by Timothy D. Buzzell

Community Resource Evaluation

in

Sewage Treatment Plant Selection

Northern communities need to evaluate what type of waste treatment plant is best
suited to their individual needs. Operationally complex plants might produce excellent
quality effluent, but without trained personnel. they may be no befter than less expen-
sive processes that require little or no operational supervision.

In the past, few people and rustic liv-
ing conditions i arctic regions made
outhouses a practical method of treating
and disposing wastes. This situation has
changed somewhat in recent years. People
who were nomadic only a few years ago
are today settled and concentrated in
villages throughout the Arctic. These
people are now demanding, and right
fully su, the modern conveniences that
the rest of this country take for granted.
These conveniences include running
water, and with it, water carriage of
wastes.

However, the wastewater treatment
problem becomes greatly magnified once
a water supply is available, since waste
volume can  increase tenfold. Severa
tangible cansiderations should be ad-
dressed when determining the type of
treatment necessary for agiven situation,
whether it be & single family dwelling or
a large modern community. A list of
these tangibles may include: (1} the
quantity and characteristics of the waste-
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water to be treated, (2) the susceptibility
of the receiving body to environmental
damage, (3) the discharge requirements of
the various state and federdl agencies in-
volved with issuing permits, and (4) the
availability and econdition of land for
recelving & Lreatment Lnit.

These have been extensively docu-
mented elsewhere. The purpose here is to
treat a pair of very important — though
frequently overlooked — intangible con-
siderations. These are the ability of a
community to fund construction and
operation of its chosen treatment process,
and the availability of competent, trained
personnel in that community to correctly
operate the system.

Money May Not Matter

Examples of short-sightedness regard-
ing these two intangibles are numerous.
In 1970, for example, the Environmental
Protection Agency (EPA} launched an
Arctic  Native Village Demonstration
Project, which established highly sophisti
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cated water and wastewater facilities in
the Alaskan communities of Wainwright
and Emmonak (see “Village Sanitation,’”
Vol. 4, no. 1 — TNE). Services included
showers, laundries, saunas, toilets, and
solid waste disposal, all of which were
enclosed in one huilding. Emphasis was
placed on reeycling of wastes, which re-
quired a very complex system of waste-
water renovation, solid waste ingineration,
and sa forth, The best technology of the
day, with all its massive costs barne hy
the federal government, was made avall-
ahle to the two villages, The system at
Emmonak, however, has for the most
part failed. The Wainwright venture, after
a brief success, was destroyed by a fire.
To date, the gathered data is vague on
why the Emmonak systerm did not
perform well. Perhaps there were design
errors involved. More likely, the oparators
were not able ta deal with such a compli-
cated piece of machinery, and realistic
rasults fell far below theoretical expecta-
tions. The same may be said about
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Wainwright. It is not clear what caused
the facility 1o burn dowrf, hut it was due
aither to an unforeseen design deficiericy
ol o operator meompeatence, The result
s the same — a million dollar piece of
machinary tar waating the wastes of 100
to 200 peopla lasted abour one year. The
end results of these two demonstrations
should be weighed carelully before such
grandicse approaches to facilities engi-
neering  are taken far the other
hundred native villages in Alaska.

In the future,
employ  Treaiment
facultative ponds or

Two

It may be better to
facilities such as

aerated lagoons.
These, ot course, could only be used (f
the bodies of water which receive effluent
could provide a sufficient dilution factar
to the discharged wastes. Although the
end eftluent product of ponds or lagouns
may he below what might be achieved
with more sophisticated systems, at least
(twould be predictable and would require
tittle in the way of capital or operational
expenditures.

However, there are instances wherg a
suftficient  dilution  factor cannot be
achieved 1o allow use of ponds or lagoans,
and a more efficient treatment form is
required, This is the case with most of
the northern construction camps along
the Alaska oil pipzline route. Many camps
are built on the arctic tundra which has
little surface water for dilution. Yet
significant concentrations of people are,
or will be, living in these camps and
producing wastes.

Early on, regulatory sgencies decided
these camps should achieve a high degree
of trearment of their wastewaters, The
camp owners, quite capable financially of
providing the necessary sophisticated
gquipment, assumed that competent
camp  personnel  could be trained as
operators. The camps were provided with
extended  aeration  systems, physical-
chemical treatment systems, or a combt-
nation of the two. Bul something went
awry, Initgl resulrs from these complex
and expansive treatment plants were poor

much pooier than could be expected
from a simple pund or lagoon system. A
special consultant was hired to determine
the reasans for the failure, and shortly
thereafter the answer surfaced. The men
selected as plant operators, though gen-
erally mechaniecally comperent, had nat

Vol. 6, No, 3

bean adequately trained in plant opera
tion  nor impressed  with the  vital
importance of their tasks.

Successes and Reconsiderations

Paradoxically, the example of system
fallure for the treatment plants along the
pipeline can today be cited as an example
ot growing suceess, Although the oper:
ators had the potential for competency,
they were not properly trained and, as a
result,  treatment suffered,
Thereatter, pressure was birought by the
regulatory agencies to upgrade treatment
efficiency, and an operator training pro-
gram tor the camps was initiated. While
not a certified program, it stresses the
importance of good operation. Seon,
mast plants alang the pipeline were
achieving an  effluent of sigmificantly
higher qualily, more i ling with expecta-
tions for the type of systems involved.

The Canadian government has taken a
much more simplistic approach 1o waste-
water Lrealment than the United States.
Wherever possible 1n their native villages,
the Canadians have utilized facultative
ponds or aerated lagoons, recognizing the
financial limitations of the communities
and the general unavailability of experi-
enced  operational  personnel The
Canadians have also recognized the Lreat-
ment hmitations of (hese systems and
made cerlain that the final paint of dis-
charge 15 Into a water hody with a
sufficiant dilution factor to ensure that
that buody will not be damaged. These
systems have been most reliable.

efficiency

What System Serves Best?

Traditiapally in temperate climates,
the credentials of plant uperalors increase
with the size of the community, and
implicitly, the size of the treatment
system. This should be no different in
arctic regions. However, one musl also
consider in these northern areas the type
of community served — its financial
limitations and availability of tramable
operators. This 1s necessitated by the wide
diversification of community cultures
and sources of community income.
Examples of the two extremes are the
small native villages versus the typical
construction camps along the oil pipeline
route 1n Alaska.

The native village may depend alimost
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antively on fishing as its principal income
source. Perhaps revenue from this enter-
prise. 1 marginal; certainly it s not
axcessive. The stability of a community
with as fragile an economic bese as this
can be oseverely  distupied i excessive
additional financial burdens are imposed
on it. This is to say that if the construc
tion casts for a waste treatment facility
equal o1 swpass |he total real estate
value of the communiry, the town may
be overly burdened financially. Add to
this the fact that the community may he
essentially void of technological hardware
and that the most complex piece of
equipment anyane in the town has cver
had to deal with is a snow machine, and
one guickly realizes thar it may be very
difficult, if nar impossible, 1o find people
competent and capable of dealing with
the more sophisticated wastewater treat-
ment systems. Even it these nhstacles are
avercome, the sheer cost of salaries of the
full time opejators reguired for this
machinery may be prohibitive.

Contrast this native village with the
modarn construction camps along the
Alaska pipeline route. These camps are
owned and operated by industrial giants
whose investment in the North Slape all
and the future revenue that they may
potentially recoynize from that oil 15 so
tremendous as to he incomprehensible.
Almost any wastewater treatment system,
regardless of cost, that [s necessary for
one of these camps would be incidental
to the toutal cost of operating the camp.
Further, the owners ot these camps would
much preter to absorb the additional cost
of a dependable treatment umit capahle
of producing an effluent that will con-
sistently meer governmental discharge
requirements. than risk being forced to
reduce the population, or worse, shut
down the camp completely because the
treated effluent does not meet discharge
crileria.

Also, consider that these camps have a
tremendous reservoir of personnel 1o
draw from, men experienced i the oper
ation of machinery who can be trained
to competently operate complex treat-
menl systems. While this labar 15 not
cheap (typical operator costs for a 75,000
apd treatment plant in a 1000 man camp
on the North Slope may run 5250,000
per year), again, the camp owners are
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financially able and willing to meet the
requirements set for effluent discharge.

Selecting the Best Process

Several treatment processes capahle aof
producing secondary quality effluent are
In common use loday, These includé in
order of increasing complexity, and con-
sequently, increasing Initial and opera-
tional cost:

(1} Septic systems

{2} Facultative ponds

(3)  Aerated lagaons

(4)  The extended aeration
variation of the activat-
ed sludge proaess

[5) Conventional activared
sludge
(6)  Physical-chemical treat
MEnT.
The septic system  as 4 trearment

device has its limitations in arctic and
subarclic regions, though it may act uncer
certain conditions as @ reliable disposal
method  tor  single-tamily  dwellings,
Design of these systems Is necessarily
different from what is found in more
temperate climates. Normally, a leach
field s placed within two feet of the
ground surface to ensure aerchic hio-
logical action. This s not possible in the
far North as there 15 not enough heat in
the |ncoming sewage to keep the field
from treezing. This has led most builders
to follow thewr septic ranks with a deep
dry well rather than a leach field, and
hence the emphasis is on disposal rathe)
aredas of shallow
permafrost, even this disposal effort may
be thwarted, Operation of septic tanks
themselves differs i these northoin areas
from those (11 the temperate reqions in
that angerobic decomposition and reduc-
tion of sludge is slowed or nonexistent
during many months of the year The
tanks must therefare be pumped more
every 2 to 4 years as com-
pared to 7 to 10 years in more favorable
climates.

than treatment. In

frequently

The facultative pond usually consists
simply  of @ reservarr of
capacity to allow the necessary patural
biolegical action reguired to stabilize the

sufticient

ovganic fraction of the waste before |t

enters and damages the receiving hody.
No mechanical devices are invalved. Air
s provided by surface diffusion and
through the action of the algal pupula-

Vol. 6, No. 3

tion. This process is therefore relatively
simple to maintain and operate. Reduc:
tion of the biochemical oxygen demand
(BOD) during certain periods of the vear
may approach 80 1o 90 per cent, The fact
thar (t 15 nat aways possible Lo construct
large impermeahle paonds, especially 0
permafrost arpas, recduces the feasihility
of facultative ponds for some locations.
Also, the process s criticized Tor Jts
nefficiency during certain periocs of the
year, Biochemical oxygen demand reduc-
tion sutters during the winter months in
northern, areas, and algal production dur-
ing the summer can produce an effluent
high In suspended solids,

An aerated lagoon 1§ the logical exten-
sionn of the facultative lagoon process.
Externdl air s mechanically supplied toa
pond or series of ponds, thus reducing the
pond surface area raquired ftor oxyyena-
iion, and hence reducing the pond size
reguirements over Lhe facultative pond
cansiderably, This treatment device ro:
quires wvery little operational lime ot
skill, but, like the tacultative pand, etflu-
ent quality suffers during certain periocds
of the year.

The extended aeralion process is per
haps the simplest “hardware” type treat-
ment technology. Here, a mixrire of
mfluent wastewater and highly concen-
trated populations of rmicroovrganisms are
mechamecally aerated in either an oval
diteh {oxidation ditch) or a tank for 18
1o 24 hours. This s Tollowed by a settling
phase, during which these microorganisms
are separated from the lreated effluent
and returned to the aeration tank to act
as seed organisms for the continuation of
the process. The clarified effluent is
usually disinfected and then dischargec.
It is generally accepred engineering prac
lice to encapsulate the smaller ot such
units (the clarifier less thar 100,000
gpd) in drctic and subarclic regions to
prevent freezing. Because of the guiescent
conditions, the especially
susceptible to freezing and even large
plants in northern regions encapsulate jt.
Imitial costs of extended aeration unils
dare usually somewhat higher than for
aerated lagoons, and operational costs are
significantly higher, To produce s guality
effluent on a reqular basis requires the
careful scrutiny of a traned operator

clarifier s

The  conventional  activated  sludge
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nracess, ot which extended aerdation is a
variation, is somewhat more complex.
The detention petiod of the wastewater
in the agration tank 1s reduced consider
ably 10 2 1o 6 hours. This allows for the
implementation of much smaller aeration
tartks than for
aeralion unil, but much maore sludage is
produced, mdking 1 necessary 1o split
the return sludge flow from the clanilier,
Part of the sludge flow (s clirpated back 1o
tank  and the rermainde:
passes to a point where |t receives furtho
treatment  This sludae handling step s

a comparahle extended

the aeration

what malkes the conventional activated
sludge process unalbractive and exponsive
tor small communines ot the Naorth.

Econamically, the curott pont, where
extonded aeralion is nu longer competi-
tive with activated sludge, 15 aboul wne
million gallans per day, which represents
a population of perhaps 10,000 peaple
Although the proucss itself 1o
operational mantpulatian to obtdamn de-
sired results, 1t requires highly tramnedd
and  expericiced  operators.
must also be on duty gt all umes, rather
than for the 2 to 8 hours per day
generally  required  far  the  simpler
processes.

lonids

Operators

In recent years, d yood deal of atien
tian has been given to physical-chemical
treatment as a yiable wastawarer process
in northern areas. This has been spurred
on hy ieports that biological
performed poorly at low hauwid tempera

SYSTEmMs

tures.  Physical-chemical

consists  of  a

Treatment gen-
caagulation:
floceulation stage, usually with alum as a

arally

primary coayulant, a polyelectrolyte as g
coagulant aid, and hime tor pH adjuse
ment. Narmally the chemical tlae farmed
by this process 15 then settled out in a
clatifier and Lthe fines are removed as Lhe
waler passes through a sand [iter, The
waste then often passes thiough a column
or series ot calumns containing activated
carbon to remove color and the soluble
arganic  fraction. For certain types of
wastes, this process can consistently pro-
duce a highly polished ettiuent. However,
the disadvantages of the process in cold

Continued on page 41
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COMMUNITY RESOURCES
cont’d. from page 21

reqions are numerous. Initial equipment
cost 15 high. The system works hest if a
consistent quality influent is available,
which s not the case in small northern
communities, Therefore, large surge tanks
must be nstalled 1o even out the waste
strength The process normally requires
much more aperational Lme and expertise
than do the olher processes. While na
commercial  additive 15 required  for
hialogical processes, physical - chemical
treatment requires expensive chemicals,
especially so when they must be shipped
to  remote areas. Ulrimate
disposal of the chemical sludges generated
by the process can be dif hicult and costly.

northern

Conclusion

A generalization that applies to the
efticlency of these treatment units may
be summarized as follows: The simpler
the process, the lower the initial cosl of
the unit will be, the lower the cost of
operation. will be, and the smaller the
aperational requirements will be. The
more complex the process, the higher the
attainable effluent guality will be,

However, what many planners tail ta
recoqnize is that while a complex treat-
ment unit may be capable of producing
an effluent of excellent quality, 1t can
anly be attaimed consistently when the
unit is operated competently |t makes
[ittle sense to specily a sophisticated and
expensive treatment system for 4 com-
munity where a competent operator s
nol to be found. The effluent quality
from thar plant will invariahly average
out with time to be na better than the
quality of the less expensive process that
requires little or no operational super-
vision. On the other hand, in the com-
munity where capital and competent
operational  personnel  are  available,
implementation of one of the more
complex processes would certainly be
likely 1o praduce a high quality effluent
on a continued basis.

Mr, Buzzell was a research environmental en-
yimeer for the Corps of Engineers Cold Regions
Research and Engineering Laboratory in
Hanover, New Hampshire for five years. He is
presently a project engineer with Dames &
Moore in Fairbanks, Alaska,
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INTERNATIONAL ASSOCIATION OF
HYDRAULIC RESEARCH
COMMITTEE ON ICE PROBLEMS

Ice Symposium

18-21 August 1975
Hanover, New Hampshire

An international symposium on e
problems will be held at Hanover, New
Hampshire from the 18th to the 21st of
August 1875, The Symposium will be
sponsored by the United States Army
Cold Reugions Research and Engineering
Laharatory and will be held aon the
campus of Dartmouth College. The theme
of the Symposium will include:

" Extended season navigation of
inland waterways
lee jam control

" Effects of sea

structures

Those participants who would lke to
contribute a paper must submit an ex-
tended abstract of 600 to 800 words, in

ice on marine

Enalish, by 15 January 1975, This
dabstract should outline the content of
the paper, detail the canclusions reached,
and be of sufficient detail Lo enable Lhe
committee to develop the Symposium
program. The extended abstracts will be
re-produced and sent to all conference
participants before the meeting, The final
draft of each paper must he submitted,
In English, by 15 July 1975, Papers will
be limited to ten pages. including all
figures. Sample format, paper size, and
lustration requirements will he mailed
later

For more detailed information regard-
Ny transportation, housing and registra-
tion tees, please write

Mr. G. E. Frankenstein
IAHR Symposium

P. Q. Box 282

Hanover, New Hampshire 03755
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