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A Simplified Economic Model
Comparing Cost of a
Regional and Local Alternative Methods
of Sewage Disposal in Old Lyme, CT

A review has been completed by the Town of Old Lyme Health Department to compare a
regional solution versus an alternative solution of sewage disposal in the coastal beach
areas of Old Lyme, CT. The "Study Area" is defined in the report by Woodard & Cuiran
issued December, 2014,

STUDY AREA

The Study Area, shown in Figure ES-1, comprises the unsewered beach communities and
neighborhoods south of and along Route 156, between the previously sewered Point-O-
Woods neighborhood to the east, and the White Sand Beach neighborhood to the west.
On-site wastewater systems in the Study Area have been problematic for several decades,
as a result of many combinations of factors including aging systems, poorly draining
soils, soils that excessively drain with tidal movements, shallow groundwater, small lots,
and excessive development density. Based upon the results of individual wastewater
planning efforts by several of the chartered beach associations, it is clear that significant
on-site septic system challenges and pollution problems exist in the Study Area. Past
planning documents recommended that centralized solutions with off-site treatment and
disposal are needed due to those documented wastewater disposal limitations.

This will be referred to as the Study Area in this narrative.

The Town of Old Lyme, Connecticut "Study Area” is presently experiencing moderate
growth in population and full time housing density. The result of the increase in full time
house density is impacting conventional sewage disposal systems and impacting
groundwater quality resources for domestic water consumption in the "Study Area". The
net result of the pollution from the sanitary disposal systems has resulted in the
installation of water service to the "Study Area" to provide potable water to residents.
Water is now available in the "Study Area"; however, the groundwater continues to be
polluted by several different mechanisms of pollution transfer by the following:

1. "Cesspools" which contain organic solids, but are slow in digesting bacteria and
viruses, and chemicals due to anaerobic oxidation conditions in the structure.

2. Sanitary disposal systems undersized producing ineffective digestion of nitrate
products in effluent discharge.

3. Unknown broken sanitary disposal system components such as pipes and septic tanks
leaking raw sewage into the underlying aquifer.



4, The existence of a high groundwater table +/- 2 feet below ground elevation surface,
producing a shallow dry soil horizon for attenuation and absorption of pollutants before
coming in contact with the groundwater aquifer in the "Study Area".

The net result of this untreated sewage reaching the groundwater aquifer has placed the
"Study Area" under abatement orders by the DEEP Water Resource Unit, Presently
consent orders to abate the pollution through the use of sewers to dwellings have been
signed by Miami Beach Association, Old Colony Beach Club Association and Old Lyme
Shores Beach Association,

The associations plan to send the effluent to the New London sewage treatment plant in
cooperation with other regional town WPCAs. Presently, Point O' Woods has been
sewered and is sending effluent to the New London sewage treatment plant with
cooperation of East Lyme and Waterford,

The cost of sending sewage through a regional sewage treatment plant versus
consfructing an alternative plant in Old Lyme, Connecticut are well documented by
engineering studies completed by Fuss & O'Neill in 2010-2011 and Woodard & Curran
December 14, 2014. Summaries are provided in the appendix of this report,

A simple graphic economic model is proposed by the Town of Old Lyme Health
Department exhibiting the cost of an onsite small town sewage treatment plant in
comparison to a large regional plant serving many municipalities. The graphic is a "Life
use” diagram of maintenance and replacement values of the two sewage plants, The
numbers are "ballpark” cost numbers used frequently when preparing initial cost
estimates for construction projects, The chart is summarized as follows:

Independent Town Sewage Treatment Plant

1. Initial cost to build $8,000,000 for new plant. Cost to the Town with a 30% grant -
$5,600,000.

2. Life replacement in 20 years all components. At 15 year mark, replacement parts to
be phased in to reconstruct by year 20.

3. Total retrofit $6,000,000. Cost to the Town with a 30% grant - $5,880,000
$5,880,000/1 town = Cost $5,880,000 to the Town.

Regional Sewage Treatment Plant
1. Retrofit cost from previous cycle $18,000,000
2. Town signs in at year "0".

3. Life replacement of plant is 50 years with retrofits beginning in year 45 to meet 50
year replacement mark,



4, Replacement cost $15,000,000

Therefore, $15,000,000/5 municipal towns or agencies - $3,000,000 contribution by

each town - $3,000,000 < $5,880,000

5. In summary - 45 years Regional Plant
-13 vears Local Plant

30 years of deferred cost to accumulate money for the retrofit at 40

years for a regional plant

The Town of Old Lyme Health Department is presenting this very simplified economic
narrow view of expenditures. The review does not take into account natural disasters.
fluctuations in the financial market or government grants for replacement construction.
The model outlines a regional solution is more economical than a local plant. In
summary, as stated in the Fuss & O'Neill report and the Woodard & Curran study, the
regional alternative for sewage disposal is more cost effective than the local alternative

plan for sewage disposal.

Attachments:

Fuss & O'Neill Report - 2010-2011

Woodard & Curran Report - December 2014
Future Connecticut Water Company Expansion
Graph of Cost Replacement
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John T. Sieviec, ML.S.R.S.
Sanitarian, Town of Old Lyme, CT
Health Department

March 18, 2015
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3 FUSS& O'NEILL

The Centralized Sewer Alternatives have the lowest annual O&M costs because the wastewater
treatment and disposal costs are split among the numerous parcels connected to the New
London Wastewater Treatment Plant. This plant is carrently being evaluated for re-rating to
provide increased capacity for the upstream communities. The Decentralized Management
alternative includes a significant annual operation and maintenance cost because the systems
must be monitored, tested, and reported upon regularly to comply with the system design and
DEEP wastewater disposal regulations. The Small Community System costs include operation
and maintenance of a treatment plant and groundwater testing down gradient of a community
leaching system.

Table 1-2: Summary of Annual O&M Costs

a

Conventional Septic Systems None N/A N/A
Decentralized Management None $196,000 $420,000
Gravity Sewer $166,000 $356,000

Small Community System

$360,000
$1 85,900
$187,000

LowPressurs Seve

. Gravity Sewer
Centralized Sewer RO T

1.9.4 Summary of Life Cycle Costs

The summary of life cycle costs for Old Lyme Shores Beach Association is presented in Table
1-3. Tt compares all of the alternatives based on an annual project cost by apportioning the
construction cost over 20 years at 2% interest, with addition of the annual O&M costs. The
Srnall Compunity System has the highest life cycle cost followed by Decentralized
Management. Centralized Sewers are the lowest life cycle cost for the residents of OLSBA.

Table 1-3: Summary of Life Cycle Costs

Conventional Septic Systems Nonhe

Decentralized Management None
Gravity Sewer

Small Community System TN ST T
‘Low Pressure Sewer:

Gravity Sewer

Centralized Sewer A L
.Low Pressure Sew

20 Year Annual Life Cycle Cost shown as a per parce! cost for 192 sewer connections.
Costs includs 25% Clean Water Fund Grant monies for capital expenses.



FUSS & O’NEILL

A gravity sewer collection system with a central pump station carries a slightly lower capital
cost but lower annual O&M cost because all of the system maintenance occurs at a sigle
community pump station. This option is the preferced collection system method, but the
pump station would require land acquisition, flood control measures, backup power, and
approval from the local planning and zoning commission.

A low pressure sewer collection system has a lower capital cost but more expensive aunual
operations and maintenance (O&M) cost and slightly higher life cycle cost. Low pressuce
sewers also are generally not expandable to convey flows from surrounding areas.

Cost savings for this alternative may be achieved by connecting to the existing Point O’ Woods

. central pump station, instead of constimcting a separate force main along Route 156 to East
Lyme. The Point O’ Woods pump station would require capacity upgrades including larger
pumps, new control equipment, and a potential generaror upgrade.

1.10 Cost Sharing with Old Colony

To further reduce the overall capital costs, cost sharing with neighboring beach associations for
the transmission pipe from the shore line area to the sewer connection to the east should be
considered. Dividing the cost of a force main with Old Colony and/or Miami Beach has the
potential for significant savings. Table 1-4 summarizes the cost savings of sharing the Capital
Cost with Old Colony Beach Assocmtion.

Table 1-4: Summary of Capital Costs (Cost Sharing with Old Colony)

Conventional Septic Systems {No Cost Sharing) | None N/A N/A

Decentralized Management  {No Cost Sharing) | None $6,300,000 | $13,600,000
GrévitySewer $8,200,000 | $17,700,000

Small Community System  (No Cost Sharing)

Cow Pressure Sever || 58,700,000 | $18,500.000

Gravity Sewer $4,100,000 | .$9,400,000
| _sas00000 ] 310,306,000
Costs do not include 25% Clean Water Fund Grant monies for capital expenses.

Centralized Sewer

'Low Pressure Sewer

The savings are estimated at $670,000 to $2,170,000. If cost sharing of a parallel force main to
Point O Woods pipe along Route 156 was also necessary, an additional savings of $830,000 to
$1,800,000 is achievable.

2T GAP20I00 12100 A10\Report\OLS Report_R9.doc
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FUSS & O’NEILL

Conventional Septic Systems (No Cost Sharing) [ None

Decentralized Management  (NoCost Sharing) | None

. Gravity Sewer
Small Community System {No Cost Sharing) [~ mo oo
-Low Pressure Sew
) Gravity Sewer
Centralized Sewer
Low Pressure. Sewer.

Costs include 25% Clean Water Fund Grant monies for capital expenses.

Obtaining an off-road easement through a bird sanctuary east of Hatchetts Point Road also has
the potential to reduce costs by avoiding the railroad crossing expenses and time delays which
may be significant. This parcel deed is reportedly written to restrict use to conservation land
which may prevent construction of a sewer transmission pipe across it. However,
accommodations can be made to prevent further connection to the pipe by designating it as 2
transmission main. This alternative also would cross the tidal wetlands at the end of Three Mile
River which may pose permitting challenges, although the natural diversity database review
indicated sewer construction does not pose a 1isk to the local wildlife. Construction via
directional drilling is 2 potential solution to mitigate disturbance in the tidal wetlands area.

Annual O&M costs savings may be realized by contracting annual centralized sewer system
operations and maintenance for multiple (or all) of the shoreline beach communities with a
single management company.

With the construction of a sewer collection system, an opportunity also exists to upgrade some
of the existing utilities throughout the community. The public water system is an old, seasonal
system that is inadequately sized for current water demands during the summer and installed
above the frost elevation. In the winter, it is turned off and drained to prevent pipe freezing.
Connecticut Water expressed an interest in making improvements to the water system if 2
sewer collection system was constructed throughout the neighborhood because the cost of
surface restoration {(e.g. pavement repair, grass seed, etc.) can be shared between the projects.
A second opportunity could involve moving the existing overhead utilities such as electricity,
telephone, and cable system to nunderground conduits,

1.11 Implementation of Recommended
Wastewater Management Plan

The recommended plan should be coordinated to construct improvements in concert with
roadway improvements or other public works projects in the vicinity, in addition to the
priorities defined in the Needs Matrix. A proposed implementation schedule js presented in
Table 1-6,

GA\P2010\ 1210\ ALO\Report\OLS Report_R9.doc 9



FUSS & O'NEILL

Table 1-6: Implementation Schedule of Recommended WW Management Plan

Action Timeframe
Study and Recommend Wastewater Management Method Completed
Public Hearing November 2011
S;:grrgrlta\;\fastewater Facilities Plan for DEEP review, comment, and December 2011
Negotiate Sewer Tie In to Point O’ Woods Fall 2011 - Fall 2012
?f:g?ﬁi;?t ggst Sharing with Old Colony and other shorefront Fall 2041 — Fall 2012
Negotiate Sewer Capacity Reallocation from Dept. of Corrections Fall 2011 - Fall 2012
Negotiate Sewer Discharge to East Lyme Winter 2012 - Summer 2012
Design Centralized Sewer Extension Summer 2012 — Spring 2013
Permit Detailed Design Plans Spring 2013 — Winter 2013
Bid and Construct Centralized Sewer Extension Spring 2014 - Fall 2016

In summary, construction of a centralized sewer system will provide an effective long-term
wastewater management solution to the shoreline community and has the potential to improve
the ground and surface water quality of the waters of the State of Connecticut.
Implementation of the recommended plan includes significant efforts to negotiate with
multiple project stakeholders and anticipated lengthy project permitting due to the various
parties imvolved. The implementation schedule attempts to take these obstacles into account
and estimates a bidding and construction to start during the winter of 2013.

1.12 CEPA Consistency

The Connecticut Environmental Policy Act (CEPA) provides a framework for policy and
planning for administrative/programmatic actions and capital/ operational investment decisions
of state government.

These regulations:
¢  Address human resource needs and development,

¢ Balance economic growth with environmental protection and resource conservation
concerns, and

¢ Coordinate the functional planning activities of state agencies to accomplish long-term
effectiveness and economies i the expenditure of public funds.

CEPA requires state agencies to undertake a comprehensive evaluation of any application
action that might significantly affect the environment. The paragraphs below describe the
impacts to the environment of the recommended plan and the agency reviews which must be
received prior to implementation of the plan.

1.12.1 Coastal Area Management Program Cbnsistency

The recommended plan is generally expected to be consistent with the goals and requirements
of the Coastal Area Management (CAM) Program. The sewer extension option to cross the

GAP2010\ 1210\ A10\ Report\OLS Report, R9.doc 10
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Executive Summary

BACKGROUND

Leadership within Old Lyme recognizes that the Town, the-Water Pollution Control Authority (WPCA) and the public
all play important roles in addressing environmental challenges within their community. The Town has proactively
accepted the responsibility of developing a progressive solution (o the existing wastewater management challenges
along the Old Lyme coastline. This updated Coastal Wastewater Management Plan Report is a continuation and-
culmination of prior wark that the Town and chartered beach assoclates have completed and serves as an impartant
planning fool. This Report was developed through tremendous collaboration of multiple parties and presenfs a
comprehensive wastewater solution for specific areas of Old Lyme. It also serves as a guide fo navigating the

impiementation plan for the recommendations.

STUDY AREA

The Study Area, shown In Figure ES-1, comprises the unsewered beach communities and neighborhoods south of
and along Route 158, between the previously sewered Point-O-Woods neighborhcod fo the east, and the White
Sand Beach neighborhood fo the west. On-site wastewater systsms in the Study Area have been problematic for
several decades, as a fesult of many combinations of factors including aging systems, poorly draining soils, solls that
excessively drain with fidal movements, shallow groundwater, small lots, and excessive development density. Based
upon the results of individual wastewater planning efforts by several of the chartered beach assoclations, it is clear
that significant on-site sepfic system challenges and poliution problems exist in the Study Area. Past planning
documents recommended that centralized solutions with off-site treatment and disposal are needed due to those

documented wastewater disposal limitations.

PROJECT GOALS

In response to current on-sife wastewater management fimitations, recent Consent Orders, comments recelved from
CT-DEEP in response fo the Town's 2012 Prefiminary Study, public input, and the desire for a common solufion for
the Old Lyme coastal neighborhoods, the Town of Old Lyme refained Woodard & Curran to perform detailed
evaluations of local and regional wastewater management alternatives for the Study Area. This project, termed the
Coastal Wastewater Management Plan, focuses on the bafance of short-term and long-term wastewater
management needs within the Study Area, while considering wastewater infrastructure {collection, treatment,
disposat and reuse), operation and maintenance (O&M) costs, annual and lifecycle costs, as well as non-cost factors.
Non-cost factors include capacity allocafion, wastewater management goals, and implementation meastres to
support the Town’s current character and desire fo aveid future growtiy via sewer construction,

NEEDS ANLYSIS

The Study Area was divided Info thirteen Sub-Areas, as shown in Figure ES-1. In order fo evaluate and priorilize
wastewater management needs for the thirleen Sub-Areas, a wastewater management needs analysis was
conducted. Factors including lot size, soil permeability, density of development, nifrogen attenuation, coastal sea
lavel rise, groundwater conditions, water supply and age of seplic systems were used to priorifize wastewater

management needs. . ’

PROPOSED PROJECT AREA

The Sub-Areas with the greatest need for wastewater management solutions comprise fhe proposed High Needs
Sub-Areas. Table ES-1 lists the six Sub-Areas ideniified as High Needs Sub-Areas, including estimated equivalent
dwelling units (EDUs) and average daily flow for each Sub-Area. The High Needs Sub-Areas are also shown in

Figure ES-2.

Town of Old Lyme (226617) . - 1-1 Woodard & Curran
2014.12.19 Coastal Wastewater Management Plan.Docx, December 19, 2014
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ALTERNATIVES ANALYSIS

S5A - MiamiBeach 236 - 51,025
5B Hawks Nest Beach 269 57,289
6 Sound View Beach 229 - 45493
7 0id Colony Beach Club 218 - 43,867
'8 Old Lyme Shores Beach . 206 43,625

Wastewater management systerns are comprised of infrastfucture 6omponenis that generally -include collection,
freatment, disposal,-and sometimes reuse. Two different primary wastewater management alternatives {the Local

Alternative and the Regional Altemative) were developed and evaluated as part of the Coastal Wastewaler
Management Plan. The primary distinction behween the two alternalives Is that the Regional Altemative s predicated
on the use of the existing New London WPCF fo treat wastewater from the Project Area Sub-Areas, and the Local
Alternative relies upon the construction of a new treatment facility in Old Lyme, coupled with either local subsurface

disposal and reuse, or & new surface water discharge permit for hé Connecticut River. .

five was evaluated and the collection, freatment and disposah’reuée options

Each wastewater management alterna
able costs were developed. Table ES-2 summarizes the anticipated costs for

were summarized and estimates of prob

{he Local and Regional Altematives for the Project Area,

Collection $217,000
Treatment ~ $14,500,000 514,500,000 55,955,000 $532,000 $532,000 $76,000
$0 /A2 N/AZ N/AL
49T

2. Annua! Disposal and Reuse costs are incuded with Treatment O&3L

Regional Alternative ‘are significantly higher than those
onal alternative includes pump station, force main and
triggered by the proposed connestion. Howaver, the

Relafive to capital costs, the collection syster costs for the
for the Local Alfernatives. This Is primarily because the Reg

gravity sewer needs in East Lyme and Waterford that are
anficipated treatment costs are much lower for the Regional Alternafive than for the Local Alternatives, since new and

costly treatment systems are not required for the Regional Alternative. Overall, the Reglonal Alternative is
approximately $15M less than the Local Altematives. However, there is greater potential for major deferred capital
expenses for the Regional Alternatives. For example, New London has not developed a capital plan for their WPCF,
which would identify long term capital improvements for which Oid Lyme would be required fo contribute to in the
fulure: The same can be said for the extent of future capital needs in East Lyme and Waterford, which would also

require that Oid Lyme contribute o these costs.

1-2 ‘ Woodard & Curran

Town of Old Lyme (226617)
December 19, 2014
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With regard to annual O&M costs, we estimate that the annual O&M costs for the Local Altemnative are approximately
$340,000 more expensive than that for the Regional Aternafive. This cost differential could change depending in fhe
extent of external contract operations services utilized by the Town and beaches. We also note that Old Lyme has
less control over future escalations in annual O&M costs with the Regional Attemnafive. ‘

There were several non-cost factors that were considered by the Town in this evaluation. These include:

o Implementation of New Utility: Both the Local and Regional AJternaﬁvé includad the establishment of 2 new
wastewater utifity, thus presenting unique implementation challenges. Iniifal years for a new utiiity can be
difficult, as connections are being made, and systems are commissioned and connections are being made.

Control of Flow Allocations: To ensure a successful project and mest the commitment fo the new sewer

users, the Town of Old Lyme willl need fo manage the allocation of sewer flows, capital costs, and annual

costs, This will require active and continued participation from the Old Lyme Water Pollution Control
. Authority (WPCA) and an increased understanding of the various related factors.

RECOMMENDED PLAN

Despite the slightly higher annual O&M cost projections for the Regional Alternative, as well as the anficipated
deferred capital costs assoclated with. the Regional Altemative, the Regional Alternafive capital cost projection s
approximately $15M lower than the Local Alternatives for the Project area. This fs predicated upon a cooperafive
approach befween the Town and the chartered beach associations. This collaboration includes common pump
stationforce main sharing and sewering across/through’ municipal boundaries, which faclitates the maximization of
cost sharing. if the Town and the chartered beaches decided to connect to New London independently using muttiple
individual pump stations and force mains, the costs for the Regional Alternative would be much higher. Therefore,
based on the cooperative effor, as described, and endorsed by CT-DEEP, we recommend the Regional Altemative
be implemented. Figure ES-2 shows the regional altemative for the Project Area.

Woodard & Curran performed a cost analysis on the Regional Alternative to determine the net annual cost to the
property owners in the Project Area for both capital cost and debt service, Figure ES-3 summarizes the anficipated
project appropriations for each Sub-Area (Town managed and chartered beach areas), excluding the grant funds

(25%) anticipated from CT-DEEP.

IMPLEMENTATION PLAN _

There are four major elements of the 'lmplementaﬁon Plan for the Coastal Wastewater Management Projact. These
include: S '

‘1. management planning with-the Beach Communities,

2. fundingfﬁnanée considerations, _

3. continued public outreach and participation, and

4. management of the schedql‘e to complete ihz_a program,

Management Planning With the Beach Communities

The Town of Old Lyme and the Chartered Beach Communities have mads tremendous progress in positioning the
Coastal Wastewater Management Project for success. The parties have realized the power of collaboration and vill
realize significant cost savings through the implementation of a single unified program. Going forward, the
stakeholders will need to continue_to work together on the design elerents of the project. The team will work

collaboratively throughout the Project.

Town of Old Lyme {226617) 1-3 Woodard & Curran
2014.12.19 Coasta! Wastewaler Management Plan.Docx {12~ December 18, 2014
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Funding/Finance Considerations

The representatives of the Project Area understand that the Coastal Wastewater Management Project will be
self-funded, meaning that the users of the system will pay their pro-rata share of the project costs {on an EDU bass). .
The project will be implemented utilizing CT-DEEP Clean Water Funds, These funds reimburse the participant with a
grant for 55% of planning costs, and 25% of design and construction costs. The Town of Old Lyme (Sub-Areas 58, 6
and MTA-B) will appropriate funds for their respective share of the program while Miam! Beach (Sub-Area 5A), Old
Colony Beach {Sub-Area 7) and Old Lyme Shores {Sub-Area 8) have each already appropriated their respective

shares.
Public Outreach & Participation’

Public outreach and participation to date has been a key focus of the Town, the Oid Lyme WPCA, and the chartered
haaches. For example, the Town has had mare than 30 public meetings and informational sessions on the project fo
date. Public input has already had a positive impact In shaping the recommended plan. :

The Town and WPCA are committed to continuing to provide education and outreach opportunities as the Project is
implemented. The current schedule of public outreach includes (but will not be limited fo):

«  Public Informational Meeting — Winter/Spring 2015
«  Town Meeting/Referendum — Spring/Summer 2015
« . Design Public Meefing — Summer/Fall 2015

e Construction Public Meeting - Spring/Summer 2016
« Public Ribbon Cutfing - Summer 2019 -

Schedule to Complete the Program

Old Colony Beach Club and Old Lyme Shores Beach {Sub-Areas 7 aﬁd 8) have outstanding Consent Orders
requiring complation of construction by June 30, 2016. While we believe that the Town's Regional Alternative can be
implemented concurrently with the Beach Association projects, there vill need to be an adjustment by CT-DEEP to

the current Consent Order schedules.
We propose the following schedule milestones:
s Town Mesting (appropriation of project funds) - Spring/Surmmer 2015
» Design — Spring/Summer 2015 thru Spring 2016
«  Construction - Spring/Summer 2016 thru Winter 2018
. Cornm?ésioning, start-up and integration — Winter 2018 thru Summer/Fall 2018

Town of Old Lyme (226617) 14 Woodard & Curran
2014.12.19 Coastal Wastewater Management Plan.Docx -13- Decamber 19, 2014
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Addendum 1
Nitrogen Attenuation

In order to justify the use of a sewer to the beach areas, the capacity of the land to
renovate pollutants discharged is required to be investigated to protect the needs and
distribution areas to be sewered.

A typical small lot in the proposed sewer area was .10 of an acre with a three bedroom
sanitary disposal system. The analysis was taken in four parts. Example 1 - Nitrogen
Attenuation on Small Parcels Strong Sewage, Example 2 - Nitrogen Attenuation on Small
Parcels Light Sewerage, Minimal Parcel Size for a 3 Bedroom Dwelling to Maintain
10mg/liter Nitrate Standard for Drinking Water at 40mg/liter Sewage Concentration of
Nitrate, Pollutant Renovation - Pathogens, Viruses and Bacteria on Permeable Soils.
Outcomes are tabulated on the sheets. In sunimary, the small land parcel of .10 acres
cannot attenuate nitrates on site. The minimum lot size of permeable soil to attenuate
nitrates on a parcel is .6 acres to obtain a nitrate concentration of 10mg/liter to drinking
water standards, By observation, many of the lots in the proposed sewer areas are less
than .6 acres with more than there bedroom dwellings. The land is essentially saturated
to its capacity to attenuate pollution from the dwelling,

Additional Cost Data was copied out for review of maintenance and projected capital cost
and projected schedule of implementation of the sewer project. The information is
provided by the Town of Old Lyme Health Department as a planning tool for future land
use practices in new housing or commercial projects.

Attachments:

Example 1 - Nitrogen Attenuation on Small Parcels Strong Sewage

Example 2 - Nitrogen Attenuation on Small Parcels Light Sewerage

Minimal Parcel Size for a 3 Bedroom Dwelling to Maintain 10mg/liter Nitrate Standard
Pollutant Renovation - Pathogens, Viruses and Bacteria on Permeable Soils

Fuss & O'Neill Regional Wastewater Map and Cost Data

RFP Engineering LLC Preliminary Opinion of Capital Costs

Submitted by,

r; I o i@ ) , .
/'}’Jg/\/u T --‘j,/,..-iﬁmm_giwz;_,. f/EL T KL
£

. 1 .

John T. Sieviee, M.S.R.S.
Sanitarian, Town of Old Lyme, CT
Health Department

March 24, 2015
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Addendum 2
Renovation of Pathogen, Viruses and Bacteria at White Sands Beach

White Sands Beach area, at present, has been removed from the list of areas to be sewered from
the current proposed sewer construction. The area has been removed because some of the
parcels can support an on site code complying sanitary disposal system, however, some of the
smaller lots, as exhibited in Figure A, have limited area for any sanitary disposal system on site.
The small size lots do not have enough area to dilute pollution form a leaching system. The
following example is for renovation of pathogen, viruses and bacteria on a small lot,
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Beach and Sound View Beach have lot areas smaller than 0.19 acres, suggesting that most likely these two
Sub-Areas do not meet the minimum estimated required lot area with or without an onsite well. As shown in
Table 2-4, houses in adjacent parcels also have a minimum separation distance of 15 feet from subsurface sewage

disposal systems.
Figure 2-3: Estimated Minimum Subsurface Disposal System Setbacks for CT-DPH Compliance

Est. Min. Property Line with weli(®)

e e A e e s S e R —— T T T T T
1
|
1 —
1 =
: 15~ 25 fti? e,
E =
- —t
— & / £3t. Min, Property Line w
= Leaching without well g
=i
ok Field ‘-@ £
= 15ftx 20 ft 75 e =
e Water 5
- I
H Septic Tank S\ﬁ)ﬁ:y =
2 — Bftx8ft € 7
5 151t i
= ¥ £
Zle ! E
o LT
i R Building Served ! o
= ) 20ftx 30t ‘ ' Est.Min. Reqd.
g ESt_' {i“z;”';}t | LotArea with
o Y Aregi3i> 192 : Well3% s> 0.70
' 201t Acres= 8,276 10 t  Acres = 30,625t
!

-

1, 15 1t if property fine is upgradient or on sides of leaching field, 25 ft is downgradient
2. 75 ft for withdrawal rafe of less than 10 gpm, 150 & for 10 fo 50 gpm, or 200 f for greater than 50°gpm.

3. Assuming square lols.
4. Assuming minimum setbacks (75+75+15+10 = 175 f). .
5. Minimum lof size necessary for fotal nifrogen concentration af propery fine of less than 10 mg/L.

Age of septic system construction were provided by the Town sanitarian for four Sub-Areas, incliding White Sand
Beach, Hawks Nest Beach, Sound View Baach, and Miscellaneous Town Area B. Table 2-5 summarizes the percent
of septic systems in each of these four Sub-Areas that were constructed prior to 1880. Septic systems built prior fo
1980 typically were not designed to meet long term acceptance rates {LTAR). Therefore, on-site wastewater disposal
systems built before 1980 have a very high likelihoed of faiture due to insufficient soil porosity or loss of acceptance
over lime, and dus to-the lack of design and construction confrols placed on these systems prior to this date. The
significance of this date is that prior fo 1980 there were rules pertaining to the design and gonstruction monitoring of
onsite wastewater disposal systems, but these requirements were significantly less stringent and enforcement by the
State Department of Public Health was inefiective.

Table 2-5 shows that the fraction of septic systems constructed before 1980 in White Sand Beach is approximately
one quarter less than that of Sound View Beach and Miscellaneous Town Area B, and half than that of Hawks Nest
Beach. Of these four Sub-Areas, White Sand Beach has the smallest fraction of sepfic systems which may nof meet

Town of Old Lyme (226617) 2.8 Woodard & Curran
2014.12.19 Coastal Wastewater Management Plan.Docx  _og _ : December 19, 2014



FUSS& O'NFEILL

Figure 0-3:
Regional Wastewater Map
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Buy-in costs to share and upgrade (where needed) the existing wastewater infrastructure are issues that
are currently being resolved. During design of the recomnmended combined alternative, these issues will
be negotiated with terms detailed in future agreements between the applicable stakeholding parties.

Wastewater flows from each community are envisioned to be measured via magnetic flow meters
installed at the dischatge of each pump station. The recorded flow measurements would be used as the
basis for determining sewer use fees for each community to pay for O&M to downstream communities
to convey and treat the wastewater, and intra-association infrastructure O&M.

GAP20104 12100 A 10\ Report\Joint Regort Addendum_R1.Docx
Corres,
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FUSS& O’NEILL

6) Implementation Plan

The implementation plan for the joint recommended plan has been created and shared activities have
already been coordinated between OCBC and OLSBA to eliminate duplication of effort. ‘The schedule
is presented below as Table 0-4.

Table 0-4: Overall Schedule including Clean Water Funding Program
{Updated: June 2012)

Planning Phase (55% Grant) - Wastewater Facilities Planning Report Projected
Completion Date
¢ Submit CWF Amendment 3 for Reimbursement February 2012
» Amend Facilities Plans and Issue Shared Plan June 2012
o Adopt Recommended Plan . July 2012 (OC)/August 2012 (OLSBA)
s  Schedule Meetings with East Lyme, Waterford, New London February 2012 — June 2012
*  Obtain Bond for 100% of Project Cost August 2012

o Bond allows short term borrowing
o Shott term loan interest starts incurring

*  Negotiate Intermunicipal Agreements (up to 3) March 2012 - December 2012
e Prepare Application for DEEP Grants/Loans August 2012 — September 2012
»  Submit CWF Application to DEEP September 2012

Design Phase (25% Grant Funding)

¢ Preliminary & Detailed Design - 7 to 12 Months September 2012 — August 2013

o Aerial Photogrammetry

o Survey
o Subsutface Exploration
o Design
o Lateral Location Forms
o Permitting

e Submit 90% Design for DEEP Review - 1 Month September 2013
e Finalize Design with DEEP Review Commnents - | Month October 2013
*  Bid Project for Construction - 4 Months February 2014

Construction Phase (25% Grant Funding)
e DEEP Approves Funding Application March 2014
o DEEP releases reimbursement money for the Design Phase
o Close out bond
o DEEP reimburses construction costs monthly
* Project Constmction begins March 2014
*  Project construction ends - 18 months September 2015

State Clean Water Funding Loan Closing

¢ Close loan at the completion of project - within 12 months September 2016
Levy Benefit Assessments to Repay CWFE Loans October 2015 - October 2016
-28-
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FUSS& O’NEILL

A conservative estimated annual O&M cost for a centralized sewer system with discharge directly to
Fast Lyme has been updated in Table 0-11 below.

Table 0-11:
Estimated Annual O&M Cost for Centralized Sewer System to East Lyme
Gravity
O&M COSTS (2012) Sewers
Contract Operation Fes $10,000
Annual Payment to East Lyme for flow treatment at New London WPCF(" $25,000
Annual Payment to Point O' Woods for shared pump station cost®® $0
Grinder pump equipment short lived asset account™ $0
Gas and oil for generator(s) $200
General Engineering/Legal $2,000
Audit $500
Discretionary Fund $500
Odor Control $20,000
Short fived asset account (Reserve for capital non-recccurring) $10,000
State fees $300
Billing & Collection $5,000
Annual Q&M Cost (Rounded) $74,000

1) Based on an assumed $5/1000 galions of w astewater
2) Based on an assumsd $5/1000 gallons of w astewater
3) Based oni=4%, {=20 years, A/=-$100,000

4) Based on $40 per Grinder Purrp peryear

of discharging directly to East Lyme.

-29-
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The costs to extend a shared force main to Point O’ Woods POW) and then upgrade the POW pump
station for the increased flow rate were evaluated from a shared project perspective. The life cycle cost
of connecting to the POW systemn appears to be more expensive than a connection directly to the East
Lyme sewer systemn. This is based on projected additional sewer user fees POW would charge OCBC
and OLSBA, POW pump station upgrade costs, one time infrastructure buy-in fee, and ongoing sharing
of O&M costs. The life cycle cost comparison in Table 0-12 summarizes the estimated 20-year savings




FUSS & O’NEILL

Table 0-12: Life Cycle Cost of Alternatives

Estimated 20-Year Annual Life Cycle Cost Summary
for a Centralized Sewer System with Gravity Sewers

(costs per EDU)
Discharge Location OLSBA QCBC
{-30% to +50%) (-30% to +50%)
Point O Woods $1,400 to $2,300 $1,100 to $1,800
East Lyme $1,200 to $2,200 $1,000 to $1,700

Includes one fime capital cost annualized over 20 yaars at 2% interest plus 20 years of annual O¥M at 3% inflation.

Estimated 20-Year Total Life Cycle Cost Summary
for a Cenfralized Sewer System with Gravity Sewers

{costs per EDU)
Discharge Location OLSBA QCcBC
{-30% to +50%) (-30% to +50%)
Point O' Woods $35,300 to $57,200 $28,700 to $45,200
East Lyme $30,700 to $53,800 $24,600 to $42,300

Includes one fime capital cost with 20 year/2% loan inlerest plus 20 years of annual O+Mat 3% inflation.

Estimated 20-Year Total Life Cycle Cost Summary

Discharge Location OLSBA OCBC
(-30% ta +50%) {-30% to +50%)
Point O' Woods $8,784,000 to $10,974,000{ $6,237,000 to $9,804,000
East Lyme $5,889,000 to $10,346,000| $5,343,000 to $9,176,000

Includes ene time capital cost with 20 year/2% loan interest plus 20 years of annual G+M at 3% inflation.

=-30-
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3 FUSS & O'NEILL

Table 0-14
ORDER OF MAGNITUDE OPINION OF COST SHEET: 10F1
PROJECT: WASTEWATER FACILITIES PLANNING FUSS&O’NEILL  [oATE 0510312
LOCATION: OLD LYME SHORES BEACH ASSOCIATION Disciplines to Deliver ESTWATOR MV
DESCRIPTION:  Gravity Sewer Collection System in OLSBA Study Area CHECKED BY: KAN
PROJECT NO.. 2010.1210.A10
Since Fuss & O'Nedl has no conteol over the cost of labor, malerials, equipment or sefvices furnished by others, or over the Contractor{s)’
methods of determining prices, or over corpetitive bidding or market conditions, Fuss & O'Neill's opinion of probable Total Froject Costs
and Construction Cost are made on the basis of Fuss & O'Neill's experience and qualifications and represent Fuss & O'Neil's best
judgment as an experisnced and qualified professional engineer, familiar with the construction industry; but Fuss & O'Neil cannat and doed
not guarantes that proposals, bids or actual Total Project or Construction Costs will not vary fromopinions of probable cost prepared by
Fuss & O'Nefll. i prior to the bidding or negotialing Phase the Ow ner wishes greater assurance as to Total Project or Construction Costs,
the Ow ner shall erploy an independent cost estimator.
NUM. COST
ITEM DESCRIPTION UNITS OF PER .Eogg.llf
UNITS UNIT
8-inch Gravity Sewer FT 10,800 $85 $918,000
6-inch Force Main, Cleanouts and Vahe Chambers FT 2,220 $75 $166,500
6-inch Sendce Connection FT | 3,840 $50 $192,000
Sanitary Sewer Manhole EA 36 $4,000 $144,000
OLSBA Municipal Pump Station EA 1 $500,000 $500,000
Purnp Station Land Easement EA 1 $25,000 $25,000
Rock Excavation M°te ! cY | 1,700 $90 $153,000
Consfruction Mobilization LS 1 $50,000 $50,000
Temporary Bituminous Pavement Repair (Association Road) LF 12,400 $13 $161,200
Mill and Overlay (Association Road) N°'®? SY | 14,400 $17 $244,800
Temporary Bituminous Pavement Repair (State Road) M°'¢3 LF 35 $15 $525
Permanent Bituminous Pavement Repair (State Road) N°'®® LF 35 $20 $700
Mill & Overlay (State Road) N°t®3 SY 100 $50 $5,000
TOTAL CONSTRUCTION COST _ $2,570,000
SUBTOTAL $2,570,000
TOTAL COST (-15% TO +30% ROUNDED) $2,190,000 TO $3,350,000

Notes:

1} Assume 1 feat of rock excavation fer gravity pipe trenches and no rock excavation for pump station or force main

2} Based on 24' wideroad

3} Assume State Road full travellane Pavement Mill + Overlay with Traffic Control Included

3) Assumas one crossing of Route 166 and pipes o connect northerly streets will be installed in the state road shoulder. Assume State Road
crossingis Paverrent Mll + Overlay. Includes traffic protection.

4} Assume pump station easement negotiation to include w aived assessment for property - value $25,000

GAI2010\1210\A 10\ Report\Joint Report Addendum_R1.Docx
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FUSS & O’NEILL

Table 0-15
ORDER OF MAGNITUDE OPINION OF COST SHEET: 10F1
PROJECT: WASTEWATER FACILITIES PLANNING FUSS&O’NEILL [BaTE 05/03/12
LOCATION.  Oul Colony Beach Club ; Discipline; to Deliver ESTIMATOR: MVIS
DESCRIPTION.  Gravity Sewer Collection System in OCBC Study Area CHECKED BY: KAM
PROJECT NO.. 2010.1210.A10

Tnce Fuss & O'Nel Nas 1o control over the cost of Jabar, materials, equipment or services furnished by others, or over tha Conlractor(s)’
methods of determining prices, or over compelitive bidding or market conditions, Fuss & O'Neilfs opinion of probable Tetal Project Costs
and Constirugtion Cost are made on the basis of Fuss & O'Neiifs experience and gualfications and represent Fuss & O'iNefi's best
judgment as an experienced and qualifisd professional engineer, fariliar w ith the construction industry; but Fuss & O'Neill cannot and doeg
not guarantee that proposals, bids or actual Total Project or Construction Costs will not vary fremopinions of probable cost prepared by
Fuss & O'Neli. I prior to the bidding or negetiating Phase the Ow ner wishes greater assurance as to Total Project or Construction Costs,
the Ow ner shall enploy an independent cost estimator.

NUM. COST
ITEM DESCRIPTION UNITS OF PER EOJQTIT

UNITS UNIT
8-inch Gravty Sewer FT 7,600 $85 $646,000
B-inch Force Main, Cleanouts and Valve Chambers FT 1,800 75 $135,000
B-inch Senice Connection FT 4,500 $50 $225,000
Sanitary Sewer Manhole EA 25 $4,000 $101,333
QOCBA Municipal Pump Station . EA 1 $500,000 $500,000
Pump Station Land Easement EA 1 $256,000 $25,000
Rock Excavation N9 ! cyY 0 $90 %0
Construction Mobilization s | 1 $50,000 $50,000
Temporary Bituminous Pavement Repair {Association Road) LF 9,200 $13 $119,600
Mill and Overlay (Association Road) No® 2 sy | 10,200 $17 $173,400
Temporary Bituminous Pavement Repair (State Road) Note 3 L.F 0 $15 $0
Permanent Bituminous Pavement Repair (State Road) Mo ® LF 0 $20 $0
Mill & Overlay (State Road) N'¢3 sY 0 $50 $0
TOTAL CONSTRUCTICON COST $1,980,000
SUBTOTAL B $1,980,000

TOTAL COST (-16% TO +30% ROUNDED) $1,690,000 TO $2,580,000

Notes: .
1) Assume 1 featof rock excavation for gravity pipe trenches and norock excavation for purmp station or force main

23 Based on 24' w ide road

3) Assume State Road full travel lane Pavement MS + Overiay w ith Traffic Control included

3) Assumes one crossing of Route 166 ard pipes to connect northerty streats wiil beinstalled in the state road shoulder. Assume State Road
crossingis Pavermant Ml + Overlay, Includes traffic protection.

4) Assume pump station easement negotiation to include w aived assessment for property - value $25,000

-32-
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FUSS& O’NEILL

Table 0-16
ORDER OF MAGNITUDE OPINICN OF COST , SHEET: 10F1
PROJECT.  WASTEWATER FACLITIES PLANNNG FUSS&O'NEILL [DATE 06211
LOCATION:  OLD LYME SHORES BEACH ASSOCATION Discipline: to Deliver ESTMATOR MV
DESCRFTION: Force Main Crossing Rail Corridor from OLSBA to East Lyme CHECKED BY:
PROJECT NO.. 2010.1210.A10
Since Fuss & Oeill has no control over the cost of labor, materials, equiprent or services furnished by others, or over fhe Contractor(s
methods of deternining prices, or over competitive bidding or market conditions, Fuss & O'Neilfs opinion of probable Total Project Costs
and Construction Cost are made on the basis of Fuss & O'Neill's experience and qualifications and represent Fuss & O'Neifi's best
judgment as an experienced and qualified professional engineer, familiar w ith the construction industry; but Fuss & O'Neil cannot and do
not guarantee that proposals, bids or actual Total Project or Construction Costs w ill not vary from opinions of probable cost prepared by
Fuss & O'Neik. If prior to the bidding or negoliating Fhase the Ow ner wishes greater assurance as to Total Project or Construction Costy
the Ow ner shall employ an independent cosl estimator.
NUM. COsT
ITEM DESCRIPTION UNITS OF PER 'I(”:OOTQ.Ir_
UNITS UNIT
6-inch Force Main, Cleanouts and Valve Chambers FT | 13,000 $85; $1,105,000
OLSBA Pump Station Pump Size Increase EA 1 $60,000 $60,000
Rock Excavation Note ! cY 722 $90 $65,000
Temporary Bituminous Pavement Repalr (State Road) N°'° ? LF | 13,000 $15 $195,000
Permanent Biluminous Pavement Repalr (State Road) "*° 2 LF | 13,000 $20 $260,000
Mill & Overlay (State Road) Note 2 SY 17,400 $50 $870,000
Stream Crossing EA 4 $30,000.00} $120,000
East Lyme Sewer Connection Fee "°t¢3 ALL 0 $1,000,000 $0
Railroad Bridge Crossing Premium N°t¢4 ALL i $200,000 $200,000
TOTAL CONSTRUCTION COST $2,880,000
SUBTOTAL $2,880,000
TOTAL COST {-15% TO +30% ROUNDED) $2,450,000 TO $3,750.000
Notes:

1) Rock Excavation Assumed

2) Assurme Stale Road full ravellane Pavement Ml + Overlay. includes traffic control,

3) Assumes no East Lyme Sew er Connection Fee
4) Assume significant Railroad and DOT w orkrestrictions
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G:AP2010\ 1210\ A L0\ Reportyjoint Report Addendum_RI.Doex
Corres.




FUSS& O’NEILL

Table 0-17
ORDER OF MAGNITUDE OPINION OF COST SHEET: 1 OF 1
PROJECT.  WASTEWATER FACRITIES FLANNING FUSS& O’NEILL [6ATE 05/03/12
LOCATION,  OLD LYME SHORES BEACH ASSOCIATION Disciplines to Deliver ESTMATOR: M
DESCRPTION: Force Main Crossing Rail Corridor from OLSBA to Point O' Woods | CHECKED BY:
PROJECT NO. 2010.1210.A10

Since Fuss & Otiell has no control over the cost of kabor, materials, equipment or services furnished by others, or over the Contractor(y
mathods of determining prices, or over competifive bidding or market conditions, Fuss & O'Nellfs opinion of probable Total Froject Costs
and Conslruction Cost are made on the basis of Fuss & O'Neilfs experience and qualifications and represent Fuss & O'Neifs best

judgment as an experienced and quaiified professional engineer, familiar with the construction industry; but Fuss & O'Neill cannot and do
not guarantee that propasas, bids or actual Totat Project or Censtrugtion Costs w ill not vary from opinions of probable cost prepared by
Fuss & O'Neffl. If prior to the bidding or negotiating Phase the Ow ner wishes greater assurance as o Total Project or Construction Costg
the Ow ner shall employ an independent cost estimator,

NUM. COST
ITEM DESCRIPTION UNITS QF PER L%rg#

UNITS UNIT
6-inch Force Main, Cleanouts and Valve Chambers FT 6,084 $75 $456,300
Rock Excavation ot 1 cY 550 $30 $49,500
Temporary Bituminous Pavement Repair (State Road) N°t® 2 LF 5,484 $15|  $82,260
Permanent Bituminous Pavement Repair (State Road) N°'® 2 LF | 5,484 $20 $109,680
Mill & Overlay (State Road) Net° 2 SY | 7,400 $50 $370,000
Stream Crossing EA 2 $30,000 $60,000
East Lyme Sewer Connection Fee Note3 ALL 0 $1,000,000 $0
Railroad Bridge Crossing Premium Noe 4 ALL 1 $200,000 $200,000
POW Pump Station Upgrade LS 1 $200,000 $200,000
Point O' Woods Connection Fee Nete® ALL 1 $909,091 $909,081
TOTAL CONSTRUCTION COST $2,440,060
SUBTOTAL $2,440,000
TOTAL COST (-15% TO +30% ROUNDED) $2,080,000 TO $3,180,000

MNotes:

1) Rock Excavation Assumed

2) Assums State Road fulf travellane Pavement Mili + Overlay. Includes traffic protection.
3) Assumes no East Lyme Sewr er Connection fFee

4) Assume significant Railroad and DOT w ork restrictions

) Cost does not include collection systempiping

8) Connection Fee has not yetbeen negotiatedw ith Foint O' Woods and may vary.
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FUSS& O’NEILL

Table 0-18
ORDER OF MAGNITUDE OPINION OF COST SHEET: 10F1
FROJECT,  WASTEWATER FACKITIES PLANNNG FUSS&O’NEILL [oaTe 0671211
LOCATION:  OLD LYME SHORES BEACH ASSOCIATION Disciplines to Deliver ESTMATOR: T

DESCRIPTICN:; Off Road Sewer Construction with Directional Drill under Tidal CHECKED BY:

Wetlands to Point O' Woods PROJECT NO.. 2010.1210.A10
Since Fuss & Oell has no control over the cosi of labor, materfals, equipment or services furnished by olers, or over e Conbracton(s
methods of determining prices, or over competilive bidding or market conditions, Fuss & O'Neilfs opinicn of probable Total Froject Costs
ang Construction Cost are imade on the basis of Fuss & O'Neilfs experiance and qualifications and represent Fuss & O'Neili's best
judgment as an experienced and quafified professional engineer, famifiar v ith the construction industry; but Fuss & O'Neil cannot and do
not guaraniee that proposals, bids or aciual Total Project or Construction Costs w il not vary fromopinions of probable cost preparad by
Fuss & O'Neill. if prior {o the bidding or negotiating Phase the Ow ner wishes greater assurance as to Total Project or Construction Costﬂ
the Gw ner shall empby an independent cost estimator.

NUM,. COST
ITEM DESCRIPTION UNITS OF PER chgg"?

UNITS UNIT
6-inch Force Main, Cleanouts and Valve Chambers FT 4,550 $75 $341,250
Directional Drilling Vot 1 LF | 1,250 $400|  $500,000
Rock Excavation N°t° 2 CY | 15,000 $90] $1,350,000
Private Property Sewer Easements SY |10,000 $10 $100,000
Temporary Bituminous Pavement Repair (Town & POW Roead) LF 700 $13 $9,100
Mill and Overlay (Town & POW Road) Noi* 3 SY | 2,000 $17 $34.000
Temporary Bituminous Pavement Repair (State Road) Note 4 LF 1,600 $15 $24,000
Permanent Bituminous Pavement Repair (State Road) N LF 1,600 $20 $32,000
Mill & Overlay (State Road) Note 4 SY | 2,200 $50]  $110,000
Stream Crossing EA 1 $30,000 $30,000
East Lyme Sewer Connection Fee Note 5 ALL 0 $1,000,000 $0
POW Pump Station Upgrade LS 1 $200,000 $200,000
Point O' Woods Connection Fee Noe7 ALL 1 $909,0H1 $909,091
TOTAL CONSTRUCTION COST $3,640,000
SUBTOTAL $3,640,000
TOTAL COST [-15% TO +30% ROUNDED) $3,100,000 TO $4,740,000

Notes:

1) Based on past w ork experience. Actud soilcondilions may change price.

2) Rock Excavation Assumed

3) Based on 12 ftwideroad

4) Assume State Road is Pavement Ml + Overlay. hcludes traffic protection.

5) Assumes no East Lyme Saw er Connection Fee

6) Cost does not include collecticn piping

7) Connection Fee has not yet bean negotiated w ith Foint O" Woods and may vary.
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TABLE 7.2.1.1

PRELIMINARY OPINION OF CAPITAL COSTS

SANITARY SEWERS WIT] DISCITARGE TO POINT O'WOORS
The Old Colony Beach Club Association
Oid Lyme, CT
Qctober 19, 2011

November 2011 January 2016
Costs Costs

Construction Cost - Sewer $3.856.113 54,257,461
15% Contingency $578,417 $638.619
Technical Services - Design & Consteuetion'? $771.223 $851.492
legal & Administrative'™ $192.806 $212,873
Short Term Interest™ $330.435 $364,827
Technica! Services During Negotiations $25.000 $27.602
Legal and Administrative Services During Negotiations (3%) £50.000 55,204
TOTAL DESIGN & CONSTRUCTION COST: $5,803,994 $6,408,078
DEP Grant (81,301.,438) ($1.370.902)
ESTIMATED NET LOCAL SHARE - SEWER: $4,502,555 $5,037,176
Number of EDU™s Served 247 217
NET COST PER EDU - SEWER: $20,749 523,213
ANNUAL COST PER EDU - SEWER™: $1,290 $1,442

NOTES:
{13 Al costs developed in 2011 dollars and indexed to year of construction dollars alan annual rate of 2%,
{23 Does not iuclude cost of gravily service conneclions from huilding o sewet n stret
{this vost 1o be paid by homeawner).
Average cannectivn gost estimated ta be $2.5(K1- §3,00 per recent experience in POW,
(3) 5% Contingency used for 2011 estimate. Contingenuy w0 be reduced to 10% following design, and % following bid opening
{4) Technicul Serviees During Design and Canstruetion estimated (2 20% of construgtion for planning purposes.
Secvices include engineering desiyn, fopogruphiv suevey. test borings, bid & award services, contract administration and
resident inspection services
(5) Legal and Adnunisirative Costs esamated G2 5% of construction cost - Services include Bond Counsel costs und miscellancous
lezal and administrative costs during design and constraction of the projeet.
(6} Shori term interest caleulated at 2% per year hy nssuming borrewing halt'ef the total amuunt over thy entire project duration ¢h years)
{7} Annualcost per EDU is aver a Y0-year period al un amual inkerest rate of 2%,

37 RFP Engineering, LLC



The Old Colony Beach Club Association Wastewater Management Plan

Old Colony Beach’s user fee should be comprised of four elements:

The fees charged by Fasl Lyme to discharge lo its wastewater

collection system;

¢ The fees charged by Point (’Woods to utilize a portion of its
wastewater collection systeny;

¢ The day-to-day costs incurred by Old Colony Beach to operate and
mainlain ils wastewater collection system; and

» A sinking fund to establish & reserve (o pay for the cost to replace

equipiment.

As a point of relerence, Point (’Woods presently charges it’s users a flat
fee of $200/year for Q&M of its wastewatcr collection system, This fee includes
charges il receives from the Town of East Lyme to discharge to its collection
system as well as cosls to operate, maintain, and administer its own collection
system. 1t should be noted, however, that Point O’ Woeods system has only been in
operation since June of 2010 and they do not yet have a solid handle on their
operating costs; consequently, the figure cited above is likely to change (either up
or down) as time goes by and more cost data becomes known. Regardless,
because Old Colony Beach would be a user of Point O Woods’ system, which in
turt) is a user of East Lyme’s system, Old Colony Beach should anticipate that its
fee should be equal to the fee charged by Point O°Woods plus the cost (o operate
and maintain Old Colony Beach’s system. Terms and conditions for the payment
of Q&M fees to both Point O°Woods and East Lyme would be spelled out in the
respective intermunicipal agreements with Old Colony Beach. The estimated
costs for O&M ol the Old Colony Beach sewer system are given in Table 7.2,2.1,
Under the recommended alternative, the cost per equivalent dwelling unit (EDU)

is estimated to be $311 annually for O&M costs.

RFP Engineering, LLC 7-5 Financial Analysis
-38-



The Old Colony Beach Club Association Wastewater Management Plan

powecr for the proposed pinnp station, costs for fuel and chemicals that are expended, and
contracted scrvices for system O&M,. The annual O&M cost associaled solely with the
Old Colony Beach sewer system is estimated to be $110 per building. Note that thesc

charges are estimated in 2011 dollars and may differ somewhat (rom [uture costs,

It is projected that each single-family housc will pay a total of $310 annually for

O&M costs.

7.5 Average Connection Cost

Propetties would be required to pay the cost of connecting their house (o the
lateral sewer in the street. The projected average cost of a building connection has been
estimated at $2,500 to $5,000 per connection per recent experience in Point O"Woods.
The actual cost would vary and depend on such factors as the presence of bedrock, high

groundwater, ex(ensive landscaping, etc.

7.6  Summary of Loeal Costs

The average annual sewer assessiment (capital costs) is estimated to be $1,442 per
building scrved. The average annual user fcc (O&M costs) is estimated to be $310 per
building served. Adding these costs results in a total cstimated average annual cost for a

singte-family dwelling unit of $1,752.

7.7  Financial Capability

Old Colony Beach should consult its charter lo determine if there are any limits

on the amount that it may borrow. To qualify for Clean Water Funds, Old Colony Beach

RFP Engineering, LLC 7-11 Finanecial Analysis
-39~



TABLE 7.2,2.1

ESTIMATE OF O&M COSTS FOR SEWER USERS

O1d Colony Beach Club Association

Old Lyme, Connecticut

October 2011

CONNECTING TO THE POINT O' WOODS SEWER SYSTEM"

(Recommended Alternative)

Item Annual Cost
1. Existing Point O'Woods Sewer User Fee $200
2. New Sewer User Fee ? $111
{Old Colonry Beach O&M Only Costs)
Total Annual Cost per EDU ©; $311

Noles:
1. All casts in 2011 dollars.

2. Includes costs for Q&M Contractor, Power, Techical, Admin. and sinking fund
as indieated below exclusive to Old Celony Beach Clulr Asseclation.
3. Based on 217 EDU's. This figure reflects the estimated number af initial units to

be served by the proposed sewer system,

Item

0O&M Contractor
Power & Chemicals
Technical

Sinking Fund
Admin

Misc.
Total

Cost Per Building Served

—40-

$10,000
$5,000
$2.500
$2,500
$2,000
$2,000
$24,000
3111

RFP Engineering, LLC



CONSTRUCTION COST ESTIMATE

Dale 16-Cct-11

Project: Old Coiony Beach Waswtewater Management Plan

Description COLLECTION SYSTEM WITHIN OLD COLONY BEACH
{ ALL COSTS ARE IN 2011 DOLLARS |

EST. UNIT
ITEM UNIT QTY PRICE TOTAL

Gravity Sewer - Local Roads

6" PVC LF 6,000 $50 $300.060

8" PVC LF 6,237 $75 §467.775

10" PVC LF 700 %85 359,500

12" PVC LF 3100 30
Force Main - Local Roads

3" 0P LF 550 %0

4" 0iP LF 365 20

6" DIP LF 380 $0
Force Main - Stale Roads

3" 0IP LF $60 S0

4" DIP LF $75 $0

6" OiP LF $100 %0
Tea/Wye EA 225 $300 $67.500
Manholes

Gravity EA 33 $3.000 $49.00C

Force Main EA $4,500 30
Pumping Stalions EA 1 $400,000 $400,000

Site Acquisition LS 30
RR Crossings

Jacking LS $150,000 30

Trenching LS 325,000 30
Stream/River Crossing

LS 30,000 %0

RFP Englnzt:alrlng, LLC Page 1 of2




EST. UNIT

ITEM UNIT QTY PRICE TOTAL
Bituminous Pavemaert
State Temp sY $20 $0
State Perm sY $12 %0
Local Temp SY 4,518 59 540,662
Local Perm SY 19,567 312 $234.804
Rock Removal
Mechanical cY 5250 50
Blasting cyY 3125 30
Maintenance and Protection of Traffic
ALLOW 1 30
Subtotal $1,669,241
Contingency {(@15%). $250.388
Total Estimated Cost: $1,919,627

RFP Engineering, LLC
=42+




CONSTRUCTION COST ESTIMATE

REP Engineering, LLC

-

Date: Qctober 16, 2011

Project: Old Colony Beach Waswtewater Management Plan

Description: CONNECTION TQ EAST LYME SEWER SYSTEM
N ALL COSTS ARE IN 2011 DOLLARS ]

EST. UNIT
ITEM UNIT QTy PRICE TOTAL

Gravity Sewer - Local Roads

8" PVC LF 6,000 $50 $300.000

8" PVC LF 6,237 $75 $467.775

10" PVC LF 700 £85 $69.500

12" PVC LF $100 30
Force Main - Local Roads

3 DIP LF 350 S0

4" DIP LF 1,000 365 65,000

6" DIP LF $80 $0
Force Main - Slale Roads

3 DIP LF $60 30

4" DIP LF 12,400 $75 $930.000

8" OIP LF 3100 30
TeelWye EA 225 $300 $67.500
Manholes

Gravity EA 33 $£3,000 %99.000

Force Main EA 5 $4.500 $22.500
Purnping Stations EA 2 $400.000 $800.000

Site Acquisition LS 1 $100.000 $100,000
RR Crossings

Jacking LS 1 $150,000 $150.000

Trenching LS $25,000 30
Streatm/River Crossing

LS 2 $30.000 $60.000

Page 1 of 2




EST. UNIT

iTEM UNIT QTy PRICE TOTAL
Biturminous Pavement
State Temp 5Y 11,022 320 $220,444
State Perm 3Y 34,444 %42 $413,333
Local Temp Y 4,518 55 340 662
Local Perm SY 19,567 %12 $234.804

Rock Removal
Mechanical cY 100 $250 $25.000
Blasting CY 500 $125 162 500

Maintenance and Protectian of Traffic

ALLOW 1 380.000 $80.000
Sublotal 34,188,019
Contingency {15%): $629,703
Technical Services During Intermunicipal Negotiations: 375,000
Technical Services @ 20%: $839.604
Legal and Administrative @ 3%. $125,941
Short Term Interest: $359,185
Subtotal: $6,227 451
DEP Grant -$1.416,8314
Nel Local Share: $4,810,618
RFP Engineering, LLC Page2o0f 2
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Background Information Readings
Effecting Transport of Sewage
in Groundwater Aquifers
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Pornt and Nonpomt |
Sources of Contamlnants

Contaminants may be present in water or,in air as
a result of natural processes or through mechanisms of
displacement and dispersal related to human activities. -
Contartiinants from point sources discharge elther into ground
water or surface water through an area that is small refative to
the area or volume of the receiving water body Examp[es of
point sources include dlscharge from sewage-! treatment ;
plants; leakage fram gasot;ne storage tanks and seepage
from landiills (Figure M=) - _
i Nonpomt sources of contamlnants [ntroduc S
contamlnants 1o, the enwronment across areas that are L
. targe compared 1o pomt sources, or nonpomt sourc_' _may
conmst of. multlple “closely spaced pomt sources. A nonpornt
sourge of contarination that can be present anywhere and .’
affect targe areas,Is- deposmon from the atmosphere both

by precrpﬂatlon (wet deposmon) or by dry failout (dry dep03|- :

. tion}. Agncu!tural tields, in aggregate represent Iarge areas..
_ through whtch fertlllzers and pestrcides can be released fo the
'envrronment :

Frgure M-1. The transporf of contammatron from a point. -

source by ground water can cause contamination of surface -

wafer as well as extensive contamrnarron of ground water

b

The clifferentiation between point and nonpoint sources
of contamination is arbitrary to some extent and may depend
in part on the scale at which a problem is considered. For
example, emissions from a srngle smokestack is a point
source, but these erissions may be meanmg!ess in a regional
analysis of air pollution. Ho_wever a fairly even distribution of
tens or hundreds of smokestacks might be considered as a
nonpomt source. As another exampte houses in suburban
‘areas that do not have a combmed sewer system have indi-

i vrdual septic’ tanks At the Iocal scale, each seplic lank may
- -be, consrdered as pomt source of contamrnatlon to shallow

ground watef. ‘Atthe reglonat scale, however the combined

: : contamlnatton of ground water from all the septic tanks in

a suburban area may be eonmdered a nonpoint source of
contammatton toa suﬁace water body AT

"_:'Was:tesi,ter_/ e

Contaminant




Some Common Types of
Blogeochemlcal Reactlons
Affectlng Transport of Chemlcals

'__-'m Ground Water and SurfaceWater

AC[D BASE REACTIONS :-_-1 L

A0|d base reactions’ involve the transfer of hydrogen
fons: (H*) among solutes:dissolved in water, and they affect
the effective conceniralions of dissolved ¢hemicals through -

“changes inthe H* concentratlon in water. A brief natation for -
'H* concentration (actrwty) is pH, which represents a negatwe '

loganthm:c scale of the H* conceéntration. Smaller vatues of -
pH represent larger concentrations of H*, -and Iarger valites of
pH represent smaller concentrataons of HY, Many metals stay
dissolved when.pH values are small; increased pH causes :
these metalis to premp:tate from so!ut:on :

PRECIP[TAT[ON AND DISSOLUTION
OF MINEHALS '

Premp:tat[on reacnons resuit i in finerals being.

formed (precipitated) from fons that are dissolved in water. =

An example of this type of reaction is the precipitation of =
iron, which is common in areas of ground-water seeps and
springs. At these locations, the solid materiaf iron hydroxide
is formed when iron dissolved i in ground water comes in
contact with oxygen dissolved in surface water. The reverse,
or dissolution reactions, result in ions being released into
water by dissolving minerals. An example is the release of
calcium ions (Ca™*) and bicarbonate ions (HCOS“) when
calcite (CaCOa) in Iwnestone is dnssolved T

-47-

'_SORPTIONI AND ION EXCHANGE

‘of sorption. Release of sorbed chermc Is 1
gdesorphon

Sorpt[on isa process in. whlch ions or motecules
dissolved in water {solutes) become aitached to the surfaces

{or near-surface parts) of solid materials, sither. lemporarliy or_ )
:-_permanently Thus, solutes in ground water and surface water’ - :

can be sorbed gither to !he sohd materials that compnse g
an aquer or streambed orto partlcies suspended in ground

-water or surface water. The attachments of posmvefy charged

fons to: clays and of peshcldes o SOlld su_rfaces are exaimples” -

When IOHS attached to the Sl 'ace of a s d aj

replaced by jons that were in water, the process is known 3

as ion exchange. lon exchange is the process that takes .

- place in-water softeners; ions that contribute to water hard- ..
ness—calcium and magnesmm——-are exchangeci for sodlum

on the surface of the solid; The result of this process is that

“the amiount of calcium and magnesmm in the water declines

and the amount of sodium increases. The opposits takes
place when saltwater enters an aquifer; some of the sodlum

in the saltwater is exchanged for ca!mum sorbed to the solid .
material of the aquifer. S . '

OXIDATION REDUCTION REACT[ONS

Ox;datlon reduction (redox) reacilons take place when
electrons are exchanged among solutes. In these reactions,
oxidation (loss of electrons) of certain elements is accompa-

nied. by the reduction (gam of eiectrons) of other elements.




( ed etroieum hydrocarbons can be used dlrect[y by mlcroorgan-,'
_;contaln dlssolved_ oxygen mlxe w;th water lhat does contam ;
. dissolved oxygen,ihe iron ¢
‘and reduction reactions: The result of the eactions is that
’-the dlssolved iron tose__rrelectrons (the i 'n"'ls o_>(|d|zed) and

movement”(see Box G).
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Exercise III-4. Simplified Principles of Groundwater Hydrology

INTRODUCTION

Groundwater is an important component of the hydrologic cycle. It feeds lakes, rivers, wetlands, and
reservoirs; it supplies water for domestic, municipal, agricultural, and heating and cooling systems.
Groundwater resources at a site vary with natural and artificial recharge and discharge conditions.
Because we dispose of wastes improperly or mishandle materials on the fand surface, we pollute some
groundwater reservoirs. For resource planning and waste management, it is essential that we understand
the guantity, quality, and movement of water in the subsurface. This exercise is an introduction to the
basics of groundwater hydrology (hydrogeology). : :

Part of the water that reaches the land in the form of precipitation infiltrates to become groundwater.
Groundwater occurs in openings in rocks and unconsolidated materials (Figure 11I-4.1) and moves under
the influence of gravity or pressure. An aquifer or groundwater reservoir is a water-saturated geologic
unit that yields water to wells or springs. Generally, unconsolidated materials such as sand and gravei
have more spaces than solid rock; the openings are due to incomplete cementation of the grains or to
fracturing or partial solution of the rock. Openings in igneous and metamorphic rocks are generally due
to fractures and joints. The ratio of the open spaces relative to the rock volume is called porosity, which
is expressed as a percentage (Table 11I-4.1). Porosity is a storage factor.

Not all of the water stored in an aquifer can be removed because of molecular forces and surface
tension. The volume of water that can be removed by gravity drainage is the specific yield (Table HI-
4.1), while the quantity retained is the specific retention. Both terms are expressed as percentages.
Specific yield plus specific retention equals porosity,

The ease with which water moves through a rock is a measure of its permeability, which can be
expressed as gallons per day per square foot (gpd/ft’). This property of a material is sometimes referred

N
.

B ¥

FIGURE Il-4.1 Diagram showing several types of rock interstices and the relation of rock texture
to porosity: A, well-sorted sedimentary deposit having high porosity; B, poorly
sorted sedimentary deposit having low porosity; C, well-sorted sedimentary
deposit consisting of pebbles that are themselves porous, so that the deposit as a
whole has a very high porosity; D, well-sorted sedimentary deposit whose porosity
has been diminished by tha deposition of mineral matter in the interstices; E, rock

rendered porous by solution; F, rock rendered porous by fracturing. (Meinzer,
1923, p. 3) : 1
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to as hydraulic conductivity. Some materials, such as clay, may have a high porosity but a low
permeability because the openings are either not interconnected or are very small. Aquifers that are
highly permeable provide large quantities of water to wells.

In some aquifers groundwater occurs under water-table or unconfined conditions (Figure 111-4.2). In
this case the water table is the boundary between the zones of aeration and saturation. Where the water-
table intersects the land surface, springs, seeps, streams, and lakes are formed. The position of the water
table can be determined by measuring the depth to water in a well tapping an unconfined aquifer.

Many aquifers are confined by layers of low permeability, and water in them is stored under pressure
(Figure 11-4.2). When a well is drilled into such a confined or artesian aquifer, water rises in the well
to some level above the base of the confining bed. In some cases the well may even flow at land surface.
The water level (also known as the potentiometric, piezometric, or water-pressure surface) represents the
artesian pressure in the confined aquifer.

Most commonly the water table forms a gently sloping surface that follows the land surface (i.e.,
higher under hills than adjacent valleys). The:water-pressure surface in artesian systems also generally
follows topographic contours but in a more subdued manner, When the water table is at or near the land
surface, groundwater may evaporate or be transpired by plants in large quantities and thus returned to

the atmosphere.

TABLE 1lI-4.1 Range in Hydrologic Properties of Selected Rocks

POROSITY SPECIFIC YIELD PERMEABILITY
NAME % % gpd/it?
Gravel 30-40 15-30 1000-8000
Sand 35-40 10-30 100-3000
Clay, Silt 45-85 1-10 ¢.001-2
Till 20-40 - 6-18 0.002-24
Sandstone 10-20 5-15 0.1-50
Shale 1-10 0.5-5 0.00001--0.1
Limestone 1-10 0.5-5 40"
igneous rocks 0-40 0-30 0-35,
Metamorphic rocks 0-40 0-30 0-356
" Highly variable
| Water level or : Recharge for
plezometric level for Ar:f:{ian artesian aquifer
Wat artesian aquifer _ l
' artesian / /. 3 1
Artesian well e A

well —
——
et —

7 <
2 r{’/’"

: & Z CoS oS
B ot S ',"“’"’"
L s e
-
s e SIS I IS I IT S

FIGURE I}l-4.2 Schematic diagram of artesian and water-table aquifers.
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FIGURE IlI-4.3 Water-level contour map showing elevation of the upper surface of the saturated
zone. Groundwater flows down-gradient at right angles to the contours, as shown
by the two flow lines that have been added to the map. (Modified from Johnson,
1966, p. 40)

The water table or water-pressure surface can be mapped in a manner similar to contouring surface
topography (Figure I1I-4.3). In this case, however, control points are water elevations in wells, springs,
lakes, or streams.

The hydraulic gradient (I} is the difference in water level per unit of distance in a given direction.
It can be measured directly from water-level maps in feet per foot or feet per mile. The direction of
groundwater flow can be indicated by flow lines, which are drawn perpendicular to water-level contours
(Figure 111-4.3).

By using water-level maps in conjunction with topographic maps, the depth to the water table or
water-pressure surface can be determined., This depth will vary with time depending on the season and
the amount of recharge supplied by precipitation infiltrating the aquifer and the amount of discharge by
pumping and by natural outflow to springs and streams. If discharge exceeds the rate of recharge to the
aquifer, the water level in the aquifer will decline, and some wells could become dry. ‘

The rate of groundwater flow generally ranges from 5 ft/day to 5 ft/year. It is usually less than 1 &/
day, but velocities greater than 400 ft/day have been measured. Groundwater velocity [v] depends on
permeability (or hydraulic conductivity) [P], the hydraulic gradient [1], and the specifi¢ yield [a]. There -




are 7.48 gal per cubic foot. The following relationship is used to determine groundwater velocity in
ft/day, where a is given as a decimal percent (i.e., 10 percent = 0.10) and [ is in fi/ft.
V= PI
7.48a

The quantity of groundwater [Q}, in gallons per day, that passes through a cross-sectional area of an
aquifer can be determined by means of Darcy’s Law:

Q = PIA

where A4, the cross-sectional area through which flow occurs, is equal to the width of the aquifer times
its saturated thickness. Darcy’s Law shows that the quantity of flow increases with an increase in P, I,
or A. The following questions are based on the conditions shown in Figure III-4.3.

QUESTIONS (lll-4)

1. What is the average water-level gradient or slope along the western flow line?

2. If the aquifer indicated is 20 ft thick and has a porosity of 20 percent, how much water, in cubic
feet, is stored in a I-square-mile area? (Multiply by 7.48 to convert {0 gallons.)

3, If the permeability of the aquifer is 1000 gpd/ft, and its specific yield is 15 percent, what is the
groundwater velocity in the vicinity of the western flow line?

4. Construct a flow line on the figure from site A. In what direction is the water moving?

5. If gasoline were spilled at site A, would it discharge directly into the ocean? Explain,

6. Briefly describe the surface topography of the area in the figure.
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Exercise III-5. Groundwater Contamination from Waste Disposal Ponds

INTRODUCTION

Groundwater may be contaminated by accident or by improper storage or disposal of wastes at the
surface. Improper storage or disposal has occurred in many areas due to our ignorance about
groundwater flow and potential health effects, the lack of concern for water supplies ("we have other
sources"), and a short-term view of the behavior of groundwater and our future needs of water.

Tn this exercise we look at a case where industry used pits to dispose of or store liquid wastes. In the
past it was expedient to create waste ponds where the wastes decreased in volume through evaporation
or infiltration. In this study, we explore the cause and extent of contamination from oil field brines.

In many oil-producing areas, severe probiems of groundwater contamination gre common. These are
caused primarily by the infiltration of saltwater into the ground. Saltwater, or brine, is produced with
the oil and, since the brine often is a by-product of little or no economic value, when otherwise
unregulated it is commonty disposed of in the most economical manner possible, In some areas this is
done by reinjection into the producing zone by means of a well. In others it is accomplished by pumping
the brine into holding ponds or pits, where a small percentage evaporates but most of it infiltrates.
Infiltration can lead to severe groundwater pollution since the chloride concentrations of the brines may
exceed 35,000 mg/l.! Once the oil wells and pits are abandoned, the chemical quality of the groundwater
tends to improve, usually very slowly, as the concentrated solutions migrate to areas of discharge such
as springs, streams, or wells. The natural flushing of the groundwater system depends on the
permeability of the rocks, the hydraulic gradient, the effective porosity, and the amount and rate of
infiltration of rain and snowmelt. It may require decades for the groundwater system t0 return to its

natural chemical state. The rate of flushing and the amount of time that the groundwater reservoir’

remains contaminated are of profound interest in legal cases where an action for damages has been
initiated. -

The brines sterilize the soil, kill vegetation, and create an undesirable taste in drinking water. The
coricentration at which a brine becomes harmful to vegetation depends on the type of plant, the depth of
the root system, the season, and the depth of the water table, to mention only a few factors. Dead trees
and other vegetation, however, commonly mark areas where brine-contaminated groundwater discharges
into streams or where it flows from springs. The USEPA recommends that drinking water contain no
more than 250 mg/l of chloride, since higher concentrations cause a salty taste. Higher concentrations
are not likely to cause illness in hurjnans because the water js too salty for consumption.

Groundwater Contamination Near Delaware, Ohio L

This part of the exercise is based on several studies conducted at a brine-contaminated site on the
nearly flat floodplain of the Olentangy River in Ohio. Three oil wells were drilled in this area in June
1964. The brine-to-oil ratio was about 10:1, and nearly 236,000 barrels of salt water were pumped into

lln. contrast many areas have groundwater with chioride concentrations of less than 25 mg/l. Sea water is less salty than the
brines, with a chlorinity of 19,000 mg/!, which makes up 55 percent of the total salt content of sea water.




three ponds from June 1964 to July 1965. Dissolved solids in the brine averaged 60,000 mg/l, and of
this about 35,000 mg/l consisted of the chloride ion (Pettyjohn, 1971).

The accompanying figures (Figures 111-5.1, 5.2, 5.3) show the location of four brine-disposal pits,
three oil wells, 25 observation wells, and a water well. The observation wells averaged 25 ft in depth
and were installed in late 1965, following cessation of brine disposal, to monitor the movement of the
contaminated groundwater. Shale bedrock is less than 30 ft deep and is overlain by alluvial material
consisting of a mixture of sand, silt, and clay. The average permeability (P) of the alluvial material,
which contains the contaminated water, is about 200 gpd/ft®, and the average effective porosity (a) is
0.15. The water table gradient () can be determined from a water-table map.

‘The objectives of the exercise are to determine the direction and rate of flow of the contaminants in
the ground and to evaluate the possible contamination of a néarby water well,

QUESTICNS (ill-5)
1. Using the data in Table III-5.1, construct a water-table map (Figure I1I-5.1). Begin by transferring
the water-table elevations from Table II-5.1 to the appropriate test hole locations in Figure III-5.1,

Then contour the water-surface elevations using a contour interval of 2 ft. The contours should
roughly parallel the 864-ft contour already drawn.

TABLE 11I-5.1 Chloride Content of Wells and Water-Table Elevation in the Delaware Area

WATER-TABLE CHLORIDE CONTENT {mg/l)
WELL ELEVATION
NO {(March 1969) Nov, 1965 Qct. 1968 March 1969
1 867 4,500 288 24
2 871 - 876 36
3 866 12 i2 12
4 BE9 - 12,000 200
5 862 - 8,000 400
] 868 18,000 8,876 407
7 868 - 26,250 662
8 865 - 1,000 490
9 870 - 14 16
10 £68 25,500 9,850 217
11 868 31,000 7.600 560
12 B864 - 8,750 740
i 13 B6B §,875 1,356
i4 864 3,126 292
15 864 - 1,726 302
i6 864 22,750 16,500 1,230
17 868 - 10,000 1,300
18 864 5,600 1,600 600
i8 869 27 256 300
20 862 - 15,000 1,400
21 865 - 9,000 1,100
22 862 4,800 4,800 117
23 859 5,260 6,626 779
24 861 a3 236 27
25 860 95 -- A0
W1 880 - 20 320

2. Draw several flow lines originating at the brine holding ponds to the most likely area of
groundwater discharge. Remember that during dry weather streams flow only because groundwater
discharges into them,

3. What is the gradient from pond C to the Olentangy River? ft/ft.

4. What is the gradient from pond C to Saunders Creek? ft/ft.
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FIGURE 1lI-6.1 Map showing configuration of the water table in March 1969,
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10.

11.

12,

Calculate the velocity of groundwater moving from pond C to the Olentangy River and from pond
C to Saunders Creek using the following formula and the data given earlier in this exercise on the
hydraulic characteristics of the unconsolidated material,

where v = velocity (ft/day)
| y = 7_1:;'_ P = permeability (gal/day/ft?)
! nea I = gradient (f/ft)
a = specific yield (% as a decimal)
a. The velocity of groundwater from pond C to the Olentangy River is about ft/day.
b. The velocity of groundwater from pond C to Saunders Creek is about ft/day.

If we divide the distance of travel (measured along a flow ling) by the rate of flow of groundwater,
we obtain the travel time. What are the travel times for water from pond C to

a. Olentangy River:
b. Saunders Creek:
On another map (Figure III-5.2) construct contours representing lines of equal chloride
concentrations (isochlors). Use the data for October 1966 (Table III-5.1) and a contour interval of

5,000 mg/l. Consider the direction of groundwater flow when drawing these contours.

Should the Olentangy River and Saunders and North creeks contain higher than normal concentra-
tions of chloride in the vicinity of the contaminated area? Why?

Why did wells 23 and 24 contain higher concentrations of chloride in October 1966 than in
November 1965, while ali the other wells contained less?

What do you think the chloride concentration of the groundwater was before brine-pit disposal
began?

What techniques might be used to increase the rate of flushing of the high-chloride water in the

contaminated area?

A second isochlor map, based on the March 1969 data, is shown in Figure III-5.3, A contour
interval of 300 mg/l was used. This map is useful in determining the change in contamination with
time, Compare Figures 11I-5.2 and 5.3 and describe the changes that have occurred,

56 _



DO
aunders Creek -
EXPLANATION
¢ Observation Well -{r Qil Well
O Brine Holding Pond O Water Well
0 ‘ 300
Liaasl | . |

Scale in feet

C.1.=5000mg/1

FIGURE IlI-56.2 Map showing groundwater isochlors in October 1966.

—




DO
3 X >
2
gaunders Creek
®25 EXPLANATION
¢ Observation Well -(:>- 0il Well
0 Brine Holding Pond O Water Well
0 300
| EEEE | 1 ]

Scale in feet
C.I.= 300mg/1
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Figures 111-5.4 and HI-5.5 illustrate the construction details of three wells and the changes in chloride
concentration during 1969 in these wells, which are in the vicinity of well 2, but are not shown on Figure
1L-5.1. Well D-17s is 9 ft deep; wells D-3 and D-16s are 25 ft deep. Well D-17s samples the water

quality that exists 8 to 9 ft below the surface; well D-

165 represents the quality from the water table to

a depth of 25 ft. Well D-3 samples the quality at a depth of 22 to 23 ft. In Figure 11I-5.5, note the
change in chloride concentration with both depth and time during 1969.

1600
D-16s Dp'S i CHLORIDE FLUCTUATION
1400 |- — el D=3
_ 5 — Well D-16s
= - - - WellD-17s
£ 1200
£ -
€ 1000~
';6' L
1 =
t 800
@
[$) -
&
o 8§00
9
E -
S 400~
=4
o L
200 |-
FIGURE lll-5.4 Completion details of observa- T a1
0 Jan. Mar. May July Sept. Nov.

tion wells D-3. D-16s, and D-
17s. (Pettyjohn, 1971, p. 267)

1969

FIGURE IlI-5.5 Fluctuation of chloride content
in wells D-3, D-16s, and D-17s
during January-October 1969.
{Pettyjohn, 1971, p. 267)

{3. The shallow farm well (12 ft deep) at W-1 increased in chloride concentration between 1966 and
1969 (Table 1I-5.1). Has this contamination resulted from brine disposal into ponds A, B, C, or

D? Explain with the aid of a cross-section sketch (below) from X to X’ in Figure ITI-5.1.
Olentangy North Land
River Creek Surface
‘Al | /1,
880 - _~——1 880
5 7 (W-1)
= = /
< 870~ - e — 870
= ' —— ~_ 7
o' 3 AY
W Nl Banichd
860 < 860
\\Nater Table

Cross section X-X' in Figure HI-5.1.
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14. Draw a graph showing the change in concentration of chloride over time in one of tW0 wells, Use
the graph paper provided in Figure 111-5.6. Write a caption for the figure on the line provided. Then
estimate, if possible, when the area will return to its original state.

15. What do Figures Ji1-5.4 and I11-5.5 indicate about the contamination of the‘alluvium?

16. Given the graph in Figure 1i1-5.5, would you change your estimate in question 147
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Exercise IV-1. Groundwater Overdraft and Saltwater Intrusion

INTRODUCTION

Offstream’ water use in the United States is estimated to average 400 billion gal/day, with about 325
billion gal of this fresh water. Groundwater accounts for less than 25 percent of the total fresh water
used, and untapped resources have great potential to meet future needs. Even though vast amounts of
groundwater are available, in some areas pumping rates are such that water levels have declined hundreds
of feet, wells have gone dry, the cost of pumping the water has increased substantially, and water of poor
quality has been induced to flow into aquifers. Areas of large irrigation systems, such as that part of the
Great Plains states underlain by the High Plains or Ogallala aquifer, exemplify the problems of
groundwater overuse, Irrigation is the largest user of groundwater, although areas of dense population
and heavy industry also consume large quantities. :

Techniques have been devised to halt or reduce the water-level decline in some water-short areas. The
most obvious method is to conserve water and reduce pumping. In other instances it may be possible to
divert surface water, including treated wastewater, to infiltration basins, pits, or wells, which will allow
the water to percolate into the ground at a rate that is considerably greater than that permitted by natural
conditions. These techniques are collectively known as artificial recharge and have been used
successfully throughout the world.

The overall objective of this exerc1se is to demonstrate the effects of overpumpmg groundwater
reservoirs.

PART A, OVERUSE OF A GROUNDWATER RESOURCE: GRAND PRAIRIE REGION,
ARKANSAS

The Grand Prairie region is in east-central Arkansas. This region is characterized by low relief Wthh
in conjunction with an extensive aquifer and warm climate, provides an ideal setting for rice irrigation.
Rice has been grown in this area since 1904, The configuration of the water level in 1915 is shown in
Figure IV-1.1. Concentrated pumping of irrigation water from the underlying sandy aquifer has caused
a substantial overdraft in the groundwater supply and a decline in water levels of several tens of feet. The
objective of Part A of this exercise is to examine water-level and flowline changes associated with
overpumping in the Grand Prairie region.

Banking institutions have made loans to rice farms in this area for many years. Because groundwater
supplies play such an important role in rice production, the banks must stay informed of the availability
of groundwater, As the water level declines, the cost of pumping the water increases. In the long run,
pumping costs and other farm operating costs could be greater than the value of the crop. The economic
impact of a declining water level is obvious.

In order to evaluate the rate and areal extent of water-level decline and to determine remedial
measures, maps of conditions in 1915 and 1954 were prepared and evaluated.

'Offstream use includes water from groundwater or surface-water sources for public water supply, agriculture, industrial, ete.
use.
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QUESTIONS (1V-1, Part A)
4. On Figure IV-1.2 construct a map that shows the configuration of the water-level surface in

March 1954, using a contour intervat of 10 ft. Compare this map with Figure 1vV-1.1. What

are the major differences? Covonst oo nbpm Lot <(3 7€ st presac S

b. On Figure IV-1.3 construct a map that shows the net decline of water fevels from 1915 to 1954.

Use a contour interval of 10 ft. What area has had the greatest decrease in water levels?
Vl.(c( e P en 5\(_, L ‘,{

c. Starting at the east edge of Stuttgart, draw a flowline across the 1915 map (Figure v-1.1).
Draw a similar flowline passing through Almyra. What was the general direction of groundwater
movement in 19135 at
Almyra? S E.
Stuttgart? =

d. On Figure 1V-1.2 draw the flowlines passing through Stuttgart and Almyra. What was the
general direction of groundwater movement in 1954 near

Almyra? S.L
Stuttgart? £
Calculate the gradients that existed in 1915 and 1954 using the flowlines that pass through Almyra.
. o |
a. Gradient in 1915: 69 X ot god 4
b. Gradient in 19541 .,0G ¥ (o7

The permeability of the water-bearing deposits averages 2,000 gpd/ft’, and the specific yield
averages 17 percent. What was the groundwater velocity in 1954 in the vicinity of

2000 spdl €1t ouxe 1o xrel 4
a. Stuttgart? TS Aw 7 L2 e 7
poos_gpalft 01T, :
b. Almy[a? { ‘7-94“3 7 ! sw_‘//.u

, .
Assume that the saturated sand in the northeastern part of Figure IV-1.2 (along line A-A") is 40 ft

thick. How much groundwater, in gal/day, flowed across A-A’ during a single da?r in‘LMarch 19547
A0LL x o008 a = ZObﬁﬁpa‘ i+ L 00
25344600 ot asy L8ak08gallows 57

<

. Figure IV-1.3 indicates that there has been a significant lowering of water level. This means that

more water is pumped from the aquifer than is flowing into it. This negative change in gtoun@_water
storage is termed overdraft. What could be done to decrease the rate of decline, maintain the

existing level, or cause the water level to rise?  Se ¢ up  crdedrenl rechiws o &0
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FIGURE IV-1.3 Net decline of water levels in the Grand Prairie fégion from 1915 +to0 1954, {Data
from Sniegocki, 1964)

PART B. OVERUSE OF A GROUNDWATER RESOURCE: SALTWATER INTRUSION IN A
COASTAL AQUIFER

The intrusion of saltwater into a fresh groundwater reservoir is surprisingly common throughout the
world. Saltwater intrusion is generally caused by excessive pumping of groundwater and leads to
deterioration of water quality. In inland areas it is caused by the upward movement of the fresh- and
saltwater interface; in coastal regions it is commonly caused by both vertical and horizontal migration of
sea water into a coastal aquifer.

Although geologic and hydrologic conditions may be exceedingly complex, the mechanics of saltwater
intrusion may be visualized in the following manner. Assume that an aquifer crops out on the continental
shelf and is hydrologically connected to the ocean, Normally, fresh water discharges from a coastal
aquifer into the ocean along seepage faces or through springs (Figure IV-1.4A), As fresh water is
pumped from the aquifer, the water pressure in the aquifer is lowered, reversing the hydraulic gradient
(Figure IV-1,4B). With a reversal in gradient, sea water migrates inland and may eventually contaminate
pumping wells,

Occurrences of saltwater intrusion are relatively common in coastal areas. Problem areas include much
of the Atlantic coast from Florida to New England and many regions of the west coast where there are
large withdrawals of groundwater.

Several techniques have been used to control saltwater intrusion. These include reducing the amount
of pumping; constructing physical barriers, such as pumping cement into the rocks (Figure 1V-1.4C);
pumping wells nearer to the coast and allowing the water to flow back into the ocean (Figure IV-1.4D);
and artificial recharge (Figure IV-1.4.E). The simplest solution is to reduce pumping, but commonly this
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is not feasible because of existing water demands. The most promising approaches are artificial recharge
and water conservation. In the artificial recharge method, water is injected into the ground through pits
and wells. This forms a hydraulic barrier (injection ridge) due to the higher water or water-pressure
surface in the vicinity of the recharge sites, which lie between the well field and the coast (Figure IV-
1.4E). The hydraulic barrier tends to reverse the water gradient and forces the saline water out of the
aquifer. _ :

In many coastal areas, saltwater intrusion has not yet occurred, but an examination of existing
groundwater levels and pumping data indicates that there is a strong potential for future intrusion. If

Well |

Sealevel Sealevel

Water level Water level -

Saftwater

Aquifer
A. Natural Conditions B. Seawater Intrusion
Well ~ Well ——
Sea level Sealevel ;‘l/
Water leve! Water level

T |

Aquifer ——p | t——

Aguifer —»

C. Physical Barrier D. Extraction Barrier

Recharge well
\ / /

Well ——»

i .
Sea level

Water lavel

Aquifer —— | ——-

E. Injection-Ridge Bartier .

FIGURE IV-1.4 Saltwater intrusion of a coastal aquifer and the use of barriers to prevent
contamination of water supplies. {See text for gxplanation of A through E.)
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potential saltwater intrusion sites are analyzed before contamination actually occurs, it may be possible
to develop adequate solutions before the supply situation becomes critical.

The objective of Part B of this exercise is to examine an area of potential saltwater intrusion and to
briefly examine methods that could be used to halt the intrusion.

Potential Saltwater Intrusion in the Savannah Area

Large quantities of groundwater are used in the Savannah, Georgia, area for industrial, municipal, and
domestic purposes. Over the years, water levels in wells have declined to more than 130 ft below land
surface or more than 120 ft below sealevel. This has caused concern that the water supply might become
seriously depleted or contaminated. Most of the groundwater used in the Savannah area is pumped from
a limestone aquifer that lies about 100 ft (northeast) to 350 ft (southwest) below land surface.

Although groundwater in the Savannah area has not yet become salty, the supply at Parris Island,
about 25 miles northeast, has deteriorated due to saltwater intrusion. The pumping of groundwater in
the Savannah area will no doubt increase and, as a result, intruding saltwater may eventually reach the
" pumping center and contaminate the water supply.

The Savannah River, which flows through the area, has been used as a partial source of water, but
locally it is contaminated by industrial and municipal wastes. Furthermore, water can only be withdrawn
from it at certain times because the river is influenced by tidal waters of high salinity.

QUESTIONS (IV -1, Part B)

1. A water-level map of the Savannah area representing conditions that existed in 1880 is shown in
Figure 1V-1.5. Construct four equally spaced flowlines showing the direction of ground-water
movement in 1880. Remember that flowlines cross the water-pressure contours at right angles.
What was the general direction of flow? 1. ‘w B Was groundwater at Parris Island
likely to have been salty in 18807 pJo Why? widueloanl reade  wa,. low

2. Using Figure IV-1.0, construct a water-level map showing the conditions that existed in 1961. Use
a contour interval of 10 fi.

3. Starting at the southwest and northwest corners of Figure IV-1.6, and at Parris Island, construct
flowlines showing the general direction of groundwater movement in 1961. In what general
direction was the water moving
a. in the southwest corner? AS
b. in the northwest corner? Moviwy, AW,

c¢. at Parris Island? S.W,

4. From what area do you expect the fresh- and saltwater interface to first reach the Savannah area?
Why? (Hint: examine not only the water-level contours, but also consider the
depth of the aquifer,) Sotr, ol Vo Heaor Aoc,

‘‘‘‘‘
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FIGURE IV-1,5 Altitude (in feet) of water level in the Savannah area in 1880. {Modified from Wait
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5. What techniques might be used to halt the groundwater decline and decrease the potential of
saltwater intrusion into the area of extensive pumping at Savannah? '
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SECTION V

HOW GROUND WATER TS CONTAMINATED

e materials and natural and man-made prod-
tential to contaminate ground water, are
f on or beneath the land surface. Con-
ter cover the entire range of
ysical, inorganic chemical, organic chemical, bacteriolog-
cal, and radioactive parameters.

e been introduced into ground water can
ove horizontally ©Y vertically, depending on the compara—
ive density and natural flow pattern of the water already
ontained in the aquifer. They tend to travel as 2 well-
efined slug or plume but can be reduced in concentration
ith time and distance by such mechanisms as adsorption, icn
xchange , dispersion, and decay. The rate of attenuation is
function of the type of contaminant and of the local hydro-
eologic framework, Lut decades and even centuries are re-
inwired for the process to be completely effective.

nder the right conditions and given enough time, contami-

Enating fluids invading a body of natural ground water can

hove great distances. hidden from view and little changed in
xicity by the processes of attenuation. The eventual -
point of discharge of the contaminated ground-water body can
s a well used as a drinking water source.

TRODUCT ION

he many and diverse activities of man produce innumerable
:a1g and by-products; these are often deposited

) 4 surfaces where by @mﬂnowmﬁwon they may
ventually be carri 4 downward modifying the natural guality
£ the underlying ground water. Because of the large number
f such locations, the sources and causes of ground-water

. ipn the United States total in the millions.
Fortunately, most are small sources whose contaminating ef-
fects are rapidly dissipated after they enter the ground. &
ew are widespread encugh to affect large volumes of ground

ne mechanisms of ground-water contamination are shown by

1lustrating the flow paths of contaminants for & variety of
jtuations. The flow of ground wateXr within underground for-
vions affects the sizes and shapes of typical zones of con-




taminated ground water.

Ground-water contamination is the degradation of the natural
quality of ground water as a result of man's activities.
Contamination may impair the use of the water Or may create
hazards to public health through poisoning or the spread of
disease. The term vcontaminant" as defined in the Safe
Drinking Water Act, means "any physical, chemical, biologi-
cal, or radiological substance or matter in water."

>//
N e

gources of contamination related to waste-disposal practices

DIRECTION OF GROUND-WATER

INTENTIORAL INPUT
UNINTENTIOHAL INFUT
MOVEMENT

and described in detail in the following sections are: -
1. Industrial Waste-Water Impoundments F \R\\
2. Landfills and Dumps = -
£ TSg .z :
Septic Tanks and Cesspools w P 12 & -
: 1= e iz =
collection, Treatment, and Disposal of Municipal Waste “ /\ w 1< 2
Water y/ or k] KR @
2 re T -
. = ~ ] 3 z
Land Spreading of Sludges ] BT m
: “ & Z| 5
Brine Disposal from pPetroleum Exploration and Develop— EH = e m
ment Su iod '
43 .=
59 <
pisposal of Mine Wastes £ a
=l .
° e
<

g. Disposal Wells

4

9. Disposal of Animal reedlot Wastes f//

PUMPING WELL

How contaminants from these waste disposal practices enter
the hydrologic cycle via the ground-water system is illius-

trated in Figure 33. =N &

z -
MECHANISMS OF CONTAMINATION NI
1f it were possible to see zOnNes of ground-water contamina- m\ mm
tion from an aerial vantage point, most would appear so o 2 E78
cmall in relation to the total areas as to be termed scat- 4 3k

tered points of contamination. Areally extensive sources
such as irrigation return flows and sea-water intrusion
would be identified as non-point sources. A line source

would result, for example, from recharge of sewage effluent
in an ephemeral stream channel.

N

1L.AND SPREADING
OR IRRIOATION

Shallow aguifers are normally the most important sources of
ground water for water-supply purposes, but the upper POIr-—

{DRAWIHG NOT TO SCALE}

-water system.
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tions of these aguifers are also the most susceptible to con-
tamination.

It should be recognized that the configuration of contamina-
tion entry into and movement within the underground is

unique for each individual source of contamination. Further-
more, because there are many millions of ground-water contam-
ination sources in the United States, it becomes apparent
that the possibilities in terms of contaminant movement and
digtribution are virtually limitless. Notwithstanding this
fact, typical flow patterns of ground-water contaminants for
a variety of common situations can be described.

The diagrams on the following pages depict some of the fre-
quently occurring contamination geometries. These emphasize
vertical cross sections at sources of contamination; hori-
zontal movement of contaminants thereafter is discussed
later. Whatever the particular source of contamination may
be, these diagrams indicate the hydraulic relationships for
a given situation. Where the local hydrogeology is known,
paths of probable contaminant movement can be defined. With
estimates of permeability and hydraulic gradient available,
rates of ground-water movement can be ascertained. Rates of
contaminant movement are based on ground-water flow rates,
chemical interactions with aguifer materials, and changes in
water chemistry. Thus, contaminants travel at velocities
equal to, greater than, or less than that of average ground-
water flow.

Figure 34 illustrates the flow of contaminants from a sur-
face source such as a disposal pit, lagoon, or basin. Note
that the contaminated water flows downward to form a re-
charge mound at the water table and then moves laterally out-
ward below the water table.

Figure 35 shows cross-sectional and plan views of ground-
water contamination caused by a leaking sewer. The contam-—
ipnant drains downward to the water table and then flows lat-
erally thereafter to form a line source of contamination be-
neath the sewer.

Figure 36 indicates how contaminated water leached from a
chemical or waste stockpile moves downward tc the water ta-
ble and thereafter laterally and vertically to a nearby pump-
ing well.

Figure 37 indicates contaminant movement from a surface
stream or lake to a nearby pumping well. The drawdown of
the water table induces recharge of surface water to ground
water. Because go many municipal water-supply wells are lo-

84
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,~RECHARGE MOUND

ZONE OF AERATION

CONFINING BED

5rom a disposal pi

ants
ter 2
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to a water-table aquifer.
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Figure 34. Diagram showing percolation of contam
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aited adjacent to rivers in order to insure continuous water
supplies, this is an important ground-water contamination
hanism where rivers are polluted.

ure 38 suggests how temporary flooding cof a well can lead

ground-water contamination. Downward flow of polluted

face water occurs around the well casing if the well has
een improperly sealed at ground surface.

gure 39 indicates how contaminants introduced into a dis-
sal well can be transported through the aguifer and lead

¢ontamination of a nearby pumping well. Because a pump-

g well is a convergence point for ground water over an
area, this collection mechanism increases the opportunity
for obtaining contaminated water from a pumping well.

2}

igure 40 illustrates the reversal of underground flows due
pumnpage from one aguifer and hence the possibility to de-
grade the ground-water guality by interaquifer flow. Under
atural conditions shown in the upper diagram, the water ta-—
ble of Aguifer A is higher than the potentiometric surface
Aquifer B; therefore, ground water tends to move down-
ard through the semi-permeable zone separating the two agui-~
rs. In the lower diagram, howeveyr, pumping has inter-
changed the relative positions of the two water levels. As
:result, the greater pressure in Aquifer B causes water to
migrate upward into Aquifer A. If, as is often the case,
the lower aguifer is more saline, this will cause the salt
ontent of the upper aquifer to increase.

1
)
T

from a surface stream to a well,

gure 41 shows plan and profile views of a recharge pond
verlying an unconfined aquifer with a sloping water table

& with ground water flowing from left to right. Under
these conditions contamination from the pond extends a short
istance upstream and is stabilized. The bulk of the contam-
inants moves away from the pond in a downgradient direction
ithin clearly defined boundaries. For given aguifer and re-
charge conditions, the lateral spread of the contamination

it moves downstream can be determined. Waste water from

‘disposal well penetrating an aguifer having the same condi~

ions would move in a similar flow pattern.

Figure 37. Diagram showing how contaminated water can be induced to flow

AQUIFER

ure 42 suggests how underlying saline ground water can
rise due to deepening of a stream channel with a resultant
owering of the water table. This intrusion of saline water

occurs because of the reduced head of fresh water.

CONTAMINATED
SURFACE WATER

TTENUATION OF CONTAMINATION

nouﬁmawwmuﬁw in ground water tend to be removed or reduced

g8
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Figure 38. Diagram showing flood water entering a well through an
improperly sealed gravel pack.

PR —

COHTAMINATED
rGONTAHINAHTS IKTRODUCED (J_—' GROUND WATER
————

AQUIFER
\
\ WATER

—— TABLE

T6

Figure 39. Diagram showing movement of contaminants fsom a recharge
well fo a nearby pumping well,
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concentration with time and with distance traveled. Mech-
nisms involved include adsorption and other chemical proc-
sses, dispersion and dilution, and decay. The rate of at~-
nuation is a function of the type of contaminant and of

he local hydrogeoclogic framework. Predicting the degree to
hich contaminants will become attenuated is one of the most
difficult -- but alsoc one of the most important -- problems

n the design of subsurface waste disposal systems.

dsorpticn

dsorption, in the context of this report, is the phenomenon
hereby the surfaces of solids in contact with water are cov-
red with a thin layer of molecules or ions taken up from

e water and held tightly by physical or chemical forces.

he more finely divided the solid, the greater the surface
rea per unit volume, which is one of the reasons that clays
nd silts have greater adsorptive capacities than do sands.
en all potential adsorption sites on a surface become occcu-
ied, the process becomes one of ion exchange. This is the
ase through much, cor all, of the subsurface~water system.

Percolating watexr has four optioms in passing through the un-
saturated zone. It can move virtually unchanged, can show a
et gain of solute, show a net loss of solute, or keep the
ame total ionic concentration with a net exchange of ions.
ince few soils or sediments are chemically inactive,

hanges in transported solute are to be expected.

Clay minerals carry a net negative charge on their surfaces.
The amount of charge and surface area depends on the mineral
ype. The negatively charged points on the clay surface

old cations (which carry a positive charge) by electro-
static and van der Waals forces. Usually the attraction is
roportional to the pesitive charge on the cation.

A quantitative exchange is usually observed in which two
monovalent ions replace a divalent ion, etc. HBeavy metal
ons, for example, having more than one unit charge, are at-
tracted to the exchange sites and tend to displace hydrogen,
sodium, and potassium ions which are already adsorbed. 2
et reduction of heavy metal concentrations can occur in
this way if percolating water contacts clay in the unsatu-
rated zone. The limit for fixation is the cation exchange
capacity (CEC) of the sediment, which can range from nearly
2ero to probably not more than 60 milliequivalents per 100
grams. When the saturation point is reached at which ca-
tions have occupied the available sites, the percolate com-
position will remain stable. Solution concentrations, pH,
nd percolation rate affect the reactions quantitatively;
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thus, no guantitative predictions can be made without spe-
cific operating parameters.

Many soils and sediments have coatings of hydrous oxides of
manganese and iron which exert controls on the availability
of metal ions, and heavy metals in particular. 3) In fact,
the hydrous oxide coating freguently covers clay-mineral sur-
faces and becomes the truly effective sorptive surface.
These coatings exist in amorphous or microcrystalline forms
and in themselves exhibit a hicgh specific surface area; up
to 300 square meters per gram. The oxygen and hydroxyl
groups of the hydrous oxides exert electrical charges which
are pH dependent. Therefore, their capacity for sorption is
pH dependent. ‘

GROUND-WATER

DIVIDE

~

-
7

MR,
) I—\I
e ST

VAT

The dissolution and deposition of the coatings are also de-
pendent upon the oxidation-reduction (redox) potential in

the system. This parameter then becomes indirectly impor-

tant in the adsorption or desorption of heavy metals. Sorp-

tion and desorption of metals further depends upon their con-—
centrations in the percolate and upon which ones are present.

As with clays, there is an order of selectivity in adsorp- !
tion. It is gquite possible, however, that some heavy metals

may move intc the ground-water system prior to the exhaus-

tion of exchange capacity.
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Dispersion

An understanding of the flow pattern of contaminants is of
considerable importance to the understanding of dispersion,
and indeed of the entire ground-water contamination picture.
Figure 43 illustrates an idealized flow pattern. From this
it is seen that the contaminated water moves to its dis-
charge area by a definite route, and is not (as is often im- ;
agined) subject to dilution by the entire bedy of ground wa- i
ter lying between the disposal area and the area of dis-
c¢harge. There is, however, dilution caused by mechanical
dispersion, which results from the complexity (on a micro-
scopic level) of the paths followed by the fluid, and (on a
macroscopic level) inhomogeneities within the aquifer. Be-
cause of this, the contaminated fluid invades the natural
ground water to some extent and is concurrently invaded by
the latter. Molecular diffusion also takes place, but this
is relatively unimpoxrtant except when the flow rate of

ground water is very low, or the concentration of the contam~
inant is very high. The latter is associated with high den-
sity percolates, which will also distort the idealized pat~
tern.by tending to sink to the bottom of the aguifer.
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Hﬁo@HmHmﬁmm parameters are cormonly used in dispersion stud-
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st, dispersivity, may be mmmoﬂwwmm as the Hﬁwmﬂi
wnom the agquifer to cause mwmmm#mHOh” UHMWmH
iplied by ground-water flow velocity gives e B
fficient, which is the dynamic m@ﬂwdemnﬁ.¢b|
quifer conditions. Both are given for longitu
Cdirection of ground-water flow) and transverse

r —water movement within an aquifer is obvi-
Mmowwmowmwﬁnm. It is governed by the 5M&HmCHpm
aquifer permeability, the latter of which Mwmsr
widely than any other physical property mw un
amination studies. The U. S. OmOHomwomW wﬂ r%
rmined permeabilities for a gravel through w HM ;
ient of 10 ft/mi (2 m/km}, water would So<m5m
60 ft/day (18 m/day), and for a clay throug s
the same gradient, the rate of movement wou "
"3 m) in about 30,000 years. Flow rates wm ﬂo
ever, range from a few feet per day to a fe

i available for the expression of
mewwwmww mmw digital B@mmwmq these are Gmﬁmwwm
with terms for molecular muwm¢MH0ﬁ and mmmOHwﬂpmn
2 Unfortunately, these solutions are mwdﬁmhpwmm
o relatively unccmplicated systems mdwﬁmwﬁw. ®
intered in actual aguifers, or regulre t wmpnmrmul
“accumulated data to develop the values of o
rminable parameters. Emormﬂpmmw mwmmemP05.m che
sually predominant in determining the msmwmuMﬁmHOJ
contamination, is so profoundly mmmWOﬁmm wm hete
hat any attempt at detailed prediction Hmr MmHo mt
Ya 5) comments that "....the nature of the he wm

on can hardly be Qmmnﬂwvm@ mwﬂocmr H@mﬁﬂMﬁnmﬁw _

idual geometric discontinuities. mﬁnw.m.mmwm QW:
_require an endless compendium of indivi jal de-
‘a device so obviously MS@ﬁmanomH that i M ne
egion not amenable to description by measureme

mination, and the modeling ﬁrmﬁmow\ is that ommwv
t the Idaho National Engineering Laboratory (I

‘ h

ted by Robertson and Barracloug
ound Wmﬂmemw in a report by wowmﬂﬁmosﬁmmoromﬁ~
: . 7) Their findings show the state o
Hoswwmwwsm for such purposes, and demonstrate clearly

cussion is directed to these ends, and techniecal

ble or accessible from the

most informative studies on the spread of ground-

6), with addition-
and
the art of

owers and the limitations of the method. The fol-

details are limited to those necessary for a proper under-
standing.

The INEL site is on the Snake River Plain in southeast Idah
overlying an aguifer consisting of thin basaltic flows and
interbedded sediments, with a water table about 450 £t (137
m) below land surface. Industrial and low-level radioactiv
wastes have been discharged te the aquifer through seepage
ponds since 1952, and since 1964 cooling tower blowdown has
been injected directly into the aguifer through an injectio
well. The U. S. Geological Survey has monitored the Ffacili
ties since their inception, and has analyzed the fate of th
wastes, using data from about 40 observation wells. The co
plexity of the subsurface regime, however, is such that no
explanation could be given for past behavior, and no predic
tions could be made about the future. To resolve these que
tions a digital model, simulating the aquifer, was develope
The modeling included a hydrology phase to solve the equa-
tion for ground-water flow, and a solute~transport phase to
solve the equation for solute movement, both of which were
verified on the basis of historical behavior. The verifica
tion procedure is used to adjust the values of various parai
eters, and Robertson and Barraclough note that the most spe:
ulative of these are the dispersivities and distribution co
efficients, remarking that there is no effective and practi-
cal way of measuring coefficients in the field because of
the large-scale aguifer inhomogeneities, and that it is
therefore invalid to extend ordinary laboratory measurement:
to field conditions. mw
Simulations were made for chloride, a congservative ion; ﬁHWA
ium, which is subject to radicactive decay; and strontium—
90, which is strongly adsorbed. It was concluded that the
model is a valid tool for estimating waste distribution in
the aquifer. Even so, the authors warn that this is highly

dependent upon future hydrologic conditions, which can only
be. assumed.

Hote that this model (which still provides only a fair to
good approximation) required the input of 20 years of data
from about 40 observation wells. It would not have been
possible to predict the shape and extent of the plumes a
priori by means cf this or any other model.

The transverse dispersivity value (450 £t or 137 m) required
to give the best fit of the theoretical plume to the ob-
served plume is much larger than had been expected from
either classic theory or laboratory models. The actual chlc
ride plume, after 16 years, extended zbout 5 mi (8 km) down-
gradient and had a maximum width of almost 6 mi (10 km). Ir
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contrast, Pinder 8) found a transverse dispersivity value of
only 14 ft (4.3 m) in a case of chromium contamination in a
glacial aquifer on Long Island. The shapes of the two types
of plumes are shown in Figure 44. 1In this particular case,

the shape of the plume of contamination could have been pre- .

dicted with moderate accuracy from the time that contamina-
tion commenced, since the aguifer is fairly homogeneous in
+two dimensions. Drawing a three degree cohe, as suggested
by Danel {quoted by Todd 9)}), along the flow lines, using
the mound formed under the disposal ponds as an apex, gives
nearly as good a fit as does the digital model. This ap-
proach deoes not, of course, involve the element of time.

For practical purposes, however, it could be applied to sim-
ilar aguifers to provide a general idea of what the area of
contamination would be, but this by no means would eliminate
the need for monitering and periodic analysis of collected
data.

Radicactive Decay 10)

Radioactive isotopes may be defined as forms of atoms that
are characterized by spontaneous disintegration, with the re-
lease of energy. Some occur in nature {e.g., the isotopes
of uranium), while hundreds more have been produced artifi-
cially. At least one radiocactive isotope is known for every
element. BAll of the radioactive and stable isctopes of an
element are indistinguishable by chemical means, since they
have the same atomic number. The differences are in the
mass of the atomic nucleus, and the isotopes are identified
by this mass number, as carbon-12 and carbon-14.

Radicactive contaminants of concern to ground-water systems
can include waste materials produced from a variety of com-
mercial and governmental activities. Both naturally occur-
ring and so-called artificial or man-made radionuclides are
included. By-products and wastes from uranium mining and
milling activities contain uranium decay products, for exam-
ple, which can enter ground~water systems. Ground-water con—
famination has occurred in conjunction with storage and dis-
posal of nuclear fuel cycle wastes, including high-level lig—-
uid wastes leaking from steel tanks into the ground. The
foremost example of this occurred at Hanford, Washington.
Radioactive contaminants lose their radioactivity at a fixed
and unalterable rate that is characteristic of the isotopes
involved. This decay rate is expressed in terms of half-
life, which is the time lapse required for the loss (per
unit mass) of half the radiocactivity. Half-lives range from
fractions of a second to millions of years; but those of
the isotopes of principal concern in ground-water contamina-
tion are mostly in the range of tens to thousands of years.
jod

DIRECTION OF
GROUND- WATER FLOW

DISPOSAL

/

o) CHLORIDE PLUME, ._z..mr. IDAHO
Transverse dispersivity. 450 feet

Time | 16 years

DIRECTION OF
GROUND-WATER FLOW

4000 1.

b} CHROMIUM PLUME , LONG ISLAND
Transverse dispersivity . 14 test
Time ., |3 years

Figure 44. Effect of differences in transverse dispersivity
on shapes of contamination plumes.
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Strontium-90, for example, has a half-life of about 28 years aguifers, subject only to the slow processes of attenuation.

. hypothetical example of a waste-disposal site is shown in
igure 45. Here ground water flows toward a river. Zones &,
.“0\ D, and B represent essentially stable limits for 4dif-
erent contaminants resulting from the steady release of lig-
1id wastes of unchanging composition. Contaminants form a
ume of contaminated water extending downgradient from the
ontamination source until they attenuate to acceptable qual-
ty levels.

Many radioisotopes are members of radiocactive decay chains
or series wherein the daughters produced by decay are them-
selves radiocactive. One example is the decay of strontium-
90 to form yttrium-90, with a half-life of about 62 hours,
which in turn decays to the stable zirconium-90. Thus, at
any moment, all three isotopes will be present in any media
containing strontium-90. Similarly, uranium-238 passes
through 14 states of decay before arriving at lead-206, the

stable end preoduct. : .
he shape ané size of a plume depend upon the local geology,

he ground-water flow, the type and concentration of contam—
nants, the continuity of waste disposal, and any modifica-
ons of the ground-water system by man, such as well pump-
ing. 1) Where ground water is moving relatively rapidly, a
lume from a peoint source will tend to be long and thin;

ut where the flow rate is low, the contaminant will tend to
pread more laterally to form a somewhat wider plume. Irreg-
ular plumes can be created by lecal influences such as pump-
ing wells and variations in permeability.

In considering the rate of movement of radwaste materials in
to and through ground-water systems, the effects of radiocac-
tive decay, dispersion, and adsorption must be considered to
mmﬁwmﬂ. Within the ground-water system, the other mechan-
1sms may be more effective than decay in reduction of radio-
active contamination. For example, field data from the Ida-
ho National Engineering Laboratory show a wvery small plume
of strontium-90 as compared with tritium, from radiocactive
wastes which had entered the ground from various disposal
operations. Because strontium—-90 has a half-life over twice
as long as tritium (28 years versus 12 years), one might ex-
pect the strontium to have migrated further than the tritium.
The reason for the discrepancy is that strontium-90 is
strongly adsorbed in the subsurface while tritium is not ad-
sorbed at all.

lumes ordinarily tend to become stable in areas where there
is a comstant input of waste into the ground. This occurs
for one of two reasons: (a) the tendency for enlargement as
contaminants continue to he added at a point source is coun-
terbalanced by the combined attenuation mechanisms, or (b)
the contaminant reaches a location of ground-water discharge,
such as a stream, and emerges from the underground. When a
waste is first released into ground water, the plume expands
until a guasi-egquilibrium stage' is reached. If sorption is
important, a steady inflow of contamination will cause a
slow expansion of the plume as the earth materials within it
reach a sorption capability limit.

Adverse water guality impacts from radionuclides are depend-
ent upon numerous factors, chief of which are concentration,
half-life, toxicity, hydrogeologic conditions, and biolegic
receptors (plants, animals, man). Attenuation in the envi-
ronment also is dependent upon these factors, which must be
mutually considered in evaluating the hazard of a given situ-

ation involvin i i i i . . . .
g radioactive contaminants in ground Smdnh An approximately stable plume will expand or contract gener-

ally in response to changes in the rate of waste discharge.
Figure 46 shows changes in plumes that can be anticipated
from variations in waste inputs.

DISTRIBUTION OF CONTAMINATION UNDERGROUND

Specific statements cannot be made about the distances that
contamination will travel because of the wide variability of
aquifer conditions and types of contaminants. Also, each
constituent from a source of contamination may follow a dif-
ferent attenuation rate, and the distance to which contamina=- '
tion is present will vary with each guality component. Yet
certain generalizations which are widely applicable can be
stated. For fine~grained alluvial aquifers, contaminants
such as bacteria, viruses, organic materials, pesticides,
and most radiocactive materials, are usually removed by ad-
sorption within distances of less than 328 £t (100 m). But
most common ions in solution move unimpeded through these

An important aspect of ground-water contamination is the

fact that it may persist underground for vears, decades, or
even centuries. This is in marked contrast to surface-water
pollution. The average residence time of ground water is on
the order of 200 years; consequently, a contaminant which

is not readily decayed or sorbed underground can remain as a
degrading influence on the resource for indefinite periods.
But the comparable residence time for water in a stream or
river is on the order of 10 days; thus, contamination can be
rapidly eliminated. Controlling ground-water contamination,
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Figure 46. Changes in plumes and factors causing the changes.,




therefore, is usually much more difficult than controlling
msummnmismwmﬂ contamination. Underground contamination con-
trol is best achieved by regulating the source i

X % 1 of contamina-
tion, and secondarily by physically entrapping and, when

feasible, removing the contaminated water from the under-
ground.
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