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ABSTRACT 

1984. Whole lake chemical additions in the Experimental 
1969-1983. Can. Data Rep. Fish. Aquat. Sci. 449: iv + 23 

Whole lake manipulations involving chemical additions simulating lake 
eutrophication and acidification in Experimental Lakes Area lakes have been 
conducted since 1969. Fertilization of lakes 226, 227, 230, 261, 302, 303 and 
304 occurred from 1Qo9 to 1980. The nutrients nitrogen, phosphorus anrl carbon 
were added in various ratios and combinations. Acidification using sulfuric 
acid has been conducted in three lakes (L114, L223, L302S) and with nitric 
acid in L302N. This data report outlines the quantities and methods used at 
ELA. 

Key words: manipulations; acidification; fertilization 
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RESUME 

1984. Whole lake chemical additions in the Experimental 
1969-1983. Can. Data Rep. Fish. Aquat. Sci. 449: iv + 23 

Depuis 1969, on a manipule des lacs entiers en versant des produits 
chimiques dans certains lacs de la region des Lacs experimentaux pour en simu
ler l'eutrophisation et 1 'acidification. De 1969 a 1980, on a procede a la 
fertilisation des lacs 226, 227, 230, 261, 3M, 303 et 304, en y ajoutant 
diverses quantites et combinaisons d'elements nutritifs, notamment de 1 'azote, 
du phosphore et rlu carbone. Trois lacs (L114, L223 et L302S) ont ete acidi
fies a 1 'aide d'acide sulfurique et un (L302N) a 1 'aide d'acide nitrique. Ce 
rapport donne les quantites et les methodes utilisees dans la region des Lacs 
experimentaux. 

Mots cles: manipulation; acidification; fertilisation 



INTRODUCT ION 

Hhole · lake :nanipulations have been con
dllcted at the Experimental Lakes Area since 1969 
beginnin!] with the L227 eutrophication experi
ment. 

The acidification of L223 was designed to 
moni tor the cilanges in a lake's water chemistry 
and aquatic life as it becomes acidic (Schindl~r 
et al. 1980; Schindler and Turner 1982). The 
t.arget pH for each year was 6.0 for 1977, 5.85 
for 1978, 5.50 for 1979, 5.25 for 1980 and 5.00 
for 1981-83. Acid was added as needed (Table 2, 
I\ppendix 1) to ITldintain the target pH. Several 
large additions were made in early Mayas soon 
as the ice cover melted. These large additions 
were required to bring the pH down to its target 
pH. Throughout the open water season 1-3 smal
ler additions were made each ~Ieek to maintain 
the epilimnion around its target pH. The mean 
time-wei!]hted pH w~s up to 0.4 pH units greater 
than the target pH. 

The additions of nitrogen, phosphorus and 
carbon to L226NE, and ni trogen and carbon to 
L226SW determined that phosphorus was the limit
in!] nutrient in lake eutrophication (Schindler 
1977). Levels of eutrophication were studied 
using various nitrogen to phosphorus ratios. 
The input of N:P in various ratios to the level 
of eutrophication was studied in lakes 227, 226, 
303 and 304. Nitrogen fixation by blue-green 
algae occurred in N:P ratios of less than 15:1 
(Flett et al. 1980; Levine, Ph.D. thesis). 

In L302N, nutrients were injected into the 
hypolimnion below the thermocline (Schindler et 
al. 1980). The thermocline acted as an effec
tive barrier with nutrients being confined 
largely to the hypolimnion. During 1979 and 
1980 mixing between the basins occurred. In 
June, 1981 a curtain was installed separating 
the basins again. Water chemistry comparisons 
were done between the basins for one year. In 
1982, the acidification experiment that is in 
progress was des i gned to determi ne the effects 
of nitric acid, a major component of acid rain 
and little studied in lakes in comparison to 
sulfuric acid. The experiment is designed so 
that the same amount of H+ ion is added to each 
basin. Enough sulfuric acid is added to L302S 
to achieve its target pH. Nitric acid is then 
added to L302N in quantities that give the north 
basin the same input of H+ ion as the south. 
This calculation also takes into account the 
epilimnion volume differences hetween the 
basi ns. 

In the L230 experiment nitrogen and phos
phorus were added under the ice in the same 
ratios as L227. It showed that an algal bloom 
would result prior to spring overturn (Schindler 
unpublished data). 

The addi t i on of phosphorus on ly to L261 
was dn attempt to determine if phosphorus alone 
would eutrophy a lake. It resulted in no chan!]e 
in primary productivity (Fee 1979). 

This data report details the fertilizer 
and acid additions made to ELA lakes to date. 

METHODS OF ADDITION 

Fertilizer additions were ITldde using three 
methods: "Boat Method", "Barrel Method" and the 
"Raft i'lethod". The "boat method" 11as used from 
1969 to 1974 and the "barrel method" from 1974 
to 1983. The "raft metilOd" was used only in the 
L302N hypolimnetic nutrient injection experi
ment. 

Acid additions 11ere made Iising tl10 
methods. The "prop-wash mix method" was IJsed 
from 1976 to 1978; and from 1979 to rresent, the 
"prop-tube mix method" has heen employed. 

"Boat Method" 

The chemicals were placed directly in a 
3-m fiberglass boat \1hich was powered by a 9.5 
hp motor. The drain plug in the transom was 
then removed until the boat became one-third 
filled with water. The contents were stirred 
until the chemicals were dissolved. With the 
pl ug removed, the boat was then dri ven around 
the lake fast enough so that the dissolved chem
icals emptied int.o the lake by the venturi ef
fect. A piece of wire screening in front of the 
drain hole prevented large pieces of undissolved 
sodium nitrate from being washed · out. The pro
cess wa s repeated 3 to 6 times tak i ng 30-90 
minutes depending on water temperature (Schind-
1 er et a 1. 1971). 

"Ba rre 1 Method" 

Chemicals were added to the lake using a 
point-source gravity-feed method. A 202 L poly
ethylene barrel was positioned close to the 
shoreline (Fig. 1). Chemicals were added to the 
barrel and dissolved in water from the lal(e. A 
piece of screening was placed around the inside 
of the barrel bottom to prevent any large pieces 
of fertilizer from plugging the line. Origin
ally, in 1975 the nutrient solution was siphoned 
out of the ba rre 1 (Shea rer, persona 1 cOlTYl1un i ca
tion). However siphoning was replaced later in 
1975 by the following method. The barrel ilad a 
drain near the bottom to which tygon tubing was 
attached. The nutrient solution then drained 
into the lake by gravity flow through tubing 
extending from the hot tom of the barrel into the 
lake at a depth of 15-60 cm. Flow was regulated 
by a clamp. The nutrient solution was distri
buted over the lake by lake water movements. 
Flow was regulated so that it took about 3 days 
to empty the barrel. Nutrient additions were 
usua lly made on a week ly bas is subsequent to 
water chemistry samrling. 

"Raft method" 

This method was designed to inject nutri
ents into the hypolimnion of L302N. I\dditions 
were made using a 202 L barrel mounted on a raft 
anchored near the deepest poi nt of the north 
basin. Fertilizer was placed in a fine-screened 
hopper in the barrel and dissolved in water 
pumped from a depth of 8 m, which was well below 
the thermocline (Fig. 2). The outlet of the 
barrel, which drained the nutrients back to the 
hypolimnion, was located 1 m below the inlet and 
on the opposite side of the raft. Screens in 
the barrel kept undissolved fertilizer from 



heing \1ilshec1 into the hypolionnion (Schindler et 
a 1. 1980). 

"Prop-wash mix method" 

I'Ici ri was added by s 1 0\11y pouri nG concen
trateri H2S(h over the rear of a movi nG boat, 
into the prop-wash of a 15 hp outboard motor 
running at flill throttle. The la ~ e was criss
crosserl several times dJring the acid addition. 
Physical mixing st udies of lakes in tile area 
(Quay et al. 1973 ) indicated that the acid 
should have been homogeneously mixed in the 
epilimnion within a few hours of addition 
(Schin::!l er et al. 1980). 

"Prop-tube mi x method" 

A rack constructec1 of wood was placed on 
the gum~ales of a fiberglass boat so that the 
cornpartments for holdinG the acid carboys are 
overhanginG the sides of the boat (Fig. 3a-b). 
A piece of 3/4" tygon tubing was inserted into a 
11/16" hole drilled into a carboy cap. The cap
tube assembly was screwed on the carboy and the 
carboy was then inverted in the rack compart
Illent. The tube lenGth was determined by the 
distance from the rack to the position in the 
prop \1ash where maximum mixing occurs (Fig. 
3c). The boat \~as dri ven a round the 1 ake at 
full speed criss-crossing the lake several 
times. A variation of cap tube assembly was 
used in the nitric acid c1rum screw-cap. However 
an air-bleed line was also necessary because of 
the air-tight seal. 

SOURCES OF NUTRIENT AND ACIDS 

All bulk chemicals were obtained from two 
Winnipeg firms (C-I-L Ltd. and Harrisons & 
Crossfield Ltd.). Prices quoted are in 1983 
dollars. 

The sulfuric acid (H2S04) used in acidifi
cation manipulations of U14 (Table 1), L223 
(Table 2) and 302S (Table 9) is a 36N electro
lytic gra~e acid. with . a specific gravity of 
1. 835 goL-. It lS avaIlable ln 18 .9 L plastlc 
cubitainers and costs $0.40.kg- 1 or $13.60 a 
carboy. The acid 11as moved to 302S via snow
mobile and to L223 by helicopter. The acid 
cubitainers were stored off the ground under 
tarps. There seems to be no effect on the acid 
in regard to storage time or freezing. Exposure 
of the acid to ultra-violet light causes the 
acid to darken in colour. This is caused by 
u.v. light breaking do~m the plastic container 
and releasing organics into the acid. There is 
no effect on the aci d strength by thi s process. 
Our analys is shows that thi s grade of sulfuric 
acid contains in s ignificant amounts of heavy 
met als in the quantities added to the lake 
(Table 12). Using the Al ana lysis from Batch C 
as a worst case example we contribute only 12.2 
grams

l 
of Al to L223 per year. Thi s is 0.13 

~goL- of Al added to the epilimnion which is an 
insignificant amount. The fl}ean epilimnion value 
of Al ln L223 IS 40.8 ~GoL- ln 1982. The var
iance in batches is probably due to contamina
t i on at the factory or by our handl i ng methods. 
In any case, the c1ifferent batches do not affect 

2 

heavy metal concentrations in any of the acidi
fied lakes. 

The nitric acid (HN(}3) used in L302N is a 
16N 40 ° Be technical grade acid. Its assay 
(HN03) is guaranteed to be not 1 ess than 61.38~' 
and to have a mean of 62.84%. It is available 
in 49.2 L stainless steel drums each weighing 77 
kg ~nd has a specific mean gravity of 1.51 
go L -. The drum has a $250.00 depos it with the 
acid costing $0.61 okg- l or $47.00odrum- l

. 

The nitric acid also had insignificant 
amounts of heavy metals (Table 12) in the quan
tities added to the lake. 

Nutrients used in fertilization experi
ments were either flown in by helicopter or 
moved in by snowmobileo They were stored off 
the ground under tarrs with only enough for each 
year bei ng ordered at a time. The sucrose 'I/as 
stored in 1 arge cul verts with steel bars at the 
ends to prevent bears from eating the sucrose. 

The nitrogen source used in L226NE (Table 
3), L226SW (Table 4), L227 (Table 5), L230 
(Table 6) , L303 (Table 10) and L304 (Table 11, 
1975-1976) was sod ium nitrate (NaN03). Th is was 
a commercially available fertilizer tha\ comes 
in 25 or 45 kg bags, and costs $0.54 okg-. The 
nitrogen source used in L302N (Table 8) and L304 
(Table 11 1971-1974) was ammonium chloride 
(NH 4 Cl). 

The phosphorus source used in 1 akes 227, 
230, 261 (Table 7), 302N, 303 and 304 wa s phos
phoriC acid (H3P04). l4e used a 85% food Grade 
that camelin 22.7 L (32 k~) cubitainers and cost 
$2.00 okg-. The phosphorlc aCld was stored year 
round in a heated area to prevent it from freez
ing, and transported as necessary to the various 
1 ak es. 

The carbon sou rce used in lakes 226NE. 
226Sl4, 302N and 304 11as sucrose (CI2H2201tl. 
The brand tJsed was Manitoba Sugar and it came in 
11 kg bags. 

SAFETY MEASURES AND PROBLEMS 

All the acids used \~ere extremely corro
sive and the following safety procedures \~ere 
follOl·/ed for each addition. Additions Itere car
ri ed out by one or two persons depend i ng on the 
quantities added. Two persons were required for 
the nitric acid additions because of the weight 
and awkwardness of the drum design. Each person 
wore acid resistant neoprene jackets, pants, 
gauntlets and boots. In addition a clear acid 
resistant face shie ld was worn at all times. A 
tube of sodium bicarbonate (NaHC03) solution \1aS 
prepared before any acid is handled. This Itas 
so the person can neutralize any spi lls immedi
ately. This NaHC03 solution wa s also carried in 
the boat as the aci d was bei ng added. When 
additions were completed, acid carboys, acid 
suits and the boat 11ere rinsed out with the bi
carbonate solution. The solution us ed in the 
neutralization was poured back in the tub and 
deposited on the shore so that very 1 ittle bi
carbonate solution reached the lake. 



There were some probl ems to watch for. 
The sulfuric acid carboys were enclosed in card
Iloard cartons that tended to break up from acid 
leakage, rain, etc. This created a disposal 
proble,n because of the remoteness of the lake. 
l'Je obtainec1 a fire permit and burned our boxes 
in a 45 gallon gas rlrum unrler controlled condi
t ions. Persons "'ho hand 1 ed the ac i d had to he 
cautious due to occasional carboys splitting 
open. The tygon tubing sometimes falls out of 
the cu p or get.s caught in the prop so a spare 
WdS kept in the boat. 

During 1932 and 1983 our nitric acid drums 
were stored at the previ ous experi ment 's fert i-
1 i zer site. The ground cover \~as composed of 
organic matter such as needles, [Jeat and humus. 
One uru,n stored on its side leaked with the 
result being a small fire. Fortunately, this 
was disc overed before much damage occurred. The 
acid dump is now located on a bare rock point. 

Th e ni t ri c aci d gi ves off sOlne tox i c fumes 
so a respi rator lOask was requi red when 1 arge 
quantities were being added. Each drum weighs 
77 kg when full and therefore provided balancing 
probl ems in the boat. This can be avoided if a 
wide boat is employed. 

In order to ensure that a lake is kept at 
its target pH, four to five daily measurements 
are required per week. This is especially true 
in spring and fall when large quantities of acid 
are requi red to keep the lake near its target 
pH. At ELA, our pH samples are taken using a 
volunteer system, coordinatec1 by the field tech
nlClan, involving any project member visiting 
that lake during a day. 
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Table 1. L114 acid arlditions 1
• 

Year Date 

1979 Jul 23 - Oct ~5 
(4 additions) 

1980 May 13 - Sep 29 
(7 additions) 

1981 May 11 - Sep 28 
(6 additions) 

1982 May 17 - Oct 4 
(6 additions) 

1983 May 23 - Oct 10 
(6 addit ions) 

Tota 1 

ldetails of additions in Appendix 1 
2each addition was 33.6 L H2SO4 

Sulfuric acid 

L it res 
added 

134.4 

235.2 

201.6 

201.6 

201.6 

974.4 

Kg H2S04 
added 

242 

423.5 

363 

363 

363 

1 754.5 

Ti me-~'/ei ghted 
Mean 

Epilimnion 
pH 

5.82 

6.11 

6.05 

5.90 

5.94 

Method of 
addition 

Prop-tube 

Prop-tube 

Prop-tube 

Prop-tube 

Prop-tube 

N.B. Method for pH determination was changed in July, 1980, therefore values prior to 1981 ~ be a little 
lower than those reported here. 

~ 



Table 2. L223 acid additions l • 

Year Date 

1976 

1977 May 4 - Oct 17 
(17 additions) 

1978 May 8 - Oct 23 
(6 additions) 

1979 May 21 - Oct 29 
(45 additions) 

1980 May 5 - Oct 20 
(33 addit ions) 

1981 May 6 - Oct 22 
(35 additions) 

1982 May 5 - Oct 26 
(38 additions) 

1983 May 10 - Oct 28 
(30 additions) 

Total 

ldetails of additions in Appendix 2. 

Sulfuric acid 

Lit res 
added 

5 537.8 

2 910.6 

3 777.4 

2 816.1 

3 099.6 

3 553.2 

3 458.7 

2 230.2 

27 383.6 

Kg H2S04 
added 

9 968 

5 239 

6 799 

5 069 

5 576 

6 392 

6 222 

4 014 

49 290 

Ti me-~;lei ghted 
Mean 

Epilimnion 
pH 

6.49 

6.13 

5.93 

5.64 

5.59 

5.02 

5.09 

5.13 

Method of 
addition 

Prop-wash mix 

Prop-wash mix 

Prop-wash mix 

Prop-tube mi x 

Prop-tube mix 

Prop-tube mix 

Prop-tube mix 

Prop-tube mix 

N.B. Method for pH determination was changed in July, 1980, therefore values prior to 1981 may be a little 
lower than those reported here. 

(J1 



Table 3. L226NE fertilizer additions. 

Sodi urn ni trate Sucrose PhosQhoric acid 

Yea r Date Kg. ~Ik - 1 Tot a 1 Kg N.wk- 1 Total Kq.wk- 1 Total K!) l' Tota 1 L'I-Ik- 1 Total L K!)· K() ~. Total \1eth od of 
k!) Kg N Kg \·,k- v.g c: 14k - 1 \·Ik - Kg P il-:J diti on 

----------_._-- ---------

1973 May 21 - Oct 2 45.4 953.4 7.5 157.3 34.0 714 14.3 299.9 3.1 65.1 5.3 1.4 29.4 Boat 
(20 additions 
in 21 wk) 

1974 May 21 - Oct 9 45.4 953.4 7.5 157.3 34.0 714 14.3 299.9 3.1 65.1 5.3 1.4 29.4 Boat 
(21 additions) 

1975 May 12 - Sep 24 45.4 908 7.5 150.0 34.0 680 14.3 286.3 3.1 62 5.3 1.4 28.0 Soa t /ba rre 1 
(20 additions) 

'" 
1976 May 24 - Oct 4 45.4 908 7.5 150.0 34.0 680 14.3 286.3 3.1 62 5.3 1.4 28.0 Ba rre 1 

(20 additions) 

1977 May 25 - Oct 5 45.4 908 7.5 150.0 34.0 680 14.3 286.3 3.1 62 5.3 1.4 28.0 Barrel 
(20 adrlitions) 

1978 May 17 - S ep 27 45.4 908 7.5 150.0 34.0 680 14.3 286.3 3.1 62 5.3 1.4 28.0 Sa rre 1 
(20 addit ions) 

1979 May 30 - Oct 10 45.4 908 7.5 150.0 34.0 680 14.3 286.3 3.1 62 5.3 1.4 28.0 8a rre 1 
(20 additions) 

1988 May 7 - Sep 16 45.4 908 7.5 150.0 35.0 700 14.7 294 3.1 62 5.3 1.4 28.0 fla rre 1 
(20 additions) 

Total additions 1973-1980 7 354.8 1 214.6 5 528 2 325.3 502.2 226.8 

----- -------------



Table 4. L226SW fertilizer additions. 

Sodi urn ni t ra te NaNO 3 Sucrose C 

Year Date Kg'wk- 1 Total Kg N.wk- 1 Total Kg·wk- 1 Total Kg C· Total 
kg Kg N Kg wk- I Kg C Method of addition 

1973 May 21 - Oct 2 45.4 953.4 7.5 157.3 34.0 714 14.3 299.9 Boat 
(20 addi t ions) 

1974 May 21 - Oct 9 45.4 953.4 7.5 157.3 34.0 714 14.3 299.9 Boat and ba rre 1 
(21 additions) 

1975 May 12 - Sep 24 45.4 908 7.5 150.0 34.0 680 14.3 286.3 Barrel 
(20 additions) 

....., 
1976 May 24 - Oct 4 45.4 908 7.5 150.0 34.0 680 14.3 286.3 Barrel 

(20 additions) 

1977 May 25 - Oct 5 45.4 908 7.5 150.0 34.0 680 14.3 286.3 Ba rre 1 
(20 additions) 

1978 May 17 - Sep 27 45.4 908 7.5 150.0 34.0 680 14.3 286.3 Barrel 
(20 additions) 

1979 May 30 - Oct 10 45.4 908 7.5 150.0 34.0 680 14.3 286.3 Barrel 
(20 add it ions) 

1980 May 7 - Sep 16 45.4 908 7.5 150.0 35.0 700 14.7 294 Barrel 
(20 add it ion s ) 

Total additions 1973-1980 7 354.8 1 214.6 5 528 2 325.3 
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Table 5. L2?7 Fertilizer additions. 

Sodium nitrate NaN03 Phosphoric acid H3P04 

Year Date :<g'wk- 1 Total Kg N.wk- 1 Total L .wk - 1 Total Kg. Total Kg p. Total Method of 
kg Kg N L \~k - 1 Kg wk- 1 Kg P Addition 

- -.-- _ . __ ._-- -

1969 1 Jun 26 - Oct 16 90.7 1 542.;;> 15.0 254.5 77 .1 1.18 20.0 Boat 
(17 1,Iepk ly 
,1d1i t ions) 

1970 :~ay 26 - Oct 13 90.7 1 905 15.0 315 2.5 52.5 4.25 89.25 1.14 24.0 Boat 
(21 "eek ly 
adrlitions) 

1971 ;~ay 18 - Oct 5 90 .7 1 905 15.0 315 2.5 52.5 4.25 89 .25 1.14 24.0 Boat 
(21 week ly 
additions) 

1972 May 16 - Oct 3 90.7 1 905 15.0 315 2.5 52.5 4.25 89.25 1.14 24.0 Boat 
(21 ~Ieek ly 
addit ions) 

1973 May 22 - Oct 8 90 .7 1 905 15.0 315 2.5 52.5 4.25 89.25 1.14 24 .0 Boat 
(21 we ek ly 
additions) 

1974 May 21 - Oct 9 90.7 1 905 15.0 315 2.5 52.5 4.25 89 . 25 1.14 24.0 Goat 
(21 \~eekly 
additions) 

1975 May 13 - Sep 25 34.0 680.4 5.61 112.2 2.5 50.0 4.25 85.0 1.14 22.8 Barrel 
(20 week ly 
arldit ions) 

1976 May 25 - Oct 5 34.0 680.4 5.61 112.2 2.5 50.0 4.25 85.0 1.14 22.8 Barrel 
(20 weekly 
arldit ions) 

1977 May 26 - Oct 6 34.0 680 .4 5.61 112.2 2.5 50 .0 4.25 85 .0 1.14 22.8 Barrel 
(20 week ly 
addit ions) 

1978 May 9 - Sep 19 34.0 680.4 5.61 112. 2 2.5 50.0 4.25 85.0 1.14 22.8 Barrel 
(20 week ly 
add itions) 

1979 [>lay 29 - Oct 9 34.0 680.4 5.61 112.2 2.5 50.0 4.25 85.0 1.14 22.8 Sa rre 1 
(20 weekly 
addit ions) 

1980 May 6 - Sep 16 34.0 680 .4 5.61 112.2 2.5 50.0 4.25 85 .0 1.14 22 .8 Ba rre 1 
(20 week ly 
addit ions) 

1981 r~ay 4 - Sep 15 34.0 680 .4 5.61 112.2 2.5 50.0 4.25 85 .0 1.14 22.8 Sa rre 1 
(20 week ly 
additions) 

1982 May 11 - Sep 21 34.0 680 .4 5.61 112. 2 2.5 50.0 4.25 85 .0 1.14 22.8 Ba rre 1 
(20 week ly 
additions) 

1983 May 11 - Sert 20 34.0 680 .4 5.61 112.2 2.5 50 .0 4.25 85 .0 1.14 22.8 Barrel 
(20 week 1y 
additions) 

Tota 1 additions 1969-1983 17 198.8 2 610 .3 712.5 325.2 

1 1969 phosphorus source was NaHP0 4 
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Table 6. L230 fertilizer additions. 

Year Date 

1974 December 
(single addition) 

1975 November 4 
(single addition) 

Total additions 

Sodium nitrate 
Kg NaNO 3 Kg N 

544 89.6 

726 119.8 

1 270 209.6 

Phosphoric acid 
L H 3P04 Kg P 

18 L 8.23 

18 L 8.23 

36 L 16.46 

Method of 
Addition 

Under ice* 

Under ice 

*nutrients were mixed in barrel on the ice then distributed under the ice by 
a pump 
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Table 7. L261 fertilizer additions. 

============================================================== 

Phosphoric acid 

Year Date L.wk- 1 Total Kg.wk- 1 Total Kg p. Total Method of 

L Kg wk- 1 Kg P Addition 

1973 May 22 - Oct 8 1.5 31.5 2.55 53.55 0.69 14.4 Boat 
(21 additions) 

1974 May 15 - Oct 2 1.5 31.5 2.55 53.55 0.69 14.4 Boat 
(21 addit ions) 

1975 May 21 - Oct 1 1.5 30.0 2.55 51.0 0.69 13.8 Barrel 
(20 additions) 

1976 t~ay 19 - Oct 6 1.5 30.0 2.55 51.0 0.69 13 .8 Barrel 
(20 additions) 
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Table 8. L302N fertilizer and acid additions. 

Time-weighted 
Arrononium chloride Sucrose Phos~hori c aci d Nitric acid Mean 

Tota 1 Kg Total Tota 1 Kg Total Total Tota 1 Kg Tota 1 L Kg epi 1 imnion Method 
Year Date Kg.wk- I Kg N·wk- I Kg N Kg.wk- I Kg C·wk- I Kg C L· wk- I L Kg.wk- I Kg P·wk- l Kg P added HN03 pH of addition 

1972* Jun 8 . Sep 14 68.0 I 020.6 17 .8 267.2 56.7 850.5 23.8 357.2 7.5 112.5 12.75 191. 3 3.43 51.4 Raft 
( 15 weekly 
additions) 

1973 * May 21 - Sep 24 68.0 I 292 17 .8 338.5 56.7 I 077 23.8 452.2 7.5 142.5 12.75 242.3 3.43 65.2 Raft 
(19 weekly 
additions) 

1974 ° Jun 25 - Sep 18 90.7 I 361 23.8 356.5 71.8 I 077 30.2 452.2 10.0 150 17.0 255 4.57 68.6 Raft 
(15 week ly 
addi t ions) 

1975 May 28 -Sep 90.7 I 361 23.8 356.5 80 I 200 33.6 504 10.0 150 17.0 255 4.57 68.6 Raft 
(15 weekly 
additions) 

1976 May 26 - Sep 90.7 I 361 23.8 356.5 80 I 200 33.6 504 10.0 150 17.0 255 4.57 68.6 Raft 
(15 weekly 
addit ions) 

1978 May 16 - Aug 23 90.7 I 361 23.8 356.5 80 I 200 33.6 504 10.0 150 17.0 255 4.57 68 .6 Raft 
(15 weekly 
addit ions) 

1981 (no add i t ions) 

1982 Jun 29 - Oct 2 282.9 3 424.4 6.71 Prop-tube 
(14 week ly 
addi t ions) 

1983 11ay 23 - Oct 24 2 463.3 3 690.5 6 .34 Prop-tube 
(26 week ly 
addi t ions) 

Total additions 7 756.6 2 031. 7 6 604.5 2 773.6 855 I 453.6 391 4 746.2 7 114.9 

*no curtain 
°curtain in July 



Table 9. L302S acid additions. 

Year Date 

1981 (no additions) 

1982 Jun 29 - Oct 5 
(14 additions) 

1983 May 23 - Oct 24 
(26 additions) 

Sulfuri c aci d 
Litres Kg H2S0 4 
added added 

1 228.5 2 211. 3 

1 107.7 1 993.9 

Time-weighted 
Epil i mni on 

pH 

6.75 

6.25 

5.86 

Method of 
addition 

Prop-tube 

Prop-tube 

I-' 
N 



to 

Table 10. L303 fertilizer additions. 

Phosphoric acid H 3 PO 4 Sodium nitrate NaND3 

Year Date L • wk - 1 Tot alL Kg Total Kg p. Total Kg.wk- 1 Total 

H 3P04 H 3PO,!" Kg wk- 1 Kg P Kg NaND 3 Kg N .wk- 1 Total Kg N Method of addition 
wk- H 3P04 

...... 
w 

1975 May 14 - Sep 24 2.2 44 3.74 74.8 1.01 20.1 90.7 1 814 15.0 300 Barrel 
(20 weekly additions) 

1976 May 19 - Oct 6 2.2 44 3.74 74.8 1.01 20.1 90.7 814 15.0 300 Barrel 
(20 weekly additi ons) 

Total additions 1975-1976 88 149.6 40.2 3 628 600 



Tabl e 11. L304 fertilizer additions. 

Arrroonium chloride Sucrose 

Total Kg Total Total Kg Tota I 

Year Date Kg.w\(_l Kg N.wk- I Kg N Kg.w\(_1 Kg C w\(_1 Kg C 

1971 May 26 - Oct 13 34 714 8.91 187.1 22.7 476 9.53 200.1 

(21 week Iy 

addit ions) 

1972 May 24 - Oct 34 680 8.91 178.2 22.7 454 9.53 190 .5 

(20 weekly 

additions) 

1973 May 16 - Oct 34 714 8.91 187.1 22.7 476 9.53 200.1 

(21 week Iy 

additions) 

1974 May 15 - Oct 34 714 8 .91 178.2 22.7 476 9.53 200.1 

(21 weekly 

additions) 

1975 May 14 - Sep 24 

(20 weekl y 

addi t ions) 

1976 11ay 19 - Oct 

(20 Iteek Iy 

additions) 

Total additions 1971-1976 2 822 739.5 1 882 790.8 

-

Ph osp hori c aci d 

Total Total Kg Tota I 

L.w\(- I L Kg.wk- I Kg P·wk- I K9 P 

1.5 31.5 2.17 45.5 0.685 14.4 

1.5 30 2.17 43.4 0.685 13.7 

4.0 80 6.8 136 1.83 36.6 

4.0 80 6.8 136 1. 83 36.6 

22 1. 5 360.9 101. 3 

Sodium nitrate 

Tota I 

1 
Kg'wk- Kg 

158.8 3 175 

158.8 3 175 

6 350 

Kg 

N .w\( 

26.2 

26.2 

Total Method of 

Kg N addition 

Boat 

Boat 

Boat 

:;; 

Boat 

52.4 Barrel 

52.4 Barre I 

104. 8 
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Table 12. Heavy metals analysis of added acids. 

Parameters 
analysed 

Fe 

Mn 

Cu 

Hg 

Zn 

Al 

Pb 

Cr 

HN03* 
1981 

L- 1 \1g. 

2 990 

40 

2 870 

540 

370 

590 

370 

11 500 6 250 

148 100 

41 29 

3.2 6.2 

11 86 

16 87 

A-B samples from 2 different batch numbers 
C-O samples from 2 different batch numbers 

26 700 28 300 

217 321 

110 90 

0.2 0.2 

150 32 

1 490 34 400 

*sample analysed by F.W.I. heavy metals lab prior to purchase 

H2S0 4 

L223D 
\1g. L - 1 

26 700 

233 

75 

0.6 

200 

6 910 
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Table 13. Physical characteristics of manipulated ELA lakes. 

= 

Lake 

114 
223 
226NE 
226SW 
227 
230 
261 
302N 
302S 
303 
304 

Surface 
area 

(ha) 

12.10 
27.27 
8.33 
7.77 
5.00 
1.67 
5.57 

12.80 
10.90 
9.93 
3.62 

2.07 
19.51 
4.72 
4.89 
2.21 
1.04 
1.60 
7.32 
5.54 
1.50 
1.15 

Mean 
depth 

(m) 

1.7 
7.1 
5.7 
6.3 
4.4 
5.9 
2.9 
5.7 
5.0 
1.5 
3.3 

Maximum 
depth 

(m) 

5.0 
14.4 
14.7 
11.6 
10 .0 
13.6 
9.6 

13.8 
10.6 
2.5 
6.7 

• 
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Fi g . 1. "Barrel method" 
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Top 
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Spray Screened 
Pi pe -4-~~~,?:~~~wrtrT Hopper 

Lake 
Surface 

,. Outlet 
/'/\\ Line 

Fi g. 2. "Raft method" 

.. 

Pump 

~ 

Inlet 
Line 
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Boat 

Fi g. 3A 

Acid carboy 

19 

Acid carboy compartments made of 
II II 2 x 4 spruce 

L:1d..---------70~ 
2" x 6 II spruce 

Fig. 3B 

~--Prop-wash 
- ----Acid discharge 

Fig. 3C 

Fig. 3. "Prop-tube method" 



20 

Appendix 1. Lake 223 daily acid addition. 

Year Oate 

1977 May 4 
r~ay 9 
May 23 
Jun 6 
Jun 13 
Jun 20 
Jul 20 
Jul 26 
Aug 2 
Aug 9 
Aug 17 
Aug 23 
Aug 29 
Sep 6 
Sep 14 
Sep 17 

1978 May 8 
May 15 
May 22 
May 29 
Jun 5 
Jun 12 
Jun 19 
Jun 26 
Jul 10 
Jul 17 
Jul 31 
I\ug 2 
Aug 7 
Aug 8 
Aug 14 
Aug 21 
Aug 28 
Sep 4 
Sep 8 
Sep 11 
Sep 15 
Sep 18 
Sep 21 
Sep 25 
Sep 29 
Oct 5 
Oct 9 
Oct 12 
Oct 16 
Oct 19 
Oct 23 

1979 May 18 
May 23 
May 28 
Jun 4 
Jun 8 
,)un 12 
Jun 15 
Jun 18 
Jun 21 
Jun 25 
J un 27 
Jul 3 
Jul 5 

283.5 
226.8 
226.8 
113.4 
226.8 
226.8 
134.4 
113.4 
113.4 
113.4 
113.4 
151.2 
151.2 
226.8 
226.8 
113.4 

113.4 
113.4 
113.4 
113.4 
113.4 
113.4 
226.8 
226.8 
113.4 
113.4 
117.2 
104.0 
151.2 

75.6 
56.7 
37.8 
37.8 
56.7 
37.8 

183.4 
56.7 
56.7 

183.4 
56.7 

183.4 
56.7 

183.4 
56.7 

151.2 
264.6 
189.0 

183.4 
264.6 
226.8 
567 
75.6 
56.7 
37.8 
37.8 
18.9 
37.8 
37.8 
56.7 
37.8 

H2S04 
(k g) 

408 
408 
408 
204 
408 
408 
204 
204 

68 
204 
204 
272 
272 
408 
408 
204 

204 
204 
204 
204 
204 
204 
408 
408 
204 
204 
210.8 
187 
272 
136 
102 

68 
68 

102 
68 

204 
102 
102 
204 
102 
204 
102 
204 
102 
272 
476 
340 

204 
476 
408 
102 
136 
102 
68 
68 
34 
68 
68 

102 
68 

Year 

1979 
cant. 

1980 

Date 

Jul 8 
Jul 12 
Jul 16 
Jul 18 
Jul 23 
Jul 30 
Jul 31 
Aug 1 
Aug 6 
Aug 9 
Aug 10 
Aug 13 
Aug 16 
Aug 22 
Aug 27 
Sep 3 
Sep 6 
Sep 10 
Sep 11 
Sep 17 
Sep 18 
Sep 24 
Sep 26 
Oct 1 
Oct 3 
Oct 8 

May 5 
May 6 
May 7 
May 8 
May 12 
May 13 
May 14 
May 19 
May 20 
May 23 
J un 2 
Jun 11 
Jun 12 
Jun 19 
Jul 1 
Jul 2 
JulIO 
Jul 15 
Jul 25 
Jul 29 
Aug 12 
Aug 21 
Aug 28 
Sep 3 
Sep 5 
Sep 8 
Sep 11 
Sep 15 
Sep 18 
Sep 22 
Sep 24 
Sep 29 
Oct 20 

H2S0 4 
(L) 

37.8 
37.8 
37.8 
37.8 
37.8 
37.8 
18.9 
56.7 
37.8 
56.7 
37.8 

183.4 
37.8 
37.8 
56.7 
56.7 
37.8 
56.7 
56.7 
56.7 
56.7 
75.6 
37.8 
94.5 
94.5 
37.8 

132.3 
94.5 
75.6 
37.8 

151.2 
75.6 
75.6 
56.7 
56.7 
37.8 

113.4 
56.7 
37.8 
75.6 
75.6 
94.5 
75.6 
94.5 
94.5 
56.7 
18.9 
56.7 
37.8 
94.5 
56.7 
75.6 
75.6 

151.2 
189.0 
189.0 
189.0 
378.0 

75.6 

68 
68 
68 
68 
68 
68 
34 

102 
68 

102 
68 . 

204 
68 
68 

102 
102 

68 
102 
102 
102 
102 
136 

68 
170 
170 
68 

238 
170 
136 

68 
272 
136 
136 
102 
102 

68 
204 
102 
68 

136 
136 
170 
136 
170 
170 
102 

34 
102 
68 

170 
102 
136 
136 
272 
340 
340 
340 
680 
136 
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Appendix l. Lake 223 daily acid addition - continued 

• 
Year Date H2SO 4 H2SO 4 Year Date H2SO 4 H2SO 4 

(L) (kg) (L) (k g) . 
• 

1981 May 6 245.7 442 1982 Aug 13 56.7 102 
May 8 245.7 442 cant. Aug 16 37.8 68 
May 11 283.5 510 Aug 20 37.8 68 
May 12 378.0 680 Aug 23 94.5 170 
May 25 75.6 136 Aug 27 56.7 102 
Jun 1 56.7 102 Aug 30 37.8 68 
Jun 9 37.8 68 Sep 6 75.6 136 
Jun 15 37.8 68 Sep 9 113.4 204 
Jun 17 56.7 102 Sep 20 113.4 204 
Jun 19 94.5 170 Sep 27 75.6 136 
Jun 22 94.5 170 Sep 30 189.0 340 
Jul 9 75.6 136 Oct 4 113.4 204 
J u 1 12 75.6 136 Oct 6 283.5 510 
Jul 27 75.6 136 Oct 11 37.8 68 
Aug 10 37.8 68 Oct 18 56.7 102 
Aug 13 37.8 68 Oct 21 75.6 136 
Aug 18 56.7 103 Oct 26 56.7 102 
Aug 19 37.8 68 
Aug 26 37.8 68 1983 May 10 226.8 408 
Sep 1 37.8 68 May 12 37.8 68 
Sep 2 56.7 102 May 16 56.7 102 
Sep 7 37.8 68 May 23 56.7 102 
Sep 8 56.7 102 r~ay 27 94.5 170 
Sep 14 56.7 102 May 30 75.6 136 
Sep 16 56.7 102 Jun 1 94.5 170 
Sep 21 113.4 204 Jun 6 75.6 136 
Sep 24 113.4 204 Jun 13 75.6 136 
Sep 28 189.0 340 Jun 16 37.8 68 
Oct 1 283.5 510 Jun 19 56.7 102 
Oct 5 113.4 204 Jun 27 37.8 68 
Oct 9 113.4 204 J u 1 7 37.8 68 
Oct 19 75.6 136 Jul 11 37.8 68 
Oct 22 75.6 136 Jul 19 37.8 68 

Aug 9 37.8 68 
1982 May 5 226.8 408 Aug 29 18.9 34 

May 6 226.8 408 Sep 5 56.7 102 
May 7 151.2 272 Sep 12 75.6 136 
May 10 75.6 136 Sep 15 283.5 510 
May 26 75.6 136 Sep 19 75.6 136 
May 28 113.4 204 Sep 26 37.8 68 
Jun 18 56.7 102 Oct 3 113.4 204 
Jun 21 56.7 102 Oct 5 113.4 204 
Jun 28 56.7 102 Oct 10 113.4 204 
Jul 5 94.5 170 Oct 12 113.4 204 
Jul 13 94.5 170 Oct 18 56.7 102 
Jul 19 94.5 170 Oct 20 113.4 204 
Jul 23 75.6 170 Oct 24 94.5 170 
Jul 27 75.6 136 Oct 28 113.4 204 
Jul 29 56.7 136 
Aug 2 37.8 68 
Aug 9 56.7 102 
Aug 11 75.6 136 



Appendix 2. L302N acid additions. 

Year Date 

1982 Jun 29 
Jul 6 
Jul 13 
Jul 20 
Jul 27 
Aug 3 
Aug 10 
Aug 17 
Aug 24 
Aug 31 
Sep 8 
Sep 22 
Sep 28 
Oct 5 

HN03 
(L) 

477 .0 
196.8 
98.4 
69.0 
71.5 
36.2 

196.8 
74.0 
79.1 

393.6 
246.0 
147.6 
147.6 
49.2 

HNO 3 

(kg) 

715.5 
295.2 
49.2 

103.5 
107.3 

54.3 
295.2 
111 
118.7 
589.5 
369 
221.4 
221.4 

73.8 

22 

Year 

1983 

Date 

May 23 
May 26 
May 31 
Jun 2 
Jun 8 
Jun 14 
Jun 28 
Jun 30 
J u 1 5 
Jul 7 
Aug 3 
Aug 5 
Aug 9 
Aug 16 
Aug 23 
Aug 25 
Aug 30 
Sep 1 
Sep 6 
Sep 13 
Sep 15 
Sep 21 
Sep 27 
Oct 4 
Oct 11 
Oct 24 

HNO 3 

(L) 

49.2 
49.2 
49.2 
49.2 
49.2 

196.8 
49.2 
49.2 

147.6 
147.6 
49.2 
49.2 
98.4 
98.4 
98.4 
98.4 

147.6 
147.6 
49.2 
98.4 
98.4 
98.4 
98.4 

196.8 
98.4 
98.4 

HNO 3 

(k g) 

73.8 
73.8 
73.8 
73.8 
73.8 

295.2 
73.8 
73.8 

221.4 
221.4 
73.8 
73.8 

147.6 
147.6 
147.66 
147.6 
221.4 
22l.4 
73.8 

147.6 
147.6 
147.6 
147.6 
295.2 
147.6 
147.6 

.. 

• 

• 
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Appendix 3. L302S acid additions. 

= =========================================== 

Year Date 

1982 Jun 29 
J ul 6 
Jul 13 
Jul 20 
Jul 27 
Aug 3 
Aug 10 
Aug 17 
Aug 24 
Aug 31 
Sep 8 
Sep 22 
Sep 28 
Oct 5 

H2S04 
(L) 

283.5 
151.2 
75.6 
37.8 
37.8 
18.9 
75.6 
37.8 
37.8 

189.0 
132.3 

75.6 
56.7 
18.9 

H2S04 
(k g) 

510 
272 
136 
68 
68 
34 

136 
68 
68 

340 
238 
136 
102 

34 

Year 

1983 

Date 

May 23 
May 26 
May 31 
Jun 2 
Jun 8 
Jun 14 
Jun 28 
Jun 30 
Jul 5 
Jul 7 
Aug 3 
Aug 5 
Aug 9 
Aug 16 
Aug 23 
Aug 25 
Aug 30 
Sep 1 
Sep 6 
Sep 13 
Sep 15 
Sep 21 
Sep 27 
Oct 4 
Oct 11 
Oct 24 

H2S04 
(L) 

26.3 
26.3 
26.9 
26.9 
26.9 

105.0 
26.9 
26.9 
78.5 
78.5 
26.9 
26.9 
37.8 
37.8 
37.8 
37.8 
75.6 
56.7 
18.9 
37.8 
37.8 
37.8 
37.8 
75.6 
37.8 
37.8 

H2S04 
(k g) 

47.3 
47.3 
48.4 
49.4 
48.4 

189.0 
48.4 
48.4 

141.3 
141.3 
48.4 
48.4 
68.0 
68.0 
68.0 
68.0 

136.0 
102.0 
34.0 
68.0 
68.0 
68.0 
68.0 

136.0 
68.0 
68.0 
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