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One Cambidg€ Place,50 HamF5hi.. Street

Cambridge, Ma!sachusetls 0?ll9

te |  617 452-6000

fax: 617 492'8000

August 30,2007

Mr. Paul A. Ketrredy
Qr rner in te r , ' l c r r t

Deparfirent of Wastewater
Govenxnent Celrter
77 Park Street
Attleboro, MA 02703

Dear Mr. Kennedy:

As you have requested, CDM lT as reviewed certain eleme ts of the draft NPDES pennit issued

by the Environn.rental Protsction Agency to the City of Attleboro.

We have prepared comments with respect to this pemrit, copies of rvhich ale attached heleto.

Should you have any questions on these matters, please do not hesitate to contact n]e at 617-

452-6246

Sincerely,

CAMP DRESSER & McKEE htc.

o
consul t ing .  engineer ing.  con5truct ion opelat ions
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Comments on the Revised Draft Permit for the City of Affleboro

The Environmental Protection Agency has proposed to modify the draft petmit for the

city of Attleboro originally issued in August of 2006 to incorporate revised limitations

forihe discharge of phosphorus. The newly proposed limit is 0.1 mg,4 Total Phosphorus

as a monthly average, as compared tg the previously proposed limit of 0 2 mgil total

Phosphorus, as a.monthly average. The City believed that it could achieve the

phosphorus lirnits contained in the August, 2006 permit Achieving the newly proposed

iimits is expected to require the addition of nerv treatment processes, at substantial costs

to the City.

EPA bases its decision to revise the permit based on a reevaluation ofthe comments

submitted by the Rhode Island DepJrknent of Environmental Management (RIDEM) on

the draft pennit issued in 2006 and on further evaluation ofthe adminjstrative record.

RIDEM claims that the 0.2 mg/l limit 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 Quality standalds

require that:

"Average Total Phosphorus shall not exceed 0.025 mg/l in any lake, pond'

kettlehdle or reser.,'oir, and average Total P in tributaries at the point n'bere they

enter such bodies of water shail not cause exceedance of this phosphor.rs criteria"

except as naturally occurs, unless the Director determines, on a site specific basis'

that ; different value for phosphorus is necessary to prevant cultural

eutrophication." Rule 8.D. (2)'

First, the Agency failed to establish that the John v. Tumar Reservoir is in fact subject to

the quoted Rhode Island Standard. Altholgh it is narned a reservoit, it no longer

functions as such, and the Agency presenls no information to support the assertig" t-hui. .
the cited Rlrode Island standaril applies to this water body. In its comlnents on the initial

draft pennit, RIDEM has assertedihat the Resen,oir meets RIDEM's definition of a 1ake.

This definition reflects nufient management guidance developed by EPA' As indicated

by RIDEM, this guidance defines lakes as waier bodies with a mean water residence time

oi t+ duy, ormoie. According to studies conducteil by the Anny Corps of Engineers the

resewoii has a volume of 350tillion gallons (See Attachment I trereto). Using this

value, and the flow data from the USG-S gage located immediately downstream of the

John V. Tumer Reservoir, the mean water residence time of this impoundment is 9.68

days. Thus, the impoundtnent doss not meet the definition of a lake used by RIDEM to

diitinguish betwe"n bodi"* of water subject to the standard, and those tliat are not

Secondly, in developing its proposed limits the Agency does not present any information.

to show how a 0.1 mg/fpermitii-it i, n"."ttury to keep the "Average Total Phosphorus"

below 0.025 mg/I. 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 10 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 attenuahon

will sa-ve to achieve complianci with the Rlode Island standard. But no information is

presented to quantify these factofs to show how this meets the Rhode Island standard.

The use ofaverage concentrations over appropriately long periods is recommended by

the Agency's gridun... In its "Ambient Water Quality Criteria Recommendations;

tnfoniation Supporting the Development ofstate and Tribal Nutrient Criteria Lakes and

Reservoirs in Nutrient Ecoregion XIV" EPA encourages States to

"ldentify appropriate periods ofduration (how long) and frequency (how often) of

oc",]n-"n"" in aaldition to magitude (how much)' EPA does not recotnmend

identifying nutrient concent;ions that rnust be met at all times; Iather a seasonal

or annual a,oeraging period (e.g., based on weekly or biweekly rneasurements) is

considered appropriate. However, these central tendency measures should apply

each season oi each year, except under the most extraordinary conditions (e'g ' a

iO0-year flood)." See At'rachment 2 heteto.

The use of seasonal averages would provide additional dilution, and would thus serve to

lower the keatment requirements required of the City.

Third, the Agency failed to conduct a wasteload ailocation as suggested by RIDEM oa its

comments oiZOOO. *d fuil"d to consider that other sources of phosphorus could

represent significant contributions to the problen-rs of the walerbody as referenced in the

State's 2004 integrated waters list. In particular, there are several golf courses adjacent to

the John V. Tumer reservoir that could significantly impact the phosphorus loading on

the Reservoir. TMDL's ought be established and waste load allocations adoptel ir order

that to properly manage the waterbody. Although the Fact Sheet maybe techrically

coffect that TMDL are not norv underway for the Ten N4ile River, the state of Rhode

Island has indicated that it will be undertaking a TMDL of the Turner Reservoir, to be

con:pleted in 2012. ( See Appendix B to Plan for Managing Nutrient Loadings to Rhode

Island Waters, attachment J hereto). If the State of Rhode Island is content to wait that

long to develop a TMDL for this system it would appear appropriate to stay with the 0 2

tr-tgl ti-it of the 2006 proposed permit until that time. The 0.2 limit contained iil that

priposed permit reflecis an 80 7o reduction in phosphorus as compared to the curently

eflective permit; the 0.1 mgA lilnit would result in only a very srnall incrernental load

reduction - generally on the order of I pound per day.

Fourth, the Agency has agued that various literature references suppod the impo^sition of

a 0.1 mg,l p"ti"it ii*it, including the criteria presented in ihe Gold Book ( the 1986

euality C;teria for Water); infoimation presented in the techriical giridance manual for

Rivers and Streamsl and Recornmendatjons for Nutrient criteria in Ecoregion IV, the

regron encompassing the Attleboro discharge.
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None of these references support the appiication of their recommendations ia ihe mamer
adopted by the Agency. The i986 Quality Criteria for Water suggests a level of 0'l mgil
as "a desired goal for the prel'ention ofplant nuisances in streams or other flowing
waters" and references a 1973 publication ofKenneth Mackenthun, a copy of which is
included as attachment 4 to this document. However, ihat docurnent does not present
information conceming the development of the 0. I mg4 "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 of the 1968 paper is included as attachment 5 to
this document. The 1968 document indicates that " . . . A considered judgment suggests
that to prevent biological nuisances, total phosphorus should not exceed 100 ug/l P at any
point within the florving stream, nor should 50 ug/l be exceeded where waters enter a
lake, resewoir or other standing rvater body . . ." (Mackenthun, 1968 p 1053) A careful
reading of this document suggests that it is referencing strearris which are tributary to
water supply reservoirs and lakes and standing waters tbat serve as sources of water
supply. This rvould explain why it was published in rvhat would otherwise be thought to
be a joumal about water supply, and not water pollution. Moreover, the 1968 document
presents no information conceming the development of the recommendation - and so it
presents no guidance on horv it should be applie.d - seasonally, monthly, or over the
growing season ?

Similarly the Agency's recommendations with respect to nutr-ient o-iteria for streams in
Ecoregion IV is clearly an amual average value, because it was developed based on the
25t percentile of all seasons ofdata, ard not a value associated with 7 day 10 year low
florv conditions. It is thus inappropriate to apply this eriterion to low flow conditions.

Finally, it is not clear that the set ofvalues contained in the Nutrient Criteria Tech-nical
Guidance manuai 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 proscdptive
linits 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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TURNER RESERVOIR STLIDY
EAST PROVIDENCE, RIIODE ISLAND

US Army CorPs
of Engineers

Ne$ Elgland Districl .
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C. Project Study Alea and History

The study are3 is located in the city of East Providence on the Massachusetts-

R-hode Island border witb Pans of the teservoir area extending into Seekonk'

['lassachusetts (seB Figural) Tbe Jarres V. Tumer Rese ot consists ofa series of three

(3) ponds with a combined surface area of 225 acres and is located at the eBd of tbe

i!€sl'vater section of rhe Ten Mile River. Tbe three ponds are individually uamed Nolth,

Cential, and South Pond, but collecrively kaown as Tumer Reservoir- Below Turner

Dam. at the south eod of Solth Pond, the Ten Mile River flows about two miles to re

Providence River. Total diainage area at rhe dam is 52 1 square iniles'

Between 50 years end 100 ycars ago, a daifl was constructed on the Ten-Mile

Rivef, apFoximately lm feet upstream from what is now Route 152 Presumably to

provide waterpou'er fot a local niil. The resulting one-mile long impoundment is tlre
'ureu 

no* tnoiun 
"s 

Central and Nonh Portds, and;onsisted of apPtoximately i00 acres of

adificial lake. In 1930, anolher d€m was constructed aPProf,imately 0 75 miles

downstresm from the original millda$ as a water supPly tor thc city of East Providence'

The weir €levation of thii new dam (Tumer Rescrvoir Dam) waE aPPro)rimalely 5 feet

higber $an that of tbe mi]ldam upstream. The rcsulting impoundment was known as

Trirner Reservoir, a-'d consisted trimarily of ihe floodcd PastrreJwetiand immediarely

dowostrcam fro$ the milldatn (i.e. Route !52). Il also included Lbe upstream areas of

Cential and Noth Ponds, due to the higber weir eleva$on ofthe new dam, which raised

the impoundment sutface elevadon above the previous Jelel of CenttavNorth PoEd (i'e'

overtopping the miltdam). This formed tbe existing Turxer Rese'voir C€nh'av}{orth PoDd

.omptii, The remailts of the mill dam (i e. the water control structures).car be seen

upst;eam iiom RoBte 152, and tbe weir still stands approximately 5 feet below the

existing water surface.

During the Period following the construction of the dam to 1969, TEmer

Reservoir *ui used' as a $ater suPtly for the City of East Providence' Il was discontinued

due to odor and other aesthetic water quatity problems' It is cunently used for

recreational fishing aDd boating.
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3. Reservoir Descriodon. James V. Turner Reservoir is located in East
Provjdence on the Massachuselts-Rhode Island iine, with parrs of the reservoir extending
into Seekonk, Massachusetts (See Figure l). It coflsists oFa ser.ies of3 ponds wjth a
combined surface area of ?25 acres, iocaied at the end of the freshwater section of the
Ten Mile River. The route 152 causeway separatcs North aod Cenkal Ponds from South
Pond. On some maps, Nonh and Central Ponds are collectively labeled "Central Pond,"
and South Pond is labeled "Tumer Reservoir." To avoid confusion, "Tumer Reservoif'
is used in this report to refer to all thrce ponds, which are individually referred to as
"Nonh," "Central," and "Soutb" Pond

4. Reservoir Use- East Providence rlsed Tumer Reservoir as a public water
suppiy source until 1959, when treatment .*,ift sand filtration followed by chlorinatio[
was no Ionger able to keep coliforrns ort of lhe treat6d watcr. The source of tlese
bacteria was probably upstream waslewater discbarges. Tumer Reservoir is currently
used for limited recreation, maiDly tshing and non-moiorized boating.

5. l,and Use. Sections of tbe Ten Mile River watershed are heavily urbanized
including parts of East Providence, Pawtuckel. Attleboro, and all of tbe urbanized area of
North Aftleboro. Otber se€tions are still undeveloped, and much of this land is covered
wlh werlaDds iicluding swamps, marslres, and open bodies of lr'ater. In additional to
rnunicipal wastewate! treatment plalts discharges, the Ten l{iie River reeeives runoff
from golf courses, including Slater Park, which is just upstream from Tumer Reservoir's
Nonh Pond, In the past, the river also received industrial discharyes including metal
wastes from jewelry manufacturing. Tbe rnain effects of rnunicipal wastewater
discharges aad runoff from urban areas and golicourses would be to add nutdeitls to the
river, leading io eutiophieation in downsbeam impobdments. Urban runoff, and to a
lesser extent mun.icipal discbarges, will also add coliform bacleria, metals, and organic
chemicals to rhe rivcr. The extensive areas of vr'etiands in the watershed will not remove
these contaminants because the wedands are upstream of the sources, The main effectof
the wetlands in the upper patershed is to moderate flows in the river by storing and
releasing runoff.

6. Reservoir Yield. Only a eursory analysis of potential water supply yield for
Turner Reservoir is included in this study. Tbe reseryoir volume is not koown, because
siltation has undouhedly reduced il since it was last used for waler supply. However, the
reservoir has a surface afta af ZZ5 acres, and very rough measuremmts during water
quality sampling irdicate it may have an average depth of4 to 5 feet, whicb would give il
an estimated volume of around 350 million gallons. Average daily flow can be calculated
frorn the record at the USGS gage aboat 1.2 miles downstream ftom the dam. Using the
I l-year Ecord at the gage, imm 1986 thmugh 1997, and adjusting flows by drailage area'
the average daily flow at the dam is 103 cfs (66 million gallons per day). Using a sPread-
sheet analysis of flow for each day of the eleven-year period of record al the gage, slorage
of350 million galJons would have provided a safe yield of l6 million gailons per day. If
sed as a b?ckup water supply, the reservob could provide greater yieids fot shofier

periods of timel however, during a seriou.t drought the yield could be less.
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Of{lce of Water EPA 822-B-01-011
December 200'1United States

Environmenial Protecriion
Agency

"?EPA Ambient Water QualitY
Griteria Recom mendations

tnformation Supportin g the Development
of State and Tribal Nutrient Criteria

Lakes and Reservoirs in
Nutrient Ecoregion XIV
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lnclude variables that can be measured to determine if standards are met, and variables that
can be related to the ultimate sources ofexcess nutrients.

. ldentiry appropriate periods ofduration (how Jong) and frequency (how often) of
occurrence in addition to magnitude (horv much), EPA does not recommend identifling
nutrient concentrations that must be met at all times; ralher a seasonal or annual averaging
period (e.g., based on u,eekly or biweekly measurements) is considered appropriate.
However, these central tendency measures should apply each season or each year, except
under the rnost extraordinary conditions (e.g., a 1O0-year flood).

3.0 AREA COVERED BY THIS DOCIAIENT

This chapter provides a general description of the Aggregate Ecore$ion and its
geographical boundaries. Descriptions ofthe level Ill subecoregions contained rvithin the
Aggregate Ecoregion are also provided.

3.1 Description of Aggregate Ecoregion XlV-Eastern Coastal Plain

The Eastern Coastal Plain Ecoregion extends fro:n Maine to Georgia and is a lorvland
dominated by woodland, urban areas, or marshland; Iess than 20% ofthe area is used as cropland
and pastureland. Broad, nearly flat to depressional areas occur and bave poorer drainage than
neighboring nutrient regions. The northem portion ofthe Eastem Coastal Plain (XIV) has
nutrient-poor soils and glacial drift deposits that usually mantle metamorphic and jgneous

bedrock; valleys contain glaciolacustrine, marine, and outwash deposits. The central and
southern poftions are underlain by sedimentary rock and are dominated by poorly drained soils,
swampy or marshy areas, and meandering, Jow-gradient streams that are often tidalJy influenced.
Urban, suburban, and rural residential, commercial, and industrial areas occupy a large atld
growing percentage ofthe region; such large human population concentrations are absent from
Ecoregion Vlll. Some ofthe biggest cities in the United States are scattered throughout the
Eastern Coastal Plain (XlV) and have locally replaced the native u,oodland.

Lake quality in the Eastern Coastal Plain (XlV) has been significantly afiected by urban,
suburban, and industrjal 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, trigh 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. ln Maine, dioxin from puJp 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 ofNew
Jersey, nutrient and fecal bacterja concentrations continue to exceed State water qua)ity criteria.
In the southern portion of Ecoregjon XIV, urban areas are far fe*'er than in the nonh, and related
Iake water quality issues are also less. However, locally in the south, there are a large and
growing number of intensive turkey, hog, and chicken operations along with associated water
quality problems.
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Plan for Managing Nutrient Loadings to Rhode Island Waters

Depar tmen i  o f  Env i ronmenta l  Managernent

Prepared by the
Rhode Island Department of Environmental Management

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

February 1, 2005

LEdited Februat! 10, 200i1
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Appendir B

Schedule for Completing Water Quality Restoration PIans to Address Nutrient
lmpacts

--- 
E-- Apponaug Co; 2oo5

E Biushneck Cove 2005

E Buttonwoods Cove 2oo5

E Greenwich BaY 2005

E Greenwich BaY 2oo5

E Greenwich Cove 2005

E Greenwich Cove 2005

E Palmer River 2005

E Providence River 2005

E Providence River 2005

E Seekonk River 2005

E Warwick Cove 2005

E Wanvick Cove 2005

L K jckemuit Reservoir (Warren Reservoir) 2005

L Mashapaug Pond 2005
2005L Sands Pond

L Saugatucket Pond 2005

E Greenhill Pond 2007

E Mt. HoPe BaY Tll
2007E Mt. HoPe BaY
2007E Mt. HoPe BaY
2001E Pofler Cove

E Tidal Pawcatuck River 2007

E Upper Narragansett BaY 2007

E wickford Haibor 2007

L AlmY Pond 2007
2007L Belleville Ponds 
Z0A7L BrickYard Pond 
2007L Gorton Pond

L Hundred Acre Pond 2007

L North Easton Pond (Green Entl Pond) 2007

L Prince's Pond (Tiffany Pondl 7047

L Roger Williams Park Ponds 2'407

L Sand Pond ()"1. ofAirPort) 2007

L Scoft Pon d 7007

L Spectacle Pond 200'7

l 6
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WB Waterbodv Name I Target End Date
L
L
L
L

Three Ponds
Upper Dam Pond
Valley Fails Pond
Warivick Pond
Barney Pond
Chaprnan Pond
Deep Pond (Exeter)
Lower Sprague Reservoir
Omega Pond
Simmons Reservoir
Slater Park Pond
Turner Reservoir
Turner Reservoir
Cedar Srvamp Brook
Runnins River & Tribs

2007
2007
2007
2007
7012
20tz
z0tz
za12
20 l2
z0tz
z0 tz
2012
20t?
z0t2
2012

L
L
L
L
L
L
L
L
L

R

l 7
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a TAE!-E 1 Fhosphorus Discharged by Selected Nopth American Streams (43)

Nuillblr of
.lLsalyses

S:Lson of
Sadpiiog

Phospho$s (P) PoDuladoD
Drainz€E Fbl(anourn) Dcnrise
Arer (E :) ("r=)J (nr!) 

' 
R,i

68,5
68- J
68, J
6E, 5
6E,5
5E, J
6 8 , 5
6E, 5
58, 5
6 8 , 5

14 11 SFz.:se I
600 28 . Soaise 67.
114 2l s;ane 67,
l4t} +Z siarsc 61,

3410 58 Sparse 67,
1l I 97 Sp€lse 61,
611 78 Sparsc 61,
2,81 98 Si:ano 61,
mz 65 sia.-B. 61 ,
260 39 Spalso 61,

1290 44 S'srse 61.
lE2 47t Sieno 81
237 492 Siars: 81
!25 204 SDerse 8I
7! 4 sia-na 6
29 20 Soa$e 6
56 t2B. ;6;' 6
i 0 l ll Spaise 19

133 97 Lleht This
6s 2ol Lilhr Tbis

i2E0 139 a8 34,
1230 119 36 34,
;J7O 4E9 145 34,
J22o 2E >114d 24

r t r{_1a,,
izJ tE 380 14,

z7+

4
4
4
4
4
4
4
4
4

'!

t :
l 9
56

I 8
5
6
6
1

100
2
J

a

a

o
Agrcul lal

_ban

J'.,1y
Aug. ard S?t.
-{ug. ard SeDr.
Aug, and S.pr.
AuB, E-od Sepr.
Aug. and Se!'!.
Aug. and Sepr.
Aug. Ead Sep!.
Aug, lld Sept,
Ar1g. 3!d Se!,r,
Aug. aod s.pt.

7 Itronlhs

4 sezsois

July
Ju!y

Jude-Sepr.
JuDe-Serl.

jun.-s.pr.

Wcst Bfanch SrrllEeon R. Mich.
Pigeod, MinD.
Poplaf, Mim.
B8prjs& Mino.
St. Loiris, Mtnn.
Bois Brulc! Wir.
Bed' Wis.
Mrort-E3l, wir.
Blac.k, Mich.
Presque Ish, Mjch.
OrbBagoD, Mioh.
Yakima. ll'esb-
Tbtor\ WEsh.
C:dar, Wash.
MuIigan, Maiae
StetsoD, MaiDe
EasL Brancb SEbasricoa;q Mainc
EIleEhe, Prjnc€ Edwaid Istand
Pigeon, N.C.
John"!ha$, NrC.
Kankekee, llld. and IlL.
Vednillioi, U,
Fox, Iil. a$d Wis.
Kaskaskia Itl.
SEeaEl! ne.r Madison, Wis.
Du gage, Iil.
Des PlEines,Ill, and Wis.

Above cot!ffurncE wir_h Chicaso fuvcr
Total bEsio {incl'rCes Chica?dR;v:il

Chjcago,Ilt.

a.tticle
4

4

4

5 Juoe-Scpt.
19 Juac-Sc;r.
16 Jqie-Sepr.

615 'rc 1270 -14,4
2180 4020 2t0 74.4
810 6i40 5650 !4,4

" Or: ,casonal (9 [lonl!s) indusrry conriburcs approxrharety ,5 
%-

I  I  Only sewercd popular ion knosn.
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0-6
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2 1 ,  5 8
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l l
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2m
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2.8o

Vascular plaats 14,000

M1riophyllum
Vallisneria
Polamogetoo
Castalia
Najas
MyliophyllurE

Bottom orgaaisfirs
Midges 100-400
Chiroqomus
Hyalella
fuudinea

Sialis
Fish lj0-600
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3.2
1 .8
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E raeLr 3 (continr.red)
Ratio

o Staoding Crop (lb/acre)

C:N N;P

15 Waroet, R. W.'
et al.,1969t

4 WarDer, R, W.'
et al., 7969s

10 Walae!, R W.'
et a1.,7969t

13 Warder, R- W.'
et al.i 1969t

38-58 ra-1 l

!4 .  ) 1.63

0.02

0.19

n l ?

344.1

0.02

0.04

0,08-o.09

Leaf litter

Sand

LoEE

Musk

FloatiBg waste
woolo

d46tbetotaleleroelt!nPerceNageoithedl lweight,uDlesssPecif iedcthgfl t 'se.
! Calq.:tated oE '(,et vteight.
. ffidffi; il]o u. 

"ac,rt 
t"a "t 

t00 gai ;er cepita per day'

i}rl)*r*, n"*u, 
"f 

Woter Qualit./, chqrles Rjter and Boston Earbor' Massachuletts' by R K' stewart' Techrical Advisory

fi** ^n::,txftf':Hffh?':'"tilt"ciDnari, ohio . . a w wa;ner. R. K. Balren,-ine, and L. E, Keup,
! Alalyses of soil tlPes tuom BIoc* ;";;;;;d^;; ;'uiig*io"'-b1 R' \ff wa'-ner' R' K Ballen'-iae' and

Tecbdcal Advisoty 
"oa 

rou",uguuoo' 
'#-^"if "ri's 

iaa--**:t ti tl-e-I;:e:or ciDciDlari' ohio' 1969'

n Ferrilization aid Alsae in L"k" s";':;:;"' ;;;"itJput-tt*t or nollh' jat*i""' and weliare' Tecbnical A5jsory aDd

hresrisalionb AdiYiies, Ciociuati, Obio, 1965
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J L4Re.rql r rent  Loaotn:s a! !5 Ketent tont

a Nitlogen (Ii)

Loading Retertion
!b/(year acre)l (%)

Ph^sh^n 'c  rP \-  - - - r " - . - "  \ ' ,

Loading ReteDtioa

flb/(year aclell lY.)

o

a

w&slriDgton
Me+dora
Monona
Wa'lbgsa
Kegonsa
Tahoe
Ko-*ftk61e69
Greea
Getst
Sebasticogk
Ros R. Barnett

Wash.
Vr'is.
wis.
Wis.
Wis,
Calif.
Wis,
Wash.
Ird.
MaiDe
Miss,'

48J0
50-64
44-61

89

;

1 2
0.5t
7.5b

62.80
35.90
n ! ,

4 R

l t

2

64-88

30-70

48

280

81'
435@

z
90

I
3

44
44

Mackenthun, unpublished
82

MacJcerithun, unpublished
Mackerthun, unpublished
MacLenlh un, unpublished

n lDorganic njrogeD oaly.
D Soluble phosphorus only.
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