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THIRTY-FIVE YEARS_OF USE OF 4 NATURAL SAND BED 

FO~ POLISHING A SECONDARY TRE.ATED EFFLUENT 

INTRODUCTION 

When the Lake George Vil.lage Sewage Treatment Plant was con­

structed in the late 1930's, laws were already in effect preventing 

the discharge of any sewage, raw or treated, into the waters of 

Lake George or into any streams discharging into this beautiful 

recreational lake. Therefore, extra steps were taken to provide 

fo.r "complete" treatn:ent of the sewage. The basic treatment 

plant is not unusu,'11, condsting of circular Imhoff tanks provid­

ing for primary sedimentntionand sludge digestion, trickling 

filters, and secondary sedimentation of the trickling filter 

effluent. Th$ uniqus portion of the plant, other than its dual 

pumping system lifting the sewage approxim~tely 200 feet from the 

collection point by the lake to the treatm~nt plrutt, is the dis­

charge of the effluent froIa the secondary sedimentation tanks 

directly onto natural sand beds withol1t chlorination. The sand 

beds were determined to be "more than 25 feet in depth. "The 

final effluent becomes groundwater, which in all probability, 

seeps eventually to some water course as a highly purified liquid 

which cannot be identified as a sewage effluent. n (5)· 

When the original treatment plant was designed and construct­

ed, the population estimates for the area varied from approxi­

mately 1500 persons in winter to about 5000 at the peak of the 

summer season. In order to allow for this approximately three­

fold change in popUlation, the treatment· .system was built essen­

tially in triplicate using one-third of the system for the winter-

-1-



\ 

time flows and the entire. plant for su.mmertiJlle flows. The pre­

sent population esti.mates (1) be:tllg served by the treatment system 

are 2100 persons in winter and. 12,300 in summ(~r. Initially, there 

were six sand beds wi.th a total. area of approximately 72,000 square 

feet (6,690 square meters). Presently, there are 14 sand beds in 

the area where the original six were located and an additional 

seven sand beds at a higher elevation above the primary settling 

tanks. The total area of these combined beds is 6.4 acres (2.6 

hectares). A general layout of the plant is shown in Figure 1. 

PREVIOUS STUDIES 

When the original plant was built, the primary concerns in 

sewage treatment were the disposal of the liquid effluent and the 

sanitary quality as measured by the coliform count. Twenty~five 

feet of soil was considered adequate to remove the coliform 

bacteria which also meant the absence of pathogenic bacteria. 

However, no tests had ever been performed to show positively the 

removal of coliforms by passing through the sand beds. In recent 

years we have realized that sanitary quality is not the only para~ 

meter by which to judge the efficiency of a treatment system. 

Nitrogen and phosphorus compounds are frequlo'ntly limiting nutrients 

in a lake. Therefore, it is expedient to be sure that the inputs 

of nitrogen and phosphorus to Lake George are kept to a minimunl. 

In order to determine the potential discharge of these and other 

substances into Lake George, studies were performed in the sand 

beds during the late 1960' s by students at RPI.. Wells were in~ 

stalled in beds 7, 11, and 13 (see F'igure 1) at depths of 5, 10. 

15, 20, and 25 ft. (1.5, 3, 4.6, 6.1, and 7.6 m). Bed No.7 was 
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NORTHWAY 

, 

FIGURE I 

LAKE GEORGE SEWAGE TREATMENT PLANT 



an extremely slow bed and took up to a week to dry. Bed 11 was 

a fast bed in ths't the water percolated away in a day or two. 

Bed 13 was chosen because it had had only limited use since the 

plant was built due to the fact that the control valve for this 

bed is accessible only through a manhole. Valves for the other 

beds are operated from above the ground. 

It was found that no sample could be secured from bed 7 

and that samples could be secured from the wells at the 5 and 10 

ft. depths only in beds 11 and 13. It was considered that the 

securing of samples at the 5 and 10 ft. depths ind:i_cated a con­

tinuous water column to these depths, but that by the time the 

water percolated 15 ft. down into beds 11 and 13, the water be­

came disper/leu and could not be pumped directly. 

The reoults of these studies are sU1llIlIar:!.zed in Figures 2 

through 10.(2) Figure 2 shows the concentration of coliforms in 

the applied effluent and in the percolate at the 5 and 10 ft. 

depths in beds 11 and 13. It may be seen that es sentially all of 

the coliforms are removed in the fi.rst five feet of the bed depth. 

The similar BOD removal is shown in Figure 3. The influent BOD 

which varied at about 40 mg/l was reduced to less than 8 mg/l 

at the 5 ft. depth and to less than 2 mg/I at the 10 ft. depth. 

This indicates very satisfactory BOD removal. The chloride con­

centration with depth in the two beds is shown tn Figure 4. 

Essentially there is no significant reduction in the removal of 

chlorides with depth. The overall reduction with 10 ft. of depth 

in bed 11 was 5% whereas in bed 13 it was 10%. The organic ni.tro­

gen content i.e shown in Figure 5. It may be ceen that essentially 
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all of the organic nitrogen was removed wit.hin th." first 10 ft. 

of the filter bed. The annnonia nitrogen. on the other hand. 

as shown in Figure 6, was removed only to an (~xtent of about 80% 

in the first 10 ft. of the sand beds. Since the removal appears 

to be nearly linear, it may be estimated that nearly complete 

annnonia removal could be accomplished with an additional 5 ft. of 

depth of sand or 15 ft. total. Whereas the results of the ni­

trate determination varied considerably (Figure 7), the concen­

tration did appear to increase slightly with depth. There was 

no quantitative balance between the reduction of ammonia and 

organic nitrogen and the increase in nitrate n:i.t:t'ogen. However. it 

may be concluded that there is an overall oxidation process in­

volved in converting organic. and ammonia nitrogen to nitrate. 

The phosphorus analyses were the only ones which showed a 

significant difference between beds 11 and B. The' pol)"Phosphate 

concentration in the two beds is SUIlIl.narized in Figure 8. There 

seems to be some significant reduction in polyphosphates in the 

first 5 ft. of bed 11 but little further reduction between 5 

and 10 ft. in bed 11. Bed 13 showed no significant change in 

po1yphosphate concentration. The orthophosphate, on the other 

hand (Figure 9), showed no reduction with depth in bed 11 and 

even a slight inc.rease at the 5 ft. depth. In bed 13, which was 

little used, there was a significant reduction :i.n the first 5 

ft. but no further reduction in the second 5 ft. of bed depth. 

The total phosphate results are similar to those of the ortho~ 

phosphate, as shown in Figure 10, It was concluded that, for 

the depths studied, bed 11. which had received considerable use, 
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had reached a saturation point for adsorption of phosphorus, 

whereas bed 13, which had received little use, still had an active 

phosphorus adsorption capacity. 

The original plan for the previously described studies was 

to install a series of wells in and around the treatment plant 

in order to determine the direction of flow of the treated effluent 

which was applied to the percolation bed. However, it was real­

ized that thh would involve a large number of wells and was 

deemed infeasible at that time. In another attempt to determine 

the flo\;1 of the effluent through the ground, resistivity studies 

were performed in the area around the sewage treatment plant. (3) 

The results showed (Figure 11) that the path of least resistance 

flowed first in a slightly eastward direction and then turned 

northward along Gage Road to West Brook. The resistivity studies 

had to be discontinued beyond this point due to interferences 

caused by the underground piping of houses located across West 

Brook. 

Gage Road crosses West Brook approximately 2000 ft. (600 m) 

north of the lower sand beds of the treatment plant. The lower 

beds, 13 and 14, are 472 ft.. above mean sea level (amsl), whereas 

West Brook is at 339 ft. amsl where it passes under Gage Road. 

The level of the surface of Lake George is 319 ft. ~ 1 ft amsl. 

There is a steep hill. on Gage Road in the immediate vicinity of 

West Brook. The hill is approximately 60 ft. in height above 

the surface of West Brook. 

PRESENT STUDIES. 

On April 17 and 25, 1973 walking surveys were made of the 

-15-
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southern banks of West Brook at the base of the steep hill as 

shown in Figure 12. West Brook flows in an easterly direction 

at this point into Lake George approximately 1/2 mile farther down­

stream. Immediately west of Gage Road, there is a small tribu­

tary which flows into West Brook. The flow from this small stream 

was estimated to be in the order of one-half million gallons per 

day. Observation was made of the source of this tributary and 

it was found that all of the water comes out of the ground at 

the base of the aforenlentioned bill on the south side of West 

Brook up to a level of approximately 5 ft. above the level of 

West Brook. During these surveys, the co~ductivity of the water 

emanating from the ground at the base of the hill was consider­

ably higher tha,n that in West Brook. Also, the conductivity in 

West Brook was measurably increased from a point above the in­

fluent of this tributary to a point below it. Proceeding east­

ward from Gage Road, slightly farther downstream, additional 

seepage was noted coming from the base of the hill and flowing 

into West Brook. A small intermittent stream was followed part 

way up a small valley which proceeds up to the rear of a motel. 

The water in this ditch was extremely high in dissolved solids. 

It must be pOinted out that there is a highway department garage 

located on the top of the hill just above this intermittent 

stream. It was these findings which prompted the more detailed 

studies which are contained in this report. 

In response to the recommendation of the Village engineer, 

Rist-Frost Associates, funds were provided by the Village of Lake 

George and with the aid of manpower from the New York State De-
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partment of Environmental Conservation, wells were located in 

and around the area as shown in Figure 13. WeIll is in approxi­

mately the center of the lower seepage bed No.4. Well 2 is 

located approximately halfway down the steep portion of the slope 

just south of West Brook and west of Gage Road. Well 3 actually 

consists of three wells, A, B, and C and just recently Well 3D 

has been installed. The three wells secure water from three 

different depths: Well. 3A being very near to the surfa.ce, 3B 

be:i.ng approximately 11 ft. deep and Well 3C being 21 ft. deep. 

Wells 3 are located adjacent to where there is a significant 

seepage of water from the base of the hill close to West Brook. 

Well 4, intended to be installed upstream from all potential 

sources of gr.Qundwater contamination, 110rth of West Brook, near 

Sewell Road a.nd close to the Northway, was never installed due 

to encountering rocks before ,vater level was reached. Well 5 is 

located near the center. of upper sand bed No.3. Well 6 is lo­

cated just south of. Prospect Mountain Road, slightly west of the 

entrance road to the sewage treatment plant. There are no wells 

numbered 7, 8, and 9. Well 10 is located in the field slightly 

ea.st of the sewage treatment plant and was intended to represent 

unc.ontaminated groundwater. The samples designated West Broo.k 

upstream were taken where Sewell Road crosses Illest Brook and 

the samples designated West Brook downstream were taken sufficient~ 

1y far downstream from Wells 3 in order to insure adequate mixing 

of the drainage which enters West Brook near Wells 3. Specific 

data for the wells are sUlJ.11iJarized in Table 1 and Figure Ill·. 

Approximate surface. groundwater and bedrock elevations of several 

-19-
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TABLE 1 WELL DATA 

Surface Ground Water Bottom of Bedrock 
Elevation Elevation Point Elevation 

Well 1 475.0 415.66 407.80 405.0 

Well 2 375. t~O 359.22 352.13 306 

'-1ell 3A 339.90 339.74 336.44 314 

Well 3B 339.90 340.01 329.06 314 

Well 3C :B9.90 3/+0.08 321.23 314 

\(fell 3D 339.90 3LJO 314 314 

Well 4 

Vie1l 5 495.37 480.98 379.40 477.40 

Well 6 £,58. 7 397.6 370.68 360.0 

"Tell 10 462.73 441.7 4313.91 438.91 

West Brook 348.0 
at \~ell 2 

West Brook 3:3Lf, 9 
at Hell 2 

-21·· 
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sections (see Figure 13) are shown in the Appendix (Figures Al ,. 

A4). 

RESULTS 

Samples were secured from the various locations in the 

area during the spring and summer of 1973. These results are 

summarized in Table 2. In addition to the data shown in Table 

2, measurements were made of the depth to water table in each 

one of the wells. Also, studies of the virus content were made 

in one set of samples, as will be discussed later. The results 

of Table 2 may be separated into three categories: (a) the temper­

ature and DO indicate the condition of the water in the ground, 

(b) the dissolved solids, pH, alkalinity, and chloride may be 

used to indicate the relationship to the sewage effluent dis­

charged to the ground, B.nd (c) the phosphorus and nitrogen in­

dicate the nutrient transport to that point and/or dilution by 

the available groundwater. 

(a) Groundwater condition. 

In general, the temperature of the groundwater de­

creased with depth and distance f'tom the sand beds. Well 1 had 

a lower temperature when the bed was dry. This indicates the 

direct effect of the sewage effluent on the bed. Well 3 de­

creased in temperature with depth. This indicates the effect 

of close contact of the water nearer the surface with the warm 

air during the time of sampling and/or the possibility that the 

warmer sewage effluent remained nearer' the surface of the ground,. 

water. The one anomaly is the high temperature in well 10 on 

-23-



Date 

4/17/73 

4/25/73 

Location 

West Br.Upstr. 

West Br.Dnstr. 

Seepage 
Ab. Gage Rd. 

Seepage 
Below Gage P-d. 

West Br.Upstr. 

W~B. Bel~Culvert 

West Br~Downstr. 

Seep. Ab • Gage Rd. 

Pond Ab.Gage Rd. 

Seep.St. @ W.B. 

Pool Bel.Gage Rd. 

Seep.Be1.Hol.lnn 

TABLE 2 

Temp. 
Time °C 

SUMMARY OF RESULTS 

Diss. 
D. O. Solids 
mg/l mg/l DB -'-

l.l~ 

70 

250 

320 

60 7.7 

7.8 

7.7 

195 7.9 

lEO 7 0 3 

125 7.2 

300 7.2 

550 7.3 

OF WATER TESTING 

Tot. Total 
Sol. Tot. N03- NH 3- Kjeldahl 

All<. el P P N N N 
mg/l rug/I jIg/1 pg/l ~ mg!l mg/' 

11 18.5 0.132 0.0325 O~O63 

7.2 11.4 0.525- 0.0652 0.191 

92 110 6.250 0.0299 Interfer. 

16.6 142 8.210 0.0376 1.030 

8 

10 

13 

26 

25 

22 

153 



TABLE 2 (CONT'D) SUNMARY OF RESULTS OF WATER TESTING 

Tot~ Total 
Diss. Sol. NOS- Kjeldahl 

Temp~ D.O. Solids Alk. Cl P N N 
Date LocatIon 'Time °C mg/l mg/l oH ltg/l IT.g/l )'lg/l mg/l :ng/l 

~ 

6/19/73 Well 1 (D) 1100 11.8 3.4 160 6~6 87.3 40 237 8.600 0.0201 

Well 2 1215 10,,1 12.7 190 7.8 147~'+ 28 25.2 0.133 

Well 3A 1230 16.4 5.0 350 ry c '. ~ 330.8 43 42.1 0.065 0.033 

\;;e11 3B 1230 15.1 4.6 350 7.3 223 66 32.1 Tr. 

~"ell 3C 1230 14~3 3.6 330 7 G "'j 173 53 29.9 Tr" 

6i25/73 STP T."., -F 
-'-d ...... USC 250 7.6 46 4,540 

Well 1 (n STP Eff .. 1155 130 6.7 31 2,680 

Well 5 (D) Well 2 1215 1'30 7,,6 26 24.1 2.717 0.0245 

He1l 3A 1230 390 7.1 39.9 0.0384 

\'e11 3B 1235 320 "7 1 
J ~ -'-- 59 30.8 10.319 0.0474 

Well 3C 1240 290 6.9 59 27.1f 11.960 0.0'371 

7/6/73 STP Info 1045 20 240 7.02 161 35 1f,010 

Well 1 (F) STP Effe 1215 20 2.6 200 6.54 106.5 33 3,070 

Well 5 (D) l-Iel1 2 1115 11.0 10.8 165 7.62 139 2"8 27.9 2.786 

Well 3A 1135 19.5 1f.5 350 7.26 352 41 42.0 0.194 

~ielJ. 3B 1140 15.2 2.6 320 7 .. 00 192 53 19.5 9.555 0.106 

yJell 3C ll50 14.5 3.0 285 7.00 173 53 20.3 11.194 

West: Br. Upstr. 1205 13.5 11.0 52 7.46 33.3 ;) 117.6 0.207 0.0641 

,vest Br. Dnstr. 1155 13.5 10.6 86 7 .. 45 56.7 15 70.4 1.846 0.103 

N 
V1 
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TABLE 2 (CONT'Dl SUMl"JI.RY OF P,ESULTS OF WATER TESTING 

Tot. Total 
Diss. Sol. N03- Kjeldahl 

Temp. D.O. Solids Alk. Cl P N N 
Date Location Ti.-ne °C mg/l ml?/l pH mg/l mg/l )l~/l mg/l mg/l 

7/25/73 STP Inf. 1050 22.S 250 7.30 186 35 5,240 8.200 

STP Eff. 1120 22.9 2.4 212 6.63 150 32 3,275 1.580 

Well 1 (F) 1145 17.0 5.6 210 6.66 88 39 377 1.196 1. 713 

Well 2 1435 14.4 9.4 180 7.80 128 30 28.2 2.340 0.H38 

Well 3A 1525 20.4 3~2 310 7.22 276 37.2 0.133 0.9755 

Well 3B 1525 19.2 4.9 330 7.43 175 71 26.8 9.139 0.393 

Well 3C 1530 15.0 2.3 300 7.05 161 57 25.4 10.829 0.0869 

Well 5Cu(D) 1055 20.0 5.8 82 6.63 31 8 686 21. 320 0.712 

Well 6 1310 13.6 2.8 210 8.88 178 35 16 .• 1 4.592 3.948 

Well 10 1235 23.4 3.4 43 6.42 42 ,.,10 41.4 0.358 1.150 

West Br. Upstr. 1555 14.5 9.6 75 7.63 42.7 14 lS.3 0.153 

West Br. Downstr" 1535 14.1 9.6 115 7.71 69.1 21 19.7 3.218 

8/16/73 STP Inf. 1410 24.9 2.3 232 6.88 142 38 4,093 17. S19 

STP Eff. 1415 24.5 1.3 240 6.53 150 35 4,310 12.722 

Well 1 (D) 1200 15.4 6.3 230 6~61 96 42 597 14.378 0.102 

Well 2 1035 12.0 9.8 185 7.65 122 33 17.9 2.795 0.0245 

Well 3A 1125 19.3 4.3 309 7.19 290 41 29.9 0.478 0.478 

Well 3B 1130 18.0 5.4 360 6.99 162 li2 16.3 9.730 Tr. 

Well 3e 1135 14.3 2.7 300 6.90 159 67 IS.0 10.404 Tr. 

Well seuC F) 1345 23.6 1.7 138 6.08 75.7 36 2.516 0.533 



T]\.BLE 2 (CONT'D) SUMMARY OF RESULTS OF WATER TESTING 

Tot. Total 
Disse Sol. N03- Kjeldahl 

Temp. D.O. Solids Alk. 01 P N N 
Date Location Time 00 mg/l mg/l ~ mg/l "mg/l .ug/l mg/l mg!l 

8/16/73 Well 5 1110 12.1 6.6 162 8 .. 73 106 3~ 13.0 3.627 3~645 

(Oont'd) 
Well 10 1225 14.0 6.0 99 n.SO 44.8 21 8.4 3.084 0,0379 

West B::c. UpstI'~ 1050 11~O 10.9 70 7.71 44.8 17 12.5 0.439 0'.0695 

West Br. Dnstr. 1125 12.7 10.2 120 7.54 83.5 29 14.7 1.976 0.0283 

Across Sewell Rd~ 1325 12.0 8.9 90 7.29 61. 7 23 15.2 0.237 0.0535 

NOTE: For Wells 1 & 5 (in sand beds) : F = sand bed flooded 

D " s2nd bed <L.y (not flooded) 



July 25 which may be an error in recording the data. It may be 

noted that West Brook is a cold water stream, never exceeding 

150C during the period of this study. 

The presence of dissolved oxygen (DO) is considered des" 

irable for the efficient treatment of sewage effluent discharged 

into the ground. In general, the DO increased with distance from 

the sand beds. Well 2 always had a high DO. Well 3C alwa,ys 

had Ii lower DO than 3A. West Brook was nearly always saturated 

with DO at the upstream location, but on several days a measur­

able decrease in DO was noted at the downstream location. This 

is attributed to the mixture of the emergent lower DO ground~ 

water with the water of West Brook. 

(b) Similarities to treated sewage effluent. 

The dissolved solids are high in the water seeping 

out of the ground at the base of the sand hill. This seepage 

enters West Brook at two major locations, one immediately up­

stream from the culvert under Gage Road, and the other just 

slightly downstream from the location of Wells 3. The tributary 

above Gage Road is estimated to be in the general order of 0.5 

million gallons per day. The lower stream, which is higher in 

dissolved solids, has a flow in the order of 100,000 gallons 

per day. West Brook, at this time of year as measured at the 

gaging station downstream from all of the locations indicated in 

the map in Figure 13, was in the order of 5 mgd. Thus, it may 

be seell that in the order of 10 - 15% of the flow of WestBrook 

is added from the two seepage streams in the area of Gage Road. 

This inflow is reflected in the dissolved solids content of West 
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Brook. The dissolved solids varied between 49 and 75 mg/l at 

the upstream location, and from 70 to 120 mg/l at the downstream 

location. In all cases there was an increase which varied between 

20 and 50 mgtl. Timewise, the dissolved solids in West Brook 

increased from April through August. The increase from upstream 

to downstream was greater during August. This is due somewhat 

to the fact that the stream flow in West Brook was less in August 

than in April but the amount of seepage seemed to be somewhat 

greater beginning with the July 25 sampling. Very definitely, 

the area around Wells 3 was more moist during the July and 

August sampling than it was during the June and early July sampl~ 

ing. It appears that the seepage flow increases during the 

time when the population and thus the flow at the sewage treatment 

plant also increases. In general, the wells in the sand beds 

(Wells land 5) exhibited noticeable fluctuation in dissolved 

solids with time and in particular with whether or not the bed 

was flooded. On the other hand, the wells not located in sand 

beds had a relatively constant dissolved solids content through· 

out the period of the sampling. 

The high alkalinity found in the wells is reflected in the 

increase in the alkalinity from the upstream to the downstream 

sampling locations ~vithin West Brook. The lowest alkalinities 

tlTere found in W'ell 10 consistently and in Well 5 when, it was dry. 

This latter would indicate that the alkalinity is being flushed 

away by fresh groundwater after the treated sewage has percolated 

through upper bed 3. In each case, higher alkalinities were 

found in Well 3A with noticeably lower values in Well 3B and 
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slightly lower values in Well 3C. This obviously represents the 

depth profile and indicates that the high alkalinity liquid is 

coming in near the surface and with a deeper location, there is 

probably more dilution due to lower alkalinity groundwater. 

The chloride concentration of the sewage treatment plant 

effluent varied between 30 and 35 mg/l during this sampling 

period. Generally, the chloride concentration may be used as a 

tracer of groundwater due to the fact that there is little ad­

sorption of chloride by the soil. In general, Wells 6 and 2 had 

chloride concentrations similar to that of the sewage effluent. 

Well 5 had a concentration similar to the sewage effluent during 

the period that the bed was flooded but when the bed was dry, 

the concentration was only 8 mg/l, probably representing the 

chloride content of the natural groundwater in the area. Wells 

3. however, were consistently highe.r in chloride content than. the 

sewage effluent discharged onto the Band beds, and the chloride 

content of Well 3B was consistently higher than that of Wells 3A 

and 3e. In one instance, the chloride content of the seepage 

in the small drainage ditch behind the highway department garage 

reached a maximum of 153 mgtl. Since this is much greater than 

the sewage effluent, this raises some doubt as to the validity 

of using chloride as a tracer in this particular case. It must 

be restated that the town garage is located atop the hill very 

close to this location. It is also known that the highway de­

partment stores salt on their proper.ty for use on the roads during 

the winter. It is probable that this salt has leached into the 

ground and is thereby invalidating the use of chloride as a 

-30-



tracer for the tr~ated sewage effluent. 

(c) Nutrients 

Having reasonably wall established that the water 

recovered from Well.s 2, 3, and 6 and the seepage as it emanates 

from the ground near West Brook is the same water which was applied 

to the sand beds at the se,\qage treatment plant, the transport 

of the nutria.nts nitrogen and phosphorus through the soil may 

be observed. At Well 6, approximately 500 ft. do~strcam from 

the percolation beds, the phosphorus cont.ant ... ,as less than 1% 

of that found in the sewage eff1u.c~nt applied to the beds. Similar 

low results were found in Wells 2 and 3 with generally higher 

phosphorus content being found nearer the surface at Well 3A than 

at the deepsrWells 3B and 3C. With the excepti.on of the one 

high value of 92 ).lg/l of soluble phosphorus on April 17 at the 

aeepage area above Gage Road, all of the results showed that the 

soluble phosphorus content in the area of West Brook was less 

than 50 llg/l. In two instances, the soluble phosphorus content 

appeared to decrease from the upstream to the downstream loca­

tion in WestBrook whereas on three occasions there was a slight 

increase. The results from the July 6 sampl:i.ng in West Brook 

are questionli::d. It is possi.ble that 11 decimal point was misplaced 

and the results should be 12 ).lg/l upstream and 7 do~stream. 

The nitrogen results are not quite so conclusi.ve due to 

the lack of some data, particularly the nitrate content in the 

sewage effluent. It must be pointed out that the total Kjeldahl 

nitrogell includes both the ammonia nitrogen and the organic 

nitrogen. In general, where the total Kjelda.hl nitrogen 
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wa.s high, the nitrate was low and when the nitrate was high, 

the total Kjeldahl nitrogen was low. At Well 6, the nitrate cou­

tent was about the same as the total Kjeldahl nitrogen content. 

However, by the time the water reached Wells 2 and 3, nearly 

alJ. of the nitrogen was recovered as nitrate. No exact balance 

of the nitrogen content was made due to the fact that there 

was a large fluctuation in the nitrogen content of the sewage 

influent and the effluent dis<;harged onto the sand beds. Ob­

viously, daily fluctuations in the nitrogen content would not 

be reflected in the content in the wells on the same day. In 

a.ll instances, there was a significant increase in the nitrogen 

content of Wast Brook between the samples secured above and 

below the entrance of the groundwater seepage. 

One set of samples (July 25, 1973) from the influent, 

effluent, brook (upstream and downstream) and several wells was 

examined for the occurrence of coUphage a.s a preliminary indi­

ca.tion of the possible presence of other such infectious agents. 

As seen in Table 3, infectious coliphage were present in all 

samples exam.ined. 

Of the well samples analyzed, only that sample ·from well 

6 possessed an average titer below 30 phage ml- l . The average 

titer for this well sample was 5 phage ml :"1. The g:t'eatest 

number of viral particles (73 phage ml- l ) was found in well 1 

during the time when this sand bed was flooded. 

DISCUSSION 

There has been considerable concern over the best means 
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Table 3 

Dese --
Hell 

Hell 

l';e11 

"'Jell 

Well 

We 1.1 

West 
(ups 

riotion 

1.' 1 

#2 

{t3B 

If3C 

{f5 

{fo6 

Brook 
tream) 

Brook West 
(dow nstream) 

'F LGST Influent 

LGST p Effluent 

Cant rol 

CQl;Lphage (;nI~I) from Lake George Sewage Treatment 

Plant Well SaTIlples 0/25/7.3). 

r-- Assay'" No. 
DR 1 2 Average Titer 

6:66 75 70 '73 

7.80 38 I 57 48 
-7.43 , 30 36 33 

7.05 42 40 41 

6.63 35 30 33 

8.88 6 4 5 

7.63 10 2 6 

7.71 6 2 4 

7.30 10 8 9 

6.63 1 3 2 

_._- - -.. -. 

,,< Ac.carding to Hershey et al. 
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of disposal of domestic wastes from rural areas and s!llIlll towns. 

This is of parti.cu1.ar concern .in areas where the discharge of 

w'astes may affect a local recreational lak'~. Whereas informa­

tion is fairl.y readlly available as to the effects of waste­

waters which are collected and treated a,nd discharged into a 

stream which enters a lake or discharges directly into a lake, 

th'are is insuffic:!.ent infol.11!a,t;iotl available as t.o the effective­

ness of discharging wastewaters, either treated or untreated., 

directly into the soil to make use of the characteristics of the 

soil which enable it to purify wastes. It has been fairly well 

established that under prope:rly ope:ra.ting aerobic conditions, 

:loLLs are quite capable of. removing pll.thogfmic bacteria and 

o:cg;:mic matter in the wllstewater applied to the soil.. However, 

much less infol"!ll<l,tion is available relat5.ng to the removal of 

nutrients, p::::i.marily nitrogen and phosphorus, hy the soil. 

Studies indicate that different soils have dif:erent capabilities 

for removing thesE.; nutrients. In general; sa.nci ha,s been con~ 

sidered to be less capllhle of 'removing phosphorus than finer 

clay-like soil. In addition, the total ca.pacity of any ElOil 

to remove nutrients over a long period of time has not been 

sufficiently evaluated. 

The treatment system at Lak,~ George Vi.Hagee of.fers an 

opportunity to study both the treatment efficiency of sandy soils 

and the effect of relatively long years of use. For a.pproxi­

mately 35 years, the Village treatment plant ha3 cJ.ir,charged bio­

logica1.1y treated effluent onto nat.ural delta sands. Studies 

have cOl1firmed the ability of the sand to remQve coliforms, BOD, 
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and organic and ammonia 11itrog6n, with soule apparent oxidation 

of the reduced nitrogen compounds to nitrate. There was very 

l:!.ttle effect upon the chloride concentra.tion in passing through 

the sand. There was a variable removal of phosphate which was 

attributed to the ion exchange capacity at least within the first 

10 ft. of depth within the sand percolation beds. 

By studying the water seeping out of the base of the sand 

hill, approximately 2000 ft. (600 m) from the treatment plant, 

" and vlells at various locations in the area, the characteristics 

of the purified wastewaters d.ischarged into the ground have been 

studied. The presence of dissolved ol,ygetl, although low at some 

locations, In all of the w~ll samples, confirmed that the soil 

has at;- oxidizing cA.pability. 'fhis is considered desirable as it 

aids :!.n oxidizing any organic matter remain:i.ng in the wastewaters 

as well as removing pathogenic ba;.:terla and axiaJ.zing redut:ed 

nitrogen compounds to nitrates. The 10'l\7est dlssolve.d oxygen re­

corded was in Well .5 during the period of time when this bed 

was flooded. The relatively high. values of DO in the sewage in­

fluent may be attributed to the splashing of the water as it 

comes out of the pipe and into the treat.ment pla.nt influent dis­

t:dbution box. At aU times, a small residual DO was found in 

the treatment plant efflu.ent as discharged onto the sand percola­

tion beds. 'fhus in this case, the soll system receiving the 

effluent from the Lake George Village sewage t!'(!a.tment plant lUay 

be ,~onsidered ad.equate to provide what is normally considered 

desirable treatment or polishing of the treated wastes discharged 

into the sand. 

-35-



During the entire period of this study, the sewage effluent 

was warmer than the air and the groundwater as represented by the 

wells. The temperature in West Brook was also in the same range 

as the cold temperature in the deep wells. The only place where 

depth profiles could be made was at Wells 3. Here, consistent-

ly, Well 3A, closest to the surface, had the highest temperature 

and Well 3C, the deepest at the time of the study, had the coldest 

temperature. This ma.y be attributed to the contact of the water 

wi.th the surface of the ground which was warm during the time of 

the study. On the other hand, :It may indicate that the warmer 

se\imge floats on the surface of the colder groundwater in this 

area. The chloride content: of the wastewater dj',scharged into 

the ground is somew"ha.t higher than thtlt of the natural water 

which ~~ould give the sewage effluent a greater density than the 

natura.l water. However, it is possible that the temperature den­

sity difference is greater than the dissolved solids density differ­

ence and the sewa.ge dischaxge tends to remain near the surface 

of the groundwater. If this is true, it indj.cates that the sam­

ples secured from Well 6 may not truly represent the sewage 

effluent discharged into the soil due to the fact that this well 

point is located approximately 27 ft. (8 m) below the surface of 

the groundwater at this location. It is difficult to make any 

positive conclusion as to the location of the sewage effluent 

with respect to the natural groundwater without performing 

tracer studies and utilizing wells at various depths. The fact 

that the temperature in Well 1 was higher when the bed was 

flooded again l.ndicates the effect of the highet· temperature 
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sewage. 

The dissolved. solids, alka.llnity, and chloride may normally 

be used to identify the location of the sewa.ge effluent in the 

ground with reasona.ble accuracy. Well 10. the control, had con~ 

sistently low dissolved solids, alkalinity, and chloride as cotn~ 

pared to the other we.Us. Also, Well 5, when the bed was dry, 

exhibited low values in these categories indicating tha.t the high 

solids content which occurred during the time that. the sewage 

was being applied to the bed was flushed away after the sewage 

t'i'as no longer being applied. Based upon these criteria, it 

a.ppears that the wastewater applied to the percolation bedl> 

does reach Wells 6 and 2. This does not completely confirm the 

speculation that the deep sampling location of 1I7e11 6 may not 

represent the ~l1a.stewater, as irHiicated by the temperature 

measurements. 

Wells 3 present some problem as to i.nterpre.tation. Fairly 

consistently, Well 3B, the medium depth sample, indicated higher 

dissolved solids lind chloride than the other two depths; whereas 

Well 3A, the shallow location, had consistently higher alkalinity 

than the deeper samples. Horeover, all three parameters were 

higher in Wells 3 than the equivalent parameters in the effluent 

discharged to the sand beds. This indicates that there is some 

other source of dissolved solids being added to the groundwater 

some't"here between the treatment plant and the locs.tions of Wells 

3. The higher dissolved solids and chloride could be attributed 

to the leaching of road salt stored at the highway department 

garage located on the hill above the location of Wells 3. However, 
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thie would not implain the increased alkalinity in this area. 

Normally, chloride would be a good tracer; ho~vever, due to the 

extreme chloride found in the area of 1-1e116 3, it is impossible 

to conclude positively that the water recovered in this area 

is the same as that discharged onto the sand beds at the sewage 

treatment plant. Thus again. additional tracer studies are nec­

essary in order to confirm positively the flow of the treatment 

plant effluent to the area of Wells 3. 

1ilithin West Brook, the dissolved solids, alkalin:!.ty. and 

f!hloride were consistently increased between the upstream and 

dO'(>,1tl.stream sampling locations. Although no stream flow measure­

ments were xM;de of the small tri.butary strea.ms entering I'i'est 

Brook in the area, a rough estimate was that: the flow in West 

Brook is approximately ten times thllt of the flovvs in the small 

tributaries. A rough calculation wS.s made based upon only the 

dissolved solids content, and a dilution factor of 1:9 agreed 

fairly well with the increase in the dissolved solids in this 

general area. It must be pointed out that during the period of 

sampling, the flow in West Brook decreased according to the normal 

summer pattern of a stream. However, the ground around Wells 3 

became more moist and saturated with water beginning approximately 

the middle of July as compared to the earlier Spring sampling 

when the ground is normally more saturated with ~>l'ater. 'roward 

the end of June, a.nd particularly the Fou:r.th of July weekend, 

the flow at the sewage treatment plant increases appreciably due 

t.o the i.n£1ux .of the tourists in the area. If this is truly the 

cause .of the increased wetness of the gr.ound around Wells 3, 
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this would ind:l:.catea flow time of 1.n the order of 2 weeks from 

the treatment p1.ant to this location. Again, this can be con­

firmed only by means of the addition of a tracer which is not 

naturally present in the area. 

It is·difficult to evaluate completely the nitrogen balance 

within the system. Even with sufficient data, a nitrogen balance 

is always di.fficult to establish due to the possible reduction 

of nitrates to nitrogen gas with its subsequent escape to the 

atmosphere and the possibility of fixation of nitrogen either by 

plants or algae at the surface of the ground which could be 

carried into the groundwater by percolation of rainfall. Further­

more, during the time of these studies, the total Kjeldahl nitro­

gen in the se~1age treatment plant influent and effluent varied 

over a large range. Also, the nitrate was determined in the 

sewage on only one occasion during which time it was in the order 

of 0.5 mg/l. Since the earlier studies (2) indicated nearly com­

plete ol~idation of the reduced nitrogen within the· first 10 ft. 

of the sand bed, it is difficult to evaluate the high concen­

tration of total Kjeldahl nitrogen in Well 6. This indicates 
\ 

either incomplete oxidation or later reduction of the nitrogenous 

material at this point. There are also some inconsistencies in 

the nitrate values for Well 5 during a wet and dry period and 

for Well 10 which is intended to be a control. It is possible, 

particularly with Well 10, that a decimal point may have been 

misplaced in one of the analyses. Thus, additional studies will 

have to be made in order to make a more realistic nitrogen balance 

in this system. In any event, it may be concluded that signifi-
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cant amounts of nitrogen, particularly nitrate, do reach West 

Brook and there is a significant increase in the nitrate con­

centration in West Brook as it passes through this area. 

Probably the nutrient of most concern is the phosphorus. 

The effluent from the sewage treatment plant has in the order of 

4 mg/l (4000 Vg/l) of total soluble phosphorus. The phosphorus 

content of Wells 1 and 5, located in sand beds, indicated a 

reduction of in the order of 90% of the pho~phorus at the point 

of securing of the samples. In Well 1, this represents a vertical 

passage through approximately 67 ft. of sand and in Well 5, 

through approximately 16 ft. of sand. However, caution must be 

used in interpreting these results. It must be remembered that 

in both instances the well point was placed within the groundwater. 

Thus it is possible that this low phosphorus content represents 

some dUution by the groundwater. However, the solids and al­

kalinity results indicate that there is relatively little dilution 

by the groundwater, assuming that the solids in Well 10 represent 

fairly the quality of the groundwater in the area. Furthermore, 

at Well 6, approximately 500 ft. (150 m) from the lower sand beds, 

less than 1% of the original phosphorus applied to the sandbeds 

was recovered. Again, it must be potnted out that this well point 

is approximately 27 ft. (8 m) into the groundwat"er and may not 

necessar.i.ly be representative of the effluent from the treatment 

plant at this point. It becomes obvious that an additional well 

point at the location of Well 6 should be installed at a depth 

very close to the surface of the groundwater. In addition, tracer 

studies must be made to confirm the direct passage of water from 
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the percolation beds to the point of sampling. Whereas the phos­

phate concentration in Wells 2 and 3, close to West Brook, was 

low on all occasi.ons, the one occasion in ~'7hich the phosphate was 

measured in the seepage in the areas of Gage Road indicated con­

siderably higher results. This indicates that further measure­

ments should be made of the phosphorus content of this seepage. 

The effect of the phosphate in West Brook appears to be negligible. 

In some instances, there was a slight increase in the phosphate 

content of the stream as it passed through this area and in other 

instances, there was actually a slight measured decrease. This 

is probably within analytical error. 

One other considers.tion is whether or not the maj ority of 

the sewage discharge reaches West Brook or whether some passes 

under West Brook to the other side. Only one sample was secured 

on the northern side of West Brook and this was from a small 

stream which reputedly appears as springs on the property of a 

homeowner across Sewell Road. This stream indicated low concen­

trations of dissolved solids, alkalinity, chloride, phosphorus 

and nitrogen. This lends some credence to the possibility that 

the sewage effluent floats on the top of the ground,qater and there­

fore emerges from the ground prior to the groundwater in the area: 

of West Brook. The main implication here is whether this sewage 

effluent reaches Lake George via West Brook or via groundwater. 

In any event, it is considered that ultimately the effluent does 

reach Lake George and the prime concern is the quality of the 

water when it does so. These results indicate that more information 

is needed as to the quality of water on the north side of West 

\ 
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Brook and an additional well should be placed in this general 

area. 

The lowest phage titer was found in Well 6, This could be 

attributed to t~qO factors. The pH of the sample from Well 6 was 

8.88 which is high enough to cause a more rapid loss in viral 

infectivity than in the other well samples (pH range 6.63 - 7.43), 

The other factor is that the sample was obtained from approxi­

mately 27 ft. below the surface of the groundwater. Thus, the 

water sample obtained from Well 6 may be more representative of 

natural ground~7ater than of the effluent from the treatment plant 

if the effluent travels along the surface of the groundwater. 

Either or both of these phenomena would explain the low level of 

phage in Well 6 comparable to the other well srunple data. 

Although the sample from Well 1 containeu the greatest 

number of viral particles (73 phage ml- l ), flooding of that well 

at the time of sampling prevents complete consideration of these 

data in this preliminary assessment. It is expected that the 

number of phage associated with Well I would be similar to those 

found in Well 5 under similar conditions of bed flooding. The 

numbers of infectious particles in Wells 2, 3B, 3C and 5, in com­

parison to th.ose average phage values found in the sewage influent 

(9 phage ml- l ) and treated effluent (2 phage ml- l ), suggest that 

adsorption or retention of the phage particles after effluent 

discharge to the sand beds is likely, followed by a release or 

desorption into the surrounding aqueous medium. It is also 

possible that little or no adsorption occurs but that a buildup 

in the number of phage occurs in the soils from continuously dis,.. 
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charged effluent!!!, resulting in slow but uniform passage of these 

particles through the surrounding terrestrial system. 

The low level of viral particles in the upstream and down­

stream samples from West Brook can be misleading. The presence 

of phage in the upstream samples is attributed to natural runoff, 

whereas the average titer of two particles ml- l in the downstream 

sample has as its possible sources both natural runoff and waste­

water effluent. Both dilution and distance play significant roles 

\ in lowering the phage titer in West Brook from those values ob­

served in Wells 2 and 3, if, in fact, the source of these particles 

is wastewater effluent. 

CONCLUSIONS 

It appears that the sewage effluent applied to the sand beds 

at the Lake George Village sewage treatment plant enters the ground­

water and flows in a. generally northerly direction and emerges in 

some form or another from the ground near West Brook, following 

which it flows into West Brook and ultimately into Lake George. 

The sandy soil involved in this area appears to be adequate for 

the conventional treatment of the applied effluent. The dissolved 

solids, alkalinity, and chloride of the water which emerges from 

the ground in the area of West Brook is considerably higher than 

the natural g:r:ound~'ater in the area, reflecting tae quality of 

the sewage effluent applied to the sand beds. These parameters 

are increased in West Brook as the stream flows past this area. 

Although insufficient data are available to make a positive state­

ment concerning the nitrogen contributions from the sewage effluent, 



it does appear. that the reduced nitrogen is completely oxidized 

to nitrate prior to its emergence from the ground where the 

nitrate content is quite high. This does have a significant 

effect of increasing the nitrate content of the water of West 

Brook. 

It appears that the total phosphorus content of the applied 

sewage effluent has been reduced,by greater than 99% in its 

passage through approximately 2000 ft. (600 1'11) of sand from the 

treatment plant to West Brook. There is no significant increase 

in the phosphate content of Hest Brook in passing through this 

area. The analyses in one sample of spring water secured across 

Vlest Brook indicate that the quality of this water is quite high 

and not representative of the sewage effluent applied to the sand 

beds. 

Although the presence of phage particles in the samples 

necessitates further and more extensive investigations, thedis~ 

charge of infectious coliphage into West Brook does seem to occur, 

with wastevTater effluent from the sewa&e treatment plant as one 

likely source. It is not possible at this time to state conclusively 

whether or not infectious enteroviruses also a:t'e preBent :I.n theBe 

wastewater eff11lents and eventually reach West Brook. Nevertheless, 

sufficient coliphage is present in those wells examined to warrant 

the introduction of labeled attentuated viI'uses into the influent 

and subsequently assay for these tagged particles in the effluent 

and well sampleS to obtain more conclusive data regarding the 

source of these particles and their adsorption and/or desorption 

kinetics wi.thi.n the surrounding soils. 
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There is some question whether all of the samples secured 

were truly representative of the effluent d:i.scharged onto the sand 

beds. The sample at Well 6 was secured 27 ft. below the surface 

of the groundwater. Also due to some interferences, the total 

solids. alkalinity, and chlorides at Well 3 were considerably 

higher than those in the sewage effluent. This negates the 

possibility of using these parameters as tracers of the sewage 

effluent. Tracer studies using some tracer foreign to the area 

and the addition of several wells at new locations and at several 

different depths in the present locations will be needed in order 

to make a positive confirmation of the flow of the effluent from 

the treatment plant to the various wells and ultimately to West 

Brook. 
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