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Abstr':tct 

THIRTY-FIVE YEARS OF CONTINUOUS DISCHARGE OF 
SECONDARY TREATED EFFLUENT ONTO SAND 3EDS 

By: Donald ll. Aulenbach 
Kicholas L. Cles"eri 
T .. James Tofflem:i.l"e 

The Lake George Village sewage treatment plant was put into operation in 

1939. Even at this tine, regulations were in effect preventing the discharge 

cf any sewage, rfM or treated, into the waters of Lake George or into any 

streams discha.rging into this recreational bike. The basic treatment plant 

consisted ef circular Imhoff tanks., tri(:kling fi 1 tt'rs followed by sec:ondary 

sedir.Lentation, ar..d the dischar[;e of the treated (lfflnont onto sand beds which 

were determined to ve "mor3 th2:l 25 f-. ... in d.epth. 11 Presently, the flows at 

the treatment pla:lt reB.ch a n:n:'mum of ubDut one million gallons per day dur­

ing the SU;ltner tourist se~lsC'n and the effluent is disci1Qrged onto approximate­

ly 6.4 acres of sand beds. Previous studies show<"d the ccpacity of the top 

10 ft of the sand beds for r·educing coJ.J.for:1's, BO!), cr;;al'.i~ nitrogen and 

anunonia nitrog'?n. Phosphate reduction appeared to be a function of the extent 

of prior usage of a particular bed. Resistlvi.ty studi.es sho;ied the probable 

path of the effluent through the ground. As a result 0] these studies. a ser­

ies of wells was placed in this pa':h. Observations were made of the depth of 

water in each of the wells and the physical and chemical quality of the water· 

at each location. The quaJ.i ty of the effluent was also moni tor:ed where it 

emerges along the banks of West Brook approximately 2000 ft (600 m) from the 

treatment plant. The quality of this emergent wuter Wil~ st!~died in relation 

to its effects upon the waters of Lake George. Studies were mr-de on the oper­

ation of the dosing of the sand beds. The soil system appears to be quite 

efficient in the removal of total phosphorus from the treated effluent but 

results in only partial reduction in total nitrogen. 



P;TRODUCTION 

TiiIRTY-FIVB YBARS OF CONTINUOUS DISCHARGE OF 

SECONDARY TREATED EfFLUENT ONTO SAND BEDS 

Li>ke George is located in the southeastern portion of the Adi.rondack Forest 

Preserve in the State of New York (Figure 1). The lake was formed approximately 

ten thousand years ago Iihen the receding glacier deposited moraine in the area 

"hich is now Dunham flay. thereby blocking off the previous outlet toward the 

southeast into the p.esent Hudson River. As the former river valley filled uP. 

it overflowed a lower lyir.g ?rea C1(l\~ kllO\~n as Tl~e Nrrrrows and then f1O\~ed north­

ward into anoth~r river valley wi'len now flows out at Ticonderoge.. In general. 

the a.'ca of the L;:ke G{,orge r;atershed is unc!erl1lin by rock c,ansisting of pre-

Ca.ubrian gneisses, \/:itl1 ·~hc valleys l.mdorlain by lower Paleozoic strata (Hill, 

1865). The soil CQv(:;)r varies in the rsnge t~f 0 to 2:J ft. Howe:ve'l", in ~ few 

areas there have been zome natural delta sand deposi t.s created by out\"lash f:rum 

the receding glaciers. One such delta sand deposit 13 located at the southwest 

corner of Lake George as sho~'Il in Figure 2 (Hill. 1965 and Ne\~land and Vaughan. 

19'~2) , 

The Lake George Vi lla,ge sew",ge treatment plant has ID'lde good use of this 

natural delta sand dep<:J5it for the final polishing of the sewage treatment plant 

effluent. Lake George itself has always been knovm as a clear recreational lake. 

In order to keep ~t stich. New York State has imposed upon La.ke George a sp~dal 

class AA rating. Thus when plans were being made to construct a waste trea·~ment 

plant for the Village of Lake George in 1936. there weTe already restrictioLs as 

to the discharge ,)£ untreated or treated wastes into the lake. The regulaUons 

state that there shall b", no discharge of any liquid l.;aste, treated or untreated, 

1 
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directly into Lake George or into any tributary thereof. In the case of the 

Lake George Village sewage treatment plant, this has been interpreted to mean 

'that the only alternatives for final disposal of the treated effluent are re­

charge into tho grotUld or diversion out of the basin. With the location of 

this natural delta sand deposit near the southwest portion of the Village of 

Lake George, it was decided to construct a treatment plant discharging the 

final effluent into the ground wh"re it "becomes groundwater which in all prob­

ability seeps e':entually to some \~atcr course as a highly purified liquid which 

cannot be identified a3 a sewage effluent" (Vrooman, 1940). Thus, if nothing 

else, the effluent became out of si&ht, out of r,tind. 

With the incre:lsed anthroprogenic stresses on Lake George and the awareness 

by learned persons of the pote:1tial detl'iment to Lake George of any nutrionts 

f:rom this central treatment plant, concern al"Os.e over the ultimate point of 

emergence of th;~ g:::,o'lJ1,iI~ater from the sC\Ja.ge treatm<'mt plant and its quality 

with respect to the lake. Of prime concern was the potential need for nutrient 

removal prior to discharge into the gro'lnd or diversion of the effluent out of 

the basin. It 1'I,1S with the goal of identifying the g:roundwater and its quality 

that the intHial studies at the Lake George Village sewage treatln0nt plant were 

begun by Rensselaer Polytechnic Institute in 1968. 

The studies at the sand beds (Aulenbach, .~!~ 1974) were begun with the 

misinformation that the groundwater was located close to the surface of the 

ground. If the groundNater were truly shallow, a series of driven wells could 

be installed to trace the direction and determine the quality of the effluent as 

it flows through the ground away from the treatment plant site. However, the 

depth to groundwater was found to be in excess of S6 ft and this goal of the 

initial study had to be abandoned. 
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In a subsequent effort to locate the effluent from the treatment plant in 

the ground, resistivity studies were performed in 1972 (Fink and Aulenbach, 1974) . 

These studit1s indicated that the general direction of the sewage treatment plant 

effluent l'las in a northerly direction along Gage Road toward West Brook (see 

Figure 3). Th1.s was concluded from the assumption that the lowest resistid ty, 

representing a higher dissolved solids in the water, was due to the effluent 

frem the treatJ;'ent pbnt. However, this study could not conclude whether the 

effluent passed under or entered West Brook, nor determine the quality of the 

effluent as it [las sed through the soil. 

Based on the n~Jings that the gencral dir'Jction of flow from the treatment 

plant in the g:~ound was in a northerly direction, a walking survey was conducted 

in the area of West Brook in the early spring of 1973. West Brook flows in a 

relatively nar:'ow valle} tcwards Lake George. In the area of Gage Road, sand is 

located Oll both walls of the valley. On the southern side of the stream tOl'lards 

the treatment plant, the valle)' is approximately 70 it deG? It is less d:')ep on 

the northern side, The bottom of the valley is relatively flat and is in the 

order of 100 m wide in this area. The walking survey revealed the presence of 

considerable seepage from the bottom of the hill at the valley floor. Messure­

ments of the dissolved solids of this seepage showed the highest values nearest 

to Gage Road (Figure 4). With this information, additional chemical mea.sure­

ments were made of this seepage which fairly conclusively confirm it to be the 

emergence from the ground of the effluent from the sewage treatment plant. 

Meusuremen ts of the seepage on the opposite sid;') of (Vest 1:\1'ook showed a much 

higher water quclity occurring in this area. Thus it was concluded that the 

treated sel~age effluent from the Lake George Village tl'eat;r.ent plant reappears 

from the ground on the southern banks of West Brook and ultimately flows into 

Lake George via West Brook. Based upon this conclusion, a more thorour;h 

5 
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investigation of the a.rea was made in order to identify the quality of the ef­

fluent as it passes from the recharge bed to its reappeara.nce on the banks of 

West Brook. 

The basic sewage treatment plant is shown in Figure 5. The plant consists 

of primary settling tanks, trickling filters, secondary settling tanks ar.d dis­

charge of the final effluent without chlorination onto 'a series of natural delta 

sand beds. Flo\~s at the treatment plant reach slightly over I mgd (3,785 m3/day) 

during the SUiW,er tcurist season. The combined' area of the sand beds is pres­

ently 6.4 acres (2.6 hectares). Normal operation is to dose one upper and one 

lower bed during the day, and to direct the flow to another pair of beds at 

night. Most !lAds drain to dryness in O.S to 2 days. Depending upon the need 

for the beds, they rna)' be flooded sew':al times before they are allowed to re­

main dry for rccon.iitio:1.ing which involves removing the surface mat by scraping, 

followed by raHng and re-l,veling. 

GROUNDWATER PROFILES 

In order to study the quality of the groundwater, a series of I,ells was 

placed between the sand beds and Viest Brook as shown in Figure 6. Several wells 

were located out of the direction of flow to serve as controls. With recent 

funding, new wells are being insta.lled to improve the quality of the inform.a­

tion derived from this system. The wells presently installed are listed in 

Table 1 and thei.r depths and depth to groundwater are depicted in Figure 7. 

From the information on depth to water and depth to bedrock obtai.ned froil! these 

wells, a series of cross-sectional diagrams has been able to be estimated as 

shown in Figures 8 - 11. The cross-sectional areas indicated in these figures 

are identified on Figure 6. 

8 
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TABLE 1 

WELL DATA 

Surface Groundwater Bottom of Bedrock 
Elevation E1~vation Point Eleva"cion ---

I~ell 1 475.0 415.66 407.80 405.0 

Well 2A 375.40 3,,9.22 352.13 306 

Well 2B 375.40 359.2 330.35 .306 

Well 3A 339.90 339.74 336.44 314 

Well 3B 339.90 ~40.01 329.06 314 

Wd1 3C 339.90 340.08 321. 23 314 

Well 3D 339.90 340.0 315.64 314 

Well 4 

Well 5 495.37 4ilO.98 479.40 477 .40 

Well 6A 458.7 397.6 388.13 360.0 

Well 6B 458.7 397.6 370.68 360.0 

Well 10 462.73 441.7 438.91 438.91 

West Brook 348.0 
at Well 2 

West Brook 334.9 
at Well 3 
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Section A·-A j (Fig-ur~- S) C'.OV!J!'S the greatest distance across the area 

studied from West Bro')k to the uppo"' sand ;',8';S a'cwoll 5, The slope of the 

ground surface from well 5, through t'le treatment plant and to the steep banks 

of West Brook is shown. The data point on the plateau adj8.cent to West Brook is 

the location of we1l site 2, This plateau was created by an excavation of the 

sa'ld in this a.rea. Were it not for this artificial plate&u, the surface would 

bO') a rather smooth line, elimi.nating this little dip in the surface level. It 

may be seen that the water table aloo slopes downward toward West Brock and 

~ntersects the surface of the ground adjacent to West Brook. The bedrock slopes 

j.n this same gene-ral direction. The thickness of the a.quifer increases from 

the area of the upper bed to the area under West Brook. 

Section B-B' (figure 9) is a secti.on in the same general direction from 

well 3 to well 1 in the lower sand beds. Again, the general downward slope of 

the surface of the ground from well 1. toward West Brook may be seen with a cor­

responding slope of both the "Jater table and the l)e<lrcck in this general direc­

tion. The water table int.ersects the ground surface at well site 3. In this 

cross-section, the thickness of the aquifer does not increase appreciatly in 

the area between well site 6 and well 5i te 3. 

Section 1-5 (Figure 10) indicates the change in the contour between well 1 

in the lower sand beds and wellS in the upper sand beds. It may be seen that 

the water table and bedrock slopes are greater than the ground surface slope 

in this cross-section. The thickness of the aqUifer increases in the direction 

of well 1. 

Section C-C' is aI,proximately perpendicular to the other sections and 

crosses West Brook in the area of Gage Road. The ground sllTface line indicates 

the south bank of West Brook at the extreme left end, the bottom of West Brook, 

13 
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and the north bank as it proceeds toward the right c,f Figure 11. In this case, 

the water table appears to b·o below the surface at a.ll ioeations. The bedrock 

slope appears to indicate a sharp dl'opoff in the eastern end of this section 

but is relatively constant throughout the remainder of this section. 

WATER QUALITY 

During the period from April, 1973 through September, 1974, samples were 

secured from the various wells as they Vlere installed, from West Brook above 

and below the influence of the seepage from the stream banks, and from the sew­

age treatment plant influent and effluent. Although in some instances there was 

very little data £0,: interpretation of :results and there are some other data 

poL,ts which a.re questioned, the mean values of the data relatIng to the efflu­

ent discharged from the treatment plant are sWl'.:nari zed in Table 2. Detail; of 

the amount of dat ol aV:1Uable and the pe'dod of time covered fa .. each sampling 

location are sho~:n in '.Cables Al through A10 of the ,\;'pa"l.ix. 

~~el1s 1 and 5 are located in the lower and uppe:<.~ sand seepage beds respect·· 

ively and are subj ect to extreme fluctuattons dbpen .. .li.ng upt)n whether the bed was 

flooded or dry at the time of sampling. .'5i'nce there wag an insuffident number 

of samples sec1;.red under each condition, all of the results under both condi­

tions for each of these tl.O wells are combined in Table 2. Also, since more 

samples were secared during the summertime, the a.verage results would be biased 

in this direction. For example, the temperature ~lOuld produce a idgher average 

than Hould be s6cllred if sampling had proceeded at the same intensity during the 

winter. Nevertheless, much useful information can be cbtained from Table 2. 

The temperature of the sewage was consistently higher than the temperature 

of any of the groundwater or the stream salllples secured. There was no signifi­

cant change in temperature between the influent and the effluent of 1:he tree.tment 

17 
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TABLE 2 

~lean Values of Data Relating to 

the Effluent Discharged from the 

Lake Georg9 Village Sewage Treatment Pla.nt 

During the Period 4/17/73-9/19/74 

Tot. 
Diss. Sol. N03 NHS 

Sarilple Tntp. DO Sols. A1k. C1. P N N TKN 
Lccation °c E;.g/l !!;.g/l ..2B- mg/1 mn/l !:l£D- mg/1 m"/l mg/l -- ~ -~ 

Well 1 14.7 5.8 205 6.51 90.4 41 440 7.82 0.35 0.612 

Well 2A 1l.9 9.4 195 7.66 134 28 67.6 4.06 0.08 0.082 

Well 2B 1.6 8.50 44 126 0.14 0.44 

Well 3A 18.9 4.6 530 7.13 313 36 47.6 0.43 0.42 0.381 

Well 3B 16.9 4.0 3:52 7.05 188 55 36.2 7.70 0.09 0.182 

Well 3C 14.5 3.4 301 6.94 166 54 42.7 9.28 0.05 0.092 

Well 3D 1.4 262 8.51 184 48.5 50 0.41 2.05 

Well " 21.1l 6.1 127 6.37 53.3 26 936 7.81 0.13 0.623 J 

Well 6A 2.8 8.10 28 80 14.2 0.59 

Well 6B 12.8 3.2 186 8.79 142 36 68.4 2.58 3.24 3.80 

Well 10 6.3 71 6.86 43.4 6.3 24.9 0 .. 51 0.11 0.594 

West Brook 13.0 12.0 61 7.49 40.3 12 49.9 0.35 0.05 0.065 
Upstream 

West Brook 13.4 11.5 98 7.49 69.8 19 57.7 1.43 0.10 0.107 
Downstream 

STP Inf. 22.S 2.3 243 7.20 163 38 4,471 13.01 

STP Eff. 22.5 2.6 206 6.94 135 38 2,172 1.08 2.67 11.47 
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pl::mt. The sh,"llo'"Gst wells showed the highest tempe·rature. In gelCeral, thfl 

temp",rature decreased with depth. It m.:ly be seen that West E11'00\; is a cold 

~!e.ter strea.'1l. The highest tempen~ul'e ever J:'0corded during the saJ!'plinL< p,:r:0d 

was 14.SoC. 

The DO results were quite varhbl". However, the 00}<' i.mportant p,~iat that 

the DO meaSUl'eEents indicate is that there was sufficient dissolved oxygen pr('s­

cnt in the groundwater at a1l times to maintain '?erobic conditions. This is 

consi.dered desirable for the continuing process of renovating the wastewater as 

it p2.5S')3 through the soil. 

Dissolved scUds and c.hlorides could nOlmally be used as a tracer of the 

i:1.'"nted ef£lue:lt applied to the sand beds. The exception in this case occurs 

at· \~ol1 locatioa 3. It may be s,~en that both thll C:is50lved solids and th2. chlo­

r,o.de content of the \'Iells at all depths at this location exceeded tho; corrc,­

spolldi!lg values of the sew:!ge treatment plD..n.t effluent. This seemingly unusual 

$ituation has bocn traced to a former open salt stora.ge areo. ope:t..~atcd by the 

Inca 1 highway department, located at the top of the hj 11 n"a.r well s1 te 3. It 

has been surmised that this salt has entered the greundwater and reappears Ht 

well. site 3, thIS producing the high values and ruling cut the use of dissolved 

solids and chlo1:ide as a tracel' of the sewage effluent applied to the san:i beas. 

Excluding the results from ,cell site 3, the dissolved solids and chloride con­

tent were gene!'ally highest in the sewage effluent. The values of these para­

mete:~s were neal'ly the same in well I located in the ,aad reCJla!'ge beds. Where 

.sufficient data were available from the well points a.t two different depths at 

a well location, the chloride content was consistently hiRher at the deeper 

well point. Well 10 was low in both dissolved solids a.nd chlo!'ide, confirming 

the use of well 10 as a control not being contaminated by the sewage ef­

fluent. West Brook was also low in dissolved solids, and chlorides; hOI'lever, 

20 



the downstream location shows increases in both of the5e parameters due to the 

influence of the seepage which enters the stream between these two locations. 

Again excluding the results in wells at location 3, the alkalinity in the 

test wells sho\~ing the influence of the sewage was generally as high as the 

alkalinity of the sewage with the exception of well 5. It is felt that the low 

alkalinity at well 5 rt~presents an a.verage which includes periods during which 

the bed in which the we1l is located was dry and the alkalinity during this per­

iod of time was that of the natural groulld\~ater in the area. The alkalinity in 

control well 10 was quite low. The alkalinity in West Brook shows the influence 

of the seepage between the upstream al1d dOlmstre2l1l sampling locations. 

The total soluble phosphorus results indicate that the sewage treatment 

plant is capable of reducing tlle phosphorus contellt by about 50 percent. The 

effluent from the tTcatment plant contains approximately 2 mg/l as it is dis­

charged onto the sad bed. Wells I ar.d 5 in the sand beds contained the highest 

concentration of phosphorus in the groundwater. With the exception of scant 

results at well 2B, the phosphorus content of all the other wells averaged less 

than 100 I1g/1. Well 10 had the lowest phosphorus concentration of approximately 

25 j.lg/l. The phosphorus content of West Brook above the seepage \~as approxi­

mately 50 pg/l. A slight increase in phosphorus CQ;1tent from the upstream to 

the downstream sampling locations was indicated; however, due to the sampling 

and analytical techniques, this is not considered to be a signifjcant increase. 

The nitrogen analyses indicate a small but significant concentration of 

nitrate in the sewage treatment plant effluent. This symbolizes a reasonably 

high degree of treatment of the sewage. However, over 2 mg/l of ammonia nitro­

gen and over 11 mg!l of total Kjeldahl nitrogen in the sewage treatment plant 

effluent indicate that there remains some unoxidized nitrogen which is dis­

charged into the ground. Nitrate values higher than the sewage effluent were 
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found in wells 1, 2A, 3B, 3C, S, 6A and 6B. Slightly less nitrate was found in 

the deeper well 2B and in the control well 10, At well site 3, low values were 

found at the shallowest well 3A and the deepest well 3D; whereas high values 

were found at the two in-between depths. The relatively low value of 0.35 mg/l 

of nitrate nitrogen in the upstream area of West Brook was significantly i;:­

creased to 1.43 mg/l below the seepage. With the exception of well 6B, th~re 

was a reduction in the ammonia content from the initial values applied at the 

sand beds to each one of the test wells. At both well sites 2 and 6, the deeper 

well points contained greater concentration of annnonia nitrogen. At well loca­

tion 3, the upper well 3A had a higher value than wells 3B and 3C but well 3D 

had an ammonia nitrogen content only slightly lower than that of the applied 

s3"age effluent. Only a slight increase in amlllonia nitrogen content of West 

Brook was observed as the stream passed the seepage area. Little reduction in 

total Kjeldahl nitrogen was observed through the treatnent plant, but the total 

Kjeldah1 nitrogen was reduced to low values in all wells with the possible ex­

ception of well 6B. The change in total Kjeldahl-nitrogen of West Brook in the 

area of the seepage was insignificant. 

GROUNDWATER LEVEL FLUCTUATIONS 

In order to indicate any effect of the discharge of the treated effluent 

onto the sand beds upon the groundwater level, groundwater level measurements 

were made in each of the test wells on a routine basis. These results are shown 

in Figures 12 - 17. The pOlak flows at the treatment plant occur during July and 

August through Labor Day weekend. Thereafter, flows taper off with some slight 

increases during the month of February during which time t~e Idnter carnival is 

held on weekends. Thus the water levd in the wells may reflect the discharge 

of the sewage onto th.e sand beds. Furthermore, wells 1 and 5 are located in 
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sand beds N-4 and 5-3, respectively. Thus, information is provided in the fig­

ures as to when these beds were dosed, to determine if there is any direct re­

lation between the dosing of these beds and the water level in the respective 

wells. At the urging of the authors, the plant began to record specific data 

as to time of flooding of the sand beds., starting in September of 1973. Prior 

to that time, the only records available were when RPI and Environmental Conser­

vation personnel vi.sited the treatment plant and observed whether or not the bed 

was flooded at the time of sampling. In general, bed N-4 takes 1-1/2 days to 

drain whereas bed 5-3 drains very rapidly in about 1/2 day. 

Figure 12 shows the water level changes with time for well 1 and the corre­

sponc'.ing days of fleoding of S8.nd bed N-4 in which Ilell 1 is located. In gen­

eral, t.he water level \~2.S highest in July and tapered off gradually throughout 

the rest of the ),ear with .one peak occurring at the beginning of January 1974 

after '.;hich the downw2.rd trend in water level continued through the end of 

Februal'Y. Unfortunately, well 1 became clcl',ged after the February sampling and 

no more information could be obtained from this well. There seemed to be no 

direct correlation of the frequency of dosing of thi.s sa:ld bed to the level of 

water in the well. Inasmuch as this is a rather deep well, it is not expected 

that there would be a significant change in the water level due to the dosing of 

this bed alone. Any fluctuation in ground water level in this well should be 

the overall result of the dosing of all of the sand beds at the treatment plant. 

The total fluctuation observed during this period was approximately 6 ft. 

Figure 13 shows the fluctuation in water level in wells 2A and 2B. There 

was little significant difference between the levels of water in wells 2A and 

2B, although there is a shorter period of record for well 2B. The highest level 

occurred during May through August of 1973 after which it dropped to a minimum 

e.t the beginning of January 1974, and then climbed to higher levels by the end 
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of May 1974. This trend corresponds with the peak summer flows at the sewage 

treatment plant, the dropoff in both sewage flow and precipitation during the 

fall and the increase in spring due probably to spring thaw and increased 

groundwater flow. The overall fluctuation was about 2 ft. 

The changes in elevation of the water levels in the four wells at well 

site 3 are shown in Figure 14. With one notable exception in November 1973, 

wells 3A, 3B and 3C were fairly constant in their water level. The one low 

value in Novemb·3r for well 3A is questioned. The water level in well 3D Vlhich 

was installed in September 1973 was consistently lower than that for the other 

depths of wells. There was a s light trend of lower water level in February but 

the entire variation in water lcv;;l over the full year was only approximately 

0.8 ft. 

The system for flooding the beds is to flood one of the lower beds and onc 

of the upper beds simultaneously, changjng beds t"ice a day. Valves are ad­

justed in the morning for daytime flow and ~t night to handle the nighttime 

flows. Since there are more beds in the lower area (14) than in the upper area 

(7) the frequency of loading of any of the individual beds in the upper bed 

area is approximately twice that of the beds in the lower area. The flooding 

of bed S-3 is shown in Figure 15 along with the water level changes determined 

in well 5. There seemed to be no direct correlation between the depth of water 

in the well and the dosing of the bed. The highest water level occurred during 

August of 1973 with a second peak in January 1974. The variation in height of 

the water was approximately 4.5 ft. 

Once the newer we1l 6,11. was established, it showed little significant dif­

ference in water level from well 6A (Figure 16). This showed the SaIne pattern 

as wells 1 and 2 with peak levels in July and August and low vB.lues in Janual-Y. 
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The \~ater level again increased beginning with the samples in February. These 

wells showed the gre'ltest fluctuation in wa.ter ~evel, being approximately 10 ft. 

Figure 17 indicates that well 10 is little influenced by the sewage dis-

charge. The lowest level of water in this well occurred during October wH.h 

the highest values in April during the time of spring th'lIL Tha levels of 

Water in this well can be used to determine the background changes in water 

level not influenced by the treatoent plant effluent. The total fluctuation 

oVer the yearfs time was approximately 4 ft. 

SUMMARY 

The Lake George Village sewage treatment plant presents a rather unique 

study in the intc:\'rclationships bet\~een ground",atcr and sl\l'f,".ce water. The 

t!'e~tment plant has been discharging its effluent into natural delta sand beds 

for approximately 35 years. The effluent arpa.rently flows clownward to the 

groundwater table and then flows in a Jlorthward db:ection along with the nat-

ural groundwater. West Brook intersects the groundwater, and along the south-

ern banks of West Brook there is a considerable seepage of water from the same 

sa.nd deposit iato which the sewage treatment plant effluent is discharged. The 

groundwater elevation in test wells in direct line between the recharze a::ea 

and the seepage area shows the influence of the flow rate at the treatment 

plant. The water level in the wells at site 3 Nere fairly consistent due to 

the fact that basically the groundwater head is above the ground level and this 

relieves all the pressure allowing the level in the wells to be maintained at 

essentially the ground level. Tne passage of the treated effluent through 

600 m (2000 ft) of sand from the treatment plant to West Brook achieves' a high 

degree of treatment of the effluent. There is dissolved oxygen present in the 

groundwater at all times at all of the wells installed in the area. The ch10-

ride content of the groundwater is influenced by both the sewage effluent and 
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by salt which has been stored at the nearby hig~way department garage. The 

phosphorus, ammonia, and organic nitrogen have essentially all been removed 

from the plant effluent in passing through the soil. Apparently, most of the 

ammonia and organic nitrogen has been converted to nitrate nitrogen. In pass~ 

ing by the area at which the seepage contributes to the flow of West Brook, 

there is a significant incl'ease in the chloride and the nitrate content of the 

waters of West Brook. However, the increase in nitrate is well within the "c­

ceptable limits fQl' drinking water standards and only well 6A showed a nitrate 

content exceeding 10 mg/I. Thus the combina'tion of the treatment plant and 

the discharge of the effluent into the soil provides satisfactory treatment of 

the sewage to enable the water to be reused as it emerges and enters the sur­

face water phase. 
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Sample No. of 
Location Sarop1es 

Well 1 3 

Well 2A 4 

Well 2B 

Well 3A 4 

11',,11 3B 4 

Kcll 3C 4 

Well 3D 

!'Ie 11 5 2 

Well 6A 

Well 6B 2 

Well 10 2 

West I;rook 3 
Upstream 

West Brook 3 
Downstream 

STP Inf. 3 

STP Eff. 3 

TABLE Al 

Summary of Temperatul'e Data 

as of 10/1/74 

Period Covered 
From To 

6/19/73 8/16/73 

6/19/73 8/16/73 

6/19/73 8/16/73 

6/1'.)/73 8/16/73 

6/19/73 8/16/73 

7/2S/73 8/16/73 

7/25/73 8/16/73 

7/25/73 8/16/73 

7/6/73 8/16/73 

7/6/i3 8/16/73 

7/6/73 8/16/73 

7/6/73 8/16/73 

3S 

TemE·,·C 
Avg. Min. Max. 

14.7 11.3 17.0 

11.9 10.1 14.4 

18.9 16.4 20.4 

16.9 15.1 19 .2 

14.5 14.3 15.0 

21.8 20.0 23,6 

12.8 12.1 13.6 

14.0 23.4 (?) 

13.0 11.0 14.5 

13.4 12.7 14.1 

22.5 20.0 24.9 

22.5 20.0 24.5 



Sample No. of 
Location SaE!,ples 

Vie 11 1 5 

Viall 2A 10 

Well 2B 6 

Wall 3A 9 

Well 38 10 

W<ll1 3C 10 

Vld1 3D 7 

Well 5 8 

Well 6A 7 

1'),,11 68 10 

Well 10 6 

IQest Brook 8 
Upstrc'.m 

West BTook 8 
Downstream 

STP Inf. 1 

STP Sff. 4 

TABLE A2 

Summary of DO Data 

as of 10/1/74 

P0riod Covered 
From--- To -----
6/19/73 2/28/74 

6/19/73 9/19/74 

11/19/73 9/19/74 

6/19/73 9/19/74 

6/19/'73 9/19/74 

6/19/73 9/19/74 

10/17/73 9/19/74 

7/25/73 5/30/74 

10/17/73 9/10/74 

7/25/73 9/19/14 

7/25/73 9/19/74 

7/6/73 5/30/74 

7/6/73 5/30/74 

8/16/73 

7/6/73 11/29/73 

36 

DO, t:lf':/1 
Avll.:. Min. H"lX. 

5.8 3.4 7.5 

9.4 7.1 12.7 

1.6 0.7 3.4 

4.6 2.0 7.0 

4.0 1.1 5.7 

3.4 1.6 6.2 
• 

1.4 0.4 2.7 

6.1 1.7 9.0 

2.8 1.4 4.3 

3.2 1.1 6.6 

6.3 3.4 8.0 

12.0 9.6 14.0 

ll.S 9.6 13.3 

2.3 

2.6 1.3 4.1 



Sample 
Location 

Well 1 

Well 2A 

Well 23 

Well 3A 

Well 38 

Well. 3C 

Well 3D 

\ve11 5 

Well 6A 

Well 6B 

Well 10 

West Brook 
Upstream 

West Brook 
Downstream 

STP Inf. 

STP Eff. 

No. 

TABLE A3 

Summary of Dissolved Solids D&ta 

as of 10/1/74 

of Period Covered 
§amples F:rcm To 

4 6/19/73 11/29/73 

6 6/19/73 11/29/73 

6 " 11/29/73 

6 " " 
6 " " 
2 ~/8/73 

3 7/25/73 11/29/73 

2 7/25/73 8/16/73 

2 " " 
5 4/17/73 " 

4 

4 6/26/73 8/16/73 

5 " 11/29/73 

37 

Diss. Sols., m~/l 
Av~. Mi.n. Max. 

205 160 230 

195 165 260 

330 270 390 

332 300 360 

301 285 330 

262 245 280 

127 82 138 

186 162 210 

71 43 99 

61 49 7S 

98 70 no 

243 232 250 

206 190 240 



Sample No. of 
Location -_._- Samples 

Well 1 6 

l~ell 2A 11 

Well 2B 5 

Well 3A 9 

Well 3B 10 

Well 3C 10 

Ihll 3D 5 

Well 5 6 

Well 6A 4 

Well 6B 7 

Well 10 5 

West Brook 8 
Upstream 

West Brook 8 
Downstream 

STP Inf. 4 

STP Eff. 7 

TABLE A4 

Summary of pH Data 

as of 10/1/74 

Period Covered 
Frem To 

6/7/73 2/28/74 

" 5/30/74 

11/19/73 " 
6/7 /73 " 
6/7 /73 " 

" " 
9/8/73 " 

7/25/73 " 
;1/19/73 " 
7/25/73 " 

ot " 
4/25/73 " 

" " 

6/26/73 8/16/73 

" 5/30/74 

38 

pH 
Avg. Min. Max. 

6.51 5.9 6.7 

7.66 7.0 8.3 

8.50 7.8 9.6 

7.13 5.7 7.5 

7.05 5.9 7.43 , 

6.94 5.9 7.48 

8.51 7.75 9.0 

6.37 5.2 '1.4 

8.10 7.6 9.1 

8.79 8.5 9.11 

6,,86 6.42 7.2 

7.49 7.1 7.80 

7.49 7.1 7.71 

7.20 6.88 7.6 

6.94 6.53 8.0 



Sample 
Location 

Woll 1 

Well 2A 

Well 2B 

Well 3A 

• Well 3B 

Well 3C 

Ivell 3D 

Well 5 

Vlell 6A 

Well 613 

Well 10 

West BI'ook 
Upstream 

West Brook 
Downstream 

STP Inf. 

STP Eff. 

No. of 

TABLE AS 

Summary of Alkalinity Data 

as of 10/1/74 

Period Coverp,d 
Sampl.e~ From To --- ---

3 6/19/73 8/16/73 

4 " " 

4 6/19/73 8/16/73 

4 " " 

" " " 
1 9/8/73 

2 7/25/73 8/16/73 

2 7/25/73 8/16/73 

2 " " 
3 7/6/73 " 

3 " " 

3 " " 
3 " " 

39 

Al ka 1 inity ,mg/! a.s CaC03 
Ava.". Min. !,'ax. 

90.4 87.3 96 

134 122 147 

313 276 352 

188 162 223 

166 159 173 

184 

53.3 31 75.7 

142 lC6 178 

43.4 42 44.S 

40.3 33.3 44.8 

69.8 56.7 83.5 

163 142 186 

135 106.5 150 



Smnple No. of 
Location ,?Rr.1l2.1os 

W()ll 1 7 

We1l 2A 12 

We1l 2B 6 

Well 3A 7 

We1l 3B 11 

\'/e11 3C 10 

Well 3D 6 

Well 5 6 

Wt~ll 6A 6 

Well 6B 9 

Well 10 6 

West Brook 9 
Upstream 

West Brook 9 
Downstream 

SYP Inf. 4 

STP Eff. 10 

TABLE A<i 

Summary of Chloride Dsta 

as of 10/1/74 

Perio1 Covered 
from To ---- ---

6/7/73 2/28/74 

" 5/30/74 

10/17/73 " 
6/7/73 4/16/74 

" 5/30/74 

6/19/73 " 
9/8/73 " 
7/25/73 " 

10/17/73 " 
'1/8/73 " 
7/25/73 " 
4/25/73 " 

" " 

6/26/73 8/16/73 

4/19/73 5/30/73 

40 

Chloride, m~/l 
Avg~ jlffin. Max. 

41 20 60 

28 13 33 

44 31 54 

36 9 45 

55 30 71 

54 30 80 

48.5 20 84 

26 8 36 

28 7 41 

36 30 39 

6.3 1 21 

12 5 21 

19 9 30 

38 35 46 

38 31 53 



Sitlllpl e 
Location 

Well 1 

Well 2A 

f'lell 2B 

Well 3A 

Well 3B 

Well 3C 

Hell 3D 

\'Iell 5 

Well 6A 

Well 68 

Well 10 

West Brook 
Upstream 

West Brook 
Downstream 

STP Inf. 

STP Eff. 

• 

TABLE A7 

Summary of Total Solcble Phosphorus Data 

as of lO/I/?4 

No. of Pe'riod Covered Tot. 
Sal'lp1es ~rom-· ---- To Avg. 

6/19/73 2/28/74 519 

11 6/7/73 5/30/74 67.6 

5 10/17/73 " . 126 

8 6/19/73 " 47.6 

9 " " 36.2 

10 6/7/73 " 42.7 

5 8/16/73 " 50 

6 7/25/73 " 936 

5 10/17/73 " SO 

7 7/25/73 " 63.4 

6 7/11/73 " 33.3 

8 4/17/73 " 49.9 

8 " " 57.7 

4 6/26/73 8/16/73 4,471 

8 4/19/73 5/30/74 2,172 

41 

Sol. P, ug!1 
Min. Max. ---
200 990 

17.9 200 

20 200 

29.9 100 

16.3 100 

13.0 100 

20 100 

300 1,900 

30 100 

13 200 

8.4 70 

11 117.6 

7.2 120 

4,010 5,240 

700 4,310 



Sample 
. Location 

Vie 11 1 

Well 2A 

Well 28 

Well 3A 

Well 3B 

Well 3C 

l~ell 3D 

Nell 5 

WGll 6A 

Well 68 

Well 10 

West Brook 
Upstream 

West Brook 
Downstream 

STP Inf. 

STP Efi. 

TAGLE .'1.8 

Summa:ry of N i tr a t"l Nitrogen Data . 

as of 10/1/74 

No. of Period Covered 
Samples FrG~ To Avg...:.----

7 6/7 /i3 2/28/74 7.82 

11 6/26/73 5/30/74 4.06 

5 10/17/73 " 0.14 

8 6/ 7/73 " 0.43 

11 6/ 7/73 " 7.70 

11 " " 9.28 

6 9/8/73 " 0.41 

6 7/25/73 " 7.81 

5 10/17/73 " 14.2 

9 7/8/73 " 2.58 

5 7/1.1/73 " 0.31 

8 4/17/73 " 0.35 

9 " " 1.43 

6 4/19/73 5/30/74 1.08 

42 

N03-N, F..g/l 
Min . Max. _._-
1. 20 14.38 

2.34 7.0 

0.1 0.2 

0.065 2 

3 10.32 

4 14 

0.1 0.7 

1 21.32 

4.1 21 

0.1 5.0 

0.09 0.6 

0.18 O.43J 

0.4 3.218 

0.40 2.3 

• 



Sample 
Location ----
Well 1 

Well 2A 

Well 2B 

Well 3.01. 

Nell 38 
• 

Well 3C 

Wdl 3D 

Well 5 

Well 6A 

Well 65 

Well 10 

West Brook 
Upstream 

West Brook 
Downstream 

STP Inf. 

STP Eft. 

• 

• 

No. 

TABLE A9 

Summary of Ammonia Nitrogen Data 

as of 10/1/74 

of Period Covered 
S::lin;11e3 From· To --'--

4 6/7/73 11/29/73 

9 " 5/30/74 

5 10/.1. 7/73 " 
8 6/7/73 " 
8 " " 
7 6/19/73 4/16/74 

5 9/8/7.) 5/ 30/7.~ 

4 7/25/73 " 
4 10/17/73 " 
5 7/25/73 " 
3 7/11/73 " 
7 4/17/73 " 

7 " " 

6 4/19/73 5/30/74 

43 

Ammonia N, mg!l 
Avl!,. Min. Mt1x. 

0.35 0.1 0.64 

0.08 0.02 0.18 

0.44 0.19 0.62 

0.42 0.05 0.80 

0.09 0.02 0.19 

0.05 0.02 0.08 

2.05 0.66 4.2 

0.13 0.04 0.26 

0.59 0.21 1.4 

3.24 1.1 6.0 

0.11 0.09 0.15 

0.05 0.02 0.12 

0.10 0.02 0.40 

2.67 0.40 4.8 



Sample 
Location 

Well 1 

Well 2A 

Well 2B 

Well SA 

Well 3B 

Well 3C 

Well 3D 

Well 5 

Well 6A 

Well 6B 

Well 10 

West Brook 
Upstream 

West Brook 
Downstream 

STP Inf. 

STP Eff. 

TABLE Ala 

Summary of Total Kjeldahl Nitrogen Data 

as of 10/1/74 

No. of Period Covered 
Samples From --- To Avg. 

3 6/19/73 8/16/73 0.612 

4 " " 0.082 

, 
4 6/19/73 8/16/7 3 0.381 

3 " " 0.182 

2 " " 0.092 

2 7/25/73 8/16/7 3 0.623 

2 7/25/73 8/16/73 3.80 

2 " " 0.594 

3 4/17/73 II' 0.065 

3 " " 0.107 

2 7/25/73 " 13.01 

6 " 5/30/74 11.47 

44 

TKN, mg/l 
Min. Max. 

0.0207 1. 713 

0.0245 0.144 

0.033 0.975 

0.047 0.393 

0.087 0.097 

0.533 0.712 

3.65 3.95 

0.038 1.15 

0.063 0.069 

0.028 0.191 

8.20 17.82 

1.58 26 

• 

. , 


