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I nter Office Communi cation-COUPL 05 (totd 11 pages)
To: Fanning Advisory Committee

Attn.: Gal Foisey ESors, Secretary

Hdifax County Municipdity

From: S. M. Mandaville, Co-Ordinator

Date: 29 March 1995

Subject:  Submisson# 9501 to the Didricts 14 & 17 MPS Review-- LAKE CARRYING
CAPACITIES with spedd reference to dlowable change in “productivity' of dl
lakes

Following is our written submisson in point format as a sucoessor to our very brief
verbd presentation at the public meating on 22nd March 1995:

[A] The munidpdity shoud embrace the enlightened concept of setting "Lake
Carrying Capacities for_all lakes in the plan _area with spedd emphess on the
falowing dgnificant lakes  William, Thomas, Hetcher, Kinsac, Third, Three Mile, Rocky,
Powder Mill, Soldier, Miller, Fsh, and Shubenacadie Grand. We do not bdieve you can st
the vdue for Charles @ the present time as it is mosily within the bounds of the City of
Dartmouth.

[B] "Lake Carrying Capacities' are based on the "dedrable uses of lakes by LAKE
STAKEHOLDERS (beneficid lake usars @ large). These can be expressad @ther in the form
of TP (Totd Phosphorus) and/or Chlorophyll-a (Cha) levdsin pgl, ather as summer or ice-
free or whole year concs. Appendix # 9501-1 contains extracts from a handful of better known
and widdy quoted "Lake Carrying Capacities' concepts.



[C] Ingenerd you do not nead exiding datato set "L ake Carrying Capacities' exceptin
the methodologies where you decide to st them based on a cartain snapshot in ime or an
dlowable percentage incresse over the “background + direct agria deposition’ concs. I you
choose the latter methodology of rdaiond vaues thereis dataavailable in the public domain on
mog of the Shubie headweter lakes, and we herewith undertake to supply them to you & no
cogt aswe have summaries of dl (both by our voluntears aswell as by other investigetors).

[D] Phase-2 of the Shubie studies d/May 1993 recommended on pg.-29 thet theleve of
phosphorus in lakes Grand, Hetcher, Thomas, William, and Charles should not exceed 1990
loadings by the end of the ten year period.

It is quite probable that by year 2000 thet target could be met Snce the aforementioned
lakes have condderable assmilaive capacity combined with the fact thet development around
upsiream lakesis not proceeding & too fagt a pace, in addition, depending upon the phosphorus
retention factor of each updream lake, the contributions will vary and beyond a certain order,
the contribution will be negligible as it will be a combination of severd phogphorus retention
factors. In order to realistically achieve those values over the mid-term, you
have to develop controls on the number of onsite systemswithin 300m of lakes
to start with, thence within 300m of watercourses if these intercept
groundwater .




[E] In_areas served by onsite systems, it has been proven time and again that even
properly fundioning sygems within 300 metres of weatercourses do contribute phosphorus
(varying amounts dependent upon soil type, soil complexes, age of the sydem, .......... ) over
time Thelogic for thisisasfolows
Septic system derived phosphorus is of concern where groundwaters discharge
to nutrient limited surface waters. Because phosphorus is not conpletdy consumed in
the unsaturated zone of most conventiond beds, the potentid for phogphorus movement
in groundwater to discharge sites exists  Although phosphorus is attenuated
in both calcareous and non-calcareous subsurface soils, phosphorus
can migrate in environments especially where the contact between
effluent and soil is limited due to macropore flow, rapid flow in
preferential pathways, incorrect siting of the system with regard to
local flow conditions including contrasts between hydraulic
conductivity of tile bed material and native soil and sites with thin
soils overlying fractured bedrock. In addition, phosphorus retention
capacity may be affected by seasonally changing water tables, water
flow and redox conditions which affect phosphate sorption and could
persist even after current septic tile beds are decommissioned.

[F] Predictive modelling:

1) Although predictive modds are not pafect, ndther are messurements.  Actud
biologicd conditions in a lake vay from year to year, as a result of dimaic and other
environmentd vaidions FHdd sampling and (in the case of TP and Cha) laboratory andyss
are not exact processes and involve adegree of error. For these reasons, when used as abass
for lake management decisons, measured data should represent the means of large numbers of
samples over long periods of time therefore the estimates generated by awel cdibrated modd
based on current use and deve opment condiitions can be taken as represanting the long term
means around which messuremants if availadble would vary. This is ofcourse an ided world,
and in the red world of large and complex lake sysems, this daim of accuracy cannot be made
indl casss Even if thereisasgnificant ggp between the predicted and measured trophic Sate
indicators for a particular lake, and some doulbt surrounds the absolute value of the predicted
indicators, the modd will ill indicate the rdative change in trophic date that would result from a
given changein conditions




ii) To dmplify the procedure, we have developed an extensive spreadsheet
model (with approx. 130-140 columns on MS Excd software) of the entire Shubie
headwaters sysem, and we herewith express our willingness to supply you a copy of same
The predictive modd (for phosphorus loading) not only incorporates dl of the Shubie gudiesto
date (indusive of the "70s) but updates them as Dillon & d of Dorset have fine-tuned the
various regresson rdaionships in thar origind DillonRigler modd which was utilized by Hart,
Scatt & Ogden during the late “70s on ahandful of lakes. Our spreadshedt indudes 50 lakesin
the watershed, has background + aerid depostion vaues defined, recent TP loadings
ascartained and compared with any recant rdiable fidd vaues as wdl as the Fuiure-Probable
and the Future-Ultimate vaues were developed. We are d o preparing a control spreadshest
with only a handfu of coumns (15t) which is intercomected with the aforementioned
Soreadsheet aswdl aswith severd others like runoff vaues, other watersheds, etc. This contral
oreadshest can be used by you to obtain answersto “what if?'. You could dso vary the
naturd as wdll as the anthropogenic export coefficents and dengties indusive of any new STPs
a ease in the control soreadshedt, and this would effectivey vary the origind inputs by us and
thus result in new vadues The export codffidents we utilized were locdly derived and
referenced in the various Shubie sudies snce the 70s as wdl as in cartain published work by
Dr. Wdle and his sudents over the las saverd yeas  The flow chat of the Shubie
heedweters covering severd juridictionsis depicted in Appendix 9501-1V.

[G] We further request thet you set firm standards for STP effluent discharging
into lakes or_into streams which flow into lakes, especially w.r.t. phosphorus
concentrations. This should goply to exising STPs as wdl, espedidly those with rdaively
largeloads We are paticularly concearned with the Aerotech STP discharging into the Johnson
brook and which in turn is an inflow to Soldier leke. This STP does not have phosphorus
remova mechaniams  Propaly functioning secondary STPs remove 320% of the TP. In
addition, 80-95% of the TP in the STP efluent is in inorganic form which has high bidogicd
avalaility for dgd growth and depending on tota loading, the effects could be quite dramatic
and pronounced espedidly during the summer months when minimd flushing tekes place in mogt
|akes.

Thereis asdentific methodology to ascertain such impacts and we direct you to a study
conducted on Freshwater Lake in Cape Breton Idand by Dr. Joseph Kerekes (1983) which is
one of the best such publications (cf. Appendix 9501-11).




APPENDIX #9501-1

LAKE CARRYING CAPACITIES

(1) For Cha: In genad, average ice-free Chra conc. up to about 2 ngl indicate low
dgd dendties and an unproductive or nutrient-poor lake (but of "good qudity’ per generd
terminology). lce-free average concertrations below 1 ngyl indicate “high qudity’ per generd
terminology. Average conc. between 2 and
5nyl, dthough moderady high, ae acceptable for svimming and other water cortact
recregtion (“fair qudity’ per generd terminology). However, lakesin thisintermediate range can
experience short term pulses of up to 10 ngl to 12 ngl in wam, cdm periods in
midsummer/fal, produdng agd blooms  Average ice-free conc. exceading 5 ngl are high; a
these levds waer qudity for svimming and other waer contact recregtion frequently
Oeteriorates, and aesthetic qudity dedines

(2) Dillon and Rigler (1975) Based on long-range plans for the lake, decide
wha the maximum permissible average summer chlorophyll a concentration
should be. The planning agency may pick any intermediate levd should it so desire subseguent
to intensve public conaultations, and based on the sad vaues, the planning agency sets the
zoning regulations

Level 1: Cha= 2 mgin3

For lakes to be used primarily for body contact weter recregtion, where it is
desirable to mantain hypolimnetic concentrations of oxygen in excess of 5 mg/l
to preserve cold weter fisheries  The lake will be extremdy dear with ameen
Secchi disc vighility of 5 m and will be very unproductive. (Note- the Secchi
disc vighility may be lower in brown weter [dystrophic] lekes).

Level 2. Ch a=5mgn3

For lakes to be used for water recregtion but where the presarvation of cold
waer fisheries is not imperdive  The lake will be moderaidy productive and
correspondingly less dear, with amean Secchi disc vighility of 2-5m

Level 3. Ch a= 10 mg/n®3

For lakes where body contact recredtion is of little importance, but emphasisis
placed on fisheries (bass, ydlow perch,.......). Hypolimnetic oxygen depletion
will be common. Secchi disc depths will be low (1-2 m), and thereisadanger
of winter kill of fishin shdlow lakes.




Levd 4 Cha=25mgn?

SQuitable only for warmwater fisheries. Secchi disc degpth <1.5 m, hypolimnetic
oxygen depletion beginning early in summer, consderable danger of winterkill of
fish except in deep lakes.

(3) Reckhow and Simpson (1980) Whilethis method is based on the eforement

tioned DillonRigler modd which is derived from a highly homogeneous st of lakes the modd
indudes a fairly wide range of lakes within the north tenperate dimatic zone (TP conc. whole
yr= 0.004- 0135 mg/L, TP loading= 0.07- 314 g/m-yr, and ared water loading= 0.75-
187.0 miyr). In addition, this modd permits the quantification of prediction uncertainty, and it
indicates to the user how vduable (cartain) the information isthet is provided by themodd. The
following TP vaues are the whole year averages

(1991)

TP<0.010 mg/L

Suitable for water based recregtion and propagaion of cold water fisheries
such astrout. Vey high darity and aestheticdly pleesing.

TP =0.010-0.020 mg/L

SQuitable for water based recregtion but not for cold water fisheries. Clarity less
than above.

TP =0.020-0.050 mg/L

Limited totd body contact suitability, based upon dther loss of aesthetic
properties or possble hedth hazards. Generdly very productive for warmwater
fidheries

TP>0.050 mg/L

A typicd "old aged" lake in advanced successon.  Some fisheries, but high
levels of sedimentation and adgae or macrophyte growth may be diminishing
open water surface area,

(4) Ontario Ministry of the Environment Objectives and Guidelines

To avaid nuisance agae concentrations in lakes, tota P should not exceed 20 m
gl

To protect againg aesthetic deterioration in lakes, totd P should not exceed 10
nyl.

To avoid excess plant growth inrivers & dreams, totd P should not exceed 30
nyl.



(5 Hutchinson, Neary and Dillon (1991) The Trophic Satus Modd (TSM)
of Ontario's Lakeshore Cgpadity Study is a refinement of the Dillon-Rigler (1975) modd for
predicting totd phosphorus concentration and severd trophic datus indicators in lakes.
Applying arbitrary guidelineswill result in the loss of lakes of exceptionally high
guality and theloss of a diversity of water quality.

The modd introduces the concept of a numericd objective (say, a 50% or 100%
increase over background concentration), but the absolute change has to be specific for each
lake. The background vaue represants phosphorus loading only from naturd sources in the
watershed and from precipitetion inputs directly to the lake surface. For example, in alake with
a background concentration of 0.004 mg/L, 50% and 100% increases would result in 0.006
and 0.008 mg/L. Changesin Ch a and Secchi depth would be perceptible, but would produce
minima changes in aesthetic qudity or hypalimnetic oxygen deficit conpared with dlowing the
same lake to increase to 0.010 mg/L. In lakes with higher background concertrations (eg.
0.014 mg/L), 50 and 100% increases could produce aesthetic imparment or dgd blooms
where none exiged before. 1n such a case amaximum of 0.020 mg/L could be imposed rather
than 0.021 or 0.028 mg/L.

Indeed, there exists a proposal to implement such a methodology by the
Ontario Ministry of the Environment & Energy though it is only in a draft
form to date (cf. Appendix 9501-111).




APPENDIX #9501-11

REFERENCES

Dillon, PJ, and FH. Rigler. 1975. A smple method for predicting the capecity of alake for
development based on lake trophic Satus. J. Fish. Res. Board Can. 32: 1519-1531.

Dillon, P.J,, K.H. Nichalls W.A. Scheider, N.D. Yan, and D.S. Jffries 1986. Lakeshore
Capacity Sudy. Trophic Saus Min. of Mun. Affars, Ontario. 90 pp.

Hutchinson, N.J,, B.P. Neary, and P.J. Dillon. 1991. Vdidation and use of Ortario's Trophic
Saus Modd for esablishing leke development guiddines Lake and Resarv. Manage
7(1): 13-23.

Kerekes, J. 1983. Predicting trophic response to phosphorus addition in a Cgpe Breton Idand
Lake InProc. N.S. Ingt. Sci. 33: 7-18.

OECD. 1982. Eutrophication Of Waters. Monitoring, Assessment And Contral. Organization
for Economic Co-operation and Devdopment, Paris. 154 pp.

Ontario Minidry of the Environment. Water Management, Nov. 1978, rev. May 1984.
Provindd Water Qudity Objectives and Guiddines July 1991.

Ontario Minigry of the Environment, Water Resources Branch, Limnology Section. Nov. 1,
1990. Proposd for a palicy to dandardize MOE response to lakeshore devdopment
proposds. 24 p.

Reckhow, K.H., and JT. Smpson. 1980. A procedure usng modding and eror andyss for
the prediction of lake phogphorus concentration from land use informetion. Can. J. Fish.
Aquat. Sai. 37: 1439-1448.

Soil & Water Consarvation Sodety of Metro Hdifax. 1993, Compendium of Synopssand
Brifs beng extracts from credible literature in Theoreica/Applied Limnology with
emphed's on Lake Restoration/Management. 135 p.: ill.



