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There are three fundamental affects of the engateeater cycle, described in detail in
the attached paper “Engineered Impacts to the BlaiMater Cycle,” on surface water
bodies and groundwater in Massachusetts:

Human demand for potable water supply and irrigetiompetes with natural
instream flow in the summer months.

Paved and constructed land surfaces, imperviotasnpcause rainwater to flow
quickly into stormdrains and then to rivers, preuanthe rainwater from
percolating into the ground to recharge groundwadgiifers, and increasing
runoff contributing to flooding and erosion.

Potable well and reservoir water once used is ciateby centralized wastewater
systems that discharge the treated effluent fan fite sub-basin of origin,
contributing to nutrient loading in surface watedkes. In the summer, flow in
many eastern Massachusetts rivers and streamarly 460 percent treated
wastewater effluent.

As a consequence of engineered water systemss aver streams in eastern
Massachusetts are being drawn down, or are dryprduang the summer months, and
wastewater effluent makes up nearly 100 percemtstfeam flow in others.
Withdrawing water from one location, using it is@ond, and discharging it in a third,
while also throwing rainfall away as polluted ruhiéd simply not sustainable.

Te IWic River, sufferig the effects of the erigeered ate cyce.

There are solutions to these problems, howeveryater conservation plays a key role
in reducing potable demand, curtailing impactsieers and streams, and protecting
supply for future growth.

Massachusetts environmental agencies includingxeeutive Office of Environmental
Affairs, the Department of Environmental Protectithre Department of Conservation



and Recreation, and the Water Resources Commikai@made great strides over the
last decade to first understand and then adopdlatds and policies to address these
problems.

EOEA developed the state’s first Water Policy i©20 The Policy, developed with input
from a group of well-respected developers, scientengineers, municipalities,
advocates, and agencies, addresses all aspectaerfuge, with an emphasis on water
guantity. Recommendations include developmentrafidement of planning tools and
strategies to promote efficient use of water, messto promote proper infrastructure
maintenance, wastewater reuse and recharge, stbermeaharge, water supply
development, resource protection and restoratiaesfies, and permit streamlining. A
key Water Policy goal is a more effective partngrstith municipalities. Working with
localities, the policy includes recommendationgptanning and design innovations, fix-
it-first strategies to encourage compact develograed the revitalization of cities and
towns, and proactive protection of future watermgi®s and critical water resources.

The Water Resources Commission issued its firsem@inservation standards governing
interbasin transfers of water for water supply®2. The WRC issued Interbasin
Transfer Performance Standards in 2001, basedeobd®2 document, setting goals of
65 residential gallons per capita daily (RGPCDnasbasis for estimates of water
demand, and 10 percent unaccounted for water feensapply systems. Currently, the
WRC is revising the 1992 conservation standards has set 65 RGPCD and 10 percent
unaccounted for water as its standards for asgesggrbasin transfer applications.

DEP’s “new” Water Management Act withdrawal perpualicy setting 65 RGPCD and
10 percent unaccounted for water as standardsilisftre hardly new. In fact, 67
percent of municipalities in the state currentlyetBEP policy requirements. To
address water supplier concerns, DEP issued Guedarits WMA Policy in January,
2006. Recognizing that water conservation and gingnvater use habits will take time,
the Guidance gives communities two full calendarg€2009 for permits reissued in
2006) to meet the performance standards for regsaderse and unaccounted for water.
Even then, under the Guidance, so long as a contyrisnnaking reasonable progress
towards meeting the standards, DEP will exercisereeament forbearance through the
five-year permit review, or re-issuance period. FDdso eliminated the seasonal limit on
withdrawals in the Guidance. In other words, agjlas a community is making
progress, it has five years to achieve the stasgdartd two-thirds of communities in
Massachusetts already meet them.

All of these policies and standards are designeddace nonessential potable water use,
thereby mitigating the impacts of summer water diglwals on rivers and streams, and
protecting potable water supplies for future graw@isterns, for example, can be used to
capture and store roof runoff to supply water figscretionary landscape irrigation. Their
widespread use would dramatically reduce the needdtable water supplies for
irrigation.



The Metropolitan Area Planning Council has completestudy of water demand for the
101 communities in its region. Entitled “Growthefds and Water Supply in Eastern
Massachusetts,” the study indicates many commgratie already beginning to grapple
with obtaining enough potable water to meet demand,by 2030, most will face serious
shortages. (See attached MAPC graphics) Long &éefmmmunities begin to run out of
water, the damage to the natural environment wiltatastrophic. In many eastern
Massachusetts rivers and streams, it already is.

Conservation plays a critical role in reducing iriga It is not, however, the sole
solution. We must also fundamentally change ouemnand wastewater infrastructure.

The use of low impact development techniques, whagture rainwater runoff from
impervious surfaces and return it to the grounkderathan discharging it to rivers and
streams will begin to resolve the problem. Moviram large centralized wastewater
treatment systems to centrally operated small givater discharge wastewater
treatment systems will both restore instream flow Bnprove surface water quality.
Such treatment should rely on granulated activabedcoal and ozonation systems to
remove pharmaceuticals and personal care producisthe waste stream, while also
dramatically reducing nutrient loads and otherdexi® Selective discharge of
wastewater effluent to the ground so that it camaege our rivers and streams will
dramatically enhance water quality and quantitthem without compromising water
quality for potable use.

Most Americans understand the need to protect asddnd natural resources. A
comprehensive approach to water use including veateservation and the restructuring
of stormwater runoff facilities and wastewater tneent systems will insure that
Massachusetts secures sustainable water resoardasmian use, while restoring natural
instream flow and habitat. If we are successfuh&ncoming 15 to 20 years in achieving
these ends, we will also enhance the attractiveofdglassachusetts as a location for
commercial and industrial activities. The restt@ nation, particularly in the southeast
and southwest, faces serious water quantity anlityjissues.

We must begin, however, and conservation of ouemw@sources is the first step.

! David Sedlak, Karen PinkstoRactors Affecting the Concentrations of Pharmaazlsi Released to the
Aquatic EnvironmentJniversity of California, 2002.

2 Kellyn Betts, “Keeping Drugs Out of Drinking WateEnvironmental Science & Technolo@eptember
4, 2002.



Engineered Impacts to the Natural Water Cycle

Nigel Pickering, PhD, PE
Charles River Watershed Association

Water is one of our most important natural resasirsace without it there would be no
viable life on earth. The natural water cycle sfans water from the atmosphere to the
land as liquid water and then back into the atmesphgain as water vapor. Although
there is plenty of water on earth, it is not alwaythe right place, at the right time, and
in the right quality (USGS, 2001).

The Natural Water Cycle

The natural water cycle is depicted in Figure lat¥¥reaches the earth’s surface as
precipitation in the form of rain or snow. Sometlod precipitation runs off to enter
streams quickly as storm flow. Some is storedeprdssions, and a significant fraction
infiltrates into the ground and is stored in thié & plant growth. Some water
percolates below the plant’s roots and rechargdsngnound storage called groundwater.
Stored groundwater feeds streams with a slow supfplyater called baseflow. Storm
flow and base flow comprise the streamflow that esalks way downstream to the
nearest ocean. Transpiration from plants and ea#ipa from soil, water bodies, and the
oceans returns water to the atmosphere and caoksattth.

Figure 1. The natural water cycle (Auckland City Gouncil, New Zealand)



In Massachusetts, the average annual precipitatiabout 45 inches. Under natural
conditions in a watershed, about 22 inches per @eaporates, another 5 inches per year
is lost as runoff, leaving only 18 inches of waterecharge the groundwater. In the
summer, however, there is little runoff and onlpab0.5 inches of the 3.8 inches per
month of precipitation is recharged. During drynsner periods there is almost no
recharge. Streamflow is therefore naturally lovihe summer with recharge and
streamflow in a delicate balance.

The Engineered Water Cycle

Man has re-engineered the natural water cycle mw@icenturies and dramatically
impacted the water environment. Large areas af kave been built on, converted to
agriculture, and significantly altered. In metrbfam areas, soils have been compacted
and paved over. Large volumes of ocean and fredgérvare used for cooling in power
plants. Water suppliers withdraw fresh water freumface and ground sources for
residential and commercial use, and then the usgerws discharged as wastewater,
generally far from where the drinking water wasamt¢d. Water distribution systems
distribute water to facilitate its use, but move thater many miles from its source.
Water is also consumed when it is lost to the aphese from agricultural or lawn
irrigation and evaporation.

Figure 2. The engineered water cycle (Auckland GitCouncil, New Zealand)



Land Development

Land clearing and drainage of wetlands can act@aigment recharge and baseflow
because forests and wetlands have higher evaporaties than grasslands or lawns.
However, this effect is usually short-lived as ldwed becomes more developed. Land
development does result in the loss of quality iguaius terrestrial habitat and
subsequently affects both the numbers and diveositgrrestrial species.

Impervious Areas

As impervious surfaces like rooftops, drivewaygkp®y lots and roads proliferate, they
reduce evaporation, recharge, and groundwaterl tiaves. The double-edged effect of
impervious surfaces are that they disconnect rthiinéan groundwater, thus creating
larger peak runoff volumes while reducing rechaged baseflow. The result is more
storm flow with less baseflow, in other words, mofeéhe wrong kind of water. Figure 3
illustrates the increase in peak flows using madiedsults, while Figure 4 shows the
classic divergence in total flow and base flow loe Weponset River, at Norwood, MA.
The minimum 7-day flow used in Figure 4 is a measfrthe lowest base flow during
the year. There are also factors, including waidrdrawals and the wastewater
collection systems, that affect Neponset River fomthis example.
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Figure 3: Modeled increase in stream flow peaks Wi increasing impervious area



Figure 4: Annual total and minimum flows for the Neponset River, Norwood, MA

Runoff from land surfaces to streams, or storm floften causes visible adverse effects
on the watershed. High storm flow can also haweis® physical and chemical impacts.
It raises water temperatures since runoff from imipeis surfaces is often warm,
increases sediment and nutrient loadings since feencreased transport and erosion
capacity, raises stream levels to augment flooding,can increase the frequency of
combined sewer overflows (raw sewage spills intteweays during large rain events).

Flow of water from groundwater to streams, or basefis the lifeblood of streams since
it feeds the streams with cool clean water durieggals when there is no precipitation.
Impervious surfaces reduce recharge and groundwstatexrge thus decreasing baseflow.
Low baseflow can have adverse physical and chenmgadcts: it raises water
temperatures in the summer since groundwater teaatyes are naturally low, decreases
water quality since there is less good quality wadedilution, and lowers stream levels.

The biological impacts of these changes in the flegime reduces fish and macro
invertebrate habitat, diversity and numbers, amdnates the undesirable growth of algae
and aquatic plants.

Water Supply Withdrawals

Water is withdrawn for human use from surface wajssundwater, or the ocean and
used in power generation, agriculture, commerceirahastry, and residences. Water
withdrawals for 2005 in the United States wereneated at approximately 408 billion
gallons per day (Bgd) (USGS, 2001). Thermoele@ower is the largest single use
category (196 Bgd, 48%) followed by irrigation (1B8@d, 34%). Public water supplies
are the third largest category (43 Bgd, 11%) fodviby commercial and industrial uses
(29 Bgd, 7%). Private water withdrawals constitatéy 4 Bgd, or 1% of total use.



Total water withdrawals have varied less than 8¢rtrsince 1985 as the largest uses
have stabilized. Public water withdrawals, howeheare increased in proportion to the
increasing population. About 60 percent of watéhdrawals for irrigation and public
water supply are from surface water bodies, thaigte 1985 there has been a shift
towards using more groundwater. Almost all thensalvater withdrawals (63 Bgd, 98%)
are for thermoelectric power plants. About 85 pat®f the US population obtains
drinking water from public suppliers compared topg2cent in 1950. Almost all private
water withdrawals are from groundwater.

In Massachusetts, water withdrawals for 2005 wetienated to be about 4,661 million
gallons per day (Mgd) (USGS, 2001). Thermoelegawer uses the most (3,718 Mgd,
80%) followed by public water supplies (739 Mgd%d)6 Irrigation for agriculture and
landscapes (126 Mgd, 3%) is the third largest aatedollowed by commercial and
industrial uses (36 Mgd, 1%). Private water witdvdals constitute only 42 Mgd or 1
percent of the total.

The water use picture for the whole United Statf#erd sharply from Massachusetts. In
many parts of the rest of the country, water witwchls are dominated by thermoelectric
and irrigation needs while in Massachusetts thgelstrusers are public water suppliers.

Water withdrawals impact streamflowThe degree of the impact of water withdrawals
depends on many factors. A gallon of water witharaormally results in a gallon less
streamflow unless the water withdrawn is returreedst source. This is particularly true
in the east and in Massachusetts because surfdeeigraonnected to groundwater. In
the Ipswich River watershed, the USGS found thdaemaithdrawals in the upper
watershed reduce flows by an order of magnitdide.

Generally, the larger the withdrawal, the largerwblumetricimpact on the stream. The
smaller the stream, the larger tledative impact on the stream. Distance from the stream
and type of groundwater strata do not affecttfagnitudeof the effect, but might affect
thetiming of the impact. For example, high seasonal humatenuse in the summer
could have a more muted effect on streamflow instmamer if the water supply well

were located far from the stream, or in a confiagdifer. Not only does each well
withdrawal have a local effect on the nearest stram, water withdrawal impacts are
accumulated over entire watersheds, affecting streaflow throughout the

watershed

In eastern Massachusetts, towns use about 2 twhésmper year of water, expressed as a
depth, per year, compared to 23 inches (groundwatkiarge plus surface water runoff)
of total streamflow. From an annual perspectikie,niumbers indicate that there is plenty
of water available for water supply in most riveta.the summer, however, towns use
about 0.5 inches per month for water supply witkre is only about 0.5 inches per

3 Pp.J. zarriello and K.G. Ries, 2008 Precipitation-Runnof Model for Analysis of the
Effects of Water Withdrawals on Streamflow, IpsviRober Basin, Massachusetts,
Water-Resources Investigations Report 00-4029,09 p



month of streamflow (see Figure 5). In stressetérgheds, where demand is high and
the impacts of development are also high, andiar dummers, water withdrawals and
streamflow are in direct competition for a finitgoply of groundwaterConsequently,
water supply withdrawals are directly related to steam drawdown, increased water
temperatures, concentrated pollution in rivers andstreams, algae growth, and
causing tributaries and rivers to run dry (see Figue 6).

Annual Supply vs. Demand

Summer Supply vs. Demand

Figure 5: Annual and Summer Supply vs. Demand



Reduced water withdrawals, on a gallon for gallesi®, result in greater instream flow.
Since the Massachusetts Water Management Act,d521G, requires the
Massachusetts Department of Environmental Prote¢b&P) to strike a balance
between human demand, natural resource need aneaimsuses in its water withdrawal
permits. That legal requirement, until its new evatithdrawal policy was developed in
2004, had been ignored for rivers and streamssteeaMassachusetts.

Water Discharges

Water is discharged to surface water, groundwatehe ocean from power plant cooling
facilities, agricultural return flows, and commexgindustrial, and residential
wastewater. Wastewater discharges to streamsgusitevequantitybenefit but
negativequality effect. Wastewater discharges augment streandtmivn dry periods
provide a steady flow of water for the stream. ldoer, the water quality in the stream is
reduced even if the wastewater is given standagatrtrent from surface water discharges.
In periods of low flow, stream flow can consist ripef wastewater. In eastern
Massachusetts, streamflow in the Upper Charlesratite Assabet and Sudbury Rivers
during summer months consists almost entirely cftexsater effluent.

Figure 6: Effects ®¥ater Withdrawal on Instream Flow
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Dams

Dams have multiple environmental effects on streaRrem a water quantity
perspective, they augment evaporation losses fnemvater surface and reduce
streamflow. They can augment recharge locallyidmkage around the dam into the
downstream segment limits the net effect. Damag®can also provide additional
stream storage, which lowers peak flows and helpgate flood damage. Water supply
reservoirs have a tremendous impact on downstreams,funless downstream releases
of water are programmed into reservoir operatidas: a number of water supply
reservoirs, 100 percent of the downstream flowaiwvésted for human use, leaving only
dry streambeds downstream.

From a water quality perspective, the slow movirsgexr behind dams enablesalgae and
aguatic plant growth, especially in nutrient-ricteams. They also trap sediments behind
dam walls, which further exacerbates plant growghom a biological perspective, dams
block the passage of migratory species of fishasmthere are well-designed fish ladders
that allow fish to pass. Multiple dams also proentbte proliferation of warm water pond
species within the resident fish population, indtegfluvial, or river fish.

Distribution and Collection Systems

Water distribution systems for water supply andjation, and wastewater collection
systems are designed to convey water from one pbeaeother. These distribution and
collection systems are usually piped. Water leatsor out of these systems depending
on whether they are pressurized and/or above ther wable. Groundwater usually leaks
into wastewater pipes, while water supply pipe& eater out of the system into the
surrounding soils.

The result for watersheds is that water is shifiexind, usually in great quantities, and
often out of its basin of origin. For example, teagater systems not only convey
wastewater, they also collect inflow from cross+oections to stormwater pipes and
infiltration of groundwater into the sewer pipea eracks and fissures in the pipes. In
urbanized areas, the volume of water being movéabbasin by wastewater systems
can be equivalent to stream baseflow. For exanipdelMassachusetts Water Resources
Authority wastewater collection system delivers,amerage, 340 Mgd for treatment to
Deer Island each day. Of this total, on averagpr@aimately 180 Mgd is groundwater
leaking into the system and rainwater collecteddiadharged into the system. The
collected groundwater and rainwater treated at D@nd as wastewater is, on an
annualized basis, greater than the flow of the [EébdRiver.

Irrigation

Water withdrawals are used for irrigation of agligtal crops and residential landscapes.
In the urbanized northeast United States, recergldpment of large lot residences with
in-ground irrigation systems has promoted the atign of lawns and landscapes.

Irrigation is a loss of water to the atmospherée Tommon misconception that most of

the applied water percolates through the soil @etiarges the groundwater is completely
false. Depending on the type of irrigation systamd degree of water management, the
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water that is lost entirely to the atmosphere i§5@ercent of the applied water.
Irrigation systems with high uniformity.€., even application of water over the desired
area) and high irrigation efficiencyd., most of the water ends up in the desired volume
for the root zone) use less water but have thedsigbercentage loss to the atmosphere.

Irrigation demand also occurs during the late sprsummer, and early fall, when
streamflows are at their lowest and competitiongimundwater supply between human
demand and streamflow needs are at their highesteased summer water withdrawals
to meet irrigation demand (in some towns a doubdihgse) have severe impacts on
eastern Massachusetts streamflows. Many tribstaaied long reaches of rivers, such as
the Ipswich and Sudbury, simply dry up as aquitesed for public water supply and
private irrigation wells are pumped to provide wdte landscape irrigation. Figure 6
shows how withdrawals intercept baseflow and pualtew away from the stream.

Water Quality

Since the 1950s, the US has made great stridesnaving or minimizing industrial,
commercial, and illicit discharges to rivers atr@ams through pipes, drains and outfalls
(point source pollution). The greatest remainimgéats are runoff from roads, residential
areas, agricultural land uses, and urban areasgoion sources) which carry a virtual
cocktail of contaminants, such as oil grease, @ste&vand sediments. The key to
eliminating these environmental impacts is to reddicect runoff from land surfaces to
water bodies.

Overall Impacts

The urban water cycle combines all these changesignificant impacts. Streams are
flashier with higher storm flows and lower baseftowVater withdrawals create local
impacts while water is moved around in pipes cnggdi pattern of stress on streamflow.
Water temperatures are elevated and water qualggarer, enhancing algae and aquatic
plant growth. Poorer physical and chemical condgilower the numbers and diversity
of fish and macro invertebrates.

Stream draw down to meet human demand also indigat@indwater supplies are
threatened, and that demand will exceed availalpelg as pumping increases due to
growth. Rivers and tributaries are, in effect,ar@s in the coal mine, warning us that
our current demand and water infrastructure issnetainable.
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