0.018 13.1 
0.270 6.97 0.054 17.6 

As can be seen from Table 1, the 24 hr equilibrium is responsible for most of 
the ultimate absorptive capacity of the carbon. 

(e) Design, construction, and operation of a pilot scale absorption cell. A 

small scale absorption cell was constructed. This consisted of a plexiglas 
enclosure designed to hold two parallel rows of carbon coupons with a 
spacing of .035 in. between the parallel carbon surfaces to allow passage of 

I . an 
aqueous so utl?n of Dieldrin. The spacing between the surfaces was that 
cal~ulated to give 90% removal of Dieldrin with fresh carbon surfaces at the 
desired. rates of ~ater treatment. The cell contained two rows of Coupons 
(Graphltar 3~) with 8 coupons of dimensions 2 1/4 x 2 1/4 x 1/2 in. in each 
row. A solution of 0.20 ppm Dieldrin in distilled water at room temperature 
wa~ fed to the absorption cell at a rate of about 2.9 liters/day for a 20 d y 
period. During this period the effluent was analyzed for Dieldrl'n F II .a
thO b . . 0 oWing 

IS a sorption cycle, the cell was eluted with distilled water at a flow rate of 
about 3.0 liters/day for seven days and the effluent was analyzed for Dieldrin 
The carbon was then removed from the cell and electrochemically activate~ 
by the pr~cedures previously determined, The activated carbon was 
remounted In. the absorption cell and 0.20 ppm Dieldrin was again passed 
through the cell for a 20 day period at a rate of 2.9 liters/day. 

==Itsdfro~ the pilot scale absorber showed an initial Dieldrin removal of 
an this slowly dropped during the 20 day absorption cycle to give 53c}{

removal at the 20th day EI f ' " 0
15% f h '. . u Ion with distilled water recovered only about 

o t e Dieldrin absorbed F 1/ . I -
Dield . . 0 oWing e ectrochernlcal activation an initial 

rln removal of 95% was ob d Th ' 
during the 20 d I serve, e percent removal slowly decreased 
observed. ay eye e, and on the 20th day a removal of about 60% was 
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IMPROVING WATER QUALITY BY REMOVAL OF
 
PESTICIDE POLLUTANTS WITH AQUATIC PLANTS
 

Research during the first year has included 2,4-D, diphenamid, atrazine, 
dicamba, and dichlobenil herbicides. Several aquatic plants were used 
including algae, submersed species, and emersed species. The research 
involving each pesticide is reported separately. All studies except algae Were 
conducted under controlled environmental conditions with 12 hour days of 
1300 lux at 21°C and 12 hour dark periods at 20°C. Algae studies were under 

1500 ft-c continuous light at 23°C. 

1. Atrazine: Parrotfeather (Myriophyllum brasilienses L.) shoot cuttings 

rooted in Vermiculite for 10 days were transplanted to 473 ml jars (5 plants 
per jar) containing 1/2 strength Hoagland's solution 8 days before initiat~n5 

removal studies. Atrazine was used at 0, 1 x 10-7, 1 x 10-6 , and 1 x 10­
molar concentrations in 400 ml of water per jar. Samples of the solutions 
were taken to determine the amount of chemical remaining at various 
intervals. After 20 days, the amount of 14C-labeled material contained in the 
plant was determined. The effect of atrazine on growth and transpiration was 

also recorded. 

The data reported have been summarized in Figure 1. The growth of 
parrotfeather was quite rapid even in the presence of 10-6 and 10-7 M 
atrazine-14C. These plants gained over 50% in len~h of shoot during a 3 
week period. Atrazine- 14C became inhibitory at 10- M reducing growth to 
1/3 the normal rate. 

Transpiration rate continued to increase as plants became larger indicating 
normal flow of water through the plant. The high concentration of atrazine 
may be influencing this process as a leveling off occurred. 

Atrazine·14C removal was gradual from the solution over the 20 days. About 
28% of the atrazine in the cultures was removed during a 20-day period by 
parrotfeather. The remainder was accounted for in the culture (66%), 
sampling and volatility (4%), and unaccounted loss through plants (2%). 

2. Dicamba: A similar study with parrotfeather and dicamba-14C is 

presented in Figure 2. The growth of these plants was quite good during this 
study increasing shoot length about 10 cm in 20 days. The rate of 
transpiration was not affected by the dicamba in solution. The rate of 
removal of dicamba was about 28 to 40% in 20 days or slightly better than 
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28% of the atrazine in the cultures was removed during a 20-day period by 
parrotfeather. The remainder was accounted for in the culture (66%), 
sampling and volatility (4%), and unaccounted loss through plants (2%). 

2. Dicamba: A similar study with parrotfeather and dicamba-14C is 

presented in Figure 2. The growth of these plants was quite good during this 
study increasing shoot length about 10 cm in 20 days. The rate of 
transpiration was not affected by the dicamba in solution. The rate of 
removal	 of dicamba was about 28 to 40% in 20 days or slightly better than 
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for atrazine. This may be directly related to transpiration rate as the plants 
used in the dicamba study also removed more water from the culture. 

Water hyacinth (Eichhornia crassipes L.) transpired at 6 times the rate of 
parrotfeather. The amount of dicamba-14C removed from solution was 
considerably more for water hyacinth, but this was not in proportion to the 
increased water flow through the plant (Figure 3). Oicamba has been shown 
to translocate in both apoplast and symplast. It is likely that some dicamba is 
moved up in the plant and then retranslocated back to the roots for release 
back to the culture solution. 

3. Oiphenamid: Effects of diphenamid on parrotfeather transpiration and 
growth were studied. Growth and transpiration was similar in 1 x 10-6 and 1 
x 10-5 M diphenamid solutions while a 1 x 10-4 M concentration caused an 
immediate reduction in transpiration. Parrotfeather plants died within one 
week at the higher treatment level. 

Oiphenamid was removed gradually from solution as shown in Figure 4. This 
herbicide has been found to inhibit root growth primarily in crop plants. In 
the case of parrotfeather, the shoot tip showed the first visual effects of 
diphenamid in the form of dieback. 

4. 2,4-0: The studies with 2,4-0 have been with unicellular algae. Uptake 
studies of 2,4-0-2J4C were conducted with the unicellular alga, Chlamy­
domonas reinhardtii. Under bacteria free conditions, the algal suspension was 
agitated on a reciprocal shaker at 80 excursions per minute in a growth 
chamber ma intained at 23°C and 1500 ft-c at the flask surface using both 
fluorescent and incandescent light. The herbicide was added to the suspension 

5at 1 x 10- M and subcultures prepared to have five sampling times from 0 to 
72 hours after initiating the pesticide into the culture. Initially, the alga 
rapidly removed 2,4-0 from the culture. However, the rate of uptake was 
slower but steady after a short period. As a result the rate of increase in cell 
mass was greater than pesticide uptake. After 72 hours the algal tissue had a 
concentration of herbicide and/or metabolite 90 times that in the initial 
culture fluid. 

An uptake and metabolism study was conducted with Scenedesmus (a green 
alga) over a three day period. 2,4-0 concentration was 1.1 ppmw. The 
experimental procedure was the same as described previously. The amount of 
radiolabel in solution was monitored over the three day period as was the 
amount in the cells. The algal culture was fairly dense at the beginning of the 
experiment (0.077 mg dry wt/ml) but did increase to 0.11 mg dry wt/ml by 
the end of the experiment. 
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The data indicate that over 50010 of the uptake during the entire experiment 
occurred during the first few minutes, and 100% of the uptake observed 
occurred within 24 hours. The total uptake was about 10% of the original 
material applied. 

Since algae are notorious for producing extracellular storage products, it was 
thought that the radiolabel being detected in solution was not all 2,4-0 but 
also a metabolite of 2,4-0. The culture 'fluid from samplings throughout the 
experiment was spotted on TLC plates and developed. Autoradiographs from 
these plates showed no metabolites present over the three day period. It 
seems apparent that the uptake demonstrated here on Scenedesmus is due to 
simple adsorption and it reaches equilibrium quite rapidly. 

5. Oichlobenil: The influence of four species of aquatic plants on 
dichlobenil (2,6-dichlorobenzonitrile) residues in water was investigated 
during 1970-71. Two emersed species, parrotfeather and water hyacinth and 
two submersed species, Eurasian water milfoil (Myriophyllum spictatum) and 
elodea (Elodea canadensis) were utilized. 

At various time intervals after treatment, plant and water samples were taken, 
extracted with benzene, and the amount of dichlobenil remaining in the 
water and the amount of dichlobenil and 2,6-0CBA (2,6-dichlorobenzoic 
acid) accumulated in the plants were determined by gas-liquid chromato­
graphy. A gas chromatograph with a 63Ni electron-capture detector and 
equipped with a "u" shaped 6 ft by 1/4 in. glass column packed by 1.5% 
OF-1 and 1.95% aV-17 was utilized. The operating conditions were as 
follows: column temperature 150°C, injector temperature 225°C, detector 
temperature 280°C. The carrier gas was pre-purified nitrogen with a flow rate 
of 30 ml per minute. Under these conditions, the retention time of 
dichlobenil was 1.5 minutes and 2.6-0CBA methyl ester was 2.0 minutes. The 
lower limit of detection for dichlobenil was 10 picograms and 100 picograms 
for the methyl ester of 2,6-0CBA. Recovery of dichlobenil from water was 
90% and from plant material ranged from 64% to 80% depending upon 
species. The recovery of 2,6-0CBA from plant material ranged from 42% to 
73% with an average recovery of 68%. 

Prior to the initiation of removal studies, the toxicity of dichlobenil to three 
plant species; emersed parrotfeather, Eurasian milfoil, and elodea was 
determined. Five rates were used, 17.00,1.70,0.17,0.017, and 0.00 .ug/ml. 
Toxicity was measured by effect on plant growth as measured by shoot 
growth and fresh weight for 14 days. 
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The lower rates, 0.17 and 0.017 pg/ml had a negligible effect on growth as 
compared to the control. While at the highest rate, 17 pg/ml, plant growth 
was severely affected within three days. The submersed plants became 
chloritic and disintegrated on contact while the toxicity symptoms on 
parrotfeather were manifested by leaf burn and severe tip dieback which 
increased with time. At the intermediate rate, 1.7 Jl9/ml, plant growth was 
reduced slightly, but toxicity symptoms were not noticeable until the 12th to 
14th day after treatment. With these results two rates, 1.7 and 0.17 Jl9/ml, 
were selected for further studies. 

The submersed species, Eurasian milfoil and elodea, exhibited a very low rate 
of removal during the 16 day sampling period. Eurasian mi Ifoil and elodea at 
the low rate (0.17 Jl9/ml) removed approximately 30% of the dichlobenil 
during the first six hours after treatement. After this time period, no 
additional removal was exhibited by either species. After four days, the 
amount of dichlobenil in the water with plants was higher than in the control 
chambers without plants indicating the release of the herbicide from the 
plants back into the water. At the end of the 16th day the amount of 
dichlobenil in elodea was 2.48 Jl9 while in Eurasian milfoil, 4.15 Jl9 was 
present. 

At the higher rate, 1.7 Mg/ml, the submersed species exhibited similar removal 
rates. As at the lower rate, removal was greatest during the initial six hours 
and at 24 hours the amount of dichlobenil in the water with plants was as 
high as in containers without plants indicating again a release from the plant. 
At the end of 16 days, both plant species contained approximately the same 
amount of dichlobenil, i.e. 25 J.l9. 

Removal of dichlobenil from water by parrotfeather was highest during the 
first 24 hours after treatment. During this period, approximately 15% of the 
dichlobenil was removed. After this period, there was very little removal by 

the plants at either treatment level and volatilization accounted for the 
greatest portion of the additional loss of the material. 

During the tr~atment period, in addition to the removal of the herbicide, 
growth and transpiration were also measured. There was no difference in the 
growth of the plants at either treatment level when compared to untreated 
control plants. Transpiration rate, however, was affected by the herbicide 
treatment. At the end of 16 days the transpiration rate of the plants receiving 
the high treatment was reduced by 30% while transpiration rate of the plants 
at the lower treatment rate was reduced by less than 10%. 
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The amount of dichlobenil in the plant tissue remained relatively constant 
after 24 hours at both treatment rates. The roots contained the greatest 
amount of dichlobenil. There was, however, some translocation into the aerial 
parts of the plant but at a very reduced rate. There was an approximate ten 
fold difference in the amount of herbicide detected in the plants at the high 
and low rate indicating that dichlobenil may be taken up passively in the 
transpiration stream. 

The results obtained with the other species indicated that there was no 
significant difference in uptake between the two rates. Therefore, the uptake 
of dichlobenil by water hyacinth was investigated using only one concentra­
tion, 1.7 J.l9/ml. Again, the greatest amount of removal occurred during the 
first 24 hours with no significant uptake during the remainder of the 
treatment period. The amount of dichlobenil in the plant was highest in the 

root with approximately 30% as much in the aerial parts as in the root. The 
amount in the plant decreased with time indicating that the herbicide was 
metabolized by the plant. Transpiration was reduced by approximately 30% 
when compared to plants receiving no treatment. 

Work by several investigators has indicated that dichlobenil is metabolized to 
either 2,6-dichlorobenzoic acid or is hydroxylated to form the 3-hydroxy­
and 4-hydroxy-2,6-dichlorobenzonitrile. An attempt was made to analyze for 
these compounds by gas-liquid chromatography and thin layer chromato­
graphy. Neither of the metabolites was detected using these techniques. It is 
possible that the quantity of these metabolites in the various plant species 
was below the limit of detectability and, therefore, could not be successfully 
qualitatively or quantitatively determined by these methods. 

Summary 

The research thus far demonstrates that for many pesticides aquatic plants 
contribute quite readily to removal of residues from water. The amounts of 
residue expected in the water under normal use would be far below the levels 
used in these studies. 
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FIGURE 1 

The amount of 14C from atrazine in various locations 
at the termination of the study with parrotfeather. 
Unaccounted loss (2%) was removed by plants and 
possibly 14C02 given to the atmosphere. 

LOCATION OF 14C ACTIVITY
 

AFTER 20 DAYS (10-6M)
 

FIGURE 2 

The amount of 14C from dicamba-14C in various 
locations at the termination of the study with 
parrotfeather. 

LOCATION OF 14C ACTIVITY 
AFTER 20 DAYS 
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FIGURE 3 

14 . b 14C . .The amount of C from dlcam a- In various 
locations at the termination of the study with water 

hyacinth. 

LOCATION OF 14C ACTIVITY 
AFTER 20 DAYS 

FIGURE 4 

The amount of 14C from diphenamid. 14C in various 
locations at the termination of the study with 
parrotfeather. 

LOCATION OF 14C ACTIVITY 
AFTER 20 DAYS 
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SEISMIC INVESTIGATION OF GROUND WATER 

RESERVOIRS IN THE VI RGII\lIA 
COASTAL PLAIN SEDIMENTS 

Seismic reflection and refraction surveys were made at two sites on the 
Virginia coastal plain during August, 1970. Site No.1 was approximately 5 

miles NNE of Franklin, Virginia, and Site No.2 was approximately 3 miles 
north of Boykins, Virginia. The locations are shown in Figure 1. These 
seismic measurements were made in an effort to evaluate the effectiveness of 
modern explosion seismic methods in determining the thickness of the 
unconsolidated coastal plain sediments and stratigraphic subdivisions within 

this sedimentary section. The project was also intended to provide 

information for planning field operations and costs of future seismic surveys 
on the Virginia coastal plain. 

The seismic surveys were planned specifically to obtain information about the 
unconsolidated coastal plain sediments. The thickness of this sedimentary 
section is approximately 1000 feet at Site No.1 and approximately 500 feet 
at Site 1\10. 2. This choice of sites, therefore, provides a test of conventional 
explosion seismic methods in two substantially different situations as regards 
total thickness. The composition of the unconsolidated sedimentary section, 
however, is similar at these sites, consisting of interbedded sand and clay 

units. Electrical logs from wells located within one mile of the seismic survey 
sites provide some independent information about the subsurface lithology. 

It was found at both sites that reflections were clearly recorded from the base 
of the unconsolidated sediments. These reflections were evident on the field 
records and were confirmed by computer velocity analysis based upon 

correlation of time shifted seismic data. In addition to the reflection from the 
base of the section, at least three additional reflections from horizons within 

the unconsolidated sediments were identified after computer velocity 

analysis. They indicate the presence of low velocity zones representative of 
alternating sand and clay sequences. These intermediate reflections were not 
clearly evident on the field records, but they can be correlated with lithologic 

changes noted on electric logs. Several lithologic changes evident on the well 
logs were not revealed by the seismic reflection records. 

The seismic reflection method offers a relatively quick and accurate means of 
measuring the total thickness of the unconsolidated coastal plain sediments. 
Good results could be obtained after 3 to 4 hours of effort at one site. If 

more detail is desired about intermediate reflecting horizons, more time 
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would be required to obtain confirming records from several different shot 
locations at a particular site. It would be reasonable to spend one day at a site 
to thoroughly apply the various techniques likely to be productive in this 

region. 

Seismic refraction data indicating the presence of consolidated rock beneath 
the coastal plain sediments were obtained at both sites. Compressional wave 
velocities of between 5000 feet/sec and 6500 feet/sec are characteristic of the 

unconsolidated sediments in contrast to velocities in excess of 16,000 feet/sec 
measured for the underlying consolidated rock commonly referred to as 

'~basement." Because of this large velocity contrast, refraction recording lines 
need only extend to distances of 3 times the thickness of the unconsolidated 

section to obtain satisfactory refraction data. 

Two factors render the refraction method somewhat imprecise for 
determining total thickness of the unconsolidated coastal plain sediments. 
First is the existence of low velocity zones within the section. These cannot 
be detected by conventional methods of refraction seismology, but are 
known to exist from reflection data. The second source of uncertainty lies 
with variations in depth to the water table. If the thickness of the unsaturated 
zone varies three feet from place to place along the refraction line, the 
resulting shifts in seismic wave arrival times would obscure evidence of deeper 

velocity changes indicative of stratigraphic horizons. 

Study of refraction data from both sites revealed, at best, two velocity 
subdivisions within the unconsolidated sedimentary section, and these were 
quite imprecisely defined. Comparison of refraction and reflection results 

indicates an uncertainty of as much as 12% in values of total thickness of 
unconsolidated sediment calculated from refraction data. 

It is concluded from these studies that seismic reflection methods offer a 

means of determining total coastal plain unconsolidated sediment thickness 

to an accu racy of better than 5%. Refraction methods, in contrast, are 
probably onlV accurate within approximately 10%. The reflection method 
provides some information about stratigraphic units within the unconsoli­
dated sedimentary section. This information would be useful in stratigraphic 

correlation if some independent borehole logs are available. It is recom­
mended that sonic logs be obtained in an area where seismic reflection work 
is planned. Such data would greatly enhance the interpretation of reflection 

records. 

The seismic investigations of the Virginia coastal plain sediments involved 
field operations and data processing and interpretation. The logistical aspects 
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of the field program will be considered first followed by discussion of data 
analysis. 

To investigate fully the potential of modern conventional seismic methods 
thirty boreholes, each being 25 feet deep, were drilled and cased at each site~ 
Following the drilling program, a five man seismic crew equipped with a 24 

channel analog magnetic tape and photographic recording seismic system 

spent 5 days at Site No. 1 and 3 days at Site No.2. After considerable 
experimentation, a satisfactory operating technique was developed for study 
of the unconsolidated sedimentary section. 

In general, a seismic crew consisting of one trained seismologist and two field 
assistants would be sufficient to carry out a successful field program. The 
crew should be equipped with seismic recording apparatus, an earth auger 
capable of drilling 10 feet into unconsolidated material, explosives and 
blasting caps, and seismic photographic and magnetic tape recording supplies. 

The necessary seismic recording equipment depends upon the information 
desired. If simple refraction measurements of total sediment thickness alone 
are planned, then portable photographic recording seismic apparatus should 

suffice. Such equipment can be operated with nominal training. Cost of such 
apparatus begins at approximately $6000. To carry out a seismic reflection 
survey with intentions of accurately mapping total sediment thickness and 

tracing some stratigraphic horizons would require a magnetic tape recording 

seismic system. The lowest cost of such apparatus would probably exceed 
$30,000, however, such equipment can sometimes be obtained on loan from 
university or other research groups. 

The explosives needed for both reflection and refraction work are minimal. 

As very effective energy coupling is achieved on the coastal plain, it is 
possible to obtain a variety of seismograms with less than 5 Ibs of ammonium 
nitrate explosive, approximately 30 feet of prima cord, and 10 blasting caps 
for an individual site. The total cost of explosives needed at a site should not 
exceed $10. 

The cost of expendable recording supplies, including magnetic tapes and 
photographic chemicals and paper, should not exceed $10 for a particular 

site. Other expendable supplies incident to the operation of recording and 
drilling vehicles would be estimated at less than $15 for a particular site if no 
major repairs are required. 

The field costs of a seismic survey of the Atlantic coastal plain sediments, 
therefore, include salaries and field expenses of a three man crew and 
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approximately $35 for expendable supplies for each site. If a large number of 
sites are to be occupied it is reasonable to estimate 3 to 6 hours working time 
at each site. Thus, one or two sites could be occupied during a normal work 
day. 

The costs of data analysis again depend upon the objectives of the survey. A 
simple refraction survey would include four to six photographically recorded 
seismograms. Data preparation and calculations would require approximately 
2 to 4 hours for each site. Nominal computer analysis costs, drafting of 
illustrations and incidental processing costs would be approximately $10 for a 
site. A seismic reflection survey would require computer velocity analysis of 
generally three seismograms for a site at a cost of approximately $40. In 
addition, refraction data from the site should be processed which would add 
$10 to the cost. 

The data analysis should be undertaken by a trained seismologist. It would 
take an estimated 4 to 6 hours to analyze data from a reflection site. The 
estimated costs of a seismic survey including field work and data analysis are 
summarized in Table 1. It is assumed that the necessary equipment is 
available for the study. Salaries are not included in Table 1. It is estimated 
that field work would require an average of 1.5 man days of effort for a 
refraction site and 2.0 man days for a reflection site. Data analysis would 
require approximately 0.3 man days for refraction studies and 0.5 man days 
for reflection analysis. 

TABLE 1 

COST ESTIMATES FOR SEISMIC SURVEYS PER SITE 

Item Refraction Survey Reflection Survey 

Recording supplies $ 5.00 $10.00 
Explosives 7.00 10.00 
Other supplies 15.00 15.00 
Computer analysis 3.00 30.00 
Data preparation 7.00 10.00 

Totals $37.00 $75.00 

These cost estimates pertain to actual field operations and data process. 
Th d . mg. 

ey ~ not Inc.lude the. costs of preliminary planning for land access permits, 
renovatIon of field equIpment, and preparation of final reports. These costs 
would depend upon the extent of effort planned for a particular project. It 
should ~Iso be emph~sized that the cost estimates are based upon the 
assumption that the thIckness of unconsolidated coastal plain sediments will 
be generally less than 1000 feet. If the section of sediments to be studied is 
substantially greater than 1000 feet in thickness, estimates of time and effort 
at a particular site would have to be revised. Data processing costs would not 
increase appreciably but field operations could require considerably more 
time. 
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FIGURE 1. LOCATION AND ARRANGEMENT OF SEISMIC 
'I, 

STUDIES ON THE VIRGINIA COASTAL PLAIN.il 
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OPTIMAL CONDITIOI\lING PROCEDURES FOR
 
WASTE ACTIVATED SLUDGE DISPOSAL
 

Description of Research 

During the first year of this research project, a series of laboratory studies 
were conducted to evaluate the effect of typical waste treatment plant 
handling procedures on the subsequent filterability of waste activated sludge. 

Areas of investigation were aerobic digestion, anaerobiosis, dissolved oxygen 
levels, mixing effects, temperature effect, bacteriostatic condition, sludge 
chlorination, suspended solids concentration effects, pH effects, and batch 

aerobic digestion versus continuous aerobic digestion. A further aim of the 
research was to determine the chemical and biological properties of sludge 
that affect filterability, and the experiments were designed to yield such 
information. 

Laboratory-scale procedures were used throughout the study; however, the 
waste activated sludge used for all experiments was obtained directly from a 
600 gpd extended aeration sewage treatment plant prior to each test. Buchner 
funnel techniques were used to measure changes in filterability. In addition, 
sludge and filtrate changes were detected by measuring pH, DO, BOD, TOe, 
oxygen uptake, dehydrogenase enzyme activity, zeta potential, specific 
conductance, extracellular carbohydrates, cellular protein, and suspended 

Isolids. 

At many activated sludge plants, the waste sludge is thickened and then i 

subjected to anaerobic digestion prior to sludge dewatering. Data 
accumulated during this study show that anaerobic conditions rapidly cause 

extreme degradation of sludge filterability accompanied by a sharp increase in 
! 

soluble organic carbon indicating considerable cell destruction. By contrast, 

aerobic digestion produced an initial improvement in filtration rate and a I 

decrease in soluble organic carbon. Further, filtration characteristics degraded I 

by anaerobic conditions could be recovered by subsequent aeration, and the I 

period of aeration required for recovery was the same as that needed to reach 
Ii 

maximum filtration improvement before anaerobiosis. Interestingly, the 
i,
 

filtration rate of both aerobically and anaerobically conditioned sludge
 

correlated linearly with the soluble organic carbon concentration.
 
I 

While aerobic digestion always produced an initial improvement in sludge II 
filterability, with maximum improvement occurring in 4 to 6 days, greater Ii 

periods of aeration caused a worsening of filtration rates (Figure 1). Further 
evaluation showed that the mechanism of filtration improvement was 

I 
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biological in nature. When biological environmental conditions were suitable 
for activity and the sludge was in the initial stages of endogenous metabolism, 
sludge filterability either improved or remained good. When biological 
activity was disrupted by chlorination, quick changes in pH or temperature, 
or by the absence of oxygen, the sludge filterability rapidly degenerated. 
Filterability also failed to improve or became worse when biological activity 
was slowed down by cooling to 6°C or by extended aerobic digestion. 

Biological flocculation was concluded to be the primary mechanism of 
filterability improvement. Analysis showed that extracellular polymeric 
substances were produced by the viable organisms during endogenous 
metabolism. When the biological energy in the system was sufficiently low, 
these polymers caused coagulation and bridging between sludge particles, thus 
improving the filtering properties of the sludge. Zeta potential had no effect 
on the flocculation process. Since bridging by biologically produced polymers 
was the principal mechanism, bioflocculation could be accomplished only if 
most of the biological cells were intact and active. Extracellular polymers 
were produced only when oxygen was present in the system. However, the 
organisms responsible for production survived up to 4 days in the absence of 
oxygen. 

Dissolved oxygen concentrations above 2 mg/I did not further enhance sludge 
filterability. The mixing rate during conditioning was criticial, however, 
whether the system was aerobic or anaerobic. Vigorous mixing degraded the 
filtration rate. 

Sludge filtration was found to be a linear function of suspended solids 
concentration. An increase in solids caused an increase in filtration resistance. 
The solids concentration did not affect the degree of filtration improvement 
produced by aerobic digestion. Controlling the pH during digestion had no 
effect on the filtering properties. 

The temperature of aerobic digestion did affect the filtration characteristics 
of the sludge. Digestion temperatures of 25 and 30°C were superior to 20 and 
35°C for conditioning purposes. Although the temperature of 30°C produced 
maximum filterability more rapidly, because of rapid worsening beyond the 
optimu m point, the 25°C temperature proved to be better for control 
purposes. A striking aspect of the temperature studies was the difference in 
temperature effect on sludge filtration rate before and after digestion (Figure 
2). 

Sand bed drying studies showed that aerobic di . . 
drainage of waste activated sludge even more thgest.lto~ Improved the gravity

-rh an I Improved the nt .
rate. e order of improvement was 70%. d 460/ . I ration ° an 10, respectively. 

The results show that the way waste activated slud .
 
drastic effect on the rate of dewatering T h' ge IS ,handled can have a
 

the biological organisms must be aerobi~al~y a~a'i~~:i~~~':u; con~itioning,
 
phase and must be active and inta t h . e en ogenous
 

. c w en subjected to d .
procedures. WhIle stressing the slud b ewatenng 
anaerobic conditions will cause a Ige y dtem~era~ure, pH, chlorine, or 
t " . arge re uctlon In filtering r t 
I tratlon properties can be restored b b . a e, good

y su sequent aeration. 
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BIOLOGY AND CHEMISTRY
 
OF SURFACE FRESHWATER MICROLAYERS
 

Objectives 

This report covers the design and construction of three microlayer samplers 
based on different principles of operation. These included: 

1.	 A surface screen sampler (SSS), first described by Garrett (1965) and 
prior to this study employed only in studies of sea slicks; it collects 
primarily by capillary action. 

2.	 A modification of the "aquatic guillotine" first described by McBain 
and so far only used in laboratory research; it collects by physically 
separating a microlayer from the water surface - like a microtome. 

3.	 A rotating surface drum sampler (SSD) first described by Harvey 
(1966) and so far only used in the ocean; it collects by cohesive force 
effects. 

Early analyses of these potential samplers revealed many weaknesses and 
problems with the "Aquatic Guillotine" but gave rise to another plan for a 

Surface Sampling Tray (SST). This device consists of a 1.0 m2 stainless steel 
tray subtended by an aluminum frame and four cylindrical ballasts at the 
corners. By adjusting the volume of water in the ballasts, the tray balances 
horizontally, and also achieves a level in water of any density resulting in a 
precise depth of surface water remaining in the tray. One operates the SST by 
pushing it at an acute angle beneath the water surface. The tray rises 
horizontally cutting 1.0 m2 of surface. During the next 15 to 20 min, the 
water in the tray gradually leaves via small holes. The rate and manner of 
emptying has been designed to minimize turbulence effects which would 
draw off the surface water prior to removing the subsurface water. 

Three screens were first obtained and have been under test since the summer 
of 1970. The first Surface Sampling Tray was completed in the fall of 1970, 
modified by the spring of 1971, and currently is being redesigned to eliminate 
weight and bulkiness and insure better stabilization in water. The Surface 
Sampling Drum is now under construction after long delays and problems 
concerning the cost of applying smooth ceramic coating to the steel drum. 
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Results and Discussion 

The Surface Sampling Screen (SSS) and Surface Sampling Tray (SST) reveal 
striking differences of certain substances between the microlayer and 

'II	 subsurface (10 cm) water (Tables 1 through 6). These include ammonium, 
nitrate, ortho-phosphate, total phosphate, surfactants of the ABS and LAS 
types, and iron. These data vary with aquatic environment and climatic 
conditions. Biological differences are also evident. For example, the surface 
microlayer contained many times more fungi and a significantly higher 
most-probable-number of fecal coliform bacteria than did the subsurface 
water (Tables 11 and 12). Direct microscopic observations of algae in 
microlayer samples, taken with the SSA and SST, revealed different species 
diversity and population sizes from those of the subsurface water (Tables 7 
through 10). 

Methods for bioassay of thiamin, biotin, and niacin have been developed and 
tested. Several assays have been run on water collected during winter months, 
but no detectable vitamins have been found. One exception was April 1, 
1971, when the Farm Pond revealed: 0.05 (SSS), 0.025 (SST), and 0.02 (SS) 
mJ.lg Biotin/ml. 

A tendency has been noted for a reduction in the differences between the 
different sampling procedures from the fall of 1970 into the winter and 
spring of 1971. It is believed that higher winds and increased turbulence and 
mixing during the colder weather has reduced the chances for both chemical 
and biological conditions to develop differences in the surface microlayers. 
Thus, it is anticipated that the best data shOWing differences will come during 
summer and early fall sampling. 

The surface sampling drum (SSD) is still under construction, so no 
comparisons can be made. [The delay in the construction of the SSD is due 
to the necessity to utilize several industrial sources for various parts, notably 
the drum which. needs a special ceramic coating to obtain the required surface 
smoothness.] However it appears that the SSS samples are more different 
both chemically and microbiologically than are the SST samples, from those 
of control subsurface (SS). Figure 1 shows a redesign of the SST Prototype 
No.1, called No.2. This design should be free of some of the earlier 
weaknesses and so give better sampling results. 
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Table 1 

S:'ect comparisons of surface microlayer chemistry 
Wlt~ s~~surface waters, screen sampler, 1970 *M 
be sIgnificant.	 . ay 

Chemical Concentration (mgl/)

Date Source 1 

Sample +
 
NH4 -N N03-N Total PO~P 

7/16 Ox. Pond S 1.00 6.0* 8.6Sub 0.95 3.0 7.8 
7/13 Duck Pond S 0.29* 1.1 * 0.05Sub 0.01 0.1 0.03 
7/18 Mtn. Lake S 0.13* 0.33* 0.65*Sub 0.06 0.22 0.25 
1 

gU::~:~d==S~'~sIT~i~e~Court, sewage oxidation pond, Merrimac, Va. 
: : '. " campus, Blacksburg, Virginia. 

Mtn. Lake:::: VirgInia Mountain Lake 
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Table 2 

Surfactant concentrations in surface microla;~rs a~d 
subsurface waters, screen sampler, 1970. ay e 

significant. 

Concentration ABS 

Source Sample and/or LAS (mg/I) 
Date 

6/24 Ox. Pond S 
Sub 

0.12* 
0.02 

7/8 Ox. Pond S 
Sub 

0.10* 
0.04 

6/22 Duck Pond S 
Sub 

0.05* 
nil 

6/13 Duck Pond S 
Sub 

0.04 
nil 

7/9 Mtn. Lake S 
Sub 

nil 
nil 

7/15 Mtn. Lake S 
Sub 

nil 
nil 
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Table 3 

Chemical data from microlayer samples, Farm Pond, 
March 16, 1971 (all values in mg/I). *May be of 
significance. 

Sampling Method 
Chemical SSS SST SS 

Ammonium (as N) 0.13* 0.21 0.22Nitrite (as N) 0.017 0.016 0.017l\Jitrate (as N) 0.16 0.18 0.18Ortho-phosphate 0.02 0.04 0.02Meta & polyphosphate 0.08* 0.12* 0.23*Iron (ferrous) o 0.02 oSilica 2.2 2.12 1.68*Sulfate 18 19 18Surfactants o o o 
Total Dissolved Sol ids: 260.0 232.0 326.0* 
Totall\Jitrogen Spurious values obtained for all samples 

SSS = surface sampling screen 
SST =surface sampling tray 
SS = subsurface sampling 

Table 4 

Supplementary chemical data from microlayer sam­
ples, Farm Pond, April 1, 1971 (all values in mg/I). 
*May be significant. 

Chemical SS 
Sampling Method 

SST SSS 

Ammonium (as N) 
Nitrite (as N) 
Nitrate (as N) 
Ortho-phosphate 
Meta & polyphosphate 
Silica 

0.37 
0.012 
1.45 
0.03 
0.08 
0.83 

0.33 
0.017 
1.60 
0.03 
0.09 
0.73 

0.39 
0.015 
1.60 
0.06* 
0.06* 
0.74 

Total Dissolved Solids 282 273 264 

Total Nitrogen 
(as %solids) 1.31 1.57 2.07* 
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Table 5 

i ,\ Supplementary chemical data from microlayer sam­
pies, Mountain Lake, Giles County, Virginia, April 

II!:I 13, 1971 (all values as mg/I). *May be significant. 

Sampling Method Significant 
SSTSS~Chemical 

0.08Ammonium (as N) 0.08 
0.0020.004Nitrite (as N) 

0.08* 0.04Nitrate (as N) 
Ortho-phosphate 0.03 0 

Meta & polyphosphate 0.03 0.02 

Iron (as ferrous) 0 0.02 

0.55 0.58Silica 
1 0Sulfate 

19.819.2Total Dissolved Solids 

Total Nitrogen 
5.8(as % of solids) 6.2 

Table 6 

Chemical data from microlayer samples, Suit's Trailer 
Court Sewage Oxidation Pond, Merrimac, Virginia, 
June 30, 1971 (all values as mg/I). *May be Signifi­

cant. 

SS 

0.09 
0.008* 

0.02 
0.02 
0.03 
0.02 
0.57 

2 
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Table 9 

Population sizes of algae in surface microlayers and 
subsurface (SS) waters, surface sampling screen (SSS) 
and surface sampling tray (SST), April 13, 1971, in 
Mountain Lake, Virginia (cells/cc). *May be signifi­

~I cant. 

Lnl Count X 10-3;::1 

~,) vv Cyclotella 10.3- 9.4 10DinoflagellatesQl l ­=C'll~ g> <1e I- .0Ql o 0c Dinobryon- cQl 1.7* 
M\ 

Go Microalgae~ <1vvC'll 
CI Sphaerocystis 2.8*~ 6.7*Oocystis 

('.II 00\ <1Others 
<Jl > 

.- <Jl
 
Ql I ­

I- co N ~~ i·C'll ....> .... co u: z 

Total algal cells -
2 ,=CI 

64 51(J ­ 86,- 0. 
E E * o::l:co oooo::r
Ql <Jl -\ ('.ICOO"l "I
 
~ Ql


Ql -
-I- (Jco::c co ~­<Jl I ­

t- ~ 
C <Jl Table 10 
.- "0 
co C 
I- co 
~-:: 

]\ !I 
Population sizes of algae in surface microlayers and M 00Ql(/)

C1(/) '0 ­
subsurface (SS) water, surface sampling screen (SSS), 

Ci5~ 
Ec and surface sampling tray (SST), June 30, 1971, inco Ql 

Ql 
Suit's Trailer Court Sewage Oxidation Pond,- I ­o &l ~]~.!

<Jl CI Merrimac, Virginia. *May be s'gnificant. 
Ql C E_ 
N.- • ~ " 'iii 0. ~ "0 "0 "0 c ­
c E co C C 

o
C 

o co ,~ Q..~ 0. Counts of Cells/cell 0-3 
';J <Jl :':= 
co Ql C E- (J CI 
~ _ . ­ E0. co <Jl E 

C'll coco LL.o I- Ql LL. LL.II 
o 

~ 

o.i1l.o ::0 
Ql Dictyosphaeriu m 104~ 120 232*c Scenedesmus';J 1.7c co 1.4 5.6*co o Euglena <1.0*- ~ -M -o::r 1.7 15 - Chlamydomonas" <1.0 <1.0 

*Uroglenopsis 2.5* 2.5* 1.4 

Total algal cells 94 110.8 126.1 253.6 

95 



Table 11 

Counts of bacteria and fungi in a surface microlayer 
and subsurface water of a farm pond, fall, 1970. 

1.	 Most probable number of coliform bacteria per 100 ml of water 

Screen 760
 
Subsurface 348
 

2.	 Number of bacteria per ml of water as determined by spread plate 

technique on: 

a.	 Plate-Count Agar1 

Screen 6,400 
Subsurface 6,500 

b.	 Pond-Water Agar2 

Screen 22,800
 

Subsurface 20,000
 

3.	 Number of fungi per ml of water as determined by spread plate
 
3
technique on Potato-Dextrose Agar

Screen 180
 
Subsurface 3
 

Tryptone 5.0 9 2	 Peptone LOg
 

Yeast Extract LOg
Yeast Extract 2.5 9
 
150 9
Dextrose 1.0 9	 j5;~ar 

Agar 15.0 9	 Pond Water 500 ml 

1000 ml Distilled Water 500 mlDistilled Water 

3
 Potatoes, Infusion 
from 200.0 9
 

Dextrose 20.0 9
 

Agar 15.0 9
 
Distilled Water 1000 ml
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Table 12 

Counts of bacteria in surface microlayers and sub­
surface water in 1971. 

Sampling Method 
Date Medium SSS SST SS 

3/16/71 Farm Pond, Blacksburg, Virginia
 

Nutrient agar 1100 2200
 4200
 
Potato dextrose agar 500 300
 0 
Pond water agar 1500 5900
 7500
 
Desoxycholate 500 100
 0 

4/1/71 
Farm Pond, BI.acksburg, Virginia
 

Nutrient agar 3000
 300 400
 
Potato dextrose agar 200
 300 200
 
Pond water agar 10000
 1600 1600
 
Desoxycholate 600 0
 100
 

4/13/71 Mountain Lake, Virginia
 

Nutrient agar 400
 0 3900
 
Potato dextrose agar 100
 100 100
 
Pond water agar 200
 0 100
 
Desoxycholate 0
 0 0 
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TECHNIQUES FOR MEASURING
 
PUBLIC EVALUATION OF RECREATIONAL
 

AND HYDROELECTRIC WATER USE
 

Description of the Project and Findings 

Design 

The project was designed to explore techniques for measuring public attitudes 
on uses of water resources. The specific focus was on two uses: recreational 
and industrial. 

A Likert technique and a Semantic Differential technique were employed as 
approaches to the exploration of public attitudes. The Likert technique 
consists of summated ratings for responses by a number of subjects on a series 
of water related statements. A sixteen item Likert scale was developed 
containing four subscales of four items each designed to measure the 
dimensions of relevance, powerlessness, involvement, and deference. For each 
of the sixteen statements, the interviewee selects one of five responses, 
ranging from "strongly agree" to "strongly disagree," that most closely 
represents his feeling about the statement. 

The Semantic Diff-erential technique is designed to serve as a method for 
measuring "meaning." It is a multi-dimensional rating scale based upon the 
assumption that words represent things. In design, the Semantic Differential 
combines scaling procedures with controlled association of word meanings. A 
respondent is asked to select a number from one to seven that most closely 
describes his interpretation of the association between the concept and a pair 
of adjectives. For the present study, a scale consisting of eight adjective pairs 
was constructed. Interviewees were asked to associate the adjective pairs with 
two statements, one of wh ich dealt with water use for recreation and the 
other involved industrial use of water. 

A random sample of respondents was selected in the City of Roanoke, 
Virginia, using a cluster sampling technique and 1970 census tract data. 
Interviews were conducted in the respondent's home by graduate students of 
the Department of Sociology at Virginia Tech who received training in 
advance of interview assignments. The research instrument was a pretested 
interview schedule containing the Likert scale, the Semantic Differential 
scale, a series of questions to assess knowledge and use of water resources, 
and classification questions related to personal and social characteristics of 
respondents. A facimile of the interview schedule containing specific water 
related questions is included with this report. 
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The subject under consideration was Smith Mountain Lake, a bo~y of water 
near the City of Roanoke that is called upon to serve both recreational needs 
and to generate hydroelectric power. The facility is a man-m.ade lake 
constructed by the Appalachian Power Company to produce. electric power. 
Water impounded in the lake produces 500 miles of shoreline as well as a 

body of water suitable for recreational activities. 

Likert Technique 

Responses to items on the Likert Scale produced a relia~i1i~y coefficient of 
0.538. While this was not as high as had been hoped, It did suggest some 
degree of scale unidimensionality. The four subscales failed to demonstrate a 
degree of reliability that would warrant further examination. It had been 
expected that ,respondents who preceived a great deal of relevance on wat~r 
questions would consider either a pattern of involvement or deference In 
attempts to seek solutions. Had such a pattern been forthcoming, it w.ould 
have been possible to conduct a path analysis to ascertain patterns associated 
with the choice to initiate individual action or to defer to someone else for 
such action. A similar pattern could have been expected for those 
respondents who were overrepresented on the "powerlessness" subscale. It 
was expected that a person who described an issue as relevant, but felt 
powerless to initiate 'alternative action, would necessarily defer to others 

rather than initiate individual action. 

An examination of the Likert scale in relation to demographic characteristics 
of respondents suggested that persons with higher occupational positions .and 
educational attainment were more negative toward water related questions 
than persons at the opposite end of the occupational and edu~ational 
continuum. A similar finding was noted for family income: as Income 
increased, so did the proportion of negative responses. It was also found that 
younger respondents were more negative than older respondents. No 
noteworthy difference was detected in the response patterns for men 

compared with women. 

Semantic Differential Scale 

While the scale reliability for the Likert items was only moderately high, a 
substantial correlation coefficient was found for the scales associated with the 
two semantic differential statements. Specifically, a reliability of 0.84 was 
found for the adjective pairs with the statement regarding Smith Mountain 
Lake as a recreational area. For the statement concerning the lake as a source 
for hydroelectric power, a reliability coefficient of 0.87 was found. 

Further exploration into the utility of the power versus the recr t' . .. . ea Ion scales 
Involved the utilization of factor analysis. The matrix of correl t'. a Ions of the 
sixteen responses to the two semantic differential items was fa t d . ., core usmg 
squared multiple correlations as estimates of the communality d K' ,., . an alser s 
criterion as an Index of the completeness of the solution 

• 
Th I' 

II • e so utlon was 
then rotated to meaningfulness," according to the varima '. . .. x crltenon. 
Examlnatlon of the resulting rotated factor matrix revealed that th 

. I' . e most 
ap~roPriate so Uti on conSisted of two factors which accounted for 81% of the 
variance of the communalities. The first factor consisted of the eight 
responses to the statement, "Consider Smith Mountain Lake as a rec t' I" Th rea Iona 
area. e second factor contained responses to the statement"C 'd
S . h M . ' onsl er 
. m~t ountaln Lake as a source for the production of electric power." This 
indicated that the respondents evaluated the recreational and indust . I. h M . ria uses 
f S ountaln Lake independently. omit 

The finding of scale unidimensionality and reliability of the scale items 
appears to provide a useful tool for measuring attitudes toward use of water 
resources. In measuring attitudes, it is generally considered that a multi-item 
scale provides a more valid technique than a single-item scale. Several benefits 
are evident: First, a multi-item scale affords the opportunity to measure 
intensity of the attitude as well as direction. Second, since the multi-item 
scale is le~s direct than a single question, it is not as likely to elicit responses 
that are biased by culturally defined expectations of the respondent. Finally, 
a scale can be checked for item reliability, as has been described in the 
previous pa~agraph. It appears that the semantic differential technique 
employed With the present study has utility as a multi-dimensional approach 
to the study of attitudes as they relate to multiple use of water resources. 

With the funding of a substantial reliability coefficient for semantic 
differential scales, respondents were subdivided into four categories according 
to their specific response pattern. A response mean was determined on 
choices for each of the two semantic differential statements.* Persons who 
were below the sample mean for both the statement on power and on 

recreation were described as having a "positive orientation"; those above the 
mean for both statements were characterized as having a "negative orient­
ation." When a respondent was found to be above the sample mean on the 

*In order to minimize respondent bias, the negative and positive adjectives 
were alternated, as they appear on the interview schedule. For purposes of 
analysis, all positive adjectives were associated with low numbers and negative 
adjectives with high numbers. 
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power statement and below the mean for the statement dealing with 
recreation, a person was described as having a "recreation orieQtation." If the 
response mean for the power statement was below the mean for all 
respondents and above the mean for recreation, the respondent was 

characterized as having a "power orientation." 

On the basis of orientation, it was found that 171 sample subjects could be 
classified as having a "positive orientation" while 46 were associated with a 
"negative orientation." There were 45 respondents in each of the "recreation 
oriented" and "power oriented" categories. In order to assess the differences 
in response patterns, interviewees were further subdivided according to social 
characteristics of age, sex, occupation, education, and income in relation to 

their orientation to recreation and power. 

It was found that younger persons were more recreation oriented than older 
persons, and that the older respondents tended to be more power oriented. It 
was also found that women were more negatively oriented to both power and 
recreation, while men were more power oriented and generally held a more 

positive orientation than women. 

An examination of the occupational distribution of respondents disclosed 
that housewives were the most negatively oriented group. Retired persons 
were more power oriented. Blue-collar workers were overrepresented in the 
power and positive oriented categories; white-collar respondents were also 

overrepresented in the positive orientation category. 

Respondents with low educational attainment (grade school) were far more 
power oriented than persons at other educational levels. High school 
graduates were characterized as more recreation oriented than other 

respondents. 

When family income was over $15,000 per year, respondents tended to be 
more recreation oriented. For respondents whose family income was below 
$5,000 per year, a power orientation was more characteristic. 

Findings in this study suggest that the semantic differential technique can 
serve as a useful tool in measuring attitudes toward dual uses of water 
resources for recreation and industry. Selected demographic variabl~ 
presented some evidence to suggest the categories of persons whose attitudes 
most closely reflect either a positive or negative view toward dual uses of 
water resources. While the findings are not as absolute as might be desired, 

they do present minimal guidelines for further study in the area. 
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Knowledge, Use, and Voting Behavior 

~n~:~~t~nq~:~::~::~Ce~~::~~;~~~~~r:e:.:~r~~) i~:;~::~~ :~:~a~~~d 
a e ~ respo~d~~ts, (2) the extent to which sample subjects en .e 
recreational activities associated with water , an voting behavior. .d (3)' gaged In 

Using the four orientations - positive, negative recreation 
respondents were categorized accordin " ' , and power-
uses of Smith Mountain Lake Find" g .tod~helr knowledge about design and 
orientation were m '.Ings I~ Icated that persons with a positive 

. ore accurate In theIr knowledge about the lak 
persons With a negative orientation. Similarl " ethan 
more accurate in their responses than recreati:~ ~~:~;e~r~:~~:~s~ersonswere 

An exploration into t bdisclosed that wa. er ased recreational activities of respondents 
power onented perso . . .

activities. Since older ns participated less In recreational 
persons were generally mo . 

persons were also likely to engage in water based rec~:a~~~:; a~;;~i~:::' these 

When voting behavior of respondents was exa' . 
negatively oriented persons were less likely to ~In~d, It was noted that 
three other categories. vo e t an respondents in the 

Utility to the Profession 

:1~~C:~~o~r~ff~s~:~~1 ~~:~~:e;i~~i~h~r~sponsi:i1ity 0: decisions regarding the 
view of public attitudes on th' . u y ma es available at least a minimal 

received an initial test of util~~u~~e~~~~d presents ~wo techniques that have 
use of a water resource the' . IC support IS sought for a particular 

guidelines to suggest whi~h seg~;~:s~~n:~ hasb~' set of em~ericaHY tested 
likely to support that use Th th f e pu IC a~e m~st likely and least 
public support can be di~ecte~S't ~h ocus of attentIon In attempts to gain 
resistance is most likely to develoP.o at segment of the population where 
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ROANOKE SURVEY: NOVEMBER 1970
 

conducted by:
 

VIRGINIA POLYTECHNIC INSTITUTE
 
AND STATE UNIVERSITY 

Field No._Area No. Tract 

Address: 

Complete __Status: 

Incomplete __ Reason: 

Refused 

Ca\lback Report: Residence Type: 

Date Status House, single detached --- ­

House, duplex 

House, multiple unit 

Apartment 

TrailerRespondent: 

Other (specify) Sex:	 _----~--

ended __-­Date of Interview: __--- Time: began -- ­

No.
Interviewer: 

No.
Coder: 

************************************************************ 

DO NOT WRITE IN THIS SPACE 
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RESEARCH INSTRUMENT FOR ROANOKE STUDY 1970 

INTRODUCTION: I am	 with Virginia Tech. We are 

conducting interviews in this area and want to ask you 
a few questions. 

1.	 How long have you lived in the Roanoke Valley? 

---- years 

---- all my life (Skip to 3) 

---- refused 

2.	 Where did you live before coming to Roanoke? 

----does not apply (respondent lived all life in area) 

.---------------- Name of community 
Did you live in a rural __ area? 

urban --_ area? 
subu rban --_ area? 

3.	 Have you ever heard of a body of water in this area called SMITH 
MOUNTAIN LAKE? 

--- No (Skip to 11) 
---Yes 

4. Do you remember how you first heard about SMITH MOUNTAIN 
LAKE? 

__ No 

-- radio/TV 
-- newspapers 
--- friend/neighbor 
-- fou nd by accident 
-- other (specify) 

5.	 Have you ever visited the lake? 

- ­ No 
___ Yes How often? __ once 

-__ occasionally 

- ­ frequently 
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6.	 Do you know whether SMITH MOUNTAIN LAKE' is a "man made" or 
a "natural" lake? 

man made 
natural 
don't know 

7.	 There .IS a dam at SMITH MOUNTAIN LAKE. Do you know who built 
the dam? 

.__	. No 
government 
power company 
other 

8.	 Do you know if the water at sM/!.TH MOUNTAIN LAKE is used for 
. r7.generating electnc pl')we 

__	 No 
Yes 
don't know 

9.	 Do you know .If there are boat'mg, fishing or recreational facilities at the 
lake? 

No 
Yes 
don't know 

10.	 Do you know ·If SMITH MOUNTAIN LAKE water is used for 
irrigation? 

No 
Yes 
don't know 
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11.	 Now, I would like to get your opinion on some statements concerning 
water resources in America. The card I handed you lists five choices 
from STRONGLY AGREE. to AGREE, to NEUTRAL, to DISAGREE, 
to STRONGLY DISAGREE. A number appears with each choice. When 
I read a statement, please select the number that most closely reflects 
your feeling about the statement. What I want is the way ~ feel, not 
what you think other people feel. Do you understand? 

1 
SA 

2 
A 

3 
N 

4 
0 

5 
SO 

(1)	 Experts should make the decisions on
 
the way water resources are used.
 

(2)	 Government shou Id control policy on
 
uses of water resources.
 

(3)	 Generating electric power is more im­
portant than using a lake for recrea­

tional purposes.
 

(4)	 I believe the public should get involved 
in doing something about water prob­

lems.
 

(5)	 The most important use for a man 
made lake is to provide electric power
 
for the surrounding area.
 

(6) Industrial development of a com­

munity depends upon an adequate
 
supply of water.
 

(7) The	 news media present accurate in­
formation about water resource prob­

lems.
 

(8)	 If I wanted to do something about 
changing priorities of water use, 1 
wouldn't know where to start. 
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1 2 
SA A 

3 I 4 5 
SO 

Now, if you will turn the card over, you will see eight sets of Words 
N 0 with the numbers 1 through 7 between them. Let me give you an 

example of what I want. Suppose I asked you to describe the size of 
(9)	 Who controls water resources doesn't SMITH MOUNTAIN LAKE using the terms LARGE - SMALL. You 

concern me. could say "1" if you thought it was ~ large, "4" if you considered it 
medium size, etc. Do you understand? 

(10)	 The one who builds a dam has first
 
rights to the use of the water.
 

12.	 With the sets of words on your card, please consider SMITH
MOUNTAIN LAKE as a recreational area:(11)	 Persons like me don't have much to
 

say about the way water resources are
 
used.
 VALUABLE 1 2 3 4 65	 7 WORTHLESSUNFAIR 1 2 3 4 65	 7 FAIR

USEFUL 1 2 3(12)	 I should provide more information to 4 5 6 7 USELESSUNPLEASANTmy friends about water problems. 1 2 3 4	 5 6 7 PLEASANTHAPPY 1 2 3 4 5	 6 7 SAD
UNIMPORTANT(13)	 I don't spend much time thinking 1 2 3 4	 5 6 7 IMPORTANT

GOOD 1 2about water resources problems. 3 4 5 6 7 BAD
UGLY 1 2 3 4	 5 6 7 BEAUTIFUL

(14)	 My knowledge about water resources
 
is so limited that a meaningful com­


13. Now, use the same words to describe SMITH MOUNTAIN LAKE ~ 
source for the production of electric power. 

ment is difficult. 

(15) What power companies want, power
 
VALUABLE 1 2
companies get in the use of water 3 4	 5 6 7 WORTHLESS

UNFAIR 1 2 3 4 5	 6 7resources. FAIR 
USEFUL 1 2 3 4 5	 6 7 USELESS

UNPLEASANT 1 2 3 4 5	 6 7(16) Changes in water use policy depend PLEASANT 
HAPPY 1 2 3 4 5	 6 7upon public support. SAD 

UNIMPORTANT 1 2 3 4 5	 6 7 IMPORTANT 
GOOD 1 2 3 4 5	 6 7 BAD 
UGLY 1 2 3 4 5 6 7 BEAUTIFUL 
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---

14.	 1n the past year, has anyone in your home engaged in the following 

activities: 

D/K __ No Yes -- ­(a) Fishing 
(b)	 Boating D/K-­ No--- Yes -- ­

D/K __ No Yes _
(c) Water Skiing 
(d)	 Camping D/K-­ No--- Yes -- ­

No Yes -- ­(e) Picnicking	 D/K.-­
(f) Hiking	 D/K-- No--- Yes -- ­

No	 Yes _15.	 Does your family own a boat? 

No.	 Yes _16.	 Does your family have camping equipment? 

17.	 1n the past year, have you attended a meeting of any club or 
organization where water problems were discussed? 

__ No
 
__ Yes Do you remember the problem discussed? _
 

18.	 Did you vote in the election earlier this month? 

__	 No ... Did you vote in the presidential election two years ago? 
__ Yes	 -- No 

Refused	 __ Yes 

19.	 NOTE TO INTERVIEWER: If respondent voluntarily indicates reason 
for not voting, write it below. Do not probe. 

[Questions 20 through 35 consisted of a Semantic Differential Scale and a 
Likert Scale designed to measure public attitudes on the role of an 

educational institution.) 
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FINALLY, A FEW QUESTIONS FOR CLASSIFICATION PURPOSES: 

36.	 Are you married? 

__ single 
__ divorced 
__ separated 
__	 married How many years? _ 

37.	 Are there any children in your family? 

__	 No 

__	 Yes Number __ How many live at home? 

38.	 Are there any other adults that live in your home? 

No
 
Yes Number _
 

39.	 What is your occupation? 

firm name	 _ 

40.	 What is the occupation of your spouse? 

firm name _ 

41.	 What is the highest grade in school you completed? 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

42.	 What is the highest grade in school your spouse completed? 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

43.	 What is your age? 

44.	 What is the age of your spouse? 



45. Was your total family income last year over or under $10,000? 

(a) __ over 10,000 Was it over or under 15,000 
__ over 
__ under 

(b)__ under 10,000 Was it over or under 5,000 
over 

__ under 

THANK YOU FOR YOUR COOPERATION. 

************************************************************ 

INTERVI EWER'S COMMENTS 

I 
II 

MATCHING GRANT PROGRAM
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