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ABSTRACT 

This paper compares the energy utilization and subsequent cost 

of operation of the existing wastewater treatment plant at Lake George 

Village to those at the proposed Warren County Treatment Plant at Glens 

Falls. Comparisons were made at the existing average flow to the Lake 

George Village Sewage Treatment Plant of 0.7 million gallons per day (MGD) 

(2650 cubic meters/day), the design capacity of 1.75 MGD (6600 m3/day) 

and at the projected year 2000 flow of 5.5 MGD (20800 m3/day). The energy 

consumption was separated into the cost for pumping the sewage from the 

Shepard Park pumping station to the respective treatment plant and the 

subsequent treatment cost. No estimates were made for the additional 

energy consumption in the 22 other sewage pumping stations proposed in the 

Warren County Sewer System, since these would be the same for either future 

treatment system expanding the sewer system from Bolton Landing to Pilot 

Knob. The energy consumption at the existing treatment plant was determined 

from records of electricity use. The energy consumption at the proposed 

acti vated sludge pl ant was based upon recommended techniques for esti. ~ 

mati on of sewage treatment system power requirements. 

The results showed that at the present average flow the power 

consumption for the treatment alone would De four times greater in the 

proposed plant than in the existing plant. It would be seven times 

greater at the design flow and ten times greater by the year 2000. 

Pumping would consume more power than treatment in both schemes, 



The overall power consumption including pumping would be twice 

as great for the proposed system as opposed to treating all the wastes 

within the basin at the Lake George Village Sewage Treatment Plant for 

the present and projected year 2000 flows. 

Translating this into costs, at a measured cost of 4.67¢ per 

kilowatt hour (KWH) at the design capacity of the present treatment 

plant, pumping the wastes out of the basin to the proposed Glens Falls 

Treatment Plant would add $30,375 per year to the cost of in-basin 

treatment. At the year 2000 flow, based upon Hazen & Sawyer's estimate 

of 8¢ per KWH, the additional total costs would amount to $154,000 

per year. Based on a permanent population of 5780, this would amount 

to an additional cost of $27 per person per year or at an average of 

3.5 persons per household, this would amount to $94 per household each 

year. 

It must be pointed out that the existing treatment system 

achieves a greater degree of wastewater purification than wtll the pro

posed Glens Falls Treatment Plant. To provide the same degree of 

treatment at Glens Falls as is presently being achieved at Lake George 

would require an even greater expenditure of energy and money. 
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INTRODUCTION 

Lake George is a clear deep recreational lake noted for the clarity of 
its waters and the beauty of its shoreline. The lake water is used for a 
public wat~r supply with only chlorination as treatment and is used directly 
without even chlorination by many of the cottages and homeowners surrounding 
the lake. Thus, there is continued concern for maintaining the purity of 
this body of water. 

The early concern for preserving the quality of the lake was shown by an 
effort in 1936 to provide sewers and treatment of the wastes from the most 
populated area surrounding the lake, specifically Lake George Village. With 
the encouragement of the Lake George Association, the existing Lake George 
V"illage Se\·;age Treatment Plant was constructed and began operation in. 1939. 
In 1965 the sewers were extended to portions of the surrounding Town of Lake 
George and all of this wastewater was pumped by a separate system to the 
existing Lake George Village Sewage Treatment Plant. In 1979, a new pumping 
station was installed so that only one force main was needed to convey all 
the collected wastewater to the treatment plant. Tourism is the principal 
industry of the area, thus, the wastes are almost entirely domestic. There 
are commercial interests, particularly in Lake George Village, but these in 

general are directed toward the tourists. There are no other significant 
water using industries in the entire Lake George Basin. 

The original treatment plant provided" primary sedimentation with sludge 
digestion in 3 Imhoff tanks, trickling filter treatment, secondary sedimenta
tion and the discharge of the secondary effluent without chlorination onto 
sand beds for rapid infiltration purification in the ground. This system 
has been shown to produce essentially 100% phosphorus removal and approxi
mately 50% overall nitrogen removal (1-3). Presently, there are plans for a 
new sewer system which proposes pumping all of the sewage out of the Lake 
George Basin into an activated sludge sewage treatment plant at Glens Falls. 
The proposed system involves extending the sewer lines to Bolton Landing on 
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the \'I~st shore and to Pilot Knob on the east shore. This would accommodate 
all of the concentrated population areas in the south end of the lake. There 
~re several other populated centers in the north end of the lake but these 
die p.ss'2ntially insignificant. Pumping the wastewater out of the basin was 

'opr;sed as an ultra-conservative point of view in order to prevent any 
existing or potential contribution of nutrients to Lake George. This propos
ed system has raised some questions regarding the qual ity of the existing 
effluent vs. the lesser degree of treatment which would be accomplished at 
Lhe new Glens Falls Sewage Treatment Plant. There are other questions con
cerning the impact of diverting 5.5 mgd(20800 m3/day) out of the Lake George 
Basin into the Hudson River Basin. Another concern which has not received 
,'uch attention is the additional nutrient loading which would be imposed on 
the Hudson River Basin. 

A prime concern at this time of rising energy costs is the relative cost 
of the proposed activated sludge system compared with the existing rapid in
filtration system at Lake George. It is difficult to make an equitable bal
anced evalu2tion since the existing system provides the equivalent of terti
ary treatment, whereas the proposed system wn ~,provide only secondary treat
ment. Regardless of thts difference, an effort was made to determine the 
energy consumed at the existing Lake George \'tllage Sewage Treatment Plant 
and to compare this with the anticipated energy consumption in treating the 
same amount of wastewater with tfJe proposed system. 

DESCRIPTION OF THE EXISTING TREATMENT PLANT 

The wastewaters from both the Village of Lake George and the immediately 
surrounding areas of the Town of Lake George are collected by gravity to a 
central location in a park adjacent to the lake. Here a new pumping station 
forces the sewage approximately 55 m (180 ft) through a 1.6 km (1 mil force 
main to the treatment plant. The design flow of the existing plant is 
1.75 mgd (6600 m3/day) with peak maximum summer flows in the range of 
1.25 mgd (4700 m3/day). Originally the summer flows were three times the 
winter winter flows, but recently the summer flows have been only double the 
winter flows, primarily due to the greater year-round population, regional 
ski areas, and the winter ice carnival held during the month of February. 

The existing treijtment plant ;s shown in Figure 1. The sewage enters 
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the treatment system at the influent chamber where the flow is measured in a 
Parshall flume. The flow is then divided among the three primary settling 
tanks, two of \'Ihich are more recently installed clarigesters with a sludge 
di S"S t ion com::nrtment in the bottom and the other bei ng the ori gi na 1 Imhoff 
tank. Dosing syphons are provided to dose the trickl-ing filters. The two 
rotary arm trickling filters are used during the summer and the single fixed 
nozzle filter is used during the winter. This latter filter is covered by 
boards on sawhorses which retain sufficient heat to prevent complete freezing 
of the tr i ckl i ng fil ter during the winter. The effl uent from the tri ckl i ng 
filters flo~s to one of the two original circular final settling tanks or one 
of the two newer rectangular sedimentation tanks. In the original plant 
there were only six sand beds for rapid infiltratton of the final effluent, 
these bei ng beds N-l through N-6. These have been gradually expanded to 14 

infiltration basins at the north end of the treatment plant. All of these 
basins are dosed by gravity. With the expansion of the system to include the 
surrounding Town of Lake George in 1965, the additional sand beds at the 
south end of the treatment plant were installed. These are dosed by means of 
a pump whi ch 1 ifts a porti on-of-tliesecond-ary- se-tHing tank effl uent to the 
south beds. A lthough no accura te flo\'1 measurements have been made, it has 
been estimated that one half of the total daily flow is applied to the south 
sand beds with a lift of approximately 4.6 m (15 ft), A pump house provides 
facilities for pumping the sludge from the secondary settling tanks back to 
the primary settling tanks, for pumping to the sludge drying beds, for pump
ing a portion of the final effluent to the south sand beds, and for recir
culation to the trickling filters. 

It should be noted that the Village of Bolton Landing has a treatment 
system quite similar to the Lake George system, but the design flow is 
0.3 mgd (1100 m3/day) and the trickling filter is bypassed in the winter due 
to the extremely low flows which would result in freezing on the filter. 

The proposed new system would include sewering the entire area from 
Bolton Landing to Pilot Knob. This would include significant additional 
sewers and the use of 23 pumping stations through the Lake George Basin. The 
combined sewage would be pumped out of the Lake George Basin into the Hudson 
River Basin through a force main having a lift of approximately 73 m (240 ft). 

:.-/ 
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ENERGY USAGE AT THE EXISTING LAKE GEORGE V I LLAGE SE11AGE TREATMENT PLANT 

Essentially all of the energy requirements for the Lake George Village 
Sewage Treatment Plant are in terms of electricity usage. There is a small 
amount of additional energy required for running the tractor which is used 
to disc and rake the sand beds (approximately 1623.4 gallons of gasoline 
~"~ually). However, this energy is insignificant in comparison to the elec
triCul power used for operating the plant and pumping the wastewater from 
the con ecti on poi nt at the 1 ake to the treatment plant. 

Pi'lor to May 1979, sewage flows from the Town and Village of Lake George 
were pumped separately to the Village treatment plant. Records of the elec
trical energy consumed in operating the treatment plant and in pumping the 
se\'lage from the Village were readily available. Corresponding information 
for the Town of Lake George was unavail ab 1 e; however, since both flows were 
known, an estimate of the energy required to pump the combined flow could be 
L:ade eas ily. Si nce then, the sewage from 50th the Town and Vi 11 age flows to 
the newly designed and expanded Shepard Park 'pumping station and is pumped. 
on through the Village force main to the treatment plant. 

For this study, the electrical usage for the fiscal year 1978-1979 and 
the average flOl, during this period were obtained. The average metered power 
for the operation of the treatment plant was 197.4 kwh/day with an average 
flow at the treatment plant of 2650 m3/day (.7 mgd). 

Table 1 summarizes the estimated energy requirements for the various 
components of the treatment plant. Most of the electricity required at the 
treatment plant is for pumping the effluent to the south beds, operating the 
sludge scrapers, and 1 i ghti ng. A small amount of energy is required for re
circulating the effluent back through the treatment plant based on 20% re
turn flow (4) and 5.3 m {17.5 ftl headloss (5) during an 8 hour day, Calcu-
1 ations for pumping the final eftl uent from the final settl tng tank to the 
new south sand beds were based on a headloss of approximately 4.6 m (15 ft) 
and the fact that approximately half of the flow ;s pumped to these sand beds 
during any day. A minor amount of energy is attributed to sludge pumping. 

Power ratings for the sludge scraping equipment were not available. 
Estimates were therefore based on the desi'gn flow and are the same as those 
for the proposed system at Glens Fall s. Since these estimates were based 
on rectangular settlers, the power required to dri've the scrapers is related 

-----------------------~ 



to the length of settler which in turn depends on design flow. Lighting and 
miscellaneous power (operation of hand tools, office and laboratory equipment, 
etc.) make up the bulk of the remaining estimated energy usage. 

TABLE 1. ELECTRIC POWER CONSUMPTION AT THE 
LAKE GEORGE VILLAGE SEWAGE TREATMENT PLANT (kwh/day) 

2650 m3/day 6600 m3/day 20800 m3/day 
(.7 mgd) (1.75 mgd) (5.5 mgd) 
Average Flow Design Flow Projected Flow 

Infl uent Pt;':ping 
(55 m [180 ft] elevation 
head) 

644 1523 4787 

Tr'eatment Plant 
Recirculation 4.17 

(20% flow) (4) 
Effluent Pumpingl 26.1l 

(4.6 m [15 ft] headloss) 
Sludge Pumping2 .03 
Sludge Remova1 3 77.6 
Lighting & Misc. Power 75 
Treatment Plant SUb-total ----18:L6 

TOTAL 827.6 
Metered Treatment Plant Power 197.4 

(June 1978 - May 1979) 

--1 South beds with 50% flow 

10.4 

63.5 

, .08 
77 .6 
75 

. 226:58 

1749.58 

2 .0052 mgd sludge/mgd assumed; 5 ft headloss; 8 hour operation 
3 Primary and secondary settlers (combined) 

32.8 

199.5 

.24 
154 
135 
521.54 

5308.54 

Finally, similar estimates were made with the anticipated flow for the 
year 2000 from the proposed sewered area around Lake George. For a flow of 
20800 m3/day (5.5 mgd), the power consumed in operating the plant was esti
mated to be 521.24 kwh/day. 

Pumping the sewage from the lake to the treatment plant requires more 
energy than does plant operation. From June 1978 to May 1979, an average 
of 326 kwh/day was used to pump the Village flow (.46 mgd average) to the 
treatment plant. For the average (total) combined Village and Town flow, an 
estimated 644 kwh/day would be used. At the design flow, this increases to 
1523 kwh/day and at the projected 20800 m3/day (5.5 mgd), this would require 

4787 kwh/day. 
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ENERGY UTILIZATION IN THE PROPOSED WARREN COUNTY SEWER SYSTErl 
TO REPLACE THE LAKE GEORGE VILLAGE SEWAGE TREATt·1ENT PLANT 

The proposed Warren County sewer system involves the collection of all 
wastewaters from Bolton Landing to Pilot Knob. This would be collected at 
nur~rous points utilizing 23 pumping. stations throughout the Lake George 
Basin. Finally, all of the ~Iastewater from the Lake George Basin would be 
pumped over the hill out of the basin and into the Hudson River Basin. At 
Glens Falls a treatment plant ~lOuld be built to treat this wastewater along 
with the ~'nstewaters from the City of Glens Falls, numerous surrounding sub
urbs and several large industries in the area. The total design flow for 
that treatment plant is 60,000 m3/day (16 mgdl. Although it is realized 
that there is economy of size, it was conSidered fair to calculate the energy 
requirements based on the existing design flow and the projected flow for the 
year 2000 from the Lake George area only. 

The estimated energy consumption (in terms of kilowatt-hours per day) 
for the various unit processes of a conventional activated sludge treatment 
plant at the above flows is summarized in Table 2. The largest single expen
diture of energy in th'is system is for pumping the wastewater out of the 
basin. From the facilities plan (4) the best estimate of the lift to pump 
the effluent out of the basin was estimated to be 240 ft (73 m). This does 
not include the friction headloss in the pipe which would be longer than the 
1.6 km (1 mil force main presently in use. The additional pumping required 
for the other 22 statl'ons is not considered. If the present se~ler system "is 
expanded, it is assumed the pumping stations would be essentially the same 
regardless of the final discharge of the effluent. Adjustments in power con
sumption at an operational average flow of 2650 m3/day (.7 mgdl are also 
noted for those unit processes which depend on flow. 

~lathematical models for estimating electrical energy consumption for the 
various unit processes involved in municipal waste treatment were developed 
by Wang and Wang (6) based largely on studies made by Smith (5). Except for 
influent pumping and chlorination, the values reported for the various unit 
processes are based on these models. In determining the power required for 
influent pumping, the Wang and ~Jang model applies only to a 30 ft dynamic 
head. As previously mentioned, the elevation head alone to pump the sewage 
out of the basin is 240 ft. The power requirements for chlorinating the 
effluent are negligible if chlorine gas is used. Smith (5) reports only 
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.72 kwh/day is required 'in both a 1 and 10 mgd plant (corresponding to 400 

and 2000 lb chlorine per day). The ~Jang and Wang model predicts 7.8 and 
41.6 kwh/day for a 1.75 and 5.5 mgd plant. These values would be reasonable 
if liquid chlorine were used; the additional energy is required to evaporate 
,:he chlorine. 

TABLE 2. ELECTRICAL ENERGY CONSUMPTION (KWH/DAY) FOR A 
CONVENTIONAL ACTIVATED SLUDGE WASTEWATER TREJ\TMENT PLANT (6) 

2650 m3/day 6600 m3/day 20800 m3/day 
(.7 mgd) (1.75 mgd) (5.5 mgd) 

Average Flow Design Flow Projected Flow 
influent Pumping 858.6 2030.8 6328.7 

(73 m [240 ft] elevation 
head) (4) 

Screening & Comminution 
Grit Removal 
Primary Sedimentation 
Secondary Sedimentation 
Plant Lighting & Maintenance 
Chlorination (5) ......~-. 

Diffused Air Flotation 
Return Activated Sludge 

(50% flow) 
Sludge Pumping 

Sub-Tota 1 
Sludge Handling 

Gravity Thickening 
Anaerobic Digestion 
Vacuum Filtration 
Incineration 

Sub-Total 
TOTAL 

5.1 
1.8 

38.8 

38.8 

70.5 
·~.nc .. -

372 

31 

1.9 
1419.2 

9.0 
102.5 
47.4 

47.5 
206.4 

1625.6 

5.1 

1.8 
38.8 
38.8 

70.5 

.. -~····.n.· 
931 

79 

4.7 
3201. 2 

11.8 
168 
81 
70 

330.8 
3532 

30.6 
2.5 

77 

77 

134.3 

.72 
2926 

242 

14.7 
9887.5 

16.7 
321 
201.3 
150 
689 

10.576.5 

The proposed system for Glens Falls employs diffused air activated 
sludge with anaerobic digestion. mechanical dewatering (centrifuges) and 
landfill (4). This vlOuld correspond to the sludge handling scheme II 
defined by Smith (5). The total electric power required at the design flow 
viaS estimated to be 3532 kwh/day and 10576.5 kwh/day at the projected year 
2000 flow. 
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Table 3 sUidmarizes the energy consumption for the existing treatment 
plant and that required to treat the same flows with a conventional acti
vated sludge system. Values are given for the average and design flows at 
the existing treatment plant and the projected flow for the year 2000. 
Since pumping the ralv sewage to the treatment plant is a very large portion 
oi the energy required, these values are listed separately from those for 
the treatment plant itself. Whereas the overall energy utilization in the 
pro; . .:used viarren County system vlould be approximately twice that of treating 
the same \vaste flO\'I in the Lake George Vi 11 age Sewage Treatment Pl ant, the 
energy requirem2nts for treatment alone are almost 10 times those for the 
ex·isting system at both the design and projected year 2000 flow. 

TABLE 3. TOTAL ELECTRICAL POWER CONSUMPTION (K14H/DAY) 

Lake George Village 
(Rapid Infiltration) 

Influent Pumping 
(55 m [180 ft] 
elevation head) 

Trea tment Pl ant 
TOTAL 

Proposed System 
(conventional 
activated sludge) 

Influent Pumping 
(73 m [240 ftJ 
elevation head) 

Treatment Plant 
TOTAL 

2650 m3/day 6600 m3/day 20800 m3/day 
(.7 mgd) (1.75 mgd) (5.5 mgd) 

644 

183.6 

827.6 

858.6 

767.0 

1625.6 

SUM~lARY 

1523 

226.58 

1749.58 

2030.8 

1501. 2 

3532 

4787 

521. 54 

5308.54 

6382.7 

4193.8 

10576.5 

It is difficult to make a direct comparison between the energy measured 
for the existing treatment plant and the estimated utilizatin of energy in 
the proposed treatment system. Furthermore, for such a comparison, the costs 
of pumping the sewage from around the basin to the major force main at 
Shepard Park at Lake George Village should be included. One could argue 
that for either scheme this pumping cost would be the same; however, the 
alternative would be to conti nue usi ng septic tanks in the presently 



non-sewered areas. This would eliminate the need for the 22 pumping stations 
surrounding the lake. Thus, to continue the existing program for wastewater 
treatment in the Lake George area (the existing system plus septic tanks) 
would represent the least energy consuming alternative. Further study is 
unden'/ay to evaluate the energy requirements for the eX'isting septic tanks 
.,nd sewer system. Once this is accomplished, a better comparison can be made. 

Some estimates can be made of the differences in the cost of operation 
bc'~~leer the two systems. At the design flow of 6600 m3/day (1. 75 mgd), the 
,jifference in energy consumption between the proposed system and the existing 
ystem is approximately 1782 kwh/day. At $0.0467 per kwh this amounts to a 

d'ifference of $30,375 per year. The same calculation for the year 2000 flow 
shows a difference in energy usage of 5268 kwh/day, at an estimated future 
cost of 8¢ per kwh (4), almost $154,000 per year additional. 

It is very obvious that the proposed activated sludge treatment system 
for the proposed Warren County Sewer System accomplishing only secondary 
treatment would be cOl'lsiderably more energy intensive and expensive to oper
ate than the existing Lake George Village Sewage Treatment Plant which 
presently accomp 1 ishestheequiva 1 ent of terti al"Y- treatment of the waste-

, 

waters. Upgrading the proposed system to achieve equivalent tertiary 
treatment would impose an even greater energy demand. 
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