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One Cambridge Pla.e.50 Hampthire srreet
Cambridge, 1\,lass.chuserr s 02139
tel :617452-6000
ra{ 617 4J2-€000

August 30, 2007

Mr. Paul A. Kennedy
q t , h A r i h t A 6 ^ A - r

Department of Wastewater
Government Center
77 Park Street
Attleboro, MA 02703

Dear Mr. Kennedy:

As you have requested, CDM has reviewed cer.taitr elertrents of the draft NPDES per:mit issued
by the Environmental Protection Agency to the City of Atrleboro.

We have prepared comrnents with respect to this permit, copies of which are attachecl hereto.
Should you have any questions on these matters, please do not hesitate to contact me at 617-
452-6246

Sincerely,

CAMP DRESSER & MoKEE Inc.

consul t inq.  engjneer ing conrtruct ion .  op€rat ionr
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Comments on the Revised Draft Permit for the CiW of Attleboro

The Environmental Protection Agency has proposed to modify the draft permit for the
city ofAttleboro originally issued in August of2006 to incorporate revised limitations
for the discharge ofphosphorus. The newly proposed limit is 0.I mg/l Total phosphorus
as a monthly average, as compared to the previously proposed limit of 0.2 mg,il total
Phosphorus, as a.monthly average. The City believed that it could achieve the
phosphorus limits contained in the August, 2006 permit. Achieving the newly proposed
limits is expected to require the addition of new treatment processes, at substantiai costs
to the City.

EPA bases its decision to revise the permit based on a reevaluation of the comments
submitted by the Rhode Island Department of Environmental Management (RIDEM) on
the draft permit issued in 2006 and on further evaluation of the administrative record.

RIDEM claims that the 0.2 mg/l lirnit is inadequate to provide for compliance with the
Rhode Island Water Quality Standards and suggests that EPA should undertake a waste
load allocation study. According to EPA, the Rhode Island Water euality Standards
require that:

"Average Total Phosphorus shall not exceed 0.025 mg/l in any lake, pond,
kettlehole or reservoir, and average Total P in tributaries at the point where they
enter such bodies of water shall not cause exceedance ofthis phosphorus criteria,
except as naturally occurs, unless the Director determines, on a sile specific basis,
that a different value for phosphorus is necessary to prevent cultural
eutrophication." Rule 8.D. (2).

First, the Agency failed to establish that the John V. Tumer Reservoir is in fact subject to
the quoted Rhode Island Standard. Although it is named a reservoir, it no longer
functions as such, and the Agency presents no information to support the assertion that
the cited Rhode Island Standard applies to this water body. In its comments on the initial
draft permit, RIDEM has asserted that the Reservoir meets RIDEM's definition of a lake.
This definition reflects nutrient management guidance developed by EPA. As indicated
by RIDEM, this guidance defines lakes as water bodies with a mean water residence time
of 14 days or more. According to studies conducted by the Army Corps of Engineers the
reservoir has a volume of 350 million gallons (See Attachment t hereto). Using this
value, and the flow data from the USCS gage located immediately downstream of the
John V. Tumer Reservoir, the mean water residence time of this impoundment is 9.68
days. Thus, the impoundment does not meet the definition of a lake used by RIDEM to
distinguish between bodies ofwater subject to the standard, aad those thal are not.

Secondly, in developing its proposed limits the Agency does not present any information
to show how a 0.1 mg/l permit limit is necessary to keep the "Average Total Phosphorus"
below 0.025 mg/l. Rather, it appears that the Agency has relied upon flow conditions
associated with the 7 day, ten year low flow to develop the limit. In most systems, the
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seven day l0 year low flow is substantially below average flow, and represents a flow
that happens very infrequently, far different from the "average" referenced in.the state's
water quality standards. The Agency then argues that dilution, and in-stream attenuation
will serve to achieve cornpliance with the Rhode Island standard. But no infomation is
presented to quantify these factors to show how this meets the Rhode Island standard.

The use ofaverage concentations over appropriately long periods is recommended by
the Agency's guidance. In its "Ambient Water Quality Criteria Recommendations;
Information Supporting the Development of State and Tribal Nutrient Criteria Lakes and
Reservoirs in Nutrient Ecoiegion XIV" EPA encourages States to

"ldentify appropriate periods ofduration (how long) and frequency (how often) of
occurrence in addition to magnitude (how much). EPA does not recommend
identifying nutrient concentrations that must be met at all times; rather a seasonal
or annual averaging period (e.g., based on weekly or biweekly measurernents) is
considered appropriate. However, these central tendency measures should apply
each season or each year, except under the most extraordinary conditions (e.g., a
1OO-year flood)." See Attachment 2 hereto.

The use ofseasonal averages would provide additional dilution, and would thus serve to
lower the treatment requirements required of the City.

Third, the Agency failed to conduct a wasteload allocation as suggested by RIDEM on its
comments of2006, and failed to consider that other sources ofphosphorus could
represent significant contributions to the problems ofthe waterbody as referenced in the
State's 2004 integrated waters list. In particular, there are several golfcourses adjacent to
the Johr V. Tumer reservoir that could significantly impact the phosphorus loading on
the Reservoir. TMDL's ought be established and waste load allocations adopted in order
that to properly manage the waterbody. Although the Fact Sheet maybe technically
correct that TMDL are not now underway for the Ten Mile River, the State of Rhode
Island has indicated that it will be undertaking a TMDL of the Tumer Reservoir, to be
completed in2012. ( See Appendix B to Plan for Managing Nutrient Loadings to Rhode
Island Waters, attachment 3 hereto). Ifthe State ofRhode Island is content to wait that
long to develop a TMDL for this system it would appear appropdate to stay with the 0.2
mg,4 limit of the 2006 proposed permit until that time. The 0.2 limit contained in that
proposed permit reflects an 80 % reduction in phcsphorus as compared to the currently
eifective permit; the 0.1 mgll limit would result in only a very small incremental load
reduction - generally on the order of 1 pound per day.

Fourth, the Agency has agued that various literature references support the imposition of
a 0.1 mg/l permit limit, including the criteria presented in the Gold Book ( the 1986
Quality Criteria for Water); information presented in the technical guidance manual for
Rivers and Streams; and Recommendations for Nutrient Criteria in Ecoregion IV, the
region encompassing the Attleboro discharge.
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None ofthese references support the application oftheir recommendations in the manner
adopted by the Agency. The 1986 Quality Criteria for Water suggests a level of 0.1 mgll
as "a desired goal for the prevention ofplant nuisances in streams or other flowing
waters" and references a 1973 publication ofKenneth Mackenthun, a copy ofwhich is
included as attachment 4 to this document. However, that document does not present
information conceming the development of the 0.1 mg/l .,desired goal',, but rather makes
reference to a 1968 paper published in the Journal of the American Waterworks
Association by the same author. A copy ofthe 1968 paper is included as attachment 5 to
this document. The 1968 document indicates that ., ... A considered judgrnent suggests
that to prevent biological nuisances, total phosphorus should not exceed 100 ull p at any
point within the flowing stream, nor should 50 ug/l be exceeded where waters enter a
lake, reservoir or other standing water body . . . " (Mackenthun, 1968 p 1053). A careful
reading ofthis document sugBests that it is referencing streams which are tributary to
water supply reservoirs and lakes and standing waters that serve as sources of water
supply. This would explain why it was published in what wou'ld otherwise be thought to
be a joumal about water supply, and not water pollution. Moreover, the I 968 document
presents no information concerning the development of the recommendation - and so it
presents no guidance on how it should be applied - seasonally, monthly, or over the
growing season ?

Similarly the Agency's recommendations with respect to nutrient criteria for streams in
Ec.oregion IV is clearly an annual average value, because it was developed based on the
25"'percentile ofall seasons ofdata, and not a value associated with 7 day l0 year low
flow conditions. It is thus inappropriate to apply this criterion to low flow conditions.

Finally, it is not clear that the set ofvalues contained in the Nutrient Criteria Technical
Guidance manual are intended to be applied at extreme low flow conditions. Moreover,
that table is presented in a larger context dealing with guidance to the States as to how the
States might develop state water quality standards; it is not presented as proscriptive
limits that must be used. In that respect, EPA should await development of actual water
quality standards for phosphorus by both Rhode Island and Massachusetts.
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PLANNINC ASSISTANCE TO STATES

TURNER RESERVOIR STUDY
EAST PROVIDbNCE, RIIoDE IsLAND

February 2001

t  l " l  l
r r l t l

US Army Corps
of Engineers

New Erglrnd Dhtric! -.. .
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C. Project Study Area and Hisrory

The study area is located in the city of East prcvidence on the Massachusens-
Rhode Island border witb parts ofthe reservoir area extending into Seekonk,
Massachuscns (see Figure l). TheJames V. Tllmer Reservoir consists ofa series ofihree
(3) ponds wi$ a combined surface area of 225 acres and is located at thc end of the
freshwater section of the Ten Mile River, Tbe thrce ponds are individually named North,
Central, and South Pond, but collectively known as Tumer Reservoir. Below Tumer
Dam, at the soutb cnd of South Pond, rhe Ten Mile River flows about two miles to the
Providence River. Total drainage area at the dam is 52.1 squarc milcs.

Between 50 years and 100 yea$ ago, a dam was constructed on lhc Ten-Mile
River approximately 100 fee! upstream from whar is now Roule 152 presumably to
provide waterpower for a local mill. Th€ resulting one-mile long impoundmEnt is the
area now known as Central and North Ponds, and cottsisted of approximately lO0 acres of
anificial lake. In 1930, another dam was constructed approximately 0.75 miles
downstrcam from the original milldam as a water supply for the city of East providence.
The weir clevalion of this new dam (Tumer Rcscrvoir Dam) was approximat€ly 5 feet
higher than that of the milldam upstream, The resulting impoundment was known as
Turncr Reservoir, and consisted primarily of tbe flooded pasture/wetland immediarely
downstream from the milldarn (i,e. Route 152). It also included fte upsbeam areas of
Central and Nonh Ponds, due to the higher weir elevation ofthe new dam, which raised
the impoundment surface elevation above the previous level of Cenral/Nofth Pond (i.e.
ovcrtopping the milldam). This formed tbe exisring Tumer Reservoir Cenrral/Nonh PoDd
cornplex, The remains of the milldam (i.e. the water conttol structures) can De seen
upstream from Route 152, and ihe weir still stands approrimately 5 feer below thc
existing water surface.

During the period following the construction ofthe dam to 1969, Turner
Reservoir was used as a water supply for the City of East Providence. It wss discontinucd
due to odor and other aesthetic water quality problems. It is currently used for
rccreational fishing and boating,
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3. Reservoir Description. James V. Turner Reservoir is located in East
Providence on the Massachusens-Rhode lsland line, with pa_rls of lhe reservoir extendinp
into Seekonk, Massachusetts (See Figure l). It consists oia series of3 ponds with a
combined surface area of 225 acres, located at the end of the freshwater section of (he
Ten Mile River. The route 152 causeway separates North and Central ponds from South
Pond. On somc maps, Nonh and Central Ponds are collectively labeled .,Central pond,"
and South Pond is labeled '"Tumer Reservoir." To avoid confusion. .Tumer Reservoir,,
is used in this report to rcfer to all three ponds, which are individually refened ro as
"Nonh," "Central," and "South" Poflds.

4. R€seNoir Use. East Prcvidence Dsed Tumer Reservoir as a public water
supply source until 1969, when treatmenr with sand filtration followed by chlorination
was no longer able to keep coliforms out of the trGatcd watcr. The source of lhese
bacleria was probably [pslream wastewater discharges. Tumer Reservoir is currently
used for limited recreation, mainly fishing and non-motorized boaling.

5. Land Use- Sectiols of the Ten Mile River watershed are heavily urbanized,
including pans of East Providence, Pawtucket, Attleboro, and all of the urbanized area of
North Atlleboro. Other sections are still undeveloped, and much of this land is covered
'tith wetlands including swamps, marshes, and open bodies ofwater. In additional to
municipal wastewater treatment plants discharges, the Ten Mile River receives runoff
frorn golfcourses, including Slater Park, which is just upstream from Turner Resewoir's
North Pond. In the past, the river also received industrial discharges including metal
wastes from.jewelry manufactuting, The maifl effects of municipal wastewater
dischafges and ruloff from urban areas and golfcourses would be to add nutrients to the
river, leading to eutrophicstion io downstream impoundments, Urban runoff, and to a
Iesser extent municipal discbarges, will also add coliform bacteria, metals, and organic
chemicals to the river. The extensive areas ofwetlands in the watershed will not r€move
these contaminants because ahe wellands are upstream ofthe sources, The main effect of
lhe wetlands in the upper watershed is to moderate flows in the river by storing and
releasing runoff-

6. Reservoir Yield. Only a cursory analysis of potential wlter supply yield for
Tumer Reservoir is includcd in tbis study, The reservoir volumc is not known, because
siltation has undoubtedly reduced it since it was last used for wate! supply. However, rhc
reservoir bas a surface area of 225 acres, and very rough measuremenb during water
qualitysampling indicate it may have an average depth of4 to 5 feer, which would give ir
an estimated volume of around 350 million gallons, Average daily flow can be calculated
from lhe record at the USGS gage about 1.2 miles downsheam from the dam. Using the
I l-year record a[ the gage, from 1986 through 1997, and adjusting flows by drainage area,
the average daily flow at the dam i$ 103 cfs (66 million gallons per day). Using a spread-
sheet analysis of flow for each day of the eleven-year period of record at the gage, storage
of350 million gallons would have provided a safe yield of l6 million gallons per day. If
used as a backup water supplyr the reservoir could providc greater yields for shorter
periods of timei however, during a serious drought the yield could be less.
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' lnclude variables that can be measured to delermine ifstandards are met. and variables that
can be relaied to the ultimate sources ofexcess nutrients.

. ldentify applopriate periods ofduration (how long) and frequency (how often) of
occurrence in addition to magnitude (how much), EpA does not recommend identifying
nuhient concentmlions that must be mel at alltimes; rather a seasonal or annual averaging
period (e.g., based on weekly or biweekly measurements) is considered appropriate.
However, these central tendency measures shouJd apply each season or each year, except
under the most extraordinary conditions (e.g., a 100-year flood).

3,0 AREACOVEREDBYTHISDOCUMENT

This chapter provides a general description ofthe Aggregate Ecoregion and its
geographical boundaries. Descriptions ofthe level III subecoregions contained within the
Aggregate Ecoregion are also provided.

3.1 Description of Aggregate Ecoregion XlV-Eastern Coastal plain

The Eastern Coastal Plain Ecoregion extends frorn Maine to Georgia and is a lowland
dominated by woodland, urban areas, or marshland; less than 2004 ofthe area is used as cropland
and pastureland. Broad, nearly flat to depressional areas occur and have poorer drainage than

. neighboring nutrient regions. The northern portion ofthe Eastern Coastal plain (XIV) has
nutrlent-poor soils and glacial drift deposits that usually mantle metamorphic and igneous
bedrock; valleys contain glaciolacustrine, marine, and outwash deposits. The central and
southern portions are underlain by sedimentary rock and are dominated by poorly drained soils,
swarnpy or marshy areas, and meandering, low-gradient streams that are often tidally influenced.
Urban, suburban, and rural residential, commercial, and industrial areas occupy a large and
growing percentage ofthe region; such large human population concentrations are absenl from
Ecoregion Vlll. Some of the biggest cilies in the United States are scattered throughout the
Eastern Coastal Plain (XlV) and have locally replaced the native woodland.

Lake quality in the Eastern Coastal Plain (XlV) has been significantly affected by urban,
suburban, and industrial development as well as by poultry, livestock, and aquaculture
operations. In Connecticut, bottom sediments have been contaminated by metals, organic
compounds, and solid residuals from textile and paper mills. In Delaware, high levels of
enterococcal bacteria and total nitrate concentrations occur and are the result of increasing
population, wastewater discharge, and runofffrom fertilized cropland, poultry operations, and
urban areas. In Maine, dioxin from pulp and paper processing effluent and bacteria in untreated
sewer overflow continue to be serious problems in some reaches. In Massachusetts, bacterial
contamination and low dissolved oxygen concentrations persist. Throughout most of New
Jersey, nutrient and fecal bacteria concentrations continue to exceed State water quality criteria.
ln the southern portion ofEcoregion XIV, urban areas are far fewer than in the north, and related
lake water quality issues are also less. However, local)y in the south, there are a large and
growing number of intensive turkey, hog, and chicken operations along with associated water
quality problems.

o
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Plan for Managing Nutrient Loadings to Rhode Island Waters

Depar t

Preprred by the
Rhode Island Department of Environrnental Management

Pursuant to RI General Law $ 46-12-3(25)

February l, 2005

fEdited February 1 0, 2005J
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Appendix B

Schedule for Completing Water Quality Restorati0n Plans to Address Nutrient
Impacts

WB Name Tarset End Date
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2007.
2007
2007
2007
2007
2007
2007
2007
2007
2001
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007

E
E
E
E
E

Apponaug Cove
Brushneck Cove
Buttonwoods Cove
Greenwich Bay
Greenwich Bay
Creenwich Cove
Greenwich Cove
Paimer River
Providence River
Providence River
Seekonk River
Warwick Cove
Warwick Cove
Kickemuit Reservoir (Warren Reservoir)
Moshapaug Pond
Sands Pond
Saugatucket Pond
Greenhill Pond
Mt. Hope Bay
Mt. Hope Bay
Mt. Hope Bay
Mt. Hope Bay
Potter Cove
Tidal Pawcatuck River
Upper Narragan sett Bay
Wickford Harbor
Almy Pond
Belleville Ponds
Brickyard Pond
Gorton Pond
Hundred Acre Pond
North Easton Pond (Green End Pond)
Prince's Pond (Tiffany Pond)
Roger Williams Park Ponds
Sand Pond (1.J. of Airport)
Scott Pond
Spectacle Pond

L

E
E
E
E
E
E
E
L

r

. L
E
E
D

E

E
E
E
E
L
L
L
L
L
L
L
L

.L

L
L

l 6
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WB Name End Date
Three Ponds
Upper Dam Pond
Valley Falls Pond
Warwick Pond
Barney Pond
Chaprnan Pond
Deep Pond (Exeter)
Lower Sprague Reservoir
Omega Pond
Simmons Reservoir
Slater Park Pond
Turner Reservoir
Turner Reservoir
Cedar Swamp Brook
Runnins River & Tribs

L
L
L
L
L
L
L
L
L
L
L
L
L
R
R

2007
2007
2007
2007
2012
20tz
z0t2
2012
2012
2012
2012
2012
2012
2012
2012
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Phosphorus Oisch.rged by Selected North Am€fican Streams (43)
TABN-E 2

a Principal
Land Use Nunbcr of

Analyses
o-*"r" tt?<*ll-(,"""di1'"lii"

4r€6 (InO (&')l (rnj9 
' 

Ref.

S€€son of
SarEplinB

o

a

a

Forcsted Wcsa Branch Srurgcon R. Mtch.
rlEpoo, MinD. tn t, So.rse

600 tg si:ane
I 14 2l s;arsc
l4O +2 Siarsc

J4Jo so siurs.
l l l  ct Siar.
6t I zs Sia6.
281 9E siarsc
2oz 0s siane
260 rs siarsc

t29o s Siun"
182 47) si".=u
231 492 Sirnc
t25 zo4 siarsc
2t 4 siarse
29 m siaae
Jd 128" >6J!
l0 I  I l  SDdso

ijl 97 Ljeht
65 2ol uitrt

52E0 119 
-2A

1230 t19 36
2570 489 t45
t22I 2U >174'

? 23s-262 ?
325 l8 380

Foplar, Minn.
Baptirm, Min!.
St. Louir, Minn.
BoiB Brde, Wi!.
Bad, Wis.
Montlcal, Wis.
Blact. Mich.
p!€squ6 Isle, Mjch.
Ooaonacoo. Mich,
Vatioal wastr ,
Tlston, wash .
Cadar. Wash.
Mu[igrr. MsiEc
Stc{son. Maid.
E€s! B.anch Ssbasricook. Mainc
Ell6.she, princ. Edward istandgjg€on, N.C.
Johnathans, N;C.
Kbtakee, Ind, lnd lU.
Ve(dillion. Ul.
Fox, Ill. and Wir.

Aglcukural K.lkaskia,IIL'oan 
Sraaarn! ftr.r Mrdison. Wis-
Du Pag€, flt,
Dot Plsino!, lU. and wi,.

Above connucncE with Chicato Rjv6r-Total 
basin (hctud€s Chicago-River)

Chicaep,IIt.

4

4
4

?

?
t 2
I 9
s6

I E
5
6
I
1

100
2
5

5
I 9
l 6

July
Aug. and Sept.
Aug. atrd Scpt.
Aug. add Sopr.
Aug. and Sspr.
Aug. |nd Sept,
Aug. rnd Sept.
Aug. ard Sept.
Aug. ard Sepr,
Aug. .nd S€pt,
Aug. altd Sept,

7 monrhs

April-Dec.
JUry
Jt:ly
Juh+-Sepr.
Jun6-Scpr.
Juno-Scpt.
April-De..
?
tud.-Sepr,

June-SeDt.
Junc-Scir.
JunFSept.

I
67,6a, t
67, 68, 5
67, 68, 5
67, 68, 5
61,68, s
67, 68, 5
61, 68, 5
67, 68, 5
67' 68, 5
67,68, 5
8 l
E I
8 I
6
5
6
79

Thi! rrticlo
Ths article

34,4
34,4
34, 4
24

34,4

,fi; #3 ,;13 lx:i
EIo 6J40 5650 J4,4

: 9:,".,':1:.:3j 
('.*1'q") induirrv codriburca approx,marcry 7J%.' unry scwereq poputation kno\rn,
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TABN-E 3 Cafbon' Nitrogen' end phosphofus in Freshwater En'rrqrmcrt4r coniti&ents (50)

. Standhg C;

Corstitueot Dry
C : N N ; P

PhFoplaD&too 1,000-3,600 100-360

200

1,800

0.18
0.52
0.23
0-t l
0.27
0.30
0.5

6.8
39 6.t

9.0

2,8

1 .8

1 .8
l J

2.8
t o

3.0

a

O

l 0
l0
l'l

,,

l0
6
8

1 0
. 1 0

6
6

6

6

l4

l 02.50
2.8

7.4't.4

l l . r
E . l

l l

s4
l l
l q

69,70
28
l l
n, ' t8
77 ,78
7't ,78
77 ,'t8
2

2 1 ,  5 8
t 4
l l
I I
l l
80
o

46

0.69
0.64
0.52

0.14

a

a

Artached algae 2,000

Vascular planb 14,000

Myriophyllun
Vallisneria
Potamogeton
Castalia
Nsjar
Myriophyltum

Bottom orFnisms
Midges 200_400
Chironomus
Hyaldla
Iirudinea

Sialis
Fbh t j0-600

0.9
1 )

0.8
0.6

0.20
0.18-0.49

0 . l 9
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B TABLE 3 (continued)

Staoding Crop (lblacre) Ratio

C:N Ref.N : P

leaf litte!

Saod

Loam

Muck

Floating wastc
wool

0 . l l

0.005

0.02

0.04

0.08-0.09

Waroer, R. w.,
et al.,19690

WarE€r, R. W.,
et al., 1969s

waroer, R. W.,
et ql., 1969s

Warner, R. w.,
et al., 1969t

28.3

0.2

2.1

1.63

0.02

0.19

0.52

3.+4.7

1'l

l0

14

9-r I

t 5

4

10

l 3

38-58

o

o As the total elcme[t in perffntags of the dry weight, urless sP€cified otherwise.
. Calculated on wet weight
c Avelage sewage flow catr be calculated at 100 8al Pe! caPita Per day.
o -g['
' Biological Aspec* of Watet Q ait!, Charles Nxer and Bostoa Earbor, Massachusetrs, by R. K Stevtart, Tcchnical Advisory

atrd Investigatioqs Branch, CinciDnati, Ohio, 1968.
/ Tectraical Advisory ald lDvesti8atiots Bra-och, Ciacinnati, Ohio.
, Aral)Ees of soil types from S61c Water Impouddneni Inue Eatiorts, by R. W, Wamer, IL K. Xallentine, and L' E Keup'

Technical Advisoryiad l'v€stigatioff Branch, U.S, Departm*t of thc I't€rior, Cincimati, Ohio, 1969.
r Fettilization and.'Atgae h Laie Sebasticook,' Maiae, Iiepartment of Health, Educatio!, aod Welfare, Technical AdYisory and

Invcsti8ation! Activitiee, Ciacimati, Ohio, 1966.
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LOaqt ngs anq Ketent tof tS

o Nitrogen (N) Phosphorus (P)

Loading Rctertion Loading Retentioo
llb/(year acre)l (%) flb/(year icrc)l {%)

o

o

W&shiDgton
Meadota
Moncna
Waubesa
Kegonsa
Tahoe
Kosbkonong
Green
Geist
Sebasticook
Ross R. Bamett

Wash.

Wis.
Wis.
Wis.
Calii
wis.
Wash.
Ird.
Maine
Miss..

qSto

50-64
44-61

89
80

6+88

-2t- t2
93
30-70
55
25
48

280
2V
8r

4J54
r62"

2

44;.

1 2
0.6b
7.5D

62.8r
35.90
0.4

4.8
?8
2

44

I
3

44
44
44
4'l

lvlackenthun, unpublished
82

Mackenthun, unpublished
Mackenthun, unpublished
Macketrthun, unpublished

a Iaorgalic nitrogen ooly.
o Soluble phosphorus only.

a

o

a
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