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Introduction

A central question concerningonsite wastewater system(OWS) on the Hillside is
whether/how they affect groundwater quality. More specifically do existing and
future OWSthreaten the wells serving Hillsidarearesidences?

This white paper briefly describesfactors influencing the water quality impact of
OWSeffluent. The intent is to serve as a resourcethre Hillside planning process

Hydrogeologic Overview

The Hillside study area covers a portion of the west slope of the Chugach Range
Steep slopesvith a thin layer of soilor exposed metamorphic bedroatharacterizethe
upper Hillsideridges while most of the remaining areamprises thicker layers of
unconsoidated sediment®ver metamorphic and sedimentary bedrockl' he bedrock
itself is dense and impermeable with the only significant water movement occurring
along the cracks, crevices, and fractured zones. Well yield in area bedrock is
dependent on the fregency, size, and interconnectedness of intercepted fractures.
These fractures tend to be focused along boundary areas of tectonic movement,
known as faults, and radiate out becoming faint to nonexistent with depth and
distance. Therefore, wells drillechio faulted zones can be fairly productive while
nearby wells encountering only unfractured bedrock yield considerably less.

1 KILOMETRE
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SourceHydrology for Land-
Use Planning,USGS,Dearborn
and Barnwell, 1975

Figure 1. Block Diagram of the Hillside Study Area
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Geomorphicand subsurfaceharacteristicsof the Hillside study areaare the result of
tectonic uplift and erosonal forces Glaciation during the Pleistocene Epoch, from
ten thousand to two million years ago dominated the erosion transport and
redistribution of materials leaving thick and extensive morrainal depositat the
canyon mouths and elsewhere in the outwash areadConsequently, mostof the
unconsolidated sediments are composedobrly sated, low permeability, glacial till
with particle sizes ranging from clay to boulders. Meltwater streams redeposited
materials into lenses of sands and gravels thaday form the most productive and
important aquifers in the study area(USGS 1999)

Most ground-water recharge occurs through
alluvial deposits near the Chugach foothills.
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Hillside groundwater flows under layers of clay and silt creating what is known as a
confinedor artesiancondition. When a welpenetratesa confining layer and taps into
the artesian aquifer below, head pressure forces water up into the well casing.
Artesian conditions, in varying degree, are found throughout the Hillsid&ince each
artesianwell has sanding water at the piezometric level of the underlying aquifer and
above that of the surrounding sailthe concept of a common water table isaocurde.
These confining layers, as well as the segmented character of the Hillside aquifer
system, limit hydraulic connectivity between wells anthereby provide a significant
degree oprotection from contamination.
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Theendr esult of the Hillsideds gl aciated
surface and neasurface materials consisting of:

A Bedrock with varying degrees of fracturization

A Poorly sortedglacialtill

A Sand and gravel deposits

A Confining layers of #t and clay sediments

A Peat andassociatednuskegrelated accumulations

Consequently, groundwater availability on the Hillsideraries as doeghe suitability
of local soildfor treating OWS effluent.

Problems with Groundwater Quality Assessment

Aquifer Heterogeneityd The localized, varied mix of subsurface materials
permeabilities and conditions affecting wateguality in Hillside aquiferscomplicates
monitoring, modeling and evaluation attempts. Neinglewater quality condition can

be considered typical of the area.

Monitoring 0 There is no systematic, ongoing, aradde program for directly
monitoring in-situ water quality within the aquifers; howeverwell water is sampled
sporadically for the several thousand individual wells and regularly for the several
dozen community wells. Although welvater monitoring results provide asizeable
body of useful information, the potential for contmination at the wellheador as a
result of sample mishandling should be considered.

Wel Contamination(human influenced and naturalp Significant potential exists for
surface runoff to contaminatewells under oneor more of the following conditions:
permeable near surface aquifershallow well ponded water around or near the
wellhead; faulty well seal or other construction deficienciesynsanitary well
maintenance activities and onsite storage of chemical, animal wastes, or other
deleterious substances.

Aquifer Contamination (natural) o Percolating goundwater accumulates soluble
substances frommineral, organic and other sourcest comes into contact with

Natural constituents commonly encountered in Hillsideaquifers include: iron,
manganese, magnesium and calcium (hardness), nitrate, and arsedidhese, nitrate
and arseniare regulated by EPA agrimary contaminants of public health oncern

Aquifer Contamination (human influenced) Percolaing runoff from urban/rural
lifestyles may contain: hydrocarbons, heavy metals, industrial solventand
lubricants, antifreeze, synthetic chemicals, pesticides, herbicides, fertilizer, animal
wastes,and household products. The impact of OWS effluent typically disrged
into subsurface soils, is the focus of the remainder of this white paper.

OWS Effluent Characteristics
Flow Quantity

3 Factors Affecting Groundwater Quality

hi

St



Volume ofwastewaterflow from eachresidencevaries The MOA Onsite Water &
Wastewater Program follows the EPAecommended desigariteria of 75 gallons per
person per daydpcd) assumingtwo persons per bedroom to calculate tank/drainfield
design flow. Studiesshowthat actual averagedaily water useis closer to 4Qypcd.
Depending on household occupancy, individual water use practices, outside watering
needs, fixture types, and the age and condition of residence plumbing, a three
bedroom home can be expected to discharge betw@@and 900gpd. The OWS must
accept, treatand discharge whatever wastewatergeneratedrom the residence.

Effluent Quality

Septic tanks reduce contaminants in householdwastes via floatation, settling, and
biological degradation. Aerobic treatment units (ATU) achieve further redudions
using biological and other processes.Typical constituent concentrations forraw
wastewater, septic tank effluent, and ATU effluent are listed below

Typical Contaminant Loads Associated with Onsite Wastewater Systen
(mg/L)
WastewaterConstituent Raw SepticTank ATU
Wastewater| Effluent Effluent

Biochemical Oxygen DemandBODs, 200290 130174 <30
Total Suspended SolidIES 200290 47-62 <30
Fats Qils Grease (FOG) 40 10-20 <30
Total Kjeldahl Nitrogen (TKN) 36-94 27-76 <30

SourceWastewaterEngineering, Treatment, Disposal and reuse, Metcalf & Eddyd Bdition

Effluent quality can be adversehaffected by chemicals such asohsehold cleaning
agents, solvents, pharmaceuticals and personal care productshat not only disrupt
biological treatment, but themselves representnaaquifer contamination risk. Since
nitrate is the one septic effluent constituent tested in drinking water from both public
and individual wells, it issometimeaused as a surrogat®r other chemicals

Nitrate (NOs-) isa watersoluble molecule formed from the oxidation of ammonia and
other nitrogenous compounds and is the most common contaminant identified in
groundwater (Freeze and Cherry, 1979). The concern oveodsurrence in drinking
water is associated with a ra, but potentially fatal condition for nursing infants,
known as met hemogl obi nemi a Am EPA degulatory
standard of 10 mg/L has been established for nitrates in drinking water.

baby
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Nitrate occurrence in aquifers can have both natural and human sources. Natural
sources include precipitation, nitrogen fixing bacteria in certain plants, decomposed
vegetation, and animal wastes. Humarelated sources include fertilizer, manure, and
seqic effluent. Typical background concentration for naturallyoccurring nitrate in
shallow groundwater is 2.0 mg/L. (USGS, 1999) Nitrate concentrations greater than
3.0 mg/Lareindicative of human sources. (Madison and Brunett, 1985)

Flow Pathways

The OWS dischargecharacteristicslisted aboveapply to effluent at its point of entry
into the drain field. The design objective is forignificant additional treatment to
occur aseffluent trickles through aerated zongsof drain field material subsurfacesois
prior to reaching theaquifer. The type and degreeof treatment depend on the
pathway.

Pathway length, measured a®ffluent time-of-travel, is determined by flow velocity
and physical distancetraveled. The longer the pathway, the more timefor
contaminant removalto occur. Pathway length can be shortened significantiwhen
water percolates throughbedrock fracturesor downthe annulus arounda well casing

Any such condit between the contaminant sourceand the aquifer that reduces
pathway length and treatment effectiveness can threaten groundwater qualits of
January 2006, Anchorage Municipal Code 15.55 requires a bentonite grout seal
around each new well casing.

Pathway materials affect flow velocities as well as the potential for biologal,
physical, and chemical treatment processes. Treatment effectivenesssarious
natural materialscommonly encountered on the Hillsidis as follows:

Solid Bedrocld Minimal. Local metamorphic rock ats as a barrier to flow of
effluent.

Fractured Bedroc& Minimal. Although fracturesallow water movementtheir
high voidsto-surface area ratio is insufficient for effective contaminant
removal.

Sandd Fair to Excellent. Depend on grain size distribution(finer sand offer
morebiofilm attachment area better filtration, slower water movemeny.

Grave] including piled rock fragmentgvithout sand or other soil filling the
intersticeyd Poor. High voidsto-surfaceratio and high permeabilitypreclude
filtra tion and effectivebiological emoval.

Silt 8 Good to Excellent. Small particle size provides more surface area for
biofilm attachment, improved filtration and the potential for ion exchange and
adsorption.  Silts may impede water movement to the point that effluent
backs up andor finds another pathway.

Clay 6 Excellent (if water can flow through). Favorable treatment
characteristics arauisually not utilized due tolow permeability that effectively
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blocks subsurface flowhowever, atensive day layerson the Hillside provide
protection and confinement of lower watdvearing aquifers.

Peat and topsoid Fair to Excellent (depending on soil type and chemistry).
Provides a diverse mix of microbes capable of consuming biodegradable
matter. Organic soils can be prone to biofilm builgh and clogging.

Environmental conditions affecting treatment efficacy include: effluergtrength and
makeup temperature, oxygen availability, and soil moisture. Optimal biological
removal occurs whed t H ii 1 m isfathewedvhere effluent is applid to soil with
moisture content slightly below its field capacity. This condition allows a layer of
bacteria to adhere to thanoist soil particles and treat effluent as it flowpastin an
aerobic environment.Once effluent reaches thaquifer, treatment slowssignificantly.

Subsuface TreatmentMechanisms

Filtration 6 Solidliquid separation as water flows through porous material due to
physical straining. Particularly effective infine, granular soils.

Biochemical Oxidatior® Oxidation and removal ofbiodegradable contaminants by
indigenous microorganisms that convert organic compounds to carbon dioxide and
water. The moist, nutrient and oxygenrich environment of the vadose zone near
OWS soil dispersion points, cultures a biomat of microbial effliespecialists.
Particularly effective in aerated, granular soils wher&avorable surface conditions
exist for biofilm attachment.

lon Exchange and Adsorptiod lon exchange and adsorption are operative in most
natural soil systems whereby certain adsorggs (including contaminants) are
selectively transferred from theeffluent to the surface of insoluble, rigid particles.
These processes alter water chemistsych as theeemoval of ammonia and nitrates.
Particularly effective in fine-grained and/or orgnicsrich soils.

Dilution 8 Contaminant concentratiors entering the aquifer may be diluted and
thereby reducedbelow regulatory levels, although overadiquifer loading is increased.
Minimum OWS/wellseparation distant requirementsestablished by state and federal
agenciesely on a certain degree dilution occurring within the setbackarea

The theoretical capacity of the Hillsideaquifer system for diluting OWS effluent can
be estimated by calculating the ratio of their respective liquid volumesThe 1975
USGS water budget (Figure 3) allows calculation of dilution ratios under various
assumptions of basin population, per capitaater usage, and mixing conditions.
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SourceHydrology for Land-
Use Planning,USGS,
Dearborn and Barnwell, 1975

Figure 3. Water Budgetd Portion of Hillside
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