
Water q d i t y  gods recormenda~ons far the Pennichirck water  upp ply have 
been developed based on %he data collected, identified, generated and analyzed 
during this study including historical water quality data, land use data, hydrologic 
and nutrient modeling, water supply regulations, polution sources and existing 
protection effo-rts. 

A phosphoms and hydrologic analysis sf the watershed along with limited 
smplrjng data show excess levels of phosphorus in most of the ponds. These 
excess bvels were identified considering the detention Zhe chain ponds provide to 
one another in series. This is the result of the ovewhelmi~g detsimeat of 
development which has increased nutrient loadings into the ponds and has likely 
zdded to the filling of the ponds, reducing both their capactcity and detention 
benefit, Based on the identified phosphoms levels i~ the ponds, ac$ims need to be 
taken to reduce the existing loadings into the system a d  to n6nkxkze addiknai 
loadings h r n  future development. 

Since most of the commamities that make up the watershed do not receive water 
fmm this supply, in is ianporz:mt to build a positive relationship with the 
communities to receive their support and assistance in the protection of this 
supply. This may be assisted by the fact that the types of protective actions 
needed by P e ~ c h w k  will also help these communities protect their own quality 
af life, so there carr be maray comcm goals. 

The m s t  important pameter to control in a surface water supply is phosphorus 
due to the impacts it has sin a supface drinking water stqeppfy, which include the 
filling of the ponds and taste and odor problems. Based on a model r n ~  for the 
watershed, the ihesreticd in-pond phosphoms concenkation for Harris Bond was 
eslinaafed at 0.033 mtgllt which conesponds with khe average sampled data of 0.04 
mg/il for fie 1995 though 19% sampling period. This is appmximately twice the 
desired phosphorus level (0.02 mg/l) for an ~ ~ % t e r e d  surface drinking water 
supply. Although 0.02 mg/J is desired for an m6ltered sixface warn supply, it 
may azat be realistically achievable for the Pennichuck water supply system, thus a 
phosphorus god of 0.825 mg/l is recomended. 

In order .to achieve a phosphorus water quality goal of 0.025 mgll in Hmis Pond, 
the poh tmt  loadings entering the pond need to be reduced to an acceptable level 
that the pond can handle. Using the phosphorus model, the qwntity of phosphms 
thzt needs to be removed &om the Pennichuck vc-atershed was caldated. Based 
on these calculations, about 2,200 pounds ofphrssphoms per year need to be 
removed from the watershed to reach a recommended water quality gad of 
roughly 0.025 mg/l of phosphorus. 

The followhg recommendations focus on actions required to assess and prevent 
the M e r  degradation of the Pemichuck chain pond system, including 
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both preventative md remedial best management practices (BMPs). Each of the 
recommedations is geared xowards meeting a pfiosphoms concentration of O.825 
mg/l in Wmis Pond. Recommended actions and the pollution threats addressed by 
each group we described behw and sumarkeed. in Table 8-9. 

i 
/ A. Require Setback / Buffer Zone 
A setback or buffer zone is a strip of l a d ,  swomding a surface water body 
including tsibu'raries, ponds, k k e s  and resemsi~s. A buffer is typically 9,md left in 
its natwtd state to provide protection from non-point source golu"iioln (sediment, 
nutrient, heavy metals, toxics, pesticides, pathogens, salt md thermal poliution). 
They dso prevent &~mentaI fmd uses from developing directly adjacent to 
streams md other water bodies, which hdps to decrewase &e p ~ h t ~ t s  these land 
uses may otherwise contribute. At the same time, buffer strips add the additional 
benefit of helg$nzg veith b d  stabilization and to protect ri-vetfront habitat ax! the 
river ecosystem. 

Buffer zones are often. between 35 and 300 feet 111 .width, depending on the 
vegetation, slope, and soil type. The median width is 100'. There is nc: consensus 
m the widths necessary to protect surface waters since studies are usudly site- 
specific and designed for a p d c d m  pls lem (sedimentmiirnl%, nutrient removal). 
The it44 Rhei.wq~s Cornrrau~ziv Guide provides some background on previous 
studies and cornon widths used for specific pollutant removal. These width are 
provided below, additional idarmation on buffer strips and studies is included in 
Appendix H. 

a For sediment retention, SO- $60' is adequate. 
For nutriegt setmtion, betweep, B 50' - 300'worked best. 
For pesticide retenion, between 50-80 feet for ground application, but up to 
300' for aeriai application. 

a Pathogens have been found within 2'4700' from a source, nor enough 
research hs been done oar &e effects of buffer strips on pathogens. 
At least 58-1 00' is required fix ba,& st~bilization. 

a Many cornunities suggest that the buffer fully incorporate the lands of the 
I 00-yr floodplain (S~hueler, 1 995). 

a Some cornmities imlude crititl;al seas md delineated wet?!wdr; in their 
buffer distances. 
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The following actions are recamrmeaded: 

koqmratt: a 300 foot btrffer in laed subdivision arnd planning mgblheolls ID 
tEne extent possible. 

B. Public Education 
A public ducation pro$raxra should be developed to focus on the general public 
md more importtmtly the locd b o d s  ;toB depcirtnzents, skee they will be largely 
responsible far implementing proposed water quality management techniques. 
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can provide. Thus it is i~nportant to provide education on the importance of 
natural vegetatha to minimize the impacts of pc~tll~ltmts carried in stomwater. 
hcrease pub& awareness ofthe dangers of illegal dumping through a storm 
&ah stending program and .accompanying press releases. Some residents 
may be unaware that at particular drain discharges directly to tributary of the 
water supply m to the water supply itself. Increasing public awsueness may 
help avoid future dumping and the use of storm drains for waste disposal. 

6 ,  Work Oo Modify Subdivision Bylaw 
A review of the existing land uses and future land uses based on zoning indicates 
that there is siifl much lmd that may be developed within the warshed. As 
development takes glace, pollutant loadings reaching the river h m  urban runoff 
can be expected to increase. Imprsving tf?e existing bylaws wili seduce the 
haacts of fbtraarg, development in the watershed, Consistent seltbackhuffer 
requirements will assist in minimizing the pollutant concentration entering into 
tributaries md the chain pmd system. Additionally, minimidng %he impwiorns 
area in E U P ~  developmnts will dso reduce the mount sf surface nmoE entering 
he water supply md consequelrtly vdl  reduce the potwid nltloadiargs to the 
system. Sirid development water qualiq standards can also reduce impacts by 
requiring contractors to take it upon the~nselves to reduce the impacts a 
developmat can have on the water supply. The overall effects of improved 
subdivision regulations can be to minirnizc the potentid pollutant loading 60m 
future deveitopment. The following actions are recomernded: 
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D. Encourage Prevenfative Agricultural BMPs 
Although there is not much agriculturd laad within the w~itershed (only 624 
acres, 3.5% ofthe watershed), the potentid does exist for the development ~f 
agrici~hml lands in the frstwe. As seen by the buildout scenarios assuming an 
~gicultrxal bShduut in Hollis, the development of these lands can have a 
detrimental effect on the pami system. AgI-ieeaTture also has the potential to 
introdwe ptbgens to the system. 

Most ;tggsicull;urd BMPs are preventative in nature in that they prevent pollution 
From occurring rather than captmhg armd treating the polhutmt from an existing 
source. T;rbJe $-2 outii~es preve~tali.rr: ssgricultxrd BMPs that may be applied h 
h e  Pemichuck watershed. The ir~lplesrnentation ofa@culmJ BMPs can greatly 
reduce the amount of erosion from these a-eas, which carr decrease the sediment 
h-amling to the streams, AdditionaHZy, management programs can be used to 
reduce pesticide md nutrient loadings brnr agricuftwal areas, Recommended 
actions include: 

bq t i re  setback requirements for dl standing arld feeding places for horses 
and other E~ese~ck.  Often a 300-foot setback is necessary to ti;::mwe se 
major&jr of the sedimeat and nutrients h r n  the streams. See appendix H for 
an evdua~ioa of buffer widths. In some cases Pennichuck may seed t~ help 
fanners develop alternate ssuxces of water for Iivestock. 
Work with the Natural Resources Consemation Service (NRCS) to encamage 
existing md fzrtwe fasmers to implement preventive B W s  such as 
consemation tillage and contouring. 
Encourage f m e r s  in Pne watershed to incovorate integrated pest 
management and nutrient management practices. This will decrease the 
amount of toxic pesticides and fertilizer use close to the t5butaries ofthe 
chain ponds. 

A. Implement Baseline Monitoring Program 
A review o f h i s t ~ ~ i c d  ddaea reveals a minimum amount of phosphorus data. A 
baseline monitorhg program should be conduc~ed to obtain more infamation on 
the existing health of the ponds. The program will provide long-term trending 
infomation to W e r  identify problem meas in the watershed where investigatory 
sampling may be conducted to pinpoint sources of pollution. Smp1ing in the 
waterskd should also include depth smpIes taken from each of the ponds. The 
monitorkg p m g m  is outlined in more detail in the water quality section (Section 
3 $1. Recornended actions include: 

1. Impiernent the basdine monitoring program described in Section 3.0 to 
include sediment depth mapping and depth sap l ing  at the ponds. 
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2. Develop an investigative sampling program to identify illicit comectiom 

when bacteria levels are excessive md coordinate with the appropriate Board 
of Heafth @OM) agent when specific tributary segments are pinpointed. 

3. Monitor f i e  effectiveness of instatlied BMPs with gsre- and post-monitoring 
stations to determine the removal efficiency of criticai parameters including 
nutrients, bacteria and sediments so rrmodifrcaEions can be made as necessary. 

4. Create graphs of aII monitoring data to evaluate trends in the data. 

B. !mplement Stormwater Sampling Program 
Stomwater runoffhas been identified as a major contributor of poIIution to 
surface water bodies in wbmized areas. These is little data in the Pennichmk 
watershed on the impacts stomwater m o f f  is having on the pond system. A 
proposed stomwater manitming program was developed in the water 6-yudit-y 
section af the report (Section 3-01 to identify the pollutant load associated with 
stormwater mnoffffforn various Qpes of f a d  uses in the watershed. It is 
recornended that Permichuck Water Works implenrzent the stomwater sampling 
program identified in Section 3.0. 

C. Conduct Sediment. Mapping in the Chain Ponds 
Results of the nufrjient araalysis show that the poixis can i;rovide a sigffiiffcmt i[evel 
of detention $0 redulce the overall impacts of the end pm& $he chain (Harris 
md Supply Pond). However, if these ponds fill in, the dletentior~ will be reduced 
and the sediments may actreally become a source of phosphoms and stha 
nutrients to the drinking water sources, therefore it is critical to maintain the 
capacity of these ponds. Sediment mapping in each of the chain ponds should be 
conducted to determine the existing capacity of the ponds and to identify ta what 
extent the ponds =have been fiiied in. Results of the sediment sampling will give 
Pennichuck Water Works direction as ta whether or not the ponds need to be 
dredged. The following actions are recomended: 

1 .  Condud sediment depth sarmplthg in each of the ponds. 
2. Map sediment depths for each of the ponds to detg:mi~>e the levd that e ~ c h  

pond has been filled in and to determine the existing capacity of each, 

D. Stormwater Runoff 
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Review the subwatersheds that contribute the greatest pollutant loads to the 
water supply including PB-2, PB-1, PB-3 and BFB-I (in that order) to identify 
areas where BMPs may be applied. The modeling predicted these 
subwatersheds to contribute the greatest amomt of pollution to the water 
supply; thus remedial efforts should be fbcused in these areas. Although SB-I 
was also identified as one of the highest contributors ofphosphoms, the 
loadings from this pond do not have a significant impact on Harris md Supply 
Pond where the intake is. Thus, remedial measures need not be a priority in 
this subwater~hed~ but should be considexed to decrease the impacts on Stump 
Pond. Specific areas of concern were identified in Section 5.0 including moff  
ffom indt~stci;ka,, residential md connmercial areas tb~ough~~lf: the watershed zs 
well as transimt constm~tion sites. 
Apply BMPs to existing tageted areas within the watershed. These m y  
incitnde mything from leaching catch basins to detention basins and wet 
ponds. A summary of available stonmwater BMPs is provided in Table 8-3. 
Incorporate BMPs into 1ocaE subdivision regu1atbns to require contractors to 
impkmat  B W s  fix any new devdopent  project. 

Sanitary Survey 
4 sanitary survey of the entire watershed shouid be conducted to determine the 
iocations csf illicit discharges and possible failing septic systems. This type of 
survey will assist in further d e f i g  the existbg polhution sources in the 
matershed md will identify unknown sources of pollution. Locations such as the 
Chicken Hutch Mall, which is suspected to have a faulty septic system, may be 
nspected and corrwtive actions enforced through the local Heallth Departments in 
:ach oftbe commeulities. By identifying such pollutant contributors as faulty 
septic systems aa8 illegal discharges, bacteria a d  nutrient Lcvek entering the 
xmds may be reduced. Additionally, other illegal discharges from industrial 
3peratims may also be idmtibed and corrected to reduce the potentid discharge 
d hazardous materials Ints the water supply, The following actions are 
:ecomerrded: 

i. Conduct kther ba~terial investigative sampling as needed to M n e r  identify 
areas of concern. 

2. Using bacterid data, conduct an inspection of the watershed to identify iilicit 
discharges and faulty septic systems that may be contributing pollutants to the 
chain pond system. 

3 ,  Coordinate with the local Boards of Health to M e r  assess wlnd con~ect 
identified problem areas within the w&ershed. 

F. Airport Coordination 
4 s  indicated in Section 5.0, an airport in Nashua lies within the watershed 
3eIineation boundary located adjacent to a tributary that drains directly inta Harris 
Pond. The airport is considered to be a large potential source of pollution due to 
:he large impervious area and the activities that atypically take place at aa 
&i?qmrt. 
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Sediments, oil and grease from ailport parking Jots can be reduced up to 80% 
using some of these stomwater control techniques. 

Work with the airport authorities to try and provide mnoff control fiom the 
runway and parking lots. Products such as Stornzcepror are made to replace 
manholes while collecting sediments, oil and grease fiom industrial and 
commercial parking lots. These can be easily retrofitted into existing systems. 

/ G. Modify Watershed Stormwater Discharges 
[ Protect the Permichuck water supply from existing and future development 

! throrrgb a goal of m u  direct discharge (w piped d i s c ~ ~ g e s ~  to the ponds or their 
trib~taries. This goal will t&e several. years to accomplish md will require 

1 Pennichwk to encourage $he N,N. Highway Department and the local Public 
Works Departnzents to hp1ment n o - & h g  In roadway c o n s m ~ t b n  
md rrroc%katEsn pmjects. 

By imple~nentinzg a rro dire& discharge gmgrml, pdlutim threats h m  major 
roadway crossings of tributaries a d  ponds can be minimized. This wiE dso allow 
more rime far a spill ta be contained and deaned in &e event of an accident at a 
major crossing. Thus, not oniy will it reduce the everyby loadings from 
contaminants such as oil and grease that settle on the impervious surfice of the 
roadway, but it will also prevent other potentid contaminants, such as h&rdous 
materials, from entering a tributary or pond during a roadway accident. The 
following actims are recommended: 

I. Develop a rrzunicipal guidance rnanuai suitable for Public Works Departments 
geared to assure Qzt rwo~~sWuctiora projects apply no discharge design 
principles. 

2. Encamage the N.H. Higk~a-y Dega-tment to implemelat 30 dischxge goals for 
ststle roads tirat cross the ponds or &eir tributaries, such as Rte. 3. Pemichuck 
Water Works shorrId request to have input on BMP design standards that are 
to be incorporated into roadway reconstruction projects. 

3. Work on specific sites to identi@ potential remediation projects. 

I H. Hazardous Waste Sites Coordination 

State sites are those identified as Ravirag h o w  ar potential hazardous releases. 
These sites s e  regulated by and required to report to the New Hampshire 
Department of Environmentnl Services (?4EDES). NHDES regdations require 
sires to be cleaned up to acceptable levels or other'jb~ise prove that no significant 
risk exists on ~e site. The following actions me reas~mnnrterrded: 

/ 1. Coordinate with NHDES far prompt notification of identified releases that 
may impact the ponds. 
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2. Work with NHDES to ensure that these sites/relleases ape quickly cleaned to a 

Bevel &at represents no significant risk. 

H.2 WCRA Sites and Household Hazardous Waste 
There ar9: several RCfL", sites located within the watershed, however, these sites 
should not pose a risk to ehe ponds if they are operated properly. By conducting 
periodic inspections of RCRA facilities, those in non-compliance wilh the 
regulations may be identified and conected before causing a potentid problem to 
the water supjdgr. The periodic inspection of these facilities nwy encourage 
facilities to became more aware of the existing regulations and ~peratjons to 
remain in camplia4ce so they may avoid h e s  related to non-compliance 
activities. 

Residents are a h  capable of generating household hazardous wastes, which may 
be disposed of improper1y if not given the proper means for disposal. Providing 
annual howehold hslzardous waste collection days will provide residents with a 
means of disposing of their own hazardstas wastes so they will not have t~ fmd 
&.her avenues of disposal, wKicb could include illegal d isp~sd  activities. The 
following actions art: recommended: 

1. Coordimte with NHDES for periodic inspections of RCRA facilities located 
within the watershed. Extra attention may be given to those facilities located 
close to a pond or tributary to the water supply system. 

2. Encourage the colmrnmities to provide annual househoid hazardous waste 
collection days. 
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