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Executive Summary 

A Total Maximum Daily Load (TMDL) a alysis was co ducted for Baboosic Lake i  Amherst, New Hampshire. 

Baboosic Lake is curre tly listed as impaired for primary co tact recreatio  by the State of New Hampshire 

because of high chlorophyll a co ce tratio s a d the prese ce of hepatotoxic cya obacteria. This effort 

i cluded the co structio  of a  utrie t budget a d setti g a target value for phosphorus such that algal growth 

a d bloom formatio  would  o lo ger impair primary co tact recreatio . The TMDL is the  allocated amo g 

sources of phosphorus such that i -lake phosphorus co ce tratio s meet the target a d Baboosic Lake 

supports its desig ated uses. The a alysis suggests that the curre t loads of phosphorus to Baboosic Lake 

must be reduced by 35% overall i  order to meet the target i -lake phosphorus value of 12 µg/L. The load 

allocatio  puts primary emphasis o  reduci g watershed phosphorus sources over other sources due to the 

relative load co tributio  from the watershed a d practical impleme tatio  co sideratio s. It is expected that 

these reductio s would be phased i  over a period of several years. Successful impleme tatio  of this TMDL 

will be based o  complia ce with water quality criteria i  E v-Wq 1700. Guida ce for obtai i g Clea  Water 

Act (Sectio  319) fu di g for  o poi t source co trol is prese ted i  Sectio  7.0. Suggestio s for 

e ha ceme t of the curre t mo itori g program a d ge eral phosphorus loadi g reductio  strategies are also 

provided. 
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1.0 Introduction 

The Federal Clea  Water Act (CWA) provides regulatio s for the protectio  of streams, lakes, a d estuaries 

withi  the U ited States. Sectio  303(d) of the CWA requires i dividual states to ide tify waters  ot meeti g 

curre t state water quality sta dards due to polluta t discharges a d to determi e Total Maximum Daily Loads 

(TMDLs) for these waters. A TMDL sets the maximum amou t of a polluta t that a waterbody ca  receive a d 

still support desig ated uses. A large  umber of New Hampshire lakes are o  the 2006 a d 2008 303(d) lists 

due to impairme t of desig ated uses by chlorophyll a (chl a), cya obacteria blooms or dissolved oxyge  (DO) 

depletio  (NH DES 2006, 2008b). Baboosic Lake is i cluded o  the 2006 a d 2008 lists due to the 

impairme t of primary co tact recreatio  caused by high chl a co ce tratio s a d the prese ce of hepatotoxic 

cya obacteria. High levels of chl a a d hepatotoxic cya obacteria are i dicative of  utrie t e richme t. Low 

DO is also likely related to  utrie t e richme t a d associated algal productio . Phosphorus is the primary 

limiti g  utrie t i   orther  temperate lakes, he ce eutrophicatio  due to phosphorus e richme t is the likely 

cause of high chl a a d the prese ce of hepatotoxic cya obacteria. Nitroge  ca  also play a role i  

determi i g the type of algae prese t a d the degree of eutrophicatio  of a waterbody. However, phosphorus 

is typically more importa t a d more easily co trolled. A TMDL for total phosphorus (TP) as a surrogate for 

chl a a d the prese ce of hepatotoxic cya obacteria has bee  prepared for Baboosic Lake a d the results are 

prese ted i  this report. 

The TMDL will be expressed as: 

TMDL = Waste Load Allocatio  (WLA) + Load Allocatio  (LA) + Margi  of Safety (MOS) 

The WLA i cludes the load from permitted discharges, the LA i cludes  o -poi t sources a d the MOS 

e sures that the TMDL will support desig ated uses give  u certai ties i  the a alysis a d variability i  water 

quality data. 

Determi i g the maximum daily  utrie t load that a lake ca  assimilate without exceedi g water quality 

sta dards is challe gi g a d complex. First, ma y lakes receive a high proportio  of their  utrie t loadi g 

from  o -poi t sources, which are highly variable a d are difficult to qua tify. Seco dly, lakes demo strate 

 utrie t loadi g o  a seaso al scale,  ot a daily basis. Loadi g duri g the wi ter mo ths may have little effect 

o  summer algal de sities. Fi ally, variability i  loadi g may be very high i  respo se to weather patter s, a d 

the forms i  which  utrie ts e ter lakes may cause i creased variability i  respo se. Therefore, it is usually 

co sidered most appropriate to qua tify a lake TMDL as a  a  ual load a d evaluate the results of that a  ual 

load o  mid-summer co ditio s that are most critical to supporti g recreatio al uses. Accordi gly, the  utrie t 

loadi g capacity of lakes is typically determi ed through water quality modeli g, which is usually expressed o  

a  a  ual basis. Thus, while a si gle value may be chose  as the TMDL for each  utrie t, it represe ts a 

ra ge of loads with a probability distributio  for associated water quality problems (such as algal blooms). 

U certai ty is likely to be very high, a d the resulti g TMDL should be viewed as a  utrie t-loadi g goal that 

helps set the directio  a d mag itude of ma ageme t,  ot as a rigid sta dard that must be achieved to protect 

agai st eutrophicatio . While daily expressio  of the TMDL is provided i  this report, the a  ual mea  load 

should be give  primacy whe  developi g a d evaluati g the effective ess of  utrie t loadi g reductio  

strategies. 

The purpose of the Baboosic Lake TMDL is to establish TP loadi g targets that, if achieved, will result i  

co siste cy with the State of New Hampshire Water Quality criteria E v-Wq 1703.14. Water quality that is 

co siste t with state sta dards is, a priori, expected to protect desig ated uses. AECOM prepared this TMDL 

a alysis accordi g to the U ited States E viro me tal Protectio  Age cy's (US EPA) protocol for developi g 

 utrie t TMDLs (US EPA 1999). The mai  objectives of this TMDL report i clude the followi g: 

Fi al TMDL Report for Baboosic Lake 1-1 Ja uary 2011 
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• Describe water body, sta dards a d  umeric target value; 

• Describe pote tial sources a d estimate the existi g TP loadi g to the lake; 

• Estimate the loadi g capacity; 

• Allocate the load amo g sources; 

• Provide alter ate allocatio  sce arios; 

• Suggest eleme ts to be i cluded i  a  impleme tatio  pla ; 

• Suggest eleme ts to be i cluded i  a mo itori g pla ; 

• Provide reaso able assura ces that the pla s will be acted upo ; a d 

• Describe public participatio  i  the TMDL process. 

This TMDL for TP will ide tify the causes of impairme t a d the polluta t sources a d is expected to fulfill the 

first of the  i e requireme ts for a watershed ma ageme t pla  required to qualify a project for Sectio  319 

restoratio  fu di g (see Sectio  7.0). 

Fi al TMDL Report for Baboosic Lake 1-2 Ja uary 2011 
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2.0 Description of Water Body, Standards and Target 

2.1 Waterbody and Watershed Characteristics 

Baboosic Lake (NHLAK7700060905-01-01) is located i  Amherst, New Hampshire a d is withi  the 

Merrimack River Basi  (Figure 2-1). The 92.5-hectare (ha) lake has a maximum depth of 7.9 meters (m) a d a 

mea  depth of 2.9 m (NH DES 1999). The lake volume is 2,661,610 cubic meters (m
3
) with a flushi g rate of 

approximately two times per year. The watershed area is 676 ha a d is withi  the Tow s of Amherst a d 

Merrimack. The Tow  of Amherst has approximately 12,000 reside ts (ELMIB 2007). Merrimack borders the 

west shore of Baboosic Lake a d is the 8
th 
largest tow  i  New Hampshire. Baboosic Lake has a warm water 

fishery with bullhead ( meiurus sp.), yellow perch (Perca flavescens), bluegill su fish (Lepomis macrochirus) 

a d largemouth bass (Micropterus salmoides) as the most commo  species (NH Fish a d Game 2007, 

Swasey a d Wilso  1998). Select characteristics of Baboosic Lake a d its watershed are prese ted i  Table 

2-1. 

Table 2-1. Characteristics of Baboosic Lake, Amherst, NH. 

Parameter Value 

Assessme t U it 
Ide tificatio  NHLAK700060905-01-01 

Lake Area (ha) 

Lake Volume (m3) 
Watershed Area (ha) 
Watershed/Lake Area 
Mea  Depth (m, ft) 
Max Depth (m, ft) 

Flushi g Rate (yr-1) 

Deep Spot Epilim etic TP 
(ug/L mea , ra ge) 
Epilim io  TN: TP Ratio 

Impaired Uses a d 
Causes of Impairme t 

Hypolim etic A oxia 

92.5 

2,661,610 
676 
7.3 

2.9, 9.5 
7.9, 25.9 

2.0 

15, 7-33 
27 

Primary Contact Recreation: 
chlorophyll a (5-P) a d cya obacteria (5-M), 
source u k ow , u permitted discharges 

(domestic waste), a d waterfowl 
Yes 

*Water quality statistics are calculated from 2001-2007 data 

**Source: 2006 & 2008 NH 303d Lists of Threate ed or Impaired Waters that Require a TMDL. Category ‘5’= 

TMDL Required, Category ‘M’= Margi al Impairme t, a d Category ‘P’= Priority Impairme t. 

Fi al TMDL Report for Baboosic Lake 2-1 Ja uary 2011 
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Figure 2-1. Baboosic Lake Location and Bathymetry. 
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The New Hampshire Departme t of E viro me tal Services (NH DES) co ducted water quality mo itori g o  

Baboosic Lake i  1977, 1993 a d 1998 for Lake Trophic Studies. The U iversity of New Hampshire 

Cooperative Exte sio  Lay Lakes Mo itori g Program (LLMP) bega  i  1996 a d co ti ues to the prese t day 

(Craycraft a d Schloss 2006). The mea , media  a d ra ge of selected water quality parameters from each 

sampli g locatio  from the most rece t data available (2001-2007) are summarized i  Table 2-2. Secchi disk 

tra spare cies (SDT) ra ge from 1.7 to 5.1 m with a mea  of 3.3 m. Cya obacteria blooms co tai i g 

hepatotoxic microcysti s (Oscillatoria sp.) have bee  observed (Baboosic Newsletter 2007); chl a 

co ce tratio s betwee  2001 a d 2007 ra ge from 0.9 to 21.4 µg/L. TP co ce tratio s ra ged from 5 to 56 

µg/L with a mea  of 15 µg/L. NH DES reclassified the lake from mesotrophic to eutrophic from 1993 to 1998 

due to a fourfold i crease i  chl a from 3-4 µg/L to 16 µg/L (NHDES 1999). 

Table 2-2. Baboosic Lake Summer Epilimnetic Water Quality Summary Table 2001-2007. 

Stats 

Clarks Washer 
Landing Center Cove 
(CL1) (CL2) (WL) 

Deep 
Shark's 
Tooth 
(MHD) 

Total Phosphorus 

n 129 136 91 135 

Min 5 7 5 7 

Mean 15 15 15 15 

Max 56 24 26 33 

Median 15 15 15 14 

Secchi Disk 

n 152 154 111 153 

Min 2.0 1.9 2.1 1.7 

Mean 3.3 3.4 3.2 3.4 

Max 5.1 5.0 3.8 4.7 

Median 3.4 3.4 3.3 3.4 

Chlorophyll a* 

n 145 149 106 150 

Min 1.1 0.9 1.1 1.4 

Mean 6.6 6.7 6.5 6.7 

Max 20.8 21.4 16.3 21.4 

Median 5.7 5.6 5.6 6.0 

  =  umber of samples; *U corrected for phaeophyti  

2.2 Designated Uses 

Baboosic Lake is assig ed a surface water classificatio  of B by the State of New Hampshire. Surface water 

classificatio s establish desig ated uses for a waterbody. Desig ated uses are desirable uses that must be 

protected, but are  ot specifically associated with qua tifiable water quality sta dards. Accordi g to RSA 485-

A:8, Class B waters, ‘”shall be of the seco d highest quality.” These waters are co sidered acceptable for 

fishi g, swimmi g a d other recreatio al purposes a d may be used as water supplies after adequate 

treatme t. 
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As i dicated above, State statute (RSA 485-A:8) is somewhat ge eral with regards to desig ated uses for 

New Hampshire surface waters. Upo  further review a d i terpretatio  of the regulatio s (E v-Wq 1700), the 

ge eral uses ca  be expa ded a d refi ed to i clude the seve  specific desig ated uses show  i  Table 2-3 

(NH DES 2008a). 

Table 2-3. Designated Uses for New Hampshire Surface Waters. 

Designated Use NH DES Definition 
Applicable Surface 

Waters 

Aquatic Life 

Waters that provide suitable chemical a d 
physical co ditio s for supporti g a bala ced, 
i tegrated a d adaptive commu ity of aquatic 
orga isms. 

All surface waters 

Fish Co sumptio  
Waters that support fish free from 
co tami atio  at levels that pose a huma  
health risk to co sumers. 

All surface waters 

Shellfish 
Co sumptio  

Waters that support a populatio  of shellfish 
free from toxica ts a d pathoge s that could 
pose a huma  health risk to co sumers 

All tidal surface waters 

Dri ki g Water 
Supply After 
Adequate 
Treatme t 

Waters that with adequate treatme t will be 
suitable for huma  i take a d meet 
state/federal dri ki g water regulatio s. 

All surface waters 

Primary Co tact 
Recreatio  (i.e. 
swimmi g) 

Waters suitable for recreatio al uses that 
require or are likely to result i  full body 
co tact a d/or i cide tal i gestio  of water 

All surface waters 

Seco dary Co tact 
Recreatio  

Waters that support recreatio al uses that 
i volve mi or co tact with the water. 

All surface waters 

Wildlife 

Waters that provide suitable physical a d 
chemical co ditio s i  the water a d the 
riparia  corridor to support wildlife as well as 
aquatic life. 

All surface waters 

Fi al TMDL Report for Baboosic Lake 2-4 Ja uary 2011 
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2.3 Applicable Water Quality Standards 

The New Hampshire State Water Quality Sta dards for  utrie ts i  Class B waters (E v-Wq 1703.14) are: 

(1) Class B waters shall co tai   o phosphorus i  such co ce tratio s that would impair a y existi g or 

desig ated uses, u less  aturally occurri g. 

(2) Existi g discharges co tai i g either phosphorus or  itroge  that e courage cultural eutrophicatio  

shall be treated to remove phosphorus or  itroge  to e sure attai me t a d mai te a ce of water 

quality sta dards. 

(3) There shall be  o  ew or i creased discharge of phosphorus i to lakes or po ds. 

(4) There shall be  o  ew or i creased discharge(s) co tai i g phosphorus or  itroge  to tributaries of 

lakes or po ds that would co tribute to cultural eutrophicatio  or growth of weeds or algae i  such 

lakes a d po ds. 

Applicable water quality sta dards for DO i clude the followi g: 

E v-Wq 1703.07 (b): Except as  aturally occurs, or i  waters ide tified i  RSA 485-A:8, III, or subject to (c) 

below, Class B waters shall have a DO co te t of at least 75% of saturatio , based o  a daily mea , a d a  

i sta ta eous mi imum DO co ce tratio  of at least 5 mg/L. 

E v-Wq 1703.07 (d): U less  aturally occurri g or subject to (a) above, surface waters withi  the top 25 

perce t of depth of thermally u stratified lakes, po ds, impou dme ts a d reservoirs or withi  the epilim io  

shall co tai  a DO co te t of at least 75 perce t saturatio , based o  a daily mea  a d a  i sta ta eous 

mi imum DO co te t of at least 5 mg/L. U less  aturally occurri g, the DO co te t below those depths shall 

be co siste t with that  ecessary to mai tai  a d protect existi g a d desig ated uses. 

The NH DES policy for i terim  utrie t threshold for primary co tact recreatio  (i.e. swimmi g) i  NH lakes is 

15 µg/L chl a (NH DES, 2008a). Lakes were also listed as impaired for swimmi g if surface blooms (or 

“scums”) of cya obacteria were prese t. A lake was listed eve  if scums were prese t o ly alo g a dow wi d 

shore. 

2.4 Anti-degradation Policy 

A ti-degradatio  provisio s are desig ed to preserve a d protect the existi g be eficial uses of New 

Hampshire’s surface waters a d to limit the degradatio  allowed i  receivi g waters. A ti-degradatio  

regulatio s are i cluded i  Part E v-Wq 1708 of the New Hampshire Surface Water Quality Regulatio s. 

Accordi g to E v-Wq 1708.02, a ti-degradatio  applies to the followi g: 

• All  ew or i creased activity i cludi g poi t a d  o poi t source discharges of polluta ts that would 

lower water quality or affect the existi g or desig ated uses; 

• A proposed i crease i  loadi g to a waterbody whe  the proposal is associated with existi g activities; 

• A  i crease i  flow alteratio  over a  existi g alteratio ; a d 

• All hydrologic modificatio s, such as dam co structio  a d water withdrawals. 

2.5 Priority  anking and Pollutant of Concern 

Baboosic Lake is listed o  the 2006 a d 2008 303(d) list as havi g primary co tact recreatio  use impairme t 

due to excessive chl a a d the prese ce of hepatotoxic microcysti s (NH DES 2006, 2008b). Baboosic Lake 

periodically experie ces high co ce tratio s of chl a as well as cya obacteria blooms i  summer. Baboosic 

Lake is listed by the NH DES as a low priority for TMDL developme t. This prelimi ary ra ki g is based o  

the waterbody impairme t a d whether the polluta ts pose a threat to huma  health or to federally listed, 

Fi al TMDL Report for Baboosic Lake 2-5 Ja uary 2011 



    

 

          

               

             

                  

                   

                 

                 

                 

               

                  

          

      

                   

               

               

                   

  

                 

                 

                  

                   

                     

                

                

              

                  

                     

                    

                 

                   

                 

                    

              

               

            

       

AECOM E viro me t a d NHDES 

threate ed or e da gered species (NH DES 2008a). The fi al ra ki g takes i to accou t public 

i terest/support, availability of resources for developme t, admi istrative or legal factors, a d likelihood of 

impleme tatio . Whe  the 2006 a d 2008 303(d) lists were prepared, it was u k ow  if fu di g would be 

available for developme t of this TMDL; co seque tly it was give  a low ra ki g at the time. Desig ated use 

impairme t is also ra ked. Baboosic Lake is listed as margi ally impaired with respect to primary co tact 

recreatio  due to the prese ce of cya obacteria (category 5-M) a d severely impaired with respect to chl a 

(category 5-P). It is likely that the impairme ts observed i  Baboosic Lake are attributable to  utrie t 

e richme t, specifically TP. Co trol of TP sources to Baboosic Lake should therefore improve co ditio s 

related to chl a a d hepatoxic cya obacteria such that desig ated uses are supported. A summary of the 

impairme ts a d causes of impairme t are prese ted i  Table 2-1. 

2.6 Numeric Water Quality Target 

To develop a TMDL for this waterbody, it is  ecessary to derive a  umeric TP target values (e.g., i -lake 

co ce tratio ) for determi i g acceptable  utrie t loads. The suggested TP values are described i  the 

followi g paragraphs. The derivatio  of these targets a d discussio  of alter ative approaches i  setti g 

targets are prese ted i  Appe dix A. It is  otable that all three approaches prese ted result i  very similar 

target co ce tratio s. 

At prese t,  umeric criteria for TP do  ot exist i  New Hampshire’s state water quality regulatio s. 

Accordi gly, best professio al judgme t of AECOM, NH DES, a d US EPA Regio  1 was employed to select 

a qua titative target i -lake TP co ce tratio  that will attai  the  arrative water quality sta dard. Wi d 

accumulatio  of surface blooms or “scum” ca  be cause for impairme t i  New Hampshire lakes. It is difficult 

to relate the prese ce of these scums to TP loads. However, setti g a TP target based i  part o  mi imizi g 

the probability of excessive summer chl a should be sufficie t to mi imize scum formatio  related to 

cya obacteria blooms. Although Baboosic Lake is  ot listed as impaired with respect to dissolved oxyge  

(DO), reduci g algal productivity through co trol of TP should also reduce hypolim etic DO depletio . 

The  umeric (i -lake) water quality target for TP for Baboosic Lake is 12 µg/L, based o  the discussio  

prese ted i  Appe dix A. The target is set based o  a  a alysis of the observed TP co ce tratio s from a set 

of impaired a d a set of u impaired lakes i  New Hampshire. The target  umber is supported by evaluatio  of 

the Trophic State I dices (TSI) developed by Carlso  (1977) a d a probabilistic assessme t of the likelihood of 

blooms (Walker 1984, 2000). The “weight of evide ce” suggests that 12 µg/L is a  appropriate target that will 

allow Baboosic Lake to support its desig ated uses. This target i corporates a  MOS (described further i  

Sectio  5.3). The target is based primarily o  summer data but the TMDL is bei g calculated based o  mea  

a  ual co ditio s. Because mea  a  ual TP co ce tratio s are usually higher tha  summer epilim etic 

co ce tratio s (Nur berg 1996, 1998), the target i corporates a  MOS of approximately 20%. The target 

co ce tratio  correspo ds to  o -bloom co ditio s, as reflected i  suitable (desig ated use support) 

measures of both SDT a d chl a. 
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AECOM E viro me t a d NHDES 

3.0 ENS -L M Model of Current Conditions 

Curre t TP loadi g was assessed usi g the ENSR-LRM methodology, which is a la d use export coefficie t 

model developed by AECOM for use i  New E gla d a d modified for New Hampshire lakes by i corporati g 

New Hampshire la d use TP export coefficie ts whe  available a d addi g septic system loadi g i to the 

model (CT DEP a d ENSR, 2004). Docume tatio  for ENSR-LRM is provided i  Appe dix B. 

The major direct a d i direct  o poi t sources of TP to Baboosic Lake i clude: 

• Atmospheric depositio  (direct precipitatio  to the lake) 

• Surface water base flow (dry weather tributary flows, i cludi g a y grou dwater seepage i to streams 

from grou dwater) 

• Stormwater ru off (ru off drai i g to tributaries or directly to the lake) 

• I ter al recycli g (release from sedime t by chemical i teractio ) 

• Waterfowl (direct i put from reside t a d migrati g birds) 

• Direct grou dwater seepage i cludi g septic system i puts from shorefro t reside ces 

There are  o permitted poi t source discharges of  utrie ts i  this watershed. However, co structio  activities 

i  the watershed that disturb greater tha  o e acre of la d a d co vey stormwater through pipes, ditches, 

swales, roads or cha  els to surface water require a federal Ge eral Permit for Stormwater Discharge from 

Co structio  Activities. However, co structio  discharges are  ot i corporated i  the model due to their 

variability a d short-term impacts. I  additio , a portio  of the watershed is served by mu icipal separate 

storm sewer systems (MS4), which also require a stormwater discharge permit. Loads origi ati g i  the MS4 

area of the watershed are accou ted for i  the waste load allocatio  (WLA) portio  of this TMDL (Sectio  5.2). 

The watershed of Baboosic Lake was divided i to 5 subwatersheds based o  tributary i puts a d topography 

(Figure 3-1). These basi s i clude Clark Isla d/Northwest, Little Baboosic, Pavillio , Four Seaso s a d 

Merrimack subwatersheds. Much of the drai age from the Pavillio , Merrimack a d Clark Isla d/Northwest 

subwatersheds could also be classified as direct drai age as there is  o defi ed tributary associated with 

them. TP loads were estimated for each subwatershed based o  ru off a d grou dwater la d use export 

coefficie ts. The TP loads were the  atte uated as  ecessary to tributary mo itori g if available. If  o 

tributary data were available or curre t, the  the atte uatio  factor was based o  the slope, soils, a d locatio  

of wetla ds. Loads from the watershed as well as direct sources were the  used to predict i -lake 

co ce tratio s of TP, chl a, SDT, a d algal bloom probability. The estimated load a d i -lake predictio s were 

the  compared to mea /media  i -lake co ce tratio s. The atte uatio  factors for each subwatershed were 

used as calibratio  tools to achieve a close agreeme t betwee  predicted i -lake TP a d observed 

mea /media  TP. However, perfect agreeme t betwee  modeled co ce tratio s a d mo itori g data were 

 ot expected as mo itori g data are limited for some locatio s a d are biased towards summer co ditio s 

whe  TP co ce tratio s are expected to be lower tha  the a  ual mea  predicted by the loadi g model. 

Fi al TMDL Report for Baboosic Lake 3-1 Ja uary 2011 



    

 

          

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

        

AECOM E viro me t a d NHDES

Figure 3-1. Baboosic Lake Watershed Land Use. 
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3.1 Hydrologic Inputs and Water Loading 

Calculati g TP loads to Baboosic Lake requires estimatio  of the sources of water to the lake. The three 

primary sources of water are: 1) atmospheric direct precipitatio ; 2) ru off, which i cludes all overla d flow to 

the tributaries a d direct drai age to the lake; a d 3) baseflow, which i cludes all precipitatio  that i filtrates 

a d is the  subseque tly released to surface water i  the tributaries or directly to the lake (i.e., grou dwater). 

Baseflow is roughly a alogous to dry weather flows i  streams a d direct grou dwater discharge to the lake. 

The water budget is broke  dow  i to its compo e ts i  Table 3-1. 

• Precipitatio  - Mea  a  ual precipitatio  was assumed to be represe tative of a typical hydrologic 

period for the watershed. The a  ual precipitatio  value was derived from the USGS publicatio : 

Ope  File Report 96-395, “Mea  A  ual Precipitatio  a d Evaporatio  - Plate 2”, 1996 a d co firmed 

with precipitatio  data from weather statio s i  Eppi g, Durham, a d Co cord. For the Baboosic Lake 

watershed, 1.11 meters of a  ual precipitatio  was used. 

• Ru off - For each la duse category, a  ual ru off was calculated by multiplyi g mea  a  ual 

precipitatio  by basi  area a d a la d use specific ru off fractio . The ru off fractio  represe ts the 

portio  of rai fall co verted to overla d flow. 

• Baseflow - The baseflow calculatio  was calculated i  a ma  er similar to ru off. However, a 

baseflow fractio  was used i  place of a ru off fractio  for each la d use. The baseflow fractio  

represe ts the portio  of rai fall co verted to baseflow. 

Ru off a d baseflow fractio s from Du   a d Leopold (1978) were assumed to be represe tative for NH la d 

uses a d are listed i  Tables C-1 a d C-2 i  Appe dix C. The hydrologic budget was calibrated to a 

represe tative sta dard water yield for New E gla d (Sopper a d Lull 1970; Higgi s a d Colo ell 1971, 

verified by assessme t of yield from various New E gla d USGS flow gaugi g statio s). The water load was 

atte uated (reduced) 10 to 15% depe di g o  the subwatershed i  order to accou t for the prese ce of 

wetla d complexes i  some of the subwatersheds a d achieve better agreeme t with the sta dard water yield 

for New E gla d. The atte uatio  was also verified based o  best professio al judgme t a d guida ce from 

the Ce ter for Watershed Protectio  (2000). More detail o  the methodology for hydrologic budget estimatio  

a d calibratio  is prese ted i  Appe dix B. 

Table 3-1. Baboosic Lake Water Budget. 

WATE  BUDGET M3/Y  

Atmospheric 1,026,306 

Watershed Ru off Load 2,146,882 

Watershed Baseflow Load 2,081,045 

Total 5,254,233 

3.2 Nutrient Inputs 

Land U e Export 

The Baboosic Lake watershed a d subwatershed bou daries were deli eated usi g NH DES deli eatio s a d 

corrected with USGS topographic maps whe   ecessary (NH DES 2007). La d uses withi  the watershed 

were determi ed usi g several sources of i formatio  i cludi g: (1) Geographic I formatio  System (GIS) 

data, (2) a alysis of aerial photographs a d (3) grou d truthi g (whe  appropriate). 
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The TP load for each subbasi  was calculated usi g export coefficie ts for each la d use type. The 

subwatershed loads were adjusted based upo  proximity to the lake, soil type, prese ce of wetla ds, a d 

atte uatio  provided by Best Ma ageme t Practices (BMPs) for water or  utrie t export mitigatio . The 

watershed load (baseflow a d ru off) was combi ed with direct loads (atmospheric, i ter al load, septic 

system, a d waterfowl) to calculate TP loadi g. The ge erated load to the lake was the  i put i to a series of 

empirical models that provided predictio s of i -lake TP co ce tratio s, chl a co ce tratio s, algal bloom 

freque cy a d water clarity. Details o  model i put parameters a d major assumptio s used to estimate the 

baseli e loadi g (i.e., existi g co ditio s) for Baboosic Lake are described below. 

• Areal la d use estimates were ge erated from la d use a d la d cover GIS data layers from NH 

GRANIT. For Baboosic Lake, data sources are: Nashua Regio al Pla  i g Commissio  La d Use 

Layer, the 2001 NH La d Cover Assessme t layer © Complex Systems Research Ce ter, U iversity 

of New Hampshire, a d Natio al Wetla d I ve tory (1971-1992). La d use categories were matched 

with the ENSR-LRM la d use categories a d their respective TP export coefficie ts. Table C-3 lists 

ENSR-LRM la d use categories i  which the GRANIT categories were matched. La d cover data a d 

aerial photographs were used to determi e certai  la d use classificatio s, such as agriculture a d 

forest types. Selected la d uses were co firmed o  the grou d duri g a watershed survey. 

Watershed la d use is prese ted spatially i  Figure 3-1 a d summarized i  Table 3-2. 

• TP export coefficie t ra ges were derived from values summarized by Reckhow et al. (1980), Dudley 

et al. (1997) as cited i  ME DEP (2003) a d Schloss a d Co  or (2000). Table C-3 provides ra ges 

for export coefficie ts a d Table C-4 provides the ru off a d baseflow export coefficie t for each la d 

use category i  Baboosic Lake a d the sources for each export coefficie t. Reside tial areas withi  

the 125ft buffer arou d the po d were desig ated as Urba  2 (Shoreli e Reside tial) a d reside tial 

areas outside of the 125ft buffer were desig ated as Urba  1 (Low De sity No -shoreli e 

Reside tial). The export coefficie t for Urba  1 was decreased to 0.35 kg/ha/yr as it was assumed 

that  o -shoreli e reside tial would co tribute less to the watershed TP load due to it bei g low 

de sity a d farther away from the po d. The default export coefficie t for Urba  1, 0.9 kg/ha/yr, was 

i stead used for Urba  2 (Shoreli e Reside tial). A U iversity of New Hampshire study also fou d a 

TP ru off export coefficie t of 0.35 kg/ha/yr to be at the lower e d of the ra ge a d 0.9 kg/ha/yr to be 

a moderate export coefficie t for urba  la d use i  the Fli ts Po d watershed (Schloss a d Co  or, 

2000). 

• Areal loadi g estimates were atte uated withi  the model based o   atural features such as porous 

soils, wetla ds or by a thropoge ic sources, such as impleme ted physical BMPs that would 

decrease loadi g. A TP atte uatio  factor of 70% was applied to the Little Baboosic subwatershed 

to accou t for TP rete tio  i  Little Baboosic Lake a d associated wetla ds mea i g that 30% of the 

ge erated TP load is actually delivered to the lake. TP atte uatio  factors were applied to the other 4 

subwatersheds as follows; Four Seaso s (40%), Merrimack a d Clark’s Isla d/Northwest (20%) a d 

Pavillio  (30%). The atte uatio  factors were determi ed by the placeme t of wetla ds a d slopes i  

each subwatershed a d usi g professio al judgme t. Atte uatio  was used to calibrate the model to 

mo itori g data. 

A  ual areal loadi g of TP from the watershed (5 subwatersheds) is estimated to be 120.3 kg/yr which 

represe ts 69% of the total load to the lake. 
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Table 3-2. Land Use Categories by Baboosic Lake Subwatersheds. 

Area (Hectares) 

Little 
Baboosic 
Watershed 

4 Seasons 
Watershed 

Merrimack 
Watershed 

Clark 
Island/Northwest 

Watershed 
Pavillion 
Watershed 

Urba  1 (No -shoreli e Reside tial) 68.3 85.3 61.1 2.2 44.1 
Urba  2 (Shoreli e Reside tial) 0.0 0.1 7.5 4.7 4.2 
Urba  3 (Roads) 6.7 9.0 11.2 0.0 7.4 
Urba  4 (I dustrial) 0.0 0.0 0.2 0.0 0.0 
Urba  5 (Parks, Recreatio  Fields, I stitutio al) 0.0 1.3 0.0 0.0 0.0 
Agric 1 (Cover Crop) 0.0 0.0 0.0 0.0 0.0 
Agric 2 (Row Crop) 0.0 0.0 0.0 0.0 0.0 
Agric 3 (Grazi g) 0.0 0.0 0.0 0.0 0.0 
Agric 4 (Hayla d-No  Ma ure) 4.4 0.0 0.0 0.0 0.0 
Forest 1 (Deciduous) 19.7 8.0 0.2 0.5 4.9 
Forest 2 (No -Deciduous) 22.2 41.8 9.7 10.5 9.8 
Forest 3 (Mixed Forest) 27.2 78.6 6.3 13.4 22.9 
Forest 4 (Wetla d) 14.5 12.9 0.0 5.1 3.1 
Ope  1 (Wetla d / Po d) 26.0 11.1 0.2 3.5 4.4 
Ope  2 (Meadow) 0.0 0.0 0.0 0.0 0.0 

Ope  3 (Bare/Ope ) 2.1 0.0 0.0 0.0 0.3 

TOTAL 191.0 248.1 96.4 39.8 101.1 
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Atmospheric Deposition 

Nutrie t i puts from atmospheric depositio  were estimated based o  a TP coefficie t for direct precipitatio . 

The atmospheric load of 0.25 kg/ha/yr i cludes both the mass of TP i  rai fall a d the mass i  dryfall (Wetzel 

2001). The sum of these masses is carried by rai fall. The co ce tratio  calculated for use i  the loadi g 

estimate (22.5 µg/L ) is similar to the mea  co ce tratio  (25 µg/L) observed i  rai fall i  Co cord, NH (NH 

DES 2008 U published Data). The coefficie t was the  multiplied by the lake area (ha) i  order to obtai  a  

a  ual atmospheric depositio  TP load. The co tributio  of atmospheric depositio  to the a  ual TP load to 

Baboosic Lake was estimated to be 23.1 kg/yr or 13% of the total load. 

Internal Loading 

I ter al loadi g of TP to Baboosic Lake was estimated usi g lake volume-weighted mass differe ces betwee  

hypolim etic a d epilim etic TP co ce tratio s duri g a late summer period i  August of 2007, the o ly date 

for which there were both epilim etic a d hypolim etic data. DO profiles duri g late summer were chose  to 

determi e the depth of the a oxic zo e. The area of the lake with pote tial a oxic zo es was determi ed 

usi g GIS a alysis of bathymetric maps (Figure 2-1). Details of the calculatio  are prese ted i  Table C-5. 

While late September data may have bee  more appropriate for this a alysis, sufficie t water quality data are 

 ot available for September. As a result, this estimate of i ter al loadi g may be a slight u derestimate. 

I ter al loadi g of TP to Baboosic Lake was estimated to be 0.8 kg/yr or <1% of the TP load to the lake. 

Septic systems 

TP export loadi g from reside tial septic systems was estimated withi  the 125 ft shoreli e zo e. The 125 ft 

zo e is the mi imum dista ce from lakes that  ew septic systems are allowed i  New Hampshire with rapid 

grou dwater moveme t through gravel soils. A shoreli e survey usi g GIS ortho-photographs determi ed the 

 umber of reside cies withi  the 125 ft zo e. It was assumed that if the dwelli g was withi  the 125 ft zo e 

that the septic system was also withi  the 125 ft zo e. The TP load was calculated by multiplyi g a TP export 

coefficie t (based o  literature values for wastewater TP co ce tratio s a d expected water use), the  umber 

of dwelli gs, the mea   umber of people per dwelli g, the  umber of days occupied per year, a d a  

atte uatio  coefficie t (Table C-6). I  Baboosic Lake, the TP loadi g from shoreli e septic systems was 

estimated to be 24.7 kg/yr, which is 14% of the TP load to Baboosic Lake. A more detailed septic survey or 

grou dwater mo itori g as suggested i  Sectio  8.0 may yield more precise estimates of septic loadi g. 

The followi g assumptio s were used i  estimati g the TP load from septic systems. 

• 60% of reside ces were estimated to be seaso al a d 40% were estimated to be year rou d (Barry 

2008). 

• Two a d a half people were estimated to reside i  each dwelli g (Geosytec 2007). It was estimated 

that each reside t uses 65 gallo s per day for 365 days per year for year rou d reside ts a d 90 days 

for seaso al reside ts. 

• The TP coefficie ts were calculated based o  mea  TP co ce tratio  i  domestic wastewater of 8 

mg/L a d mea  household water uses (Metcalf & Eddy, 1991). 

• All septic loads to Baboosic Lake were atte uated 85% which results i  estimatio  of more septic load 

to the lake tha  would be estimated usi g the sta dard literature value of 90% (Dudley a d 

Stephe so  1973; Brow  a d Associates 1980) to accou t for TP uptake i  the soil betwee  the 

septic systems a d the lake. There is evide ce i  available watershed reports half of the soils 

surrou di g Baboosic Lake have severe limitatio s for septic systems (Fla ders 1986). 
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Waterfowl 

Total phosphorus load from waterfowl was estimated usi g a TP export coefficie t a d a  estimate of a  ual 

mea  waterfowl populatio . 100 birds were estimated to be the mea  a  ual waterfowl populatio  (Sulliva  

perso al commu icatio ). The TP export coefficie t for mallard ducks, 0.000505 kg/bird/day, was multiplied 

by 275  o -ice days a d the  umber of waterfowl i  order to obtai  a TP load of 6.9 kg/yr (Table C-7). This 

equates to 4% of the total TP load. 

3.3 Phosphorus Loading Assessment Summary 

The curre t TP load to Baboosic Lake was estimated to be 175.8 kg/yr from all sources. The TP load 

accordi g to source is prese ted i  Table 3-3. 

Loadi g from the watershed was overwhelmi gly the largest source at 120.3 kg/yr (69% of the TP load). I  

particular, TP loadi g from the largest subwatersheds, Merrimack a d Four Seaso s were the highest at 38.1 

a d 36.1 kg/yr, respectively (Table 3-3). The Pavillio  subwatershed co tributes 24.9 kg/yr, the Little Baboosic 

subwatershed 14.6 kg/yr a d the Clark Isla d/Northwest 6.5 kg/yr. 

Direct precipitatio  provides approximately 13% of the a  ual TP load or 23.1 kg/yr while i ter al loadi g was 

estimated to co tribute 0.8 kg/yr or <1% of the TP budget. Septic systems co tribute 24.7 kg/yr or 14% of the 

a  ual TP budget. 

Table 3-3. Baboosic Lake Phosphorus Loading Summary. 

TP INPUTS 

Modeled 
Current TP 
Loading 
(kg/yr) 

% of Total 
Load 

Atmospheric 23.1 13 

I ter al 0.8 <1 

Waterfowl 6.9 4 

Septic Systems 24.7 14 

Watershed Load- Little Baboosic Po d 14.6 8 

Watershed Load- 4 Seaso s 36.1 21 

Watershed Load- Merrimack 38.1 22 

Watershed Load- Clark Isla d/NW 6.5 4 

Watershed Load- Pavillio  Brook 24.9 14 

Total 175.8 100 

3.4 Phosphorus Loading Assessment Limitations 

While the a alysis prese ted above provides a reaso able accou ti g of sources of TP loadi g to Baboosic 

Lake, there are several limitatio s to the a alysis: 

• Precipitatio  varies amo g years a d he ce hydrologic loadi g will vary. This may greatly i flue ce 

TP loads i  a y give  year, give  the importa ce of ru off to loadi g. 

• Spatial a alysis has i  ate limitatio s related to the resolutio  a d timeli ess of the u derlyi g data. 

I  places, local k owledge was used to e sure the la d use distributio  i  the ENSR-LRM model was 

reaso ably accurate, but data layers were  ot 100% verified o  the grou d. I  additio , la d uses 

were aggregated i to classes which were the  assig ed export coefficie ts; variability i  export withi  

classes was  ot evaluated or expressed. 
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• TP export coefficie ts as well as ru off/baseflow exports were represe tative but also had limitatio s 

as they were  ot calculated for the study water body, but rather are regio al estimates. 

• The TP loadi g estimate from septic systems was limited by the assumptio s associated with this 

calculatio  described above i  the “Septic Systems” subsectio . 

• Water quality data for Baboosic Lake a d its tributaries are limited, restricti g calibratio  of the model. 

3.5 Lake  esponse to Current Phosphorus Loads 

TP load outputs from the ENSR-LRM Methodology were used to predict i -lake TP co ce tratio s usi g five 

empirical models. The models i clude: Kirch er-Dillo  (1975), Volle weider (1975), Reckhow (1977), Larse -

Mercier (1976), a d Jo es-Bachma   (1976). These empirical models estimate TP from system features, 

such as depth a d dete tio  time of the waterbody. The load ge erated from the export portio  of ENSR-LRM 

was used i  these equatio s to predict i -lake TP. The mea  predicted TP co ce tratio  from these models 

was compared to measured (observed) values. I put factors i  the export portio  of the model, such as export 

coefficie ts a d atte uatio , were adjusted to yield a  acceptable agreeme t betwee  measured a d average 

predicted TP. Because these empirical models accou t for a degree of TP loss to the lake sedime ts, the i -

lake co ce tratio s predicted by the empirical models are lower tha  those predicted by a straight mass-

bala ce (33 µg/L) where the mass of TP e teri g the lake is equal to the mass exiti g the lake without a y 

rete tio . Also, the empirical models are based o  relatio ships derived from ma y other lakes. As such, they 

may  ot apply accurately to a y o e lake, but provide a  approximatio  of predicted i -lake TP co ce tratio s 

a d a reaso able estimate of the directio  a d mag itude of cha ge that might be expected if loadi g is 

altered. These empirical modeli g results are prese ted i  Table 3-4. 

The TP load estimated usi g ENSR-LRM methodology tra slates to predicted mea  i -lake co ce tratio s 

ra gi g from 10 to 26 µg/L. The mea  i -lake TP co ce tratio  of the five empirical models was 18 µg/L. The 

mea  epilim etic P co ce tratio  from observed i -lake data from 2001 to 2007 was 15 µg/L. The slight 

disagreeme t betwee  the model results a d the i -lake data may be attributable to the time of year of 

sampli g. Nearly all of the mo itori g data are from the summer, a time whe  epilim etic co ce tratio s are 

typically lower tha  mea  a  ual co ce tratio s. The empirical models all predict mea  a  ual TP 

co ce tratio s assumi g fully mixed co ditio s. Nur berg (1996) shows summer epilim etic co ce tratio s 

as 14% lower tha  a  ual co ce tratio s usi g a dataset of 82 dimictic lakes while Nur berg (1998) shows a 

differe ce of 40% usi g a dataset of 127 stratified lakes. The mea  observed co ce tratio  i  Baboosic 

Lake (15 µg/L) is approximately 20% lower tha  the predicted co ce tratio  (18 µg/L), withi  the ra ge 

reported i  the two Nur berg studies. 
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AECOM E viro me t a d NHDES 

Table 3-4. Predicted In-lake Total Phosphorus Concentration using Empirical Models. 

Empirical Equation Equation Predicted TP (ug/L) 

Mass Bala ce TP=L/(Z(F))*1000 33 

Kirch er-Dillo  1975 
Volle weider 1975 
Larse -Mercier 1976 
Jo es-Bachma   1976 
Reckhow Ge eral 1977 

Average of Above 5 Model 
Values 

TP=L(1-Rp)/(Z(F))*1000 
TP=L/(Z(S+F))*1000 

TP=L(1-Rlm)/(Z(F))*1000 
TP=0.84(L)/(Z(0.65+F))*1000 
TP=L/(11.6+1.2(Z(F)))*1000 

15 
26 
20 
21 
10 

18 

Ob erved Summer Epilimnion Mean (2001-2007) 15 
Ob erved Summer Epilimnion Median (2001-2007) 14 

Variable Description Units Equation 

L Phosphorus Load to Lake g P/m2/yr 

Z Mea  Depth m Volume/area 

F Flushi g Rate flushi gs/yr I flow/volume 

S Suspe ded Fractio   o u its Efflue t TP/I flue t TP 

Qs Areal Water Load m/yr Z(F) 

Vs Settli g Velocity m Z(S) 

Rp Rete tio  Coefficie t (settli g rate)  o u its ((Vs+13.2)/2)/(((Vs+13.2)/2)+Qs) 

Rlm Rete tio  Coefficie t (flushi g rate)  o u its 1/(1+F^0.5) 

O ce TP estimates were derived, a  ual mea  chl a a d SDT ca  be predicted based o  a other set of 

empirical equatio s: Carlso  (1977), Dillo  a d Rigler (1974), Jo es a d Bachma  (1976), Oglesby a d 

Schaff er (1978), Volle weider (1982), a d Jo es, Rast a d Lee (1979). Bloom freque cy was also 

calculated based o  equatio s developed by Walker (1984, 2000) usi g a  atural log mea  chl a sta dard 

deviatio  of 0.5. These predictio s are prese ted i  Table 3-5. 
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AECOM E viro me t a d NHDES 

Table 3-5. Predicted In-lake Chlorophyll a and Secchi Disk Transparency Predictions based on an 

Annual Average In-lake Phosphorus Concentration of 12 µµµµg/L. 

Empirical Equation Equation Predicted Value 

Mean Chlorophyll ug/L 

Carlso  1977 

Dillo  a d Rigler 1974 

Jo es a d Bachma   1976 

Oglesby a d Schaff er 1978 

Modified Volle weider 1982 

Chl=0.087*(Pred TP)^1.45 

Chl=10^(1.449*LOG(Pred TP)-1.136) 

Chl=10^(1.46*LOG(Pred TP)-1.09) 

Chl=0.574*(Pred TP)-2.9 

Chl=2*0.28*(Pred TP)^0.96 

5.9 

5.0 

5.7 

7.6 

9.2 

Average of Model Values 6.7 

Ob erved Summer Mean 6.7 

Peak Chlorophyll ug/L 

Modified Volle weider (TP) 1982 

Volle weider (CHL) 1982 

Modified Jo es, Rast a d Lee 1979 

Chl=2*0.64*(Pred TP)^1.05 

Chl=2.6*(AVERAGE(Pred Chl))^1.06 

Chl=2*1.7*(AVERAGE(Pred Chl))+0.2 

27.2 

19.5 

22.9 

Average of Model Values 23.2 

Ob erved Summer Maximum 21.4 

Bloom Probability % of Summer 

Probability of Chl >15 ug/L See Walker 1984 & 2000 3.1% 

Secchi Tran parency m 

Mean: Oglesby a d Schaff er 1978 

Max: Modified Volle weider 1982 

Chl=10^(1.36-0.764*LOG(Pred TP)) 

Chl=9.77*Pred TP^-0.28 

2.5 

4.3 

Ob erved Summer Mean 3.41 

Ob erved Summer Maximum 4.70 

Variable Description Units 

"Pred TP" 
The mea  TP calculated from the 5 
predictive equatio  models i  Table 3-4 µg/L 

"Pred Chl" 
The mea  of the 3 predictive equatio s 
calculati g mea  chlorophyll µg/L 

*The observed summer maximum is based o   =150 a d is  ot  ecessarily the peak chlorophyll 
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4.0 Total Maximum Daily Load 

4.1 Maximum Annual Load 

The a  ual load capacity is defi ed by the US EPA i  40 C.F.R. § 130.2(f) as, “The greatest amou t of loadi g 

that a water ca  receive without violati g water quality sta dards.” The loadi g capacity is to be protective 

eve  duri g critical co ditio s, such as summertime co ditio s for TP loadi g to  utrie t e riched lakes. The 

ENSR-LRM loadi g a d lake respo se model was used to calculate the target a  ual TP load i  (kg TP/yr) 

from the 12 µg/L target i -lake TP co ce tratio  discussed i  Sectio  2.6. The TP loads that could practically 

be reduced were decreased u til the target TP i -lake co ce tratio  was achieved. Further docume tatio  of 

the ENSR-LRM model ca  be fou d i  Appe dix B. 

The total maximum a  ual TP load that is expected to result i  a  i -lake a  ual mea  TP co ce tratio  of 12 

µg/L was estimated to be 115.2 kg/yr, which represe ts a 35% reductio  from existi g co ditio s (Table 4-1). 

4.2 Maximum Daily Load 

Although a daily loadi g timescale is  ot mea i gful for ecological predictio  or lo g-term watershed 

ma ageme t of lakes, this TMDL will prese t daily polluta t loads of TP i  additio  to the a  ual load. US EPA 

believes that there is some flexibility i  how the daily loads may be expressed (US EPA 2006). Several of 

these optio s are prese ted i  “Optio s for Expressi g Daily Loads i  TMDLs” (US EPA 2007). 

The Baboosic Lake dataset a d associated empirical model  ecessitates a statistical estimatio  of a maximum 

daily load because lo g periods of co ti uous simulatio  data a d exte sive flow a d loadi g data are  ot 

available. US EPA (2007) provides such a  approach. 

The followi g expressio  assumes that loadi g data are log- ormal distributed a d is based o  a lo g term 

mea  load calculated by the empirical model a d a  estimatio  of the variability i  loadi g. 

[z� - 0.5�^2] MDL= LTA * e 

Where: 
MDL = maximum daily limit 
LTA = lo g-term average 
Z = z-statistic of the probability of occurre ce 

�
2 = l (CV

2 
+ 1) 

CV= coefficie t of variatio  

For the Baboosic Lake TMDL a coefficie t of variatio  (CV) of 1.1 a d a 95% probability level of occurre ce (z 

= 1.64) were used. The CV was calculated as the mea  of the CV of loadi g from 18 subwatersheds drai i g 

to Goose Po d a d Bow Lake i  New Hampshire (Schloss 2008 u published data). The lo g term average 

(LTA) load for Baboosic Lake of 0.3 kg/day was calculated by dividi g the a  ual load (115.2 kg) by 365 days. 

The total maximum daily load of TP is 0.9 kg/day, or approximately 2 lbs/day. 

4.3 Future Development 

Si ce the huma  populatio  withi  a watershed may co ti ue to grow a d co tribute additio al TP to the 

impaired lakes, TMDLs ofte  i clude a  allocatio  for growth a d associated future TP loadi g. For example, 

i  Mai e, target TP loadi g from a ticipated future developme t is equivale t to a 1.0 µg/L cha ge i  i -lake 

TP co ce tratio  (De  is et al. 1992). However, the NH water quality regulatio  E v-Wq 1703.3(a) Ge eral 

Water Quality Criteria states, “The prese ce of polluta ts i  the surface waters shall  ot justify further 

i troductio  of polluta ts from poi t a d/or  o poi t sources.” With regard to at least impaired waterbodies, it 
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AECOM E viro me t a d NHDES 

is the policy of NH DES that existi g loads due to developme t are held co sta t, allowi g  o additio al 

loadi g. I  order for a y future allocatio  of polluta t load(s) to be gra ted for a  impaired waterbody, the load 

would  eed to be reduced elsewhere i  the watershed. Give  the a tidegradatio  stateme t above (Sectio  

2.4), this TMDL has bee  developed assumi g  o future i crease i  TP export from these impaired 

watersheds. However, it should be recog ized that the NH DES has  o mecha ism for regulatio /e forceme t 

of TP export from developme ts of si gle house lots that do  ot require a Sectio  401 Water Quality 

Certificatio  or fall u der the thresholds for alteratio  of terrai  permits (100,000 square feet of disturba ce or 

50,000 square feet withi  250 feet of a lake). Mu icipalities ca , however, regulate such developme t by 

revisi g their la d use ordi a ces/regulatio s to require  o additio al loadi g of TP from  ew developme t. 

4.4 Critical Conditions 

Critical co ditio s i  Baboosic Lake typically occur duri g the summertime, whe  the pote tial (both 

occurre ce a d freque cy) for  uisa ce algal blooms are greatest. The loadi g capacity for TP was set to 

achieve desired water quality sta dards duri g this critical time period a d also provide adequate protectio  for 

desig ated uses throughout the year. This was accomplished by usi g a target co ce tratio  based o  

summer epilim etic data a d applyi g it as a mea  a  ual co ce tratio  i  the predictive models used to 

establish the mea  a  ual maximum load. Si ce summer epilim etic values are typically about 20% less tha  

mea  a  ual co ce tratio s (Nur berg 1996, 1998), a  a  ual load allocatio  based o  mea  a  ual 

co ce tratio s will be sufficie tly low to protect desig ated uses impacted by TP i  the critical summer period. 

4.5 Seasonal Variation 

As explai ed i  Sectio  4.4, the Baboosic Lake TMDL takes i to accou t seaso al variatio s because the 

target a  ual load is developed to be protective of the most se sitive (i.e., biologically respo sive) time of year 

(summer), whe  co ditio s most favor the growth of algae. 

4.6  eduction Needed 

Curre t TP loadi g a d i -lake co ce tratio s are greater tha  required to support desig ated uses. The 

target TP co ce tratio  established i  Sectio  2.6 was set i  order to e sure that desig ated uses were 

supported. The degree of TP load reductio  required to meet desig ated uses is calculated by subtracti g the 

target load (Sectio  4.1) from the existi g load estimated with ENSR-LRM (Sectio  3.3). Perce t reductio s 

are summarized i  Table 4-1. Calculatio s are detailed i  Table C-12 i  Appe dix C. 

Usi g the estimated target load prese ted i  Sectio  4.1, the TP load  eeds to be reduced to 115.2 kg/yr or a 

mea  of 0.3 kg/d. Based o  the daily a alysis requireme t discussed i  Sectio  4.2, the maximum daily load 

should be less tha  0.9 kg/d i  order to meet the water quality target of 12 µg/L. This would require a  overall 

reductio  of 35% i  the total load (i cludi g atmospheric, i ter al, septic, a d total watershed load). As some 

sources are less co trollable tha  others, the actual reductio  to be applied to achieve this goal will vary by 

source (see Sectio  5 TMDL Allocatio ). A 44% reductio  from ma ageable watershed sources coupled with 

25% reductio s from septic systems a d waterfowl would be required to achieve the 12 µg/L target TP 

co ce tratio . Alter ative loadi g reductio  sce arios are discussed further i  Sectio  6.0 below. 
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AECOM E viro me t a d NHDES 

Table 4-1. Baboosic Lake Total Phosphorus Annual Load  eduction at Target Criteria of 12 µµµµg/L. 

TP INPUTS 

Target 
TP 

Loading 
(kg/yr) 

Modeled 
Current 
TP 

Loading 
(kg/yr) 

 eduction 
(%) 

Atmospheric 23.1 23.1 0% 

I ter al 0.8 0.8 0% 

Waterfowl 5.2 6.9 25% 

Septic Systems 18.5 24.7 25% 

Watershed Load- Little Baboosic Po d 8.2 14.6 44% 

Watershed Load- 4 Seaso s 20.2 36.1 44% 

Watershed Load- Merrimack 21.4 38.1 44% 

Watershed Load- Clark Isla d/NW 3.7 6.5 44% 

Watershed Load- Pavillio  Brook 14.1 24.9 44% 

Total 115.2 175.8 35% 

4.7 TMDL Development Summary 

There is curre tly  o  umerical water quality sta dard for TP i  the State of New Hampshire. However, the 

relatio ship betwee  TP a d algal biomass is well docume ted i  scie tific literature. This TMDL was 

therefore developed for TP a d is desig ed to protect Baboosic Lake a d its desig ated uses impacted by 

excessive chl a co ce tratio s a d prese ce of pote tially hepatotoxic cya obacteria. 

To derive the  umerical TP target co ce tratio  of 12 µg/L criteria, AECOM, the NH DES a d EPA co sidered 

the followi g optio s: (1) exami atio  of the distributio  of TP co ce tratio s i  impaired a d u impaired lakes 

i  New Hampshire; (2) use of  utrie t levels for commo ly-accepted trophic levels; a d (3) use of probabilistic 

equatio s to establish targets to reduce risk of adverse co ditio s. All three approaches yield a similar target 

value. Because the first optio  uses data from New Hampshire lakes, it is viewed as the primary target setti g 

method. The other two methods co firm the result of the first method, a target of 12 µg/L is appropriate. This 

target would lead to the desired low probability of algal blooms a d a mea  chl a level that supports all 

expected lake uses while i corporati g a margi  of safety (discussed i  Sectio  5.2). Additio al i formatio  

regardi g the three above listed approaches is docume ted i  Appe dix A. 

I  co clusio , water quality was li ked to TP loadi g by: 

• Choosi g a prelimi ary target i -lake TP level, based o  historic state-wide a d i -lake water quality 

data, best professio al judgme t, a d through co sultatio  with NH DES a d US EPA sufficie t to 

attai  water quality sta dards a d support desig ated uses. The prelimi ary i -lake TP co ce tratio  

target is 12 µg/L. 

• Usi g the mea  of five empirical models that li k i -lake TP co ce tratio  a d load, calibrated to lake-

specific co ditio s, to estimate the load respo sible for observed i -lake TP co ce tratio s. 

• Determi i g the overall mea  a  ual i -lake TP co ce tratio  from those models, give  that the 

observed i -lake co ce tratio s may represe t o ly a portio  of the year or a specific locatio  withi  

the lake. 

• Usi g the predicted mea  a  ual i -lake TP co ce tratio  to predict Secchi disk tra spare cy, chl a 

co ce tratio  a d algal bloom freque cy. 
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• Usi g the aforeme tio ed empirical models to determi e the TP load reductio   eeded to meet the 

 umeric co ce tratio  target. 

• Usi g a GIS-based spreadsheet model to provide a relative estimate of loads from watershed la d 

areas a d uses u der curre t a d various projected sce arios to assist stakeholders i  developi g TP 

reductio  strategies. 

Docume tatio  of the model approach is prese ted i  Appe dix B. This approach is viewed as combi i g a  

appropriate level of modeli g with the available water quality a d watershed data to ge erate a reaso ably 

reliable estimate of TP loadi g a d co ce tratio  u der historic, curre t, a d pote tial future co ditio s. It 

offers a ratio al estimate of the directio  a d mag itude of cha ge  ecessary to support the desig ated uses 

protected by New Hampshire. 
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5.0 TMDL Allocation 

The allocatio s for the Baboosic Lake TMDL are expressed as both a  ual loads a d daily loads. However, 

a  ual loads better alig  with desig  a d impleme tatio  of watershed a d lake ma ageme t strategies. The 

TMDL requires a  allocatio  of the total load of the resource. The allocatio  i cludes a waste load allocatio  

(WLA), load allocatio  (LA), a d margi  of safety (MOS). The sum of these allocatio s is equal to the target 

a  ual load or TMDL for the resource. Each of these allocatio s is defi ed i  detail i  the followi g 

subsectio s. Seaso al variatio  is also i cluded i  the loadi g allocatio s. 

The equatio  for the Baboosic Lake TMDL a alysis is as follows: 

TMDL = LA + WLA + MOS 

I  the case of Baboosic Lake, the TMDL is equivale t to the target a  ual load of 115.2 kg/yr. Allocatio s of 

this load are described below. 

5.1 Wasteload Allocation (WLA) and Load Allocations (LAs) 

Wasteload allocatio s ide tify the portio  of the loadi g capacity that is allocated to poi t sources a d load 

allocatio s ide tify the portio  of the loadi g capacity that is allocated to  o poi t sources a d  atural 

backgrou d. Poi t sources i  this watershed i clude stormwater outfalls a d stormwater ru off from prese t 

or future co structio  activities. The portio  of the watershed covered by mu icipal separate storm sewer 

systems (MS4) is prese ted i  Table 5-1 a d Figure 5-1. No poi t sources may i clude diffuse stormwater 

ru off, surface water base flow (i cludi g grou dwater seepage), septic systems, i ter al recycli g, waterfowl, 

a d atmospheric depositio . The real challe ge i  splitti g out poi t sources from  o poi t sources resides 

with the available data. I  order to accurately develop allocatio s for these two categories of sources it is 

esse tial to have  ot o ly a complete accou ti g of each poi t source, but also a deli eatio  of the associated 

drai age area a d a  estimate of existi g polluta t loadi g. Ge erati g this loadi g estimate is further 

compou ded by the fact that stormwater discharges are highly variable i  freque cy, duratio , a d quality. 

Because sufficie t i formatio  at the parcel level was simply  ot available i  this watershed, it is i feasible to 

draw a disti ctio  betwee  stormwater from existi g or future regulated poi t sources,  o -regulated poi t 

sources, a d  o poi t sources. Therefore, a si gle wasteload allocatio  (WLA) has bee  set for the e tire 

watershed, which i cludes both poi t a d  o poi t sources (Table 6-1). This allocatio  is also expressed as a 

perce t reductio  (Table 6-1). This is the reductio   eeded from all co trollable sources i  order to e sure 

that desig ated uses are fully supported i  this waterbody. 

5.2 Margin of Safety (MOS) 

A  MOS i  this TMDL accou ts for substa tial u certai ty i  i puts to the models. I  additio , the empirical 

equatio s used to predict i -lake TP co ce tratio s, mea  a d maximum chl a, SDT, a d bloom probability 

also i troduces variability i to the predictio s described i  Sectio  3.5. See Appe dix A for a discussio  of the 

MOS for each of the three approaches used to set the target. 
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Figure 5-1. MS4 Urbanized Areas in Baboosic Lake Watershed. 

Fi al TMDL Report for Baboosic Lake 5-2 Ja uary 2011 



    

 

          

 

               

 

    

       

    
    

      

      

    
    

      

       

    
    

      

         

    
    

      

         

    
    

      

        

     
     
       

AECOM E viro me t a d NHDES 

Table 5-1. Percentage of Land Area in each Lake Baboosic Subwatershed Classified as MS4. 

ha % 

Little Baboosic Subwatershed 

MS4 Area 
No -MS4 Area 
Total Subwatershed Area 

8 
183 
191 

4% 
96% 

Total Merrimack Subwatershed 

MS4 Area 
No -MS4 Area 
Total Subwatershed Area 

90 
6 
96 

93% 
7% 

Total Pavillion Subwatershed Area 

MS4 Area 
No -MS4 Area 
Total Subwatershed Area 

78 
23 
101 

77% 
23% 

Total Four Seasons Subwatershed Area 

MS4 Area 
No -MS4 Area 
Total Subwatershed Area 

29 
219 
248 

12% 
88% 

Total Clark Island/NW Subwatershed Area 

MS4 Area 
No -MS4 Area 
Total Subwatershed Area 

0 
40 
40 

0% 
100% 

Total Lake Baboosic Watershed 

Total MS4 Area 
Total No -MS4 Area 
Total Lake Baboosic Watershed 

205 
472 
676 

30% 
70% 
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6.0 Evaluation of Alternative Loading Scenarios 

The ENSR-LRM model was used to evaluate a  umber of alter ative loadi g sce arios a d the probable lake 

respo se to these loadi gs. These sce arios i cluded: 

• Curre t Loadi g 

• Natural E viro me tal Backgrou d Loadi g 

• Removal of Septic Load 

• Removal of I ter al Load 

• Removal of Waterfowl Load 

• Reductio  of Watershed Loads to Meet 12 µg/L Target 

The curre t loadi g sce ario is discussed above i  Sectio  3.0. Each sce ario described below represe ts a 

cha ge from the curre t loadi g sce ario. The discussio  of each sce ario i cludes o ly the portio s of the 

curre t loadi g sce ario that were altered for the specific simulatio . A compariso  of the results of each of 

the alter ative sce arios is prese ted i  Tables 6-1 a d 6-2. More detailed model output ca  be fou d i  

Tables C-8 to C-12 i  Appe dix C. 
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AECOM E viro me t a d NHDES 

Table 6-1. Comparison of Phosphorus Loading Scenarios for Baboosic Lake. 

Inputs 
Current 

Load (kg/yr) 

Natural 
Environmental 
Background 
(kg/yr) 

Current 
Load 
without 
Septic 
Load 
(kg/yr) 

Current 
Load 
without 
Internal 
Load 
(kg/yr) 

Current 
Load 
without 
Waterfowl 
Load 
(kg/yr) 

Target Load 
(WLA) to 

Obtain 12 ug/L 
In-lake 

Concentration 
(kg/yr) 

Atmospheric 

I ter al 

Waterfowl 

Septic System 

Little Baboosic Subwatershed 

Merrimack Subwatershed 

Pavillio  Subwatershed 

4 Seaso s Subwatershed 

Clark Isla d/NW Subwatershed 

23.1 

0.8 

6.9 

24.7 

14.6 

38.1 

24.9 

36.1 

6.5 

23.1 

0.0 

3.5 

0.0 

6.0 

7.5 

7.2 

14.6 

3.0 

23.1 

0.8 

6.9 

0.0 

14.6 

38.1 

24.9 

36.1 

6.5 

23.1 

0.0 

6.9 

24.7 

14.6 

38.1 

24.9 

36.1 

6.5 

23.1 

0.8 

0.0 

24.7 

14.6 

38.1 

24.9 

36.1 

6.5 

23.1 

0.8 

5.2 

18.5 

8.2 

21.4 

14.1 

20.2 

3.7 

Total Load (All Sources) 

Total Overall Load Reduction 

Percent Overall Reduction 

175.8 

0.0 

0% 

65.0 

110.8 

63% 

151.2 

24.7 

14% 

175.0 

0.8 

0% 

168.9 

6.9 

4% 

115.2 

60.7 

35% 

Total Watershed 

Total Water hed Reduction 

Percent Water hed Reduction 

120.3 

0 

0% 

38.4 

81.9 

68% 

120.3 

0.0 

0% 

120.3 

0.0 

0% 

120.3 

0.0 

0% 

67.5 

52.8 

44% 
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AECOM E viro me t a d NHDES 

Table 6-2. Lake Water Quality  esponse to Different Loading Scenarios for Baboosic Lake. 

Current Current Current 
Target Load to 

Natural Load Load Load 
Current Obtain 12 ug/L 

Parameters Environmental without without without 
Load In-lake 

Background Septic Internal Waterfowl 
Concentration 

Load Load Load 

175.8 65.0 151.2 175.0 168.9 115.2 TP Load (kg/yr) 

Mea  A  ual TP (ug/L) 18.4 6.6 15.8 18.3 17.6 

Mea  Secchi Disk Tra spare cy (m) 2.5 5.4 2.8 2.5 2.6 3.4 

Mea  Chlorophyll a (ug/L) 6.7 1.6 5.5 6.6 6.3 3.8 

Peak Chlorophyll a (ug/L) 23.2 6.5 19.3 23.1 22.1 13.8 
Probability of Summer Bloom (Chl a > 15 
ug/L) 3.1% 0.0% 1.2% 3.0% 2.4% 0.1% 

Fi al TMDL Report for Baboosic Lake 6-3 Ja uary 2011 
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AECOM E viro me t a d NHDES 

6.1 Natural Environmental Background Phosphorus Loading 

Natural e viro me tal backgrou d levels of TP i  the lake were evaluated usi g the ENSR-LRM model. 

Natural backgrou d was defi ed as backgrou d TP loadi g from  o -a thropoge ic sources. He ce, la d 

uses i  the watershed were set to its assumed “ atural” state of forests a d wetla ds. Loadi g was the  

calculated usi g the ENSR-LRM model as described above. This estimate is useful as it sets a realistic lower 

bou d of TP loadi g a d i -lake co ce tratio s possible for Baboosic Lake. Loadi gs a d target 

co ce tratio s below these levels are very u likely to be achieved. 

The i ter al TP load, a d septic loads were removed a d all developed la d was co verted to forests. The 

waterfowl load was cut i  half with the assumptio  that half of the waterfowl were attracted to the lake because 

of huma  actio s. The developed la d was split i to mixed, deciduous, a d co iferous forest categories i  the 

same perce tages as the curre t watershed forest compositio . Wetla d areas were  ot cha ged because it 

was assumed  o wetla d had bee  lost due to developme t. Backgrou d TP loads u der this sce ario were 

65 kg/yr (Table 6-1, Table 6-2). The calculated backgrou d loadi g of TP to Baboosic Lake would result i  a 

mea  i -lake TP co ce tratio  of 6.6 µg/L, a mea  Secchi Disk tra spare cy of 5.4 m, a mea  chl a of 1.6 

µg/L a d a bloom probability of chl a > 15 µg/L of 0%. Estimated TP loadi g to the lake u der this sce ario is 

63% lower tha  curre t loads to the lake. The lake would support desig ated uses u der this sce ario as i -

lake predicted TP co ce tratio s (6.6 µg/L) are well below the target value (12 µg/L). 

6.2 Septic System Load  emoval 

This sce ario i volved removal of the septic loads o ly. It is a reaso able approximatio  of what would occur 

if the lake were sewered or all existi g septic systems exported TP at a  egligible co ce tratio . U der this 

sce ario, total loadi g is decreased by 14% over curre t loadi g a d would likely  ot support desig ated uses. 

This a alysis did  ot accou t for actively faili g septic systems. Such systems may have localized impacts o  

TP a d should be addressed as they are discovered. As discussed i  Sectio  7.0 (Impleme tatio ), much has 

bee  do e i  the past few years to mitigate the impact of septic systems o  lake phosphorus loads. 

6.3 Internal Load  emoval 

Baboosic Lake curre tly experie ces low hypolim etic DO duri g the summer. These co ditio s allow TP 

release from the sedime ts to the hypolim io , elevati g TP co ce tratio s i  the water colum . Mixi g 

eve ts move this TP up i  the water colum  where it is available for algal growth. U der this sce ario, i ter al 

loadi g is removed as a source of TP. Total loadi g is reduced by <1% u der this sce ario. Just addressi g 

i ter al loadi g would  ot be sufficie t for Baboosic Lake to support its desig ated uses. 

6.4 Waterfowl Load  emoval 

U der this sce ario, waterfowl are removed as a source of TP loadi g to Baboosic Lake. This results i  a 

decrease i  the total load to Baboosic Lake of 4%. Just addressi g waterfowl loadi g would  ot be sufficie t 

for Baboosic Lake to support its desig ated uses. 

6.5  eduction of Watershed Loads to Meet In-lake Target of 12 µµµµg/L 

This sce ario focuses o  reduci g the largest sources of TP to Baboosic Lake, which are the watershed loads. 

U der this sce ario, septic a d waterfowl loads were reduced by 25% a d watershed TP loads were iteratively 

reduced u til predicted i -lake co ce tratio s met the 12 µg/L target. A reductio  of 44% (52.8 kg/yr) of the 

loads from the watershed would be required to meet the a  ual load of 115.2 kg/yr related to the TMDL. 

These reductio s apply to both the WLA (MS4 areas) a d LA. A reductio  of 44% should be tech ologically 

achievable as it is less tha  the maximum estimated achievable reductio  of approximately 60-70% (Ce ter for 

Watershed Protectio , 2000). Although a reductio  i  i ter al loadi g may eve tually occur as a result of a 

watershed load reductio , the timi g a d exte t of this pote tial reductio  is u k ow . If watershed load 

reductio  resulted i  elimi atio  of the i ter al loadi g to Baboosic Lake, i -lake co ce tratio  might be further 

reduced by 0.1 µg/L. This sce ario represe ts the allocatio  that will be most realistic to impleme t a d 

Fi al TMDL Report for Baboosic Lake 6-1 Ja uary 2011 



    

 

          

                  

              

                 

                

                 

      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

AECOM E viro me t a d NHDES 

improve Baboosic Lake to the poi t where it will support its desig ated uses. Loads associated with this 

sce ario are prese ted i  Table 6-1 a d predicted i -lake co ce tratio s a d bloom probabilities are 

prese ted i  Table 6-2. As discussed i  Sectio  7, the Baboosic Lake Watershed Based Pla  (Geosy tec, 

2008) i cludes detailed recomme datio s for watershed phosphorus co trol. This load reductio  sce ario is 

expected to result i  Baboosic Lake supporti g the use of primary co tact recreatio  based o  meeti g criteria 

for chl a a d cya obacteria. 

Fi al TMDL Report for Baboosic Lake 6-2 Ja uary 2011 



    

 

          

 

     

                

                   

                  

   

                 
                  

               
              

       

        

          

         

           

      

      

      

     

 

                 

                 

                  

                 

               

                 

                 

               

                 

                   

                

                

              

                

            

                

               

              

               

              

            

AECOM E viro me t a d NHDES 

7.0 Implementation Plan 

The successful impleme tatio  of this TMDL will be based o  complia ce with water quality criteria for 

pla kto ic chl a, a d cya obacteria scums, a d  ot o  meeti g the TP reductio  target (35%). It is a ticipated 

that TP reductio s associated with this TMDL will be co ducted i  phases a d work has already begu  to 

achieve this goal. 

I  May of 2008, a Watershed Based Pla  (WPB) was published for Baboosic Lake (Geosy tec. 2008). 
Geosy tech Co sulta ts I c. was co tracted by the NHDES to develop a d prepare the WBP. The pla  was 
developed i  accorda ce with the USEPA’s guida ce for watershed based pla s which i cludes the followi g 
 i e key eleme ts to achieve the specific goal of improvi g the water quality; 

a. Ide tify Polluta t Sources (Sectio  2) 

b. Polluta t Load Reductio  Estimates (Sectio  3) 

c. Describe No poi t Source Pollutio  Ma ageme t Measures (Sectio  4) 

d. Estimate Tech ical a d Fi a cial Assista ce (Sectio  5) 

e. Public I formatio  a d Educatio  (Sectio  6 a d Appe dix A) 

f. Impleme tatio  Schedule (Sectio  7) 

g. I terim Milesto es (Sectio  7) 

h. Evaluatio  Criteria (Sectio  8) 

i. Mo itori g (Sectio  8) 

Several projects ide tified i  the WBP have already bee  completed a d more are either u derway or are 

scheduled i  the upcomi g year. For example, ma y homes located i  the Baboosic Lake Commu ity were 

origi ally co structed as seaso al camps, but have bee  rebuilt a d expa ded over the years. Due to the 

high developme t de sity o  u dersized lots, most properties do  ot have adequate space to i stall a septic 

system that co forms to curre t regulatio s. The commu ity septic system projects removed i adequate a d 

faili g systems a d put the users o  a  ew commu ity disposal system. The commu ity disposal system is 

located i  a  upla d area, approximately 400 feet from Baboosic Lake. The first phase of this project 

co  ected twelve dwelli gs a d provided a commu ity equalizatio  ta k a d two commu ity leach fields o  

1.5-acres of Tow  property. The Phase 2 project added a pretreatme t a d de- itrificatio  system that serves 

both Phase 1 a d Phase 2 users a d doses pretreated efflue t to the leach fields co structed u der Phase1. 

Phase 2 co  ected te  dwelli gs a d provides future capacity a d co  ectio s for three additio al lake fro t 

dwelli gs. Phase 3 expa ded the pretreatme t capacity a d collectio  systems i stalled i  Phase 2, a d 

serves thirtee  dwelli gs. Phosphorus load reductio  from replaci g failed systems was estimated usi g 

phosphorus export a d soil rete tio  values from Reckhow. Assumi g a 0.50 soil rete tio  coefficie t, the 

estimated total a  ual load reductio  from the three phases is 35-50 lbs/year. 

Developme t of the Baboosic Lake Watershed Pla  i cluded work to ide tify sources of phosphorus i  the 

watershed, a d created a prioritized list of actio s  ecessary to achieve the phosphorus load reductio s 

required to restore the waterbody. The recomme ded actio s i cluded stormwater drai age improveme ts at 

17 sites, five additio al commu ity o -site wastewater disposal systems each servi g 30-42 homes, a  o -site 

wastewater ma ageme t program, a fertilizer reductio  program, a d various agricultural BMPs. The first 

phase of impleme tatio s i cluded co structio  of the followi g stormwater drai age improveme ts: 

Fi al TMDL Report for Baboosic Lake 7-3 Ja uary 2011 



    

 

          

          

                 

                 

         

                 

  

                

           

                

                  

               

                   

                    

                   

                 

                    

                

                   

                  

      

   

AECOM E viro me t a d NHDES 

Site 1: Four Seaso s Park - I stall vegetated buffer strip. 

Site 2: Four Seaso s Park - I stall e ergy dissipatio  device a d level spreader at culvert outfall. 

Site 3: Amherst Tow  Beach - I stall pre-fabricated bio-rete tio  cell, gutters a d rai  barrel for tow  bath 
house roof, a d e ergy dissipatio  device at culvert outfall. 

Site 4: Amherst Tow  Beach - I stall gravel i filtratio  tre ch, bio-rete tio  cell, a d loam a d vegetate to 
stabilize slope. 

Site 11: Gree wood Drive - Re-graded road to direct drai age to wetla d, clea ed accumulated sedime t from 

drai age pipe, a d i stalled e ergy dissipatio  device at the pipe outfall. 

Load reductio s i  the WBP were estimated usi g a la d-use based model a d published polluta t load 

reductio  rates for the various BMPs. The estimated total a  ual load reductio  from the first phase of 

stormwater BMP impleme tatio s is 0.7 lbs/year. Additio al impleme tatio s are pla  ed to co ti ue i  2010. 

It is worth  oti g that the TMDL report was compared to the Watershed Based Pla  a d although there are 

differe ces i  the way loads were determi ed (i.e., the average of 5 models were used i  the TMDL Report 

versus results from o e model used i  the WBP) a d the way the various loads were proportio ed, the total 

phosphorus load to the lake was approximately same i  both reports. I  additio , the i -lake phosphorus target 
to meet water quality sta dards is the same (12 ug/L), Because they have similar loads a d targets, 

a d si ce the WBP for Baboosic Lake co tai s very specific a d detailed i formatio  o  impleme tatio  

projects to reduce  utrie t loadi g to Baboosic Lake , the WBP for Baboosic Lake should co ti ue to be used 

as the mai  docume t to guide the decisio  maki g process for future impleme tatio  projects. The WBP is 
available o  the DES website at: 

http://des. h.gov/orga izatio /divisio s/water/wmb/was/watershed_based_pla s.htm. 

Fi al TMDL Report for Baboosic Lake 7-4 Ja uary 2011 
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AECOM E viro me t a d NHDES 

8.0 Monitoring Plan 

NH most rece tly co ducted water quality mo itori g o  Baboosic Lake i  1998 for Lake Trophic Studies. The 

Lakes Lay Mo itori g Program (LLMP) bega  i  1996 a d co ti ues to the prese t day (Craycraft a d 

Schloss 2006). The deepest site i  the ce ter of the lake is the primary sampli g locatio  i  Baboosic Lake 

(Figure 2-1). Water quality samples collected duri g summer stratificatio  are tested for epilim etic TP. I  

additio , a composite sample of the water colum  to the depth of the thermocli e is tested for chl a, a DO 

profile from top to bottom is co ducted a d a Secchi disk tra spare cy measureme t is take . 

It is recomme ded that LLMP sampli g be co ti ued to docume t the i -lake respo se, tre ds, a d 

complia ce with water quality criteria followi g impleme tatio  of TP reductio  measures. As discussed i  the 

previous sectio , successful impleme tatio  of this TMDL will be based o  complia ce with water quality 

criteria for pla kto ic chl a, a d cya obacteria scums. Data collected by LLMP i cludes DO, pla kto ic chl a 

a d the reporti g of cya obacteria scums a d should co ti ue. NH DES a d LLMP staff will co ti ue to 

sample a d docume t the exte t a d severity of reported cya obacteria scums through microscopic 

ide tificatio , cell cou ts a d toxicity tests. 

To help prioritize impleme tatio  of TP reductio  measures i  the watershed, it may be i structive for 

stakeholders to collect dry a d wet weather TP samples (alo g with estimates of flow) i  some of the 

tributaries drai i g suspected sources. The TP loads should be calculated usi g co ce tratio  a d flow data. 

Tributaries impacted by huma s (i.e.,  ot  atural) with the highest TP load would be the target of i itial efforts 

to reduce TP. 

Although septic systems are  ot believed to be the major source of TP loadi g, a survey of septic systems 

would help co firm model i put, i cludi g the assumptio  that there are  o failed septic systems. 

As stated i  Sectio  7.0 of this report, the Watershed Based Pla  should be used as the guida ce docume t 

for impleme tatio  projects for Baboosic Lake. Chapter 8 of the WBP i cludes detailed i formatio  o  the 

mo itori g strategies (some of which are me tio ed above a d outli es the evaluatio  criteria that is bei g 

used to assess the effects that the various impleme tatio  projects are havi g o  water quality. 

Impleme tatio  of a y mo itori g pla  is co ti ge t o  the availability of sufficie t staff (professio al a d 

volu teer) a d fu di g. State a d local authorities should co ti ue to work together to fi d ways to mai tai  

a d expa d the state a d volu teer mo itori g efforts that curre tly exist at Baboosic Lake. 

Fi al TMDL Report for Baboosic Lake 8-1 Ja uary 2011 



    

 

          

     

              

                 

              

                 

   

                  

               

               

                 

                

                  

                 

               

              

  

                

              

               

            

                 

               

                

               

           

               

                 

  

                

              

              

              

       

               

                

          

 

 

 

AECOM E viro me t a d NHDES 

9.0  easonable Assurances 

The TMDL provides reaso able assura ces that  o poi t source reductio s will occur by providi g i formatio  

o  the cooperative efforts of the NH DES a d watershed stakeholders to i itiate the process of addressi g 

 o poi t source pollutio  i  the watershed. The successful reductio  i   o poi t TP loadi g, however, 

depe ds o  the willi g ess a d motivatio  of stakeholders to get i volved a d the availability of federal, state, 

a d local fu ds. 

As discussed i  sectio  5.1, sufficie t data are simply  ot available i  this watershed to draw a  accurate 

disti ctio  betwee   o poi t watershed sources a d poi t sources of phosphorus. Give  the difficulty i  

accurately separati g these sources, the allocatio s i  this TMDL are characterized as a si gle wasteload 

allocatio  (WLA) which i cludes both poi t a d  o poi t sources. The State fully ack owledges that it will 

take a co certed effort to reduce phosphorus loadi g to the maximum exte t practicable from as ma y 

sources as possible i  order to fully support desig ated uses i  this waterbody. I  ma y cases, phosphorus 

reductio s from i dividual sources ca  a d should be greater tha  the prescribed reductio s i  this TMDL, i  

order to make up for areas of the watershed where greater reductio s are  ot attai able. 

Reaso able assura ce that  o -regulated poi t source a d  o poi t source load reductio s will occur i clude 

the followi g: 

-RSA 485-A:12, which requires perso s respo sible for sources of pollutio  that lower the quality of waters 

below the mi imum requireme ts of the classificatio  to abate such pollutio , will be e forced. 

-NHDES will work with watershed stakeholders to ide tify specific phosphorus sources withi  the watershed. 

Tech ical assista ce is available to mitigate phosphorus export from existi g  o poi t sources. 

Requests for 319 fu di g to impleme t specific BMPs withi  the watershed shall receive high priority. The 

 ew NHDES Stormwater Ma ual provides i formatio  o  site desig  tech iques to mi imize the impact of 

developme t o  water quality as well as BMPs for erosio  a d sedime t co trol a d treatme t of post-

co structio  stormwater polluta ts. Also of use to mu icipalities is the I  ovative La d Use Pla  i g 

Tech iques Ha dbook, which provides model mu icipal ordi a ces i cludi g o e o  post-co structio  

stormwater ma ageme t. Both docume ts are accessible o  the NHDES website at www.des. h.gov. DES 

staff also provides assista ce by worki g with Lake Associatio s to ide tify LID projects that would qualify for 

319 fu di g. 

-Per RSA 483-A:7 Lakes Ma ageme t a d Protectio  Pla s, the lakes coordi ator a d the Office of E ergy 

a d Pla  i g, i  cooperatio  with regio al pla  i g age cies, a d appropriate cou cil o  resources a d 

developme t age cies, shall provide tech ical assista ce a d i formatio  i  support of lake ma ageme t a d 

local shorela d pla  i g efforts co siste t with the guideli es established u der RSA 483-A:7, a d compatible 

with the criteria established u der RSA 483-A:5. 

-For lakes i cluded i  the NHDES Volu teer Lake Assessme t Program, NHDES staff will meet with 

participa ts o  a  a  ual basis duri g field sampli g visits a d a  ual workshops to discuss TP reductio  

opportu ities a d assist them with securi g 319 gra ts where eligible. 

Fi al TMDL Report for Baboosic Lake 9-1 Ja uary 2011 
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AECOM E viro me t a d NHDES 

10.0 Public Participation 

US EPA regulatio s (40 CFR 130.7 (c) (ii)) require that calculatio s to establish TMDLs be subject to public 

review. 

O  March 15, 2010, a public  otice (see Figure 9-1) a  ou ci g the availability of the draft TMDL for public 

review a d comme t was posted o  the DES website (www.des.state. h.us/wmb/TMDL/). O  this date, three 

copies of the draft report a d two copies of the public  otice were also mailed to the Tow  of Amherst’s Board 

of Selectma  for distributio . O e copy of the draft report was kept at Tow  Hall a d the public  otices were 

posted o  the public bulleti  boards at Tow  Hall. I  additio , copies of the draft report a d the public  otice 

were also provided to the Preside t ad Vice Preside t of the Baboosic Lake Associatio . Writte  public 
th rd 

comme ts were accepted from March 15 , 2010 through April 23 2010 (a period of 49 busi ess days). 

NHDES did  ot receive a y writte  comme ts o  the Draft Report, therefore  o substa tive cha ges were 

made to the report. 

Fi al TMDL Report for Baboosic Lake 10-1 Ja uary 2011 
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AECOM E viro me t a d NHDES 

Figure 9-1 Public Notice 

Date: March 15, 2010 

Subject: PUBLIC NOTICE - Draft Baboosic Lake Nutrient TMDL  eport Available for Public Comment 

Nutrient TMDL  eport Available for Public Comment 

PUBLIC COMMENTS ACCEPTED UNTIL 4 PM ON April 23, 2010 

Dear I terested Party or Stakeholder: 

The “Draft Total Maximum Daily Load (TMDL) Study for Nutrie ts i  Baboosic Lake is  ow available for public review 

a d comme t o  the New Hampshire Departme t of E viro me tal Services website at: 

http://des. h.gov/orga izatio /divisio s/water/wmb/tmdl/categories/publicatio s.htm 

A copy of the report is also available for review at the Amherst Tow  Hall. 

The New Hampshire Departme t of E viro me tal Services (DES), i  co ju ctio  with the U.S. E viro me tal 

Protectio  Age cy (EPA) a d the e viro me tal co sulti g firm AECOM, co ducted a Total Maximum Daily Load 

(TMDL) study for total phosphorus for Baboosic Lake i  Amherst. Baboosic Lake is o  the 2008 list of impaired waters 

[i.e. the sectio  303(d) list] because of elevated algal growth which impaired the primary co tact recreatio  (swimmi g) 

use. Phosphorus is the  utrie t respo sible for algal growth i  most freshwater lakes, po ds a d rivers. 

The TMDL co ducted at Baboosic Lake ide tified a  i -lake target phosphorus value that, whe  met, should result i  

attai me t of New Hampshire water quality sta dards. A phosphorus budget was co structed, phosphorus sources 

ide tified a d phosphorus reductio s allocated to each of the sources to meet the target value. A  impleme tatio  pla  

provides recomme datio s o  watershed remediatio  activities to reduce phosphorus i puts to the waterbodies. 

Comme ts will be accepted u til 4 pm o  April 23, 2010. O ly writte  comme ts will be accepted. All comme ts must 

i clude the  ame of the TMDL, the date a d co tact i formatio  (your  ame, address, pho e, e-mail, a d orga izatio ). 

Comme ts ca  be mailed to: 

TMDL Program 

NHDESWatershed Ma ageme t Bureau 

29 Haze  Drive, P.O. Box 95 

Co cord, NH 03301 

Atte tio  Margaret P. Foss, TMDL Coordi ator 

or se t by email to TMDL@des.state. h.us. 

For co ve ie ce, a cover sheet for submitti g writte  comme ts is available at the website address  oted 

above. 

If you have a y questio s about the report, please co tact Margaret Foss, NHDES TMDL Coordi ator at 

(603) 271-5448 or via email at mfoss@des.state. h.us. 

Fi al TMDL Report for Baboosic Lake 10-2 Ja uary 2011 

mailto:mfoss@des.state.nh.us
mailto:TMDL@des.state.nh.us
http://des.nh.gov/organization/divisions/water/wmb/tmdl/categories/publications.htm


    

 

          

 

 

    

         

            

                 

            

      

                  

             

   

             

              

  

                

      

                  

           

     

             

  

               

      

                

          

      

               

  

               

     

               

         

                  

  

AECOM E viro me t a d NHDES 

11.0  eferences 

Baboosic Newsletter. 2007. Baboosic Lake Associatio . August 2007. 

Barry, B. 2008. Telepho e I terview. Amherst Public Works. Ju e 12. 

Brow  a d Associates. 1980. A  assessme t of the impact of septic leach fields, home law  fertilizatio  a d 

agricultural activities o  grou dwater quality. Prepared for NJ Pi ela ds Commissio . K.W. Brow  

a d Associates, College Statio , TX. 

Carlso , R. 1977. A Trophic State I dex for Lakes. Lim ol. a d Ocea ogr. 22:261-369 Miffli  Co., NY. 

Ce ter for Watershed Protectio . 2000. Natio al Polluta t Removal Performa ce Database, 2
 d 
Editio . CWP, 

Ellicot City, MD. 

Co  ecticut Departme t of E viro me tal Protectio  a d ENSR. 2004. A Total Maximum Daily Load 

A alysis for Ke osia Lake i  Da bury, Co  ecticut. Accessed March 20, 2007. 

<http://www.ct.gov/dep/lib/dep/water/tmdl/tmdl_fi al/ke osialaketmdl.pdf> 

Craycraft, R. a d J. Schloss. 2005. Baboosic Lake Water Quality Mo itori g: 2005, Ce ter for Freshwater 

Biology, U iversity of New Hampshire. 

De  is, J., J. Noel, D. Miller, C. Elliot, M.E. De  is, a d C. Kuh s. 1992. Phosphorus Co trol i  Lake 

Watersheds: A Tech ical Guide to Evaluati g New Developme t. Mai e Departme t of 

E viro me tal Protectio , Augusta, Mai e. 

Dillo , P.J. a d F.H. Rigler. 1974. The Phosphorus-Chlorophyll Relatio ship i  Lakes. Lim ol. Ocea ogr. 

19:767-773. 

Dudley, J.G. a d D.A. Stephe so . 1973. Nutrie t E richme t of Grou d Water from Septic Ta k Disposal 

Systems. Upper Great Lakes Regio al Commissio . 

Dudley, R.W., S.A. Olso , a d M. Ha dley. 1997. A prelimi ary study of ru off of selected co tami a ts 

from rural Mai e highways. U.S. Geological Survey, Water-Resources I vestigatio s Report 97-

4041 (DOT, DEP, WRI), 18 pages. 

Du  , T. a d L.B. Leopold. 1978. Water i  E viro me tal Pla  i g. W.H. Freema  a d Compa y, Sa  

Fra cisco, CA 

Eco omic a d Labor Market I formatio  Bureau. 2007. New Hampshire Employme t Security. Accessed 

11 November 2007. http://www. h.gov/ hes/elmi/commu pro.htm. 

ENSR. 2007. New Hampshire Lakes Total Maximum Daily Load (TMDL) Project Data Collectio  from 

Outside Sources. Prepared for US EPA Regio  1. 

Fla ders R. A. 1986. Baboosic Lake Study: Amherst a d Merrimack, NH. NH Water Supply a d Pollutio  

Co trol Commissio . 

Fi al TMDL Report for Baboosic Lake 11-3 Ja uary 2011 

http://www.nh.gov/nhes/elmi/communpro.htm
http://www.ct.gov/dep/lib/dep/water/tmdl/tmdl_final/kenosialaketmdl.pdf


    

 

          

        

               

        

              

      

               

  

               

          

                 

     

                

  

              

  

              

                 

           

             

            

            

  

               

           

      

              

              

    

             

          

        

              

                 

               

            

 

AECOM E viro me t a d NHDES 

Geosy tec. 2007. Baboosic Lake Storm Water Ma ageme t Assig me t. 

Geosy tec, 2008, Baboosic Lake Watershed Based Pla . Prepared for the New Hampshire Departme t of 

E viro me tal Services by Geosy tec. May, 2008. 

Higgi s, G.R. a d J.M. Colo ell. 1970. Hydrologic Factors i  the Determi atio  of Watershed Yields. 

Publicatio  #20. WRRC, UMASS, Amherst, MA. 

Jo es, J. a d R. Bachma  . 1976. Predictio  of Phosphorus a d Chlorophyll Levels i  Lakes. JWPCF 

48:2176-2184. 

Jo es, R.A., W. Rast a d G.F. Lee. 1979. Relatio ship betwee  summer mea  a d summer maximum 

chlorophyll a co ce tratio s i  lakes. E v. Sci. & Tech ol. 13:869-870. 

Kirch er, W. a d P. Dillo . 1975. A  Empirical Method of Estimati g the Rete tio  of Phosphorus i  Lakes. 

Water Resourc. Res. 11:182-183. 

Larse , D. a d H. Mercier. 1976. Phosphorus Rete tio  Capacity of Lakes. J. Fish. Res. Bd. Ca . 33:1742-

1750. 

Mai e Departme t of E viro me tal Protectio . 2003. Three-cor ered Po d PCAP-TMDL. Mai e DEP 

LW 2002-0562. 

McMilla , N. 2008. Telepho e I terview. Amherst Recreatio  Director. Ju e 12. 

Metcalf & Eddy, I c. 1991. 3rd ed. Wastewater E gi eeri g Treatme t, Disposal a d Reuse. 

Tchoba oglous, G. a d F.L. Burto . McGraw-Hill, I c.: New York. 

New Hampshire Departme t of E viro me tal Services. 1999. Baboosic Lake Trophic Report 

New Hampshire Departme t of E viro me tal Services. New Hampshire Code of Admi istrative Rules, 

Chapter E v-Wq 1700 Surface Water Quality Regulatio s. Accessed March 20, 2007 from 

http://www.des.state. h.us/rules/E v-Wq1700.pdf. 

New Hampshire Departme t of E viro me tal Services. 2005. A alysis of NH DES Data to Determi e 

Prelimi ary Total Phosphorus Criteria for Freshwaters. I teroffice memora dum from Phil Trowbridge 

to Greg Comstock. August 5, 2005. 

New Hampshire Departme t of E viro me tal Services. 2006a. 2006 303(d) Surface Water Quality List. 

New Hampshire Departme t of E viro me tal Services. 2007. GIS data: Bathymetry, Water Use, EMD 

Statio s, a d Watersheds. 

New Hampshire Departme t of E viro me tal Services. 2008a. 2008 Sectio  305(b) a d 303(d) 

Surfacewater Quality Report. Co solidated Assessme t a d Listi g Methodology a d 

Comprehe sive Mo itori g Strategy. Docume t NH DES-R-WD-02-11. September, 2008. 

New Hampshire Departme t of E viro me tal Services. 2008b. 2008 303(d) Surface Water Quality List. 

New Hampshire Fish a d Game. 2007. New Hampshire Freshwater Fishing Guide.  n  ngler's Guide to 

the Granite State's Best Freshwater Lakes, Ponds, Rivers and Streams. New Hampshire Fish a d 

Game Public Affairs Divisio . Co cord, NH. Accessed November 11, 2007. 

<http://www.wildlife.state. h.us/Fishi g/fishi g_forecast/Locatio s_Southeast.htm>. 

Fi al TMDL Report for Baboosic Lake 11-4 Ja uary 2011 

http://www.wildlife.state.nh.us/Fishing/fishing_forecast/Locations_Southeast.htm
http://www.des.state.nh.us/rules/Env-Wq1700.pdf


    

 

          

                

 

                

             

  

              

         

                

             

          

            

   

              

            

   

             

           

     

            

               

         

                

   

         

             

               

 

           

      

            

           

           

            

   

           

            

   

AECOM E viro me t a d NHDES 

New Hampshire GRANIT. 2007. Complex Systems Research Ce ter. Accessed March 11, 2007. 

<http://www.gra it.u h.edu/#>. 

Nur berg, G.K. 1996. Trophic State of Clear a d Colored, Soft a d Hardwater lakes with Special 

Co sideratio  of Nutrie ts, A oxia, Phytopla kto  a d Fish. Jour al of Lake a d Reservoir 

Ma ageme t 12(4):432-447. 

Nur berg, G.K. 1998. Predictio  of a  ual a d seaso al phosphorus co ce tratio s i  stratified a d 

u stratified polymictic lakes. Lim ology a d Ocea ography, 43(7), 1544-1552. 

Oglesby, R.T. a d W.R. Schaff er. 1978. Phosphorus Loadi gs to Lakes a d some of their respo ses. Part 

2. Regressio  Models of Summer Phytopla kto  Sta di g Crops, Wi ter Total P, a d Tra spare cy 

of New York Lakes with Phosphorus Loadi gs. Lim ol. Ocea ogr. 23:135-145. 

Reckhow, K. 1977. Phosphorus Models for Lake Ma ageme t. Ph.D. Dissertatio , Harvard U iversity, 

Cambridge, MA. 

Reckhow, K.H., M.N. Beaulac, a d J.T. Simpso . 1980. Modeli g phosphorus loadi g a d lake respo se 

u der u certai ty: a ma ual a d compilatio  of export coefficie ts. EPA 440/5-80-011, US-EPA, 

Washi gto , D.C. 

Schloss, J.A. a d J. Co  or. 2000. Developme t of Statewide Nutrie t Loadi g Coefficie ts through 

Geographic I formatio  System Aided A alysis. U iversity of New Hampshire, Water Resources 

Research Ce ter, project summary. 

Schloss, J.A. 2008. u published LLMP data for Goose Po d a d Bow Lake. 

Sopper, W.E. a d H.W. Lull. 1970. Streamflow Characteristics of the Northeaster  U ited States. Bulleti  

766. Pe   State Agricultural Experime t Statio , U iversity Park, PA 

Swasey, C.J. a d D.A. Wilso . 1998. New Hampshire Fishi g Maps. Delorme Publishi g. Yarmouth, 

Mai e. 112 pp. 

Sulliva , R. 2008. E-mail commu icatio . Baboosic Lake Associatio  Preside t. 

U ited States E viro me tal Protectio  Age cy. 1998. National Strategy for the Development of 

Regional Nutrient Criteria. Fact Sheet. Office of Water. Washi gto , D.C. Docume t EPA 

822-F-98-002. 

U ited States E viro me tal Protectio  Age cy. 1999. “Protocol for Developi g Nutrie t TMDL’s”, EPA-841-

B-99-077, EPA, Washi gto , DC. <http://www.epa.gov/owow/tmdl/ utrie t/pdf/ utrie t.pdf>. 

U ited States E viro me tal Protectio  Age cy. 2000a. Nutrient Criteria Technical Guidance Manual. 

Lakes and Reservoirs. Office of Water. Washi gto , D.C. Docume t EPA 822-B-00-004. 

U ited States E viro me tal Protectio  Age cy. 2000b.  mbient Water Quality Criteria 

Recommendations. Rivers and Streams in Ecoregion XIV. Office of Water. Washi gto , D.C. 

Docume t EPA 822-B-00-022. 

U ited States E viro me tal Protectio  Age cy. 2000c.  mbient Water Quality Criteria 

Recommendations. Rivers and Streams in Ecoregion VII. Office of Water. Washi gto , D.C. 

Docume t EPA 822-B-00-018. 

Fi al TMDL Report for Baboosic Lake 11-5 Ja uary 2011 

http://www.epa.gov/owow/tmdl/nutrient/pdf/nutrient.pdf
http:http://www.granit.unh.edu


    

 

          

             

        

                

           

              

                     

           

                

            

               

  

              

     

            

                 

             

  

               

     

                 

 

AECOM E viro me t a d NHDES 

U ited States E viro me tal Protectio  Age cy. 2005a. Ha dbook for Developi g Watershed Pla s to 

Restore a d Protect Our Waters. Docume t EPA 841-B-05-005. 

U ited States E viro me tal Protectio  Age cy. 2005b. Stormwater Phase II Fi al Rule: Urba ized Areas 

Defi itio  a d Descriptio . Docume t EPA 833-F-00-004. Office of Water. 

U ited States E viro me tal Protectio  Age cy. 2006. Establishi g TMDL "Daily" Loads i  Light of the 

Decisio  by the U.S. Court of Appeals for the D.C. Circuit i  Frie ds of the Earth, I c. v. EPA, et al., 

No. 05-5015, (April 25, 2006) a d Implicatio s, for NPDES Permits. 

U ited States E viro me tal Protectio  Age cy. 2007. Optio s for Expressi g Daily Loads i  TMDLs. Draft 

6/22/08. U.S. E viro me tal Protectio  Age cy, Office of Wetla ds, Ocea s a d Watersheds. 

U iversity of New Hampshire Cooperative Exte sio . 2007. La dscapi g at the Waters Edge: A  

Ecological Approach. 

Volle weider, R.A. 1975. I put-output models with special refere ces to the phosphorus loadi g co cept i  

lim ology. Schweiz. Z. Hydrol. 37:53-62. 

Volle weider, R. 1982. Eutrophicatio  of Waters: Mo itori g, Assessme t a d Co trol. OECD, Paris. 

Walker. W.W. 1984. Statistical bases for mea  chlorophyll a criteria. Pages 57-62 i  Lake a d Reservoir 

Ma ageme t – Practical Applicatio s. Proceedi gs of the 4
th 
a  ual NALMS symposium. US EPA, 

Washi gto , DC 

Walker. W.W. 2000. Qua tifyi g u certai ty i  phosphorus TMDLs for lakes. Prepared for NEIWPCC a d US 

EPA Regio  I. Co cord, MA. 

Wetzel, R. G. 2001. Lim ology: Lake a d River Ecosystems. Academic Press: Bosto . 

Fi al TMDL Report for Baboosic Lake 11-6 Ja uary 2011 



    

 

     
      

    

 

     

AECOM E viro me t a d NHDES 

Appendix A: 

Methodology for Determining Target Criteria 

A-1 Ja uary 2011 
Fi al TMDL Report for Baboosic Lake 



    

 

     
      

        

                    

              

                

            

             

   

                   

                  

               

                

             

                  

                

                 

              

               

               

              

               

 

       

               

                

 

   

               

                   

                  

         

   

          

                    

                      

         

                  

               

                   

                   

             

AECOM E viro me t a d NHDES 

1.0 Derivation of Total Phosphorus (TP) Target Values 

As part of its co tract with the US EPA, Regio  1, AECOM is assisti g the NH DES i  developi g Total 

Maximum Daily Loads (TMDLs) for 30  utrie t-impaired waterbodies i  New Hampshire, u der Task 1, 

Development of Lake Phosphorus TMDLs. To develop TMDLs for these waterbodies it is  ecessary to derive 

 umeric total phosphorus (TP) target values (e.g., i -lake co ce tratio s) for determi i g acceptable 

watershed  utrie t loads. The backgrou d, approach, a d TP target values are provided below. 

1.1  egulatory Background 

As part of the  atio al Nutrie t Strategy origi ally set forth by the “Clea  Water Actio  Pla ” (US EPA, 1998), 

US EPA has directed the States to promulgate  utrie t criteria or alter ative mea s to address a d reduce the 

effects of elevated  utrie ts (eutrophicatio ) i  lakes a d po ds, reservoirs, rivers a d streams, a d wetla ds. 

Where available, these  utrie t criteria ca  be useful i  developi g TMDLs as well as i  demo strati g 

pote tial complia ce due to the impleme tatio  strategy selected to reduce impairme t. 

At this time, New Hampshire has  ot established a  umeric water quality sta dard (or  utrie t criterio ) for TP 

to protect the desig ated water uses. Rather, New Hampshire has established a series of use-specific 

assessme t criteria that are used to ide tify a d list waters for impairme t of desig ated uses u der the 

u ified Clea  Water Act (CWA) Sectio  305(b) a d Sectio  303(d) Co solidated Assessme t a d Listi g 

Methodology (CALM) (NH DES, 2008a). Thus, while the 30 lakes co sidered by this i vestigatio  are 

co sidered likely to be impacted by excessive  utrie ts, the specific listed impairme ts are for the 

phytopla kto  primary photopigme t chlorophyll a (chl a) a d the prese ce of cya obacteria (i dicator for 

primary co tact recreatio ) a d/or dissolved oxyge  (DO) (i dicator for aquatic life support) (NH DES, 2006, 

2008b). 

1.1.1 New Hampshire Water Use Assessment Criteria 

The followi g assessme t criteria have bee  established for evaluatio  complia ce with water use support a d 

for reporti g a d ide tifyi g waterbodies for listi g o  the u ified CWA Sectio  305(b)/303(d) list i  New 

Hampshire: 

1.1.1.1 Chlorophyll a 

Assessme t for the trophic i dicator photopigme t chl a is evaluated through compariso  of samples ge erally 

collected duri g the summer i dex period (defi ed as May 24 – September 15) to the freshwater chl a i terim 

criterio  of 15 ppb (0.015 mg/L) (NH DES, 2008a). If the criterio  is exceeded, the waterbody is co sidered 

 o -supporti g for the primary co tact recreatio  water use. 

1.1.1.2 Dissolved Oxygen 

Applicable water quality sta dards for DO i clude the followi g: 

E v-Wq 1703.07 (b): Except as  aturally occurs, or i  waters ide tified i  RSA 485-A:8, III, or subject to (c) 

below, class B waters shall have a DO co te t of at least 75% of saturatio , based o  a daily mea , a d a  

i sta ta eous mi imum DO co ce tratio  of at least 5 mg/L. 

E v-Wq 1703.07 (d): U less  aturally occurri g or subject to (a) above, surface waters withi  the top 25 

perce t of depth of thermally u stratified lakes, po ds, impou dme ts a d reservoirs or withi  the epilim io  

shall co tai  a DO co te t of at least 75 perce t saturatio , based o  a daily mea  a d a  i sta ta eous 

mi imum DO co te t of at least 5 mg/L. U less  aturally occurri g, the DO co te t below those depths shall 

be co siste t with that  ecessary to mai tai  a d protect existi g a d desig ated uses. 

A-2 Ja uary 2011 
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1.1.1.3 Cyanobacteria 

A lake is listed as  ot supporti g primary co tact recreatio  if cya obacteria scums are prese t. Reductio  of 

TP loadi g will reduce the likelihood of scum formatio . 

1.1.2 Linkage of Assessment Criteria to TP TMDLs 

The chl a, cya obacteria a d DO assessme t criteria described above provide NH DES with a co siste t a d 

efficie t mea s to ide tify a d list impaired waters for purposes of 305(b)/303(d). However, these parameters 

are  ot ame able to developme t of a TMDL for correctio  of these impairme ts for several reaso s i cludi g: 

• these are merely seco dary i dicators of eutrophicatio  but  ot the primary cause (i.e., excessive 

 utrie ts); 

• measureme t of these parameters is complicated by physical (e.g., light availability) a d temporal 

co sideratio s (e.g., pre-daw  measureme ts); 

• it is  ot feasible to establish watershed load allocatio s for chl a or DO; 

• there are limited co trol tech ologies or best ma ageme t practices (BMPs) for these parameters; 

a d/or 

• it is much more tech ically a d eco omically feasible to address the primary cause (i.e., excessive 

 utrie ts) as a mea s to reduce or elimi ate impairme ts. 

While AECOM uses the term “excessive  utrie ts” as the primary cause, it is ge erally u derstood, a d for 

purposes of this TMDL developme t assumed that, TP is the limiti g  utrie t for pla t growth i  these waters. 

Therefore, it is  ecessary to derive  umeric TP target values that are both protective of the water uses a d 

correlate to lake co ditio s u der which the chl a, the prese ce of cya obacteria scums a d DO assessme t 

criteria are met. TP is used as a surrogate for impairme ts related to chl a, cya obacteria scums a d DO. 

1.2 Proposed TP TMDL Target Values 

Accordi g to the 40 CFR Part 130.2, the TMDL for a waterbody is equal to the sum of the i dividual loads from 

poi t sources (i.e., wasteload allocatio s or WLAs), a d load allocatio s (LAs) from  o poi t sources 

(i cludi g  atural backgrou d co ditio s). Sectio  303(d) of the CWA also states that the TMDL must be 

established at a level  ecessary to impleme t the applicable water quality sta dards with seaso al variatio s 

a d a margi  of safety (MOS) which takes i to accou t a y lack of k owledge co cer i g the relatio ship 

betwee  efflue t limitatio s a d water quality. I  equatio  form, a TMDL may be expressed as follows: 

TMDL = WLA + LA + MOS 
Where: 

WLA = Waste Load Allocatio  (i.e., loadi gs from poi t sources); 
LA = Load Allocatio  (i.e., loadi gs from  o poi t sources i cludi g  atural backgrou d); a d 
MOS = Margi  of Safety. 

TMDLs ca  be expressed i  terms of either mass per time, toxicity or other appropriate measure [40 CFR, Part 

130.2 (i)). However, i  light of legal actio , the US EPA has issued guida ce that TMDLs should be expressed 

o  a daily timescale to meet the wordi g of the legislatio  that created the program. Yet for lakes, daily  utrie t 

loadi g limits are of little use i  ma ageme t, as lakes i tegrate loadi g over a much lo ger time period to 

ma ifest observed co ditio s. Expressio  of  utrie t loads o  seaso al to a  ual time scales is appropriate, 

although daily loads will be reported to meet program guideli es. 

The MOS ca  be either explicit or implicit. If a  explicit MOS is used, a portio  of the total target load is 

allocated to the MOS. If the MOS is implicit, a specific value is  ot assig ed to the MOS. Use of a  implicit 
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MOS may be appropriate whe  assumptio s used to develop the TMDL are believed to be so co servative 

that they sufficie tly accou t for the MOS. 

1.3 Potential approaches to Derivation of TP target values. 

While the  eed for developme t of  utrie t criteria for lakes is well-docume ted, there is  o clear co se sus 

amo g the States or federal age cies regardi g the best mea s to accomplish this goal, due to the complexity 

i  defi i g precisely what co ce tratio s will be protective of waterbodies’ water quality as well as their 

desig ated uses. Some of the more commo  approaches i clude: 

• Use of NH DES water quality recomme datio s; 

• Use of  utrie t levels for commo ly accepted trophic levels; a d 

• Use of probabilistic equatio s to establish targets to reduce risk of adverse co ditio s. 

1.3.1 Target based on population of NH lakes 

I  the Lake and Reservoir Technical Guidance Manual (US EPA, 2000a), the US EPA provided a statistical 

approach for determi i g  utrie t criteria that was subseque tly used to develop a set of ecoregio -specific 

ambie t water quality recomme datio s that were issued i  2000-2001 (US EPA, 2000b; US EPA 2000c). 

The US EPA approach co sists of selecti g a pre-determi ed perce tile from the distributio  of measured 

variables from either (1) k ow  refere ce lakes, (i.e., the highest quality or least impacted lakes) or (2) ge eral 

populatio  of lakes i cludi g both impaired a d  o -impaired lakes. The US EPA defi ed refere ce lakes as 

those represe tative of the least impacted co ditio s or what was co sidered to be the most attai able 

co ditio s for lakes withi  a state or ecoregio . 

NH DES used a similar statistical approach whe  developi g prelimi ary TP criteria for freshwaters i  New 

Hampshire (NH DES, 2005). The NH DES evaluatio  ide tified statistically sig ifica t relatio ships betwee  

chl a a d TP for lakes. Statistical relatio ships were based o : 1) the media  of TP samples take  at o e-third 

the water depth i  u stratified lakes a d at the mid-epilim io  depth i  stratified lakes; a d 2) the media  of 

composite chl a samples of the water colum  to the mid-metalim io  depth i  stratified lakes a d to the two-

thirds water depth i  u stratified lakes duri g the summer mo ths (Ju e through September). A total of 168 

lakes were i cluded i  the a alysis of which 23 were impaired for chl a (i.e., lakes with chl a greater tha  or 

equal to 15 µg/L). Of the 23 impaired lakes, approximately 14 were stratified (60%) a d 9 were u stratified 

(40%). 

Figure A-2 shows the cumulative freque cy plots for the impaired a d  o -impaired lakes. Based o  Figure A-

2, a  i itial TP target of 11.5 µg/L was selected. As show , 20% of the impaired lakes a d 80% of the  o -

impaired lakes have TP co ce tratio s < 11.5 µg/L which mea s that 20% of the  o -impaired lakes have TP 

co ce tratio s > 11.5 µg/L). After rou di g, a target of 12 µg/L strikes a reaso able bala ce betwee  the 

perce t of lakes that are impaired at co ce tratio s below this level a d the perce t of lakes that are  ot 

impaired at co ce tratio s above this co ce tratio . A value of 12 µg/L is very similar to TP targets set by 

other methods discussed below. 

Setti g the TMDL based o  a  i -lake target co ce tratio  of 12 µg/L i cludes a  implicit MOS for the 

followi g reaso s. As discussed above, the target of 12 µg/L is primarily based o  summer epilim etic 

co ce tratio s. This TMDL, however, is based o  empirical models that predict mea  a  ual TP lake 

co ce tratio s assumi g fully mixed co ditio s. Studies o  other lakes i dicate that mea  a  ual 

co ce tratio s ca  be 14% to 40% higher tha  summer epilim etic co ce tratio s (Nur berg 1996, 1998). A 

value of 15 µg/L could have bee  used i  the models to predict the TMDL. However, i  order to i clude a 

MOS, 12 µg/L was used. By setti g the target equal to 12 µg/L i  the models used to determi e the TMDL, a  

implicit MOS of approximately 20% is provided. 
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Figure A-2: Cumulative Frequency Distribution of TP Concentrations in Impaired and Unimpaired New 

Hampshire Lakes. 
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1.3.2 Trophic State Classification of Water bodies 

Trophic state is a  alter ative mea s of setti g a TP target co ce tratio . O e of the more powerful paradigms 

i  lim ology is the co cept a d classificatio  of lakes as to their so-called trophic state. A trophic state 

classificatio  is typically based o  a ge erally recog ized set or ra ge of chemical co ce tratio s a d physical 

a d biological respo ses. Lakes are ge erally classified as oligotrophic, mesotrophic, or eutrophic; the three 

states represe ti g a gradie t betwee  least affected to most impacted waterbodies. Classificatio  is based 

o  the proximity of a lake’s chemistry a d biology to the list of characteristic for a specific trophic type. 

Classificatio  may be based o  both qua titative (e.g., chemical co ce tratio s, turbidity) a d/or qualitative 

factors (e.g., prese ce of pollutio -tolera t species, aesthetic appeara ce). 

While this system is widely accepted, there is  o co se sus regardi g the absolute  utrie t or trophic 

parameter value that defi es a waterbody trophic state, although some guideli es have bee  suggested (US 

EPA, 1999). I deed, it should be remembered that classificatio  of lakes i to the categories produces a  

arbitrary differe ce amo g lakes that may show very little differe ces i   utrie t co ce tratio . Despite its 

limitatio s, the trophic state co cept is easily u derstood a d widely used by lim ologists, lake associatio s, 

state age cies, etc., to classify lakes a d ma age lakes. Further, it ca  be used as a  i direct mea s of li ki g 

impairme t of desig ated uses with critical  utrie t levels or threshold values (i.e., the tra sitio  from o e 

trophic state to a other is likely associated with effects o  desig ated uses). 

To provide a mea s of qua tifyi g the decisio -maki g about trophic classificatio , waterbodies may be 

classified accordi g to the Carlso  Trophic State I dex (TSI), a widely used i dicator of trophic state (Carlso  

1977). Carlso ’s TSI is a  algal biomass-based i dex that relates the relatio ship betwee  trophic parameters 

to levels of lake productivity. The TSI method provides three equatio s relati g log-tra sformed 

co ce tratio s of TP, chl a, a d SDT to algal biomass, resulti g i  three separate TSI scores (e.g., TSI(TP), 

TSI(chl a), TSI(SDT)). The three equatio s are scaled such that the same TSI value should be obtai ed for a 

lake regardless of what parameter is used. Compariso  of the results of the TSI system to more traditio al 

trophic state classificatio  ide tified TSI scores that are associated with the tra sitio  from o e trophic state to 

a other (Carlso , 1977). 

For purposes of compariso , we i itially used a system assumi g thresholds or criteria for the tra sitio  from 

a  oligotrophic to a mesotrophic state (estimated as a TSI value of 35) a d for tra sitio  from a mesotrophic 

state to a eutrophic state (estimated as a TSI value of 50). The selected TSI thresholds are based o  ge eral 

lake attributes a d are  ot specific to the New E gla d ecoregio s. However, Table A-2 represe ts a first 

approximatio  of the ra ge of trophic i dicators assig ed to a trophic state. 

Table A-2. Trophic Status Classification based on water quality variables 

Variables Oligotrophic Mesotrophic Eutrophic 

(TSI < 30) (30 < TSI < 50) (TSI > 50) 

TP (µg/L) <10 10-24 >24 

Chl a (µg/L) <1.5 1.5-7.2 >7.2 

SDT (m) >6 2-6 <2 

It ca  be see  that the NH criterio  for chl a (15 µg/L) will ge erally  ot be exceeded by a lake havi g a 

mesotrophic status (chl a of 1.5 – 7.2 µg/L). I  most cases, mesotrophic co ditio s are also supportive of all 

aquatic life co ditio s. It ca  also be see  that the proposed NH criterio  of 12 µg/L TP discussed i  Sectio  

1.3.1 will place the lake i  the mesotrophic category. However, the ra ges of co ce tratio s co sidered by 

this approach are relatively large a d alter ative  umeric criteria could be used equally as well. Accordi gly, 

developme t or refi eme t based o  ecoregio -specific i formatio  regardi g trophic respo se a d/or 

protectio  of desig ated uses was used to refi e these ra ges. 
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Based o  our i spectio  of the water quality a d biotic respo ses of the 30 New Hampshire lakes of this study, 

it appears that these lakes are more respo sive to i puts of TP tha  the ge eral class of  atio al lakes that 

Carlso  co sidered i  devisi g his classes. For example, AECOM co siders it likely that allowi g > 20 µg/L 

TP for a  i -lake surface co ce tratio  will result i  eutrophic lake co ditio s i  these lakes a d uses that 

co te tio  as justificatio  to  arrow the ra ge of appropriate mea  co ce tratio s to 10-20 µg/L. The midpoi t 

of this ra ge is approximately 15 µg/L. A  a  ual mea  co ce tratio  of 15 µg/L TP is also coi cide tally the 

threshold value for mesotrophic lakes used by the New Hampshire Lay Lakes Mo itori g Program (LLMP) 

(Craycraft a d Schloss, 2005). 

The trophic status classificatio  is assumed to be based o  mea  a  ual TP. However, most water quality 

samples are take  duri g summer co ditio s. Total algal growth is typically predicted from spri g tur over TP 

values, which te d to be higher by approximately 20% o  mea  (Nur berg, 1996, 1998). Therefore, usi g a 

TP target of 20% lower tha  15 µg/L would more appropriately predict the actual pote tial chl a. A  implicit 

MOS of 20% would result i  a target co ce tratio  for Baboosic Lake of 12 µg/L. 

2010 UPDATE: In 2009, NHDES developed interim TP and chl a criteria based on lake trophic level for 

the protection of aquatic life (NHDES, 2009) which were used to develop the 2010 303(d) list (NHDES, 

2010b). The study evaluated median chl a and TP concentrations for 233 lakes and developed interim 

criterion using the reference concentration approach (EPA, 2000d).  eference lakes were defined as 

lakes with average specific conductance values less than 50 uS/cm. As shown in the table below, the 

criteria vary by trophic class where the trophic class is based on NHDES trophic evaluations. Where 

multiple trophic evaluations have been conducted, the best (i.e. cleanest) trophic class is used to 

determine the appropriate criterion. The “best” trophic class for Baboosic Lake is eutrophic. In 

accordance with the 2010 Consolidated Listing and Assessment Methodology (NHDES, 2010a), the 

medians are based on summer data (i.e., samples taken from May 24th to September 15th). 

Median TP 
(ug/L) 

Median Chl 
(ug/L) 

Oligotrophic < 8.0 < 3.3 

Mesotrophic <=12.0 <= 5.0 

Eutrophic <= 28 <= 11 

To be fully protective, the target used in the TMDL should be most stringent TP needed to protect all 

designated uses. As mentioned, the criteria shown in the table above are for the protection of the 

aquatic life use. As discussed in the previous section, the median TP for the protection of primary 

contact recreational uses (i.e., swimming) should be no greater than 12 ug/L. Consequently, if the 

lake is eutrophic or mesotrophic, the target TP was set equal to 12 ug/L in order to be protective of 

both uses. However, if a lake is oligotrophic, the target TP was set equal to 8 ug/L since this is more 

stringent than the 12 ug/L threshold for the protection of primary contact recreation. Since Baboosic 

Lake is eutrophic, the target TP is 12 ug/L. As discussed in section 1.4, the only exception to this 

rule is if the predicted TP concentration under “natural” conditions (i.e., no anthropogenic sources) 

exceeded the TP target discussed above. When this situation occurred, the target was set equal to the 

natural TP concentration. As discussed in section 6.1 (see Table 6-2), the predicted natural TP 

concentration is less than 12 ug/L, therefore the target TP is 12 ug/L. 
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1.3.3. Probabilistic Approach to Setting TP Target Goal 

Target TP goals ca  also be determi ed usi g a probabilistic approach that aims at reduci g the level a d 

freque cy of deleterious algal blooms (as i dicated by chl a levels). The co cept is to set a TP criterio  that 

achieves a desired probability (i.e., risk) level of i curri g a  algal bloom i  a lake system. Based o  the level 

of acceptable risk or how ofte  a system ca  experie ce a  exceeda ce of a  adverse co ditio  (i  this case 

defi ed as a chl a level of 15 µg/L), the TP criterio  is selected. 

Water quality modeli g performed by Walker (1984, 2000) provides a mea s to calculate the TP level 

associated with a y set level of exceeda ce of a y set target level. For these TMDLs, the goal is to mi imize 

the pote tial risk of exceeda ce of 15 µg/L chl a (summer algal bloom), but  ot place the criterio  so low that it 

could  ot realistically be achieved due to TP co tributio s from  atural backgrou d co ditio s. The 

correspo di g TP co ce tratio  is used as the basis for developi g target TMDLs, although  ot as the fi al 

target TP value, si ce it i corporates  o MOS factor a d does  ot accou t for u certai ty i  the TP loadi g 

a d co ce tratio  estimates. 

Based o  our a alysis of Baboosic Lake, the TP co ce tratio  of 12 µg/L correspo ded to a pote tial risk of 

exceeda ce of 15 µg/L chl a i  summer of 0.2%, co siste t with the target value of 12 µg/L derived i  Sectio  

1.3.2 above a d suggesti g that a TP value close to 12 µg/L would lead to the desired low probability of 

summer algal blooms a d a mea  chl a level that will support all expected lake uses. 

For this method, the MOS is implicit due to co servative assumptio s because the Walker bloom probability 

model is based o  summer water quality data. However, the TP co ce tratio s predicted by the ENSR-LRM 

model are a  ual mea  co ce tratio s which are typically higher tha  summer values. Applyi g the bloom 

probability model to a  ual mea  co ce tratio s rather tha  lower summer co ce tratio s will result i  a  

overestimate of the probability of blooms occurri g i  the summer. 

1.4 Summary of Derivation of TP Target Goal 

As part of its US EPA/NH DES co tract for developi g TMDLs for 30  utrie t-impaired New Hampshire 

waterbodies, AECOM developed a  approach a d ratio ale for derivi g  umeric TP target values for 

determi i g acceptable watershed  utrie t loads. These TP target values are protective of the water uses a d 

correlate to lake co ditio s u der which the existi g New Hampshire chl a, cya obacteria, a d DO 

assessme t criteria are met. 

To derive these criteria, AECOM co sidered the followi g optio s: (1) exami atio  of the distributio  of TP 

co ce tratio s i  impaired a d u impaired lakes i  New Hampshire; (2) use of  utrie t levels for commo ly-

accepted trophic levels; a d (3) use of probabilistic equatio s to establish targets to reduce the risk of adverse 

co ditio s. All three approaches yield a similar target value. Because the first optio  uses data from New 

Hampshire lakes, it is viewed as the primary target setti g method. The other two methods co firm the result 

of the first method, a target of 12 µg/L is appropriate. This target would lead to the desired low probability of 

algal blooms a d a mea  chl a level that supports all expected lake uses. Based o  the data that we t i  the 

data for these a alyses, there is a  MOS of approximately 20%. 

For watersheds that do  ot have permitted discharges such as MS4 systems (i.e., WLA = 0), the LA term 

simplifies to the amou t of watershed TP load  eeded to produce a modeled i -lake co ce tratio  of 12 µg/L. 

Urba  watersheds will  eed to accou t for the i flue ce of stormwater whe  determi i g acceptable loads. 

Based o  the above discussio , a target value of 12 µg/L TP will be used to establish target TP loadi g for the 

30  utrie t New Hampshire TMDLs. However there are a few exceptio s: 

• If modeli g i dicates that TP loadi gs u der “ atural” co ditio s will result i  TP co ce tratio s 

greater tha  12 µg/L, the  the TMDL target will be set equal to the modeled TP co ce tratio  
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correspo di g to the all  atural loadi g sce ario for that lake. There is  o  eed,  or is it usually 

feasible, to reduce loadi gs below those occurri g u der  atural co ditio s. Furthermore, state 

surface water quality sta dards allow exceeda ces of criteria (i.e, targets) if they are due to  aturally 

occurri g co ditio s. For example, E v-Wq 1703.14 (b) states the followi g: 

“Class B waters shall co tai   o TP or  itroge  i  such co ce tratio s that would impair a y existi g or 

desig ated uses, u less  aturally occurri g.” 

• If observed mo itori g data i dicates actual chl a violatio s are occurri g i  the lake at TP 

co ce tratio s less tha  12 µg/L, the  the target shall be set equal to either 1) the media  

co ce tratio  of the sampli g data with a 20% reductio  to i corporate a  MOS (or a other perce t 

reductio  determi ed appropriate for that particular lake) or 2) to the modeled co ce tratio  

correspo di g to backgrou d (i.e.  atural) co ditio s. 

2010 UPDATE: As discussed in section 1.3.2, the lowest (i.e., most stringent) criterion needed to 

protect the aquatic life and primary contact recreational uses was used as the target unless the 

predicted natural TP concentration was higher, in which case the target TP was set equal to the natural 

TP target. For reasons discussed in section 1.3.2 above, a target TP of 12 ug/L was selected for 

Baboosic Lake. 
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Appendix B: 

ENS -L M Methodology Documentation 
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APPENDIX B: 
LL M – Lake Loading  esponse Model Users Guide 

(also called SHEDMOD or ENS -L M) 

Model Overview 
The Lake Loadi g Respo se Model, or LLRM, origi ated as a teachi g tool i  a college course o  watershed 
ma ageme t, where it was called SHEDMOD. This model has also bee  historically called ENSR-LRM. The 
i te t was to provide a spreadsheet program that stude ts could use to evaluate pote tial co seque ces of 
watershed ma ageme t for a target lake, with the goal of achievi g desirable levels of phosphorus (TP), 
 itroge  (N), chlorophyll a (Chl) a d Secchi disk tra spare cy (SDT). For the NH Lake TMDLs o ly TP, Chl 
a d SDT were simulated. As all cells i  the spreadsheet are visible, the effect of actio s could be traced 
throughout the calculatio s a d a  u dersta di g of the processes a d relatio ships could be developed. 

LLRM remai s spreadsheet based, but has bee  e ha ced over the years for use i  watershed ma ageme t 
projects aimed at improvi g lake co ditio s. It is still a highly tra spare t model, but various fu ctio s have 
bee  added a d some variables have bee  refi ed as  ew literature has bee  published a d experie ce has 
bee  gai ed. It is adaptable to specific circumsta ces as data a d expertise permit, but requires far less of 
each tha  more complex models such as SWAT or BASINS. This ma ual provides a basis for proper use of 
LLRM. 

Model Platform 
LLRM ru s withi  Microsoft Excel. It co sists of three  umerically focused worksheets withi  a spreadsheet: 
1. Refere ce Variables – Provides values for hydrologic, export a d co ce tratio  variables that must be 

e tered for the model to fu ctio . Those show  are applicable to the  ortheaster  USA, a d some would 
 eed to be cha ged to apply to other regio s. 

2. Calculatio s – Uses i put data to ge erate estimates of water, N a d TP loads to the lake. All cells shaded 
i  blue must have e tries if the correspo di g i put or process applies to the watershed a d lake. If site-
specific values are u available, o e typically uses the media  value from the Refere ce Variables sheet. 

3. Predictio s – Uses the lake area a d i puts calculated i  the Calculatio s sheet to predict the lo g-term, 
steady state co ce tratio  of N, TP a d Chl i  the lake, plus the correspo di g SDT. This sheet applies 
five empirical models a d provides the average fi al results from them. 

Watershed Schematic 
Ge eratio  of a schematic represe tatio  of the watershed is esse tial to the model. It is  ot a visible part of 
the model, but is embodied i  the routi g of water a d  utrie ts performed by the model a d it is a critical step. 
For the example provided here, the lake a d watershed show  i  Figure 1 is modeled. It co sists of a la d 
area of 496.5 hectares (ha) a d a lake with a  area of 40 ha. There are two defi ed areas of direct drai age (F 
a d G), from which water reaches the lake by overla d sheetflow, piped or ditched stormwater drai age, or 
grou dwater seepage (there are  o tributaries i  these two drai age basi s). There is also a tributary (Trib 1) 
that is i terrupted by a small po d, such that the correspo di g watershed might best be represe ted as two 
parts, upstream a d dow stream of that po d, which will provide some dete tio  a d  utrie t removal 
fu ctio s. There is a other tributary (Trib 2) that co sists of two streams that combi e to form o e that the  
e ters the lake, the classic “Y’ drai age patter . With differi g la d uses associated with each of the upper 
parts of the Y a d available data for each  ear the co flue ce, this part of the watershed is best subdivided 
i to three drai age areas. As show  i  Figure 2, the watershed of Figure 1 is represe ted as the lake with two 
direct drai age u its, a tributary with a  upper a d lower drai age u it, a d a tributary with two upper a d o e 
lower drai age u its. The orderi g is importa t o  several levels, most  otably as whatever  utrie t loadi g 
atte uatio  occurs i  the two lower tributary basi s will apply to loads ge erated i  the correspo di g upper 
basi s. Loads are ge erated a d may be ma aged i  a y of the drai age basi s, but how they affect the lake 
will be determi ed by how those loads are processed o  the way to the lake. LLRM is desig ed to provide 
flexibility whe  testi g ma ageme t sce arios, based o  watershed co figuratio  a d the represe tatio  of 
associated processes. 
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Figure 1. Watershed Map for Example System 

Figure 2. Watershed Schematic for Example System 
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Model Elements 
There are three mai  types of i puts  ecessary to ru  LLRM: 
1. Hydrology i puts – These factors gover  how much water la ds o  the watershed a d what portio  is 

co verted to ru off or baseflow. The determi atio  of how much precipitatio  becomes ru off vs. baseflow 
vs. deep grou dwater  ot i volved i  the hydrology of the target system vs. loss to evapotra spiratio  is 
very importa t, a d requires some k owledge of the system. All precipitatio  must be accou ted for, but 
all precipitatio  will  ot e d up i  the lake. I  the  ortheast, ru off a d baseflow may typically accou t for 
o e to two thirds of precipitatio , the remai der lost to evapotra spiratio  or deep grou dwater that may 
feed surface waters elsewhere, but  ot i  the system bei g modeled. As impervious surface i creases as 
a perce t of total watershed area, more precipitatio  will be directed to ru off a d less to baseflow. There 
are two routi es i  the model to allow “reality checks” o  resulta t flow derivatio s, o e usi g a sta dard 
areal water yield based o  decades of data for the regio  or calculated from  earby stream gauge data, 
a d the other applyi g actual measures of flow to check derived estimates. 

2. Nutrie t yields – Export coefficie ts for N a d TP determi e how much of each is ge erated by each 
desig ated la d use i  the watershed. These export values apply to all like la d use desig atio s; o e 
ca  ot assig  a higher export coefficie t to a la d use i  o e basi  tha  to the same la d use i  a other 
basi . Differe ces are addressed through atte uatio . This is a model co strai t, a d is imposed partly for 
simplicity a d partly to preve t varied export assig me t without justificatio . Where differi g export really 
does exist for the same la d uses i  differe t basi s of the watershed, atte uatio  ca  be applied to adjust 
what actually reaches the lake. Nutrie t export coefficie ts abou d i  the literature, a d ra ges, mea s 
a d media s are supplied i  the Refere ce Variables sheet. These are best applied with some local 
k owledge of export coefficie ts, which ca  be calculated from la d area, flow a d  utrie t co ce tratio  
data. However, values calculated from actual data will i clude atte uatio  o  the way to the poi t of 
measureme t. As atte uatio  is treated separately i  this model, o e must determi e the pre-atte uatio  
export coefficie ts for e try to i itiate the model. The model provides a calculatio  of the export coefficie t 
for the “delivered” load that allows more direct compariso  with a y exports directly calculated from data 
later i  the process. 

3. Other  utrie t i puts – five other sources of N a d TP are recog ized i  the model: 
a. Atmospheric depositio  – both wet a d dry depositio  occur a d have bee  well docume ted i  the 

literature. The area of depositio  should be the e tire lake area. Choice of a  export coefficie t ca  be 
adjusted if real data for precipitatio  a d  utrie t co ce tratio s is available. 

b. I ter al loadi g – loads ca  be ge erated withi  the lake from direct release from the sedime t 
(dissolved TP, ammo ium N), resuspe sio  of sedime t (particulate TP or N) with possible 
dissociatio  from particles, or from macrophytes (“leakage” or sce esce ce). All of these modes have 
bee  studied a d ca  be estimated with a ra ge, but site specific data for surface vs. hypolim etic 
co ce tratio s, pre-stratificatio  whole water colum  vs. late summer hypolim etic co ce tratio s, 
cha ges over time duri g dry periods (limited i flow), or direct sedime t measures ca  be very helpful 
whe  selecti g export coefficie ts. 

c. Waterfowl a d other wildlife – I puts from various bird species a d other water depe de t wildlife 
(e.g., beavers, muskrats, mi k or otter) have bee  evaluated i  the literature. Site specific data o  how 
ma y a imals use the lake for how lo g is  ecessary to ge erate a reliable estimate. 

d. Poi t sources – LLRM allows for up to three poi t sources, specific i put poi ts for discharges with 
k ow  qua tity a d quality. The a  ual volume, average co ce tratio , a d basi  where the i put 
occurs must be specified. 

e. O -site wastewater disposal (septic) systems – Septic system i puts i   o -direct drai age basi s is 
accou ted for i  baseflow export coefficie ts, but a separate process is provided for direct drai age 
areas where de se housi g may co tribute disproportio ately. The  umber of houses i  two zo es 
(closer a d farther away, represe ted here as <100 ft a d 100-300 ft from the lake) ca  be specified, 
with occupa cy set at either seaso al (90 days) or year rou d (365 days). For the NH lake  utrie t 
TMDLs, o e zo e of 125 feet from the lake was used. The  umber of people per household, water 
use per perso  per day, a d N a d TP co ce tratio s a d atte uatio  factors must be specified. 
Alter atively, these i puts ca  be accou ted for i  the baseflow export coefficie t for direct drai age 
areas if appropriate data are available, but this module allows estimatio  from what is ofte  perceived 
as a pote tially large source of  utrie ts. 
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AECOM E viro me t a d NHDES 

LLRM the  uses the i put i formatio  to make calculatio s that ca  be exami ed i  each correspo di g cell, 
yieldi g wet a d dry weather i puts from each defi ed basi , a combi ed total for the watershed, a summary 
of other direct i puts, a d total loads of TP a d N to the lake, with a  overall average co ce tratio  for each as 
a  i put level. Several co strai i g factors are i put to gover  processes, such as atte uatio , a d places to 
compare actual data to derived estimates are provided. Ultimately, the lake area a d loadi g values are 
tra sferred to the Predictio  sheet where, with the additio  of a  outflow TP co ce tratio  a d lake volume, 
estimatio  of average i -lake TP, N, Chl a d SDT is performed. The model is best illustrated through a  
example, which is represe ted by the watershed i  Figures 1 a d 2. Associated tables are directly cut a d 
pasted from the example model ru s. 

Hydrology 
Water is processed separately from TP a d N i  LLRM. While loadi g of water a d  utrie ts are certai ly 
li ked i  real situatio s, the model addresses them separately, the  recombi es water a d  utrie t loads 
later i  the calculatio s. This allows processes that affect water a d  utrie t loads differe tly (e.g., ma y 
BMPs) to be ha dled effectively i  the model. 

Water Yield 
Where a cell is shaded, a  e try must be made if the correspo di g portio  of the model is to work. 
For the example watershed, the sta dard yield from years of data for a  earby river, to which the 
example lake eve tually drai s, is 1.6 cubic feet per square mile (cfsm) as show  below. That is, o e 
ca  expect that i  the lo g term, each square mile of watershed will ge erate 1.6 cubic feet per 
seco d (cfs). This provides a valuable check o  flow values derived from water export from various 
la d uses later i  the model. 

COEFFICIENTS 

STD. WATER YIELD (CFSM) 

PRECIPITATION (METERS) 

1.6 

1.21 

Precipitation 
The precipitatio  la di g o  the lake a d watershed, based o  years of data collected at a  earby 
airport, is 1.21 m (4 ft, or 48 i ches) per year, as show  above. Certai ly there will be drier a d wetter 
years, but this model addresses the steady state co ditio  of the lake over the lo ger term. 

 unoff and Baseflow Coefficients 
Partitio i g coefficie ts for water for each la d use type have bee  selected from literature values a d 
experie ce worki g i  this area. Studies i  several of the drai age basi s to the example lake a d for 
 earby tributaries outside this example system support the applied values with real data. It is expected 
that the sum of export coefficie ts for ru off a d baseflow will be <1.0; some portio  of the 
precipitatio  will be lost to deep grou dwater or evapotra spiratio . 
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AECOM E viro me t a d NHDES 

RUNOFF EXPORT COEFF. BASEFLOW EXPORT COEFF. 

Precip P Export N Export Precip P Export N Export 

Coefficie t Coefficie t Coefficie t Coefficie t Coefficie t Coefficie t 

LAND USE (Fractio ) (kg/ha/yr) (kg/ha/yr) (Fractio ) (kg/ha/yr) (kg/ha/yr) 

Urba  1 (Reside tial) 0.30 0.65 5.50 0.15 0.010 5.00 

Urba  2 (Roads) 0.40 0.75 5.50 0.10 0.010 5.00 

Urba  3 (Mixed Urba /Commercial) 0.60 0.80 5.50 0.05 0.010 5.00 

Urba  4 (I dustrial) 0.50 0.70 5.50 0.05 0.010 5.00 

Urba  5 (Parks, Recreatio  Fields, 

I stitutio al) 0.10 0.80 5.50 0.05 0.010 5.00 

Agric 1 (Cover Crop) 0.15 0.80 6.08 0.30 0.010 2.50 

Agric 2 (Row Crop) 0.30 1.00 9.00 0.30 0.010 2.50 

Agric 3 (Grazi g) 0.30 0.40 5.19 0.30 0.010 5.00 

Agric 4 (Feedlot) 0.45 224.00 2923.20 0.30 0.010 25.00 

Forest 1 (Upla d) 0.10 0.20 2.86 0.40 0.005 1.00 

Forest 2 (Wetla d) 0.05 0.10 2.86 0.40 0.005 1.00 

Ope  1 (Wetla d/Lake) 0.05 0.10 2.46 0.40 0.005 0.50 

Ope  2 (Meadow) 0.05 0.10 2.46 0.30 0.005 0.50 

Ope  3 (Excavatio ) 0.40 0.80 5.19 0.20 0.005 0.50 

Other 1 0.10 0.20 2.46 0.40 0.050 0.50 

Other 2 0.35 1.10 5.50 0.25 0.050 5.00 

Other 3 0.60 2.20 9.00 0.05 0.050 20.00 

Setti g export coefficie ts for the divisio  of precipitatio  betwee  baseflow, ru off a d other compo e ts 
(deep grou dwater, evapotra spiratio ) that do  ot figure i to this model is probably the hardest part of model 
set-up. Site specific data are very helpful, but a worki g k owledge of area hydrology a d texts o  the subject 
is ofte  sufficie t. This is a  area where se sitivity testi g is stro gly urged, as some u certai ly arou d these 
values is to be expected. There is more ofte  dry weather data available for tributary streams tha  wet weather 
data, a d some empirical derivatio  of baseflow coefficie ts is recomme ded. Still, values are bei g assig ed 
per la d use category, a d most basi s will have mixed la d use, so clear empirical validatio  is elusive. As 
 oted, se sitivity testi g by varyi g these coefficie ts is advised to determi e the effect o  the model of the 
u certai ty associated with this difficult compo e t of the model. 

Nutrient Yields for Land Uses 

Phosphorus and Nitrogen in  unoff 
The values applied i  the table above are  ot  ecessarily the media s from the Refere ce Variables 
sheet, si ce there are data to support differe t values bei g used here. There may be variatio  across 
basi s that is  ot captured i  the table below, as the same values are applied to each la d use i  each 
basi ; that is a model co strai t. Values for “Other” la d uses are i co seque tial i  this case, as all 
la d uses are accou ted for i  this example watershed without creati g a y special la d use 
categories. Yet if a la d use was k ow  to have stro g variatio  amo g basi s withi  the watershed, 
the use of a  “Other” la d use class for the stro gly differi g la d use i  o e or a other basi  could 
i corporate this variability. 

Phosphorus and Nitrogen in Baseflow 
Baseflow coefficie ts are ha dled the same way as for ru off coefficie ts above. While much of the 
water is likely to be delivered with baseflow, a smaller portio  of the TP a d N loads will be delivered 
duri g dry weather, as the associated water first passes through soil. I  particular, TP is removed 
effectively by ma y soils, a d tra sformatio  of  itroge  amo g commo  forms is to be expected. 

The table above is commo ly adjusted to calibrate the model, but it is importa t to justify all cha ges. 
I itial use of the media  TP export value for a la d use may be based o  a lack of data or familiarity 
with the system, a d whe  the results stro gly over- or u der-predict actual i -lake co ce tratio s, it 
may be  ecessary to adjust the export value for o e or more la d use categories to achieve 
acceptable agreeme t. However, this should  ot be do e without a clear u dersta di g of why the 
value is probably higher or lower tha  represe ted by the media ; the model should  ot be bli dly 
calibrated, a d field exami atio  of co ditio s that affect export values is stro gly recomme ded. 
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AECOM E viro me t a d NHDES 

Other Nutrient Inputs 

Atmospheric Deposition 
Both wet a d dry depositio   utrie t i puts are covered by the chose  values, a d are ofte  simple 
literature value selectio s. Where empirical data for wet or dry fall are available, coefficie ts should be 
adjusted accordi gly. Regio al data are ofte  available a d ca  be used as a reality check o  chose  
values. Choices of atmospheric export coefficie ts are ofte  based o  domi a t la d use i  the 
co tributory area (see Refere ce Variables sheet), but as the airshed for a lake is usually much larger 
tha  the watershed, it is  ot appropriate to use la d use from the watershed as the sole criterio  for 
selecti g atmospheric export coefficie ts. Fortu ately, except where the lake is large a d the 
watershed is small, atmospheric i puts te d  ot to have much i flue ce o  the fi al co ce tratio s of 
TP or N i  the lake, so this is  ot a portio  of the model o  which extreme i vestigatio  is usually 
 ecessary. 

For the example system, a 40 ha lake is assumed to receive 0.2 kg TP/ha/yr a d 6.5 kg N/ha/yr, the 
media  values from the Refere ce Variables sheet. The model the  calculates the loads i  kg/yr to 
the lake a d uses them later i  the summary. 

A EAL SOU CES 

Affected P Export N Export P Load N Load Period of P Rate of N Rate of P Load N Load 

Lake Coefficie t Coefficie t (from coeff) (from coeff) Release Release Release (from rate) (from rate) 

Area (ha) (kg/ha/yr) (kg/ha/yr) (kg/yr) (kg/yr) (days) (mg/m2/day) (mg/m2/day) (kg/yr) (kg/yr) 

Direct Atmospheric Depositio  40 0.20 6.50 8 260 

I ter al Loadi g 20 2.00 5.00 40 100 100 2.00 5.00 40 100 

Internal Loading 
I ter al release of TP or N is ge erally described as a release rate per square meter per day. It ca  be 
a fu ctio  of direct dissolutio  release, sedime t resuspe sio  with some dissociatio  of available 
 utrie ts, or release from rooted pla ts. The release rate is e tered as show  i  the table above, 
alo g with the affected portio  of the lake, i  this case half of the 40 ha area, or 20 ha. The period of 
release must also be specified, usually correspo di g to the period of deepwater a oxia or the pla t 
growi g seaso . The model the  calculates a release rate as kg/ha/yr a d a total a  ual load as 
show  i  the table above. 
For the NH lake  utrie t TMDLs, the release rate from i ter al loadi g was calculated usi g water 
quality data (pre-stratificatio  vs. late summer hypolim etic TP co ce tratio s or late summer 
hypolim etic vs. late summer epilim etic TP co ce tratio s) a d dividi g by the a oxic area of the 
lake. 

Waterfowl or Other Wildlife 
Waterfowl or other wildlife i puts are calculated as a direct product of the  umber of a imal-years o  
the lake (e.g., 100 geese spe di g half a year = 50 bird-years) a d a chose  i put rate i  
kg/a imal/yr, as show  i  the table below. I put rates are from the literature as show  i  the 
Refere ce Variables sheet, while a imal-years must be estimated for the lake. 

NON-A EAL SOU CES 

Number of Volume P Load/U it N Load/U it P Co c. N Co c. P Load N Load 

Waterfowl 

Source U its (cu.m/yr) (kg/u it/yr) (kg/u it/yr) (ppm) (ppm) (kg/yr) (kg/yr) 

50 0.20 0.95 10 47.5 

Poi t Sources 

PS-1 45000 3.00 12.00 135 540 

PS-2 0 3.00 12.00 0 0 

PS-3 0 3.00 12.00 0 0 

Basi  i  which Poi t Source occurs (0=NO 1=YES) 

BASIN 1 BASIN 2 BASIN 3 BASIN 4 BASIN 5 BASIN 6 BASIN 7 BASIN 8 BASIN 9 BASIN 10 

PS-1 0 0 0 1 0 0 0 0 0 0 

PS-2 0 0 0 0 0 0 0 0 0 0 

PS-3 0 0 0 0 0 0 0 0 0 0 

Point Source Discharges 
LLRM allows for three poi t source discharges. While some storm water discharges are legally 
co sidered poi t sources, the poi t sources i  LLRM are i te ded to be daily discharge sources, such 
as wastewater treatme t facility or cooli g water discharges. The a  ual volume of the discharge 
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AECOM E viro me t a d NHDES 

must be e tered as well as the average co ce tratio  for TP a d TN, as show  i  the table above. 
The model the  calculates the i put of TP a d TN. It is also esse tial to  ote which basi  receives the 
discharge, de oted by a 1 i  the appropriate colum . As show  i  the table above, the example 
system has a discharge i  Basi  4, a d  o discharges i  a y other basi  (de oted by 0). 

On-Site Wastewater Disposal Systems 
While the i put from septic systems i  the direct drai age areas arou d the lake ca  be addressed 
through the baseflow export coefficie t, separatio  of that i flue ce is desirable where it may be large 
e ough to warra t ma ageme t co sideratio . I  such cases, the existi g systems are divided i to 
those withi  100 ft of the lake a d those betwee  100 a d 300 ft of the lake, each zo e receivi g 
pote tially differe t atte uatio  factors. For the NH lake TMDLs, a si gle 125 foot zo e was used. A 
further subdivisio  betwee  dwelli g occupied all year vs. those used o ly seaso ally is made. The 
 umber of people per dwelli g a d the water use per perso  per day are specified, alo g with the 
expected co ce tratio s of TP a d TN i  septic system efflue t, as show  i  the table below. The 
model the  calculates the i put of water, TP a d TN from each septic system groupi g. If data are 
i sufficie t to subdivide systems alo g dista ce or use gradie ts, a si gle li e of this module ca  be 
used with average values e tered. 

DI ECT SEPTIC SYSTEM LOAD 

Septic System Groupi g 

(by occupa cy or locatio ) 

Days of 

Occupa cy/Y 

r 

Dista ce 

from Lake 

(ft) 

Number of 

Dwelli gs 

Number of 

People per 

Dwelli g 

Water per 

Perso  per 

Day (cu.m) 

P Co c. 

(ppm) 

N Co c. 

(ppm) 

P 

Atte uatio  

Factor 

N Atte uatio  

Factor 

Water Load 

(cu.m/yr) 

P Load 

(kg/yr) 

N Load 

(kg/yr) 

Group 1 Septic Systems 365 <100 25 2.5 0.25 8 20 0.2 0.9 5703 9.1 102.7 

Group 2 Septic Systems 365 100 - 300 75 2.5 0.25 8 20 0.1 0.8 17109 13.7 273.8 

Group 3 Septic Systems 90 <100 50 2.5 0.25 8 20 0.2 0.9 2813 4.5 50.6 

Group 4 Septic Systems 90 100 - 300 100 2.5 0.25 8 20 0.1 0.8 5625 4.5 90.0 

Total Septic System Loadi g 31250 31.8 517.0 

Subwatershed Functions 
The  ext set of calculatio s addresses i puts from each defi ed basi  withi  the system. Basi s ca  be 
left as labeled, 1, 2, 3, etc., or the bla k li e betwee  Basi  # a d Area (Ha) ca  be used to e ter a  
ide tifyi g  ame. I  this case, basi s have bee  ide tified as the East Direct drai age, the West Direct 
drai age, Upper Tributary #1, Lower Tributary #1, East Upper Tributary #2, West Upper Tributary #2, a d 
Lower Tributary #2, matchi g the watershed a d schematic maps i  Figures 1 a d 2. 

Land Uses 
The area of each defi ed basi  associated with each defi ed la d use category is e tered, creati g 
the table below. The model is set up to address up to 10 basi s; i  this case there are o ly seve  
defi ed basi s, so the other three colum s are left bla k a d do  ot figure i  to the calculatio s. The 
total area per la d use a d per basi  is summed alo g the right a d bottom of the table. Three “Other” 
la d use li es are provided, i  the eve t that the sta dard la d uses provided are i adequate to 
address all la d uses ide tified i  a watershed. It is also possible to split a sta dard la d use category 
usi g o e of the “Other” li es, where there is variatio  i  export coefficie ts withi  a la d use that ca  
be docume ted a d warra ts separatio . 

La d use data is ofte  readily available i  GIS formats. It is always advisable to grou d truth la d use 
desig atio , especially i  rapidly developi g watersheds. The date o  the la d use maps used as 
sources should be as rece t as possible. 
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AECOM E viro me t a d NHDES 

BASIN A EAS 

BASIN 1 BASIN 2 BASIN 3 BASIN 4 BASIN 5 BASIN 6 BASIN 7 

Lower T2 

AREA (HA) 

BASIN 8 

AREA (HA) 

BASIN 9 BASIN 10 TOTAL 

E. Direct W. Direct Upper T1 Lower T1 W. Upper T2 E. Upper T2 

LAND USE AREA (HA) AREA (HA) AREA (HA) AREA (HA) AREA (HA) AREA (HA) AREA (HA) AREA (HA) AREA (HA) 

Urba  1 (Reside tial) 12.0 8.5 8.4 47.4 6.7 4.5 18.1 105.5 

Urba  2 (Roads) 3.7 5.5 0.0 5.9 0.8 0.6 2.3 18.8 

Urba  3 (Mixed Urba /Commercial) 3.6 5.8 0.0 5.9 0.8 0.6 2.3 19.0 

Urba  4 (I dustrial) 0.0 0.0 0.0 23.5 0.0 0.0 0.0 23.5 

Urba  5 (Parks, Recreatio  Fields, 

I stitutio al) 0.0 3.2 0.0 0.0 0.0 0.0 0.0 3.2 

Agric 1 (Cover Crop) 0.0 0.0 0.0 0.8 12.3 0.0 0.0 13.1 

Agric 2 (Row Crop) 0.0 0.0 0.0 0.0 16.2 0.0 0.0 16.2 

Agric 3 (Grazi g) 0.0 0.0 0.0 0.0 4.0 0.0 0.0 4.0 

Agric 4 (Feedlot) 0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.5 

Forest 1 (Upla d) 7.7 17.5 50.3 90.3 9.2 32.0 33.6 240.6 

Forest 2 (Wetla d) 0.0 0.2 0.0 14.5 0.0 0.0 1.9 16.6 

Ope  1 (Wetla d/Lake) 2.5 0.6 2.0 0.1 0.0 0.1 14.2 19.4 

Ope  2 (Meadow) 2.0 1.3 0.0 10.2 0.1 0.0 0.2 13.8 

Ope  3 (Excavatio ) 0.1 0.1 0.0 2.3 0.0 0.0 0.0 2.5 

Other 1 0.0 

Other 2 0.0 

Other 3 0.0 

TOTAL 31.6 42.6 60.7 200.9 50.6 37.7 72.4 0 0 496.5 

Load Generation 
At this poi t, the model will perform a  umber of calculatio s before a y further i put is  eeded. These 
are represe ted by a series of tables with  o shaded cells, a d i clude calculatio  of water, TP a d 
TN loads from ru off a d baseflow as show  below. These loads are i termediate products,  ot 
subject to atte uatio  or routi g, a d have little utility as i dividual values. They are the precursors of 
the actual loads delivered to the lake, which require some additio al i put i formatio . 

WATE  LOAD GENE ATION:  UNOFF 

BASIN 1 BASIN 2 BASIN 3 BASIN 4 BASIN 5 BASIN 6 BASIN 7 BASIN 8 BASIN 9 BASIN 10 TOTAL 

E. Direct W. Direct Upper T1 Lower T1 W. Upper T2 E. Upper T2 Lower T2 

LAND USE (CU.M/YR) (CU.M/YR) (CU.M/YR) (CU.M/YR) (CU.M/YR) (CU.M/YR) (CU.M/YR) (CU.M/YR) (CU.M/YR) (CU.M/YR) (CU.M/YR) 

Urba  1 (Reside tial) 43560 30855 30492 172056 24182 16277 65563 0 0 0 382985 

Urba  2 (Roads) 18005 26457 0 28676 4030 2713 10927 0 0 0 90808 

Urba  3 (Mixed Urba /Commercial) 26136 42108 0 43014 6045 4069 16391 0 0 0 137763 

Urba  4 (I dustrial) 0 0 0 142175 0 0 0 0 0 0 142175 

Urba  5 (Parks, Recreatio  Fields, 

I stitutio al) 0 3872 0 0 0 0 0 0 0 0 3872 

Agric 1 (Cover Crop) 0 0 0 1387 22325 0 0 0 0 0 23712 

Agric 2 (Row Crop) 0 0 0 0 58806 0 0 0 0 0 58806 

Agric 3 (Grazi g) 0 0 0 0 14520 0 0 0 0 0 14520 

Agric 4 (Feedlot) 0 0 0 0 2723 0 0 0 0 0 2723 

Forest 1 (Upla d) 9325 21175 60863 109263 11126 38720 40600 0 0 0 291073 

Forest 2 (Wetla d) 0 150 0 8746 0 0 1153 0 0 0 10049 

Ope  1 (Wetla d/Lake) 1494 334 1210 56 0 37 8591 0 0 0 11722 

Ope  2 (Meadow) 1210 768 0 6199 38 0 122 0 0 0 8336 

Ope  3 (Excavatio ) 593 454 0 10991 0 0 0 0 0 0 12038 

Other 1 0 0 0 0 0 0 0 0 0 0 0 

Other 2 0 0 0 0 0 0 0 0 0 0 0 

Other 3 0 0 0 0 0 0 0 0 0 0 0 

TOTAL (CU.M/YR) 100323 126173 92565 522564 143794 61816 143347 0 0 0 1190582 

TOTAL (CFS) 0.11 0.14 0.10 0.59 0.16 0.07 0.16 0.00 0.00 0.00 1.33 

WATE  LOAD GENE ATION: BASEFLOW 

BASIN 1 BASIN 2 BASIN 3 BASIN 4 BASIN 5 BASIN 6 BASIN 7 BASIN 8 BASIN 9 BASIN 10 TOTAL 

E. Direct W. Direct Upper T1 Lower T1 W. Upper T2 E. Upper T2 Lower T2 

(CU.M/YR) (CU.M/YR) (CU.M/YR) (CU.M/YR) (CU.M/YR) (CU.M/YR) (CU.M/YR) (CU.M/YR) (CU.M/YR) (CU.M/YR) (CU.M/YR) 

Urba  1 (Reside tial) 21780 15428 15246 86028 12091 8139 32781 0 0 0 191492 

Urba  2 (Roads) 4501 6614 0 7169 1008 678 2732 0 0 0 22702 

Urba  3 (Mixed Urba /Commercial) 2178 3509 0 3585 504 339 1366 0 0 0 11480 

Urba  4 (I dustrial) 0 0 0 14218 0 0 0 0 0 0 14218 

Urba  5 (Parks, Recreatio  Fields, 

I stitutio al) 0 1936 0 0 0 0 0 0 0 0 1936 

Agric 1 (Cover Crop) 0 0 0 2775 44649 0 0 0 0 0 47424 

Agric 2 (Row Crop) 0 0 0 0 58806 0 0 0 0 0 58806 

Agric 3 (Grazi g) 0 0 0 0 14520 0 0 0 0 0 14520 

Agric 4 (Feedlot) 0 0 0 0 1815 0 0 0 0 0 1815 

Forest 1 (Upla d) 37301 84700 243452 437052 44504 154880 162402 0 0 0 1164291 

Forest 2 (Wetla d) 0 1203 0 69969 0 0 9220 0 0 0 80393 

Ope  1 (Wetla d/Lake) 11953 2672 9680 450 0 294 68728 0 0 0 93777 

Ope  2 (Meadow) 7260 4605 0 37192 226 0 732 0 0 0 50016 

Ope  3 (Excavatio ) 297 227 0 5496 0 0 0 0 0 0 6019 

Other 1 0 0 0 0 0 0 0 0 0 0 0 

Other 2 0 0 0 0 0 0 0 0 0 0 0 

Other 3 0 0 0 0 0 0 0 0 0 0 0 

Poi t Source #1 0 0 0 45000 0 0 0 0 0 0 45000 

Poi t Source #2 0 0 0 0 0 0 0 0 0 0 0 

Poi t Source #3 0 0 0 0 0 0 0 0 0 0 0 

TOTAL (CU.M/YR) 85270 120894 268378 708932 178122 164330 277961 0 0 0 1803888 

TOTAL (CFS) 0.10 0.14 0.30 0.79 0.20 0.18 0.31 0.00 0.00 0.000 2.02 
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AECOM E viro me t a d NHDES 

LOAD GENE ATION:  UNOFF P 

BASIN 1 BASIN 2 BASIN 3 BASIN 4 BASIN 5 BASIN 6 BASIN 7 BASIN 8 BASIN 9 BASIN 10 TOTAL 

E. Direct W. Direct Upper T1 Lower T1 W. Upper T2 E. Upper T2 Lower T2 

LAND USE (KG/YR) (KG/YR) (KG/YR) (KG/YR) (KG/YR) (KG/YR) (KG/YR) (KG/YR) (KG/YR) (KG/YR) (KG/YR) 

Urba  1 (Reside tial) 7.8 5.5 5.5 30.8 4.3 2.9 11.7 0.0 0.0 0.0 68.6 

Urba  2 (Roads) 2.8 4.1 0.0 4.4 0.6 0.4 1.7 0.0 0.0 0.0 14.1 

Urba  3 (Mixed Urba /Commercial) 2.9 4.6 0.0 4.7 0.7 0.4 1.8 0.0 0.0 0.0 15.2 

Urba  4 (I dustrial) 0.0 0.0 0.0 16.5 0.0 0.0 0.0 0.0 0.0 0.0 16.5 

Urba  5 (Parks, Recreatio  Fields, 

I stitutio al) 0.0 2.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.6 

Agric 1 (Cover Crop) 0.0 0.0 0.0 0.6 9.8 0.0 0.0 0.0 0.0 0.0 10.5 

Agric 2 (Row Crop) 0.0 0.0 0.0 0.0 16.2 0.0 0.0 0.0 0.0 0.0 16.2 

Agric 3 (Grazi g) 0.0 0.0 0.0 0.0 1.6 0.0 0.0 0.0 0.0 0.0 1.6 

Agric 4 (Feedlot) 0.0 0.0 0.0 0.0 112.0 0.0 0.0 0.0 0.0 0.0 112.0 

Forest 1 (Upla d) 1.5 3.5 10.1 18.1 1.8 6.4 6.7 0.0 0.0 0.0 48.1 

Forest 2 (Wetla d) 0.0 0.0 0.0 1.4 0.0 0.0 0.2 0.0 0.0 0.0 1.7 

Ope  1 (Wetla d/Lake) 0.2 0.1 0.2 0.0 0.0 0.0 1.4 0.0 0.0 0.0 1.9 

Ope  2 (Meadow) 0.2 0.1 0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 1.4 

Ope  3 (Excavatio ) 0.1 0.1 0.0 1.8 0.0 0.0 0.0 0.0 0.0 0.0 2.0 

Other 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Other 2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Other 3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

TOTAL 15.6 20.6 15.7 79.4 147.1 10.2 23.6 0.0 0.0 0.0 312.2 

LOAD GENE ATION:  UNOFF N 

BASIN 1 BASIN 2 BASIN 3 BASIN 4 BASIN 5 BASIN 6 BASIN 7 BASIN 8 BASIN 9 BASIN 10 TOTAL 

E. Direct W. Direct Upper T1 Lower T1 W. Upper T2 E. Upper T2 Lower T2 

LAND USE (KG/YR) (KG/YR) (KG/YR) (KG/YR) (KG/YR) (KG/YR) (KG/YR) (KG/YR) (KG/YR) (KG/YR) (KG/YR) 

Urba  1 (Reside tial) 66.0 46.8 46.2 260.7 36.6 24.7 99.3 0.0 0.0 0.0 580.3 

Urba  2 (Roads) 20.5 30.1 0.0 32.6 4.6 3.1 12.4 0.0 0.0 0.0 103.2 

Urba  3 (Mixed Urba /Commercial) 19.8 31.9 0.0 32.6 4.6 3.1 12.4 0.0 0.0 0.0 104.4 

Urba  4 (I dustrial) 0.0 0.0 0.0 129.3 0.0 0.0 0.0 0.0 0.0 0.0 129.3 

Urba  5 (Parks, Recreatio  Fields, 

I stitutio al) 0.0 17.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 17.6 

Agric 1 (Cover Crop) 0.0 0.0 0.0 4.6 74.8 0.0 0.0 0.0 0.0 0.0 79.4 

Agric 2 (Row Crop) 0.0 0.0 0.0 0.0 145.8 0.0 0.0 0.0 0.0 0.0 145.8 

Agric 3 (Grazi g) 0.0 0.0 0.0 0.0 20.8 0.0 0.0 0.0 0.0 0.0 20.8 

Agric 4 (Feedlot) 0.0 0.0 0.0 0.0 1461.6 0.0 0.0 0.0 0.0 0.0 1461.6 

Forest 1 (Upla d) 22.0 50.1 143.9 258.3 26.3 91.5 96.0 0.0 0.0 0.0 688.0 

Forest 2 (Wetla d) 0.0 0.7 0.0 41.3 0.0 0.0 5.4 0.0 0.0 0.0 47.5 

Ope  1 (Wetla d/Lake) 6.1 1.4 4.9 0.2 0.0 0.1 34.9 0.0 0.0 0.0 47.7 

Ope  2 (Meadow) 4.9 3.1 0.0 25.2 0.2 0.0 0.5 0.0 0.0 0.0 33.9 

Ope  3 (Excavatio ) 0.6 0.5 0.0 11.8 0.0 0.0 0.0 0.0 0.0 0.0 12.9 

Other 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Other 2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Other 3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

TOTAL 139.9 182.0 195.0 796.6 1775.2 122.5 261.0 0.0 0.0 0.0 3472.2 

LOAD GENE ATION: BASEFLOW P 

BASIN 1 BASIN 2 BASIN 3 BASIN 4 BASIN 5 BASIN 6 BASIN 7 BASIN 8 BASIN 9 BASIN 10 TOTAL 

E. Direct W. Direct Upper T1 Lower T1 W. Upper T2 E. Upper T2 Lower T2 

LAND USE (KG/YR) (KG/YR) (KG/YR) (KG/YR) (KG/YR) (KG/YR) (KG/YR) (KG/YR) (KG/YR) (KG/YR) (KG/YR) 

Urba  1 (Reside tial) 0.12 0.09 0.08 0.47 0.07 0.04 0.18 0.00 0.00 0.00 1.06 

Urba  2 (Roads) 0.04 0.05 0.00 0.06 0.01 0.01 0.02 0.00 0.00 0.00 0.19 

Urba  3 (Mixed Urba /Commercial) 0.04 0.06 0.00 0.06 0.01 0.01 0.02 0.00 0.00 0.00 0.19 

Urba  4 (I dustrial) 0.00 0.00 0.00 0.24 0.00 0.00 0.00 0.00 0.00 0.00 0.24 

Urba  5 (Parks, Recreatio  Fields, 

I stitutio al) 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 

Agric 1 (Cover Crop) 0.00 0.00 0.00 0.01 0.12 0.00 0.00 0.00 0.00 0.00 0.13 

Agric 2 (Row Crop) 0.00 0.00 0.00 0.00 0.16 0.00 0.00 0.00 0.00 0.00 0.16 

Agric 3 (Grazi g) 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.04 

Agric 4 (Feedlot) 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.01 

Forest 1 (Upla d) 0.04 0.09 0.25 0.45 0.05 0.16 0.17 0.00 0.00 0.00 1.20 

Forest 2 (Wetla d) 0.00 0.00 0.00 0.07 0.00 0.00 0.01 0.00 0.00 0.00 0.08 

Ope  1 (Wetla d/Lake) 0.01 0.00 0.01 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.10 

Ope  2 (Meadow) 0.01 0.01 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.07 

Ope  3 (Excavatio ) 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 

Other 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Other 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Other 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Poi t Source #1 0.00 0.00 0.00 135.00 0.00 0.00 0.00 0.00 0.00 0.00 135.00 

Poi t Source #2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Poi t Source #3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

TOTAL 0.25 0.33 0.35 136.42 0.46 0.22 0.48 0.00 0.00 0.00 138.50 
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AECOM E viro me t a d NHDES 

LOAD GENE ATION: BASEFLOW N 

BASIN 1 BASIN 2 BASIN 3 BASIN 4 BASIN 5 BASIN 6 BASIN 7 BASIN 8 BASIN 9 BASIN 10 TOTAL 

E. Direct W. Direct Upper T1 Lower T1 W. Upper T2 E. Upper T2 Lower T2 

LAND USE (KG/YR) (KG/YR) (KG/YR) (KG/YR) (KG/YR) (KG/YR) (KG/YR) (KG/YR) (KG/YR) (KG/YR) (KG/YR) 

Urba  1 (Reside tial) 60.00 42.50 42.00 236.99 33.31 22.42 90.31 0.00 0.00 0.00 527.53 

Urba  2 (Roads) 18.60 27.33 0.00 29.62 4.16 2.80 11.29 0.00 0.00 0.00 93.81 

Urba  3 (Mixed Urba /Commercial) 18.00 29.00 0.00 29.62 4.16 2.80 11.29 0.00 0.00 0.00 94.88 

Urba  4 (I dustrial) 0.00 0.00 0.00 117.50 0.00 0.00 0.00 0.00 0.00 0.00 117.50 

Urba  5 (Parks, Recreatio  Fields, 

I stitutio al) 0.00 16.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 16.00 

Agric 1 (Cover Crop) 0.00 0.00 0.00 1.91 30.75 0.00 0.00 0.00 0.00 0.00 32.66 

Agric 2 (Row Crop) 0.00 0.00 0.00 0.00 40.50 0.00 0.00 0.00 0.00 0.00 40.50 

Agric 3 (Grazi g) 0.00 0.00 0.00 0.00 20.00 0.00 0.00 0.00 0.00 0.00 20.00 

Agric 4 (Feedlot) 0.00 0.00 0.00 0.00 12.50 0.00 0.00 0.00 0.00 0.00 12.50 

Forest 1 (Upla d) 7.71 17.50 50.30 90.30 9.20 32.00 33.55 0.00 0.00 0.00 240.56 

Forest 2 (Wetla d) 0.00 0.25 0.00 14.46 0.00 0.00 1.91 0.00 0.00 0.00 16.61 

Ope  1 (Wetla d/Lake) 1.23 0.28 1.00 0.05 0.00 0.03 7.10 0.00 0.00 0.00 9.69 

Ope  2 (Meadow) 1.00 0.63 0.00 5.12 0.03 0.00 0.10 0.00 0.00 0.00 6.89 

Ope  3 (Excavatio ) 0.06 0.05 0.00 1.14 0.00 0.00 0.00 0.00 0.00 0.00 1.24 

Other 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Other 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Other 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Poi t Source #1 0.00 0.00 0.00 540.00 0.00 0.00 0.00 0.00 0.00 0.00 540.00 

Poi t Source #2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Poi t Source #3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

TOTAL 106.60 133.54 93.30 1066.71 154.61 60.06 155.54 0.00 0.00 0.00 1770.36 

Load  outing Pattern 
The model must be told how to route all i puts of water, TP a d TN before they reach the lake. Si ce 
atte uatio  i  a  upstream basi  ca  affect i puts i  a  upstream basi  that passes through the 
dow stream basi , the model must be directed as to where to apply atte uatio  factors a d additive 
effects. I  the table below, each basi  listed o  the li es labeled o  the left that passes through 
a other basi  labeled by colum  is de oted with a 1 i  the colum  of the basi  through which it 
passes. Otherwise, a 0 appears i  each shaded cell. All basi s pass through themselves, so the first 
li e has a 1 i  each cell. Basi s 1 a d 2 go direct to the lake, a d so all other cells o  the 
correspo di g li es have 0 e tries. Basi  3 passes through Basi  4 (see Figure 2), a d so the li e for 
Basi  3 has a 1 i  the colum  for Basi  4. Likewise, Basi s 5 a d 6 pass through Basi  7, so the 
correspo di g li es have a 1 e tered i  the colum  for Basi  7. 

 OUTING PATTE N 

(Basi  i  left ha d colum  passes through basi  i  colum  below if i dicated by a 1) 

1=YES 0=NO XXX=BLANK BASIN 1 BASIN 2 BASIN 3 BASIN 4 BASIN 5 BASIN 6 BASIN 7 BASIN 8 BASIN 9 BASIN 10 

E. Direct W. Direct Upper T1 Lower T1 W. Upper T2 E. Upper T2 Lower T2 

(CU.M/YR) (CU.M/YR) (CU.M/YR) (CU.M/YR) (CU.M/YR) (CU.M/YR) (CU.M/YR) (CU.M/YR) (CU.M/YR) (CU.M/YR) 

INDIVIDUAL BASIN 1 1 1 1 1 1 1 1 1 1 

BASIN 1 OUTPUT XXX 0 0 0 0 0 0 0 0 0 

BASIN 2 OUTPUT 0 XXX 0 0 0 0 0 0 0 0 

BASIN 3 OUTPUT 0 0 XXX 1 0 0 0 0 0 0 

BASIN 4 OUTPUT 0 0 0 XXX 0 0 0 0 0 0 

BASIN 5 OUTPUT 0 0 0 0 XXX 0 1 0 0 0 

BASIN 6 OUTPUT 0 0 0 0 0 XXX 1 0 0 0 

BASIN 7 OUTPUT 0 0 0 0 0 0 XXX 0 0 0 

BASIN 8 OUTPUT 0 0 0 0 0 0 0 XXX 0 0 

BASIN 9 OUTPUT 0 0 0 0 0 0 0 0 XXX 0 

BASIN 10 OUTPUT 0 0 0 0 0 0 0 0 0 XXX 

CUMULATIVE D AINAGE A EAS 

(Total la d area associated with routed water a d  utrie ts) 

1=YES 0=NO XXX=BLANK BASIN 1 BASIN 2 BASIN 3 BASIN 4 BASIN 5 BASIN 6 BASIN 7 BASIN 8 BASIN 9 BASIN 10 

E. Direct W. Direct Upper T1 Lower T1 W. Upper T2 E. Upper T2 Lower T2 

(CU.M/YR) (CU.M/YR) (CU.M/YR) (CU.M/YR) (CU.M/YR) (CU.M/YR) (CU.M/YR) (CU.M/YR) (CU.M/YR) (CU.M/YR) 

INDIVIDUAL BASIN 31.6 42.6 60.7 200.9 50.6 37.7 72.4 0.0 0.0 0.0 

BASIN 1 OUTPUT XXX 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

BASIN 2 OUTPUT 0.0 XXX 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

BASIN 3 OUTPUT 0.0 0.0 XXX 60.7 0.0 0.0 0.0 0.0 0.0 0.0 

BASIN 4 OUTPUT 0.0 0.0 0.0 XXX 0.0 0.0 0.0 0.0 0.0 0.0 

BASIN 5 OUTPUT 0.0 0.0 0.0 0.0 XXX 0.0 50.6 0.0 0.0 0.0 

BASIN 6 OUTPUT 0.0 0.0 0.0 0.0 0.0 XXX 37.7 0.0 0.0 0.0 

BASIN 7 OUTPUT 0.0 0.0 0.0 0.0 0.0 0.0 XXX 0.0 0.0 0.0 

BASIN 8 OUTPUT 0.0 0.0 0.0 0.0 0.0 0.0 0.0 XXX 0.0 0.0 

BASIN 9 OUTPUT 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 XXX 0.0 

BASIN 10 OUTPUT 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 XXX 

TOTALS 31.6 42.6 60.7 261.6 50.6 37.7 160.7 0.0 0.0 0.0 

The model the  combi es the appropriate watershed areas as show  above, ge erati g larger sub-
watersheds that are used later to calculate overall export coefficie ts, comparative water yields, a d 
related checks for model accuracy. 
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AECOM E viro me t a d NHDES 

Load  outing and Attenuation 
With the loads calculated previously for each basi  u der wet a d dry co ditio s a d the routi g of 
those loads specified, the model ca  the  combi e those loads a d apply atte uatio  values chose  
to reflect expected losses of water, TP or TN while the ge erated loads are o  their way to the lake. 

Water 
Water is atte uated mostly by evapotra spiratio  losses. Some depressio  storage is expected, 
seepage i to the grou d is possible, a d wetla ds ca  remove co siderable water o  the way to 
the lake. I  ge eral, a 5% loss is to be expected i   early all cases, a d greater losses are 
plausible with lower gradie t or wetla d domi ated la dscapes. I  the example system, o ly the 
lower portio  of Tributary 2 is expected to have more tha  a 5% loss, with a 15% loss li ked to the 
wetla d associated with this drai age area a d tributary (see Figure 1). 

WATE   OUTING AND ATTENUATION 

BASIN 1 BASIN 2 BASIN 3 BASIN 4 BASIN 5 BASIN 6 BASIN 7 BASIN 8 BASIN 9 BASIN 10 

E. Direct W. Direct Upper T1 Lower T1 W. Upper T2 E. Upper T2 Lower T2 

SOURCE (CU.M/YR) (CU.M/YR) (CU.M/YR) (CU.M/YR) (CU.M/YR) (CU.M/YR) (CU.M/YR) (CU.M/YR) (CU.M/YR) (CU.M/YR) 

INDIVIDUAL BASIN 185594 247067 362153 1231497 321916 226145 421308 0 0 0 

BASIN 1 OUTPUT XXX 0 0 0 0 0 0 0 0 0 

BASIN 2 OUTPUT 0 XXX 0 0 0 0 0 0 0 0 

BASIN 3 OUTPUT 0 0 XXX 344045 0 0 0 0 0 0 

BASIN 4 OUTPUT 0 0 0 XXX 0 0 0 0 0 0 

BASIN 5 OUTPUT 0 0 0 0 XXX 0 305820 0 0 0 

BASIN 6 OUTPUT 0 0 0 0 0 XXX 214838 0 0 0 

BASIN 7 OUTPUT 0 0 0 0 0 0 XXX 0 0 0 

BASIN 8 OUTPUT 0 0 0 0 0 0 0 XXX 0 0 

BASIN 9 OUTPUT 0 0 0 0 0 0 0 0 XXX 0 

BASIN 10 OUTPUT 0 0 0 0 0 0 0 0 0 XXX 

CUMULATIVE TOTAL 

BASIN ATTENUATION 

185594 247067 362153 1575542 321916 226145 941966 0 0 0 

0.95 

176314 

0.95 

234714 

0.95 

344045 

0.95 

1496765 

0.95 

305820 

0.95 

214838 

0.85 

800671 

1.00 

0.0 

1.00 

0.0 

1.00 

0.0 OUTPUT VOLUME 

Reality Check from Flow Data 

#DIV/0! #DIV/0! #DIV/0! 

1500000.0 

0.998 #DIV/0! #DIV/0! 

800000.0 

1.001 #DIV/0! #DIV/0! #DIV/0! Calculated Flow/Measured Flow 

Reality Check from Areal Yield X Basi  Area 174638.7 235450.8 335258.2 1444750.2 279386.8 208035.3 887509.1 0.0 0.0 0.0 

Calculated Flow/Flow from Areal Yield 1.010 0.997 1.026 1.036 1.095 1.033 0.902 #DIV/0! #DIV/0! #DIV/0! 

The resulti g output volume for each basi  is calculated i  the table below, a d two reality check 
opportu ities are provided. First a y actual data ca  be added for direct compariso ; average 
flows are available for o ly two poi ts, the i lets of the two tributaries, but these are useful. I  
ma y cases  o flow data may be available. The model therefore ge erates a  estimate of the 
expected average flow as a fu ctio  of all co tributi g upstream watershed area a d the water 
yield provided  ear the top of the Calculatio s sheet (covered previously). While this flow estimate 
is approximate, it should  ot vary from the modeled flow by more tha  about 20% u less there are 
u usual circumsta ces. 

I  the example, the ratio of the calculated flow from the complete model ge eratio  a d routi g to 
the estimated yield from the co tributi g drai age area ra ges from 0.902 to 1.095, suggesti g 
fairly close agreeme t. As some ratios are lower tha  1 a d others are higher tha  1,  o model-
wide adjustme t is likely to bri g the values i to closer agreeme t. Slight cha ges i  atte uatio  
for each basi  could be applied, but are  ot  ecessary whe  the values agree this closely. 

Phosphorus 
The same approach applied to atte uatio  of water is applied to the phosphorus load, as show  i  
the table below. Here atte uatio  ca  ra ge from 0 to 1.0, with the value show  represe ti g the 
portio  of the load that reaches the termi us of the basi . With  atural or huma  e ha ced 
removal processes, it is u usual for all of the load to pass through a basi , but it is also u usual 
for more tha  60 to 70% of it to be removed. What value to pick depe ds o  professio al 
judgme t regardi g the  ature of removal processes i  each basi . I filtratio , filtratio , dete tio  
a d uptake will lower the atte uatio  value e tered below, a d k owledge of the literature o  Best 
Ma ageme t Practices is  eeded to make reliable judgme ts o  atte uatio  values. 
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AECOM E viro me t a d NHDES 

LOAD  OUTING AND ATTENUATION: PHOSPHO US 

BASIN 1 BASIN 2 BASIN 3 BASIN 4 BASIN 5 BASIN 6 BASIN 7 BASIN 8 BASIN 9 BASIN 10 

E. Direct W. Direct Upper T1 Lower T1 W. Upper T2 E. Upper T2 Lower T2 

(KG/YR) (KG/YR) (KG/YR) (KG/YR) (KG/YR) (KG/YR) (KG/YR) (KG/YR) (KG/YR) (KG/YR) 

BASIN 1 INDIVIDUAL 15.8 20.9 16.3 215.8 147.6 10.4 24.1 0.0 0.0 0.0 

BASIN 1 OUTPUT XXX 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

BASIN 2 OUTPUT 0.0 XXX 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

BASIN 3 OUTPUT 0.0 0.0 XXX 12.2 0.0 0.0 0.0 0.0 0.0 0.0 

BASIN 4 OUTPUT 0.0 0.0 0.0 XXX 0.0 0.0 0.0 0.0 0.0 0.0 

BASIN 5 OUTPUT 0.0 0.0 0.0 0.0 XXX 0.0 118.1 0.0 0.0 0.0 

BASIN 6 OUTPUT 0.0 0.0 0.0 0.0 0.0 XXX 7.8 0.0 0.0 0.0 

BASIN 7 OUTPUT 0.0 0.0 0.0 0.0 0.0 0.0 XXX 0.0 0.0 0.0 

BASIN 8 OUTPUT 0.0 0.0 0.0 0.0 0.0 0.0 0.0 XXX 0.0 0.0 

BASIN 9 OUTPUT 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 XXX 0.0 

BASIN 10 OUTPUT 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 XXX 

CUMULATIVE TOTAL 

BASIN ATTENUATION 

15.8 20.9 16.3 228.0 147.6 10.4 149.9 0.0 0.0 0.0 

0.90 

14.2 

0.90 

18.8 

0.75 

12.2 

0.85 

193.8 

0.80 

118.1 

0.75 

7.8 

0.70 

104.9 

1.00 

0.0 

1.00 

0.0 

1.00 

0.0 OUTPUT LOAD 

I  the example system, the direct drai age basi s were assig ed values of 0.90, represe ti g a 
small amou t of removal mai ly by i filtratio  processes. Upper Tributary #1 has a small po d 
a d was accorded a value of 0.75 (25% removal); a larger po d might have suggested a value 
closer to 0.5. Lower Tributary #1 has a  assig ed value of 0.85 based o  cha  el processes that 
favor uptake a d adsorptio . West a d East Upper Tributary #2 have value based o  drai age 
basi  features as evaluated i  the field, while the wetla d associated with Lower Tributary #2 
gar ers it the lowest load pass-through at 0.7. A more exte sive wetla d with greater sheet flow 
might have ear ed a value  ear 0.5. Resulti g output loads are the  calculated. 

Nitrogen 
The same process used with water a d TP atte uatio  applies to TN, but atte uatio  of TN is 
rarely ide tical to that for TP. Nitroge  moves more readily through soil, a d while tra sformatio s 
occur i  the stream, losses due to de itrificatio  require slower flows a d low oxyge  levels  ot 
commo ly e cou tered i  steeper, rockier cha  els. However, losses from uptake a d possibly 
de itrificatio  are possible i  wetla d areas, such as that associated with Lower Tributary #2. 
Accordi gly, atte uatio  values are assig ed as show  i  the table below, with ge erally lower 
losses for TN tha  for TP. As with TP atte uatio , choosi g appropriate values does require some 
professio al judgme t. 

LOAD  OUTING AND ATTENUATION: NIT OGEN 

BASIN 1 BASIN 2 BASIN 3 BASIN 4 BASIN 5 BASIN 6 BASIN 7 BASIN 8 BASIN 9 BASIN 10 

E. Direct W. Direct Upper T1 Lower T1 W. Upper T2 E. Upper T2 Lower T2 

(KG/YR) (KG/YR) (KG/YR) (KG/YR) (KG/YR) (KG/YR) (KG/YR) (KG/YR) (KG/YR) (KG/YR) 

BASIN 1 INDIVIDUAL 246.5 315.6 290.1 1863.3 1929.8 182.6 416.6 0.0 0.0 0.0 

BASIN 1 OUTPUT XXX 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

BASIN 2 OUTPUT 0.0 XXX 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

BASIN 3 OUTPUT 0.0 0.0 XXX 232.1 0.0 0.0 0.0 0.0 0.0 0.0 

BASIN 4 OUTPUT 0.0 0.0 0.0 XXX 0.0 0.0 0.0 0.0 0.0 0.0 

BASIN 5 OUTPUT 0.0 0.0 0.0 0.0 XXX 0.0 1543.8 0.0 0.0 0.0 

BASIN 6 OUTPUT 0.0 0.0 0.0 0.0 0.0 XXX 146.0 0.0 0.0 0.0 

BASIN 7 OUTPUT 0.0 0.0 0.0 0.0 0.0 0.0 XXX 0.0 0.0 0.0 

BASIN 8 OUTPUT 0.0 0.0 0.0 0.0 0.0 0.0 0.0 XXX 0.0 0.0 

BASIN 9 OUTPUT 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 XXX 0.0 

BASIN 10 OUTPUT 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 XXX 

CUMULATIVE TOTAL 

BASIN ATTENUATION 

246.5 315.6 290.1 2095.4 1929.8 182.6 2106.4 0.0 0.0 0.0 

0.95 

234.2 

0.95 

299.8 

0.80 

232.1 

0.90 

1885.8 

0.80 

1543.8 

0.80 

146.0 

0.75 

1579.8 

1.00 

0.0 

1.00 

0.0 

1.00 

0.0 OUTPUT LOAD 

Load and Concentration Summary 

Water 
Water loads were ha dled to the exte t  ecessary i  the previous loadi g calculatio s, a d are used 
i  this sectio  o ly to allow calculatio  of expected TP a d TN co ce tratio s, facilitati g reality 
checks with actual data. 

Phosphorus 
Usi g the calculated load of TP for each basi  a d the correspo di g water volume, a  average 
expected co ce tratio  ca  be derived, as show  i  the table below. Where sampli g provides actual 
data, values ca  be compared to determi e how well the model represe ts k ow  reality. Sufficie t 
sampli g is  eeded to make the reality check values reliable; it is  ot appropriate to assume that either 
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AECOM E viro me t a d NHDES 

the data or the model is  ecessarily accurate whe  the values disagree. However, with e ough data to 
adequately characterize the co ce tratio s observed i  the stream, the model ca  be adjusted to 
produce a better match. Estimated a d actual co ce tratio s are used to ge erate a ratio for easy 
compariso . 

The TP loads previously calculated represe t the load passi g through each basi , but do  ot 
represe t what reaches the lake, as  ot all basi s are termi al i put sources. The model must be told 
which basi s actually drai  directly to the lake, a d for which the exiti g load is part of the total load to 
the lake. 

LOAD AND CONCENT ATION SUMMA Y: PHOSPHO US 

BASIN 1 BASIN 2 BASIN 3 BASIN 4 BASIN 5 BASIN 6 BASIN 7 BASIN 8 BASIN 9 BASIN 10 

E. Direct W. Direct Upper T1 Lower T1 W. Upper T2 E. Upper T2 Lower T2 

OUTPUT (CU.M/YR) 176314 234714 344045 1496765 305820 214838 800671 0 0 0 

OUTPUT (KG/YR) 14.2 18.8 12.2 193.8 118.1 7.8 104.9 0.0 0.0 0.0 

OUTPUT (MG/L) 0.081 0.080 0.035 0.129 0.386 0.036 0.131 #DIV/0! #DIV/0! #DIV/0! 

REALITY CHECK CONC. (FROM DATA) 0.078 0.076 0.040 0.150 0.325 0.035 0.125 

CALCULATED CONC./MEASURED CONC. 1.035 1.056 0.886 0.863 1.188 1.038 1.049 #DIV/0! #DIV/0! #DIV/0! 

BASIN EXPORT COEFFICIENT 0.45 0.44 0.20 0.74 2.33 0.21 0.65 #DIV/0! #DIV/0! #DIV/0! 

TERMINAL DISCHARGE? 1 1 0 1 0 0 1 1 1 1 

(1=YES 2=NO) 

LOAD TO RESOURCE TOTAL 

WATER (CU.M/YR) 176314 234714 0 1496765 0 0 800671 0 0 0 2708464 

PHOSPHORUS (KG/YR) 14.2 18.8 0.0 193.8 0.0 0.0 104.9 0.0 0.0 0.0 331.8 

PHOSPHORUS (MG/L) 0.081 0.080 0.000 0.129 0.000 0.000 0.131 #DIV/0! #DIV/0! #DIV/0! 0.123 

For the example system, the ratio of the calculated co ce tratio  to average actual values derived 
from substa tial sampli g (typically o  the order of 10 or more samples represe ti g the ra ge of dry 
to wet co ditio s) ra ges from 0.886 to 1.188, or from 11% low to 19% high, withi  a ge erally 
acceptable ra ge of +20%. This is  ot a strict threshold, especially with lower TP co ce tratio s 
where detectio  limits a d i tervals of expressio  for methods ca  produce higher perce t deviatio  
with very small absolute differe ces. Yet i  ge eral, <20% differe ce betwee  observed a d expected 
watershed basi  output values is co sidered reaso able for a model at this level of sophisticatio . 

That some values are higher tha  expected a d others lower suggests that  ow model-wide 
adjustme t will improve agreeme t (such as a  export coefficie t cha ge), but atte uatio  values for 
i dividual basi s could be adjusted if there is justificatio . 

For the example system, Basi s 1, 2, 4 a d 7 co tribute directly to the lake, a d are so de oted by a 1 
i  their respective colum s o  the li e for termi al discharge. These loads will be summed to derive a 
watershed load of TP to the lake. 

Nitrogen 
The model process followed for TN is ide tical to that applied to TP loads from basi s. For TN i  the 
example system, compariso  of expected vs. observed values yields a ra ge of ratios from 0.929 to 
1.188, represe ti g 7% low to 19% high. O ly o e out of seve  values is lower tha  1, so perhaps 
some adjustme t of the TN export coefficie ts is i  order, but most i dividual basi  values are withi  
8% of each other, so without clear justificatio , the judgme t exercised i  the origi al choices for 
export coefficie ts a d atte uatio  is  ot ge erally overridde . The same basi s de oted as termi al 
discharges for TP are so  oted for TN, allowi g calculatio  of the total watershed load of TN to the 
lake. 
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AECOM E viro me t a d NHDES 

LOAD AND CONCENT ATION SUMMA Y: NIT OGEN 

BASIN 1 BASIN 2 BASIN 3 BASIN 4 BASIN 5 BASIN 6 BASIN 7 BASIN 8 BASIN 9 BASIN 10 

E. Direct W. Direct Upper T1 Lower T1 W. Upper T2 E. Upper T2 Lower T2 

OUTPUT (CU.M/YR) 176314 234714 344045 1496765 305820 214838 800671 0 0 0 

OUTPUT (KG/YR) 234.2 299.8 232.1 1885.8 1543.8 146.0 1579.8 0.0 0.0 0.0 

OUTPUT MG/L 1.328 1.277 0.675 1.260 5.048 0.680 1.973 #DIV/0! #DIV/0! #DIV/0! 

REALITY CHECK CONC. (FROM DATA) 1.430 1.240 0.650 1.180 4.250 0.650 1.830 

CALCULATED CONC./MEASURED CONC. 0.929 1.030 1.038 1.068 1.188 1.046 1.078 #DIV/0! #DIV/0! #DIV/0! 

BASIN EXPORT COEFFICIENT 7.41 7.03 3.82 7.21 30.52 3.88 9.83 #DIV/0! #DIV/0! #DIV/0! 

TERMINAL DISCHARGE? 1 1 0 1 0 0 1 1 1 1 

(1=YES 2=NO) 

LOAD TO RESOURCE TOTAL 

WATER (CU.M/YR) 176314 234714 0 1496765 0 0 800671 0 0 0 2708464 

NITROGEN (KG/YR) 234.2 299.8 0.0 1885.8 0.0 0.0 1579.8 0.0 0.0 0.0 3999.7 

NITROGEN (MG/L) 1.328 1.277 0.000 1.260 0.000 0.000 1.973 #DIV/0! #DIV/0! #DIV/0! 1.477 

Grand Totals 
The fi al portio  of the Calculatio  sheet is a summary of all loads to the lake a d a gra d total load 
with associated co ce tratio s for TP a d TN, as show  below. The breakdow  of sources is 
provided for later co sideratio  i  both overall target setti g a d i  co sideratio  of BMPs. For the 
example system, the watershed load is clearly domi a t, a d would  eed to be addressed if 
substa tial reductio s i  loadi g were co sidered  ecessary. The loads of water, TP a d TN are the  
tra sferred automatically to the Predictio  sheet to facilitate estimatio  of i -lake co ce tratio s of TP, 
TN a d Chl a d a value for SDT. The derived overall i put co ce tratio  for TP is also tra sferred; the 
i -lake predictive models for TN do  ot require that overall i put co ce tratio , but the compariso  of 
TP a d TN i put levels ca  be i sightful whe  co sideri g what types of algae are likely to domi ate 
the lake phytopla kto . 

LOAD SUMMA Y 

DIRECT LOADS TO LAKE P (KG/YR) N (KG/YR) 

WATER 

(CU.M/YR) 

ATMOSPHERIC 8.0 260.0 484000 

INTERNAL 40.0 100.0 0 

WATERFOWL 10.0 47.5 0 

SEPTIC SYSTEM 31.8 517.0 31250 

WATERSHED LOAD 331.7 3998.4 2707372 

TOTAL LOAD TO LAKE 421.5 4922.9 3222622 

(Watershed + direct loads) 

TOTAL INPUT CONC. (MG/L) 0.131 1.528 

Water Quality Predictions 
Predictio  of TP, TN, Chl a d SDT is based o  empirical equatio s from the literature,  early all pertai i g 
to North America  systems. O ly a few additio al pieces of i formatio  are  eeded to ru  the model; most 
of the  eeded i put data are automatically tra sferred from the Calculatio s sheet. As show  below, o ly 
the co ce tratio  of TP leavi g the lake a d the lake volume must be e tered o  the Predictio  sheet. If 
the outflow TP level is  ot k ow , the i -lake surface co ce tratio  is  ormally used. If the volume is  ot 
specifically k ow , a  average depth ca  be multiplied by the lake area to derive a  i put volume, which 
will the  recalculate the average depth o e cell below. The  ature of the TN predictio  models does  ot 
require a y TN co ce tratio  i put. 
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AECOM E viro me t a d NHDES 

IN-LAKE MODELS FO  P EDICTING CONCENT ATIONS: Current Conditions 
THE TERMS 

PHOSPHORUS 

SYMBOL PA AMETE  UNITS DE IVATION VALUE 

TP Lake Total Phosphorus Co c. ppb From i -lake models To Be Predicted 

KG Phosphorus Load to Lake kg/yr From export model 422 

L Phosphorus Load to Lake g P/m2/yr KG*1000/A 1.054 

TPi  I flue t (I flow) Total Phosphorus ppb From export model 131 

E ter Value (TP out) TPout Efflue t (Outlet) Total Phosphorus ppb From data, if available 75 

I I flow m3/yr From export model 3222622 

A Lake Area m2 From data 400000 

E ter Value (V) V Lake Volume m3 From data 1625300 

Z Mea  Depth m Volume/area 4.063 

F Flushi g Rate flushi gs/yr I flow/volume 1.983 

S Suspe ded Fractio   o u its Efflue t TP/I flue t TP 0.573 

Qs Areal Water Load m/yr Z(F) 8.057 

Vs Settli g Velocity m Z(S) 2.330 

Rp Rete tio  Coefficie t (settli g rate)  o u its ((Vs+13.2)/2)/(((Vs+13.2)/2)+Qs) 0.491 

Rlm Rete tio  Coefficie t (flushi g rate)  o u its 1/(1+F^0.5) 0.415 

NITROGEN 

SYMBOL PA AMETE  UNITS DE IVATION VALUE 

TN Lake Total Nitroge  Co c. ppb From i -lake models To Be Predicted 

KG Nitroge  Load to Lake kg/yr From export model 4923 

L1 Nitroge  Load to Lake g N/m2/yr KG*1000/A 12.31 

L2 Nitroge  Load to Lake mg N/m2/yr KG*1000000/A 12307 

C1 Coefficie t of Atte uatio , from F fractio /yr 2.7183^(0.5541(l (F))-0.367) 1.01 

C2 Coefficie t of Atte uatio , from L fractio /yr 2.7183^(0.71(l (L2))-6.426) 1.30 

C3 Coefficie t of Atte uatio , from L/Z fractio /yr 2.7183^(0.594(l (L2/Z))-4.144) 1.85 

Phosphorus Concentration 
TP co ce tratio  is predicted from the equatio s show  below. The mass bala ce calculatio  is 
simply the TP load divided by the water load, a d assumes  o losses to settli g withi  the lake. 
Virtually all lakes have settli g losses, but the other equatio s derive that settli g coefficie t i  differe t 
ways, providi g a ra ge of possible TP co ce tratio  values. Where there is k owledge of the 
compo e ts of the settli g calculatio s, a model might be selected as most represe tative or models 
might be elimi ated as i applicable, but otherwise the average of the five empirical models (excludi g 
the mass bala ce calculatio ) is accepted as the predicted TP value for the lake. 
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AECOM E viro me t a d NHDES 

THE MODELS 

PHOSPHORUS P ED. PE MIS. C ITICAL 

CONC. CONC. CONC. 

NAME FO MULA (ppb) (ppb) (ppb) 

Mass Bala ce TP=L/(Z(F))*1000 131 

(Maximum Co c.) 

Kirch er-Dillo  1975 TP=L(1-Rp)/(Z(F))*1000 67 18 36 

(K-D) 

Volle weider 1975 TP=L/(Z(S+F))*1000 101 27 55 

(V) 

Larse -Mercier 1976 TP=L(1-Rlm)/(Z(F))*1000 76 21 41 

(L-M) 

Jo es-Bachma   1976 TP=0.84(L)/(Z(0.65+F))*1000 83 22 45 

(J-B) 

Reckhow Ge eral (1977) TP=L/(11.6+1.2(Z(F)))*1000 50 13 27 

(Rg) 

Average of Model Values 75 20 41 

(without mass bala ce) 

Measured Value 75 

(mea , media , other) 

From Volle weider 1968 

Permissible Load (g/m2/yr) Lp=10^(0.501503(log(Z(F)))-1.0018) 0.28 

Critical Load (g/m2/yr) Lc=2(Cp) 0.57 

The predicted i -lake TP co ce tratio  ca  be compared to actual data (a  average value is e tered 
i  the shaded cell as a reality check) a d to calculatio  of the permissible a d critical co ce tratio s 
as derived from Volle weider’s 1968 work. For the example lake, the predicted TP level of 75 ug/L is 
a  exact match for the measured value of 75 ug/L, but both are well above the critical co ce tratio . 

The permissible co ce tratio  is the value above which algal blooms are to be expected o  a 
pote tially u acceptable freque cy, while the critical co ce tratio  is the level above which 
u acceptable algal growths are to be expected, barri g extreme flushi g, toxic eve ts, or light 
limitatio  from suspe ded sedime t. 

Use of the ra ge of values derived from these empirical equatio s provides some se se for the 
u certai ty i  the a alysis. Cha gi g i put loads, lake volume, or other key variables allows for 
se sitivity a alysis. 

Nitrogen Concentration 
Predictio  of TN is based o  three separate empirical equatio s from the same work, each calculati g 
settli g losses differe tly. A mass bala ce equatio  is applied as well, as with the predictio  of TP. A  
actual mea  value is  ormally e tered i  the shaded cell as a reality check. For the example system, 
the actual mea  TN value is withi  the ra ge of predicted values, but is about 5.6% lower tha  the 
average of predicted values. O e might co sider adjusti g export coefficie ts or atte uatio  rates i  
the Calculatio s sheet, to bri g these values closer together, but the discrepa cy is relatively mi or. 
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AECOM E viro me t a d NHDES 

NITROGEN 

Mass Bala ce TN=L/(Z(F))*1000 1528 

(Maximum Co c.) 

Bachma   1980 TN=L/(Z(C1+F))*1000 1011 

Bachma   1980 TN=L/(Z(C2+F))*1000 923 

Bachma   1980 TN=L/(Z(C3+F))*1000 789 

Average of Model Values 908 

(without mass bala ce) 

Measured Value 860 

(mea , media , other) 

Chlorophyll Concentration, Water Clarity and Bloom Probability 
O ce a  average i -lake TP co ce tratio  has bee  established, the Predictio s sheet derives 
correspo di g Chl a d SDT values, as show  below. Five differe t equatio s are used to derive a 
predicted Chl value, a d a  average is derived. Peak Chl is estimated with three equatio s, with a  
average ge erated. Average a d maximum expected SDT are estimated as well. Bloom freque cy is 
based o  the relatio ship of mea  Chl to other threshold levels from other studies, a d the portio  of 
time that Chl is expected to exceed 10, 15, 20, 30 a d 40 ug/L is derived. 

A set of shaded cells are provided for e try of k ow  measured values for compariso . For the 
example lake, the average a d peak Chl levels predicted from the model are slightly higher tha  
actual measured values, while the average a d maximum SDT from the model are slightly lower tha  
observed values, co siste t with the Chl results. Agreeme t is ge erally high, however, with 
differe ces betwee  10 a d 20%. There were  ot e ough data to co struct a depe dable actual 
distributio  of Chl over the ra ge of thresholds provided for the example lake. 

There are other factors besides  utrie ts that ca  stro gly affect the sta di g crop of algae a d 
resulti g Chl levels, i cludi g low light from suspe ded sedime t, grazi g by zoopla kto , prese ce of 
heterotrophic algae, a d flushi g effects from high flows. Co seque tly, close agreeme t betwee  
predicted a d actual Chl will be harder to achieve tha  for predicted a d actual TP. K owledge of 
those other pote tially importa t i flue ces ca  help determi e if model calibratio  is off, or if closer 
agreeme t is  ot ratio ally achievable. 
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AECOM E viro me t a d NHDES 

PREDICTED CHL AND WATER CLARITY 

MODEL Value Mean Measured 

Mean Chlorophyll (ug/L) 

Carlso  1977 45.9 

Dillo  a d Rigler 1974 38.4 

Jo es a d Bachma   1976 44.7 

Oglesby a d Schaff er 1978 40.4 

Modified Volle weider 1982 35.5 41.0 37.5 

Peak Chlorophyll (ug/L) 

Modified Volle weider (TP) 1982 119.7 

Volle weider (CHL) 1982 133.1 

Modified Jo es, Rast a d Lee 1979 139.5 130.8 118.1 

Secchi Transparency (M) 

Oglesby a d Schaff er 1978 (Avg) 0.8 1.0 

Modified Volle weider 1982 (Max) 2.9 3.1 

Bloom Probability 

Probability of Chl >10 ug/L (% of time) 99.5% 

Probability of Chl >15 ug/L (% of time) 96.1% 

Probability of Chl >20 ug/L (% of time) 88.2% 

Probability of Chl >30 ug/L (% of time) 64.6% 

Probability of Chl >40 ug/L (% of time) 42.0% 

Evaluating Initial  esults 
LLRM is  ot mea t to be a “black box” model. O e ca  look at a y cell a d discer  which steps are most 
importa t to fi al results i  a y give case. Several quality co trol processes are recomme ded i  each 
applicatio . 

Checking Values 
Ma y  umerical e tries must be made to ru  LLRM. Be sure to double check the values e tered. Simple 
e try errors ca  cause major discrepa cies betwee  predictio s a d reality. Where a  export coefficie t is 
large, most  otably with Agric4, feedlot area, it is esse tial that the la d use actually associated with that 
activity be accurately assessed a d e tered. 

Following Loads 
For a y i dividually ide tified load that represe ts a substa tial portio  of the total load (certai ly >25%, 
perhaps as small a portio  as 10%), it is appropriate to follow that load from ge eratio  through delivery to 
the lake, observi g the losses a d tra sformatio s alo g the way. Sometimes the path will be very short, 
a d sometimes there may be multiple poi ts where atte uatio  is applied. Co sider dry vs. wet weather 
i puts a d determi e if the ratio is reaso able i  light of actual data or field observatio s. Are calculated 
co ce tratio s at poi ts of measureme t co siste t with the actual measureme ts? Are watershed 
processes bei g adequately represe ted? O e limitatio  of the model i volves applicatio  of atte uatio  
for all loads withi  a defi ed basi ; loads may e ter at the distal or proximal e ds of the basi , a d 
atte uatio  may  ot apply equally to all sources. Where loadi g a d atte uatio  are  ot bei g properly 
represe ted, co sider subdividi g the basi  to work with drai ages of the most mea i gful sizes. 

 eality Checks 
LLRM ca  be ru  with mi imal actual water quality data, but to gai  co fide ce i  the predictio s it is 
 ecessary to compare results with sufficie t amou ts of actual data for key poi ts i  the modeled system. 
Ideally, water quality will be tested at all ide tified  odes, i cludi g the output poi ts for all basi s, a y 
poi t source discharges, a y direct discharge pipes to the lake, a d i  the lake itself. Wet a d dry weather 
sampli g should be co ducted. Flow values are highly desirable, but without a lo ger term record, 
co siderable u certai ty will remai ; variability i  flow is ofte  extreme,  ecessitati g large data sets to get 
represe tative statistical represe tatio . Where there are multiple measureme t poi ts, compare  ot just 
how close predicted values are to observed values, but the patter . Are observed values co siste tly over-
or u derpredicted? A rough threshold of +20% is recomme ded as a starti g poi t, with a mix of values i  
the + or – categories. 
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AECOM E viro me t a d NHDES 

Sensitivity Testing 
The se sitivity of LLRM ca  be evaluated by alteri g i dividual features a d observi g the effect o  results. 
For a y variable for which the value is rather u certai , e ter the maximum value co ceivable, a d record 
model results. The  repeat the process with the mi imum plausible value, a d compare to ascertai  how 
much variatio  ca  be i duced by error i  that variable. Which variables seem to have the greatest impact o  
results? Those variables should receive the most atte tio  i  reality checki g, grou d truthi g, a d future 
mo itori g, a d would also be the most likely ca didates for adjustme t i  model calibratio , u less the i itially 
e tered values are very certai . 

For example, the ru off coefficie ts for TP from the various la d uses were set below the media  literature 
values, based o  k owledge of loads for some drai age areas from actual data for flow a d co ce tratio . 
However, it is possible that the actual load ge erated from various la d uses is higher tha  i itially assumed, 
a d it is the atte uatio  that should be adjusted to achieve a predicted i -lake co ce tratio  that matches 
actual data. If the media  TP export for ru off is e tered i to the Calculatio s sheet, substituti g the u shaded 
values for the shaded values i  the table below, the resulti g i -lake TP predictio  is 89 ug/L, much higher 
tha  the 75 ug/L from real data. 

Origi al New 

P Export P Export 

Coeffic ie t Coefficie t 

LAND USE (kg/ha/yr) (kg/ha/yr) 

Urba  1 (Reside tial) 0.65 1.10 

Urba  2 (Roads) 0.75 1.10 

Urba  3 (Mixed Urba /Commercial) 0.80 1.10 

Urba  4 (I dustrial) 0.70 1.10 

Urba  5 (Parks, Recreatio  Fields, 

I stitutio al) 0.80 1.10 

Agric 1 (Cover Crop) 0.80 0.80 

Agric 2 (Row Crop) 1.00 2.20 

Agric 3 (Grazi g) 0.40 0.80 

Agric 4 (Feedlot) 224.00 224.00 

Forest 1 (Upla d) 0.20 0.20 

Forest 2 (Wetla d) 0.10 0.20 

Ope  1 (Wetla d/Lake) 0.10 0.20 

Ope  2 (Meadow) 0.10 0.20 

Ope  3 (Excavatio ) 0.80 0.80 

Other 1 0.20 0.20 

Other 2 1.10 1.10 

Other 3 2.20 2.20 

To get a closer match for the k ow  i -lake value, atte uatio  would have to be adjusted (reductio  i  the 
portio  of the ge erated load that reaches the lake) by about 0.1 u its (10%), as show  below. This would 
result i  a predicted i -lake TP co ce tratio  of 77 ug/L,  ot far above the measured 75 ug/L. It is appare t 
that choice of export coefficie ts is fairly importa t, but that error i  those choices ca  be compe sated by 
adjustme ts i  atte uatio  that are  ot too extreme to be believed. Yet those choices will affect the results of 
ma ageme t sce ario testi g, a d should be made carefully. The i te t is to properly represe t watershed 
processes, both loadi g a d atte uatio ,  ot just the product of the two. 

BASIN 1 BASIN 2 BASIN 3 BASIN 4 BASIN 5 BASIN 6 BASIN 7 

E. Direct W. Direct Upper T1 Lower T1 W. Upper T2 E. Upper T2 Lower T2 

ORIGINAL BASIN ATTENUATION 0.90 0.90 0.75 0.85 0.80 0.75 0.70 

NEW BASIN ATTENUATION 0.80 0.80 0.65 0.75 0.70 0.65 0.60 
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AECOM E viro me t a d NHDES 

Aside from cha ges i  all export coefficie ts, o e might co sider the impact of cha gi g a si gle value. As that 
value applies to all areas give  for the correspo di g la d use, its impact will be proportio al to the mag itude 
of that area relative to other la d uses. A cha ge i  forested la d use exports may be very i flue tial if most of 
the watershed is forested. A much larger cha ge would be  ecessary to cause similar impact for a la d use 
that represe ts a small portio  of the watershed. 

Model Calibration 
Actual adjustme t of LLRM to get predicted results i  reaso able agreeme t with actual data ca  be achieved 
by alteri g a y of the i put data. The key to proper calibratio  is to cha ge values that have some u certai ty, 
a d to cha ge them i  a way that makes se se i  light of k owledge of the target watershed a d lake. O e 
would  ot cha ge e tered la d use areas believed to be correct just to get the predictio s to match actual 
data. Rather, o e would adjust the export coefficie ts for la d uses withi  the plausible ra ge (see Refere ce 
Variables sheet), a d i  accorda ce with values that could be derived for selected drai age areas (withi  the 
target system or  earby) from actual data. Or o e could adjust atte uatio , determi i g that a dete tio  area, 
wetla d, or other la dscape feature had somewhat greater or lesser atte uatio  capacity that i itially 
estimated. Justificatio  for all cha ges should be provided; model adjustme t should be tra spare t a d 
ame able to scruti y. 

For the example system, it may be appropriate to adjust either TN export coefficie ts or atte uatio  to get the 
average of the three empirical equatio  results for TN (see Predictio s sheet) to match the observed average 
more closely. I  the example, a predicted TN co ce tratio  of 908 ug/L was derived, while the average of quite 
a few i -lake samples was 860 ug/L. With a differe ce of <6%, this is  ot a major issue, but si ce all but o e of 
the i dividual basi  predictio s for TN co ce tratio  were also overpredictio s, adjustme t ca  be justified. 

If all the TN export coefficie ts i  the Calculatio s sheet are reduced by 10%, a  e tirely plausible situatio , 
the  ew TN predictio  for the lake becomes 861 ug/L, a very close match for the observed 860 ug/L. Export 
coefficie ts were  ot cha ged selectively by la d use; all were simply adjusted dow  a small amou t, well 
withi  the ra ge of possible variatio  i  this system. Alter atively, if the TN atte uatio  coefficie t for each 
basi  is reduced i  the Calculatio s sheet by 0.05 (represe ti g 5% more loss of TN o  the way to the lake), 
the  ew predicted i -lake TN co ce tratio  becomes 842 ug/L,  ot far below the observed 860 ug/L. 
Atte uatio  i  each basi  was adjusted the same way, showi g  o bias. Either of these adjustme ts (export 
coefficie ts or atte uatio  values) would be reaso able withi  the co strai ts of the model a d k owledge of 
the system. 

The o ly way to cha ge the export coefficie t for la d use i  a si gle basi  is to split off that la d use i to o e 
of the “Other” categories a d have it appear i  o ly the basi s where a differe t export coefficie t is justified. 
This is hardly ever do e, a d justificatio  should i volve supporti g data. Likewise, if o e basi  had a 
particularly large load a d a feature that might affect that load, o e might justify cha gi g the atte uatio  for 
just that o e basi , but justificatio  should be stro g to i terject this level of i dividual basi  bias. 

Model Verification 
Proper verificatio  of models i volves calibratio  with o e set of data, followed by ru  i g the model with 
differe t i put data leadi g to differe t results, with data to verify that those results are appropriate. Where data 
exist for co ditio s i  a differe t time period that led to differe t i -lake co ditio s, such verificatio  is possible 
with LLRM, but such opportu ities te d to be rare. If the lake level was raised by dam modificatio , a d i -lake 
data are available for before a d after the pool rise, a simple cha ge i  the lake volume (e tered i  the 
Predictio s sheet) ca  simulate this a d allow verificatio . If i -lake data exist from a time before there was 
much developme t i  the watershed, this could also allow verificatio  by cha gi g the la d use a d compari g 
results to historic TP a d TN levels i  the lake. However, small cha ges i  watershed la d use are  ot likely to 
yield sufficie tly large cha ges i  i -lake co ditio s to be detectable with this model. Additio ally, as LLRM is a 
steady state model, testi g co ditio s i  o e year with wetter co ditio s agai st a other year with drier 
co ditio s, with  o cha ge i  la d use, is really  ot a valid approach. 

Model verificatio  is a fu ctio  of data availability for at least two periods of multiple years i  duratio  with 
differe t co ditio s that ca  be represe ted by the model. Where available, use of these data to verify model 
performa ce is stro gly advised. If predictio s u der the seco d set of co ditio s do  ot reaso ably match the 
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AECOM E viro me t a d NHDES 

available data, adjustme ts i  export coefficie ts, atte uatio , or other features of the model may be  eeded. 
U dersta di g why co ditio s are  ot bei g properly represe ted is a  importa t aspect of modeli g, eve  
whe  it is  ot possible to bri g the model i to complete agreeme t with available data. 

Scenario Testing 
LLRM is mea t to be useful for evaluati g possible co seque ces of la d use co versio s, cha ges i  
discharges, various ma ageme t optio s, a d related alteratio s of the watershed or lake. The primary 
purpose of this model is to allow the user to project possible co seque ces of actio s a d aid ma ageme t 
a d policy decisio  processes. Testi g a co ceived sce ario i volves cha gi g appropriate i put data a d 
observi g the results. Commo  sce ario testi g i cludes determi i g the likely “origi al” or “pre-settleme t” 
co ditio  of the lake, termed “Backgrou d Co ditio ” here, a d forecasti g the be efit from possible Best 
Ma ageme t Practices (BMPs). 

Background Conditions 
Simulatio  of Backgrou d Co ditio s is most ofte  accomplished by cha gi g all developed la d uses to 
forest, wetla d or water, whichever is most appropriate based o  old la d use maps or other sources of 
k owledge about watershed features prior to developme t of roads, tow s, i dustry, a d related huma  
features. Default export coefficie ts for u developed la d use types are virtually the same, so the 
disti ctio  is  ot critical if records are sparse. 

For the example system, all developed la d uses were co verted to forested upla d, although it is e tirely 
possible that some wetla ds were filled for developme t before regulatio s to protect wetla ds were 
promulgated, a d some may eve  have bee  filled more rece tly. The resulti g la d use table, show  
below, replaces that i  the origi al model represe ti g curre t co ditio s. The watershed area is the 
same, although i  some cases diversio s may cha ge this aspect as well. Ma y lakes have bee  created 
by huma  actio , such that setti g all la d uses to a  u developed state would correspo d to  ot havi g a 
lake prese t, but the assumptio  applied here is that the user is i terested i  the co ditio  of the lake as it 
curre tly exists, but i  the abse ce of huma  i flue ces. 

BASIN A EAS 

LAND USE 

Urba  1 (Reside tial) 

Urba  2 (Roads) 

Urba  3 (Mixed Urba /Commercial) 

Urba  4 (I dustrial) 

Urba  5 (Parks, Recreatio  Fields, 

I stitutio al) 

Agric 1 (Cover Crop) 

Agric 2 (Row Crop) 

Agric 3 (Grazi g) 

Agric 4 (Feedlot) 

Forest 1 (Upla d) 

Forest 2 (Wetla d) 

Ope  1 (Wetla d/Lake) 

Ope  2 (Meadow) 

Ope  3 (Excavatio ) 

Other 1 

Other 2 

Other 3 

TOTAL 

BASIN 1 

E. Direct 

AREA (HA) 

BASIN 2 

W. Direct 

AREA (HA) 

BASIN 3 

Upper T1 

AREA (HA) 

BASIN 4 

Lower T1 

AREA (HA) 

BASIN 5 

W. Upper T2 

AREA (HA) 

BASIN 6 

E. Upper T2 

AREA (HA) 

BASIN 7 

Lower T2 

AREA (HA) 

BASIN 8 

AREA (HA) 

BASIN 9 

AREA (HA) 

BASIN 10 

AREA (HA) 

TOTAL 

AREA (HA) 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

27.1 40.6 60.7 176.0 50.5 37.6 56.2 448.7 

0.0 0.2 0.0 14.5 0.0 0.0 1.9 16.6 

2.5 0.6 0.0 0.1 0.0 0.1 14.2 17.5 

2.0 1.3 0.0 10.2 0.1 0.0 0.2 13.8 

0.0 

0.0 

0.0 

0.0 

31.6 42.7 60.7 200.8 50.6 37.7 72.5 0 0 496.6 

Also altered i  this example, but  ot show  explicitly here, are the i ter al load (reduced to typical 
backgrou d levels of 0.5 mg TP/m2/d a d 2.0 mg TN/m2/d), poi t source (removed), septic system i puts 
(removed), a d atte uatio  of TP a d TN (values i  cells lowered by10%, represe ti g lesser tra sport to 
the lake through the  atural la dscape). 

Resulti g i -lake co ditio s, as i dicated i  the colum  of the table below labeled “Backgrou d 
Co ditio s,” i clude a TP co ce tratio  of 16 ug/L a d a TN level of 366 ug/L. Average Chl is predicted at 
5.7 ug/L, leadi g to a mea  SDT of 2.7 m. Bloom freque cy is expected to be 8.6% for Chl >10 ug/L a d 
1.5% for Chl >15 ug/L, with values >20 ug/L very rare. While the example lake appears to have  ever had 
extremely high water clarity, it was probably much more attractive a d useable tha  it is  ow, based o  
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AECOM E viro me t a d NHDES 

compariso  with curre t co ditio s i  the table. If this lake was i  a  ecoregio  with a target TP level of 
<16 ug/L, it is expected that meeti g that limit would be very difficult, give  appare t  atural i flue ces. 

SUMMA Y TABLE FO  

SCENA IO TESTING Existi g Co ditio s 

Backgrou d 

Co ditio s 

Complete 

Build-out 

WWTF 

E ha ced 

Feasible 

BMPs 

Calibrated 

Model Value 

Actual 

Data Model Value 

Model 

Value 

Model 

Value 

Model 

Value 

Phosphorus (ppb) 75 75 16 83 49 24 

Nitroge  (ppb) 861 860 366 965 745 540 

Mea  Chlorophyll (ug/L) 40.7 37.5 5.7 46.7 23.3 9.3 

Peak Chlorophyll (ug/L) 130.0 118.1 20.1 148.5 76.1 31.6 

Mea  Secchi (m) 0.8 1.0 2.7 0.8 1.2 2.0 

Peak Secchi (m) 2.9 3.1 4.5 2.8 3.3 4.0 

Bloom Probability 

Probability of Chl >10 ug/L 99.5% 8.6% 99.8% 92.6% 34.4% 

Probability of Chl >15 ug/L 96.0% 1.5% 97.8% 73.6% 11.3% 

Probability of Chl >20 ug/L 87.9% 0.3% 92.6% 52.3% 3.7% 

Probability of Chl >30 ug/L 64.1% 0.0% 73.8% 22.5% 0.5% 

Probability of Chl >40 ug/L 41.5% 0.0% 52.5% 9.2% 0.1% 

Changes in Land Use 
A other commo  sce ario to be tested i volves cha ges i  la d use. How much worse might co ditio s 
become if all buildable la d became developed? For the example system, with curre t zo i g a d 
protectio  of some u developed areas, a substa tial fractio  of curre tly forested areas could still become 
low de sity reside tial housi g. Adjusti g the la d uses i  the correspo di g i put table to reflect a 
co versio  of forest to low de sity urba  developme t, as show  below, a d addi g 28 septic systems to 
that portio  of the loadi g a alysis ( ot show  here) a  i crease i  TP, TN a d Chl is derived, a d a 
decrease i  SDT are observed (see summary table above). TP rises to 83 ug/L a d TN to 965 ug/L, but 
the cha ge i  Chl a d SDT are  ot large, as the lake would already be hypereutrophic. 

BASIN A EAS 

LAND USE 

Urba  1 (Reside tial) 

Orgi al Urba  1 

Urba  2 (Roads) 

Urba  3 (Mixed Urba /Commercial) 

Urba  4 (I dustrial) 

Urba  5 (Parks, Recreatio  Fields, 

I stitutio al) 
Agric 1 (Cover Crop) 

Agric 2 (Row Crop) 

Agric 3 (Grazi g) 

Agric 4 (Feedlot) 

Forest 1 (Upla d) 

Origi al Forest 1 

Forest 2 (Wetla d) 

Ope  1 (Wetla d/Lake) 

Ope  2 (Meadow) 

Ope  3 (Excavatio ) 

Other 1 

Other 2 

Other 3 

TOTAL 

BASIN 1 

E. Direct 

AREA (HA) 

BASIN 2 

W. Direct 

AREA (HA) 

BASIN 3 

Upper T1 

AREA (HA) 

BASIN 4 

Lower T1 

AREA (HA) 

BASIN 5 

W. Upper T2 

AREA (HA) 

BASIN 6 

E. Upper T2 

AREA (HA) 

BASIN 7 

Lower T2 

AREA (HA) 

BASIN 8 

AREA (HA) 

BASIN 9 

AREA (HA) 

BASIN 10 

AREA (HA) 

TOTAL 

AREA (HA) 

16.0 18.5 23.4 87.4 6.7 12.5 38.6 203.1 

12.0 

3.7 

3.6 

0.0 

0.0 
0.0 

0.0 

0.0 

0.0 

3.7 

7.7 

0.0 

2.5 

2.0 

0.1 

8.5 

5.5 

5.8 

0.0 

3.2 
0.0 

0.0 

0.0 

0.0 

7.5 

17.5 

0.2 

0.6 

1.3 

0.1 

8.4 

0.0 

0.0 

0.0 

0.0 
0.0 

0.0 

0.0 

0.0 

35.3 

50.3 

0.0 

2.0 

0.0 

0.0 

47.4 

5.9 

5.9 

23.5 

0.0 
0.8 

0.0 

0.0 

0.0 

50.3 

90.3 

14.5 

0.1 

10.2 

2.3 

6.7 

0.8 

0.8 

0.0 

0.0 
12.3 

16.2 

4.0 

0.5 

9.2 

9.2 

0.0 

0.0 

0.1 

0.0 

4.5 

0.6 

0.6 

0.0 

0.0 
0.0 

0.0 

0.0 

0.0 

24.0 

32.0 

0.0 

0.1 

0.0 

0.0 

18.1 

2.3 

2.3 

0.0 

0.0 
0.0 

0.0 

0.0 

0.0 

13.0 

33.6 

1.9 

14.2 

0.2 

0.0 

18.8 

19.0 

23.5 

3.2 
13.1 

16.2 

4.0 

0.5 

143.0 

240.6 

16.6 

19.5 

13.8 

2.5 

0.0 

0.0 

0.0 

31.6 42.7 60.7 200.9 50.6 37.8 72.5 496.8 

Changes in Wastewater Management 
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AECOM E viro me t a d NHDES 

Ma agi g wastewater is ofte  a  eed i  lake commu ities. I  LLRM, wastewater treatme t facilities 
(WWTF) are represe ted as poi t sources, with flow a d co ce tratio  provided. O -site wastewater 
disposal (septic) systems are part of the baseflow of drai age areas with tributaries, a d ca  be 
represe ted that way for direct drai age areas as well, but the optio  exists to accou t separately for 
septic systems i  the direct drai age area. Cha ges to poi t sources or septic systems ca  be made i  
LLRM to simulate possible ma ageme t actio s. 

I  the example system, there is o e small WWTF that discharges i to Lower Tributary #1 a d 250 
reside tial u its that co tribute to septic system i puts i  the two defi ed direct drai age areas (see Figure 
1). If the u its  ow served by septic systems were tied i to the WWTF via a pumpi g statio , the flow 
through the WWTF would i crease from 45,000 cu.m/yr u der curre t co ditio s to 71,953 cu.m/yr, the 
amou t of wastewater calculated to be ge erated by those 250 reside tial u its. If WWTF efflue t limits for 
TP a d TN were established at 0.1 a d 3.0 mg/L, respectively, the co ce tratio  i  the discharge would 
be reduced from 3.0 a d 12.0 mg/L (curre t values from mo itori g) to the  ew efflue t limits. The result 
would be a higher flow from the WWTF with lower TP a d TN levels, a d a  elimi atio  of septic system 
i puts i  the model, both simple cha ges to make, as show  i  the table below. 

NON-A EAL SOU CES 

Number of Volume P Load/U it N Load/U it P Co c. N Co c. P Load N Load 

Waterfowl 

Source U its (cu.m/yr) (kg/u it/yr) (kg/u it/yr) (ppm) (ppm) (kg/yr) (kg/yr) 

50 0.20 0.95 10 47.5 

Poi t Sources 

PS-1 71953 0.10 3.00 7.2 215.9 

PS-2 0 3.00 12.00 0 0 

PS-3 0 3.00 12.00 0 0 

Basi  i  which Poi t Source occurs (0=NO 1=YES) 

BASIN 1 BASIN 2 BASIN 3 BASIN 4 BASIN 5 BASIN 6 BASIN 7 BASIN 8 BASIN 9 BASIN 10 

PS-1 0 0 0 1 0 0 0 0 0 0 

PS-2 0 0 0 0 0 0 0 0 0 0 

PS-3 0 0 0 0 0 0 0 0 0 0 

DI ECT SEPTIC SYSTEM LOAD 

Septic System Groupi g 

(by occupa cy or locatio ) 

Days of 

Occupa cy/Y 

r 

Dista ce 

from Lake 

(ft) 

Number of 

Dwelli gs 

Number of 

People per 

Dwelli g 

Water per 

Perso  per 

Day (cu.m) 

P Co c. 

(ppm) 

N Co c. 

(ppm) 

P 

Atte uatio  

Factor 

N Atte uatio  

Factor 

Water Load 

(cu.m/yr) 

P Load 

(kg/yr) 

N Load 

(kg/yr) 

Group 1 Septic Systems 365 <100 0 2.5 0.25 8 20 0.2 0.9 0 0.0 0.0 

Group 2 Septic Systems 365 100 - 300 0 2.5 0.25 8 20 0.1 0.8 0 0.0 0.0 

Group 3 Septic Systems 90 <100 0 2.5 0.25 8 20 0.2 0.9 0 0.0 0.0 

Group 4 Septic Systems 90 100 - 300 0 2.5 0.25 8 20 0.1 0.8 0 0.0 0.0 

Total Septic System Loadi g 0 0.0 0.0 

The result, show  i  the summary table for sce ario testi g above, is a  i -lake TP co ce tratio  of 49 
ug/L a d a  ew TN level of 745 ug/L. These are both substa tial reductio s from the curre t levels, but 
co ti ued elevated Chl (mea  = 23.3 ug/L, peak = 76.1 ug/L) a d a high probability of algal blooms is 
expected. Water clarity improves slightly (from 0.8 to 1.2 m o  average), but at the cost of the sewerage 
a d treatme t, this is u likely to produce a success story. 

Best Management Practices 
The applicatio  of BMPs is ge erally regarded as the backbo e of  o -poi t source pollutio  ma ageme t 
i  watershed programs. Co siderable effort has bee  devoted to assessi g the perce t removal for 
various polluta ts that ca  be attai ed a d sustai ed by various BMPs. BMPs te d to fall i to o e of two 
categories: source co trols a d polluta t trappi g. Source co trols limit the ge eratio  of TP a d TN a d 
i clude actio s like ba s o  law  fertilizers co tai i g TP or requireme ts for post-developme t i filtratio  
to equal pre-developme t co ditio s, a d would be most likely addressed i  LLRM by a cha ge i  export 
coefficie t. Polluta t trappi g limits the delivery of ge erated loads to the lake a d i cludes such methods 
as dete tio , i filtratio , a d buffer strips, a d is most ofte  addressed i  LLRM by cha ges i  atte uatio  
values. 

There are limits o  what i dividual BMPs ca  accomplish. While some site specific k owledge a d sizi g 
co sideratio s help modify ge eral guideli es, the followi g table provides a se se for the level of removal 
achievable with commo  BMPs. 
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AECOM E viro me t a d NHDES 

 ange and Median for Expected  emoval (%) for Key Pollutants by Selected Management 
Methods, Compiled from Literature Sources for Actual Projects and Best Professional 
Judgment Upon Data  eview. 

Street sweepi g 

Catch basi  clea i g 

Buffer strips 

Co ve tio al catch basi s 
(Some sump capacity) 
Modified catch basi s (deep 
sumps a d hoods) 
Adva ced catch basi s 
(sedime t/floatables traps) 
Porous Paveme t 

Vegetated swale 

I filtratio  tre ch/chamber 

I filtratio  basi  

Sa d filtratio  system 

Orga ic filtratio  system 

Dry dete tio  basi  

Wet dete tio  basi  

Co structed wetla d 

Po d/Wetla d Combi atio  

Chemical treatme t 

TSS 

5-20 

5-10 

40-95 
(50) 
1-20 
(5) 
25 
(25) 
25-90 
(50) 
40-80 
(60) 
60-90 
(70) 
75-90 
(80) 
75-80 
(80) 
80-85 
(80) 
80-90 
(80) 
14-87 
(70) 
32-99 
(70) 
14-98 
(70) 
20-96 
(76) 
30-90 
(70) 

Total 
P 

5-20 

<10 

20-90 
(30) 
0-10 
(2) 
0-20 
(5) 
0-19 
(10) 
28-85 
(52) 
0-63 
(30) 
40-70 
(60) 

40-100 
(65) 
38-85 
(62) 
21-95 
(58) 
23-99 
(65) 
13-56 
(27) 
12-91 
(49) 
0-97 
(55) 
24-92 
(63) 

Soluble 
P 

<5 

<1 

10-80 
(20) 
0-1 
(0) 
0-1 
(0) 
0-21 
(0) 
0-25 
(10) 
5-71 
(35) 
20-60 
(50) 

25-100 
(55) 
35-90 
(60) 
-17-40 
(22) 
5-76 
(40) 
-20-5 
(-5) 
8-90 
(63) 
0-65 
(30) 
1-80 
(42) 

Total 
N 

5-20 

<10 

20-60 
(30) 
0-10 
(2) 
0-20 
(5) 
0-20 
(10) 
40-95 
(62) 
0-40 
(25) 
40-80 
(60) 
35-80 
(51) 
22-73 
(52) 
19-55 
(35) 
29-65 
(46) 
10-60 
(31) 
6-85 
(34) 
23-60 
(39) 
0-83 
(38) 

Soluble 
N 

<5 

<1 

0-20 
(5) 
0-1 
(0) 
0-1 
(0) 
0-6 
(0) 
-10-5 
(0) 

-25-31 
(0) 
0-40 
(10) 
0-82 
(15) 
-20-45 
(13) 
-87-0 
(-50) 
-20-10 
(0) 
0-52 
(10) 
0-97 
(43) 
1-95 
(49) 
9-70 
(34) 

Metals 

5-20 

5-10 

20-60 
(30) 
1-20 
(5) 
20 
(20) 
10-30 
(20) 
40-90 
(60) 
50-90 
(70) 
50-90 
(80) 
50-90 
(80) 
50-70 
(60) 
60-90 
(70) 
0-66 
(36) 
13-96 
(63) 
0-82 
(54) 
6-90 
(58) 
30-90 
(65) 

While BMPs i  series ca  improve removal, the result is rarely multiplicative; that is, applicatio  of two 
BMPs expected to remove 50% of TP are u likely to result i  0.5 X 0.5 = 0.25 of the load remai i g (75% 
removal) u less each BMP operates o  a differe t fractio  of TP (particulates vs. soluble, for example). 
This is where judgme t a d experie ce become critical to the modeli g process. I  ge eral, BMPs rarely 
remove more tha  2/3 of the load of P or N, a d o  average ca  be expected to remove arou d 50% of 
the P a d 40% of the N u less very carefully desig ed, built a d mai tai ed. The luxury of space is  ot 
ofte  affordable, forci g creativity or greater expe se to achieve higher removal rates. 

I  the example system, setti g atte uatio  for all basi s to 0.5 for P a d 0.6 for N is viewed as a practical 
level of BMP applicatio  for a first cut at what BMPs might be able to do for the lake. Careful co sideratio  
of which BMPs will be applied where i  which basi s is i  order i  the fi al a alysis, but to set a 
reaso able approximatio  of what ca  be achieved, these are supportable atte uatio  values. Note that 
values are  ot set at 0.5 or 0.6 of the value i  place i  the calibrated model, but rather a low e d of 0.5 or 
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AECOM E viro me t a d NHDES 

0.6. If, as with Basi  7 (Lower Tributary #2) i  the example system, the atte uatio  values for P a d N 
u der curre t co ditio s are 0.70 a d 0.75, the practical BMP values of 0.5 a d 0.6, respectively, 
represe t less of a decli e through BMPs tha  for the direct drai age areas, which have curre t co ditio  
atte uatio  values of 0.9 for P a d 0.95 for N. 

I  additio  to setti g P atte uatio  at 0.5 for P i  all basi s a d 0.6 for N i  all basi s i  the example 
system, the WWTF has bee  routed to a regio al WWTF out of the watershed, a d the all areas withi  
300 ft of the lake have bee  sewered, with that waste also goi g to the regio al WWTF. Co seque tly, the 
WWTF a d direct drai age septic system i puts have bee  elimi ated. Fi ally, i ter al loadi g has bee  
reduced to 0.5 mg P/m/day a d 2.0 mg N/m

2
/day, achievable with  utrie t i activatio  a d lowered i puts 

over time. 

The results, as i dicated i  the summary table for sce ario testi g above, i clude a  i -lake P 
co ce tratio  of 24 ug/L a d a  N level of 540 ug/L. The predicted mea  Chl is 9.3 ug/L, with a peak of 
31.6 ug/L. SDT would be expected to average 2.0 m a d have a maximum of 4.0 m. While much improved 
over curre t co ditio s, these are margi al values for supporti g the ra ge of lake uses, particularly 
co tact recreatio  a d potable water supply. As a first cut assessme t of what BMPs might do for the 
system, it suggests that more extreme measures will be  eeded, or that i -lake mai te a ce should be 
pla  ed as well, si ce algal blooms would still be expected. Further sce ario testi g with the model, 
combi ed with cost estimatio  for pote tial BMPs, may shed light o  the cost effective ess of rehabilitati g 
the example lake. 
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Appendix C: 

Land Use Categories, Export Coefficients and Additional 

Calculations 
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AECOM E viro me t a d NHDES 

Table C-1.  unoff and baseflow fraction ranges. 

Low Med High 

Baseflow fractio  0.10 0.40 0.95 

Ru off fractio  0.01 0.20 0.40 

Table C-2.  unoff and baseflow factions used in the model for Baboosic Lake. 

Landuse Category 

 unoff 

Fraction 

Baseflow 

Fraction 

Urba  1 (No -shoreli e Reside tial) 0.40 0.25 

Urba  2 (Shoreli e Reside tial) 0.50 0.15 

Urba  3 (Roads) 0.60 0.05 

Urba  4 (I dustrial) 0.60 0.05 

Urba  5 (Parks, Recreatio  Fields, I stitutio al) 0.30 0.30 

Agric 1 (Cover Crop) 0.15 0.30 

Agric 2 (Row Crop) 0.30 0.30 

Agric 3 (Grazi g) 0.30 0.30 

Agric 4 (Hayla d-No  Ma ure) 0.30 0.30 

Forest 1 (Deciduous) 0.30 0.40 

Forest 2 (No -Deciduous) 0.30 0.40 

Forest 3 (Mixed Forest) 0.30 0.40 

Forest 4 (Wetla d) 0.05 0.40 

Ope  1 (Wetla d / Po d) 0.05 0.40 

Ope  2 (Meadow) 0.15 0.30 

Ope  3 (Cleared/Disturbed La d) 0.30 0.30 
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AECOM E viro me t a d NHDES 
Table C-3. Land use categories used in Baboosic Lake ENS -L M. 

ENS -L M LAND USE 
1 

Land Use Code Land Use Description 

Land 

Cover 
2 

Code Land Cover Description 
3 

NWI code

Windshield 

Survey 

P export 

coefficient 

range 

Urba  1 (Reside tial) 

Reside tial Reside tial  ot wetla d area 

0.19 - 6.23 
Si gle family Reside tial Reside tial 

Multi family Reside tial 

Row Reside tial 

Urba  2 (Mixed Urba /Commercial) Mixed Use Mixed Urba / Commercial  ot wetla d area 0.19 - 6.23 

Mu icipal Facility Mu icipal Buildi gs 

Educatio al Educatio al Buildi gs 

Urba  3 (Roads) Roads Tra sportatio  140 0.19 - 6.23 

Urba  4 (I dustrial) I dustrial 0.19 - 6.23 

Urba  5 (Parks, Recreatio  Fields, 

I stitutio al) 

Mu icipal Facility Mu icipal Fields 17 X 

0.19 - 6.23 Recreatio  700 

Perma e t Ope  space No -Ag Fields 790 X 

Agric 1 (Cvr Crop) Vaca t/Perma e t Ope  space Agriculture X 0.10 - 2.9 

Agric 2 (Row Crop) Vaca t/Perma e t Ope  space Agriculture 211 Row Crops X 0.26 - 18.26 

Agric 3 (Grazi g) Vaca t/Perma e t Ope  space Agriculture Hay/rotatio /perma e t pasture X 0.14 - 4.90 

Agric 4 (Hayla d- o ma ure) Vaca t/Perma e t Ope  space Agriculture 212 Hay/rotatio /perma e t pasture 0.64 

Agric 5 (Orchard) Vaca t/Perma e t Ope  space Agriculture 221 Fruit Orchard 0.05-0.30 

Forest 1 (Deciduous) 

Vaca t/Perma e t Ope  space Forested 412 Beech/oak 

0.29 - 0.973 Vaca t/Perma e t Ope  space Forested 414 Paper birch/aspe  

Vaca t/Perma e t Ope  space Forested 419 Other hardwoods 

Forest 2 (No -Deciduous) 

Vaca t/Perma e t Ope  space Forested 421 White/red pi e 

0.01 - 0.14 
Vaca t/Perma e t Ope  space Forested 422 Spruce/fir 

Vaca t/Perma e t Ope  space Forested 423 Hemlock 

Vaca t/Perma e t Ope  space Forested 424 Pitch pi e 

Forest 3 (Mixed) Vaca t/Perma e t Ope  space Forested 430 Mixed forest 0.02 - 0.83 

Forest 4 (Wetla d) 
Vaca t/Perma e t Ope  space Forested PF___ 

0.02 - 0.83 
610 Forested wetla ds 

Ope  1 (Wetla d / Lake) 

Vaca t/Perma e t Ope  space Water 500 No -forested wetla ds 

0.02 - 0.83 Vaca t/Perma e t Ope  space Ope  wetla d 620 Ope  water 

PSS_, L1_, PEM__ 

Ope  2 (Meadow) X 0.02 - 0.83 

Ope  3 (Cleared/Disturbed La d) 

Vaca t/Perma e t Ope  space Gravel pits, quarries 710 Disturbed X 

0.14- 4.90 

Other 1: 
1 
La d Use data prepared by Nashua Regio al Pla  i g Commissio  usi g tow  tax map i formatio  a d aerial photography. 

2 
La d cover data created by GRANIT usi g La sat 5 a d 7 imagery a d other available raster a d vector data. 

3 
Natio al Wetla ds I ve tory (NWI) data is used to improve the accuracy of wetla d areas that are either  ot deli eated i  the la d use a d la d cover data or poorly represe ted by raster cells. 

Priority ra ki g is give  to the La d Use data set for all  o -wetla d areas, NWI data for wetla d areas, a d La d cover for forest type areas. 
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AECOM E viro me t a d NHDES 
Table C-4. Land use export coefficients (kg/ha/yr) used in Baboosic Lake TMDL* 

ENS -L M Land Use 

 unoff P 

export 

coefficient 

range 

 unoff P 

export 

coefficient 

used 

Source 

Baseflow P 

export 

coefficient 

range 

Baseflow P 

export 

coefficient 

used 

Source 

Urba  1 (Low De sity 

Reside tial- No -shoreli e) 
0.11-8.42 0.35* 

Schloss a d Co  or 2000-

Table 5 
0.001-0.05 0.01 

ENSR U published Data; Mitchell 

et al. 1989 

Urba  2 (Shoreli e Reside tial) 
0.11-8.42 0.9* Reckhow et al. 1980 0.001-0.05 0.01 

" 

Urba  3 (Roads) 0.60-10 1.5* Dudley et al. 1997 0.001-0.05 0.01 " 

Urba  4 (I dustry) 0.11-8.42 1.5* Reckhow et al. 1980 0.001-0.05 0.01 " 

Urba  5 (Park/I stitutio al 

/Recreatio /Cemetery) 
0.19-6.23 0.8 Reckhow et al. 1980 0.001-0.05 0.01 

" 

Agric 1 (Cover Crop) 0.10-2.90 0.8 Reckhow et al. 1980 0.001-0.05 0.01 " 

Agric 2 (Row Crop) 0.26-18.26 2.2 Reckhow et al. 1980 0.001-0.05 0.01 " 

Agric 3 (Grazi g) 0.14-4.90 0.8 Reckhow et al. 1980 0.001-0.05 0.01 " 

Agric 4 (Hayla d-No Ma ure) 0.35 0.35* De  is a d Sage 1981 0.001-0.05 0.01 " 

Forest 1 (Deciduous) 0.034-0.973 0.15 
Schloss a d Co  or 2000-

Table 4 
0.001-0.010 0.004 

" 

Forest 2 (No -Deciduous) 0.01-0.138 0.093 
Schloss a d Co  or 2000-

Table 4 
0.001-0.010 0.004 " 

Forest 3 (Mixed) 0.01-0.138 0.093 
Schloss a d Co  or 2000-

Table 4 
0.001-0.010 0.004 

" 

Forest 4 (Wetla d) 0.003-0.439 0.082 
Schloss a d Co  or 2000-

Table 4 
0.001-0.010 0.004 " 

Ope  1 (Wetla d / Po d) 0.009-0.25 0.065* 
Schloss a d Co  or 2000-

Table 5 
0.001-0.010 0.004 " 

Ope  2 (Meadow) 0.02-0.83 0.8 Reckhow et al. 1980 0.001-0.010 0.01 " 

Ope  3 (Bare Ope ) 0.25-1.75 0.8 Reckhow et al. 1980 0.001-0.010 0.01 " 

*Value is  ot a media  
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AECOM E viro me t a d NHDES 

Table C-5. Internal loading calculations in Baboosic Lake model. 

Value Unit 

TP Differe ce Late August 

(Hypolim io )-(Epilim io ) 53.7 ug/L 

Sample Size 1 

Hypolim io  Volume 

(Below 5 m) 16087988 L 

I ter al TP Load 0.86 kg/yr 

Surface Area of A oxic Zo e 20.8 ha 
I ter al TP Coefficie t 0.04 kg/ha/yr 

Table C-6. Septic system calculations in Baboosic Lake model 

Category 

# of Dwelli gs 

i  125 ft 

Buffer 

People/ 

Dwelli g 

TP Atte  

Factor 

Mea  TP 

Co c 

(mg/L) 

P Load 

(kg/perso /yr) 

P Load 

(kg/yr) 

Water 

(gal/day) 

# of 

Days 

Water 

Load 
3

(m /yr) 

Year Rou d Reside tial 66.8 2.5 0.15 8 0.72 18.0 65 365 14998.1 

Seaso al Reside tial 100.2 2.5 0.15 8 0.18 6.7 65 90 5547.2 

Total Septic System Loadi g 24.7 20545.3 

Table C-7. Waterfowl loading calculations in Baboosic Lake model. 

Bird Type # of Birds 

P Load 

(kg/bird/day) 

Non-Ice Days 

(days) 

P Load 

(kg/yr) 

Coefficient 

Source Bird Count Source 

Mallards 100 0.000505 137.5 6.94 

Scherer et 

al. 1995 Richard Sulliva  
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AECOM E viro me t a d NHDES 

Table C-8. Predicted water quality parameters from modeled predevelopment scenario in Baboosic Lake. 

Baboosic Lake- Predevelopment Scenario 

Empirical Equation Equation Predicted TP (u g/L) 

Mass Bala ce TP=L/(Z(F))*1000 12 

Kirch er-Dillo  1975 TP=L(1-Rp)/(Z(F))*1000 5 

Volle weider 1975 TP=L/(Z(S+F))*1000 9 

Larse -Mercier 1976 TP=L(1-Rlm)/(Z(F))*1000 7 

Jo es-Bachma   1976 TP=0.84(L)/(Z(0.65+F))*1000 8 

Reckhow Ge eral 1977 TP=L/(11.6+1.2(Z(F)))*1000 4 

Average of Above 5 Model Values 7 

Variable Description Units Equation 

L Phosphorus Load to Po d g P/m2/yr 

Z Mea  Depth m Volume/area 

F Flushi g Rate flushi gs/yr I flow/volume 

S Suspe ded Fractio   o u its Efflue t TP/I flue t TP 

Qs Areal Water Load m/yr Z(F) 

Vs Settli g Velocity m Z(S) 

Rp Rete tio  Coefficie t (settli g rate)  o u its ((Vs+13.2)/2)/(((Vs+13.2)/2)+Qs) 

Rlm Rete tio  Coefficie t (flushi g rate)  o u its 1/(1+F^0.5) 

Empirical Equation Equation Predicted Value 

Mean Chlorophyll u g/L 

Carlso  1977 Chl=0.087*(Pred TP)^1.45 1.4 

Dillo  a d Rigler 1974 Chl=10^(1.449*LOG(Pred TP)-1.136) 1.1 

Jo es a d Bachma   1976 Chl=10^(1.46*LOG(Pred TP)-1.09) 1.3 

Oglesby a d Schaff er 1978 Chl=0.574*(Pred TP)-2.9 0.9 

Modified Volle weider 1982 Chl=2*0.28*(Pred TP)^0.96 3.4 

Average of Model Values 1.6 

Peak Chlorophyll u g/L 

Modified Volle weider (TP) 1982 Chl=2*0.64*(Pred TP)^1.05 9.3 

Volle weider (CHL) 1982 Chl=2.6*(AVERAGE(Pred Chl))^1.06 4.4 

Modified Jo es, Rast a d Lee 1979 Chl=2*1.7*(AVERAGE(Pred Chl))+0.2 5.7 

Average of Model Values 6.5 

Bloom Probability % of Summer 

Probability of Chl >15 u g/L See Walker 1984 & 2000 0.0% 

Secchi Tran parency m 

Mean: Oglesby a d Schaff er 1978 Chl=10^(1.36-0.764*LOG(Pred TP)) 5.4 

Max: Modified Volle weider 1982 Chl=9.77*Pred TP^-0.28 5.8 

Variable Description Units 

"Pred TP" 

The average TP calculated from the 5 

predictive equatio  models u g/L 

"Pred Chl" 

The average of the 3 predictive equatio s 

calculati g mea  chlorophyll u g/L 
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AECOM E viro me t a d NHDES 

Table C-9. Predicted water quality parameters from modeled scenario of Baboosic Lake with septic system loading removed. 

Baboosic Lake- Scenario with Septic System Loading  emoved 

Empirical Equation Equation Predicted TP (u g/L) 

Mass Bala ce TP=L/(Z(F))*1000 29 

Kirch er-Dillo  1975 TP=L(1-Rp)/(Z(F))*1000 13 

Volle weider 1975 TP=L/(Z(S+F))*1000 23 

Larse -Mercier 1976 TP=L(1-Rlm)/(Z(F))*1000 17 

Jo es-Bachma   1976 TP=0.84(L)/(Z(0.65+F))*1000 18 

Reckhow Ge eral 1977 TP=L/(11.6+1.2(Z(F)))*1000 9 

Average of Above 5 Model Values 16 

Variable Description Units Equation 

L Phosphorus Load to Po d g P/m2/yr 

Z Mea  Depth m Volume/area 

F Flushi g Rate flushi gs/yr I flow/volume 

S Suspe ded Fractio   o u its Efflue t TP/I flue t TP 

Qs Areal Water Load m/yr Z(F) 

Vs Settli g Velocity m Z(S) 

Rp Rete tio  Coefficie t (settli g rate)  o u its ((Vs+13.2)/2)/(((Vs+13.2)/2)+Qs) 

Rlm Rete tio  Coefficie t (flushi g rate)  o u its 1/(1+F^0.5) 

Empirical Equation Equation Predicted Value 

Mean Chlorophyll u g/L 

Carlso  1977 Chl=0.087*(Pred TP)^1.45 4.8 

Dillo  a d Rigler 1974 Chl=10^(1.449*LOG(Pred TP)-1.136) 4.0 

Jo es a d Bachma   1976 Chl=10^(1.46*LOG(Pred TP)-1.09) 4.6 

Oglesby a d Schaff er 1978 Chl=0.574*(Pred TP)-2.9 6.2 

Modified Volle weider 1982 Chl=2*0.28*(Pred TP)^0.96 7.9 

Average of Model Values 5.5 

Peak Chlorophyll u g/L 

Modified Volle weider (TP) 1982 Chl=2*0.64*(Pred TP)^1.05 23.2 

Volle weider (CHL) 1982 Chl=2.6*(AVERAGE(Pred Chl))^1.06 15.8 

Modified Jo es, Rast a d Lee 1979 Chl=2*1.7*(AVERAGE(Pred Chl))+0.2 18.9 

Average of Model Values 19.3 

Bloom Probability % of Summer 

Probability of Chl >15 u g/L See Walker 1984 & 2000 1.2% 

Secchi Tran parency m 

Mean: Oglesby a d Schaff er 1978 Chl=10^(1.36-0.764*LOG(Pred TP)) 2.8 

Max: Modified Volle weider 1982 Chl=9.77*Pred TP^-0.28 4.5 

Variable Description Units 

"Pred TP" 

The average TP calculated from the 5 

predictive equatio  models u g/L 

"Pred Chl" 

The average of the 3 predictive equatio s 

calculati g mea  chlorophyll u g/L 
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AECOM E viro me t a d NHDES 

Table C-10. Predicted water quality parameters from the modeled scenario of Baboosic Lake with internal load removed. 

Baboosic Lake- Scenario with Internal Load  emoved 

Empirical Equation Equation Predicted TP (u g/L) 

Mass Bala ce TP=L/(Z(F))*1000 33 

Kirch er-Dillo  1975 TP=L(1-Rp)/(Z(F))*1000 14 

Volle weider 1975 TP=L/(Z(S+F))*1000 26 

Larse -Mercier 1976 TP=L(1-Rlm)/(Z(F))*1000 19 

Jo es-Bachma   1976 TP=0.84(L)/(Z(0.65+F))*1000 21 

Reckhow Ge eral 1977 TP=L/(11.6+1.2(Z(F)))*1000 10 

Average of Above 5 Model Values 18 

Variable Description Units Equation 

L Phosphorus Load to Po d g P/m2/yr 

Z Mea  Depth m Volume/area 

F Flushi g Rate flushi gs/yr I flow/volume 

S Suspe ded Fractio   o u its Efflue t TP/I flue t TP 

Qs Areal Water Load m/yr Z(F) 

Vs Settli g Velocity m Z(S) 

Rp Rete tio  Coefficie t (settli g rate)  o u its ((Vs+13.2)/2)/(((Vs+13.2)/2)+Qs) 

Rlm Rete tio  Coefficie t (flushi g rate)  o u its 1/(1+F^0.5) 

Empirical Equation Equation Predicted Value 

Mean Chlorophyll u g/L 

Carlso  1977 Chl=0.087*(Pred TP)^1.45 5.9 

Dillo  a d Rigler 1974 Chl=10^(1.449*LOG(Pred TP)-1.136) 4.9 

Jo es a d Bachma   1976 Chl=10^(1.46*LOG(Pred TP)-1.09) 5.7 

Oglesby a d Schaff er 1978 Chl=0.574*(Pred TP)-2.9 7.6 

Modified Volle weider 1982 Chl=2*0.28*(Pred TP)^0.96 9.1 

Average of Model Values 6.6 

Peak Chlorophyll u g/L 

Modified Volle weider (TP) 1982 Chl=2*0.64*(Pred TP)^1.05 27.1 

Volle weider (CHL) 1982 Chl=2.6*(AVERAGE(Pred Chl))^1.06 19.3 

Modified Jo es, Rast a d Lee 1979 Chl=2*1.7*(AVERAGE(Pred Chl))+0.2 22.8 

Average of Model Values 23.1 

Bloom Probability % of Summer 

Probability of Chl >15 u g/L See Walker 1984 & 2000 3.0% 

Secchi Tran parency m 

Mean: Oglesby a d Schaff er 1978 Chl=10^(1.36-0.764*LOG(Pred TP)) 2.5 

Max: Modified Volle weider 1982 Chl=9.77*Pred TP^-0.28 4.3 

Variable Description Units 

"Pred TP" 

The average TP calculated from the 5 

predictive equatio  models u g/L 

"Pred Chl" 

The average of the 3 predictive equatio s 

calculati g mea  chlorophyll u g/L 
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AECOM E viro me t a d NHDES 

Table C-11. Predicted water quality parameters from the modeled scenario of Baboosic Lake with waterfowl load removed. 

Baboosic Lake- Scenario with Waterfowl Load  emoved 

Empirical Equation Equation Predicted TP (u g/L) 

Mass Bala ce TP=L/(Z(F))*1000 32 

Kirch er-Dillo  1975 TP=L(1-Rp)/(Z(F))*1000 14 

Volle weider 1975 TP=L/(Z(S+F))*1000 25 

Larse -Mercier 1976 TP=L(1-Rlm)/(Z(F))*1000 19 

Jo es-Bachma   1976 TP=0.84(L)/(Z(0.65+F))*1000 20 

Reckhow Ge eral 1977 TP=L/(11.6+1.2(Z(F)))*1000 10 

Average of Above 5 Model Values 18 

Variable Description Units Equation 

L Phosphorus Load to Po d g P/m2/yr 

Z Mea  Depth m Volume/area 

F Flushi g Rate flushi gs/yr I flow/volume 

S Suspe ded Fractio   o u its Efflue t TP/I flue t TP 

Qs Areal Water Load m/yr Z(F) 

Vs Settli g Velocity m Z(S) 

Rp Rete tio  Coefficie t (settli g rate)  o u its ((Vs+13.2)/2)/(((Vs+13.2)/2)+Qs) 

Rlm Rete tio  Coefficie t (flushi g rate)  o u its 1/(1+F^0.5) 

Empirical Equation Equation Predicted Value 

Mean Chlorophyll u g/L 

Carlso  1977 Chl=0.087*(Pred TP)^1.45 5.6 

Dillo  a d Rigler 1974 Chl=10^(1.449*LOG(Pred TP)-1.136) 4.7 

Jo es a d Bachma   1976 Chl=10^(1.46*LOG(Pred TP)-1.09) 5.4 

Oglesby a d Schaff er 1978 Chl=0.574*(Pred TP)-2.9 7.2 

Modified Volle weider 1982 Chl=2*0.28*(Pred TP)^0.96 8.8 

Average of Model Values 6.3 

Peak Chlorophyll u g/L 

Modified Volle weider (TP) 1982 Chl=2*0.64*(Pred TP)^1.05 26.1 

Volle weider (CHL) 1982 Chl=2.6*(AVERAGE(Pred Chl))^1.06 18.4 

Modified Jo es, Rast a d Lee 1979 Chl=2*1.7*(AVERAGE(Pred Chl))+0.2 21.7 

Average of Model Values 22.1 

Bloom Probability % of Summer 

Probability of Chl >15 u g/L See Walker 1984 & 2000 2.4% 

Secchi Tran parency m 

Mean: Oglesby a d Schaff er 1978 Chl=10^(1.36-0.764*LOG(Pred TP)) 2.6 

Max: Modified Volle weider 1982 Chl=9.77*Pred TP^-0.28 4.4 

Variable Description Units 

"Pred TP" 

The average TP calculated from the 5 

predictive equatio  models u g/L 

"Pred Chl" 

The average of the 3 predictive equatio s 

calculati g mea  chlorophyll u g/L 
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AECOM E viro me t a d NHDES 

Table C-12. Predicted water quality parameters from modeled target scenario for Baboosic Lake. 

Baboosic Lake- Target In-lake Conc 12 u g/L Scenario 

Empirical Equation Equation Predicted TP (u g/L) 

Mass Bala ce TP=L/(Z(F))*1000 22 

Kirch er-Dillo  1975 TP=L(1-Rp)/(Z(F))*1000 10 

Volle weider 1975 TP=L/(Z(S+F))*1000 17 

Larse -Mercier 1976 TP=L(1-Rlm)/(Z(F))*1000 13 

Jo es-Bachma   1976 TP=0.84(L)/(Z(0.65+F))*1000 14 

Reckhow Ge eral 1977 TP=L/(11.6+1.2(Z(F)))*1000 7 

Average of Above 5 Model Values 12 

Variable Description Units Equation 

L Phosphorus Load to Po d g P/m2/yr 

Z Mea  Depth m Volume/area 

F Flushi g Rate flushi gs/yr I flow/volume 

S Suspe ded Fractio   o u its Efflue t TP/I flue t TP 

Qs Areal Water Load m/yr Z(F) 

Vs Settli g Velocity m Z(S) 

Rp Rete tio  Coefficie t (settli g rate)  o u its ((Vs+13.2)/2)/(((Vs+13.2)/2)+Qs) 

Rlm Rete tio  Coefficie t (flushi g rate)  o u its 1/(1+F^0.5) 

Empirical Equation Equation Predicted Value 

Mean Chlorophyll u g/L 

Carlso  1977 Chl=0.087*(Pred TP)^1.45 3.2 

Dillo  a d Rigler 1974 Chl=10^(1.449*LOG(Pred TP)-1.136) 2.7 

Jo es a d Bachma   1976 Chl=10^(1.46*LOG(Pred TP)-1.09) 3.1 

Oglesby a d Schaff er 1978 Chl=0.574*(Pred TP)-2.9 4.0 

Modified Volle weider 1982 Chl=2*0.28*(Pred TP)^0.96 6.1 

Average of Model Values 3.8 

Peak Chlorophyll u g/L 

Modified Volle weider (TP) 1982 Chl=2*0.64*(Pred TP)^1.05 17.4 

Volle weider (CHL) 1982 Chl=2.6*(AVERAGE(Pred Chl))^1.06 10.7 

Modified Jo es, Rast a d Lee 1979 Chl=2*1.7*(AVERAGE(Pred Chl))+0.2 13.2 

Average of Model Values 13.8 

Bloom Probability % of Summer 

Probability of Chl >15 u g/L See Walker 1984 & 2000 0.1% 

Secchi Tran parency m 

Mean: Oglesby a d Schaff er 1978 Chl=10^(1.36-0.764*LOG(Pred TP)) 3.4 

Max: Modified Volle weider 1982 Chl=9.77*Pred TP^-0.28 4.9 

Variable Description Units 

"Pred TP" 

The average TP calculated from the 5 

predictive equatio  models u g/L 

"Pred Chl" 

The average of the 3 predictive equatio s 

calculati g mea  chlorophyll u g/L 
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