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Highlights 

CANADA-U.S. AGREEMENT ON GREAT LAKES 
WATER QUALITY 

A milestone in water quality control of the Great 
Lakes, and a major turning point in the work of CCIW, was 
reached April 15th with the signing by Prime Minister 
Trudeau and President Nixon of this Agreement, to which 
CCIW made many technical contributions. CCIW staff 
participated actively in the negotiations of the Agreement. 
The report on Project "Hypo”' concerning oxygen de- 
pletion in the bottom waters of central Lake Erievand 
subsequent nutrient budget evaluations significantly in~ 

fluenced design of the nutrient control program in- 

corporated in the Agreement. In addition to the water 
quality objectives and pollution control programs required 
under the Agreement, a number of additional studies are 
called for which will involve extensive work by CCIW staff. 
These include establishment of specific water quality 
criteria for waste heat, radioactivity and host of toxic 
substances, criteria for chagracterizing polluted dredged 
materials, vessel waste treatment systems, studies to reduce 
costs of pollution control from combined storm and 
sanitary sewer systems, and studies designed to reduce 
chances of shipping accidents and improve Great Lakes 
contingency plan operations. 

OFFICIAL OPENING OF CCIW BUILDINGS - 

The official opening of the Main Laboratory Building 
and the Water Quality Pilot PIant—Wastewater Technology 
Centre took place on May 5. The Honourable Jack Davis 
spoke at the opening to 300 visitors and guests and by 
closed circuit TV to staff members of CCIW. Mr. Davis and 
other visitors toured CCIW after the unveiling of the 
plaque, and saw displays set up by all components of the 
Centre i|_lustrating their work. In a press conference Mr. 
Davis drew attention to the outstanding contributions made 
by Centre scientists and staff towards achieving the Great 
La_ke_s Water Quality Agreement with the United States and 
to. phosphate control policies in Canada. A public Open 
House was held on the weekend following the official 
opening, which was attended by 9 - 10,000 citizens. 

‘*Proje'c_t Hypo Report (1972). “Project Hypo — An lnte_nsive 
Study of the Lake Erie Central Basin Hypolimnion and Related 
Surface Water Phenomena", CCIW paper no. 6 (U.S. E.P.A. 
Techn_ical Report TS-05-71-.208-24). 182 pages. 

SUPPORT OF INTERNATIONAL JOINT COMMISSION . 

GREAT LAKES WATER QUALITY ACTIVITIES 
The IJC was given primary responsibility for overseeing 

implementation of the international water quality agree- 
ment on the Great Lakes. To carry out the various 
provisions of the Agreement the Commission has 
established a number of Boards, Reference Groups and 
Task Forces. CC-IW staff members have been appointed by 
IJC to each of these groups In addition many staff 
members are actively pariticipating in studies required under 
the Agreement and in monitoring and surveilla_nce pro- 
grams. R. A. Vollenweider (FRB-lWD) is a member of the 
Great Lakes Water Quality "Board, chaired by A. T. Prince, 
Water Director-General, IWD; J. P. Bruce (lWD) is Canadian 
Chairman of the Research Advisory Board; R. K. Lane 
(lWD) is Ca_n_adia_n Chairman of the Upper Lakes Reference 
Group, responsible for major studies of Lakes Huron and 
Superior and for recommending on pollution control 
measures needed; M. G. Johnson (FRB) is Canadian 
Chairman and R. L-. Thomas IIWDI member of the Land 
Drainage Reference Group undertaking a study of control 
of pollution from agricultural, forest and urban land 
drainage; and P. G. Sly (lWD) is a member of the Task 
Force on characterization and disposal of polluted dredged 
sediments A. R. LeFeuvre and the staff of the Ein- 
vironmental Quality Coordination Unit are supplying the 
technical secretariat for the Canadian portions of all of 
these Boards and Reference Groups, which permits close 
coordination of activities and reports. 

HYDROGRAPHIC CHARTING AND 
ASSOCIATED ACTIVITIES 

Nineteen Seventy Two was an eventful year for the 
Central Region, Marine Sciences Directorate. For the first 
time, in response to urgent requests, the region mounted a 
major hydrographic survey in James Bay. This major move 
into _the salt water was closely allied to an oceanographic 
study conducted solely by the regional organization. 

A successful exchange of staff took place between 
Lake Survey Centre, NOAA, Detroit and the Hydrographic 
Service Division of the Region. It will be repeated and 
perhaps expanded in 1973. 

The high lake levels on Lake Ontario in the summer 
and Lake Erie in the winter were responsible for consider-



able activity on the part of both Shore Property Studies 
and Hydrodynamics. In particular, the storm surge of 
mid—November at the western end of Lake Erie caused 
considerable public concern. The Region was able to 
respond immediately with an on-the-spot assessment of the 
damage. Better methods of ensuring accurate maximum 
level gauging records are still being sought. Meanwhile, the 
region has com_menced studies, in conjunction with Inland 
Waters Directorate units. located at the Centre, AES in 
Toronto and Ontario Hydro into the feasibility of issuing 
Storm Surge Forecasts. 

A hydrographic survey of a portio_n of Georgian Bay 
was contracted out, a first for the region and for the 
Canadian Hydrographic Service nationally. The results of 
the survey are under assessment. If acceptable, it could 
mean the gradual development of a competent hy-. 
drographic survey industry — a requirement desirable from _ 

two stands— hydrographic surveying of Canadian waters 
can be mainly completed within a reasonable time frame 
without contemplating massive expansion of the Canadian 
Hydrographic Service—- a new viable secondary industry 
would be created in Canada. 

Our most northerly su_rvey party was engaged in an 
international project in Nares Strait between Danish terri- 
tory and Canadian territory. The positioning of Hans 
Island, one of the assignments of this group, has of course 
considerable significance in the race to establish sovereignty 
over th_e submerged, land in the Strait. 

The HAAPS system got a thorough and successful field 
test during the bathymetric survey of Lake Ontario, IFYG L. 
Project 79F, and was completed in the |_ate fall of 1972. 

A new high cutter, CSS "Advent" came on 
regional strength in the dying days of 1972. 

CANADA-ONTARIO AGREEMENT 
The research provisions of the Canada-Ontario Agree- 

ment are designed to reduce construction and operating 
costs of extensive pollution control facilities for the Lower 
Great Lakes (Canada's share of responsibilities under the 
international agreement). Under this research program, 17 
contracts were let to the private sector and universities for 
studies of waste treatment processes, including nutrient 
removal, and for treatment and disposal of chemical 
sludges. CCIW is managing these contracts on_ behalf of the 
Canada-Ontario Review Board which administers the agree- 
ment The Environmental Protection Service -— Wastewater 
Technology Centre at the Centre made excellent progress 
on studies under this agreement, of (1) use of quicklime 
for precipation of phosphates on a pilot plant scale, (2) 
assessment of availability", costs and quality of chemicals in 
Ontario for phosphate removal, (3) chemical sludge char— ' 

acterization and land ‘disposal of sludges and (4_) effects of NTA on phosphate precipitation in treatment ‘plants. 

Specia_| research’ strategies were developed by the Technical 

Com_mittee of the Review Board "for land disposal of sludges 
from sewage plants with nutrient removal programs, and on 
combatting pollution from combined storm and sanitary 
sewer systems J. P. Bruce (IWD) is federal co-chairman of 
the Technical ' Committee and E‘. E. Shannon lEPS) is 

technical secretary. 

INTERNATIONAL FIELD YEAR FOR 
THE GREAT LAKES (IGYGLI 

Six years of international planning culminated on 30 
March, 1972, in the official opening at CCIW of the field 
program of the IFYGL, a major International Hydrological 
Decade program in the Lake Ontario Basin. The year’ 1972 
has seen the execution of the international field program, 
largely in accord with plans published in the IFYGL 
Bulletin #2. Ontario agencies, universities and several 
components of Environment Canada are active participants. 

Throughout the year Canadian and U.S. research 
ships, aircraft and lake towers were used together with 21 
buoy systems to collect an unprecedented amount of 
information about a major lake; a program of a magnitude 
only possible through cooperative efforts of the two 
countries International intercomparisons of observing and 
analytical techniques will be of great continuing value in 
all Great Lakes work. A special Decca "Navigator" 
position-fixing system was deployed under contract to the 
Marine Sciences Directorate, and the U.S. National0ceano- 
graphic and Atmospheric Administration. 

The field operations phase will be compl_eted_ in March, 
1973. Preliminary results are available from several projects, 
in particular, assessments of terms in the energy budget, 
and of biological production of the lake. Among the many. 
objectives of the program is a baseline assessment of the 
state of health of Lake Ontario prior to introduction of 
major pollution control measures under the Canada-U.S. 
Great Lakes Water Quality Agreement: assesjment of 
temperature and energy budgets to assist in regulating waste 
heat discharges; much better water budget data and 
evaporation estimates to improve lake level and water 
supply forecasting; information to permit improved marine 
and shoreline weather forecasts; and a file of data needed to 
verify mathematical models of the biological- 
chemical-physical behaviour of a major lake system. 

OKANAGAN BASIN STUDIES 
Studies in chemical, geochemical and physical |imno|- 

ogy of Okanagan Valley lakes were completed as inputs to 
the Canada-B.C. study under the Canada Water Act. The. 
geochemical studies showed that phosphates were being 
effectively removed from the waters of the major lakes by 
formation of apatite, indicating that phosphate control 
programs should result in rapid, favourable changes in lake 
conditions. The CCIW Public Relations office provided 
extensive special assistance in the public participation 
aspects of the Okanagan studies



DETERG ENT PHOSPHATE REPLACEMENT 
EVALUATION 

Extensive evaluation and monitoring programs on NTA 
(nitrilotriacetic acid) and sodium citrate were coordinated 
by CCIW to provide scientific advice to the Minister on 
envi_ro_nmental effects, and in coordination with the Depart- 
ment of National Health and Welfare on health aspects. The 
NTA evaluation program in 1972,. following on from the 
1971 studies, included assessments of NTA effects on 
sewage treatment plants (negligible), transport and mobi- 
lization of heavy metals by NTA, effects of NTA and 
NTA-metal complexes on aquatic organisms, micro- 
biological degradation of NTA and nature of breakdown 
products, development of a special strain of NTA degrading 
bacteria, and predictvions of environmental concentrations if 
additional use of NTA is permitted in detergents. An 
extensive study of effects on sewage treatment and effluent 
strea_ms of use of various detergent formulations by families 
and staff of Gloucester Armed Forces Base was completed 
by EPS staff. A number of technical meetings were held 
with industry and with U.S. agencies on these matters. 
Summaries of study results and evaluations of the national 
need for reduction of phosphates were preparedfor senior 
Departmental officials and the Minister. A Ministerial 
decision was made to limit phosphates in laundry de- 
tergents to 5% (as P205) effective January 1, 19713. No 
restrictions were placed on NTA use but a monitoring 
program to ensure that environmental and tap water NTA 
levels remain as low as predicted, was instituted by CCIW 
and Water Quality Branch, IWD. 

TOXIC SUBSTANCE RESEARCH 

Work continued on national airveys of importation, 
mining, manufact_uring and industrial uses of substances 
potentially environmentally hazardous. Survey papers were 
completed on mercury, pesticides, lead, cadmium, beryl- 
lium and selenium, and are already proving valuable in 
pinpointing locations of potential environmental problems. 
Work is underway on antimony and chromium. Re- 
connaissance sun/eys were completed on PCB's (poly- 
chlorinated biphenyls), pesticides, and heavy metal concen- 
trations in water, sediments and biota of the Lower Great 
Lakes. Information on PCB's was incorporated in compre- 
hensive summaries for IJC prepared by CCIW staff, on 
PCB's in the Great Lakes, including input data from 
Canadian and U;.S. sources. Studies on microbiological 
degradation and toxicity to algae of PCB's indicated which 
of the Aroclors which make up PCB's are least degradable 
and most harmful to algae. Further work was completed on 
mercury, fallout radioisotopes and other metals distri- 
butions, and on i_nteractions of metals with sediments of 
Lakes Huron, St. Clair, Erie and Ontario. Contracted 
studies were completed on costs and effectiveness of 
various possible methods for removal of contaminated 
sed_iments. Work on natural "chelators" in lake waters 
suggests that their concentrations in lakes has a profound 

effect on the extent to which potentially toxic metals can 
affect biota in lake systems 

HYDRAULICS LABORATORY 

The new hydraulics laboratory building and offices 
were occupied in early summer and work has proceeded on 
installing major equipment and facilities. By year's end the 
towing tank and carriage for calibration of current meters 
had been installed and work was proceeding on the major 
wind-wave flu_me, and the 1m and 2m sediment flumes. 

ENVI RONM_E NTAL MONITORING INSTRUMENTATION 
In support of all phases of the 1972 CCIW 

environmentaI-measurement program, a total of more than 
60 major data-acquisition systems were provided for field 
use by Engineering Services. These data-gathering systems 
. . .mounted on a variety of platforms such as ships, moored V 

buoys, towers, towed bodies, bottom structures, barges, 
etc. . . .were equipped with arrays of environmental sensors 
measuring effects ranging from solar-radiation to deepwater 
internal waves. More than 100 million effectively, in- 

dependent environmental measurements and samples were 
taken with these systems, most of which after scientific 
analysis will be stored in the IFYGL Data Bank. More than 
$2 million worth of such instrumentation was deployed; 
the major proportion of which functioned reliably and 
within design tolerance. Despite hazards ranging from ice to 
major shore erosion, no instruments were lost in 1972. 

MICROBIOLOGICAL AND ANALYTICAL METHODS 
The analytical metnocs research section of Water 

Quality Branch was transferred from Ottawa to CCIW 
during the year and continued development work on 
methods for use in the national water quality network. 
Work was continued by the Microbiology Subdivision on 
development of better indicators than total coliform counts 
of microbiological — health aspects of water pollution. 
Sampling methods and preservation of samples are also 
unde_r examination. In addition, the Microbiology Sub- 
division developed much more efficient oil-degrading bacte- 
ria than hitherto available, which will undergo field tests in 
19734. 

SHORELINE STUDIES 

Marine Sciences Directorate continued updating of 
shoreline survey data on the Great Lakes, initiated orig- 
inally by the Department of Public Works for IJC lake 
level studies These data and charts have proven extremely 
valuable in 1972, along with Lakes Research Division 
studies of shore erosion, shoreline sediment characteristics 
and movements, and nearshore diffusion studies, to Conser- 
vation Authorities involved in developing shoreline land use



plans along" Lake Ontario from east of Toronto to Grimsby. 

ORGANIZATIONAL DEVELOPMENTS 

Departmental Orgariization 

A new departmental organization was announced in 
December 1972 which promises to affect the development 
of CCIW programs in 1973. Inland Waters Directorate 
becomes a part of a new Environmental Management 
Service, and Marine Sciences Directorate and Fisheries 
Research Board components of the Centre are now part of 
the Fisheries and Marine Service. 

Inland Waters Directorate - Regional Organization 
Transfer to CCIW of Ontario Region operational staff 

of Water Quality Branch and Water Planning and Man- 
-/agement Branch was completed and J. P. Bruce was 
appointed as Regional Director, IWD, for Ontario. 

Lakes Research Division 

This Division was reorgan_ized l_argely along "problem" 
lines rather than disciplinary lines, incorporating staff of 
both Inland Waters Directorate and Fisheries Research 
Board. However, towards the end of the year a new 
worki_ng a_rra_nge_men_t was developed between IWD and FRB 
that necessitated some further organ’i'z‘atiolna| changes, to 
take place early in 1973. 

Advisory‘ Committee to CCIW 
The Advisory Committee, under the Chairmanship of 

Prof. E. G, Pleva, University of Western Ontario, and its 

subcommittees continued to provide valuable advice on 
CCIW programs and on non-federal government use of 
CCIW facilities At its meeting of November 7th the ACCC 
recommended some major changes in its method of 
operation and reporting procedures in the light of DOE and 
CCIW organizational changes and these are now under 
review in the Department.



Inland Waters Directorate Research Components 

HYDRAULICS DIVISION 
COMMISSION 

The Hydraulics Division is responsible for the inception 
and implementation of a research programme in hydraulics, 
which is national in scope. To do this, research work is 
undertaken either directly for through contracts in fluid 
dynamics, sediment transportation, wave dynamics and ice 
and cold weather hydraulics. The Division is also respon- 
sible for the operation of a national calibration service for 
hydrometric instruments, particularly current meters. 
Meters are calibrated to suit the specifications of users. 

The emphasis in the Hydraulics Division is to provide 
estimates of the cha_nges in regime caused by developments 
and to seek the most efficacious practice and design 
methods wich will mitigate environmental changes. 

ORGANIZATION AND MAJOR EQUIPMENT 
Since the previous report, the Hydraulics Unit was 

organized as a Division with a strength for 1972 of 22 
man-years. By the year end, all the positions were filled 
including the transfer of personnel from Calgary. The 
laboratory building was virtually completed in September 
enabling contractors to begin installation of major equip- 
ment. 

By the end of December, the towing carriage was all ' 

but completed and the interim acceptance tests indicated 
that the p’rim,a_ry specifications which follow were met. 

Minirnum Steady Velocity 0.5 cm per sec 
Maximum Steady Velocity 600 cm per sec 
Allowable variation in velocity 11% 

In the tests, the variation in the velocity was much less than 
1% for all speed ranges. 

Designs for the 1 meter x 26 meter long tilting flume 
and the 2 meter x 27 meter long sediment flume, sediment 
traps and sediment handling equipment were completed 
and installation began before the end of the year. All this 
equipment should be operational by the spring of 1973. 

Designs and specifications were drawn up for a large 
and unique wind tunnel for the wind wave flume which is 
4.5 meters wide by 114 meters 5 long. Design work was 
undertaken by Dilworth, Secord, Meagher and Associates to 

meet the specifications of the Division. Performance 
specifications for new experimental cold rooms were drawn 
up for construction in 1973. The rooms will have a 
minimum temperature of -35°C and will be 40 feet x 20 
feet and 10 feet x 20 feet. It is expected these rooms will 
provide valuable experimental facilities for the study of ice 
and its effects on flowing water and structures. 

HYDROMETRY UNIT 
The year 1972 was devoted to the preparation," 

construction and installation of the towing carriage and its 
controls on the new 122-meter-long towing tank. The tank, 
carriage and its controls were completed in early December 
leaving only the data acquisition package to be installed in 
February 1973: 

To complete the installation, plans were'drawn up for a 
loading platform and skimming device for polishing the 
water surface. Operating procedures and policies for calibra- 
tion have been prepared and computer programmes written 
to convert calibration data directly to calibration certifi- 
cates. Methods for the calibrating of Plessey and Geodyne 
current meters were cons_idered and discussions held with 
Engineering pertaining to their needs and schedules of 
current meter usage. For certain problems, a closed circuit 
television service was obtained so that visual data can be 
analyzed at leisure. 

An on-going literature review of hydrometric literature 
is being undertaken to keep up to date with new ins-- 
truments. Plans have been made to conduct experiments in 
the towing tank to study the effects of current meter 
suspension on performance and also to study the per- 
formance of different types of current meters. A separate 
series of tests will be run to ascertain the accuracies a_nd 
performance of suspended sediment samplers. 

TECHNICAL SERVICES UNIT 
The Technical Services Unit is responsible for providing 

assistance to scientists and engineers of the Hydraulics 
Division with the construction, operation and analyses of 
their research projects. In addition to assigning technicians 
to projects, a ’'light'’ machine shop is provided to repair 
current meters and to make small parts for the day to day 
operation of the laboratory. An electronic shop was also



View of towing carriage and loading platform at end of 122-meter towing tank 

organized to liaise with other electronic and electrical units 
at the Centre and repair and maintain electronic installa- 

tions within the laboratory. 

RESEARCH ACTIVITIES 
A review was made of the mechanism of oxygen 

absorption into flowing waters and methods of predicting 
the reaeration rate. It was shown that none of the existing 
theoretical models and empirical equations satisfactorigly 

predicted the reaeration rate over a wide range of flow 
conditions. Using dimensional analysis and by examining 
existing data, a new prediction was proposed. However, 
more data are requ_ired to completely verify this equation 
and experiments for such an investigation have been 
planned. 

A conceptual design of a recurculating tilting flume 60 
centimeters wide and 31 meters long was made for the

6 

study of the reaeration problem and the engineering design 
was completed by the C.C.l.W;. Engineering Sub-division. 
Construction and installation of this flume is expected to 
be completed by the end of February 1973. 

Research into the effect of bends on diffusion in rivers 
was initiated to continue work "begun in the previous year. 
A computer programme waswritten for the numerical 
solution of the convective diffusion equation to investigate 
the effect of secondary currents on the spreading of a 
plume across a river. This numerical solution has been 
found to provide cor_rect solutions for known simplified 
conditions. 

A study of the exchange flow between Lake Ontario 
and l-larnilton Harbour which was begun in 1971 has been 
continued in 1972. More field data on the thermal wedge 
was collected and compared with theoretical predictions. 
Exchange f|_ow because of lake level fluctuations has been



simulated by a mathematical model in the absence of 
stratification. Using water level data for Lake Ontario the 
fluctuations of water levels in Hamilton Harbour have been 
calculated and the exchange flow estimated. The factors 
which influence the exchange flow have been studied, 
especially the effect of Iandfilling operations. Results of 
t_hese calculat_ions were made available to Hamilton Region 
Conservation A'u'thority and others. 

A critical literature study examining the methods of 
abatement of pollution due to combined sewer overflows 
has been completed and published as an internal publi- 
cation ("Abatement of Pollution Due to Combined Sewer 
Overf/ows", Technical Bulletin No. 66). The report puts 
emphas_i_s on those abatement schemes which may provide 
better and more economical protection for the environment 
than the conventional sewer separation. Several ideas for 
forther research were identified and some of them were 
submitted to the Technical Committee on the Canada/ 
Ontario Agreement». 

Design parameters for a wave machine were finalized 
and detailed calculations of geometric, kinematic and 
dynamic parameters were made available to potential 
suppliers. Tenders were called, evaluated and a contract was 
awarded. The design utilizes up to date technology to 
provide a fully programmable wave machine so that wave 
simulation in the wind wave flume will be as correct as 
possible. 

A field study of shoaling waves was initiated inithe 
summer of 1972. Simultaneous measurements and inter- 
comparisons of deep and shallow water waves have been 
carried out. Many technical problems and difficulties have 
been encountered during the study. Since the climatic 
conditions suitable for the measurements occur on the 
average only one day per month, it will be necessary to 
continue the data collection for another year. 

ln the sediment transport field, a substantial en- 
gineering effort was expended in liaison, monitoring, 
specification preparation a_nd supervision for the supply and 
installation phases of the sediment flumes including all the 
auxiliary equipment. A field review of existing and pre- 
sently used sediment measurement technology was under- 
taken during the spring runoff. As a result, research into 
using hydrophone methods by which the acoustic noise 

Two-metre sediment transport flume and sediment traps under 
construction 

generated by impacting bed particles will be correlated with 
the quantitative transport of sediments i_s being actively 
pursued. Field and laboratory studies will be undertaken in 
order to evaluate the hydrophone method. 

Work on ice a_nd cold phenomena wa_s of necessity 
conducted out of doors. A project to measure the drag 
forces on an ice cover was undertaken on the Grand River 
near Hamilton where a number of survey stations were 
installed and the sections su_rveyed. Other studies on the 
production of frazil by waves were begun by‘ the cons- 
truction of a small recirculating flume which can be placed 
out of doors if required. The studies on ice and cold 
weather hydraulics problems are just beginning but it is 

expected this field will develop an importance especially in 
relation to northern development. 

LAKES RESEARCH DIVISION 
The objective of Lakes Research Division, within the 

broad terms of reference of the Department of the 
Environment and the Environmental Management Service, 
is to provide the government with the scientific 
knowledge needed for managing the freshwater resources 
stored in lakes in Canada. Accordingly, Lakes Research 
Division h_as two basic functions: (a) to perform basic 
research with a view to increasing scientific knowledge in 

the field of limnology, i.e., the science of lakes and lake 
behaviour or processes; (b) to deliver the scientific tools 
needed by management to solve present and future environ- 
mental problems related to lakes. 

During 1972, a new organization of Lakes Research 
Division has become operative in order to better cope with 
the different requirements of the Division, and in addition,
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to separate more clearly the responsibilities for resource 
survey and description (Lakes Resources Subdivision) from 
process-oriented research (Geophysical Limnology Sub- 
division and Biogeochemical Limnology Subdivision). For 
various reasons the transition and adaptation to the new 
organization has been relatively slow but during the course 
of the year, benefits from the regrouping became apparent. 
However, toward the end of 1972 the program of Fisheries 
Research Board group was separated from Lakes Research 
Division and a new coordination arrangement developed for 
limnological research. During the year, Lakes Research 

Division assumed responsibility for microbiological 
resea_rch. 

In the research areas of the 1972 field program, the 
Division has been heavily involved in the International Field 
Year for the Great Lakes (IFYGL). The Canadian contri- 
bution to the joint program with agencies of the United 
States has been most successful, resulting in a data return 
which was beyond expectation. High credit for t_hi_s success 
has to be paid to the Operations Subdivision, as well as to 
the efforts of.the Ships and Launches Division of the 
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Marine Sciences Di_rectorate—Centra_| Region, and of the 
Scientific Support Division.

' 

In addition to _the continuing laboratory studies in 
the different Subdivisions, a large fraction of the staff has 
become heavily committed to program developments re- 

lated to the Canada-U.S. Great Lakes Water Quality 
rAgreement and to other departmental tasks. From a 
summary review, these activities in task forces, reference 
groups and committee of various sorts, has been estimated 
to take about one third of the Division's total activity. 

LAKE RESOURCES SUBDIVISION 
The functions of Lake Resources Subdivision are; lead 

responsibility and participation in multiidisciplinary 
descriptive research, and multi-agency, national and ’in~ 
ternational Iimnological programs, and the development of 
descriptive techniques and methods; Iimnological data 
processing, i_n support of Lakes Research Division; and» 
coordination and supervision of regional establishments of 
the Division. ' 

These functions are carried out by three groups_: the 
Descriptive Limnology Section, the Data Processing and 
Display Unit, and a detachment at the Freshwater Institute 
(Fisheries Research Board), Winnipeg. A second detach- 
ment, in the Pacific Region, was being formed at the close 
of the year. 
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Descriptive Limnology Section 

Great Lakes Surveillance 

Surveillance of the Great Lakes has been carried out 
during 1972 by water_ sampling from the ship cruises as 
listed in Tables 5 to 8. These cruises covered all ofthe inter- 
national portion of the Great Lakes with the exception of 
Lake Superior and included some sampling in Upper Lake 
Michigan. 

The chemical constituents of the watersof each of the 
lakes were studied with major emphasis on the nutrient 
elements. Calculations of the total quantities of nutrients 
contained in the lake at the times of cruises have been 
carried out. In so_me cases, these computations are done for 
different zones of a total lake. Contour maps have been 
prepared _of the horizontal distribution of concentrations 
for different depth zones A list of the total amounts of 
silica, nitrogen and phosphorous contained in Lake Huron 
is shown in Table 1. 

Studies of Nutrients in the Great Lakes" 

During 1972, studies continued of major nutrients, 
particulate organic matter, and dissolved oxygen in the 
Great Lakes, using mainly the new CCIW data but also 
older information. 

A preliminary study of nutrients in Lake Superior was 
completed as a preparation and stimulus for the Upper

.

L
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Table l. A list of total amounts of silica, nitrogen and phosphorus contained in Lake Huron_. 
Parameter Whole Lake Epilimnion ' Mesolimnion Hypolirnnion 

Silica ~. Quantity g. Si02 3.o85x1o" s.221x1o“ 6.138x10’ ‘ 1.949x1o" 
Mean Concentration 1161 753 1014 1436 
pg/1 Sio-2 

Nitrate & Nitrite Quantity g.N 5.854x10‘ ' 1.2o3x1o‘ ‘ 1.334x10“ 3.327x1o“ 
Mean Concentration 221 173 1209 251 
ug/1 N 

Phosphorus Quantity g.P 1.149x1o'° 
‘ Mean Concentration 4.3 

ug/1 P 

Lakes IJC reference and also a comparative summary of 
nutrient conditions in Lakes Superior, Huron, Erie and 
Ontario was produced. An example of a treatment of these 
data is contained in Figure 2. 

Particle Sedimentation in Lake Ontario 
This project was ca_rried out to gain some idea of the 

rate of settling and flux of organic particles in Lake 
Ontario. The equipment for measuring settling rates has 
finally been developed to the stage where reproducible 
results can be obtai_ned as required. The net settling rates of 
particles at depths greater than 80 m were usually in the 
240 
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Figure 2. A comparative summary of nutrient conditions in Lakes 
Superior, Huron, Erie and Ontario. (Nitrate & ammonia) 
in surface waters, 1969-1971, winter maximum minus 
summer minimum. 

order of 1 mete.r dav". Perhaps the most significant 
finding was that the net settling (or movement) in the 
surface waters was frequently upward and not downward, 
due probably to phytoplankton and zooplankton ml- 
gration. On July 19, 1972, the upward flux at the upper 
thermocline boundary was measured at 4.4 mg P m-2 
day‘1 which represented an increase of 5.5% per day in the 
phosphorus present in the epilimnion. 

Precipitation Chemistry 

New snow sampling equipment was completed and 
installed at a number of stations during 1972. These new 
samplers are intended to overcome the sampling difficulties 
encountered in the winter by conventional samplers. 

A computerized data storage and retrieval system was 
developed for the data as well as a number of basic 
statistical programs including a linear regression program, a 
histogram plot program and a t—test program. About 3 years 
of data have been accumulated on the Lake Ontario basin 
stations and about 2 years of data on the rest of the rain 
chemistry stations Data for 1970 and 1971 from 7 stat_io_ns 
in the Lake Ontario basin have been summarized and a 
report on the results has been completed. Table 2 lists 
some of the results reported in the summary. The annual 
deposit rate of nitrogen by rainfall indicates that in the 
Lake Ontario basin it is a significant if not a major source 
of nitrogen to the lake when compared to the total basin 
loading from other sources. For phosphorus it is a less 
significant source. The heavy metal deposition rates cannot 
be compared because there are no estimates available of the 
total basin loading of these parameters. However, the large 
ratio of rain water to lake water concentrations for many of 
the metals suggests that rainfall may be an important source 
of these metals, especially lead and zinc. 

Recording Current Meter Data 
Measurements: Most of the current flow measurements 

in 1972 were part of the IFYGL study of Lake Ontario. A 
total of approximately 200 months of data was obtained 
from sixteen moorings at the locations shown in Figure 3. 
Measurements in other lakes were limited to a monitoring
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Table 2. Some results of the summary of rain chemistry 
5‘““°“ d3‘3- Lake Huron. 

Mean Data Processing: The development of a new system for 
Parameter Deposition Rate Mean C0nC- Median C0nc- the reduction, editing and summarizing of current meter 

‘"50" /“‘°- "T5/1 "*8/1 data was completed ea_r|y in the year. The system was 

Total Phosphomsp 2.94 0.058 0.027 
for processing the IFYGL data and some oflthe data 

Reamve Phosphate P 1.41 0 024 0 006 
collected in previous years In addition, limited data 

Nitrate +N-imteN 55.16 1.53 no processing services were provided for MSD (CCIW) and 
Ammonia N 29.00 0.62 0.43 MOE (°""3"°)- 
Sodium 106.12 2.69 1.82

' 

Potassium 25 _9o 0,55 0,40 0ver- Lake Meteorological Measurements 
Calcium 216.26 5.04 4.40 . _. . . 

. _ 

Magnesium 34_15 032 (170 
. 

network of eleven meteorological _measurement 
cmoxide 53_12 150 030 wstems was operated on buoys at the locations shown in 
Sulphate S04 431,25 10,0 33 Figure 0 throughout the period April through December. A 
Lead 1.08 0.20 0.007 single system continues to operate at Station 3 through the 
11011 1-71 0-034 0-.019 winter. Meteorological measurements were obtained on a 
Zinc 4-20 0-08° 0-055 nearly continuous basis throughout the period. A record of 
C°l’P°‘ 0-33 0-095. 0-005 data obtained (Fig. 4) shows that about 90 percent of 
Cadmium 0.07 0.001 0.001 

' 

- . 
‘ " 

_ 

. possible measurements were successfully obtained, 
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Figure 3. Map of meteorological measu'tem'e'nts systems operating in Lake Ontario. 
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of the flow in Main Channel, between Georgian Bay and



STN. POSSELE RECORDED 
rlS.EMfll FIE DATA 

1- 5952 
5952 
5952 
5952 
5952 

2- 5732 
5732 
5732 
5732 
5732 

3- SEN 
53n 
53h 
53m 
53n 
5737 
3133 

4- 5756 
5756 
5756 
5756 
5756 

(13)5- 5354 
5354 
5354 
5850 
5354 

3- 5733 
5733 
5733 
5733 
5733 

7- 5639 
5639 
5639 
5639 
5639 
5639 
3394 

3- 5447 
5447 
5447 
5447 
5447 

9- 5597 
5597 
5597 
5597 
5597 

10- 5590 
5590 
5590 
5590 
5590 
1677 
2334 

11- 55m 
55m 
55m 
55m 
55m 

33Q629 

The meteorological measurements are used in compu- 
tation of the wind stress, evaporation and heat transfer. 
These values are then used in lake energy budget compu- 
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Figure 4. Record of meteorological measurement data. 

shown as Figure 5. 

tations or as inputs to models of lake proceses. A typical 
evaporation computation for the week of 19 — 25 April is
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‘ LAKE ONTARIO 
EVAPORATION (cm) 
19-25 APRIL 1972 

Figure 5. A typical evaporation computation. 

Lake. Optical Studies 

A ‘study of the characteristic optical parameters of 
Lake Ontario was carried out during the Ontario Organic 
Particle Study (OOPS). 

The parameters measured included: upwelling and 
downwelling light intensities, colour index,‘ and atten- 

uation coefficient as a function of depth and wavelength. 
The dowm/velling light intensity measurements were a vital 
input to the photosynthesis and carbon 14 assimilation 
studies. A - 

A number of interesting correlations were obtained 
between the optical parameters (Fig. 6) and variations in 

the total particulate concentrations obtained from water 
quality measurements 

This was the firstextensive optical study carried out by 
CCIW and the results obtained should have an important 
impact’ on future monitoring p_rograms on the Great Lakes. 

Shore Stations 

Water temperature sensors were installed as a portion 
of the Atmospheric Environment Service system at seven 
stations around Lake Ontario (Figure 3). Th_ree problems 
encountered which have been resolved are the mooring 
system, the electric field effect from thunderstorms, and 
radio frequency interfe‘re’nc'e from radio beacons near some 
of the sites. One problem that is still presenting difficulty is 

14 

the viability of the cable coming out of the water in the 
surf zone. There has been about a 70% return of usable data 
from all seven sites since their insta|latio_ns. A sample of the 
temperatures measured at the Burlington site is shown in 
Figure 7. 

Remote Sensing 

The 1972 remote sensing program was heavily involved 
with IFYGL (Table 3) on Lake Ontario. The main 
objectives were the continuation and improvement of the 
photographic program, and the conduct of surveys in 

support of limnological studies. 

Time scale studies of lake surface thermal features were 
carried out using both low a_nd high altitude overflights 
(Fig. 8). Previous evaluation of infrared line scanners, 
during the 1971 program, has resulted in better quantitative 
analysis of the imagery (Fig. 8).‘ 

Remote sensing operations in support of other pro- 
grams included: support of dye diffusion studies i_n Lake of 
the Woods and Lake Ontario; support for the Oshawa 
Coastal Diffusion Study; support for the Air Water Inter- 
action experiment at the Niagara test site. 

Further work on the biological aspects of remote 
sensing were conducted on Lake Memphremagog in co- 

operation with McGill University, Department of Biology.
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Figure 6. Attenuation coefficient of surface water determined with 
a wideband photometer versus total particulate nitrogen 
for the surface 10 metres. 

On July 25, 1972, Earth Resources Technology Sat- 
ellite - 1 was successfully launched into a geocentric polar 
orbit. The multi-spectral scanner aboard has functioned 
perfectly since launch, providing fou'r-channel imagery of 
the earth's terrain on a synoptic basis. Imagery which has 
been observed thus far appears quite encouraging although 
imagery obtained over the Great Lakes since launch has 
suffered from extensive cloud cover, a situation which 
should alleviate as the winter season passes. Analysis of 
ERTS imagery at CCIW will continue to proceed along 
visual photointerpret_at_ive techniques. In addition auto- 
mated photo-interpretation is planned for the nea_r future 
ut_ilizi_ng digital magnetic tapes supplied through the Canada 
Center for Remote Sensing. 

Data Retransmission via Satellite 

A program has been initiated to assess the collection of 
scientific data via a satellite telemetry link. An application 
(to NASA) was approved to commence this program using 
the ERTS-1 satellite. 

A small buoy was instrumented with air temperature, 
water temperature (using a Rosemount platinum resistance 
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Figure 7. A graph of the temperatures measured by the water 
temperature sensors at the Burlington site. 

sensor) and a Hygrodynamics relative humidity sensor. 
This was matched with a data collection platform designed 
for use with ERTS-1. The buoy was moored off the Niagara 
Bar (Fig. 3) and operated during the period July 31 to 
December 10, 1972. 

The present system averages four transmissions per 
orbit and three orbits are received (on an average) every 
twelve hours When comparing ground truth data with that 
received over the retransmission link, the errors were in 
order of 0.5%. 

An "lRLS" (Interrogation, Recording and Locating 
System) experiment was a cooperative program between 
CCIW and the NASA-Lewis Research Centre, located in 
Cleveland, Ohio, involving a data collect_ion platform (DCP) 
and a special constructed buoy, supplied by NASA-Lewis. 
The logistic support and data evaluation was carried out by 
CCIW. 

The object of the experiment was to evaluate the 
positioning capabilities of the system to measure large scale 
surface currents, while transmitting actual data. During the 

A 

period July to October, the buoy was released free—floating 
for three separate, two week periods. For the first two 
periods the buoy anchored itself in shallow water (a small 
anchor was connected to the buoy, on fifty feet of line). 
During a severe storm (weekend of October 14), the buoy 
finally came ashore and was damaged. The experiment was 
then terminated. The number of successful interrogations 
during the study was in theorder of 60%. 

Data Processing and Display Unit 
The Data Processing and Display Unit has the functions 

of filing, processing, running quality control on, and storage 
of, data collected by the Division, especially those data 
obtained by Technical Operations Subdivision. Eighty-five 
cruises for chemical and temperature surveys on Lake 
Ontario and eleven monitor cruises of the other Great 
Lakes were processed this year. Processed data has also
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been provided to outside users, such as the Institute of 
Environmental Sciences and Engineering, University of 
Toronto; Biology Department of McMaster University; 
Department of Mechanical Engineering, L_ln_iversity of 
Waterloo; and the H.G. Acres Consulting Engineers firm in 
Niagara Falls 

Computer programs were written to interpolate and 
grid data from a few observations and to determine average 
values of parameters retrieved from the "STAR" data file 
according to temperature and geographic locations Two 
heat content computer programs, two editing programs for 
the bathythermograph nine point d_igitization and a spectral 
analysis program were converted for use on the CDC 3300 
computer. 

Several programs were written for the Hewlett Packard 
digitizer, namely programs to digitize electronic bathy- 
thermographs at one metre inten/als, to digitize hourly 
averages of analogue records of temperature shore stations, 
to digitize and calculate the integrals and first and second 
differentials of graphed profiles of a_ny parameter-. 

The Summary Data Atlas of temperature data and 
oxygen concentration for Lake Ontario and Lake Erie was 
essentially completed at the end of the year and ‘wilgl be 
published in early 1973. 

Additional assistance has been provided to the Physical 
Limnology Section and the Descriptive Limnology Section 
in the processing and displaying of data for their "projects by 

Table 3. Involvement of 1972 remote sensing program on Lake Ontario with IFYGL. 

Ground Truth Measurements Project Location Dates Sensors 

1. Thermal gradient temporal Oshawa 5/10/72 Infrared scanner 8-14;; Survey launch surface 
evolution Lake Ontario 5/ 18/72 Infrared radiometer temperature and 

5/ 1 9/7 2 9-1 In bathythermograph recordings 
8/21/72 Photographic ‘ 

8/ 25/72 
9/27/72 
9/28/72 
10/ 2/ 7 2 
10/4/72 

2. Synoptic mapping of thermal Lake Ontario 6/7/72 Infrared scanner 8—l4u Surface 'te’niper'ature infrared 
and dynamic structures of Hamilton to Kingston 8/28/72 Photographic radiometer 9-1 In underflight, 
Lake’ Ontario 8/29/72 meteorological moored buoys 

1 0/2 7/72 

3. Dye Diffusion 
a) Patch Oshawa 6/5/72 Photographic Fluorometer measurement of 
b) Continuous flow Area Lake Ontario 6/27/72 dye concentration profiles, 

6/28/72 surface drogues 
c) Plume Lake of the Woods, 7/28/72 Photographic Lake current profiles, surface 

Ontario 7/29/72 - waves, winds, 
7/31/72 bathythermograph recordings 
8/ 1/72 
8/3/72 
8 /4 / 7 2 

4. Experimental Su_rvey North Shoreline 5/24/72 Photographic Depth penetration 
I 

v Lake Ontario 6/ 7/ 72 HYd1’0gl'aP11i° Charts 

5. Algae and macrophyte Lake of the Woods and 8/ 3/ 72 Photographic Algae concentration Lake 227, 
concentrations and Lake 2-_27 Kenora FRB 
distributions Lake Memphremagog, 9/ 20/7 2 Photographic Chlorophyll concent. 

p_Q_ McGi1l Biological Dept. 

6. Atmospheric humidity Lake Ontario 5/25/72 Infrared radiometers Fixed tower surface water and 
profiles & lake surface Niagara-on-the-Lake 5/ 26/ 72 3-1411 and 19-1 U1, ail’ temli, dew [mint and Winds 
radiometric temperature 6/16/72 311' temP°1'3t“1'es dew 

10/ 1 0/72 point temperature 
10/ 1 2/7 2 
10/ 1 3/7 2
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Figuxe 8. Infrared scannermosaic and analysis of the imagery.

3



ISOTHERMS PREPARED FROM INFRARED IMAGERY LAKE ONTARIO JUNE 7.1972~ ~ 

l_=ig'u’re 8 (Cont) 

processing data input to computer programs and analysis, 
correcting and displaying output. Some of the projects 
involved are: 

1. _Hydrodynamical modelling 
2. Energetics

_ 3 Heat content of Lake Ontario 
4. Energy flux computations of Lake Ontario 
5. Lgatke Erie nutrient data analysis 

Nut'rien't studies of the Great Lakes -9» 

Regional Laboratories 
Freshwater Institute Experimental Lakes Area 

Work in physical limnology was conducted at the FRB 
Experimental Lakes Area near Kenora on the following 
aspects: 

18 

Lakewide circulation experiments at Rawson 
Lake, using radar-tracked drogues, produced an 
averaged velocity profile in the upper 6 metres. Initial 
results are consistent with a dependence between 
horizontal kinetic energy and the vertical distribution 
of Brunt-Vaisala frequency. 

Detailed a_n.a.lvses of the spati.a| v.ariati.on of both 
relative and absolute diffusion have resulted from dye

I 

experiments in selected lakes. 

Near surface Eulerian current measurements were 
conducted in a small shallow lake. Comparisons of data 
with those. froffi other lakes, in order to compare 
energy dissipation rates are being performed.
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An electromagnetic EPCO current meter was used 
to measure horizontal and vertical velocity compo- 
nents. The horizontal component was dominated by 
quasi—periodic fluctuations correlated with Langmuir 
circulations. Attempts will be made to estimate the 
contribution of these to the momentum flux. 

From continuous temperature measurements, de- 
terminations of energy concentrations at periods of 35 
to 67" minutes have been related to the effects of 
bottom topography in Rawson Lake. Concentrations at 
4.5 minutes are related to progressive Brunt-Vaisala 
waves. The latter were also recorded with amplitudes 
up to 2 metres from a triangula_r sensor array in a 
smaller lake. 

A biogeochemical research program is also being 
organized at the Freshwater Institute, Winnipeg,» where 
a laboratory is now being equipped for this purpose. 
The research planned for 1973 will consist largely of 
investigation of the role of clay minerals, humus, and 
clay-organic inte_ra_ctions in the budget and sediment- 
water interchange of phosphorus and iron, and its 

possible implications for eutrophication. Field work 
for the project will be performed at the Experimental 
Lakes area in western Ontario. 

Okanagan Basin Study: Geological Investigations 

The Geological Study of the federal-provincial Oka- 
nagan Basin Study (Task 121) was completed in June with 
the submission of a Final Report. The findings of the 
geological study were diverse, and resulted in the provision 
of a very large amount of basic data on the sedimentation 
processes in Okanagan, Wood, Kalamalka, Skaha, and 
Osoyoos Lakes. Highlights included the delineation of some 
areas in which the sediments appear to be enriched in 

mercury (Fig. 9) and the elucidation of the sediment 
phosphorus cycle in Skaha Lake. Wood, Okanagan and 
Osoyoos Lakes appear to have been undergoing eutrophic 
deterioration for much of the last century, but Skaha Lake 
started a sharp deterioration only 25 years ago with the 
onset of the sewage outfall from Penticton. Kalamalka Lake 
shows few signs of deterioration in the sediment record, 
and may have been somewhat "protected" from such a 
deterioration by its annual cycle of calcite precipitation. 
Although a "regional" study, this project was conducted 
out of CCIW by the Descriptive Limnology Section. 

G EOPH YSICAL LIMNOLOGY SUBDIVISION 
Components of the Limnogeology and Physical Limnology 
Sections of 1971 were brought together at the start of 
1972, with the intention of improving the cross flow of 
activity and ideas, pariticularly as related to the nearshore 
zone and the interaction of lacustrine processes and 
shoreline materials. Although both sections carried forward 
pre-existing programs and commitments, such as those 
related to IFYGL and IJC references, steps were taken for 
joint planning of research activities, and the first develop- 
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ments of Physical and Geological Limnology programs were ’ 

beginning to take effect at the end of the year. 

Geolimnology 

Regional Lake Sedimen to/ogy and Geochemistry 
No large scale sampling program was initiated during 

the year and work has been restricted to the reduction of 
existing data, covering Lakes Ontario, Erie, and Huron. 
Major sediment distributions in Lake Huron showed 
considerable similarity to those recorded in Lake Ontario; 
in both these deepwater lakes, bathymetry is the major 
factor controlling particle size distribut_ion. Sediment distri- 
bution data from Lake Erie suggests that response to 
wind/wave action and fetch is considerably more im- 
portant. Major element analyses have been completed for 
Ontario, Erie, Huron and Lake (St. Clair and are at present 
being prepared for publication. Trace metals (Hg, Pb, Cu, 
Zn, Ni, Co, Cr, Cd, Be, V, and Sr) have also been 
determined for‘ Lake Ontario, Lake Erie and Lake St. Clair. 

Nearsh ore Studies 

During 1971 the nearshore inventory program in Lake 
Erie was extended westwards from Nanticoke to Port 
Burwell along the Canadian shore. (Figs. 10 and 11). The 
bottom sediment composition comprised 5% bedrock, 40% 
glacial material, and 55% unconsolidated material. Long 
Point Bay deposits varied from clean sands inshore to silts 
and muds offshore. Textural gradients alongshore suggest 
net westward transport towards the bay head, along both 
the north and south shores; probably source materials are 
the glacial drift exposed as bluffs and offshore in the north 
part of the bay, and the south shore spit deposits. 

South of Long Point, the Long Point-Erie moraine is 

expressed as a major shoal which extends across the basin. 
Continuous sand deposits along the crest of this moraine 
appear to be derived from local reworking of underlying 
glacial drift and from erosion of glacial deposits on the shelf 
to the west. 

West of the moraine, there is a broad offshore shelf of 
exposed glacial drift and derivative lag deposits, and a 
narrow shore slope composed of inshore sands and offshore 
muds. The sands are derived from the erosion, of adjacent 
shore bluffs. Net drift is towards the east and acts as the 
supply for the accretion of Long Point. The survival of a 

band of shallow—water muds in what appears to be a zone of 
high energy has yet to be explained. 

in Lake Ontario, a simple jetting procedure was used to 
establish the thickness and basal material of the Lake 
Ontario nearshore sediments at Burlington, Niagara, To- 
ronto, Brighton and Wellington and to provide the basis for 
a coring program in 1973. Thickness gradients found were 
consistent" with the net transport directions proposed for 
the basin. Maximum thickness measured was 18 metres at a 
site just north of the Burlington Canal entrance. Figures 
12, 13 and 14 show the changes in the sedimentary
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Figure 10. Nearshore inventory program, easte 11 Lake Erie. 

deposits of the Wellington Bay area of Lake Ontario, which 
are evident from the comparison of Kindle’s 1915/16 data 
and that of CCIW obtained in 1971. Jetting data was used 
to complement the previous year's data a_nd to confirm the 
impl_ied changes. 

Project MOSES (Monitor Sediment Survey). which was 
designed to investigate the annual variations in sediment 
distributions in the nearshore zone off Burlington, has 
shown that the average depth of the survey area varied by 
1.6 metres du_ri_ng the. survey period. Of this, 0.6 metres was 
the result of water level changes; the remainder was due to 
sediment loss or gain in the area. Depth was greatest during 
the summer months, and least during the winter. There 
appears to have been a net decrease in depth of 0.8 metres 
during the survey year, which corresponds to a sediment 
influx of approximately 50,000 cubic metres. 

The overall average sediment texture varied by less 
than 5% during the survey year but significant changes did 
occur in the distribution of the sand, silt and clay 
components. The tendency was for poor differentiation of 
sand and subsand size material during the winter a_nd spring 
and good separation during the summer and fall. 

Changes in textural pattern a_nd depth appear to 
correlate with seasonal changes in wind direction and 
intensity. Shoaling and homogenization of texture cor- 
responds to the period of most intense onshore storms; 
deepening and textural differentiation_ occurs d_uring lower 
energy condition. 

Figure 1 1. Vessel support for inventory program.

21



22

~ WELLINGTON 
IAV 

lake ontario 

350000 360,000 

'\ 
-\. /‘ 

- sample site 

ki|_om'etres 

Figure 12. Map of sampling grid, Wellington Bay area, Lake Ontario.- 

survey lines o _ 
5 10 

=—-- 20 metre contour 

370,000 

4.870.611! 

4.51Qnoo



Wellington~~ 
;-ye’: 

-.=-»"'"’ 

WELLINGYON 

~~~~

~ 
~~~ 
~~ 

~~~ ~~~ ~ 

/ ° ‘ V 
_ $65 ' 

:9 ~ \~ Q“ ~ \\T\\ ~\\\\x\ \\\\\\ 

O -t 

bedrock 
sand 

.. .. siIt—sand 
--—-- 20metre contour 
contours- at 4m intervals

~ 

~~ 

\\

x

6
.

f (D o 0: .‘.° 

soundings corrected to chart datum 74.01 m a.s.l. 
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activation techniques. Results of the tracer experiment 
were complemented by shore—based monitoring of beach 
and wave—related parameters and confirmed that long-shore 
sediment movement is quite small when compared to 
movementperpendiycular to the shoreline. At the tracer site, 
a strong net onshore movement predominated, probably 
reflecting the over-‘riding influence of storm waves from the 
east. The beach at this site was found to remain stable 
under all wave regimes. 

Tracer Studies 
.

. 

A pilot sediment tracing program was carried out in 
October 1972 offshore from Hamilton's Confederation 
Park, ‘western Lake Ontario (Fig. 15). After an exhaustive

. 

literature review of tracing techniques used worldwide, lit 1 

was decided to use a synthetic glass "sand" containing 3.4% 
of" the element antimony (Sb). The field operations and 
sampling were supported by Scuba divers and analysis of 
the samples collected was carried out using neutron
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Geaph ysical Studies 
During the early part of the year an experimental, very 

sh_allow water, seismic reflection survey was run in con- 
junction with the University of Waterloo and the Atomic 
Energy Commission (Chalk River),at Perch Lake,’ Ontario. 
The results, however, were disappointing.

V 

' 

Further seismic surveys were run in cooperation with 
the GSC in the Mackenzie Delta-Beaufort Sea area, and to 
provide improved resolution of Lake Ontario "problem 
areas" in the eastern parts of the Rochester basin of Lake 
Ontario. Side scan sonar tests were completed in eastern 
Lake Ontario, after an extensive rebuilding of the existing 
equipment and installation "of a _new towed body. As- 
sistance was also provided to the Earth Physics Branch for 
Heat Flow Studies in Lake Ontario (IFYGL). 

Priority was given to the de_s_ign.and development of 
specialist geophysical equipment to be used in support of 
studies on recent sediment lithological and stratigraphic 
variations. This included a shallow underwater refraction 
system, an in situ a_nd laboratory velocimeter, a core 

resistivity logger, an undenivater resistivity profiler and an 
in situ resistivity probe. Much of this equipment is close to 
becoming operational. 

Suspended Sediment Studies 
These were restricted to a series of laboratory and test 

programs designed to evaluate the photo‘-extinction equip- 
ment for ‘use in quantifying the low concentrations of 
suspended. sediment from the Lake Systems Drift in the 
order of 2-5% per 24 hours appeared to be related mainly 
to component quality; anomalous background levels ob- 
served during fluorometry tests have yet to be defined but 
are believed to have been related to impurities in the water 
supply used. 

GSC (Geological Survey of Canada) — CCIW Activities 
. Palynological investigations were carried out on se- 

lected cores from_the Great Lakes and from the Okanagan 
Valley lakes of British Columbia. 

Pollen analyses were completed on a sediment core 
from South Georgian Bay to interpret the Quaternary
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stra'tigra'phy. Four pollen horizons 
_ 

provide a time- 
stratigraphic zonation of thesediments. One of these 
horizons, the spruce-pine transition (Ca_._ 9,500 years B.P. 
here), occurs at the contact between glaciolacustrine red 
clays and overlying grey silty clays. Thiswtr‘ansit_ion dates 
these sediments and also the low-level stage of Georgian 
Bay, Lake Hough. ' 

In Western Lake Huron piston cores have intersected . 

peat, believed to have been deposited during low-level Lake 
Stanley (when Lake Huron drained northward). The 
spruce-pine transition occurs at the base of the peat. 

Pollen analyses on pi_st_on cores collected by the 
Consumer's Gas Company. from north-central, nearshore, 
Lake Erie, demonstrate a major hiatus, possibly amounting 
to 4000 years, between the glacial and post glacial 
sediments. This inferred hiatus presu_mably corresponds to 
an unconformity and lack of sedimentation during the 
low-level Early Lake Erie Phase (Ca. 12,500 years B.P.). 
However, preliminary pollen studies on cores collected in 
offshore areas imply uniform and continuous sedi- 
mentation. - 

A post-Ambrosia (related to European settlement and 
the advent of agriculture about 120 years ago,) decli_ne i_n 

Castenea (chestnut) pollen, is being identified in six cores 
from Lakes Ontario and Erie. The Castanea decline cor- 
relates with the final die-out of chestnut trees about 
forty-five years ago. 

Consistent pollen changes have been observed in 
sediments from the Okanagan Valley lakes, Okanagan, 
Wood, Ka_la_m_alka, Skaha and Osoyoos. These changes 
correspond to historically known changes in the flora a_nd 
land use, such as the transition from cattle ranching to 

‘
, 

agriculture. This event took place about 1890 and hence 
serves as a convenient marker to date these sediments. 

An extensive coring and sampling program was under- 
taken by the Consumer’s’Gas Company in Central Lake 
Erie in order to study and locate adequate bearing strata for 
jack-up drilling rigs. This study is of interest since it 

provides good quality cores of lake sediments (to bedrock) 
which were previously unavailable. Furthermore, this study 
will provide measurements and in_terpretatio_ns on engi- 
neering properties of the sediments with particular re- 

ference to their bearing capacity for offshore structures. A 
discussion of this program and inter'pr‘et'a'tions and con- 
clusions from preliminary_ data have been published in a 
report by Lewis, Wootton and Davis (Geological Survey. 
Report of'Activities, Paper 73-1 PT.A., 1973). 

Data Handling 

During the early part of the year three sub-files 
designed ‘for specific data handling-were established. They 
correspond to shipboard sediment data (CC,lW-SHlP),_sedi- 
mentological laboratory (data (CCIW-SEDPET), and geo- 
chemical data (CCIW-GEOCHEM). Geophysical and'biotic 
data may be included in the near future. 
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Implementation of a ‘merged file will be initiated_ early 
in 1973, in the form of a computer data file, for lake 
sediment data to be maikntained at the Canada Centre for 
Inland Waters. Using the SAFRAS data file system, 
developed at the University of Western Ontario, the file will 
be compatible with ‘similar geological data banks at the 
Geological Survey of Canada and the Ontario Department 
of Mines and Northern Affairs. The prime purpose of the 
file will be to serve as a continuing arc_hive of sediment 
information for scientific and general use. However, the 
pot_en_t_ial of such a computerized system of data records‘ for 
data base management and analysis will greatly aid studies 
of regional scope. ' 

Contract and Cooperative Studies 
At the invitation of the [University of Geneva a senior 

research staff member from the Section spent eight months 
on exchange, working on sedimentological and geochemical 
problems in Lake Geneva (Lac Leman). This exchange 
resulted in additionalstudies on the distribution of mercury 
in partsof the Rhone River system, in Lake Geneva, and 
also in selected isolated and alpine lakes. The effects of 
prevailing winds and associated rainfall were observed to be 
significant controlling factors in the atmospheric in- 
troduction of mercury "into othenlvise uncontaminated 
environments. ~ 

-' 

During the latter part of the year Section ‘staff 
cooperated in programs of the Royal Ontario Museum 
designed to try to locate archeological evidence and remains 
of two important wooden sailing vessels lost off the Niagara 
Peninsula during the war of 1812. The program cooperation 
provided an excellent opportunity to test-evaluate modi- 
fications completed to the side scan sonar equipment;.; A 
number of targets were located in deep water offshore of 
the St. Catherines — Welland area, but subsequent follow- 
up with underwater television working at extreme depth 
were not confirmatory. At the present time it is believed 
that the targets so far located do not typify those of the 
search objective.. . 

.

- 

An extensive program of shoreline erosion studies was 
initiated jointly with the Civil Engineering. Department of 
the University of Waterloo, and has been -specifically 
designed to differentiate the control’ exerted by such 
factors as material composition,. groundwater seepage, 
slope control, "vegetation, wave forces, wave incidence, 
water level, and offshore bathyrnetry. It is hoped that 
results from this study, which is primarily concerned with 
the Niagara Shoreline of Lake Ontario, may be directly 
applied to other similar shoreline areas. Bearing in mind the 
impact of continuing high water levels in the Lower Great 
Lakes since predicted high levels during 1973, this in- 

formation should be of considerable value in properly 
understanding the impact of high lake levels. 

A contract with the Department of Geology of 
Lakehead University was extended into 1972, under terms 
similar to that existing during the previous year. Particular



attention was given to the shoreline and nearshore areas of 
the northshore of Lake Superior, and to the more isolated 
bays east of Thunder Bay, which had been neglected during 
previous surveys because of logistical problems. Evidence of 
environmental degradation appears to be significant only in 
very limited areas, such as around Marathon. 

Anextensive contract report was completed by H.G. 
Acres Limited (Niagara Falls, Ontario) on "The -evaluation 
of procedures for recovering and decontaminating bottom 
sediments in the Lower Great Lakes." In this report details 
of the various aspects of dredging material processing and 
treatment, and cover by use of inert materials as they relate 
to the Great Lakes and similar environments were reviewed. 
Case history examples of studies undertaken at Placentia 
Bay (Newfoundland), Chedabucto Bay (Nova Scotia), New 
Jersey estuaries, Lake Washington, with the Great Lakes 
(by both U.S. and Canadian agencies), and from selected 
sites in Sweden, Germany, England, and Japan, were used 
to define the approaches which had been made to various 
sediment pollution problems such as oil spills, mercury 
contamination, and other industrial outputs; the success of 
each approach taken was appraised. In the light of Great 
Lakes problems, an example of a sediment pollution 
problem was chosen and then the various possible remedial 
approaches were evaluated in the light of present day 
tech nologyand economics. 

_Some of the major points which arose from the report 
appear to be: (1) the need to lessen environmental impact 
by the use of improved and jmore efficient dredging 
technology’; (2) the lim_ited effectiveness of present techno- 
logy in its ability to decontaminate or process polluted 
materials, particularly fines; ('3) the inability of presently- 
available plant to effectively remove polluted materials 
once they have been allowed to settle out as a fine cover 
over a" wide area. ‘ 

It is expected that this report and its references will 
provide an important basis for much of the work necessary 
in proposing improvement to Great Lake dredging acti- 
vities, and quality standards, as required by the lJC.

I 

Physical Li_m_nology 

Physical or mecha'ni,ca'| energy at all scales is ultimately 
responsible for the distribution of d_is_solved and suspended 
material within a lake; Studies of chemical and biological 
processes important in the life‘ cycles of lakes must take 
into account the accompanying physical regime if full 
insight is to be gained into the dynamics of these processes. 
The role of the Physical Limnology Section is primarily one 
of research into basic physical processes affecting the 
distribution of energy and materials across the surface and 
within lakes. ‘ 

The bias of the group as a whole is toward ex- 
perimental work in the natural environment for which the 
Centre provides excellent facilities. 

The greater part of the Section's work in 1972 was in 
support of the International Field Year for the Great Lakes 
(Fig. 16). A large body of field data has been successfully 
collected and is now being analysed. 

Diffusion Experiments 

Several diffusion experiments were carried out in 1972 
in coastal waters, and offshore in both the epilimnion and 
hypolimnion of Lake Ontario. The basic technique 
consisted of injecting a marker dye (Rhodamine B) into the 
water either in a single blob or as a continuous stream, and 
then tracing, the time and space changes of the dye 
concentration field using fluorometers (for concentrations 
as low as 1 part dye to 10" parts water) and aerial 
photography. 

The nearshore experiments were of the oont_i,nu_ous 
plume‘ type with the dye being injected from a specially 
equipped raft-. The depth of injection varied from the 
surface to 10 m and for these latter depths a bottom- 
moored diffusing apparatus was used (simulated outf_all 
experiment). The dye concentrations in the resultant plume 
were measured from a 4Gfoot launch (C.S.L. AQUA) using 
a pump and continous flow-through fluorometer (launch- 
mounted) for each sampling level. 

The offshore experiments were conducted from C.S.S. 
LlMNOS in collaboration with Professor G. Kullenberg of 
Copenhagen University and H. Westerberg of Goteborg 
University (see work supported under contract). Single 
patches of dye were released and the diffusing patch 
tracked using Kullenberg’s in situ fluorometer. It was 
possible to continue some of these experiments through 
time and space scales as large as 80 hours and 15 km 
respectively. 

The dye concentration measurements were comple- 
mented wherever possible with measurements of meteo- 
rological parameters, local current structure and thermal 
structure. 

A preliminary analysis of the data in which effective 
horizontal eddy diffusivities were calculated as a function 
of the spatial scales, suggests that the diffusivities range 
from 10’ to 10° cm’/s in such a way that Richardson's 
"4/3 power law" dependence of.eddy diffusivity upon 
spatial scale is approximately verified (Fig. 17). L 

The experiments in which dye "was released in the
' 

thermocline zone are particularly revealing as to the 
complex" sheet and layer'' structure of the thermocline. 
The dye was observed to spread within a narrowly-confined 
layer having the same density as the initial dye solution. 
The vertical position of this layer varied due to internal 
wave activity but could be identified from an examination 
of the thermal structure. Dye appeared to diffuse across the 
vertical boundaries of the layer where local current sheer is 
expected to be high (Woods, 1968). Further study of 
diffusion processes in a thermocline would greatly benefit
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from a technique permitting the a_ccu_rat_e mea_su’ren'j’1e’nt of 
the current" fine structure”. ' 

' 

* ~ 

Air .— _Lake Interaction 

The main effort of the program consisted of the 
planning and execution of a complex series of experiments 
in Lake Ontario near the mouth of the Niagara River. The 
experimental facility (Fig. 18) consisted of three‘80-foot 
bottom-mounted towers in 40 feet of water,» on which were 
mounted m_eteorol_ogica_l instruments. Underwater power 
and signal cables ran from the towers to a barge anchored 
nearby. The barge was equipped with diesel generators for 
electrical power, shelters for reco'rding instruments, and. 
rough living accommodation for the ‘investigators. The 
installation‘ and maintenance of this facility was a chal- 

lenging task in itself and could not have been achieved 
without the large and sustained efforts of the Scientific 
Division, Technical Operations Subdivision, "and Marine‘ 
Sciences Directorate at the Centre‘. 

_ 

Th,e"pri_mary objective of the experiments was the 
measurernent of the. exchange of momentum, heat, and 
moisture between the air and the water over a wide range of 
natural conditions. Partic_u_|a,r emphasis was placed onlthe 
effects of atmospheric stability and wind speed imme- 
diately above the water surface upon the direction and rate 
of these transfers. Conditions in Lake Ontario vary from_ 
strongly stable in the spring (warm air, cold water) to
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Figure 18. The Niagara micrometeorological facility. Sonic and 
hot-wire anernometers and wave gauges are mounted in 
"tower at left; tower at right is the profile tower. 
Recording equipment was housed in the barge, anchored 
several hundred feet away. 

strongly unstable in the fall (cold air, warm water) and the 
possibility of o_btaini_ng such a wide range of conditions at a 
single site alone makes the da_ta particularly valuable. The 
application of these measurements, in addition to possible 
new insights into the physics of air-water transfers, is 

towards an improved ability to estimate the net exchange 
of 

_ 
momentum, moisture and .energy_ (mechanical and 

thermal) between air and waterfrom measurement of a few 
well-selected and simply-obtained parameters such as mean- 
wind speed and air-water temperature differences at fixed 
reference heights. 

With this latter aim in view, measurements have been 
made with a variety of instruments ranging from rapid 
response probes, from which the turbulent fluxes may be 
measured d'ir'ec't|y, to t_h_e standard moored meteorological 
system which measures wind speed, air temperature and 
humidity at a fixed (4 m) height above water level. 

Datagwere gathered .during four periods of about two 
weeks each, in May, June, August and October. Three of 
the ‘periods were marked by occurrences of strong winds. 
At times this caused delays because of the difficulty in 
la_nd_ing people safely on the barge from small boats. 
Nevertheless a large and valuable collection of data was 
made. 

The barge and tower facility served as a platform for 
other investigators from the Atmospheric Environment 
Service of Ca_na_da, the Atlantic Oceanographic Laboratory 
at Dartmouth, N.S., and the Pennsylvania State University. 
The measurements will be used also for comparison with 
similar data gathered during the overflights of research 
aircraft. 

V

. 

Heat Cantentand Thermal Structure of Lake Ontario 
One of the core projects of the International Field 

Year is a detailed thermal energy balance of Lake Ontario. 

This balance will allow estimates to be made of lakewide 
transfers of latent (evaporation) and sensible heat across the 
water. surface. These estimates in turn will serve as bases for 

' the comparisons of other, independent, measurements of 
these transfers and so help to refine present methods of 
estimating _air water transfers from standard meteorological 
observations. 

A key term in the energy balance equation is the time 
rate of change of quantity of the heat stored in the lake. 
For Lake Ontario this term has a mean daily value 
comparable in size to the other. heat fluxes. In principle, the 
quantity of heat stored in the lake may be computed from 
synoptic temperature profile data by constructing an 
approximate integral of the temperature field over the lake 
volume. Simple estimates show that useful. accuracy can be 
obtaine_d with a 93—station sampling grid and using two 
vessels equipped with standard EBT’s to obtain a tem- 
perature profile at each grid point within a 50-hour period. 
Starting April 4, 32 such surveys were carried outduring 
1972 with both Canadian and U.S. vessels. The raw data in 
the form of graphs of temperature versus depth have been 
edited and processed at CCIW, and prelimi_na_ry compu- 
tat_ions of the stored heat content at the midpoint of each 
survey have been mad_e. From these calculations it appears 
that Lake Ontario took longer to warm up in 1972 than in 
other years but that the total stored heat (change from 
minimum to maximum) was not significantly different 
from past values. The program is being carried on through 
the early part of 1973. 

A useful by-product of these surveys is the series of 
near-synoptic pictures. of the lakewide thermal structure 
(Table 4) which may be readily assembled (cross-sections, 
surface distributions, etc.) from the temperature profile 
data. A series of preliminary reports has been issued 
describing this structure and attempting to relate it to 
meteorological events. The same data set have been used 
also to estimate available potential energy and its changes 
as they relate to mechanical energy transformations within 

. the lake. 

River outflow temperatures were collected at the 
mouths of the Credit, Humber, Ganaraska, Trent, and 
Moira Rivers along the north shore of Lake Ontario as part 
of a program to estimate the quantity of heat advected into 
the lake by its tributaries. Local observers were recruited to 
maintain thermographs and to take a daily surface terri- 
perature. The field measurements were made from early 
April through late November. 

It was recommended by the lFYGL Energy Balance 
and Water Movements panels that long-time series data on 
the thermal structure be collected at some points in the 
lake. The Section, together with the Engineering Systems 
Section and the Technical Operations Section, undertook 
the design, procurement and emplacement of four fixed 
temperature profilers in Lake Ontario. The technical 
aspects of this program have been described in an En-
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gineering Report (Harrison 81 Watson 1972). As is usual 
with prototype systems, there were some failures, but the 
gross data return is estimated to be about 60% and should 
prove to be a valuable contribut_ion to the total collection. 

The Section contributed to the Water Movements 
Program of the IFYGL via three temperature transect 
cruises conducted aboard C.S.S. LIMNOS. The purpose of 
the cruises was to detect" long standing internal waves of the 
Poincaré type,» thought to be a domina_nt- feature in the 
offshore zone under stratified conditions. These waves can 
be detected by measuring the time and space changes of the 
thermal structure (notably the position of the main 
thermocline) along a transect of the lake. Two towed 
systems were deployed from LIMNOS, an undulating 
vehicle carrying a temperature and a pressure (depth) sensor 
(Bedford Batfish)_,_ and an array of thermistors mounted on 
a faired cable. The LIMNOS crossed the lake repeatedly on 
a line from Oshawa, Ontario, to Olcott, New York at a 
speed of 7 knots. Each experiment lasted 4 1/2 days and 
comprised roughly 22 crossings of the lake. 

In all 3 cruises, evidence of basin-wide internal standing 
waves has been observed (Fig. 19), as well as much revealing 
data on the nature and possible sources of some of the 
short progressive internal waves. 

H ydro d y_n_am,ic Mode/[I_'ng 
Extensive investigations were carried out with a three» 

dimensional model of Lake Ontario in order to take full 

advantage of the IFYGL "data. Model vervification usingthis 
data was started as soon as the observations became 
available. The occurrence of tropical storm Agnes in the. 
second h_alf of Ju_n_e constituted a singular event well suited 
to this verification. A detailed analysis was made of the 
observed wind stress and atmospheric pressure fields in 
order to provide suitable input to the model. In general, the 
water levels and currents computed by the model are in 
good agreement with the field observations. 

In order to illustrate the applications of "numerical" 
models, a film entitled "Computer Simu_lation of Water 
Movements in Lake Ontario" was made at the National 
Centre for Atmospheric Research in Boulder, Colorado. 
The film was made using the computer faci_lities i_n Boulder 
a_n_d ru_ns about 12 mi_nutes. A copy of the film may be 
borrowed from the CCIW library. 

A more specialized model has been developed 
(Hamblin, 1972) with the purpose of studying the causes 
a_nd characteristics of lake seiches. A general numerical 
method permits an examination of the effects of the earth's 
rotation, realistic bathymetry, and shoreline configuration 
on the frequencies, free-surface ‘topography and current 
distribution of lake seiches. The method was first applied to 
thepfive lowest mode gravitational seiches and the lowest 
rotational seiche in Lake Ontario. Work has continued on 
the mechanisms of generation of surface a_nd internal 
seiches by atmospheric a_nd tidal forces, and an analysis of . 

observed water level fluctuations in Lake Ontario is in 

Table 4. Average temperature (0°C) of horizontal layers in Lake Ontario computed from 1972 Heat Content Survey data. 

Cruise Dates 
LAYER »

3 

6/4 11/4 18/4 25/4 2/5 9/5 16/5 25/5 ~ 1/6 6/6 14/6 21/6 28/6 6/7 

0 —> 10111 1.37 1.47 1.90 2.16 2.71 3.14 3.57 5.61 
f 

6.12 7.39 ,7.25 9.83 10.47 13.16 

10 —» 25 1.38 1.48 1.77 2.02 2.46 _2_.78 3.02 3.64 4.26 4.38 5.37 5.75 6.78 7.15 

25 —> 50 1.46 1.52 1.74 1.94 2.31 2.49 2.75 3.22" 3.54 3.75 4.00 4.09 4.60 4.68 

50 —y 100 1.57 1._57 1.77 1.94 2.19 2.38 2.44 . 2.99 _3.21 3.55 
_ 

3.73 
g 

3.85 3.99 4.05 

100 -> 150 1.98 1.99 1.89 2.04 2.31 2.36 2.49 2.90 3.13 3.37 3.37 1 3.64 3.85 3.91 

150 + 2.01 2.38 2.36 2.32 2.34 2.40 2.50 3.10 3.21 3.25 
' 

- 3.89 3.91 

Cruise Dates __ _ H 
LAYER 5 - 

“ ‘ 

18/7 2/8 29/8 5/9 13/9 19/9 26/9 11/10 17/10 26/10 7/11 22/11 28/11 

0 —» 10m 17.47 18.61 19.01 
V 
19.16 

3 

18.86 17.56 16.69 12.19 9.39 9.41 8.75 '6.94 6.00 

10 -> 25 8.08 10.37 13.09 13.57. 13.60 14.65 13.31 11.70 9.24 9.04 8.52 ’ 6.91» 5.95 

25 -4 50 4.68 4.76 5.52 5.61 5.69 6.15 5.69 8.38 8.25 7.83 7.53 6.69 5.95 

50 +100 4.04 4.02 4.10 4.12 4.10 4.12 4.16 4.24 4.97 4:71 4.90 5.41 5.68 

100 —> 150 3.88 3.90 3.92 3.92 3.93 3.99 - 3.88 3.91 3.91 3.96 -4.09 .4.64 

150 + 3.85 3.89 3.88 3.86 
‘ 

3.85 3.96 3.82 3.76 3.80‘ 4 3.84 4.00 - 4.02 
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Figure 19. A temperature cross-section of Lake Ontario assembled from measurements made with the Batfish system during the transect experiment of 10-14 July 1970. The origin of the horizontal-scale 
is Olcott, New York. 
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progress with a view to using it as a basis for comparison 
between predicted and observed behaviour. 
Project Oshawash 

From 1969 through to 1972 a large amount of data has 
been collected in the vicinity of Oshawa, Ontario, by the 
Unive_rsity of Waterloo (Coastal Chain Project) supported 
under contract from CCIW, ‘and by CClW scientists them- 
selves. The tacit aim of these experiments has been to study 
the nearshore regime at a site which is relatively free from 
large topographical variations and local influences such as 
major rivers. Due to Field Year preparations and other 
commitments, the detailed analyses of these records had 
been previously postponed; this year it has been possible to 
ma_ke a start. 

The cu‘r'ren't meter data of 1970 from the nearshore 
area off Oshawa has been edited and transformed into a 

p 

more accessible form. Some analyses have been completed 

and others are under way. The total kinetic energy of 
horizontal motion (mean speeds plus variance) increases 
over the field season from May to late October. There is a 
tendency for the energy to decrease with distance offshore 
in the spring and summer records but such a tendency was 
not observed in the fall records, although it may well be 
that the measurements did not extend far offshore (Fig. 
20). Most of the total energy occurred at periods in excess 
of three days, but significant quantities were found at or 
near the local inertial period (17.5 h). It is interesting to 
note that while the total and the long—period energy de- 
crease with distance offshore, the energy in the inertial pe- 
riod range tends to increase offshore. This last observation 
would be consistent with the reflection of long internal 
waves from a sloping shoreline. 
Instrumentation Development 

The Section, in collaboration with the Centre's en- 
gineers, is active in developing new instrumentation ap- 
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Figure 20. Total horizontal kinetic energy in a frequency band from 0 to 1 cycle per hour measured with current 

meters in the Oshawa region of Lake Ontario in 1970 and plotted as a function of distance offshore.
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propriate to its field activities. The towed thermal profiling 
system, Batfish and towed array, have been carried forward, 
with the former system now considered to be operational 
not only for temperature profiling but also as a general 
platform for in situ instrumentation. Development of the 
fi_xed temperature profiling system continued through 
1972. The Section is investigating the techniques of in situ 
fluorometry of obvious advantage for diffusion studies. The 
needs of the micro—meteorology program have promted 
many developments, notably in the remote positioning of 
tower mounted sensors. Trials were made on an electro- 
magnetic current meter designed to measure the orbital 
velocities of surface wave motion. 

Contract and Cooperative Studies 
Professor G.T. Csanady of Waterloo University carried 

out an experimental program, coide-named “Coastal Jet 
Project", to obtain detailed information on the structure of 
nearshore currents. Two coastal chains (15 km long with 12 
stations) normal to the shoreline were established off 
Oshawa a_nd Presqu’i|e, Lake Ontario. Three periods of four 
weeks intensive measureme_nts of currents and temperature 
were taken (using the flag station technique) at time and 
space intervals. A detailed .—report upon these contract 
inv‘estigat_ion,s will be available in 1973. 

CCIW also supported work by the Great Lakes lnsti- 
tute under the direction of Dr. G.K. Rodgers. Water 
temperature measurements were made at the mouth of the 
Humber River from April through November 1972 as a 
contribution to the Energy Balance Program of the IFYGL. 
Two recording thermographs were maintained on a 
bottom-mounted tower off Toronto. A number of detailed 
temperature surveys were conducted on the northwest 
shore of Lake Ontario from the C.G.S. PORTE DAUPHINE 
in July and August in order to document episodes of lake 
upwelling in response to westerly winds. A report is 

forthcoming on this last project. 

The contributions of Professor Kullenberg and Mr. 
Westerberg to the IFYGL diffusion program were also 
supported under CCIW contract. A detailed report of their 
work will be available shortly. 

The Niaga_ra barge facilities were made available during 
July to. a _group headed by Professor G. Harris from the 
Biology Department of McMaster University. In addition to 
biological studies on the diurnal fluctuations of primary 
production, this group investigated the occurrence and 
vertical circulations associated with Langmuir vortices. 
Results of this work were reported to CCIW in a seminar 
given by Professor Harris in November. 

An additional cooperative program with the De- 
partment of Civil Engineering of the University of Waterloo 
has made possible the extension of activities related to 
nearshore diffusion studies. It is expected that Mr. E.L. 
Skiba will contribute significantly to the Section in his 
capacity as a doctoral student. 
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BIOGEOCHEMICAL LIMNOLOGY SUBDIVISION 
The subdivision carries out studies on the impact of 

introductions of natural and man-made substances into lake 
systems, with special emphasis on their limnological 
behaviour, complex interactions and relationship to lake 
water quality. This group of specialists within the broad 
field of chemistry provides the fundamental understanding 
of chemical processes in lake waters as a basis for the work 
of others engaged in water quality management. 

The projects carried out in the Geochemistry Section 
range from measurements of the partial pressure of carbon 
dioxide in air over Lake Ontario, and a survey of the stable 
isotope composition of sulfate sulfur in waters of four of 
the Great Lakes, to laboratory studies on the thermo- 
dynamics of some synthetic phosphates of lead -and zinc 
and their associated dissolved species, and several projects 
on the properties of lake sediments, including sedimenta- 
tion rates, ‘organic carbon, nitrogen, phosphorus and 
mercury, a_mino acids and amino sugars, humic and fulvic 
acids, chlorophylls and chlorophyll derivatives. In addition, 
studies were made on various forms of phosphorus, and 
several heavy metals (Zn, Cu, Ni, Cd, Pb and Mn) in cores

' 

from Okanagan Lake as well as some of the Great Lakes. 

The Environmental Impacts and Developmental 
Chemistry Section includes_a group engaged in assessing the 
environmental impact of new substances, generally working 
in close co-‘operation with colleagues in the Fisheries 
Research Board Detachment. Studies in this area include 
research on a bacterial mutant capable of rapidly degrading 
NTA, and on the ability of natural populations of bacteria 
to degrade certain PCB's; a monitoring program for NTA in 
Hamilton Harbour and western Lake 

_ 
Ontario; and 

development of a new and convenient analytical method 
for EDTA and NTA. ' 

Other laboratory projects of the Section include 
oil/water studies; the physical chemistry for multi- 
component brines; and study of the complexing properties 
of humic materials with mercury and copper. ' 

Field-and-laboratory projects include a study of carbon 
and phosphorus dynamics in lake water; study of the 
chelation capacity and chemical form of severa_l heavy 
metals i_n a number of lakesnear Sudbury, Ontario; a study
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of the occu_rrence of methyl mercury; research on methods 
for concentrating, extracting and identifying dissolved 
organic compounds. 

Carbon Dioxide in Air over Lake Ontario 

This study was off to a late start with the arrival in 
August of a UNOR 2 infrared carbon dioxide analyzer. 
With this instrument carbon dioxide over the lake can be 
measured with a precision of about 2 ppm. The equipment 
was set up on the MV MARTIN KARLSEN for two of the 
IFYGL OOPS cruises, in September and October. The mean 
value in September in the middle of Lake Ontario, averaged 
over twenty four hours, was 322 ppm. A diurnal cycle, with 
low values in the af.ternoon, was observed. l_n October, after 
there had been several frosts, no cycle was observed, and 
the mean value was higher, 330 ppm. The carbon dioxide 
content of air fluctuates considerably, especially in the 
vicinity of’ cities. Extremes of 315 to 360 ppm have been 
observed. 

Stable Isotopes of.Sulfate Sulfur in Great Lakes Waters 

A general survey of the isotopic abundance of sulfur in 
(dissolved) sulfates in Lakes Michigan, Huron, Erie and 
Ontario has been made. (Sample analyses were done by 
contractual arrangement with J. Monster of the Chemistry 
Department," McMaster University.) The results obtained so 
far indicate that whereas the isotopic abundance in Lake 
Erie shows both regional and temporal variations, Lakes 
Michigan, Huron and Ontario remain hornogeneous with 
respect to their sulfur isotopic compositions. Average 6334 
values for the lakes are: Lake Michigan + 4.6°/00, " Lake 
Huron + 6.3°/00, Lake Erie +5.50/oo (range + 4.9 — 
+6.6°/oo) and Lake Ontario + 5.9°/00, These results may 
be compared with the sulfate concentrations, which gen- 
erally show a progressive increase eastward from Lake 
Michigan to Lake Ontario (mean sulfate levels: L. Michigan 
19_5 ppm, L. "Huron 16.2 ppm, L. Erie 21.4 ppm and 
L. Ontario 27.6 ppm). 

A VG Micromass 602C mass spectrometer capable of 
determining stable isotope ratios of carbon, nitrogen, 
oxygen and sulfur with a precision of 0.2°/(,0 or better is 

on order and a more intensive study on the isotopic com- 
position of the Great Lakes is planned fo_r next year. 

Lead and Z_inc_Phosphates 

Because of the possible geochemical and ecological 
importance of lead, a study was made of the solubilities of 
a number of lead phosphates and hydroxides, and the 
associated equilibria in solution, in order to improve our 
understanding of the behavior of these species in the 
environment. It was found that lead phosphates, 
particularly the pyromorphites, are very stable, and are the 
lead minerals most likely to be ‘precipitated in aerobic soils 
and lake sediments. 

Solubility product constants and free energies of 
formation were determined for the solid phases. 
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1_’h§§e 
_ 

PKSP Ac? (K cai moi“) 

PbHP04 . 11.4 -281.8’ 
Pb3(P04)2 44.5 -555_o 
1’b40(PO4)2 - -617.3 
Pb(0H)2 20.4 -1033 
Pbs(P04)30H 76.8 —9o2_o 
Pbs(PO4)3C1 84.4 —90s.2 
Pbs(P04)3F 

_ 

71.5 --942.0 
Zfl3(P04)2‘4I-I20 35.3 —As_5'_7,_3 

V 

As_soci_at_ion constants for some ion pairs were 
1 determined: 

Ion pair 
‘ 

log K3 

PBH2 904* 1.5 
PbHP04° 3.1 

I 

The data for the zinc phosphate indicate that it is too 
soluble to be likely to form in the lake environment. 

Geochemical Inputs to Great Lakes Sediments 
Sedimentation rates, organic carbon, nitrogen, 

phosphorus and mercury have been measured at close 
intervals in 14 cores from Lakes Ontario, Erie and Huron. 
Sedimentation rates range from a low of 0.6 mm of 
sediment per year in northern Lake Huron to a maximum 
of 1.6 cm per year in the deep eastern basin of Lake Erie. 
Preliminary esl;i_ma_tes of the present day inputs tothe three 
lakes are shown below. 

Total
‘ 

Total Organic Total ' phos- 
Lake sediment carbon nitrogen phorus Mercury 

103 metric tons 

ONTARIO 4,360 256 29 7.6 .0127 
ERIE 21,260 746 102 27.6 .0137 
HURON 3,840 

‘ 

161 21 4.6 .012 

The concentrations of organic carbon, nitrogen, 
phosphorus, and mercury inc_re_ase towards the surface of 
each core from a level representing deposition around 50 
years BP. The increases are mainly due to increased loading 
to the sediments in recent years. The sediment enrich'me’nt 
factor (SEF) is defined as the ratio of the geochemical 
concentration in the top cm of sediment to the con- 
centration representative of deposition 120 years BP. SEF 
values for t_het_h_r'ee lakes are shown below. 

Organic 
Lake carbon Nitrogen Phosphorus Mercury 

ONTARIO 3.10 3.10 2.34 52.0 
ERIE ‘ 2.41 3.18 1.79 

_ 
3.4 

HURON 1.29 1.48 1.30 1.5



____________------ 

It can be seen that present day inputs to the Lake Huron 
sediments are little different to that of 120 years ago, 
whereas the Lakes Ontario and Erie sediments are receiving 
1.8 to 52 times the natural load. 

Sediment Organic Matter Studies 

The distribution of amino acids and amino sugars in 
the surface sediments of Lake Ontario is similar to that 
found in Canadian soils and in ocean sediments. The 
ch_anges in_ the amino acid content and reactivity towards 
proteolytic enzymes suggest that the pathway of de- 
gradation and transformation of amino acids in Lake 
Ontario is as follows: (1) lake cellular materials-> (2) water 
soluble organic matter, containing soluble amino acids -> 
(3) fulvic acids —> (4) humic acids. 

The molecular weight distribution of humic and fulvic 
acids from the surface sediments of Lakes Ontario and Erie 
ranges from less than 700 to over 200,000. The molecular 
weights of the hu_mic and fulvic acids occur in three distinct 
ranges: (_1) fractions with molecular weight over 200,000 
(23-49%),‘(2) fractions from 5.000 to 50,000 (31-58%) 
and (3) fractions less than 700 (0— 22%). 

Studies on chlorophyll were carried out as part of a_n 
M.Sc. Thesis at Queen's University, in conjunction with Dr. 
R. J. Daley and Prof. S. R. Brown. An integrated 
quantitative method was developed for the determination 
of chlorophylls and chlorophyll degradation products in 
freshwater phytoplankton and sediments. The pigments are 
extracted in acetone and separated by reverse phase 
thin—la'yer chromatography. Using three c_hromatographic 
systems, artefact-free separations of chlorophylls a, b and c, 
and eighteen of their derivatives are obtained. The 
procedures are rapid, simple and highly reproducible. 
Chlorophyll pigments are being currently determined in 
cores from Lakes Ontario, Erie and Huron. 

Heavy Metals and Forms of Phosphorus in Lake Sediments 

The fine-grained sediment of Lake Erie contain 
approximately one half of the total phosphorus as apatite, 
equivalent to 300-600 ppm P. The apatite appears to be 
entirely of detrital origin, as indicated by mineralogical 
studies, constancy with depth in sediment cores, and 
decreasing sediment content with increasing distance from 
shore. Much of the apatite is probably derived from eroding 
bluffs along the north shore. The bluffs contain 420-680 
ppm P, over 95% of which is present as apatite. Detrital 
apatite contributes significantly to the total phosphorus 
sedimentation budget in Lake Erie. 

The distribution of total phosphorus in the surficial 
sediments of |ak_es from the Okanagan valley, British 
Columbia, could be interpreted by considering the 
individual distributions of the three major forms of 
phosphorus in sediments. Apatite content declined with 
distance from stream and river mouths and distance from 

shore, indicating a predominantly detrital origin. Content 
of organic forms of phosphorus and inorganic forms of 
phosphorus other than apatite ("sorbed orthophosphate") 
increased with increasing wat_er depth and/or distance from 
shore, and were closely related to contents of organic 
carbon and acid-extractable iron, respectively. 

Diagenetic processes affecting phosphorus in sediments 
of the Great Lakes and the Ok_anagan lakes include 
mineralization of organic phosphorus and release of 
orthophosphate from combination with ferric iron 
(attendant on the decrease in Eh which results from the 
burial of ‘material initially at the oxidized microzone by 
further additions of sediment). In addition, in two 
Okanagan lakes conversion of organic_ phosphorus to apatite 
appeared to be occurring. The frequently observed increase 
in total phosphorus towards the top of a sediment core is at 
least partly attributable to these processes rather than 
changes in loadings of phosphorus into the overlying water. 
However, in Lake Erie i_ncreases in organic phosphorus and 
sorbed orthophosphate content of recently deposited 
sediments apparently reflect chiefly the increase of 
phosphorus loadings into this lake in recent years. 

Profiles of acid-extractable quantities of iron, 
manganese, copper, nickel, zinc and lead in sediment cores 
from the same lakes indicate a large enrichment of 
manganese in the oxidized microzone. The excess 
manganese is probably derived from underlying sediment 
by diffusion through the water column. Declining content 
of acid-extractable copper, nickel, lead and zinc in Lake 
Erie sed_iment cores appear to reflect increased loadings of 
these elements in recent years, as this feature was absent in 
the Okanagan sediment cores. 

A contract with the Research and Productivity 
Council, Fredericton, New Brunswick was started to 
determine whether the forms of phosphate present in lake 
sediments can be identified by mineralogical methods on a 
routine basis. Two locations, from the western and eastern 
ends of the Central Basin of Lake Erie, were exa_rni_ned_. 
Apatite was present in the sand-, silt- and clay-sized 
fractions. The origin, based on the morphology of the 
largest grains, was detrital. In addition, large amounts of 
fly-ash, a glassy material containing around 1% P and 
originating in the industrial region around Detroit, were 
found in the western station. Apart from this, the only 
other m_aterial of high phosphate content detected was two 
or three grains (out of several hundreds of grams of sample 
examined) of a material high in phosphorus and iron, 
possibly vivianite (Fe3 (P04 )2 -8H-_» 0). 

Nutrient Dynamics 

It seems that the most popular approach to lake 
pollution problems is to measure the quantity of some 
substances, e.g., phosphorus, chlorophyll, zooplankton, 
mercury etc. These measurements provide no information 
on the dynamics of lake processes or the turnover times of
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the various components. To measure transport rates, 
experiments were conducted (in collaboration with 
University of Toronto, Department of Zoology and the 
Freshwater Institute, F.R.B., Wi_n_ni_peg) on lake water using 
radioisotopes "P and “C. A model for” phosphorus 
movement in the open water has been developed and the 
central role of a colloidal phosphorus form identified. 
Future work will be conducted in the Bay of Quinte. 
Ultimately the ‘flux of the major nutrients (C, N and P) 
between the principa_l components of a lake ecosystem will 
be included in this model. 

Complexing Capacity of Lakes 
A method had been worked out to study the com- 

plex_ing capacity of lake water. It is measured by the 
amount of copper taken up by a water sample plus the 
complexed copper originally present in water. The method 
has been applied to the study of Sudbury lakes where the 
metals were abundant a_nd yet the waters are still 

productive; obviously complexation is playing an important 
' role. The complexing capacity of lake water has been found 
to relate closely to the amount of total dissolved organic 
matter in.t_he water. 

Work in progress includes me'a'sureme'nt of the 
complexation capacity of typical lakes with an attempt to 
establish a. complexation scale which when used with the 
trace metals data, gives us a "better understanding of the 
trace element chemistry of the lake. in addition, work on 
the characterization of the complexing materials in lake 
water and the determination of the metal to ligand ratios 
which determine the relative availability of metals are also 
being carried out. Some typical complexation capacity 
values are listed as follows: 

Complexing capacity 
Sample ' umole Cu equi/l. 

Hamilton Harbour water 1 — 3 
Niagara River (Ni_agara<Fal1s). 0.6 
Lake Ontario water 0.3 — 2 
Sudbury lakes‘: 

I

’ 

Simon Lake 
I 

2.5 
Johnnie Lake ' 0.4 
Wanapitae Lake 1.4 
Vermilion Lake - 2.0 
Loon Lake 2.4 
Jofe Lake ‘ 0.5 
Makada Lake . 1.3 
Meatbird Lake 0.7 (No Cu uptake) 
Whitefish Lake 0.29 (No Cu uptake) 

In the course of complexation studies, the chemical 
state of some trace metals was also investigated. Amethod 
has been developed to measure the free and complexed 
metals in water (Zn, Pb, Cd, Cu) which has been applied to 
some 30 lakes i_n Sudbury area. In‘ general, for‘ lakes of 
normal pH (7-8) only Zn has been found to exist in free 
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form whereas Mn, Cd and Cu are predominantly in 
complexed forms. Free Pb, Cd and Cu are most often 
observed in lakes of pH 5 or less. Under this low pH 
condition, the organic ligands are protonated and the 
complexa_ti_on reactions are probably very much hindered. 
Metals like Cu which have a strong tendency’ to form 
complexes can only exist in free form in water of low pH 
and low organic matter. From the survey of about 30 lakes 
in Sudbury area, only a very few lakes contained free 
copper. These are for example, Joe Lake pH 5, free copper 
0.32 umole/litre, complexed copper 0.34 um/litre, Johnnie 
Lake pH 4.4, free copper 0.09 um/litre, complexed copper 
0.38 umolel litre. 

Organic Mercury Compounds in Lake Water 
A very sensitive gas chromatographic technique has 

been developed to determine organo mercury compounds 
in lake water. The detection limits are extremely low: 
methyl mercury (0.02 ng/I), ethyl mercury (0.2 ng/I) and 
phenyl mercury (20 ng/l). 

The technique has been applied to samples from St. 
Clair Lake and River, Saskatchewan River, Pinchy Lake, 
B.C., and Clay Lake, Kenora where very high mercury in 
fish has been reported. Methyl mercury was found only in 
the following samples": 

St. Clair 0.6 ng/1 
Clay Lake, Kenora 0.5 ng/1 (Central lake) 

1 ng/1 (near shore) 
Pinchy Lake, B.C. 1.7 ng/1 

Complexing Reactions of H_umic Compounds 
An equ,il_ibri_um study of the Hg(||)-fulvic acid system 

using a solid state iodide electrode and a glass electrode 
indicates that the Hg (ll)-fulvic acid complexes are in the 
order of 100 times more stable than those of Cu,(ll)-fulvic 
acid. This study also shows that fulvic acid is a very strong 
natural chelating agent. The Cu-NTA complexes are only 
about 1000 times more stable than those of Cu-fulvic acid. 

Multicomponent Brines 

Solubilities and activity coefficientsin aqueous systems 
containing three salts are now being measured in the 
temperature range 025°C. The ultimate aim is to collect 
such data for the aqueous system containing the following 
ions: Na", Mg“, K*, ca“, cl‘, so..=, and HCO3 . as this 
system is representative of many of the world's natural 
waters. 

Statistical Assessment _of Monitor Cruise Data 

A statistical examination of chemical monitor cruise 
data was u_ndertaken. The average standard deviations from 
22 1971-72 cruises (6 for particulate nitrogen and 
particulate organic carbon) were:



dissolved oxygen .19 mgm O2 /1 
pH .04 logunits 
turbidity .6 J .T. U. 
specific electrical conductance . 4. umho-cm-'1 
soluble ammonia, filtered .003 mg/1 N 
total nitrate, filtered .012 mg/1 N 
total nitrogen, filtered 

, 
.021 mg/1 N 

particulate nitrogen .010 mg/l N 
particulate organic carbon . 

' .062 mg/1 C 
soluble reactive phosphate, filtered .0007 mg/l P 
total phosphate, filtered .0010 mg/1 P 
total phosphate, unfiltered .0015 mg/1 P 
reactive silica .070 mg/l Si02 
chlorine, filtered ' .2 mg/l Cl 
total alkalinity, filtered .7 mg/l as CaCO3 

Also, it was shown that there is no statistically 
significant difference for these parameters between the 
bottle and pump sampling methods employed at the 
Centre. 

Organic Compounds in Lake Water 
A Finnigan 1015 gas chromatograph-mass spectrometer 

with a systems industries 150 data system was acquired 
during the year. After some start-up difficulties, an 
identification level of 25 ng for methyl stearate injected on 
column was achieved. The instrument is being used to 
examine and identify organic compounds in water samples 
obtai_ned by. chloroform extraction and freeze con- 
centration techniques. A telephone l_in_ked, computerized 
mass spectra library system (N.l.H., Bethesda, Md., U.S.Al 
of som_e 9,000 spectra is being investigated as a means of 
identification of the spectra obtained from ‘environmental 
samples. Tentative identification of phthalate and fatty acid 
esters in Lake Erie waters has been accomplished. 

The buffered hydrolysis of phytic acid linositol 
hexaphosphate) to give orthophosphate has been under- 
taken. Rates of phosphate formation at pH 4.7 have been 
obtained and further work is underway at pH values up to 
9. 

Chlorinated biphenyl isomers have been tested for 
biodegradability and the chemical nature of their 
metabolites investigated. The 2- and 4- mono- 
chlorobiphenyls were degraded to give a variety of lower 
molecular weight ‘metabolites most of which do not appear 
to contain chlorine. 

A spectrophotometric method for the dif-ferentiation 
and determination of EDTA and NTA has been developed. 
lndividual detect_io,n limits of 10 ppb for both compounds 
were achieved. An analytical method for the direct 
determination of residual methanol (down to 0.5 ppm) in 
waste waters has also been developed for sewage 
denitrification processes. 

During July, 1_972, the monthly sampling of seven 
stations in western Lake Ontario and of seven stations in 

Hamilton Harbour was resumed. The samples are taken" by 
staff of the Technical Operations Section from the M.V. 
Lac Erie, and are analysed by staff of the Water Quality 
Branch. Some cross-confirmation of analytical results is 

done by the subdivision. A tendency for somewhat higher 
values observed during the severe winter weather of 
1971-72 has not yet been observed this year. 

Bacterial Degradation Studies 

A bacterial mutant was found to be capable of using 
only NTA as a carbon and energy source for growth at 
concentrations as high as 2.5 per cent without ac-' 
climatization and at a wide range of temperatures, pH, ionic 
concentrations in both lake waters and sewage. It was able 
to degrade NTA from an initial concentration of 290,000 
pig/I of NTA to less than 50 pg/l in 45 minutes, re- 

presenting a rate of 486 pg NTA degraded per hour per 
mg dry weight of cells. The maximal temperature for the 
degradation was 50°C. The ability of the mutant to 
metabolize NTA resided mainly in the cell membrane 
fraction. 

Bacteria isolated from Lake Ontario sediments were 
capable of degrading lower molecular weight components 
of the PCB's Aroclor 1221 and 1242. With purified isomers, 
bacteria were found to degrade 2-monochlorobiphenyl at a 
faster rate than 4-monochlorobiphenyl. These and other 
results suggest that not only the percent of chlorination but 
also the position of chlorine in the benzene ring are 
important in the bacterial degradation. 

Oil-Water Studies 

Laboratory studies have been co_mpl_eted on the 
formation of water-in-oil emulsions. The data await field 
evaluation during the 1973 season. 

A survey of ben_zene extractable materials in 
Burlington Bay indicate a fairly uniform distribution in the 
water column at concentrations of about .4 ppm. The 
distribution of these materials in the sediment increases 
with depth to a maximum value of about one percent of 
dried sediment. 

A technique was developed for the evaluation of oil 
herding agents in the laboratory. Tests on C16 and C13’ 
alcohols and a commercial herding agent indicated that 
these materials are ineffective on aged oil slicks. 

In co-operation with EPS personnel at the Centre a 
draft was prepared for the federal guidelines for oil spill 
dispersants. 

MICROBIOLOGY SUBDIVISION 
The Microbiology Subdivision moved into its new 

quarters i_n the Administration and Laboratory Building in 
March, 1972. Immediately after the move, the Micro- 
biology Unit was separated into two units, one which was
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oriented towards Water Management Service-inland Waters 
Directorate programs and the other towards Environmental 
Protection Service programs. The two units continued to 
share the same facilities and equipment and often sup- 
ported each other'.s projects through technical support and 
internal discusions. With the move to new quarters, the 
Microbiology Subdivision also_ undertook thetasks of (a) 
providing a media, chemical and glassware service to all 

Microbiology Units and (b) providing ‘a glassware washeup 
and sterilization service to the Centre. 

The Microbiology Subdivision through various units 
became involved in a large number of very diverse studies. 
Some of these studies involved field work such as (a) an 
lntemational -Joint Commission study of the Rainy River, 
(b) a ba_cte_riologica_l study of the Ontario and Minnesota 
Pulp and Paper Company’ lagoon in Fort Frances, Ontario, 
(c) a bacteriological study of the St. Lawrence River from 
Kingston to Cornwall, Ontario, (cl) a bacteriological study 
of Indian Reserve drinking water supply a_nd (e) a micro- 
biological research program on the Grand River and 
Burlington Bay. Other studies involved the provision of 
microbiological support to a variety of CCIW projects of 
which the following are representative: (a) lake organic 
particle’ studies, (b) Iron-manganese study in Lake Erie 

‘ 

sediments, (cl sewage treatment nitrification study, (d) 
studies on the efficiency of the Attisholz sewage treatment 
system and (e) an acid mine waste study. 

Microbiology Subdivision staff also initiated research 
studies in the following areas, nitrilotriacetic (NTA) de- 
gradation, hydrocarbon (oil) degradation, parameter 
development and sampling frequency for assessment of 
microbiological water quality and nutritional adaptions of 
sediment bacteria,’ 

Other areas of involvement were the review of over 
thirty grant applications, contract proposals and papers, the 
testing of water and sewage samples from CCIW vessels, the 
chairing of an international meeting to draft a report to the 
IJC on the virus incidence and their role in the Great Lakes, 
the presentation of ten papers at various conferences and 
the serological identification of Klebsiella isolated from the 
Rainy River. 

Parameter Development and Sampling Frequency Studies 

Several reports were prepared on Design Guidelines for 
a Bacteriological Water Quality Network and Design Guide- 
lines for a Bacteriological Sediment Oua_lity Network, for 
inclusion in Guidelines for the Planning and Operation of 
Water Quality Network and the Interpretation of Data and 
the initiation of the following research projects. 

In October a year-long joint project was initiated with 
the Water Quality Branch and Bacteriological Laboratories, 
EPS, Ottawa.‘ Weekly samples were collected from the 
Grand River, Lake Ontario and the Ottawa River, and 
tested for total carbohydrates, ammonia-N, sulfate, fecal 
sterols, D.O., pH, temperature, rainfall, river flows, coli- 
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Figure 21. Illustrating the multitude of i_n_ocula_tio_ns required 
during the testing of samples for various microbial 
physiological groups. 

form MF, fecal coliform MF, fecal streptococci MF, direct 
count by fluorescent microscopy, 20°C spread plate count, 
Pseudomonas aeruginosa MPN, ammonifying bacteria, or- 
ganic sulfur reducing bacteria, Salmonella incidence in 
water and mud, and Acinetobacter densities (Fig. 21). 
Superimposed on the weekly sampling program are eight 
weeks of daily sa_mp|ing plus a.;m.—p.m. sampling at one 
sampling site. 

Project goals are the establishment of parameters most 
suitable for microbiological water quality assessment, 
seasonal effect on bacterial a_nd chemical parameters, and 
optimal sampling frequency and minimum number of 
samples required for establishing the water quality of a 
specific water body. 

One of the probl_ems in water microbiological studies is 
the necessity to process water samples as soon as possible



‘after collection because of die-off an multiplication 
problems This problem is very important especially if 

bacteriological studies are to be carried out in support of 
the Canada Water Quality Network. Therefore in con- 
junction with the above project a year-long study was 
initiated to study the effect of storing water samples up to 
48 hours in ice, on microbiological and chemical parameters 
used in the above study. 

Water sample collection sites chosen represent waters 
containing high nutrient and high bacterial populations and 
low nutrient and relatively low bacterial populations. 

Detergent Degradation Studies 

Because of the limited knowledge available on the 
mechanism of microbiological degradation of nitrilo- 
triacetic acid (NTA), pure culture studies were initiated to 
more adequately delineate the basic mechanism involved. In 
studies using NTA as a sole carbon and energy source for 
k'now'n pure cultures, little or no degradation occurred. 
Bacteria from sewage were then mutagenized by UV 
irradiation and selected with penicillin. By this technique a 
novel bacterial mutant with a high affinity for NTA was 
isolated (Fig. 22). Each wa_rburg flask contained 50:1 moles 
of phosphate buffer (pH 7.0), 3.9 mg (dry wt) of sewage, 
(2) 611 moles of NTA, (3) 6;; moles of citrate, (4) 1 ml of 
filter sterilized sewage. Total volume was 3 ml at 25°C. 
Addition_al 31.1 moles of NTA were added after ‘I80 minutes 
as indicated in the figure. The mutant could use high 
concentrations of NTA (up to 2.5%) as sole carbon, 
nitrogen and energy source without acclimatization at a 

700- 

. NTA and Sewage 

NTA 
' 

Citric Acid 

A Endogenous

1 

250 
Minutes 

Figure 22. Comparison of sewage, NTA and citric acid oxidation 
by NTA degrading bacterial mutant. 

wide range of temperatures and pH, with the probable 
intermediate products being glycine and acetic acid. This 
organism, under ideal conditions, could degrade 323 ppm 
NTA to much less than 10 ppm after 1 hou‘rs incubation at 
25°C, representing over 96% degradation. ln..cyanide and 
azide addition studies, it was found that the energy- 
generating system and consequently the NTA accumulation 
was suppressed. The ability of bacteria to concentrate NTA 
suggests that the mutant could utilize very low N‘/l'A levels 
in receiving waters . 

The results of these studies with the.-bacterial mutant 
indicate that the mutant could be used to seed sewage to 
remove excess NTA and that its enzymes could be 
incorporated directly into a detergent for ""i‘n-t‘ub"' de- 
gradation. Because of the above possibilities an application 
was made to the Canadian Patent office for patenting this 
mutant. 

Hydrocarbon Degradation Studies 

Success with the isolation and cultivation of a potent 
NTA—degrading bacteria that could be used as a seedlin 
sewage treatment processes rekindled our interest in the 
role and importance of bacteria in natural and controlled 
degradation processes. A study was initiated of microbial oil 
degradation with the goal of trying to determine the 
feasibility of using seeding techniques to aid in oil spill 
clean up operations 

A simplified method was developed for rapidly screen- 
ing and isolating potent oil-degrading bacteria. This tech- 
nique led to the isolation of several bacterial strains that 
rapidly degraded kerosene, crude oil, bunker 6C and com- 
mercial oil dispersants (Fig. 23). During laboratory studies 
it was found that these bacteria could degrade hydrocarbon 
and oil-dispersants simultaneously. These studies indicated 
that the oil dispersants did not affect the degradation of oil 
by our culture, in fact they stimulated the rapid bio- 
degradation of kerosene (Fig. 24). In kinetic studies, crude 
oil degrading bacterial culture CCIWCMO1 was found to 
degrade crude oil rapidly and efficiently without the use of 
emulsifying agents a_nd the rate of oil degradation was a 
function of oil concentration in the test medium. 

In a comparison study between culture CCIWCMO1 
and a commercially available mixed culture, ou_r bacteria 
CCIWCMO1 was found to be much superior. Steps are now 
being taken to purify and classify these oil degrading 
bacteria in preparation for patent application._ 

Paper Mill and Rainy River Studies 
Using a mobile laboratory, two studies of the Ontario 

and Minnesota Pulp and Paper Mill lagoon i_n Fort Frances 
and one of the Rainy River for the IJC were performed by 
CCIW Microbiology staff. 

In the, paper mill studies, a low incidence of E. coli and 
a relatively high incidence of Enterobacter strains were
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Figure 23. Isolation of Bunker 6C fuel oil—degrading bacteria using 
Bellco Left: before growth. Right: two days after 
bacterial growth. 

found in the kraft mill effluents, an indication that sanitary 
wastes‘ were not present in these process wastewaters. The 
paper mill lagoon contributed a large input on non-fecal 
coliforms (predominantly Enterobacter) and nutrients to 
the Rainy River. These lagoon wastes contained high 
concentrations of sulfur substrates that promoted growth 
of sulfur oxidizing and sulfate reducing bacteria in, the river 
below the _mill outfal_|s. These bacterial parameters appear 
to be relatively sensitive indicator's of industrial pollution. 
During this study it was found that a portion of fecal 
coliform populations were Klebsie/la species, some of which 
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Figure 24. Effects of BPI 100 on oxygen uptake by culture 
CCIWK01. Each Warburg flask contained 6.2 mg (dry 
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weight) of kerosene grown cells. 0.5 ml of‘ 0.05‘ 

phosphate buffer (pH 7.0) and various substrates. All 
substrates were added at 0 hour after a preincubation of 
is min. The final volume of liquid in each flask was 3.0 
ml and the temperature was 20C. 
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were K pneumoniae and gave a positive mouse patho- 
genicity test. - 

Results of the lJC Rainy R iver study indicated that the 
Rainy River downstream from the Fort Frances- 
International Falls area was grossly polluted with coliforrn 
bacteria. The isolation of enteric pathogens from this area 
confirmed that these waters are a potential health hazard. 
The major source of pollution was found to be the waste 
discharges from the two pulp and paper mills, occasional 
inefficient operation of the two sewage treatment plants 
and runoff from storm sewers and the surrounding water- 
shed. 

TECHHNICAL OPERATIONS SUBDIVISION 
Maiorships 

As in previous years, the C.S.S.- LlMNOS and the 
chxartered vessel M,.V». ,MA_RTIN KAR l__SE_N were used for 
the scientific data collection and monitor cruises on the 
Great Lakes. The programs were augmented from time to 
time, with work done‘ by the C.C.G.S. PORTEDAUPHINE,» 
through contract arrangements with the Great Lakes 
institute (GL|)-,- University of Toronto. 

The implementation this year of the lFYGL' (Inter- 
national Field Year for the Great Lakes) program on Lake 
Ontario placed a much increased load on both ship and 
personnel requirements, so that the field season which 
normally terminates in early December continues through 
the winter months to March, 1973. O 

The C.S.S. LIMNOS carried out a great variety of 
specialized cruises, thirty being completed by the end of 
1972. These cruises can be broken down as follows‘: 

5 Mooring Cruises, 
3 Temperature Tra_nsect Cruises, 
4 Bathymetric Surveys, 
9 Heat Budget Surveys, and 
6 Dye Diffusion Cruises. 

There were also several smaller additi_on_al su_rveys, 
including Engineering Instrument trials and IFYGL inter- 
comparison studies. 

The M.V. MARTIN KARLSEN continued to be the 
work horse for- CCIW and carried out all the monitor 
cruises and ”Organic Particle" (OOPS) cruises as follows: 

7 OOPS Cruises — Lake Ontario 
1 Monitor Cruise — Lake Ontario 
5 Monitor Cruises — Lake Erie 
3 Monitor Cruises — Lake Huron 

The three extended mon_itor cruises into Lake Huron 
included a spring and fall excursion into Lake Michigan and 
Georgian Bay, representing the first time that a major 
research vessel from CCIW has monitored these regions.



Operational Table, 1972. 

Total Days 
Started Completed No. Miles Active On 

Ship Operations Operations Cruises Steamed Days Survey % 
M.V. MARTH\l KARLSEN Mar. 13/72 Dec. 2/72 24 15,835 265 180 68 
C.S.S. LIMNOS Mar. 27/72 Dec. 20/72 30 17,480 270 169 63 

(Complete schedules are given in Tables 5, 6, 7 and 8) 

The remainder of the twenty-four cruises was divided Minorships 
between the launching of DECCA and meteorological 
buovs. Decca chain calibrations, heat content surveys, plus 
two intercomparison studies (Canada and U.S.) of ship- 
board data acquisition systems and methods. 

The C.C.G.S. PORTE DAUPHINE, in addition to 
carrying out work for the GLI, was under contract when 
our major ships were unavailable for monitor work. These 
cruises, staffed by personnel from GLJ and CCIW, were 
coordinated by Technical Operations and augmented the 
regular monitor program. 

Figure 25. Winter operations MV LAC ERIE. 

Although not considered a major research vessel, the 
tug M.V. LAC ERIE, staffed by Technical Ope_rati_on_s 
personnel, played _a very important role during the field 
year, not only in carrying out ma_ny of the "special" cruises 
(Meteorological and FTP programs, NTA study, "MOSES” 
program,‘ Pesticide study, Fe-Mn study), but also in 
supporting many of the "shore-based" field programs. 
Although not very large, she always managed to get the job 
done, often despite adverse weather conditions. (See Fig. 
25). 

The diving tender C.S.L. SHARK supported all diving 
programs in Lake Ontario in 1972, including the installa- 
tion and maintenance of underwater sensors along the 
Canadian shore of the lake, installation and removal of the 
Niagara Towers, and operational support to the Oshawa 
Dye Diffusion project. 

The chartered 100-foot barge HANDY BOY, con- 
taining a laboratory detachment from the Atmospheric 
Environment Service (AES), was moored for most of the 
season adjacent to the Niagara Towers. 

An intermediate 80-foot vessel, the C.S.S. ADVENT, 
was delivered to CClW during t_he latter part of the year 
and is expected to join the "fleet” in early 1973. 

Small Craft 

As in previous years, Technical Operations continued 
to coordinate, through the Marine Sciences Directorate, the 
assignment of smaller research craft to various subdivisions 
at CCIW, universities, and other outside agencies. 

IFYGL 
Much of the IFYGL program and liaison with the 

participating U.S. agencies were coordinated by Technical 
Operations. Staff were involved in the preparation of the 
IFYGL "Operational Procedures Manual”, together with 
finalization of the IFYGL cruise plans and operational 
movement of ships. 

Diving Section 

During the 1972 field season, the Diving Section 
supported twenty programs totalling 184 diving days in 
Lakes Ontario, Erie, and Huron. Tasks performed ranged
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from the mechanical installation and recovery oftowers 
and moorings toithe selective sampling and description of 
the sediment/water interface. In preparation for‘ the field 
season, a diving course (arranged and instructed by the 
Senior Diving Officer) was "held at CCIW in February and 
March’. The eight successful candidates represented the 
Technical Operations, Engineering and Scientific Divisions 
of the Centre. 

A commercial diving team was also contracted to help 
meet the ever-increasing demands for diving assistance with 
CCIW projects, 

Personnel 

Personnel from the subdivision were assigned to the 
major and minor ships on a continuing basis throughout the 
season, "and to small craft on shore-based scientific survey 
parties. In most cases, field operations were m_ai_nly under- 
taken by the Technical Operations staff. They had the 
responsibility for the multidisciplinary ‘field measurements 
for Lakes Research Division, including all technical deck 
operations entailing sampling procedures, rigging, launching 
and recovery of moorings, and meteorological observations. 
In those ses where more specialized analyses were 
required, members of the staff formed -the backup group to 
assist the appropriate scientists. 

Projects based at Oshawa (Dye Diffusion Program) and 
Niagara-on-the-Lake (Niagara Bar Project) were supported 
and coordinated by Technical Operations staff. One staff 

member was seconded to the Descriptive Limnology 
Section for the duration of the OOPS Program and ‘another 
continued to support the Lake Erie Shore ‘Erosion program 
at. Point Pelee. 

During February, s_ix staff members attended a 2-week 
course in basic RADAR at George Brown College in 
Toronto. Another six staff members completed the exam 
for their Radio/Telephone Operator Certificates. 

Seven student assistants were employed by the Sub- 
division during the height of the field season in the summer 
months. Most of these were assigned to the major ships to 
participate in the cruise work, 

Miscellaneous 

Technical Operations took over the responsibility for 
maintaining the Lake’ Ontario Shore Sensor program during . 

the ‘ 

yea_r. They also provided support for the Laser 
experiments off Scarborough Bluffs, carried out by’ the 
University of Toronto who were testing the use of this 
techn_ique for oil slick detection. 

The ships and launches (in cooperation with the Coast 
Guard) participated in several rescue searches and managed 
to rescue several small craft from Lake Ontario. 

During August, six winners of the Hamilton Regional 
Science Fair were given a week cruise on the M.V. MARTIN 
KARLSEN for a first-hand look at sampling and observa- 
tional procedures. 

SOCIAL SCIENCE RESEARCH ION 
The Social Science Research Section is r'es'ponsible for 

assessing, the sociological, geographical, legal, institutional 
and economic aspects of human activities related to water 

Table 9. Total use of Selected Metals or Metallic 
Compounds for All Sectors of Ontario Economy‘ 

Metal or . . Total 
Metallic T°ta[lJDnect EH5“ Direct-Indirect 

Compound Se n ne se —Induced Use 

Pounds per $1,000 of total output 
(All Sectors) 

i Cadmium 0.004019 0.0095 70 0.014755 
Chrome metal 0.383215 0.507821 0.839507 
Chrome colors 0.2305 20 0.318316 0.435165 
Land metal all

V 

forms 5.077714 15.532466 24.629584 
Mercury 0.004937 0.022937 0.037236 
Zinc metal all 
fofins 1.643346 4.978228 8.486322 

‘Forty-nine sectors as indicated by the Inter-Industry flow table of 
the Ontario Department of Treasury and Economics. 
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qualityand water quantity management. During 1972 the 
section further contributed to the clarification of the 
different aspects of the problem of heavy metals and other 
environmentally hazardous materials, generated basic geo- 
graphical and economic data of the Great Lakes Basins and 
major tributaries, continued the survey of public attitudes 
and degree of public concern towards the environmental 
problems of water quality‘ and evaluated the legal and 
institutional framework which governs some of the socio- 
economic activities affecting the water resou_rces. 

The Section participated in the Task Force on the 
National Water Needs‘ Study and _participated_ in a number 
of joint studies with other units of CCIW. Members of the 
staff represented CCIW and the Department of the En- 
vironment at the OECD Working Group in detergents, 
Great Lakes Basin Commission, Cross Mission group on the 
Environmental Contaminants Bill and some other in- 

ternational and national meetings. 

Economics of Environmental Quality 
Papers on the usage, inventory of sources, consump- 

tion and fate in Canada of lead, cadmium, and selenium



~~ 

PRODUCTION 0': 
_.. DATTERV MANUFACTURERS _. PRIMARY LEAD 

38 M 318.632 - 

METAL ROLLING CASTING EXPORTS IN ORES - 

AND coNcENTRATEs AND7§xI§ImmG 140,175 ' 

MANuEAcTURERs or 
1NDus1A1AL CHEMICALS -—> 

24,219 

PRODUCTION or 
MANUFACTURERS or ELECTRIC REFIIIBIEDILLEAD __ um: AND CABLE CONSUMPTION - 

4 55;; or PRIMARY 
AND 

IMPORTS or PIG HIRE AND HIRE PRODUCTS 5Ef2fiB‘R' LEAD. BLOCKS AND MANUFACTURERS SHOT 131 2.923 
105.915 

"IPORTS °F LEAD 
N1scELLANEoDs METAL

I OXIDE 3.261 FADR1cAT1Nc INDUSTRIES -—-
I 2.551 EXPORTS or PIG
l LEAD 107.090 PAINT AND VARNISH
I MANUFACTURERS 

2,415
I 

OTHER INDUSTRIES I ENVIRONMENT 5E°°“°“" LEA” J REPORTING LEAD USAGE -—J
I 

PRODUCTION 
2 202

l

. 

ENRDRT or LEAD
I 

AND LEAD-ALLov ___________ _________.___ __ SCRAP 5,312 
SCRAP 

Lead in all forms (except Babhlt) 1969 (short tom) 

SELENIUM 
naooucnon W‘ °“"°’ 

Selenium 1970 (mousand pounds) 

SELENIUM, :2?” FROM IUM 
suuss AND ‘ 

mouucno - °”‘ss - Sf%<PlLED MKTEIIAL 2 
N 

12.1
: uNn1-:D s-was ‘5°
I

I BRITAIN CANADA CANADA ' 

suppu REPORTED 
°LF‘x‘éI«’.9‘o% w~$uM'"°.~ 166 157 - eaAz1L 

f 1' scum AFa1cA ——------
' 

I I—SELENlUM Duoxme-I Expoms I ooI.uMe1A __ _. _._, 
E 

1 s_ELsNIuM SALTS IF’:
: 

NE,-HER I SEOOMJARY I I ramp SELENIUM was 
I 

Pnooucnou :__J L ____ __v_-..I
I 

crrusn oouurmss 
I Iumrew 

,

I I-——— ——-«--‘ NOTE. msnsn LINES moIcA1s uNxNowN ouAN_Tm:s I

I <.vv_As_Lu-;o_§P2s_~L_____L°"‘” ________________________ _____.___J 

ToTAL_ CADMIUM 
Ex PRODLICTION 

CADMPORIUM c°N5_ (ALL Foams) 
TENT IN ones 53'“ 
A ooNcsNTnAT€§:"‘ 

Cadmium 1969 (thousand pounds) 

NOTE! DOTTED LINES INDICATE UNKNOWN QUANTITIES

~ 

cw» --~. 
, Pnooucnou

: 
mvoms , CADMIUM 2"’? 

,I IN ones 5 OONCEN-
} 

TRATES 
. Ir‘ ---- --1 ___---_ ......... _- 

»: .

I 
cwmum mom mDusTnv srocx 132 REPORTED 

-1 I;__ __: cousumsn 
-

: 

.1" ‘I L '_ 
..__.j.__.___.. .. ---_- OADMIUM METAL EXPORTS 1.686 

I

: -‘I
I 

I I V ———o_ _._ I m I—-——--—-I -" Musc£u.ANsous",___,I I L_____ ____j ' 
I._3.9_-§_.3§P9BIEP_.J 

‘I scam: -_..._-_-_...-___ _I _______ -_... ____________________ -_-- _____ ___.-__-_____J 
Figure 26, Reported materials flow charts.

47



Table 10. Preliminary Animal Phosphorus Accumulations — 1971. 
(K.il0sr.a.ms) 

Drainage Basin Cattle Pigs Sheep Horses Poultry Total 

Lake Ontario 4,484,453 2,074,041 
' 

70,826 241,760 422,244 7,293,324 
Lake Erie 6,423,254 6,-147,313 66,029 231,887 479,761 13,348,244 
lake Huron 8,219,726 4,240,183 120,498 209,623 389,712 13,179,742 
Lake Superior 86,215 

, 

13,512 640 3,306 7,132 110,805 

(Fig. 26) were completed during 1972. The report on 
the Use of_Pest Control products in Canada was also 
completed. These papers are part of the project on the use 
of substances which are potentially harmful to the en- 
vironment, and they represent fundamental information for 
the second phase of the project which will deal with the 
analysis of the economics of residuals, cost-benefit analysis 
of the internalizing procedure and the analysis of the 
economics of replacing in the production process the heavy 
metals by less harmful substances. A preliminary step in 
that direction was achieved with the completion of an 
input.-output table on the use of heavy metals a_nd 
compounds in the ‘Ontario economy. This table is a 
matrix of the direct, indirect and induced use of 26 selected 
metals and metallic compounds by 49 industries re- 

presenting the Ontario economy (Table 9). 

Great Lakes Studies 

The task of providing background statistics on the 
Great Lakes basin was continued during 1972. A report on 
Population Estimates for the Great Lakes basins and their 
Major Tributaries for the period 1901-71 was completed. 

The Section prepared during 1972 an evaluation of the 
amount of ph_osphorus of animal origin accumul_ated’in the 
river basins of the Great Lakes areas. This information will 
form part of a report in which statistics on phosphorus 
loads by river basins and by sources will be shown for the 
period 1931-71 (Table 10). Analysis of trends, chartsand 
density maps will also be inc_|uded in t_he report. 

An interesting contribution of the Section to the 
problem of obtaining data on a drainage basis rather than 
on a political or administrative basis was the preparation of 
the map entitled ”Great Lakes Basin, Drainage and Political 
Divisions’-’ (Fig. 27). 

Social and Institutional Studies 
"A survey on the attitudes of municipal officials, both 

elected and appointed towards the use of renovated waste 
water and futu_re alternatives of waste treatment was 

conducted in 11 cities and 3 provinces during the summer 
of 1972. The results in general show official reluctance to 
consider i_nnovative waste treatment methods and rather 
deep reliance on traditional secondary treatment methods 
and nutrient removal. Although the idea of renovated waste 
water was often favourably received, it was con'sidered by 
the municvipal officials as inapplicable to "their city". A 
report. of the results, analysis, interpretation and regional 
differences will be pubiished in the near future. 

A study on Administration of Provincial Water Anti-* 
Pollution legislation was completed during 1972. 

Research on jurisdictional disputes in shoreline plan- 
ning and development and theoretical frameworks of the 
decision-making systems in resources ,m_anager_nent con- 
tinued very actively in the Section during 1972-. 

Misce_lla_neous 

Staff members monitored American pu_blic meetings on 
shoreline developments and their effects on the Great Lakes 
waters. 

An analysis of the profile and motivations of the 
visitors to the Open House of the Centre was conducted by 
the Section. It was found that while 50.4 percent of the 
visitors had heard of the CCIW through news media, 37.6 
percent knew of i_ts existence because they saw the building 
under construction. 65.5 per cent of those interviewed 
thought that the main function of .CClW was on Water 
Research in general whi_le 22.3 percent thought it was 
pollution research. 

The Section participated in planning the NTA National 
Monitoring Program and one the Task Force on N_at_ion_al 

Water Needs. 

The organization of the CCIW seminar series is still the 
responsibility of the Section. A number of prospective 
speakers were contacted during 1972 in order to ensure a 
‘diversified and timely program throughout the year. 

WATER QUALITY BRANCH RESEARCH 
The role of the Water Quality ‘Branch. is to collect, 

interpret and disseminate data and information‘ on water 
quality for water resource and pollution control studies; to 
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operate and maintain analytical service la_bo,ratori_es for 

these studies in Canada; and to rry out research on 
analytical methodology on the characteristics and behavor
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of substances in water and on water and wastewater 
treatment. ' 

The elements of the Water Quality Branch at CCIW are 
partly operational and partly research oriented. Firstly, the 
Ontario Region operational element, comprising the central 
analytical service laboratory and a field survey unit, 
participates in investigations and research studies on the 
Great Lakes and at other locations in the region. Secondly, 
the research role at CCIW is carried out by two unitsc one 
devoted to the development of new and improved 
ana_|yt_ical methods and the other to new technology for 
water and wastewater treatment. 

ANALYTICAL METHODS RESEARCH SUBDIVISION 
The objective of the Analytical Methods Research 

Subdivision (AM R) is to develop methods of detection and 
measurement of pollutants in surface waters. 

Such methods are then turned over to the WOB 
analytical service laboratories for routine use. The methods 
developed are also published in scientific journals to make 
them available to anyone concerned with the control of 
water qu_ality. 

The AMR Subdivision presently employs 12 research 
scientists and supporting technicians. The first nucleus of 
this group moved to the Centre from Ottawa in Ma_rch, 
1972. 

During the year analytical research was carried out on 
some 15 projects. In spite of the disruption caused by the 
move from one city to another, the research staff managed 
to publish 6 scientific papers and give a number of 
conference presentations. 

A brief description of the analytil research projects 
completed or still in progress is given below: 

Q/anide Analysis 
An automated method was developed for the analysis 

of cyanides in water. It has a limit of detection of 1 ug/1 
CN. Irradiation with ultraviolet light, which decomposes 
complex cyanides. is used to distinguish between simple 
and complex cyanides. 

Automated Solvent Extraction — Atomic Absorption 
A method has been developed for the determination of 

heavy metals in water by automated solvent extraction — 
Atomic absorption. This enables such metals as copper and 
zinc to be measured at a sample rate of 40 per hour with a 
limit of detection of 0.5 ug/ml. 

Colorimetric Determination of Iron 

A study was made of the interferences when iron is 
determined colorimetrically in natural waters by tri- 
pyr_idy1-S-triazine. A means was found to overcome these 
interferences. i 

Phenol Analysis 

Two automated colorimetric methods for the deter- 
mination of phenolic substances in water have been 
developed. Both use automated steam distillation followed_ 
by colour formation and solvent extraction. One method 
uses 4—a,mino-antipyrine, the other 3-methy1-2- 
benzothiazolinone hydrazone. The limit of detection at a 
rate of 10 samples per hour is 0.2 ug/1 phenol. 

Potentiometric Titrations Using Silver-Sulfide Selective 
Electrode 

The potentiometric titration curves of sulfide, iodide, 
bromide, chloride, thiocyanide, cyanide, xanthate, 
mercaptan, thiophosphate, thiosulphate, dithionate, 
thiocarbonate, thiocarbamate, t_hioamide and thiourea with 
A9, Pb, Cd, Cu and Hg standard solutions using solid state 
ion-selective electrodes were established. All possible 
combinations of simultaneous titrations of two compounds 
were studied. The details on these titrations and the values 
of A E at the equivalence points were provided. 

Potentiometric Titrations Using Ammoniumpyrrolidindi- 
thiocarbamate Solution 

The course of the potentiometric titrations of Ag*, 
Hg“, cu“, Pb“, ca“, Ni“, co3*, zn“, i=e3*, Bi3“, and TI“ ions with ammoniumpyrrolidindithiocarbamate 
standard solution, using the sulfide-ion selective electrode, 
was estimated. In addition, simultaneous titrations of 
possible combinations of tested ions were evaluated. 

Automation of Direct Potentiometry 
Commonly used methods of direct potentlometry were 

Figure 28. Joe Lechner sets the control for automated poten- 
tiometric analysis of ammonia and fluorides.
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automated. The automated apparatus consists of a turn- 
table sampler connected to an automatic switch, pH/mV 
meter and printer system via a_ control module. The 
optimum sampling rate is 20 samples/hr. The operation of 
the apparatus was verified by the determination of fluoride" 
and ammonia in water samples using commercially available 
ion-selective electrodes. 

Automated Determination of Fluoride Ion in Parts per 
Billion 

Fluoride ion, down to 2 ppb, has been determined by 
automated direct potent_iom,etry using a fluoride ion- 

selective electrode. The method reduces the dilution and 
contamination effects of TlSAB and takes the electrode 
time response into consideration, The relative standard 
deviation in water samples is 1.5 to 1.8% and the recovery 

I 

varied from 97.5 — 102.0%. 

Twin-Cell Voltammetric and Related Techniques for the 
Analysis of Trace Contam_i_n_an_ts 

A systematic study is under way to evaluate 
voltammetric and related techniques, in a twin-cell mode, 
to device improved methods for analysis ofcpollutants, and 
also to obtain information concerning various forms and 
oxidation states of individual species. 

Methods were developed to determine the total 

content of heavy metals down to 1 ug/litre without 
preconcentration. Information h_as also been obtained 
concerning the forms or oxidation states of fltese metals. 

_ 

Methods have also been developed to analyze synthetic 
chelating agents, such as SHIM, NTA, EDTA, Citric Acid 

Figure 29. Rickey Leung analyzes synthetic chelating agents in 

detergents by twin—cell voltammetry. 
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Figure 30. Mike Comba identifies GC-MS peaks for PCB’s and 
other pesticide residues. 

and Polyphosphate, in detergents and natural waters. By 
automating such methods, these sequesteriing agents can be 
determined simultaneously at the rate of 20-30 samples per 
houn 

Molecular Fluorescent Spectroscopy for the Analysis of 
Water Pollutants 

New reagents were developed to determine trace 

metals, such as A9, B, Be, Cd, Pb, Cr, V, in natural waters, 
sewage effluents and sediments. These reagents can also be 
used to obtain information concerning the oxidation states 
of the metals. Automated methods were developed for 
boron and other metals down to 0.5 ug/litre in water and 
sediment without preconcentration. The maximum sample 
size needed for the ana_lysis is approximately 1 ml. An 
analysis rate of 20-40 samples per hour can easily be 
achieved. 

High Speed Liquid Chromatography for Pesticides and 
Other Organic Compounds 

Work is continuing towards developing a new 
qualitat_ive and quantitative methods for the analysis of 
organic contaminants using High Speed Liquid Chromato- 
graphy.

' 

Metho_ds have been developed to separate, identify and 
measure individual phenolic-type compounds in natural 

waters and sediments. It is possible to detect and determine 
individual phenols down to 1 ug/litre. 

Work is also continuing to interface various detectors, 
such as electrochemical, flame/atomic and fluorescence, to



Figure 31. Richard Larose measures the peaks of a variety of 
separated phenols by l-Iigh-Speed Liquid Chroma- 
tography. 

extend the potential of the technique to pesticides and 
other organic compounds_. 

Stability of Organochlorine Pesticides in Water 

Gas Chromatographic methods were employed to 
determine the rates of degradation of aqueous solutions of 
various organo-chlorine pesticides. Identification of the 
product(s) was made, where possible, and rate constants 
calculated where applicable. 

Gas Chromatography of Polychlorobiphenyls 
High efficiency gas chromatography employing 

S.C.O.T. columns was used to resolve complex mixtures of 
polychlorobiphenyl (PCB) isomers. The relative con- 
centrations of all resolvable isomers in a number of 
commercially available PCB mixtures are being calculated. 
Aqueous solutions of these same mixtures will later be 
examined for possible alteration or degradation of some of 
the isomers. 

GC — Mass Spectrometer (Mat Data System) 
A mass spectral libra_ry of PCB’s and pesticide residues 

was compiled during the year providing analytical support 
for the Division's laboratories in Moncton, Burlington and 
Ca_lgary. 

Project support was extended to Eldorado Mining and 
Uniroyal in Guelph with the successful identification of 
toxic by-products that were being discharged in their 
wastewater effluents. 

WATER AND WASTEWATER TREATMENT 
RESEARCH SUBDIVISION 

lt is the responsibility of the Water and Wastewater 
Research Subdivision to generate new knowledge and 
evaluate existing knowledge, that can be used to effectively 
manage the quality of Canada's water resources. This 
responsibility is met by: 

(a) studying chemical and physical methods of quality 
control by unit processes, 

(b) application of scientific information to specific 
problems, 

(c) arranging and administering scientific investigative 
contracts, and ’ 

(d) consulting with industrial environmental person- 
nel, consulting engineers, university staff mem- 
bers and others who are involved with the gen- 
eration and practical application of scientific 
information which is aimed at improving or 
safeguarding water quality. 

Some of the studies are conducted in government 
laboratories; others will be undertaken at problem sites. 
Some of these studies are conducted u_nder contract. 

Effluents from both primary and secondary treatment 
plants have been analyzed for; BOD, COD, phosphorous 
and nitrogen, toxic material, heavy metals, radio active 
material and other exotic and potentially harmfully 
chemical complexes. Based upon the analysis, potentially 
successful treatment processes are studied in the laboratory, 
and then depending upon the laboratory studies, some of 
these studies are extended and applied to specific wastes. 

Six man-years have been assigned to the subdivision_. 
Staffing commenced in October 1972, and by the end of 
calendar year 1972, four of these positions were either 
occupied by research scientists or were committed. In 
addition to the research scientists several technicians 
and other support personnel were recruited to the sub- 
division staff during 1972. 

Studies that are either in the planning stage or active 
are in the area of: la) absorption, (b) ozonation, (c) reverse 
osmosis, (d) fate and removal of heavy metal, (e) laser 
application to sewage treatment.
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Environmental Protection Service 

The Environmental Protection Service was formed to 
ensure that the Federal Government's legislation, re- 

gulations and guidelines concerned with the quality of the 
environment are approached in a fashion consistent with 
nationa_| policy and enforced under appropriate cir- 

cumstances. The Environmental Protection Service is in- 

volved in the development of guidelines and regulations in 

the identification and solution of pollution problems, 
problem surveillance and monitoring, and the development 
and demonstration of waste contol technology. It draws 
on expertise from the Resource Missions of the Department 
for the criteria necessary to develop meaningful regulations, 
guidelines, and codes of good practice and for the conduct 
of research required to support E;.P.S. responsibilities. 

TECHNOLOGY DEVELOPMENT AND DEMONSTRATION DIVISION 
The Technology Development and Demonstration Di- 

vision, Technology Development Branch, Water Pollution 
Control Directorate, is charged with the conception, de- ‘ 

velop_men_t-, and implernent'a'tion of technical development 
programs as related to water pollution control for industrial 
andmunicipal wastewaters across Canada. The Division not 
only undertakes bench and pilot scale studies in their 
Ia_boratories but also participates in field demonstration 
projects at industrial sites. 

To fulfill the mandate of the Technology Development 
Branch, EPS established a program at the Wastewater 
Technology Centre at the Canada Centre for Inland Waters 
(CCIW). The Wastewater Technology Centre is located in a 
two-storey building at the North end of the CClW site. The 

_ building houses la_boratories, and provides 15,000 sq. ft. of 
working area for a wide variety of modular wastewater and 
sludge treatment process equipment. 

The staff of the Wastewater Technology Centre is 

organized into four main sections. These are the Process 
Development Section, Demonstration Section, Laboratory 
Services Section and Facilities Services Section, all sup- 
ported by administrative personnel. 

PROCESS DEVELOPMENT SECTION 
The Process Development Section comprises five units 

organ_ized along process lines: (1) biological processes, (2) 
physical processes, (3) chemical processes, (4) soil pro- 
cesses, and (5) process control. 

Biological Processes Unit 

This group is responsible for examining the biological 
and microbiological aspects of water pollution control 
systems, e.g. nitrificationdenitrification, activated sludge 
systems, anaerobic and aerobic digestion processes, and for 
toxicity and biodegradability studies. 
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Pulp and Paper Mill Effluent Treatment 
Environment Canada in November 1971, published the 

Pulp and Paper Effluent Regulations to control BOD, 
suspended solids and toxicity of pulp mill effluents. 
Biological treatment by activated sludge is known to be 
effective in reduci_ng BOD and suspended solids and to 
partially reduce the acute toxicity of Bleached Kraft Mill 
effluents (BKME). A study to determine in Kraft Bleachery 
waste could be successfully treated in a high rate, two stage, 
biological reactor systemiwas initiated. Comparisons were 
made between the efficiency of a two—stage and a single- 
stage process. 

Weekly samples of Kraft Bleachery waste were shipped 
from a pulp mill in Northern Ontario. The waste was fed to 
the two biological processes and the treated effluent used 
for acute toxicity studies on Rainbow trout. 

At organic loadings up to 1.2 kg BOD5/kg MLSS, 90% 
BOD5 reduction was achieved. Under these conditions the 
total aeration time for the single and tvvo-stage systems 
were 1.7 hours. The overall system detention times in both 
cases were 3.9 hours. Biological treatment of bleachery 
waste was only partially successfu_l in reducing acute 
toxicity. Generally, the bench scale project indicated that 
biologically treated effluent was from 3 to 4 times less 

toxic than raw effluent. 

Continuous Biological Denitrification of Wastewater 
A nitrification/denitrification pilot plant program (5 

gpm) was carried out in conjunction with McMaster 
University in 1972 to investigate the feasibility of using 
continuous microbial denitrification for nitrate removal 
from municipal wastewater under cold temperatures. Up- 
flow packed column reactors and column reactors and a 
stirred tank reactor provi_ded denitrification using methanol 
as an external carbon source. The denitrification units were 
designed to allow calculation of a nitrogen balance.
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Figure 32-. A toxicity curve comparing the survival time of 
50% of the exposed population to concentrations 
of: (a) untreated Bleached Kraft Mill effluent 
(BKME); (b) treated BKME in a single-stage AS 
plant; (c) treated BKME in a two-stage AS plant. 

The_ experimental temperature range was 5—25° C. Com- 
parisons were made between the quality of the effluent 
from the upflow column reactors and the stirred tank 
reactor in terms of nitrate plus nitrite concentration and 
suspended solids concentration. Predictions of the stirred 
tank effluent from resulting batch unit rate data were 
made. The unit rate data were derived from batch runs 
carried out in the pilot plant stirred reactor. These results 
and the continuous operational data indicate-the definite 
dependency of nitrate plus nitrite removal on temperature. 
The importance of proper addition of the external carbon 
source in order to ensure minimal effluent organic carbon 
was demonstrated. Nitrogen balances were obtained on the 
column units and t_he stirred tank under the various 
operational conditions. 

Aircraft Delcer Studies 
An experimental program is being conducted to de- 

termine the biodegradability of aircraft de-icers used at 
Canadian airports. Continuous bench scale biological re- 
actor studies and pilot plant studies are being conducted at 

low temperatures using mixtures of de-icer and sanitary 
sewage that might be encountered at any Canadian airport. 
Various concentrations of de-icer and treatment plant 
effluents are being subjected to bioassay tests to determine 
their toxicity. 

Soil Processes Unit 

The chief’ area of responsibility of this group is in 
investigating methods suitable for the disposal of effluents 
and chemical sludges using soil systems. ’Areas of concern 
consist of characteri_zing the leachate from the sludge-oil 
system and the role different soil systems play in rernoving 
various constituents. 

Environmental Effects of Chemical Sludge Disposal on 
Land — L ysimeter Studies 

This project was initiated and supported under the 
Canada/Ontario Agreement in 1972. An environmentally- 
controlled facility, accommodating sixty-six fibreglass lysi- 
meters, six feet high and one foot in diameter has been 
erected at the Wastewater Technology Centre. Fifty-four 
treatment lysimeters and twelve control units have been 
fill_ed and packed with sandy loam soils collected from the 
Hespeler and Guelph-Flora Research Station. The lysi- 
meters have been packed to the natural field density a_nd 
each soil system has been set with three horizontal 
materials. An extensive program is undenivay to study: the 
biochemical degradat_ion of sludges in different soil systems 
for nutrients and trace metals with their residual effects on 
physico-chemical propertiesgof soils and leachate systems; 
the transport and complexing of organic and inorganic 
constituents of chemical sludges in soil and leachate; the 
performance and effi_ciency of two soil systems; and the 
survival, longevity and transmittal of pathogens and v_iruse 
in soils and leachate. 

,

' 

Biochemical Characterization of Chemical Sewage Sludges 
With the mandatory removal of phosphorus from 

sewage and the increasing use of alum, ferric chloride and 
lime to precipitate phosphorus, large quantities of orga‘no- 
chemical sludges will be produced in Ontario each year, 
with a wide variation in characteristics, duerto different 
chemicals, different treatment processes, different sludge 
handling practices and different seasonal operations. 

To establish disposal criteria, environmental conta- 
mination standards and‘ waste management practices, 
studies are underway to assess the chemical variability of 
sludges due to the use of the three principal precipitation 
chemicals; to evaluate the,microbial characteristics and 
va_riations; and to establish the_va|ue of different sludges as . 

fertilizers. ' 

Recycling and Utilization of Digested Sewage Sludge and 
Eff/uents on Land — Iona Island, Vancouver 

A t_h_ree year study program is underway to investigate 
the disposal of digested sewage sludge and effluent on |a_nd
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to obtain a comprehensive understanding of environmental 
effects on soil, plant, groundwater and public health. 

The experiments are being conducted in sands piped 
from the Fraser River on which Reed canary grass, oats and 
a forage crop will be grown on a three year rotational cycle. 

Chemical Processes Unit 

This group carries out developmental work in chemical 
processes for the removal of undesirable and potentially 
harmful constituents from effluent waste streams. Of 
emmediate concern and involvement is the removal of 
phosphates by chemical means. 

The Detergent Substitution Study at C. F.S. Gloucester 

Canadian Forces Station (CFS) Gloucester was thesite 
of full-scale detergent substitution studies. Wastewater 
characteristics and sewage treatment plant performance 
were monitored under baseline (consumers using existing 
detergent formulations), NTA, carbonate, high-phosphate 
and citrate detergent substitution conditions. Specific 
objectives of the program included: (1) to determine the 
degradabillity‘ of NTA and citrate when subjected to 
biological treatment, (2) to determine the rela,t_ion_sh_ips 

between detergent formulations and phosphorus removal 
with calcium, iron and aluminum salts, and (3) to assess 
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consumer attitudes towards the various detergent formula- 
tions. 

It was found that the substitution of non-phosphate 
detergents for existingdetergents (phosphate content less 
than 20% as P205) resulted in an average reduction of 24% 
in the total phosphorus loading of the domestic wastewater. 
Figure 35 shows the effect of" the various formulations on 

Figure 34. Sludge disposal experiment, Iona Island, Vancouver.



total phosphorus levels in the sewage from the married 
quarters area. 

NTA was significantly degraded (60-75% removal), 
whereas c_itrate was essentially completely degraded (> 95% 
removal) by the activated sludge treatment process. 
Detergent induced increases in NTA and citrate did not 
have any quantifiable effect on phosphorus removal with 
alum, ferric chloride or lime. In fact, the reduction in 

wastewater phosphorus levels resulted in a corresponding 
reduction in the dosage of alum a_nd ferric chloride required 
to achieve a residual phosphorus level of 1 mg/1. It was 
estimated that complete substitution of phosphate-based 
detergents may result in a 25-30% reduction in coagulant 
requirements. 

CITRATE 

CARBONATE 

HlGH- P 

| 

|' BASELINE 

4 8 I2 I6 

TOTAL P (ma/I AS P) 
Figure 35, Comparison of total phosphorous concentrations in 

married quarters’ wastewater for five detergent condi- 
tions. 

Water Ouality Control Experiments on the Welland Canal 
The existing (fourth) Welland Canal will be replaced by 

the new (fifth) Welland Canal in the Spring of 1973. In 
order to evaluate water quality control alternatives for the 
abandoned canal, the St. Lawrence Seaway Authority and 
the Environmental Protection Service initiated a demonstra- 
tion study in May, 1972, on four basins located in a stretch 
of the third Welland Canal. One basin was treated with 
aluminum sulphate (alum) at a dosage of 5 mg/1 as Al; 
another basin was maintained as a controlled flowthrough 
situation (4-day retention time); a thirdvbasin was treated 
with copper sulphate at a dosage of 1 mg/1 and the fourth 
basin was used as a control. 

The biological, chemical and physical characteristics of 
the basins were monitored on a weekly basis from May to 
August, 1972. Specific water quality comparisons between 
basins were made with respect \ to total phosphorus, 
chlorophyll a, primary production, turbidity, sediment 
characteristics and heavy metals. A_|though nuisance con- 
ditions (algal blooms) did not develop in any of the 

80

~ 

7o — 

2 50 _ 
E’ 5 

’: 
<é> so — 8 
O < 
E 40 — 
(D o
E so — 
_l < 
'6 
,_ 20 _ s.—a CONTROL 

a—a EXISTING CANAL 
10 _ o—o FLOW THROUGH 

o—o ALUM TREATED
o 

' JUNE ' JULY ' AUGUST MAY 
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experimental basins, there were significant inter—basin water 
quality differences — for example, note total phosphorus 
variations i_n the basins for the period May to August, 1972, 
in Figure 36. 

Availability and Quality of Chemical Precipitants for 
Phosphorus Removal 

This project, "funded ‘under the Cangada-Ontario 
Agreement on the Lower Great Lakes, was initiated to 
assess the location and quality of industrial wastes or 
by-products (pickle liquors, mill-scales, carbide limes, etc.) 
which have potential usefulness for phosphorus removal. 
An inventory of such waste sources in Ontario and Quebec 
has been prepared and preliminary testing has identified 
several wastes that are capable of efficient phosphorus 
removal (either in an as-is condition or, in some cases, a 
reprocessedistate). Specific studies of the effects of pickle 
liquor additions on (i) the activated sludge process and (ii) 
sewage plant effluent heavy metal (e.g., chromium and 
zinc) are also being conducted. 

Physical Processes Unit 
The responsibilities of this group consist of process 

development in the domain of physical processes such as 
settling, filtration, aeration, flotation and mixing, and 
sludge dewatering and handling. 

Unslake Lime — Its Direct Use in Phosphate Removal 
Processes 

A study of the use of dry un,sl_ake lime (quicklime) in 
the primary treatment of sewage was carried out to 
demonstrate the feasibility of using the chemical for 
phosphorus removal. The 30,000 IGPD pilot plant which 
was con_structed in the Wastewater Technology Centre was 
operated for a year to establish design criteria for quicklime 
systems and compare the phosphorus removal efficiency « 

and economics of this process with conventional processes 
using slurried hydrated lime. '
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Comparisons between quicl<l_irne a_nd hydrated lime for 
the low lime system (pH 9.5-10), low lime system with 
sludge recycle, high lime system (pH > 11) and the high 
lime system with sludge recycle, have shown that removals 
of phosphate using quicklime was equal to hydrated lime 
when equivalent amounts of chemicals were used (on a CaO 
content basis). A process for adding the ‘quicklime to the 
rapid mix‘ tank of a waste treatment plant was developed 
and operated without failure duri_ng the project. The unit 
consists of a storage hopper, a continuous slaking reactor 
and slurry storage and pumping unit. The system includes 
process control to establish the dry quicklime feed rate, 
water to quicklime ratio and reaction temperature to ensure 
a uniform supply of lime of the desired quality and the 
complete reaction ofthe quicklime with the water. The use 
of such a quicklime system should reduce the operating 
cost for lime-phosphate treatment by approximately 30% 
and the capital cost by approximately 10%. 

New Brunswick Acid Mine Drainage Treatment Program 
In 1972, a joint’ Federal/Provincial/Industrial study was 

initiated for the development of mine wastewater treatment 

Figure 37. Installation of clarifier in the Quicklime Pilot Plant. 
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technology in the base metal mining industry. As a result, a 
waste treatment pilot demonstration plant is being 
established at the Brunswick_ Mining Company site in 

northeastern New Brunswick. The plant data obtained will 
be a cornerstone in the development of national pollution 
abatement guidelines for the mining industry and should 
provide a treatment process to enable the mining of copper, 
lead a_nd zinc to co-exist with salmon fishing of north- 
eastern New Brunswick.



The unit has developed a flexible and versatile pilot 
plant system which incorporates state-of-the-art technology 
for treatment of such acidic wastewaters. Unit processes 
included’ are thiosulfate stabilization, neutralization and 
precipitation, sedimentation, sludge handling and effluent 
polishing. 

In support of the field program, bench scale studies 
have been carried out to assess the feasibility of various 
processes and to na_rrow the experimental range of the 
studies to be undertaken in the field with the pilot plant. 
Bench scale studies on a high-density sludge process have 
shown that the maximum effluent quality obtainable with 
lime or limestone lime precipitation systems is approxi- 
mately Img Zn/1 and 0.2 mg Cu/1. These levels do not meet 
the proposed guidelines. Thus, studies have been under- 
taken to assess various effluent polishing processes such as 
sand filtration, ion exchange, cementation on aluminum 
and magnesium metals, and ion exchange with silicon alloys 
to provide better removals. Excellent results have been 
obtained for several of the processes and trials at the pilot 
scale are under consideration for the field installation. 

Sludge Dewatering and Reduction Processes 
An extensive program is underway to investigate sludge 

dewatering processes with respect to he characterization of 
sludges‘ and the effect of type of sludge and chemical 
treatment on physical properties; the determination of 
parameters and properties governing dewatering processes; 
and the prediction of plant operation from laboratory 
determined physical properties and pilot plant operation. 

Extensive experimental work has been carried out on 
the development and assessment of sludge characterization 
parameters. They include: bulk properties — settling, 
rheology, compressibility, filterability, specific resistance, 
compressibility, and capillary suction time; continuous 
phase properties — viscosity surface tension, TDS and 
den_sity;- a_nd dispersed phase properties — particle sizes and 
distribution, zeta potential, nature of particulate material 
(granumetric property), surface charge and bound water. 

DEMONSTRATION SECTION 
The Demonstration Section implements and monitors 

experimental programs in the field. 

Maritime Fish Processing Study 
The Section participated in a ‘study of fish processing 

plants located in Nova Scotia, New Brunswick and New- 
foundland. The effluents from these plants were'studied to 
determine waste characteristics and water usage in the 
ground fish filleting, whale slaughtering and sardine canning 
processes. Effluent loadings per 1000 pounds of ground fish 
and final product were determined from experimental data, 
flow m_easu,re,rnents and production figures. The results will 
form part of the data base for writing the effluent 
guidelines for the fish processing industry. 

Waterda wn Wastewater Treatment Plant NTA Study 
A field study was carried out during the winter of‘ 

1971-72 and 72-73 at the Waterdown Wastewater Treat- 
ment Plant to assess the impact of NTA on chemical 
treatment phosphorus removal facilities and -treatment 
plant operation. The studies also investigated NTA degra- 
dation and the effect of NTA loading on heavyrnetal 
transport thrdugh the treatment plant. 

The biological, ‘chemical and physical characteristics of 
the plant were monitored on a daily basis for 12 months. It 
was found that N'TA_loading had no effect on t_he.chemic_alf 
dosages required for phosphorus removal. NTA was signifi- 
cantly tdegraded on passage through the treatment plant; 
however, the removal was influenced significantly by 
wastewater temperature and NTA influent concentration to 
the treatment plant (see Figure 38). Heavy metal transport 
through the treatment plant increased with increased NTA 
loading to the plant. ‘ 

Combined Sewers 
Over the past ten months, in conjunction with the 

Hydraulics. Division, IWD, an extensive survey of the 
literature was carried out to assess c_o_m,bined sewer over- 
flows to outline a research strategy and to develop 
technolo9Y for the problem and the approach to be taken. 
Recommendations were p_ut forth on strategy to be 
followed within the Canada/Ontario Agreement in 
addressing the problem of combinedvsewer overflows in 
Canada. 

LABORATORY SERVICES SECTION 
Early in the year, the section moved to a permanent 

location in the Wastewater Technology Centre where 
increased space permitted the installation of new auto- 
mated analyzers and atomic absorption spectophotometric 
facilities. This new equipment was immediately placed to 

Figure 39. Fixed process mechanical and electrical systems for 
waste treatment pilot plants. .
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Figure 40. Extended Aeration Pilot Plant. 

provide analytical support to the bench scale, pilot plant 
and field projects in which the Division is engaged. 

Throughout the year, heavy demands were placed on 
all available facilities and manpower to meet analytical 
requests. Analyses performed were largely confined to the 
various forms of the C, N, P nutrients and heavy metals, 
mainly in samples of a domestic sewage type. However, 
there was increasing demand for analyses (for similar 
parameters) on samples of the biological and chemical 
sludges produced by various treatment processes and soils. 
More tha_n 16,000 samples were processed during the year 
for" a total of more than 50,000 parameters. 

FACILITIEAS SERVICES SECTION 
The Facilities Services Section operates and maintains 

the various pollution control process units in the Waste-' 
water Technology Centre and ensures that new pollution 
control process hardware is assembled according to designs 
generated by the Process Development Section. 

Construction and installation of the fixed process 
piping, waste storage, electrical and control systems was 
accomplished in "1972. An observation deck was added to 
the second floor, opposite the working mezzanine, to 
permit .scientists to make immediate contact with oper- 
ations in the plant and to provide an area for the general 
public to see the facilities. 

Fish culture and bioassay capacity was increased by an 
extension to the environmental room facilities. 

Numerous pilot plant unit processes, such as reverse 
osmosis, vacuum filters, cIarifi_ers, ce_ntrifuges_, a calcinator 
and a multiplehearth furnace were procured and assembled 
in the Wastewater Technology Centre. 

Significant construction a_nd installation was carried 
out on the north side of the Wastewater Technology Centre 
to provide electrical, air, water, sewage and d_rainage 
services. A twenty-gallon-per-minute extended package 
plant has been installed on the p'r'epa'r'ed site, along with an 
air-conditioned m_oveable test building that accommodates 
soil lysimeters for experiments on land disposal of chemical 
sludges. 

ENVIRONMENTAL EMERGENCY BRANCH 
The Environmental Emergency Branch (EEB) which is 

part of the Environmental Protection Service, is responsible 
for protective and preventative activities where an environ- 
mental threat results from an accident in which a hazardous 
c_hemicaI is released into the environment. EEB is represent- 
ed at CC-IW by the Hazardous Material Spill Counter- 
measures Unit and the E'n'vironmental Emergency Co- 
ordination Unit. 

Hazardous Material Spill Cou'n'ter‘measures Unit 

The Hazardous Material Spill Countermeasures Un_it is 

the national centre for evaluation and development of 
counterrneasures systems for dealing with spills of oil and 
other h‘azar'dou‘s and toxic materials. The primary functions 
of this unit are the testing and evaluation of current 
countermeasures equipment, materials and techniques, and 
the subsequent design and development of a n_umber of 
effective, economical and ecologically safe, multi- 

component control systems to combat spills occurring 
under various conditions throughout. Canada. The unit is 

further responsible for the development of Federal guide- 
lines for the acceptability and use of oil spill treating agents 
and techniques.

' 
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Since July, 1972, when the unit- began oper'atio_ns at 
CCIW, several projects have been undertaken in liaison with 
other groups and scientists at the Centre, with industrial 
companies, with university consultants and with other 
governmental agencies. Two major projects were completed



in 1972. These were (1) the testing and evaluation of an oil 
spi_ll collection system developed (under contract) by 
Canadair Ltd., a_nd (2) the development of Federal guide- 
lines for the acceptability a_nd use of oil spill dispersants. 
Current work includes (1) testing and evaluation of several 
dispersants, (2) feasibility studies of a passive microwave 
radiometer system for the detection and measurement of 
oil spills and (3) field testing of chemical oil herders. 
Planning is underway for extensive testing a_nd evaluation of 
(1) several absorbent boom products, (2) Lockheed’s Clean 
Sweep oil spill remover and (3) JBF’s Dynamic Inclined 
Plane oil spill removal system. 

Great Lakes International Contingency Plan 
The Great Lakes International Contingency Plan was 

officially implemented on the 15th. of April, 1972,.with 
the signing of the Canada-U.S. Agreement by the Prime 
Minister and the President. The plan was invoked in June as 
a result of the Parker Evans and Sidney E. Smith collision 
in the St. Clair at Sarnia. During subsequent recovery 
operations, the Parker Evans’ fuel; oil was successfully 
removed with minimal spillage from the wreck. The event 
provided experience in operational procedures and com- 

munications and resulted in recommendations for improve- 
ments to streamline operations. These improvements will be 
incorporated in a revised plan in 1973. 

In late September, an Environmental Emergency Co- 
ordinator ioined the staff to assist the Director of the 
Centre as the Great Lakes Regional Co-ordinator. A_n 
Operations Centre was established to provide a focal point 
of major spill reports on the Great Lakes and will aslo act as 
the contact point for the United States Regulatory 
Agencies related to matters under the Great Lakes Con- 
tingency Plan. 

Oil Spill Countermeasures equipment, such as 2000 ft. 
of oil spill boom and 2 Slicklickers have been located at the 
Centre. Additional equipment, such as sorbents, generators, 
fl_ood|ights, radios, clothing, small ha_rdware, etc., will be in 
place before the end of this fiscal year. Similar equipment is 
also stored at the Ministry of Transport Marine Agencies in 
Prescott, Amherstburg, Sarnia, Parry Sound and Thunder 
Bay. The countermeasures equipment will assist the staff to 
enable them to improve the operational response to future 
spill incidents.
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Fisheries Research Board 

_ 

The year 1972 was a year of change for the FRB 
Detachment. This unit, formerly administered by the 
Freshwater |_n_st_itu_te at Winnipeg, was established as a 
separate -res'ponsibility centre with the name, Great Lakes 
Biolimnology Laboratory. Dr. Arnold Nauwerck, Head, left 
the group to return to Sweden at the end of. January. Dr. 
Wa_lte‘_r A_. Glooschenko assumed duties as Acting Head on 
February 1, and held the position until November 30, 
1972. Dr. Murray G. Johnson was appointed as Program 
Head on December 1st.-

A 

The programme of, the unit focuses on three main 
areas. The first of these is Descriptive Biolimnology, led by 
Dr. Nelson Watson-,_which includes surveys, surveillance and 
work on taxonomy and developmental cycles of phyto- 
plankton, zooplankton and bottom fauna in the Great 
Lakes. Dr. Walter Glooschenko is |_eading the second area, 
Environmental Toxicology, with emphasis on the effects of 
toxic substances such as pesticides and trace metals and of 
waste heat on "aquatic life. The third area, Ecosystem 
Metabolism, emphasizes primary and secondary production 
in lakes and effects of environmental stresses on production 
dynamics. A lead_er will be appointed in early 1973. 

During 1972, the major effort of the unit was the 
»lFYGL programme on Lake Ontario with emphasis upon 
diel, seasonal and" spatial distribution of phytoplankton and 
zooplankton. Primary production studies were a major part 
of this effort. Surveillance of other lakes was continued and 
data interpretation from previous years completed, 
especially upon Lake Huron. Since moving into the new 
building, considerable effort has been made upon isolation 
and culturing of phytoplankton and zooplankton for life 

' 

history toxicological and other studies. 

Surface Chlorophyll and Primary Production 

In 1972, during the International Field Year for the 
Great Lakes, primary production was‘ measured /_'n“situ in 

Lake Ontario on nine cruises at two fixed stations. The 
daily production was measured on short-time intervals over 
the whole day at various depths to 20 meters. Photo- 
synthetic rates were compared with biomass present using 
chemical parameters and with measurements of solar 

irradiance and the attenuation in the water column of the- 
part of the spectrum which can be utilized in photo- 
synthesis. There was a strong difference between the 
inshore and the offshore stations in spring and early 
summer. The inshore station showed consistently higher 
photosynthesis rates reaching a peak in June 
(1.9gC m"2 day”. From April to June at the off- 
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shore station the rates were constantly low 
(0.4gC m‘2 day”), while in July and September the.- 

rates werehigh (1.4gC m“2 day” ). 

During the 48-hour investigation period on the two 
stations the daily radiation energy differed sometimes by a 
factor of 3, while at the same time the daily production 
rates per unit square meter varied by a factor of at most 
1.7. At the offshore station the daily efficiency of algae (% 
of energy at 400-700nm fixed) varied by a factor of as 
much as 2.4 on two consecutive days and ranged from 
0.2 - 0.17, and at the inshore station from 0.10 -0.15. 
This means that in_ the euphotic zone (0-20m) 10 — 17% of 
the biomass present was renewed daily. 

Chlorophyll and primary production measurements 
(“C method) were analyzed in 1972 from 13 cruises on 
Lake Ontario and 10 on Lake Erie made in 1970 and 
additional cruises on Lake Huron in 1971. 

In general, Lake Ontario chlorophyll a values were 
highest in inshore waters (<20m depth) and in. the eastern 
portion of the lake. Lake Erie chlorophyll a leve_ls were 
related to basin and season of sampling. in Lake Huron 
values were generally low except for Saginaw Bay where the 
highest mean chlorophyll a values were found for the three 
lakes (Fig. 42). Seasonal cycles of chlorophyll a varied in 
the three lakes, but the bimodal pattern was most pre- 
valent. 

Primary production was directly correlated with 
chlorophyll a_. Highest values of production occurred in_ 

Saginaw Bay and the Western Basin of Lake Erie, with 
lowest values i_n eastern Lake Erie and Lake Ontario (Fig. 
43). Assimilation ratios, mgC/mg chlorophyll a/hour, were 
generally related to n.u_trie,n,t distribution in the three lakes. 

Monitor cruise data for chlorophyll a in Lake Superior 
collected in 1970 and 1971 were compiled (Fig. 44). Values 
were extremely low, roughly half of those found_in Lake 
Huron, which indicates that Lake Superior is an extremely 
oligotrophic environment. No definite trends were found in 
the pattern of chlorophyll in Lake Superior. Inshore areas 
did not appear higher than offshore regions as in the other 
lakes, indicating that no pronounced -effects of nutrient 
‘inputs occur along the shore.

' 

Phytoplankton 
Integrated phytoplankton samples (0-10m) had been 

collected from Lake Huron in 1971 on eight monitoring
A



-cruises between mid-April and early Decembernat 48 
stations distributed over the entire lake. A preliminary 
analysis of two inshore stations and one mid-lake station 
indicated that diatoms and flagellates (Chrysomonadinae, 
Cryptomonadinae and Dinophycinae) contributed signifi- 

' 

cantly to the phytoplankton biomass. The abundance of 
flagellates was striking and its species composition was 
more or less similar to that ‘Found earlier in Lake Ontario 
and Erie. The spring maximum in Lake Huron was 
dominated by diatoms and flagellates. During the summer 
season the phytoplankton was composed mainly of greens, 
blue-greens and flagellates, whereas blue-greens, flagellates 
and diatoms occurred in the fall. The inshore station in 
Saginaw Bay showed the maximum phytoplankton 
biomass. 

The lakewide study dealing with the seasonal 
abundance‘ and composition of Lake Erie phytoplankton 
communities was completed. A mean spring value of 6.7 x 
106 M3/ml was observed in the Western Basin which was 
higher than in the other two basins. The monitor station off 
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Figure 42. Average chlorophyll a, lug/1, in Lake Ontario (January to December, 1970), Lake Erie (April to Decembe,r,‘l970‘)_, and Lake‘ Huron 
(April to December, 1971). 

Colchester in the Western Basin showed the highest total 
biomass value of 21.0 x 10‘ [J3/ml. On a yearly basis the 
Eastern Basin‘ had the lowest levels of phytoplankton 
biomass. A ratio of 121.4 : 2 was ca_|cu|ated for the 
Eastern, Central and Western Basins respectively. Diatoms 
were dominant, followed in importance by flagellates which 
were abundant in the Central and Eastern Basins. Micro- 
flagellates contributed up to 60% of the total phyto- 
plankton biomass. The significance of mic‘roflage|lates has 
been neglected in the past. but this study demonstrated 
their importance. Seasonal abundance of total phyto- 
plankton biomass "and the contributions of various tax- 
onomic groups in central Lake Erie were examined (Fig. 
45). Four maxima were observed, one in spring, two in 
summer and one during the fall. 

Zooplankton of Lakes Huron, Erie and Ontario 
The numbers of crustacean zooplankton were com- 

pared from cruises at 30 stations on Lake Erie in 1970 and 
12 stations on Lake Huron in 1971. Differences were 

average chlorophyll a ug /L 
(pheo - pigments subtracted) 

lake ontario — jan to dec 1970 
. lake erie — april to dec 1970 
lake huron — april to dec 1971 

LAKE ONTARIO
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Figure 43. Mean primary production, mgC/m3 [hour in Lake Ontario (January to December, 1970), Lake Erie (April to December, 
1970), and Lake Huron (April to December, 1971). 

recorded in the abundance and species composition, of 
plankton with season in each lake and between lakes. 

The species of vzooplankton Crustacea are similar 
among lakes although the time of seasonal maxima and 
relative abundance is different for each (Fig. 46). Calanoid 
copepods are more numerous and diverse in Lake Huron 
and western Lake Erie. Cyclopoids and Cladocera are most 
abundant in Lake Erie and 0n_ta_rio and in the Saginaw Bay 
region. The most prevalent species over the whole year in 
all three lakes is Cyclops bicuspidatus — thomasi which 
becomes most numerous in Lake Erie. Tropocyclops is 

relatively important in Lake Ontario and Acanthocyclops in 
Lake Erie. Among the Cl,ad_oc_era, Daphnjids are most 
numerous in Lake Erie, including Daphnia, Bosrnina, 
Diaphanosoma, Chydorus a_nd Leptodofa. Bosmina is most 
numerous in Lake Ontario. Ho/opedium is most important 
in Lake Huron, 

First order estimates of standing crop biomass have 
been calculated from estimates of zooplankton abundance 
in the three lakes, Populations of the relatively large 
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calanoids present in Lake Huron produce biomass values 
which are relatively underestimated by ndumbers while i_n 

Lakes Erie and Ontario numerical values overestimate 
biomass. 

Effect of PCBs on Phytoplankton 
Recent studies have shown that PCB (polychlorinated 

biphenyl) compounds inhibit the growth and photo- 
synthesis of marine phytoplankton at concentrations in the 
low ppb range. At CCIAW $y'nedi-a acus and Scenedesmus 
quadricauda were isolated into pure culture and grown at 
15C at a light intensity of approximately 10 klux. 
Additions of the commonly used PCB compound, Arochlor 
1242 dissolved in methanol were made to obtain concen- 
trations of 1, 5, 10, 20 and 50 ppb in culture flasks. In 
Scenedesmus, inhibition of cell division was observed at all 
concentrations as early as 1 day after application. However, 
after 9 days, cell division ratesvapproximated those in 

control cultures of Arochlor 1242 levels up to 10 ppb. At 
20 and 50 ppb, cell numbers after 5 days were approxi- 
mately 20% of those in controls and did not recover. 
Cultures of .S‘y‘n_edra showed similar effects. However,
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Figure 44. Chlorophyll a distribution in Lake Superior, 1971. 
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beyond day 7 all concentrations in_hi_bited cell division over 
controls by 35% at least, while 50 ppbreduced cell 
numbers by. 75%. The reduction of cell division rates in 
both species may have been related to inhibition of 
photosynthesis observed in carbon -14 uptake studies. 
Chloroplast morphology was altered at all PCB concentra- 
tions. 

Automated Particle Counting System 
Two electronic particle counters: The Millipore Corpn. 

"rr MC" Particle Measurement Computer System, and the 
Coulter Counter Model "B" were compared with the, 
inverted microscope technique in counting and sizing a 
variety of algal species in culture, as well as Lake Ontario 
phytoplankton samples. There was generally good correla- 
tion between euléctronic and microscope counts of uni- 
cellular species, but the reverse was the case for field 
samples of phytoplankton. Quantitative measurements of 
phytoplankton were erratic, if not erroneous, and of 
questionable value. Evidence strongly suggests that the 
electronic" inst_ru_ments are best "suited to specific investi- 
gations, especially those concerning area or volume’ de- 
terminations. 

'
' 

Mysis rel_icta Studies 
The study of Mysis re/icta was extended for a second 

year to gain information on the life history of this species. 
On the basis of further sampling it is strongly felt that the 

Figure 47. Controlled environment room for culturing of algae and 
invertebrates for research programmes in toxicology and 
physiological research." 

earlier reporting of Mysis as a monocyclic populationis 
incorrect. Data collected from Lakes Huron and. Ontario 
strongly suggest that there are two major breeding periods 
per year. Breeding females appear throughout the year, 
with two definite breeding peaks occurring during the 
spring and fall periods. However, according to available data 
the heaviest breeding period occurs in the fall. The brood 
size remains relatively constant, with «each breeding female 
carrying approximately twenty young.

' 

Project Quinte 
Primary production and‘ phytoplankton communities 

were examined weekly at seven stations in the Bay of 
Quinte and zooplankton were collected monthly as part- of 
a co-operative study among Ontario Ministry of the 
Environment, Ontario Ministry‘ of Natural Resources, Uni- 
versity of Guelph, Queen's University and Environment 
Canada. This study will lead into an assessment of the 
effects ofphosphorus removal on the lim_nology of the Bay 
of Ouinte, involving almost all ramifications of ‘improve- 
ments expected in water quality.
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Marine Scien_ces irectorate (Central Region) 

CANADIAN HYDROGRAPHIC SERVICE 
The objectives of the Hydrographic Division (Canadian 

Hydrographic Service) of Central Region, Marine Sciences 
Directorate, are the gathering, processing and compilation 
of bathy'rnet'ric data and marine information on the 
navigable waters contained within the boundaries of the 
region, that are essential to the safe", orderly and efficient 
conduct of commercial, recreational and defence shipping 
together with the survey requirements associated with the 
management of water resources and the protecti_on of the 
marineenvironment. 

In support of the foregoing, a hydrographic develop- 
" merit/group investigated and developed hydrographic survey 
systems, techniques and methodology, the Tides and Water 
Levels Section provided hydrodynamic data, the Electron- 
ics_ Maintenance’Section operated and maintained survey, 
navigation and communicat_i_on systems, the Marine in- 

formation -Centre and a Cartographic -Unit. During 1972, 
additional responsibilities, related to IFYGL, included the 
management of a contract for the rental of a Decca Survey 
System and associated services as well as the calibration of 
the system and the production of lattices for special IFYGL 
plotting sheets. 

In carrying out the prime responsibility of t_he Ca- 
nadian Hydrographic Service, a great deal of data is 

gathered and made available for other purposes; some of 
these data are almost by-products of ou_r primary program. 
The output is valuable to such functions as transport and 
co_m_m_unications, limnological studies, culture, recreation 
and economic development. 

The 1972 Field Programme was carriedjout by 50 
hydrographic surveyors, 8 electronics technicians, and some 
130 ships’ crew. Du_ri_ng the season, use was made of 3 
ships, 26 survey launches, "and 23 major survey craft as well 
as "one" floating electro-mechanical workshop. Six office 
trailers and 13 boat. trailers were used. Two helicopters and 

A three fixed-wing aircraft wereused periodically. The total 
helicopter flying time was 1342 hours and the total fixed

' 

wing flying time amounted to 277 hours. The shore-based 
survey operations also "required the use of 18 motor 
vehicles_. 

'
V 

. The Field Projects were carried out in Nares Strait, 
' 

- Norwegian Bay, Jones Sound, and Amundsen Gulf in the 
Arctic; in James Bay and Hudson Bay; in Playgreen Lake in 
Northern ‘Manitoba; in Lake of the Woods in Western 

- Ontario; in Georgian Bay; in Lake Ontario, Lake Erie; St. 
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Lawrence River between Montreal and Kingston as well as 
in t_he lower St. Lawrence River below Quebec. in addition 
to this program, a co-operative program was carried out 
with the Province of Quebec to obtain hydrographic data 
required for the development of a mathematical model of a 
section of the Richelieu River between the US border and 
St. John. In co-operation with the Ontario Government, a 

- small program was carried out in south-eastern Georgian 
Bay to assist with pollution studies. This field program in- 
volved the use of electronic positioning and distance- 
measuring systems in addition to the usual optical systems 
and included the use of tellurometers, hydrodist, Mini-fi_x, 
Decca 6f survey system, RPS, automatic data acquisition 
systems and automatic data processing systems as well as a 
number of tide gauges, water level gauges, and current 
meters. 

As an on-going program to develop systems and 
techniques which will allow maximum return from our 
investment in human and material resources the Develop- 
ment Group continued research into the use of electronic 
positioning systems particularly Loran C and the use of a 
variety of side-looking sonars and-, as a new program, 

' mo itored the first full hydrographic survey to be con- 
tra ‘ted to a commercial firm. This program was carried out 
in Georgian Bay.

A 

The resurvey of Navigation Ranges Program which was 
commenced in 1969 was continued in 1972 and by the end 
of the field season a total of 99 navigation ranges and 
associated channels in the area between Quebec and 
Kingston ‘had been resurveyed. Also _in this area a total 
of 48 fixed navigation lights had been re-positioned. A large 
number of ranges and fixed lights have also been resurveyed 
as a normal part of other hydrographic projects. However, 
some 82 ranges and associated channels as well as 342 fixed 
lights remain to be resurveyed in the Great Lakes. 

The systematic Revisory Survey required to maintain 
existing charts up-to-date was continued and all charts of 
Lake Erie and Lake Ontario were field examined during 
1972. Data for the Shore Properties was collected as part of 
the ongoing survey project. 

V 

During the year the Tides andV_llat'er Levels Section was 
strengthened in _prep_aration for 1973 Field Programmes. in 
addition to its normal functions related to navigational 

,matters the Section undertook the co-ordination of an 
Oceanographic Program in James Bay which wascarried out



by the Hydrographic Survey" team operating from CCGS 
NARWHAL in co-operation with the Atlantic Oceano- 
graphic Laboratory. 

1972 saw the initiation of a technical exchange 
program with the Lakes Survey Center of the US National 
Oceanic and Atmospheric Administration of Detroit. Mr. 
Peter Richards of Central Region's Canadian_ Hyd_rographic 
Service component was exchanged for a three-month period 
with Mr. W. Bergen of NOAA. This exchange demonstrated 
beyond a doubt the value of such a program and we look 
forward ‘to a continuation of exchanges. Meetings were also 
held between the Canadia_n Hydrographic Service-, the 
Director of Central Region and the Director of the US Lake 
Survey Centre at Detroit with regard to future co-operative 
program and a decision was reached to attempt a co- 
operative Revisory Su_rvey Program on the St. Lawrence 
River during 1973. 

Also on the International scene a joint Canadian- 
Danish team worked in‘ the Nares Strait area and de- 
termined geographic co-ordinates for Hans Island. This joint 
program was carried out because of the close proximity of 
the island to the limits of Canadian and Danish territorial 
seas. 

Hydrographic participation in the limnogeological pro- 
grams of the Centre continued, with provision of survey 
and survey system expertise to man the systems and to 
check for positioning and depth record quality. 

The. 1972 season was carried out without serious 
accident and all objectives were achieved. 

IFYGL AND LIMNOGEOLOGY PROJECTS 

Perhaps the major project underta_ken by the Marine 
Sciences Directorate, as an integral part of the Canada 
Centre for Inland Waters, during 1972 was participation 
in the International Field Year for the Great Lakes 
(IFYGL) study of Lake Ontario and Basin. 

The primary objective of the IFYGL program which 
will continue into 1973 is to develop a sound scientific 
basis for water resource management on the Great Lakes as 
an aid in solving problems of water quality and quantity. 
Lake Ontario and the Ontario Basin were selected as 
represent_at_ive of physical characteristics typical of the 
Great Lakes and other fresh water bodies throughout the 
world. 

Specifically, personnel from the Canadian Hydro- 
graphic Service, Central Region, have to date effectively 
carried out a comprehensive phasing-in and calibrationl 
evaluation exercise of the DECCA (6f) positioning system — navigation on the _lake and over its basin being one of the 
more important responsibilities of the Directorate. This 
programme was headed up by F. L. De Grasse, under the 
direction of Mr. T.D.W. McCulloch, Director. 

Decca Lambda 6f, Red Slave, Grimsby 

In addition to being accountable for logistics, i.e. land 
rental, frequency licensing, etc. for the positioning system, 
a major bat_hymet_ric survey of the offshore areas beyond 
the 30‘ meter contour has been completed which will result 
in the publication of a new or revised edition of a 
bathymetric chart — our first contribution towards met- 
rication in the Great Lakes utilizing the automated 
Hydrographic Acquisition And Processing System (HAAPS) 
aboard the research vessel ‘LlMNOS' 

Limnogeology Project Lake Erie 
This is a continuing nearshore survey in which C_.;H;._S_.- 

has participated for the past two summer field seasons. For 
this particular exercise our involvement consisted of a 
navigational survey system to provide high accuracy 
positioning and expertise to check positioning and depth 
record quality. Positioning and depth data are to C.H.S. 
standards and are used not only by the Limnogeological 
Project but also by ourselves for charting purposes. Mr. P. 
Davies, sub-party chief, assisted (part-time) by one hydro- 
grapher and one crew, was in charge of field operations. 

Two similar short term limnogeology surveys were 

Research Vessel LIMNOS

69



OL 
II ~~

~ 
_ 

‘ 

‘ 60° 70° 80° ’ 80° 
” 

70*! 0 

' 

0 

60° 
_ 

. _v v 
1eo°- » 

_, =0 
- 

"333; 0 ; ., . 947$ 0° 

‘ 

Az § '41 - 

/7;; > 
I} V '

7 

u Q. 
0‘ 

Va ”_ 
V 

. q _ 

} w. ° R 
, > 

170° '‘ ~* 10° 

150° 20” 

150°f 30° 

. HUDSON 
140° V 

0 .40“ 

130., 30 
Revisory.Surv" ' 

50.: 

120*’ ~ 110° 100° 90° 80° 70° 60° 

Figure 48. 41 9.72 Surveys.



carried out to completion off the -Burlington-Centennial 
Park a_rea,- western Lake Ontario. 

In response to a request originated by headquarters of 
the International Boundary Commission, a marker buoy’ 
designated ’Y’ was moored and positioned on the Canada- 
United States boundary approximately‘ 13.5 nautical miles 
from Southeast Shoal Lighthouse at Point Peter on Lake 
Erie. Hydrodist MRB-201 and Wild T2 theodolites in the 
range-bearing mode were used for this exercise. The 9th 
Division of the U.S. Coast Guard is the agency responsible 
for aids to navigation in the area. 

The MV MARTIN K_ARLSEN, a major vessel working 
out of CCIW was assigned to the establishment for this ‘ 

exercise. 

To facilitate acceptance trials of the recently com- 
pleted research vessel CSS ADVENT, two spar-type buoys 
were moored just south of the Burlington Canal to 
approximate a range distance of one nautical mile. The 
markers were subsequently fixed by Hydrodist and Wild T2 
theodolites and the exact distance and bearing obtained by 
Inverse Solution. 

JAMES BAY SURVEY
I 

Jutting south from Hudson Bay is the relatively 
unknown body of water, James Bay. Equal in water area to 
Lakes Ontario and Erie combined, a_ basin for waters 
gushing seaward from many rivers draining the Canadian 
Shield, it has long been a _bane to both explorer-and 
hydrographer. Its rich but brief history extends from 1610 
when Henry Hudson made his ill-fated plunge into these 
waters. The bay was named after Thomas James who, in 

1631, sailed his ship, the HENRIETTA MARIA, deep into 
the bay, and after a scurvy-ridden winter hold-over at 
Charlton Island, escaped the following year for England. 

Hydrographic interest in the bay has been sporadic at 
best. Limited navigation demands in the bay precluded 
extensive charting,,and thus, except for a few harbour 
surveys and some charting of the extreme southern end of 
the bay, the major waters lay fallow of bathymetry. 

The James Bay Development Corporation, and more 
specifically, the proposed hydro-electric projects, brought 
the area into sharp focus from a development point of view. 
Projects of a magnitude contemplated on La Grande Riviére 
required supplies on a scale that could only be supplied 
through commercial navigation. Thus, it was necessary to 
provide safe access routes for freighters and oil tankers 
traversing from Hudson Bay into the staging area at Fort 
George. At this time, 1971, Central Region, with an 
expertise for big term projects on short notice, became the 
dominant character in this narrative. In December 1971, it 
was decided to proceed with a control survey along the east 
coast of James Bay. This was a basic requirement in order 
to provide electrical centres for proposed positioning 
systems. 

The 1972 work in James Bay was divided into three - 

stages. The initial ‘stage —- the winter control program which 
ran from March 15, to April 30; secondly the shore survey, 
which was located at Fort George from JuneA15, to October 
15; and finally the ship program, which employed the 
CCGS NARWHAL from August 7, until October .13 in the 
offshore survey area. 

The results of the three surveys provided horizontal 
control extending seaward to all islands in the north ha_If of 
the bay; standard hydrographic bathymetryxon the ap- 
proaches to Fort George, La Grande Riviére, an access 
corridor; reconnaissance surveys south to Eastmain and 
Paint Hills; and physical oceanographic dat_a_ on a.grid 
pattern in the northern half of the bay. A summary of each 
survey is as follows: - 

’ 
'

- 

Winter Control Survey 

The winter program em_braced the efforts of five 
hydrographers, plus two helicopter crews. The hydro-

‘ 

graphers arrived in Fort George on May 20, and were 
followed closely by the two MS_D Bell 206A helicopters. In 

Millard Tower erected foreground shows old MOT radar reflector.
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the. following month control was extended from established 
geodetic points at Fort George, both north and south along 
the east coast of James Bay. In total, the traverse extended 
over 100 miles and closed on terminal geodetic points. The 
islands in_ the bay were controlled by trilateration, using 
Millard towers as necessary. Distances up to. 60,000 metres 
were effected across the ice, in order to bridge and ‘verify 
control to these islands. in addition, a number of solar 
observations were taken in order to confirm or establish 
azimuth values. Thirty-one permanent hydrographic po- 
sitions were established during the survey, many on islands 
heretofore inaccessible. 

The survey generated adequate control to satisfy 
Mini-fix and Hydrodist requirements on the summer sur- 
veys, Temperatures during the survey hovered between 0° 
and 30° Fahrenheit. Visibility conditions generally pre- 
cluded observations heyond 6 miles. The helicopters logged 
200 hours of flying, and provided an indispensible service. 

Shore Survey — Fort George 
Once it became apparent that a large-scale survey 

would be required of the estuarine areas of La Grande 
Riviére, and of the three initial miles of the river itself, it 

was decided to operate a shore-based survey. In addition_ to 
the above tasks, the unit would be committed to the 
installation and maintenance of a water-level gauging 
program, the monitoring and maintenance of the Mini-fix 
system, plus the extension oflocal control to the numerous 
delta islands. Hydrodist was the system‘ selected for 
positioning of the sounding platfor,ms._ Both the new MRB 
201 and the vintage MRB 2 were used successfully. Two 
freighter canoes were obtained locally, and converted into 
sounding |a_unches, Charting was conducted at a 1:10,000 
scale over 100 square miles of coastal waters. A proposed 
harbour location, south of La Grande Riviére was charted 
as an alternate to the hastily erected discharge depot 3 
miles up river. in general, all objectives set for the shore 
party were achieved. A Bell 206A helicopter permanently 
attached’ to the party, was in continuous use either support- 
ing the sounding programs or the maintenance re- 

quirements. The continuous dust-bowl conditions of Fort 
George did not discourage the shore-based unit, and their 
four month siege in this settlement can be summed up as a 
profitable campaign. 

Ship-Based Survey, CCGS NARWHAL 
On July 26, the NARWHAL, a 250 ft. M.O.T. ice 

st_rengthened vessel primarily designed as a_n arctic person- 
nel carrier, departed Quebec City,- and sailed for James Bay. 
On August 7, after a quiet passage up the Labrador Sea, 
through Hudson Strait, and down Hudson BaY:_ the ship 
entered James Bay and commenced the designated charting 
and oceanographic programs. 

The -10,000 mile cruise of the NARWHAL combined 
physical oceanography with contemporary hydrography. 
While the basic program involved charting using a ho- 
rizontal control system, much reconnaissance work was 
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CCGS NARWHAL at Quebec City. 

completed, including tracks in_to, and surveys of, the 
settlements of Paint Hills and Eastmain. ' 

Salinity and temperature profiles, in situ water and 
temperature samples, dissolved oxygen analysis, plankton 
casts, bottom cores, and light penetration measurements 
were taken as part of the oceanographic program. 65 
stations were occupied. The controlled charting program 
evolved within a 3000 square mile lobe extending seaward 
from Fort George. Three survey launches plus the ship were 
employed to establish bathymetry along a preselected 
corridor. In total, over 5000 miles of sounding was 
completed. A beefed-up Mini-fix system (50 watts possible 
output as opposed to a standard 16 watt output), with 
baselines in excess of 30 miles, was used to provide 
horizontal control for sea-borne platforms. In addition, a 
receiver was mounted into a helicopter. 

The ship spent a total of 56 days in James Bay. The 
total cruise embraced, 99 days. A bunkering trip to 
Churchill, Manitoba, an emergency fuel lift to Whale Cove 
on the west coast of Hudson Bay, and time consumed 
steaming to and from terminal agency points, consumed the 
remainder of the cruise. 

The information obtained during this cruise establi_sh_ed 
a viable route for commercial shipping, from Cape Louis 
XIV into an anchorage area at La Grande Riviére estuary. It 
also proved the feasibility of operating close to the east 
coast along north-south tracks. The hazar'dou's, un- 
predictable, bottom topography was alarmingly evident on 
all operations, and required the full deployment of re- 

sources to in_su_re a safe passage across previously unknown 
water. Much was accompli_shed_. Much more remains if safe 
navigable channels are to be established. 

POLAR CONTINENTAL SHELF PROJECT 

The Hydrographic Section of Polar Continental Shelf 
Project departed for the 1972 survey -operation on May 1st 
via Resolute Bay to Alert, N.W.T. to commence the first of 
four assignments.



Ii?‘ 

I. to r. M. Thamsborg, J. Ekholrn (Danish representatives), M. 
I-Iaycock (National Archives representative). 

From the Alert base, a network of horizontal control 
was extended in the Nares Strait area from Robeson 
Channel southward to Franklin Island. The base of opera- 
tions was then moved to the R.C.M.P. Camp at Alexandra 
Fiord, where the control system was completed to the 
northern end of Smith Sound. We were joined in this 
assignment by two Danish representatives whose efforts 
were much appreciated and who worked very hard to make 
the combined Canadian-Danish survey a success. Closure for 
the system was in the order of twenty parts per million over 
a distance of five hundred miles of traverse. A total of sixty 
monumented horizontal control stations was established, 
mainly on the Greenland coast. 

lnc_luded in the assignment was the positioning of a 
small island, Hans Island, whose exact position was in some 
doubt. In, the process of locat_ing the island some discrep- 
ancies in the shoreline of Greenland were adjusted by as 
much as two and one half to six kilometers. ' 

Base camp, Surprise Fiord. 

Second on the "list was a brief sounding survey i_n 

Eureka Sound for the safe passage of ships bringing 
construction and drilling equipment in to sites located at 
Mokka Fiord and Depot Bay. A total of seventy through-

‘ 

the-ice soundings was required to cover the designated area. 

From Eureka the establishment set up camp at Surprise 
Fiord where a second control survey was conducted 
covering the whole of Norwegian Bay. The purpose of this 
part of the field operation was the selection and location of 
suitable sites for an RPS controlled survey ' presently 
planned for the coming winter sounding program, in March 
1973. Most of the time was used in the recovery of existing 
control, which is, for the most part, suitable to our 
purposes. Only four new points were required to provide 
adequate coverage. 

Last on the list of operations was. the establishing of 
electrical centres for a Hi-Fix controlled survey in the Jones 

Mechanical repairs to skidoo.
‘
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Sound area. A base of operations was established at Grise 
Fiord from which the required sites were obtained in four 
days. A total of twelve stations was required to give suitable 
coverage for this survey to be conducted by personnel from 
the Atlantic Oceanograp_hic Laboratory. 

On com_ple_tion of the Jones Sound project the mem- 
bers (staff and support group) _of the Hydrographic Section, 
P.C.S.P. returned to headquarters on July 7th where 
computations, field notes, etc. were submitted to Nautical Geodesy for checking and adjustment. 

Throughout the operation no difficulties were 
encountered with electronic instrumentation. Elevations of 

' traverse stations were checked by use of altimeter on the 
L helicopter (a Bell 205A) and barometric observations, All 
control points established throughout the field season were 
targeted and photographed, from the air using hand-held 
cameras (Polaroid and/or 35 mm) 

In addition to the above, logistic support was provided 
to members of the—_Earth Physics Branch, Dept. of E-.M.R. who were carrying out further investigations of the Alert "Magnetic Anomaly", about 75 miles offshore on Lincoln 
Sea, Support was also provided to an official who was 
conducting assignments for the N_ational Archives, Depart- ment of National Defence and the R.C.M.Pl. 

‘ LOWER ST. LAWRENCE SURVEY 
The 1972 hydrographic survey on the Lower St. 

Lawrence River was a continuation of the project begun in 
I 1969; namely, the r'es'u‘rvey of the river from Pointe au 
Pére to Quebec City, a distance of 133 miles. 

Staff‘ gauge crib at Goose Cape, Lower St. Lawrence Survey, 1972. 
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Work was concentrated, during 1972, in the areas east 
; 
and southwest of lle aux Coudres. 

Soundings were taken in metres and all field sheets were inked in metric units. 

Hydrodist and‘ Moto’r‘ol_a R.P.S. positioning systems were used to control 4 sounding launches. 

The main deep draft shipping channel has now been 
completely surveyed from Ile du Bic to. Cape Mai_llard, a 
distance of 94 miles. Future operations upstream from Cape Mai|l_a_rd will depend on the completion of a large 
scale dredging programme presently being carried out, southwest of Cape Brfilé. 

PLAYGREEN LAKE SURVEY 
This was a continuation of the 1971 hydrographic 

survey. The demand for a modern hydrographic survey came as a result of the Nelson River Power Project whereby 
diversion channels from La_ke Winnipeg to Playgreen Lake and Playgreen Lake to Kiskattogisu Lake are to be built for 
the purpose of regulating the‘ water level in Lake Winnipeg. 
Therefore, a requirement for modern hydrographic charts was created for monitoring siltation and its effects on 
navigation in the future. 

Playgreen Lake Survey, 1972. 
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Lake of the Woods. Area completed in 1972. 

The charting program was carried out from Warren 
Landing by a party of ten staff and thirteen crew from May 
24 to Sept. 28. 

The new "21 ft. MON-ARK” launches carried out the 
major part of the sounding program. Hydrodist in the 
range-bearing mode was used for positioning in open areas 
and visual posit,io,ni,ng in congested areas. 

This survey went exceptionally well, considering the 
turbid, shallow and shoal infested waters, however, the area 
between Sandy Bar Point and Whiskey Jack Landing 
remains to be done. The area completed this year extended 
from the outside entrance to Warren Landing to Sandy Bar 
Point on Playgreen Lake, both branches of the East Nelson 
River and approximately 50% of Little Playgreen Lake. 

LAKE OF THE wooos sunvev 
For the sixth consecutive season, Central Region 

fielded a hydrographic survey party in Lake of the Woods. 
The party this year was divided into two sections with the 
main group staying at a trailer camp in Morson, Ontario, 
which it had occupied since 1970, while a sub-party, 
comprising 8 to 14 men operated out of commercial tourist 
camps in the 3770 field sheet work area. 

The party undertook to survey Obabikon Lake (a large 
bay of Lake of the Woods located in the Aulneau‘ 
Peninsula), and field sheets 3769 and 3770 on the western 
side of Lake of the Woods bordering on Minnesota, U.S.A. 
A revisory survey of field sheet 3653, between Miles Bay 
and Morson, was also completed. 

Most of the sounding was done by three-man crews 
using 21 foot Botved launches and EDO 9040 echo 
Sounders. The conventional sextant resection technique was 
used for position fixing. 

In late September, launches and equipment were stored 
at Winnipeg and at the Hydrographic Depot in Selkirk in 
anticipation of proposed activities in Lake Winnipeg. 

A small sub-party will be required in 1973 to complete 
some field sheets initiated in 1972. This will provide 
bathymetry across Lake of the Woods in total except for 
Shoal Lake which has been dropped from the original 
survey proposals. 

Remaining Navigation Ranges work along the St. 
Lawrence Seaway can be handled by a revisory team. 

Among some of the work remaining is the continuation 
of the control network in lle Delaurier area and the
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sounding of that range. Nicolet and Po'inte—du-Lac sound- 
ing lines have yet to be run. Future work in this area will be 
required if there are any relocation projects for ranges and 
lights. 

Lights through the tourist regions of the Thousand 
Islands were not positioned this season. It was felt that as a 
result of the shortened field season, the seaway lights and 
ranges should be of prime importance so our efforts were 
directed along those lines. 

During the period, July. 17 to July 29, the senior 
hydrographer and Mr. Gorski conducted a reconnaissance 
survey of the Richelieu River between St. Jean and US. 
border. The survey was conducted at the request of the 
Quebec Department of Natural Resources for the purposes 
of flood control on the river. 

NAVIGATIONAL RANGES SURVEY 

The 1972 Navigational Ranges Survey began May 1 

with the establishment of the Base Camp in Cornwall, 
Ontario. While there, three (3) channel lights, three (3) 

sector lights, and one (1) range (Cornwall Island range) 
were positioned. No soundings were obtained. However, 
sounding marks were established and channel buoys 
positioned along the range lines and sector lines. 

The Base Camp then moved to Morrisburg on May 29. 
Four (4) lights and three (3) sets of ranges were positioned 
in the area adjacent to Chrysler Park and Morrisburg. Two 
(2) l_ights and two (2) ranges were positioned in the area 
adjacent to Mariatown and two (2) sets of ranges were 
positioned in the Iroquois area. 

"CAD ET" was inoperative throughout this period. As a 

result the sounding program had st_ill not begun. However, 
as was done in Cornwall, sounding marks were established 
and the channel buoys along the range lines were posi- 

tioned. 

While .in Morrisburg, Mr. Eidsforth travelled to the 
Montreal area to establish horizontal control required for 
the positioning of the lie Delaurier range. 

The survey party moved up river to Brockville on June 
16. From here, ten (10) Channel lights in the Brockville 
Narrows were positioned. By this time, our sounding 
program had seriously fallen behind. It now became 
obvious that "CADE'_l"’ would probably not be operational 
for the remainder of the season and no boats were available 
to replace her. It was decided to outfit one of ourlwhalers 
for sounding and hopefully we would get enough good 
weather to enable us to sound t_he range lines. Luck was 
with us and our sounding program was up to date by 
August 11. 

August 12 saw the party move to Kingston, Ontario 
where three (3) lights, a sector light and Irving point range 
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CSL VEDETTE in Kingston Harbour. 

were positioned and sounding lines completed by the 25th 
of August. 

Mr. Eidsforth then returned to Montreal to corfiplete 
the control work for the lie Delaurier range. The senior 
hydrographer and one crew member began preparation for 
the return trip to Burlington for August 31. 

Sounder check by cone.
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As a result of this year's efforts, 28 channel lights and 
10 sets of ranges were positioned and 14 sets of ranges were 
sounded. Solar Azimuths were taken at all ranges except 
Cornwall Island range and Ile Delaurier range._ These two 
ranges were checked using the Gyro theodolite. 

REVISORY SURVEY 
During 1972, 22 charts were revi_s_ed on Lake Ontario 

a_nd La_ke Erie. It was the first time a revisory survey had 
been conducted on Lake Erie; Lake Ontario charts had 
been revised in 1968. Shore Properties inventory strip maps 
were updated in conjunction with the revisory survey. 

In addition, reported dangers to navigation in Lake 
Ontario near Whitby Harbour, and in Lake Erie near 
Amherstburg, were examined. 

HAMILTON HARBOUR SURVEY 
Hamilton Harbour Survey began in early April and will 

continue until completed. The harbour is 90% complete, 
however a considerable number of wharves have not been 
started. 

Due to the number of wharves to be sounded in 
Hamilton Harbour, and Toronto Harbour, consideration 
was given to the possibility of improving the stretchline 
method of sounding the wharf areas. 

The -most efficient method to date is the use of a 
subtense-bar with predetermined sextant angle for distance 
off by sighting through a transit or sextant. With radio 
communication to can the boat onto line, continuous 
sounding lines can be run in lieu of lead line soundings. 

The Code-Lite is a sector light, showing a green light 
when on one side and red when on the other side of center, 
with the green and red alternating flashing lights being seen 
when on the center line. 

With the subtense method, two men are usually 
required to move the subtense bar and other equipment 
with two in the boat. Predetermined angles are required to 
obtain the distance off and must be reset on the sextant 
when approaching shore. Continuous voice communication 
with the boat must be maintained. 

The Code-Lite can be mounted on a transit, with a 
pulse system and a small 12 volt battery, attached to the 
legs. One man can move this setup to previously established 
points when surveying the wharf. A radio can be used if 
required to supplement the control of the boat which can 
be held on line by the coxswain. 

A single sextant angle between the transit and one 
control p_oint, or between two base line control points 
suffices to position the boat off the wharf. 

Besides the harbour, about 1/3 of the approach area to 
the canal has been sounded. It is planned to extend the 
coverage to overlap the Decca controlled sounding of the 
IFYGL programme carried out by the LIMNOS-., 
Code Lite Advantages and Disadvantages 
Advantages: 

1. eliminate one man ashore — by presetting the light two 
men in a boat can run lines — awkward when having to 
move the light, but possible. 

2. reduces and/or eliminates voice control. 
3. boat can get on line faster. 
4. light being on a transit, fan lines can be turned off 

quickly. 

5. transit can be used to do stadia work, if necessary. 
6. light can be used to run lines across a river or fan lines in 

confined areas. 

Disadvantages: 

1. battery failure. 

2. light breakdown. 
3. plot may be required in boat-, but not essential. 

U.S. LAKE SURVEY CENTRE EXCHANGE PROGRAM 
During the past field season, a four month staff 

exchange was undertaken between United States. Lake 
Survey Centre and Central Region, Canadian Hydrogfaphic 
Service. 

The Canadian exchange consisted of a two week 
orientation period at the LSC Detroit offices followed by 
field work with the Vertical Control, Revisory, and 
Horizontal Control Sections for the remainder of the 
period. The work areas were along the shores of Lakes 
Superior, Huron and Ontario. 

Zeiss level with micrometer attachment.
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Zeissi water crossing equipment. 

Office 

The LSC comprises two main Divisions — Limnology 
(Research) and Marine Mapping and Charting. The area "of 
responsibility for both is the Great Lakes and the 
Waterways as far west as Lake of the Woods. All the 
Sections were visited including the Compilation and Chart 
Prod_uc:tiron Branches.

' 

Vertical Control Section 

Field w'o_rk consisted of running a precise level line and 
making a water crossing in the Straits of Mackinac area. 

, 
Work include'd selection and placement of markers, use of 
'KEl'-ZN’ rods and Zeiss level with micrometer attachment, 
‘and recording by computer. The water crossing involved 
special equipment and techniques. 

Revisory Section 

Lakes Superior and 'Hu'ron. were covered as part of a 

recurring three year schedule for the Great. Lakes. The unit 
is a mobile land-based operation with an office trailer. A 
54' revisory craft is used for chart work_. A traverse of the 
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Duluth-Superior Harbour area was done as welltduring the 
summer. 

Horizontal Control Section 

The field project was a first order traverse along the 
northwestern shore of New York State. Work included 
reconnaissance through to instmmental observations with 
Wild T-3's and a laser Geodimeter. Data will be used by 
other agencies as well as by LSC for future hydrographic 
control. 

HYDROGRAPHIC DEVELOPMENT G ROUP 
During 1972, many diverse and interesting projects 

were undertaken by this Group with good progress being 
made in such irriportant areas as automated data processing, 
automated data collection, ev’a'|'uation of positioning 
systems, sonar development and an evaluation of private 
industries’ capabilities in conducting hyd_rographic surveys. 

Contract Hydrographic S_urvey 
In June 1972, the Canadian Hydrographic Service, 

Central Region, awarded a contract valued at $89,500 to 
Computing Devices of Canada to complete field work 
necessary for the production of new charts for small boats 
and deep-draft ships in northwestern Georgian Bay. The 
location of the 60-square mile area from Cape Smith on 
Manitoulin lsl_and to Killarney Harbour, is as shown on 
Figure 1. 

This area is representative of many areasof Canada, as 
the l_irn_its include open, relatively deep u’nres‘tr'ic't’ed areas as 
well as narrow shoal-infested channels. 

The survey contract was the first to be let by the 
Canadian Hydrographic Service following a .reco,mm_enda- 
tion by the Science Council of Canada that, where 
possible, government and university laboratories contract 
work to develop technical expertise in industry. It is 

coinc_identa_| that the area chosen for this first cont'ract is 

in the same area as the first survey undertaken by the 
Canadian Hydrographic Service in 1883. 

The Development Group responsibilities for the survey 
included, the preparation of detailed survey specifications, 
review of the submitted tenders, and during the field 
operations to ensure that accuracy standardrs and attention ' 

to details as outlined in the specifications were being 
a_d_he_red to.- As this was the first contract survey, 
responsibilities also included the development of effective 
monitoring systems forfuture surveys of this nature, 

A detailed report on this survey is available from 
Central Region. 

_Sona_r Development 
As part of the Development Group's field program this 

year, considerable effort was directed toward the evaluation 
of side scan and omni-directional scanning sonar with 
potential for launch use on hydrographic surveys.



Klein Mk. 400 recorder and transducer units. 

Four sonars, EG&G, MK 1A, KLEIN MK400, C-TECH 
LSS-30 and C-TECH LSS-30 (PT) were used during the 
program which was cunducted in the Killarney area of 
Georgian Bay. 

All sonars were installed, at various times, on the 
modified barge "SORA" and an area of approximately 1.5 
square miles was traversed with closely spaced and over- 
lapping lines. A modern survey at a scale of 1:12,000 was 
available for this area, and numerous additional standard 
sounding lines were run in order to prepare an accurate 
contoured plot of the area. All shoal indications as detected 
by the sonar records were examined by conventional 
methods in order to fully develop the shoal contours. 

The analysis of bottom coverage, comparison of sonars, 
descriptions of the equipment, the evaluation procedures 
and potential application techniques will be described in a 
paper to be presented at the 1973 Hydrographic Con- 
ference and copies will be available at that time. 

EG&G transducer unit. 

HAAPS Systems 
Central Region presently owns the following 

equipment associated with HAAPS: 
2 — C—Tech Depth Digitizers 
2 — Digital Couplers 
2 — Tape Recorders 
1 - Atlas Depth Digitizer 
1 — Decca Digital Display Unit 
1 — PDP—8/ E Computer with Peripherals 
1 — Calcomp Plotter 

. During the year, two HAAPS acquisition systems were 
deployed in the field along with the one processing system, 

The acquisition system using the Decca Digital Display 
Unit and Atlas Depth Digitizer was used exclusively on 
LIMNOS for the bathymetric Survey of Lake Ontario. 

EG&G recorder unit.
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C-TECH LSS-'30 PT transducer, transmitter and display 
Early i_n the year the equipment was installed in "VERlTY" 
and used on western Lake Ontario to engsugre that all 

systems were operational and that staff were adequately 
trained prior to the installation on LIMNOS. 

The system was used for the entire Lake Ontario 
Survey with excellent results being achieved. 

The second HAAPS system was deployed on a survey 
of approximately 45 square miles in north’w'e'stern Georgian 
Bay. (The area surveyed is shown in Figure 48). 

Loran C Evaluation 
As a possible positioning aid for survey and research 

HAAPS —- Hydrographic Acquisition System as installed on 
LIMNOS. 
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vessels operating in the Upper Great Lakes a detailed 
evaluation of Loran C, in bot_h Hyperbolic and RHO-RHO 
mode, was undertaken this year. . 

To assist in this studya DECCA ADL-21 receiving 
system, ‘complete with Hewlet Packard calculator and 
plotter, was obtained on loan from the U.S. Coast Guard. 
In addition, an lnternar 101 receiver was rented from HPL 
Engineering and the AUSTRON RHO-RHO system was 
borrowed from the Navigation Group at Bedford Institute. 

The Decca ADL-21 receiver was used essentially as a 
monitor unit during the ‘period that the lnternar 101 was 
operated in the Northwestern area of Georgian Bay. This 

HAAPS — Processing System as installed on LIMNOS. 
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Decca ADL-21 receiving and plotting system. 

Electronics van with Loran C equipment installation. 

phase of the trials involved the continuous logging (on 
magnetic tape) of both Loran C and Mini-fix signals for a 
comparison of accuracies. 

For the second phase of the Loran C evaluation, the 
lnternar receiver along with magnetic tape logging 
equipment was installed in our Electronics van and 
recordings were made at known points along the shore of 
Lake Superior and Lake Huron. Recordings of 48 hours 
duration were made at five stations along Lake Superior 
and two stations along Lake.Huron. 

The next phase of the evaluation involved the use of 
the RHO-RHO system which again was installed in the 
Electronics van. Recordings with this installation were 
made at known points along the four Canadian Great Lakes 
and Georgian Bay. 

The Loran C evaluation will be discussed in detail in a 
paper to be presented at the next Canadian Institute of 
Surveying annual meeting. 

Harbour & River Positioning System
I 

The need for a more efficient method of positioning 
survey vessels in confined areas such as harbours and rivers 
has long been apparent. To assist in this area the Region
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purchased a CODE.-LITE, which emits a visible fan-shaped 
beam us_ing high intensity Xenon lamps. The beam is made 
up of three sectors with each beam encoded for visual 
identification. The central beam can be adjusted from 
approxima_tely 20 seconds to one minute of arc which 
makes it ideal for running ranges on short-range work. 

To further assist i_n positioning ‘vessels within short 
range, an acoustic measurement system is being developed 
from existing digital echo sounders. Preliminary tests of this 
system in 1972 have been successful in providing en- 
couragement for continued effort l_n 1973. 

Data Processing & Development 
Much of the data processing activity of this Group is 

now in aproduction status, however, it remains within the 
responsibility of the Development Group. 

As of the end of 1972, the Region owns three 
mini-computer systems, a PDP-8/ I which is dedicated to the 
Gerber 22 plotting system, a PDP-8/ E which is a desktop 
model to.be. used for surveys where a good deal of general 
computations are necessary. 

The Gerber 22 plotting system has had a very busy year 
on both production and development projects as can be 
seen on Figure 49. 

The usage as shown on Figure 49 has been mainly on the 
preparation of field sheet basis, for all of Central Region 
field parties, an_d the production of Hyperbolic lattices, for 
all three Regions as well as Range/ Bearing lattices for those 
surveys using that mode of operation. 

Development work for the plotter has been mainly in 
the_area of automatic drawing of sou_nd_ings for both the 
Hypos and HAAPS methods of collection. Excellent 
progress has been made in these areas. 

MARINE INFORMATION CENTRE 

Nauticalchart Sales 

During the past, M.l.C. handled a volume of about 
1500 charts. Most of these were free issues supplied to field 
parties and other sections working in the Centre. Chart sales 
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Figure 49. Total Gerber 22 usage. 
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totalled about 300 for the year which is an increase from 
last year. Also during the year charts covering the East and 
West Coasts of Canada were acquired and are stored in the 
sales office for reference use only. Arctic charts are carried 
in limited numbers and are available to the public. 
Topographical maps of Canada are carried also but at 
present are for reference only, as only one or two prints of 
each map are in stock-._

R 

Marine Information Centre also has a wide selection of 
publications useful to the mariner and the weekend sailor as 
well. These list as follows: Pilots of all Canadian waters, 
List of Lights, Radio Aids, Notices to Mariners, chart 
catalogues, Water Level informatio_n (yearly and monthly), 
Rules of the Road», and Boating Safety, to mention a few. 
During the past year, limited use was made of this 
information and there again mainly by people involved in, 

projects here at the Centre.
R 

» Technical Records 

The indexing and storage of field data collected during 
the field season has been continued as established the 
previous year. Most of this data is stored in the Centre and 
is readily available -to anyone who might require it. 

CARTOGRAPHY 
During 1972, the Cartographic Section increased its 

capability of giving cartographic support to the Marine 
Sciences Directorate, Central Region with the purchase of 
reprographic equipme_nt in late 1971. 

The Morisawa Photo-typesetter has enabled us to 
supply the various printing needs of the Directorate with a 

significant improvement in quality and a saving in time and 
cost. One advantage has been the printing of field sheet 
titles which previously had to be_ done by the slower Leroy 
method. A variety of type styles in a size range of 5.5 to 60 
points are available. 

The Kodak Ektamatic Processor is used to process the 
exposed photographic papers used in the photo-ty'pe‘s'etter. 
It is a compact machine which requires very little 

maintenanc_e. 

The Blu-Ray diazo whiteprinter produces ozalid prints 
of field documents to a maximu‘m width of 42". This 
machine takes up very little office space, needs only a 

periodical change of ammonia and has proven to be very 
economical as many hundreds of oza_lid prints are required 
each year. Diazo transparencies used with overhead 
projectors are also a capability of this machine. 

The Nu-Arc plate maker is used to make film negatives 
required for the slide-screen printing process. Field sheet 
titles,‘ publication covers, crests, certificates and display
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signs are a few examples of the type of work done by the 
screen printing method. 

In addition to the reprographic services, drafting 
support was given to the Geo-technology Section in _the 
preparation of hydrodynamic and shoreline study drawings. 

A responsibility of the Cartographic Section is the 

originating of supply requisitions for the drafting materials 
and instruments used by Central Region, both in the office 
and the field. 

In December 1972, Mr. J. Elliott of the Canadian 
Hydrographic Service, MSD, Ottawa assumed duties as head 
of the Cartographic Section, Central Region, MSD, in 
Burlington.

I 

SHIP DIVISION 

Launch support was provided so shore based hydro- 
graphic parties scattered over a distance of some two 
thousand miles east to west from the Lower St. Lawrence 
to Lake Winnipeg, and north to James Bay via Dartmouth, 
Nova Sootia. 

The variety of craft in the regional fleet was increased 
even further with the i,ntroduct_ion_ of a new type for use 
initially in Playgreen Lake, a shallow, turbid, shoal-strewn 
hydr'ographer's nightmare. This was a Mon Ark "Little 
Giant", a 21-foot welded aluminum cathedral hull boat-, 

almost devoid‘ of beauty but with good practical features, 
such as good initial stability, shallow draft and maximum 
deck space by virtue of a box-like shape. Four of these 
units were purchased and in anticipation of numerous 
groundings, in preferance to inboard or Z-drive (boat-biz 
tenn for inboard-outboard), twin 65 h.p. outboards were 
selected, with a goodly number of spares provided for quick 
turnaround. In spite of a few holes, cracks and splits, these 
craft got the job done in what must be considered a 
national proving ground and it is most probable that more 
of these units, with some strengthening modifications, will 
be purchased. 

The James Bay Project proved to be something of a 
challenge. Originally, it was proposed to use four Bertram 
launches operating from CCGS NARWHAL, a fairly suit- 

able ship borrowed, after delicate negotiations, from 
MOT. Two of these were gasoline engined and two just 
recently converted to diesel power. A rather sudden 
embargo on ship—borne gasoline storage cancelled out the 
use of the gasoline launches and the only available 
substitute was a 36-foot steel launch which happily proved 
to be the most suitable for James Bay sea conditions. In 
addition to preparation of the launches for a somewhat 
complex survey, cradles had to be built, welded to the deck 
of NARWHAL and lifting gear assembled for hoisting by 
NARWHAL's great-boom — a hazardous operation even in 
sea state 0. All in all, the launches performed fairly well but 
following a post mortem it would appear that for James 
Bay, and all points north, an efficient displacement hull of 
some 30 feet in length would perform more efficiently than 
a 25 foot semi—p|aning hull. 

One other innovation, a tunnel-drive launch, conceived 

as a new weapon in the launch-rock war, did not really get 
off the ground, as i_n the first few hours of o'per'ation, 

blocking of the cooling water intake caused major damage 
to the engine block. 

The lion's share of fleet support to limnological 
programs was devoted to IFYGL. With the exception of 
five excursions by MARTIN KARL_SEN i_nto Lake Erie a_nd 
the Upper Lakes, principally for monitoring purposes, all 

major vessel time was devoted to Lake Ontario, extending 
from March 1972, until April 1973. In this concerted 
assault on Lake Ontario, LIMNOS completed 73 separate 
cruises, MARTIN KARLSEN 68 and the chartered tug LAC 
ERIE, 73. 

- In addition to the larger vessels, the launches AQUA, 
AGILE, LEMOYNE, STURDY and SHARK were assigned‘ 
to IFYGL «support. A dumb barge, HANDY BOY, was 
chartered in support of three scientific observation towers 
on the Niagara Bar. The barge was outfitted with shelter for 

CSL BITTERN (Bertram Launch).
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Launch shop at CCIW. 

Ships Division workshop at CCIW. 

instruments, recorders and personnel and with a generator 
for power supply before being strategically moored adja- 
cent to the towers for a six month period. 

For the second year a converted landing craft with 
recessed propellers was chartered for ne_a_rshore sediment 
sampling on Lake Erie, again with considerable success. 

The major acquisition was the 77-foot all aluminum 
vessel ADVENT. Basically a day boat with limited sleeping 

accommodation, her high speed will enable her to reach the 
work area from a convenient port with a minimum loss of 
operational time. A speed of 22 knots has already been 
achieved and this may be improved upon with the 
installation of finer pitched propellers. 

RADEL II was finally retired and p|a_ced_for disposal. 
When last heard of, she was in Midland, being fitted out as a 
pleasure craft. 

Two oil recovery vessels, fitted with "slick-licker" u_nits 
purchased by MOT were assigned to the Centre. These 
have been operated and maintained by MSD personnel as 
required. 

The launch repair shop experienced its busiest year to 
date. Most hydrographic survey craft were recalled for 
inspection and overhaul and although repairs to engines and 
outdrives were contracted out every minor hull in the fleet 
was completely refitted. In addition to general overhauls 
and refits five new launches were modified and outfitted 
and two la_unches completely rebuilt. 

The ship engineering section continues to be kept fully 
occupied throughout the year in the repair and main- 
tenance area, both preventive and emergency, to various 
vessels and related equipment. A good deal of this work 
which is beyond the capability of shop resources or outside 
the home port, is contracted out.-, 

The rnajor vessels enjoyed a relatively trouble-free year. 
LIMNOS experienced one major breakdown, resulting in a 
loss of 4 days. The cause of the breakdowns, both 
breakages in a Harbourrnaster drive gear, has since been 
investigated and the cause determined and corrected. 

MARTIN KARLSEN continued to suffer a shortageof AC power with the constantly increasing demand. Balan- 
cing of loads on the various supplies has relieved the 
situation to some degree and it is hoped that the addition 
of a_n additional 20 KVA motor generator will eliminate the 
problem for the foreseeable future. 

The Centre accommodated a number of part_icipating 
U.S. and provincial l_FYGL craft, while perhaps the 
highlight ‘of the season was the successful and enjoyable 
multi-fleet get together and Ship Open House in June. 

GEOTECHNOLOGY SECTION 

HYDRODYNAMICS 
Even though the Section's title, for the sake of brevity 

and increased generality of functions has been significantly 
reduced, its overall responsibilities over the past year have 
grown. In addition to its prime functions of tidal, current, 
and water level support for hydrographic surveys, and 
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independent hydrographic surveys in the interest of safe 
navigation, it now has the responsibiglity for planning and 
organizing the oceanographic programs to be included in 
regu_|_a_r hydrographic surveys- Early in the year, an exten- 
sive outline of the functions and organization of the 
Section was developed, including a number of position 
descript_i_ons.



Current meter installation, Nares Strait in the Eastern Arctic. 

In April, N. Freeman assisted personnel of Defence 
Research Establishment, Ottawa, in the installation of 
current meters and thermographs t_hrough the ice in Nares 
Strait, to study the mass movement of Polar-deep water 
from the Arctic Ocean to Baffin Bay. In conjunction with 
the hydrographic field parties, tidal and inland water level 
records were obtained at all of the 1972 field survey 
locations with the northeast section of James Bay providing 
up to four months of tidal data from some of_ its eight 
temporary stations. In James Bay it was found that, due to 
large storm seas, island-based tide gauges were difficult to 
establish and maintain and coastal locations finally had to 
be selected. A sloping sounding datum was determined for 
Playgreen Lake using past records of Water Survey of 
Canada and a gauging program was developed to verify the 
calculat_io_ns. The tidal reduction program obtained from 
Tides and Water Levels, Ottawa was adapted to a time- 
sharing system and real-time sounding reductions were 
transmitted daily to the Lower St. Lawrence hydrographic 
survey pa_rty. 

Numerous requests from the general public for Great 
Lakes water level information were readily answered 
because of our terminal connection to the real-time data 
bank established and maintained by Tides and Water Levels, 
Ottawa. A "Water Levels Brochure", explaining the cause 
and effect relationship of water level variations on the 
Great Lakes was also produced by the Section, in consulta- 
tion with the Shore Property Studies Section, to facilitate 
handling of public queries. 

A pressure calibration facility for pneumatic gauges 
was developed in the Region and five Ottboro gauges were 
assembled, ten procured from Ottawa, and all fifteen 
calibrated prior to the 1972 field season. A telemetry tide 
gauge acquired from Tides and Water Levels, Ottawa was 
tested locally and field evaluated in James Bay. Even 
though difficulties were experienced during its operation, 
the gauge performed well near the end of the survey. Using 

portions of the Water Survey of Canada strip chart 
digitizing program, a more expansive digitizing system was 
developed for the D-Mac pencil-fol_|ower so as to include a 
five-minute digitizing interval and a variable scale. 

Oceanographic measurements, consisting of depth 
profiles of salinity, temperature, and oxygen, as well as 
plankton hauls and bottom cores, repeated three times 
during the survey, were taken on James Bay and a Data 
Report is in preparation. 

Applied research into storm surges, including nu_m_erical_ 
modelling and spectral analyses, were undertaken jointly 
with Shore Properties Studies, and Oceanographic Research 
Division, MSD to ascertain the spatial and temporal 
scales of the water level fluctuations, and their effect on 
hydrographic reductions and shoreline erosion. 

Within the next few years, tidal-current surveys are 
proposed in three areas — the St. Lawrence River from 
Quebec City to Les Escoumins, the Eastern Arctic and 
James Bay. In the meantime, various in situ tide gauges and 
current meters are being evaluated and tested along with 
appropriate mooring systems for multiple environ_ment 
application (marine, fresh, and Arctic waters). Further 
oceanographic measurements are planned for James Bay. 
"Available Potential Energy" calculations will be carried 
out this winter for Lake Ontario in conjunction with the 
Energy Budget estimates being made by Dr. J. Blanton for 
IFYGL. A two-dimensional numerical tidal model, is 
being developed for James Bay to assist in co-tidal chart 
productions. 

Two lectures on Tidal Theory and two on Hydro- 
dynamic Instrumentation were presented to students in 
Hydrography ll course, held this year at CClW. Also 
during the year, two papers were accepted for publication.

7 

SHORELINE PROPERTIES STUDIES 
AND INVENTORY 

The concern of the Shore Property Studies Section is 
the establishment of the data bank for the coastal zone 

Remote sensor for telemetry tide gauge.
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along some 6000 miles of Canadian shoreline of the Great 
Lakes and St. Lawrence River and its numerous islands. The 
basic inventory has existed since 1968 when it was so hastily 
prepared ‘by the Task Force of the International Joint 
Commission for the evaluation of the effects of lake level 
regulation on shore property. Our main role today is to 
update, expand and adapt it to an ever changing application 
of its uses. To meet the minimum requirements the section 
should have staff of 3 full time members and, during 
concen_t_rated field activities, two part time student 
assistants, plus continuous support from the cartography 
section. So far this has been difficult to achieve and since 
man-ye_ars are hard to com_e by, we must do the best with 
the resources on hand. Aided for a period of nine months 
by a graduate geographer who happened to have a 
commerc_ia| pilot's licence, this section embarked on a 

program of updating shoreline development from the air. 

During an early part of this year the westerly end of Lake 
Ontario and the total length of Lakes Erie and St. Clair 
including Detroit and St. Clair Rivers’ shorelines were 
photographed from an altitude of 1000 feet, thus ex_tending 
the existing sequential library of colour slides from 
Kingston to Burlington by the additional 470-mile pictorial 
record from Burlington westward to Sarnia. This type of 
inventory is not only practical and vit_al — especiallyin an 
age of long-term p|an_ning — but economical costing one 
dollar and a half per mile of shoreline. 

Shoreline erosion. 
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We have been aware for many years of fluctuations of 
lake level. That these fluctuations were closely related to 
erosion and accretion was fully appreciated but seldom 
measured, and since both Ia_nd and the water are moving it 
is by no means a simple problem to distinguish their effects. 
Moreover, how does one measure, relative to the present 
level of the lake, the height" of a raised beach or the extent 
of erosion? What part of the beach or bl_u_ff do you select 
for this purpose? There is not one mile of shoreline that 
has identical characteristics with the next. Not only are 
precise measurements difficult to make, but also almost 
every locality has far too few of them. Previously we had to 
be content with qualitative assessments, and however 
inadequate our measurements are presently, some quantita- 
tive anwvers are emerging from the study of storm surges, 
the most devastating villain on the waterfront. To date, two 
of these storm surges were ana_lyzed — one on Lake Huron 
in Septem_ber of 1971 and a fairly recent one, on Lake 
Ontario, the tail end of the tropical storm 'AGNES' in June 
of 1972. The findings for each will be presented in a report 
jointly prepared by Shore Property and Hydrodynamic 
Sections. 

, 
It will be apparent that the study of the shoreline zone 

is not only of great interest from a scientific and historical 
point of view, but that it is also of vital importance from 
the economic point of view. It is not easy‘ to find solutions, 
but reasonable ones are much more likely to be obtained by 
those who can see the shore zone as a whole, and can give 
time and thought to the problems in quest_ion from an early 
stage, because more and more care is needed in preservation 
and proper development. We must observe and collect as 
many facts as possible and try to interpret them in the l_ight 
of experience — our own and that of others. Then we may 
begin to understand how and why change takes place on 
our Great Lakes shoreline and design methods of control 
where desirable. . 

SURVEY ELECTRONICS 

This year as always, the Electronics Shop was 
extremely busy. The Electronic Technicians’ strike started 
the year off _badly-, but the late departure of most field 
parties tended to offset the time lost due to the strike. 

Technicians were i_n the field with survey parties based 
at: Playgreen La_ke, Lake of the Woods, Lower St. 

Lawren_ce, and James Bay. In addition, Revisory Survey, 
Navigational Ranges, Dr. Rukavina's Near Shore Survey and 
IFYGL were supported by technicians based at Burlington. 

The James Bay Survey was probably the most de- 
manding so far as the Electronic Shop was concerned. In 
addition to the technician stationed with the party, an 
additional technician sailed with the NARWHAL to and 
from the operations area. 

The James Bay Survey utilized the first fifty watt 
Mini—fix chain to be used in Canada. As_ a result of the
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Electronic shop at CCIW. 

MRB 201 Digital Hydrodist. 

increased power, ranges over 100 miles were regularly 
achieved. In association with Hydrodynamics a telemetering 
tide gauge was also employed, however, with limited 
success. The James Bay Survey also used the Mufax weather 
receiver that.formerly was aboard the CSS LIMNOS. 

The IFYGL project also heavily taxed the resources of 
the Electronics Shop. In addition to the early outfitting of 
launches, we provided seven CH25 radio-telephones chan- 
nelled to special IFYGL frequencies. Ground to air radio 
telephones and a CH25 were supplied for the Lac Erie, and 
a radar was supplied and installed aboard the Ontario 
Ministry of Natural Resources vessel COTTUS. In anticipa- 
tion of possible future use of a Decca system, two ofour 
technicians spent two weeks at the Decca stations. As usual, 
a considerable amount of time was spent supporting the 
scientific launches, working with IFYGL and separate from 
IFYGL. 

The Hydrodist readouts that were designed by a 
technician from the Electronics Shop and built by C-Tech 
were used in the field for the first time, and from all reports 

' worked very well and eased the strain of using Hydxrodist. 
The new Hyd_rodist 201's were a_|so used for the first time. 
New VHF radio telephones were evaluated, purchased and 
supplied to the Playgreen Lake Survey. 

During the year the electronics shop acquired an 
additional rojom thus facilitating the physical and structural 
breaking of'the shop into three areas: sonar, systems and 
communications. 

Other areas of present involvement, in addition to the 
yearly overhaul, include: modifications to the Sea Fix 
Buoys, rebuilding of the Gifft Sounder, remote r‘eadou'ts 
and left/right indicators for the RPS, and assembling of a 
data recording system for Dr. Rukavina's Near Shore 
Program. ‘ 

ADMINISTRATION 

PERSONNEL 
The personnel office is responsible for the orderly 

processing of 152 man-years complicated by the seasonal 
status of 101 ships crew positions. At seasonal peak 207 
employees were held on strength — 1972. 

Although delegation of staffing authority does not rest 
with the Regional Director; recruitment, documentation 
and most processes are handled at the Regional level with 
the MSD personnel Advisors office responsible for ensuring 
that the principles of the merit system are met. 

Effective January 1, 1973, Central Region will be 
served by a DOE Regional Personnel Organization pre- 
sumably with offices located at CCIW Burlington, thus 

severing personnel administrative relations with the 
Director General's office in Ottawa. 

During the first nine months of the current fiscal year 
15 full time continuing personnel were staffed and 
administered through this office and 127 seasonal and 
casual employees processed. 

Services provided at the local level as follows will 
continue: 

1) employment and discipline 
2) leave and compensation 
3) training a_nd education 
4) staff relations 
5) security 
6) staff benefits 
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7) health and safety 
8) pay and benefits 
9) man-year utilization control etc. 

Close to 50 Position Analysis Schedules have been 
written with the aid of private consultants over the period 
and processed to Ottawafor classification action. 

ACCOUNTS 
Of a total regional budgetof 4M annually, -2.4M is 

processed through t_he Accounts Office representing 
$500,000 in 12 field account activities, 1.5M genera_l 0&M 
purchases and ships charter and $300,000 in capital 
expenditures. 

The remaining 1.6M represent salaries and other 
personnel costs. 

Payment of accounts formerly handled through MSD 
headquarters is now processed direct through the Regional 
Services Office of DSS Toronto. 

The preparation of ‘field accounts,‘ pre-audit for 
payment etc.-, occupy much of the staff’ s time during the 
summer field season. 

Increased costs of services and supplies over the past 
yea_r h_ave forced some cutback in operational programs 
placing the accounts section on the alert for possible savings 
and tighter control of proposed spendi_ng. 
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The work is accomplished by three Accounts Clerks. 

SUPPLY SERVICES 
Organization 

Supply Services are centralized under the Regional 
Administrative Officer and consist of a Hydrographic Stores 
located withi_n an enclosure in the main CCIW warehouse, 
and a ships stores located some 100 yards distant in a 
stockroom adjacent to the boatshop. A small office in this 
same area houses procurement and stock control. Bulk 
warehousing is provided‘ by the IWVD (Scientific Support 
Division). ' 

A study is currently underway to determine the 
feasibility of amalgamating all general purpose stores at 
CCIW. 

Scope 
Approximately 6000 accountable line items areheld 

on MSD .— Central Region charge, having a value of $12M. 
In the first three quart_e_rs of "1972:-73 over 1000 requisitions 
were processed covering supplies and services for which 
$1.5M was committed.‘ The controlled mobility of this 
inventory i_n support of both ship and shore based field 
parties o'p”e'rating from the high Arctic through James Bay, 
and the Great Lakes to the Gulfcf St. Lawrence is a major 
concern of the Supply Services staff. 

A heavy vehicle commitment to mobile field opera- 
tions is demanding considerable attention u_nder the depart- 
ments vehicle fleet management system. 
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Inland Waters Directorate (Ontario Region Operations) 

WATER PLANNING & MANAGEMENT BRANCH (ONTARIO REGION) 
On September 5, 1972, the Burlington Office of the 

Water Planning and Management Branch (Ontario Region) 
commenced operation as part of the Regional Office, 
following the transfer from Ottawa of the positions and 
staff of the former Central Region, Engineering Division of 
the Branch. A second Office of the Ontario Region of the 
Branch is located at Cornwall, Ontario (Great Lakes—St. 
Lawrence Study Office). Mr. N. P. Persoage has served as 
Acting Head of the Ontario Region since September, 1972. 

The two offices of the Branch carry out extensive 
studies related to water management problems in the 
Ontario Region and members of its staff serve on a number 
of Engineering Boards and Boards of Control on the Great 
Lakes established by the ln,ternat_iona| Joint Commission 
and several joint Canada-U.S. International Committees. 

Emphasis during the past year nas been on that aspect of 
the Region's work dealing with regulation and control of 
t_he Great Lakes—St. Lawrence System. In recent months, 
extreme high |a_ke levels on the Lower Great Lakes have 
been of particular concern and have required extensive 
studies of possible methods of alleviating high water on 
Lakes Huron, Erie and Ontario. 

At_ the Cornwall office preparations were made and 
methods developed to begin issuing to the public six-month 
forecasts of Great Lakes levels, beginning early in 1973. 

A more detailed review of theselactivities will be 
contained in the annual report of the Water Planning and 
Management Branch for fiscal year 1972-3. 

WATER QUALITY LABORATORY & NETWORK (ONTARIO REGION) 
In March, 1972, the analytical services laboratories of 

the Water Quality Branch moved from Ottawa to the 
Laboratory and Administration Building at CCIW. The 
unit's detachment that had been located in the Pilot Plant 
at the Centre also moved into the Building at about the 
same time. The Water Quality Laboratory consists of three 
Sections; Analytical Services, Special Services, and Great 
Lakes and Ships Support. Recruitment is underway to staff 
the Monitoring and Surveillance (field) Section that will be 
responsible for planning water quality monitoring and 
surveys to assess the quality of the water resources in the 
region. 

ANALYTICAL SERVICES SECTION 
This Section consists of an Inorganic Analysis 

Laboratory, which determines major ions, trace metals, and 
other inorganic constituents of water, and an Organic 
Analysis Laboratory which determines nutrients such as 
phosphates and nitrates and trace organic contaminants 
such as pesticides herbicides, oils and polychlorinated 
biphenyls. Two of the major projects for which the 
Analytical Services Section provided support in 1972 were: 

1) National Water Quality Monitoring and 
Surveillance—The Water Quality Branch collects water 
samples at selected locations throughout Canada for 
analysis and reporting of water quality on major lakes 

and rivers. The objectives are to obtain baseline data to 
identify and predict trends, to act as a pollution 
warning system and to assist in the enforcement of 
pollution control legislation. The laboratory at CCIW 
analyzes samples collected from stations i_n Ontario and 
Quebec. At present, there are eighty two stations in 
Ontario including ten stations on Lake Ontario, eleven 
on Lake Erie, twenty on Lake Superior and thirteen on 
Lake Huron. There are thirty-four stations in Quebec. 

2) Pesticide Survey of the Lower Great Lakes—. 
This is a special survey to determine the presence and 
quantity of hydrocarbon pesticides (such as DDT and 
its derivatives, and including polychlorinated 
biphenyls) in samples of water, plankton, sediments, 
and fish collected from the lakes. 

A total of 72 projects were supported by the 
Analytical Services Section. 

Other Work: Pesticide Method Development. The Organic 
Analysis Laboratory developed methods for analysis of 
herbicides and organophosphorus pesticides and also 
published a manual on methods of analyses for chlorinated 
hydrocarbon pesticides. In addition, this laboratory 
developed a method for the confirmation of pesticides 
using a solid matrix technique which is simpler and more 
sensitive than the customary solution derivation technique.
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~ 
Determining trace amounts of organic constituents in water by 

7 

gas-liquid chromatography. 

This method, which has been adapted for routine use, has 
been the subject of four papers published in 1972. 

In the course of the year the Analytical Services 
Section conducted about 70,000 analyses on 4,300 
samples. 

Special Services Section 

This Sectionconsists of two groups: a Special Analysis 
and Quality Cont'roI= Laboratory, and a new Methods 
Development Laboratory for which staff is currently being 
recruited. The Special Analysis and Quality Control 
Laboratory has been engaged primarily i_n the following two 
projects: ~ 

1) Quality Control. The Laboratory conducts a 

National lnterlaboratory Quality Control Program in 

which there are currently 25 participants including 
federal and provincial- government laboratories, 

universities and industrial laboratories as well as the 
regional laboratories of the Water Quality Branch. 
Samples are sent to participants for analysis and the 
results’ are reviewed and reports written with the 
objective of evaluating test methods and evaluating the 
performance of the participating laboratories. During 
the past year two studies were conducted; one on 
metals (chromium, iron, molybdenum and vanadium), 
and one on physical properties (pH, specific 

conductance, color and dissolved solids). 

2) NTA Monitoring. A major effort. of the Special 
Analysis and Quality Control Laboratory this year was 
in the determination of NTA (nitrilotriacetic acid), in 
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support of a number of programs. Some 400 samples 
of river, lake, ocean and groundwater were analyzed as 
part of a program which had as its objective the 
determination of background levels of NTA in the 
environment. In addition, m_ore than 3,000 sewage 
samples were analyzed for the E,nviro,nme'ntal 

Protection Service at CCIW in connection with studies 
on various aspects of the degradation of NTA in sewage 
treatment plants. A good start was made on the 
National Monitor Program for NTA on a_nalysis of 
samples from Great Lakes, ground, surface and marine 
waters and finished watersfrom municipal water 
treatment plants at selected sites across Canada. 

GREAT LAKES AND‘SHI.PS SUPPORT LABORATORY 

This Unit operates laboratories aboard research vessels 
operating out of the Centre to determine those constituents 
which must be determined immediately after collection. 

The Unit is also responsible for some of the further testing 
on samples returned from the ships to the main laboratory 
and on other projects. During the past year approximately 
7,000 samples were analyzed aboard ship for soluble 

reactive phosphorus, silica, ammonia, nitrate plus nitrite, 
total soluble‘ nitrogen, tot_al alkalinity and chloride. The 
Unit conducted about 130,000 tests during the year 
including 53,000 aboard ship and 77,000 in the shore 
laboratory.

' 

Some of the projects which this Unit supported during 
the past year were: 

A 

’
' 

lFYGL—Th_e laboratory participated in seven 
2-week" Organic Particle-Study cruises on Lake Ontario 

Atomic absorption spectrophotometer being used to determine 
parts per billion levels of metals in water.



as part of the IFYGL Program. 

Great Lakes Monitoring—ln addition to the 
IFYGL cruises, the laboratory participated in one 
biochemical monitor cruise on Lake Ontario, three on. ’ 

Lake Erie, and three on Lake Huron, one of which 
in_cluded Georgian Bay and northern Lake Michigan. 

Precipitation Chemistry—A total of about 260 
precipitation samples were analyzed for pH, total 
alkalinity, soluble and total nutrients, major ion's~a‘nd~ 
some trace metals. 

lnterlaboratory Comparisons—The laboratory was 
involved in a number of comparisons among‘ the 
laboratories involved in the IFYGL Program to ensure 
that the data produced by the laboratories are 
comparable. The laboratory was given the 
responsibility of collecting and distributing "split” 
samples of Great Lakes water to the other laboratories 
as part of the intercomparison program. 

In addition to the above programs the laboratory has 
provided support to a number of smaller projects and 
conducted some investigations into methods of analysis and 
preservation of samples, particularly with reference to 
shipboard analysis and preservation. 

Special Studies 

J) Investigations into the effect of freezing of lake 
water samples prior to analysis. 

2) Development work was conducted to ensure that 
the new AutoAna|yser ll systems were producing data 
comparable to the older AutoAna|yser l systems, the latter 

The twin cell polarograph i_s used to determine NTA (tiitrilotriacetic 
acid), a replacement for phosphates in detergents. 

which are gradually being replaced. 

Contracts 1972 

The following private sector-branch contract. from 
headquarters funds was monitored by W.J.— Traversy: 

Environmental Distribution of Agricultural 
Chemicals (Canadian Ca_nners Limited 

Research Centre).
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Central Services (Provided by Inland Waters Directorate) 

A CANADIAN CENTRE FOR THE 
lNTERN_ATIONAL FIELD YEAR FOR THE GREAT LAKES 

H The year _offie|d work commenced on 1 April, 1972. 
The final details of this field operations phase were 
hammered out, and coordinated internationa_||y, during 
January. Complete program details were assembled and 
published in a_ f_our—volu'rne Technical Plan. 

An IFYGL Bulletin was established to give a running 
account of Canadian and United States participation. The 
Canadian section of the IFYGL Bulletin was edited by the 
Coordinator. A summary of the Canadian field operations 
was published in Bulletin 2, further details on instrumenta- 
tion systems were in Bulletin 3, in Bulletin 4 (September 
1972) there were some preliminary results avai_la_ble on the 

' 

heat content of the lake, and in Bulletin 5 some results of 
the Canadian fish survey (Ontario Ministry of Natural 
Resou_rces) were included. 

PROGRESS DURING 1972 

As an "essential preliminary to the field work, a Decca 
6F ‘position fixing system was set up and its cost shared 
between Canada (Central Region, Marine Sciences Directo- 
rate) and the United States (“National Oceanographic and 
Atmospheric A_d__rninistration). 

The three major Canadian vessels (Limnos, Martin 
Karlsen and Porte Dauphine) commenced work in April, 
1972, and were joined by two major United States ships as 
soon as ice conditions in the St. Lawrence allowed them to 
enter the lake. A field comparison between the various 
ship-bome measurement systems was held on 26 June, and 
18 September_,_ 1972. 

By the end of December 1972, 82 Canadian ship cruise 
reports were filed. The cruises monitored the lake-wide 
network of buoy-borne instruments, surveyed the state of 
the lake and supported the special investigations of un_iver- 
sities and other agencies. 

The Canadian half of -the 21 buoy, lake-wide meteoro- 
logical and limnological observing system was regularly 

maintained, and six towers were installed andymanned for 
studies of the interaction between the atmosphere and the 
lake. Frequent cruises were undertaken to examine lake 
thermal structure, heat budget and primary production in 
surface layers. Preliminary lake heat budgets were com- 
puted using data from bot_h Canadian and United States 
vessels. 
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In the biological-chemical program, seven 1972 
research cruises were carried out staffed by CCIW (FRB & 
IWD), McMaster, and Guelph University investigators. The 
objective was to study the interaction between chemical 
and biological processes. The two-week duration cruises 
included a period of 48 hours at two fixed locations in 
order to describe and understand the daily changes in the 
biological and chemical activity. Synchronized fish surveys 
were carried out by the Ontario Ministry of Natural 
Resources working in direct cooperation with United States 
federal and state agencies. Nine such cruises comprised this A 

program. 

Sophisticated techn_iques were ‘used on the towers for 
directly measuring the transfer of heat, vapour_, and wind 
stress between the atmosphere and the lake. Investigators 
from the Atlantic Oceanographic Laboratory, Dartmouth, 
Nova Scotia, the Atmospheric Environment Service, 
Toronto, or the Canada Centre for Inland Waters, Bur- 
lington, were working during the pre-arranged two week 
duration alert periods in May, June, August and October. 
The many.-agency interest is due to the fact that these 
experiments have application to the Vimprovernent of 
prediction of lake and ocean currents, long period weather 
forecasting, waste heat dissipation, waves, limnological 
productivity‘ and atmospheric pollution. 

The hourly results of the six Canadian Lake level 

gauges were published. These showed that the level of Lake 
Ontario, rose rapidly to a peak in July at 246.68 feet above 
mean sea level at Father Point, Quebec. This level was the 
highest since 1952 and has only been exceeded eleven times 
in the last 100 years. In other respects too the year has not 
been a normal one. When the program started the average 
lake temperature was 2.9°C, 0.9°C colder than normal for 
early April. April 1972 was one of the coldest Aprils on 
record with temperatures 2 to 4°C below normal. There 
was an early summer storm (fringe of Hurricane "'Agnes"), 
and an outbreak of cold air on 8/9 October, in the middle 
of the October alert period. These circumstances were 
considered to augur well for the success of the IFYGL, 
since a more than usually large range of parameter 
variations was encountered. Several well marked wind stress 
impulses occurred which will be helpful in understanding 
the dynamic response of the lake. 

Six stations were set up around Lake Ontario 
(Canadian stations by Atmospheric Environment Service,



Environment Canada) to conduct upper air soundings 
during the fall and to measure the atmospheric flux of 
water ‘vapour across the lake when evaporation was at a 
maximum. The stations were operational as planned on 16 
September, and continued operations until 7 December, 
1972, by which time the three Canadian stations made 
about 1500 radio soundings of atmospheric winds, tem- 
perature and humidity from the surface up to a height of 
over five miles above the surface. 

Three weather radars have maintained an almost 
continuous watch on the rain in the basin, working together 
with networks of conventional rain gauges. The Canadian 
radar was located at Woodbridge, Ontario, and designed to 
prepare quantitative estimates of precipitation over the 
northwestern portion of the Lake Ontario drainage basin. A 
network of 12 precipitation gauges was located near 
Bowmanville (72 km from Woodbridge), and 9 gauges were 
placed near Uxbridge (12 km from Woodbridge) to assist in 
calibration of radar precipitation estimates. 

The international fish sampling program took 100,000 
samples and noted 53 different species. 

Data was acquired by the Canada Centre for Remote 
Sensing. Department of Energy, Mines and Resources, 
which proved useful for defining the extent of cladophora 
beds in the eastern half, of the Ontario near-shore zone. 

It is already clear that the major part of the field 
program has gone as planned and acquired useful data from 
April 1972. Some elements of the program did not start up 
until June or July. The impact of these delays was assessed 
by’ the IFYGL Steering Committee and not considered 
serious enough to warrant any major extension of the 
program beyond 31 March 1973. 

DATA 
A deta_iled study was made of the Canadian Data, and 

formats for sumgmarization (e.g. hourly value tables, etc.) 
were drawn up and pu_blished in Proceedings of IHD 
Workshop Seminar, Quebec City, October 1971. The 
Canadian Data Bank is located at CCIW and is now 
accumulating both raw and worked-up data from Canada 
and the Un_ited States. 

SCIENTIFIC ANALYSIS 
Preliminary studies have commenced in Canada. For 

example, CCIW investigators made a preliminary a_n_alysis of 
the lake water temperature data obtained by both Canadian 
and United States vessels, and Ontario Ministry of Natural 
Resources biologists have compiled preliminary fish distri- 
bution data. 

Wind stress on the lake has been computed by CCIW from the results of the meteorological buoy measurements. 
The results of the CCIW lake-wide current measurements 
are available. 

Dr. G. T. Csanady, University of Waterloo, has com- 
menced the analysis of the IFYGL Coastal Chain project. 
This work seems to indicate that the circulation of the lake 
is episodic, rather than continuous. For each occasion of 
major wind stress the lake has a cha'ra'c‘teris’tic response 
which then dies away in two or three days. Marked 
reductions in the anticipated" effect of a_ given wind were 
noted in spring due to the great stability of the air when 
moving over cold water. The work also, appears to be useful 
in illuminating certain oceanographic problems. In Lake 
Ontario these can be studied without interference from 
significant tidal or salinity factors. 

PUBLICATIONS 

The IFYGL Coordinator, Mr. J. MacDowall, edited the 
Canadian part of the lntemational IFYGL Technical Plan 
and Bulletings, the IFYGL Technical M_an_ual,s and compiled 
the proceedings of the IFYGL Biology-Chemistry Panel 
Meeting. 

REMOTE SENSING AND DATA RETRANSMISSION 
BY SATELLITES 

Mr. J. MacDowall assisted the Canadian Advisory 
Committee on Remote Sensing by serving as Vi_ce-Chairman 
of their Working Group on Sensors, and as a member of the 
Working Group on Data Retransmission by Satellites. The 
second year's results from the Sensor Program was edited — 

by Mr. J. MacDowalI for publication by the Canadian 
Aeronautics and Space Institute Journal. 

SCIENTIFIC SUPPORT DIVISION 
The Scientific Support Division provides the major 

portion of the technical a_nd professional support for the 
scientific programs at the Centre, as well as undertakes 
some appl_ied research and development in such areas as 
Radio-chemistry and Instrumentation. It consists of five 
components, the activities of which are described below. 

SCIENTIFIC SERVICES 

Two types of laboratory activity, radiochemistry and 

electron microscopy, are the concern of this Section. These 
activities support the scientific program of CCIW through 
joint research projects with scientists from other CCIW 
components. The radiochemistry laboratory is equipped to 
handle medium radiation levels safely and has instrumenta- 
tion for 7-ray spectrometry and low-level (3 counting. The 
electron microscope laboratory uses a Sieme'n’s trans- 
mission electron microscope for morphological studies of 
bacteria and sed_iments and for crystal structure determina- 
tion by electron diffraction.
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Radiochernistry 

At the present tin_jre,_rad,ionuclide levels in the Great 
Lakes are still due to falloutfrom weapons testing in the 
atmosphere as the nuclear power industry is still in i_ts 

‘infancy. As a pre_limina_ry to making a baseline assessment 
of t_he radionuclide loading of the Lakes it was necessary to 
determine the counting efficiency of the lithium drifted 
germanium 7-ray detector for the more usually encountered 
radionuclides. After this was completed an intercomparison 
of methods for analyzing water samples for 7-ray emitting 
radionuclides was entered into withseveral U.S. laborato- 
ries under the auspices of the United States Atomic Energy- 
Commission (U.S_.A,.E.C.). A sample of Lake Michigan 
water, spiked with low levels of 5000, 344Ce, 55Zn, 54Mn, 
133405, and 137Cs,'by the National Bureau of St__anda_rds, 
was circulated to each laborat_o_ry along with an unspiked 
sample for analysis. Our results for the spiked sample were 
in very good ag'ree‘r'nent with the mean values from all the 
reporting laboratories while our result for Lake Michigan 
water at 0.085 1“ 0.015 pyico-Curies,(’DCi) per litre was close 
to the mean value also.

' 

The quantities of radionuclidesin lake sediments are of 
interest as they constitute a substantial fraction of the 
lakes’ loading of radionuclides while the vertical distribu- 
tion of the radionuclides i_n the sediments can provide 
information on sedimentation rates. A large sample of the 
top layer of Lake Ontario sediment was analyzed by wet 
chemical methods for radionuclides other than those 
occurring naturally and 144Ce, 137Cs, and 90Sr, were 
found. The 7-ray emitting radionuclides were then analyzed 
for in sections of cores taken from various locations in Lake 
Erie bydirect counting of the freeze-dried sections with a 

low-background Ge(Li) detector. The levels of 90Sr in the 1 

cm_. core sec'tio'n’s were not distinguishable from background 
with the present counting system which corres‘ponds to 
about 0.2 pCi per gram of dried sediment. The distributions 
of 144cc and 1‘37Cs in the cores from the western'end of 
Lake Erie were quite different from elsewhere in the lake. 
The level of 137Cs in the western cores was reasonably 
constant "down to 13 cm. thengbelow this depth it dropped 
off sharply to zero. ln the central basin, however, its level 

was higher in the first few centimetres but it tailed off at a 

depth of 6cm. The behaviour of 144Ce was similar but the 
levels were lower and the pe_ne1,ration somewhat less. These 
radionuclides most likel_y precipitate from the lake water as 
complexes‘ with organic material, therefore, as nuclear 
weapons fallout only started to become app_reciable~from 
1959, the 6 cm. in the central basin represents an average 
sedimentation rate of about 5 mm. perayear. It is unlikely 

that t_he sedimentation rate in the western part of the lake 
is-twice as high as this, asthe two-fold deeper penetration of 
1370s would, suggest. It is more probable that the high 
turbulence in this shallow basin caused by frequent seiches, 
stirs up the sediment to an appreciable depth. ‘ 

Neutron activation analysis for oil for trace elements as 
a means of identifying the source of an oil spill produced 
results which suggest that trace element "finger-printing” 
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may not be as meaningful as was first thought.’ A can of 
Western Canadian crude from a local refinery storage tank 
was analyzed several times ‘using different sampling 
methods. It was sampled directly fror‘n"the container and 
also after heating the container to 40°C and stirring 

vigorously. The samples were sealed in quartz vials‘ and 
irradiated in the McMaster University Nuclear Reactor 
along with known quantities of the elements being analyzed 
for. After irradiation the oil samples were transferred from 
the quartz vials to glass counting tubes and the counting 
rates of the specific 7-rays from el,ement'_st_a_ndard and 
sample compared to "obtain the concentration of the 
element in the oil. The results in the table show that the 
concentrations of_these elements are very dependent on 
sampling technique and could cause loss of correlation. 

between spill and source. 

Element Concentration (ppm) 

Treatment Co Fe“ - zn Ni Cr‘ 

Heated& Stirred 0.021 
‘ 

15.6 ()_37 5,3 ()_15 

No Stirring 
‘ 

0.012 <1 0.05 3.9 0.01 

This was borne out by analysis of a slick of light fuel 
oil and a sample from the hold‘ of the tanker which 
produced the spill at a local loading dock. Preliminary 
results showed the copper content of the tanker sample to 
be much higher than that of the slick. Experiments are 
continuing to determine the effect of water contact on the 
trace element concentration. 

Neutron activationanalysis has also been used to trace 
nearshore sediment movement in the western end of_Lake 
Ontario in cooperation with "the Geclimnology Section. 
Glass containing about 4% antimony was made in 50 Kg 
batches at the School of Design, Sheridan College, then 
ground and sieved to produce a product with a similar size 
distribution to the sediment. About 15 Kg of this material 
was embedded in the lake bottom about a quarter of a mile 
offshorefvvhere the depth of water was about 7 metres. 
‘Periodic core sampling of the sediment on a grid pattern 
around the spiked gI_ass was done by divers a_nd dried 
sections of the cores were analyzedfor Sb by neutron 
activation analysis. About 100 mg samples were sealed "in 
quartzvials and irradiated seven at a time along with an Sb 
standard in the pneumatic carrier facility of the reactor for 
5 minutes. The vials were counted unopened for 1228b 
af-t_er a period of 5 days to allow the preponderant 24Na 
activity to decay. The limit of detection of Sb using this 
technique was about 1 ppm which was well above the 
background level of Sb in.the sedigment, This was deter- 
mined initially using a much longer irradiation period and 
found to be less than 0.1 ppm. About 420 samples were 
analyzed with the results giving a clear indication Of The 
direction and rate of sediment transport. 

Electron Microscopy 

Several techniques have been developed to study the 
external and internal ultra-structure of bacteria isolated



Figure 50. NTA degrading bacteria, negatively stained by ammonium mqlybdate.
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from lake water, sediments andisoil, and also the crystal 
morphology and structure of the lake sediments. 

Bacteriological Specimens 
Negative staining makes use of the principle of 

surrounding the bacteria with an electron dense material of 
high atomic number. This procedure preserves the three 
dimensional structure and the stained bacteria appear as 
electron-transparent objects against a relatively opaque 
background. Phosphotungstic acid and ammonium molyb- 
date at 2% concentration and pH 6.0 h_ave been applied 
quite successfully in the determination of the external 
features of the NTA degrading mutant (Fig. 50). Other 
similar bacteria isolates prepared by the Microbiology 
Section such-as those which degrade PCB's have been 
examined using this procedure. 

A thin sectioning technique has been developed to 
examine the microbial cell wall, internal me_m_branes and 
the macromolecular aggregates within the cell. It involves 
sectioning bacteria with an ultramicrotome after fixation, 
dehydration, staining and embedding in Epon 812 resin. 
The two aims are to preserve the st_ructure of the cell and to 
obtain thin sections of the cell between 50 and 100 nm in 
thickness. This is the optimum thickness for observing this 
type of specimen with the transmission electron micro- 
scope. The technique has been used in the examination of 
the internal structure of NTA degrading bacteria (Fig. 51). 

Sediment Specimens 
Particles which are insoluble in water are dispersed 

ultrasonically in water to form a dilute suspension and a 
small drop of the suspension transferred to a carbon coated 
grid. The excess water is removed with filter paper 
whereupon the particles settle onto the carbon film. With 
this technique, calcium carbonate precipitates from Kala- 
'ma|ka Lake, British Columbia, have been examined. Figure 
52 shows the two main constituents of the sediment which 
are skeletons of diatoms and calcium carbonate crystals in 
the size range 0.5 to 5 um. From micro-electron diffraction 
analysis of individual particles, they were identified as 
calcite with a hexagonal crystal structure. Their morpholog- 
ical features, which were examined with a scanning 
electron microscope at the University of Toronto suggested 
that the calcite crystals at an original crystal surface and by 
dentritic growth by nucleation of new crystals at an original 
crystal surface and by dentritic growth with preferred 
orientations. Aggregation of small crystals into larger units 
was also observed. 

Particles which are soluble in water are dispersed in 

butylphthalate and embedded in a thin film of formvar. 
The film is scored and a small section is transferred to 
a carbon coated grid. The formvar is then dissolved 
in chloroform and the particles settle on to the carbon 
film. This method has been developed to examine powdered 
samples from manganese-iron nodules of Lake Ontario. 

Figure 52. Calcite crystals and a diatom skeleton from sediment of 
Kalamalka Lake, British Columbia. 

ENGINEERING SERVICES 

The Engineering Services Subdivision provides engi- 
neering support services upon request to all other sections, 
groups, and divisions at CCIW. These services range from 
innovative design and development, through various equip- 
ment upgrade and improvement programs, to preventive 
and corrective-maintenance performed on the substantial 
CCIW instrument inventory. This support includes both 
electronic and mechanical engineering, technical drafting, 
and provision of workshop facilities. in 1972, by far the
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major portion of these engineering activities were in direct 
support of the International Field Year for the Great 
Lakes (I FYG L). 

Described below is a summary listing of the major 
engineering projects, systems, or equipments requiring 
significant engineering participation du_ring the year, to- 
gether with a brief description of the support given to each. 

Moored Meteorological Buoy Systems 
A major IFYGL project was supported by providing 

some 20 buoys, 20 digital data-loggers, and 120 air and 
water sensors to maintain 11 "buoy-stations in Lake Ontario. 
Data-logging equipment maintenance and improvements 
were su_b-contracted to Canadian General Electric, digital 
timers and digita_l test monitors to EDA Electronics, and 
much of the sensor calibration to the Atmospheric Environ- 
mental Service of our Department in Toronto. Data 
translated from the metbuoy field tapes totalled over 1 
million, with a data-recovery factor of over 90%. 

Moored Current-Measuring Buoy Systems 
About 80 current meters were provided and calibrated 

to equip 15 buoy stations in Lake Ontario, with up to 4 
current meters per station. Again this work was contracted 
to Canadian industry, with separate sub-co'n't'rac'ts for digital 
clocks, CMOS modules, low friction swivels, etc. Current 
meter refurbishments, including those for winter under-ice 
moorings and subsidiary programs, totalled about 140. With 
the bulk of the 1972 data tapes translated, a_ mean 
data‘-recovery of 80% on about 1.5 million data points has 
been obtai_ned. V 

Shoreline Temperature Stations 
Complete instrumentation systems for seven shore 

stations were engineered‘ and extensive field support was 
provided during 1972. This equipment included spar buoys, 
cables, surface and bottom temperature sensors; analog 
chart displays, and some phoneline telemetry facilities. 
Notwithstanding problems from dredging, radio frequency 
interference, lightning, and major shoreline erosion during 
storms, a satisfactory degree of data-recovery was achieved 
for the IFYGL. 

Micrometeorological System 
This extensive barge and tower mounted instru- 

mentation system, used as a component of the IFYGL 
Boundary-Layer Program, received major engineering 
support in 1972. Design, development, fabrication, 
assembly, test, and calibration services were provided to 
each of its three major sybsys'tems:' the Integrated-Flux, 
Air/Water Turbulence, and the Wind-Profiling subsystems. A total of about 50 environmental sensors were involved, 
with three main data-acquisition systems storing meteo- 
rological data on magnetic or punched-paper tape, and all 
mounted on -a barge and two towers. The towers required. 
extensive modifications to accommodate the instrumenta- 

tion and a roving probe was developed for the Profiling 
Subsystem. This probe consisted of an anemometer, an air 
temperature sensor, and a relative-humidity sensor, all of 
which were identical to those located at five fixed levels_in 
the subsystem. The carriage for the probe was an auto- 
mated welding carriage, modified to accommodate the 
instruments and suitably weatherproofed. The probe 
stopped automatically at each sensor level long enough to 
record two or three sets of data_. In this way, data from all 
sensors were compared to a common set and the subsystem 
thus was self-calibrating. ' 

Rotatable supports were built to hold direction- 
sensitive instruments for the Turbulence Subsystem, such as 
the sonic anemometer and hot wire anemometers. These 
platforms on the towers were rotated by T.V. antenna 
rotors controlled remotely from the nearby barge, where a 
readout enabled the sensors to be pointed in any desired 
direction. 

A rotatable support was aiso built to hold two wave 
probes and an electromagnetic current meter. This support 
was rotated by a heavy duty T.V. anten_na rotor which was 
remotely controlled so that the support could face into, or 
away from the waves. The frame that held the current 
meter was vertically operable from the barge, so that the 
current meter could be set at any depth in the water 
between zero and ten feet. Other work included remotely 
operable rain shields for two hot wire anemometers and one 
Lyman oz humidity sensor. 

The Flux Subsystem required that two wind vanes and 
one self-aligning Thornethwaite Flux Meter. have heavy 
damping, but also be capable of reacting to low wind 
velocities. This was resolved by attaching ea_c_h wind vane to‘ 
a dashpot filled with silicone oil; inside’ each dashpot were 
two modified model aeroplane engines at 90° to each other. » 

An eccentric bearing attached to the wind vane shaft 
actuated each piston, which pumped the oil through a 
controlled orifice. For low turning speeds the wind vane 
had negligible torque resistance, but as the speed increased 
the pressure inside the engine cylinder increased giving 
progressively greater damping. 

Moored Temperature-Profiling Buoy System 
Again significant-design engineering wa_s provided to 

these 18 channel, automatic, temperature-data-acquisition 
systems, four of which were m,aintai_ne_d on station during 
the Field Year. Performance of the 120 system sensors, the 
five electronic digitizers, and the buoy moorings was most 
satisfactory during the year. Cable flexing problems was the 
major contributing factor to the 70% data-recovery for this 
system, however, extensive new time-series scientific data 
were obtained with this equipment. 

Electrobathythermograph (EBT) Systems 
A total of 14 systems were procured, installed, 

calibrated, and maintained duri_ng 1972 for a variety of the IFYGL programs. Platforms used were major ships,
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Figure 53. C-14 Incubator. 

‘launches, the "Batfish" towed body, and a pumped 
sampler. System engineering responsibility embraced the 
temperature/depth probes, armoured cables, winches, 
winch control units, sliprings, probe calibration units, and. 
X-Y displays. Several thousand detailed and valid lake- 

temperature profiles were generated with these equipments. 

Towed Temperature-ProfiI_ing System (Thermistor Chain) 

Engineering support provided for th_is important data- 
gathering system included the specifying and procuring of 
the special 13-cha_nne|, multi-conductor, two-cable 
assemblies, specifying and manufacturing a large, hydrauli- 
cally-operated ”A" frame with special shock absorption, 
and a special towing winch, as well as, providing the sensor 
calibration services. 

Fishtank Light-Control System 

In support of CCIW biological studies, a transport- 

able, autoprogrammed fluorescent light-dimming system 
was developed and tested successfully. This unit simulates 
the natural light cycles, required for certain biological 

studies. Similar units are being manufactured by a Canadian 
industry now for some of our other light sensitive 
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environmental projects. 

Sediment Settling-Tube Pressure-Recording Facility 

Two such systems for monitoring sediment.settling 
characteristics were investigated, designed,’ installed and 
calibrated for geolimnology work during 1972. These 
systems are unique in that the extremely small (submilli- 

metre) differential pressure-heads involved require an 
unusually sensitive and stable transducing system. 

C-14 Incubator 
Following a successful year with a C-14 incubator 

aboard the Martin Karlsen, a revised version has now been 
completed for laboratory use; see Figure 53. This new 
apparatus will be used to determine the effects of nutrients 
and toxic materials upon different algal cultures or upon 
the biota in lake water. The samples are first innoculated 
with carbon 14~labelled sodium carbonate and then 
exposed to high intensity fluorescent light for several hours, 
filtered, and the collected residue is measured for take up 
of carbon 14 by means of a liquid scintillation cou_nter. 

The new ‘C-14 incubator consists of a slowly rotating 
disc to which are attached the sealed sample bottles. The 
disc sta_nds in a bath of continuously re-circulating fresh- 
water which is temperature controlled to within +0.5°C, 
while exposed to high intensity fluorescent lights. 

Support to Water Quality Branch 

During ""1972 engineering support was provided to 
Water Quality Branch, Ottawa in respect of network 
telemetry conversion methods; water quality network 
teleprinterlproblems; dissolved-oxygen recording systems; 
and auto-analyzer/printout facilities. Reviews commenced 
late 1972 into such aspects as sensor technology, data- 

acquisition and formatting, and platform selection, aimed 
at establishing areas where effective contributions can best 
be made. 

Maintenance, Repair and Calibration of Instrument 
Inventory 

A_s in previous years, a large portion of our support to 
research programs at CCIW was in the form of main- 
tenance of the substantial amount of instrumen_ts and 
equipment, totalling more than 1,000 items. This 
inventory, which is effectively common-user in application, 
now comprises over $1 M in electronic test equipment, and 
over $1 M in conventional environmental sensing in- 

struments. 

To service, maintain, and improve these items, 

approximately 500 Work Order Requests were actioned, 
encompassing preventive maintenance, fault diagn_osis, 

detail improvements, and calibration, Approximately 
$200,000 in maintenance-type contracts were placed with 
Canadian industry, exclusive of extensive special-spa_res 

purchase and provision of an electronic and mechanical



hardware components and stock system for general 
CCIW use. 

Assistance to Hydraulics Division 
In the areas not covered by previous contracts, 

Engineering has assisted the Hydraulics Division by 
designing and installing large baffle units for the flume 
header tanks, flow diverters between header tanks and 
volumetric tanks, and ducting, valves, diffusers, etc. for the 
1 meter and 2 meter tilting Flumes. In addition, the 
complete design of a 104 feet long tilting re-aeration flume 
was done by Engineering. This flume is a recirculating type 
with a 60 cm wide trough and is to be used for research into 
the process of atmospheric re-aeration in open channel 
flow. It is under contract for manufacture to Canadian 
industry. 

COMPUTER SERVICES - 

The Computer Services section has the responsibility 
for planning, implementing and operating the major elec- 
tronic data processing systems and hardware at CCIW 
and for providing the Canadian portion of the IFYGL Data 
Bank. Two units comprise the section: (1) a Computer 
Applications Unit, which develops and maintains computer 
software, provides consulting services, provides data 
management services, and operates the Canadian IFYGL 
Data Bank, and (2) a Computer Systems Unit, which 
provides systems software services, and which schedules and 
operates the hardware computing and keypunch facilities at 
the Centre. 

The Computer Systems Unit operates and maintains a 
variety of computer systems, the largest being the Control 
Data 3300, which carries the major load of computing done 
at CC-IW. This system was delivered on January 28, 1972, 
switched on January 30, 1972 and, after 3 days of testing, 
the initial version of the Mae: Storage Operating System 
(MSOS) was installed on February 3rd. During February, 
extensive system software was developed to adapt the 
operating system to CCIW’s requirements. On March 1, 
the 3300 system became fully ava_ilable to the user, and has 
been operat_ing on a 5-day week, with the exception of June 
1 - 5, when the Disk Storage Subsystem was changed. 

During 1972, a total of 19,416 jobs were run on the 
system, which utilized 842,1 computer hours, and required 
the mounting of 6,686 magnetic tapes. The loading on the 
machine increased from 1,150 jobs requiring 46.7 hours in 
March, to 2,390 jobs and 110.0 hours in December. 

System software development continued throughout 
t_he year and by the end of 1972, 20 successive editions of MSOS had been installed, each containing improvements 
and/or corrections to the previous editions. In addition, 
several prog'ra‘m_s and subprograms, such as a package for 
programming the CALCOMP plotter, have been made 
available to the user community. 

In addition to the Control Data 3300, the section has a DEC PDP-8 system used to reformat instrumentation data 
tapes to "computer compatible" magnetic tape. A larger 
PDP~15 equipped with two magnetic tape drives, disc 
storage, an interactive graphics system and a C-ALCOMP 
drum plotter, is used for special applications such as analog 
to digital conversion, contour and other displays,» data 
quality control, and experimental programming and proces- 
sing techniques. 

Terminals to off-site computers also were utilized for 
numerical models and special data management processing. 
The high-speed and large capacity Control Data 6600 at 
Multiple Access Ltd., Don Mills, Ontario, was used for these 
purposes. During the transition period to the on-site 3300 
computer system, the Control Data 6400 at McMaster 
University was used as the major computer, but was phased 
out completely by July. Teletype terminal services to COMSHARE Ltd. Sigma-7 was available for interactive 
programming. 

For all of the computer systems, a total of 32,200 jobs 
were run in 1972, up from 16,000 in 1971 (or an increase 
of 101%). This compares with 9,100 jobs in 1970, 6,800 
in 1969, and 1,300 in 1968. 

The Computer Applications Unit's responsibilities in 
detail include: (1) the provision of consultative services to 
users; (2) the provision of reference facilities to users; (3) 
the preparation of software on request by scientific and 
technical staff; (4) to anticipate, a_nd plan future software 
needs; and (5) to develop software systems used in analysis 
and large-scale data base management. In addition, the unit 
has the responsibility for the Canadian International Field 
Year for the Great Lakes Data Bank, which has a counter- 
part in the U.S. Federal Government (National Oceano- 
graphic and Atmospheric Administration). The latter 
responsibility entails data management, software develop- 
ment, and development of new systems, methods and 
procedures. 

During the year, a total of 34 projects were carried out, 
including the lFYGL Data Bank which continued over the 
whole year, and will continue into 1973. The other projects 
ranged from a short one of two weeks duration to develop a 
small analytical program, to one lasting four months dealing 
with biological-chemical modelling. 

The STAR (Storage and Retrieval) software system for 
handling shipboard data was updated, as was the TSAR 
(Time Series Storage and Retrieval); both of these systems 
being developed in 1971. Analytical programs for standard, 
statistical and time series analysis were developed, or 
modified, and are a continuing project. The major single 
thrust of software systems development occurred for the 
Canadian IFYGL Data Bank, where programs and systems 
were designed and developed to convert, reformat, file, and 
retrieve IFYGL data, which will comprise about 400-500 
million characters of information. 
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LIBRARY 

The collection consists of 9,000 books, 900 journals 
and related abstracting services, and 250 report series. A 
computer index to these reports is available and includes all 
those received up to the end of this year. During the year, 
51 translations were made for CCIW staff members; 
2,170 Inter-Library Loahs were obtained; and 470 of our 
items were loaned to other libraries. It is estimated, that an 
average of 120 persons use ou_r library daily. 

Several searches were made of National Research 
Council's (NRC) computerized data base "'Poll'u'tion 

Information Project" to obtain information on such 
subjects as trace elements, viruses in water and toxic effects 
of chemicals on aquatic life. In addition, several new 
computer profiles were submitted to the various data bases 
in NRC's CAN/SDI current-awareness system. 

With the development this year of the WATDOC 
information retrieval system within Water Management 
Service, all of CClW’s publications are now included in 

‘ 

this system. Likewise they were submitted to the U.S. 
Water Resources Scientific Information Service for 
inclusion in Selected Water Resources Abstracts. 
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The library staff continued to produce Collected 
Reprints, acquisition lists and the other listings mentioned 
in previous annual reports.

9 

TECHNICAL SERVICES 

Permanent occupancy of the remaining buildings was 
completed during the year as staff moved into the first and 
second floors of the Administration and Laboratory 
Building in‘ January, the remaining portion of the building 
was occupied early in May, and the Hydraulics Laboratory 
and offices were occupied in August. 

V All phases of the construction program "are now 
complete, including outside signage, landscaping, and the 
removal of the trailer complex; the trailers were sent to 
various locationsin Canada, such as Vancouver, Halifax, 
Ottawa and Sault Ste. Marie for use by other staff of our 
Department. 

Other support services such as d_rafting and illustrating, 
security and maintenance of the buildings and property 
were supplied throughout the year, and a good start has 
been made on setting up a common-user stores system for 
the Centre.



‘

E 

Public Relations and Information Services: 

Public relations may appear to some an unlikely 
activity to associate with government-sponsored scientific 
research in an institution such as the Canada Centre for 
Inland Waters. In fact, however, relating the Centre's work 
and achievements to the taxpaying public and relating that 
public and its concern back to the management of the 
Centre is as vital a process as the research and surveys 
conducted there. 

In 1972, the general public and the news media 
continued to demonstrate the truth of this. Following the 
Centre's Open House invitation in May, a total of more 
than 13,400 visitors came during the year to the CCIW to 
hear about the problems of modern fresh water manage- 
ment and the Centre's contributions to the growing fund of 
scientific knowledge of the subject. The Centre's official 
opening by the Minister was widely covered by both press 
and broadcast media. Throughout the year, newspapers, 
magazines, radio and television stations willingly accepted 
or sought invitations to news briefings, conferences and 
interviews so as to expose the latest findings of our‘ 
scientists, surveyors and engineers. 

With an Information Officer added to the staff and 
further augmented by student helpers during the summer, 
the Public Relations Unit considerably improved its 
capacity to meet this demand with proper response and to 
generate initiatives of its own. 

A major challenge was the organization of the official 
opening of the Centre in May. Hard work and a team spirit 
enabled this small group to arrange effectively the hundreds 
of details inherent in such an occasion and to still 
experience the satisfaction and excitement which made it 
memorable. 

Another auspicious occa_sion in which the Unit was 
deeply involved was the official opening of the Interna- 
tional Field Year for the Great Lakes. This event was one 
which nearly turned out to be too memorable as a playfully 

gusty wind from Hamilton Bay tried several times to carry a 
symbolic weather balloon together with its .hard-pressed 
anchor man aloft, prior to the ceremonial moment. 

The Okanagan Basin Study, perhaps the finest example 
yet of democratic public involvement in water manage- 
ment decision-making, was also a project _in which .CClW 
scientists made significant contributions. The Centre's 
Public Relations Officer was asked to assist and spent 
several weeks in Vancouver and the Okanagan helping with 
the public involvement aspects. 

The year 1972 also saw the inauguration of the annual 
CCIW Science Cruise,Awards, Arranged in conjunction with 
the Hamilton Spectator and Mcll/laster University, this . 

award consisting of a cruise of several days duration aboard 
one of the major research vessels based at CCIW were 
presented to six students from the Burlington/Hamilton 
area who had made prize-winning contributions to the 
annual Hamilton Science Fair. 

A permanent exhibit was designed, built and installed 
at the Centre to become the focal point for visiting 
members of the public. To this was added a demonstration 
laboratory which by year's end was well on the way to 
completion. 

Another innovation was the creation of CCIW News- 
Notes—brief, informative descriptions of new scientific 
undertakings at the Centre-sent to a list of nearly 100 
scientific and technical publications in North America and 
Europe. 

Finally, the Centre's public relations programme 
included a series of over 50 outside speaking engagements. 
Scientists, engineers and staff of the Public Relation‘s“Unit 
spoke to average audiences of 30-40 people reaching a 
year-end total of more than 2,300 interested listeners 
whose invitations to us had been prompted by their interest 
in, and concern for water. 
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Environmental Quality Coordination Unit 

The Environmental Qua_lity Coordination Unit (EOCU) 
coordinates the results of research from two or more 
compone_nts.of CCIW with rese'arch "results producedby 
groups elsewhere, in a form designed to assist in the 
establishment ‘of policies and action programs of the 
Department of'theTEnvironment and other water man- 
agement‘ agencies in-Canada. EOCU assists’ in the dissem- 
ination of research results to water management agencies 
in Canada" in a form which may be readily converted to 
action programs and public policies bythese agencies. In 

addition, EOCU provided technical "input to a national 
contingency plan for fresh water regions; contributed to the 
development" of the..Canada-U.S. Agreement on Great Lakes 
Water Quality; and to the subsequent lntern_ational’Joint 
Commission activities called for u_nder the Agreement. 

- EOCU continued its active role on contingency plans 
for combatting oil and other toxic material spills, both in 
the Great Lakes region‘ and internationally. The Unit 
provided |iais_on for the Ontario Contingency Plan Coordi- 
nating Committee, provided the Chairman for the Technical 
Working Group of the Federal Contingency Plan, the 
Chairman for the. CCIW Task Force on Spills of Oil and 
other Toxic-Materials, and represented CCIW as a member 
of the-local Hamilton Harbour Spill Control Group. These 
activities were assumed by the Environmental Protection 
Service in the latter part of the year. 

The problem of nutrient control, and particularly the 
substitution of phosphates in laundry detergents continued 
to be an active topic for much of the year. Continuing 
coordination was provided by EOCU for the research 
program associated with these substitutes. In March a major 
meeting was called to review the results at that time of the 
various governmental and private sector research programs 
including the Canadian monitoring program for NTA in the 
environment. This meeting included representatives from 
the detergent manufacturing and related indu_stries, and 
Canadian and Un 
ba_si_s of this information which included the completion of 
most of the in-house programs as well as the successful 
completion of a monitoring program for NTA in the 
environment, a position paper was prepared. The deci_sion 
was later taken by the Minister to decrease further the 
phosphorus content of detergents to 5% (as P2 O5) begin- 
ning January 1, 1973, and to continue monitoring NTA and 
other detergent phosphate substitutes and their en- 

vironmental effects. 

As a result a plan was prepared for a national, large 
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ited States government agencies. On the‘ 

scale, monitoring program forudetergent‘phosphorus suusti- 
tutes and other substances,‘ and is an "extension of the 
previous environmental NTA ‘pro‘gram,?'but with ‘the addi- 
tion~of samples from drinking water supplies.-llnput was 
provided to this program from indu'str‘y._and government 
personnel and ‘implementationawas initiated late in No- 
vember. The operational portion of this program is now the 
responsibility of the Water Quality Branch; however, EOCU 
will continue to assist in the preparation of reports on the 
levels of NTA and other detergent phosphorus substitutes 
in the environment and their significance. ‘ ' 

EOCU participated iri"working groups involved in‘ 

drafting the Canada-U._S. Agreement‘ on Water Quality in 
the Great, Lakes in support of the Canadian negotiating 
team. This landmark Agreement was signed on April 15 of 
this year. The Unit coorciinated the preparation of a major 
report which provided the basis for the phosphorus load 
reductions to Lakes Erie and Ontario required by the 
Agreement. In addition,’ a brief, report was prepared 
assessing the adequacy of proposed U.S. programs in 

general and, more specifically, the adequacy of the total 
phosphorus control program in the Lake Erie Basin to 
reduce the eutrophication problem a_nd to meet the IJC 
Report recommendations. Additional activities concerned 
the preparation of press briefings and notes about the 
Agreement, and also the design of a semi-permanent display 
for the official opening of CCIW which depicts the 
application of science activities to water management 
through this international agreement. This display traces 
the progress of activities which led up to the Agreement 
including the IJC studies and the Canada-Ontario Agree- 
ment on Great Lakes Water Quality. 

' ’ 

EOCU was actively involved in the Canadian imple 
mentation activities associated with the Agreement, 
through the provision of support to the Director who was 
named to the Interdepartmental Committee on Water's 
Subcommittee concerned with impleimentation, and 
through participation in the developmen_t of submissions to 
Treasury Board for resources to carry out the various 

studies and other activities required by the Agreement. 

EOCU has, for a number of years, been extensively 
involved in lJC activities. With the s'ig‘ni'ng of the Great 
Lakes Water Quality Agreement additional activities were 
generated with a number of personnel from CCIW and 
Inland Waters Directorate, Ottawa, being named to the 
various Boards and Reference Groups which were establish- 
ed. EOCU is providing the technical secretariat for the
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Canadian Co—Chairmen of the Great Lakes Water Quality 
Board, the Research Advisory Board, the Land Drai_nage 
Reference Group and the Upper Lakes Reference Group. EQCU staff serve on the Editorial Committee and other 
working groups of the Great Lakes Water Quality Board. 

A report was prepared for the IJC Water Quality Board 
on Polychlorinated Bipheriyls (PCB’s)’ in the Great Lakes 
environment. The report consolidated information from 
several U.S. states, t_he Province of Ontario and the work 
carried-out at CCIW. In addition, a literature survey was 
completed summarizing information on environmental and 
health effects a_nd on analytical methodology. 

EQCU continued to coordinate the pesticide surveys 
and organochlorine residue surveys in the Lower Great 
Lakes during the year. Two additional cruises, one in Lake 
Ontario and another in Lake Erie were made to obtain 
plankton sa_mples for PCB and pesticide analysis. An 
interim report on the pesticide survey which included all 
available information on PCB's was completed. 

EQCU also participated in the activities of the Techni- 
cal Committee established under the Canada-Ontario Agree- 
ment on Great Lakes Water Quality. The principal activities 
concerned the administration of external research_contracts 
awarded under provisions of this Agreement and the 
development of suitable publication policies. These policies 
are designed to ensure that the information produced both 
by the in-house (Canada and Ontario) and external research 
activities will be effectively put into practice both by 
governmental agencies and by the private sector, partic- 
ularly in the design of wastewater t'rea't‘rnent facilities 
required as a result of the Agreement. 

EQCU continued to represent CC-IW on a number of 
interdepartmental committees, carried out a number of 
international functions pertinent to the work at CCIW. and 
carried out extensive information programs through the 
giving of talks and papers at a number of conferences and 
symposia throughout the year. 
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CCIW‘ Staff List 

CCIW 

Director, CCIW & Director, Ontario Region, Inland Waters 
Directorate — J. P. Bruce 

Secretary — Mrs. C. J. McMunn 

Finance and Admin‘ tration 
Head — J. Aris ( cting),IFinance — E. w;{reh 
Support Staff .— Mrs. E», Rae, Mrs. I. Bro“, Mrs. S. 

Fergyso/r1, Mrs. B. Adamezak, E. Mulvaney 
Personnel dministration—Miss R. M. Mrs. M. 

Du‘ an, W. B. Christopher, M. Phillips, Mrs. C. 
Shephyfi, Miss M. R. W}_n€n 

INLAND WATERS DIRECTORATE 
RESEARCH COMPONENTS 
HYDRAULICS DIVISION 

(INLAND WATERS DIRECTORATE) 
Chief — Dr. T. M. Dick 

Secretary — Mrs. E. G ais 

Administration & Accounts Clerk —“ Mrs_. E. dsforth 
Dr. Y. L. Lau' — fluid dynamics 
J. Marsalek — aves, combined sewers 
Dr. C. K. Jo s — sediment 
Dr. M. G. Skafel — simulation 
Dr. G. Tsang — ice and cold 

Hydrometry Unit 
Head — P. Engel 
Technical Staff — C. Bil, B. Leayé, D. Wigner 
Technical Services Unit 

Head — C. DeZeeuw 
Technical Staff — D. Fekyt, Miss J. oote, J. Carpéon, J. 

Compton-Smith, W. K. Stage. G. Voros 

LAKES RESEARCH DIVISION 
(INLAND WATERS DIRECTORATE) ' 

Chief — Dr. R. A. Vollenyvéider 
Secretary — Mrs. S. M. Home 
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APPEN DIX A 

Administration 

Head — J. E_». Ar‘ ” 

Secretary — Miss N. Tayé 
‘Support Staff —— D. Jefferson, F. Boyd 

LAKES RESOURCES SUBDIVISION 

Head — Dr. R. K. L ne 
Secretary — Mrs. M. Stapleton 

Descriptive Limnglogy Section 
Head — F. C. Efiier 

Secretary — Mrs. S. Faumén 
Dr. E. B. Bennett -.- circu_lat__ion 
Dr. l‘!. M. Burns — nutrient cycles, especially particle 

settling in lakes 
Dr. R. P. Bukata — remote sensing 
C. H. Chan w chemistry in the lakes 
H. H. Dobso — nutrients a_nd water quality 
H. W. M hail ——. electronics, satellite data retransmission 
M. T. Shiomi — atmospheric precipitation chemistry; nu- 

trient cycle in large lakes 
Dr. B. E. St. 

” 

n — trace element geochemistry 
Dr. K. P. B. T mson - remote se nsin -

- 

Support Staff- G. Bengert, R. F. Ch/ioec/_hio, K_. 

w. M;,e'on, D. St. Jacques 

Data Processing and Display Section
1 

A/Heads — D. G. Robeptfian, D. J. W’iJ?Ha/ms 
Staff — J. and”; R. Goturfier, D. Jgueah, J. Myer/ella, w. 

N en, K. sohfipr, G.,sfnith
‘ 

Regional Laboratories (Freshwater Institute, Winnipeg) 

B. C. Ke ey — physical limnology 
Dr. T. Jackson — geochemical limnology 
Technical Staff — J. Moyaém 

GEOPHYSICAL LIMNOLOGY SUBDIVISION 

Head — Dr. P.— distribution and variance of lake 
bottom sediments 

Secretary — Mrs. J. E. Cunningham 
Geolimnology Section ' 

Head - Dr. R. L. Thomas — distribution, occurrence and 
anthogenesis of minerals, major elements and heavy metals



in recent sediments 
Dr. T. W. Aflde/CEKIGSCI —Palynology of recent sed- ' 

iments 
J. P. Coak_ley—distribution, occurrence and relation to 

erosion, transportation and- deposition of active sed- 
iments «- 

Dr. C. I. Dell/— stratigraphic correl_ation and mineralogy, 
including clay mineralogy, of recent sedimentary se- 
qu.e.n.c « 

J. B. H —'geophysica| characteristics of unconsolidated — 

sediments. 
, 

-
. 

Dr. N. A. Rukavina — interpretation of sediment distribu- 
tionsinthe nearshore area - V 

W. Warw/ick (educational leave) —palaeo ecological inter- 
pretat_ion of c ironomid fauna 

Dr. C. F. M. L is (recalled to GSC Ottawa) '— post-glacial 
uplift and stratig'raph_ic correlation of recent ments 

Technicalstaff —W. Booth, G. Duncan, J. 
G. LaHaie, Mrs. L.’M;ns€y, T./Marfon, R. Sandilands 

Physical Limnology Section 
Head — F. M. Boyce - internal waves and heat content 
Dr. J. O. Bglapto/n—thermal structure and demonstration 

basin studies 
. Dr. M. A. Donelan — air/lake interaction 

Dr. P. F. Hamblin — circulation and seiches 
Dr. C. R. Murthy — diffusion and circulation . 

H. Ng — Okanagan Basin studies and retention times 
Dr. T. J. Sim’o/ns — h'ydr’ody‘namical modelling 
Technical Staff — D. Beesley, K. Miners, W. Moody 

BIOGEOCHEMICAL L_lMNOLOGY SUBDIVISION 
A/Head — Dr. M. G. '.Iyrn'§I;n — eutrophication, nutrient 

budgets 
Secretary — Mrs. R. E. Mo/rr.is’o 

Geochemistry Section 
Head — Dr. M. E. Tpaéson — specific‘ ion electrodes, low 

temperat e’ aqueous geochemistry 
C. B. Jéingzdiagenesis of recent organic compounds, 

esp ially chlorophyll 
Dr. A. L. W. K p — distribution and diagenesis of organic 

compounds in recent sediments and sedimentary rates 
in geochemical budgets 

Dr. J. O. Nriagu — stable isotopes of sulfur; stabilities of 
authigenic inerals 

Dr. R. R. lye er — C0,: air/lake interactions; sedimentary 
geochemistry / 

Dr. J. D. H. Wjlhams — sediment/water interface exchange, 
geochemical processes in sediments 

Technical Staff— R. D. Coker, Mrs. N. Harper, Mrs. A. 
Mudrochova, Mrs. T. Mayer 

Environmental Impacts and Developmental Chemistry 
Section . 

Al Head — Dr. R. F. Platford — physical chemistry of 
aqueous solutions ' 

Dr. Y. K. Chau — trace elements and natural complexation ’ 

in lakes 
Dr. D. R. s./i.ea{— phosphorus dynamics in lakes 
Dr. E. Nagy — oil/water studies 
Dr. W. M. J. Strachan — organic chemistry applied to lakes 
Dr. P. T. S. Wong—de'gradation of new substances by 

bacteria » -

' 

M. E. Fox — organic compounds in water 
K. Lum-Shue-Chan — trace elements and complexation 

reac ions in lakes ' 

H. ' oh '— trace elements, especially mercury compounds 
in lakes 

Technical Staff — J. Hart, Mrs. L. Luxon 

MICROBIOLOGY SUBDIVISION 

Head — B. J. Dutka — water quality assessment, parameter 
development

g 

Secretary — Mrs. M. Jurkovic 
Dr. D. L. Liu — hydrocarbon degradation, sediments, 

detergent degradation 
Dr. P. T. Wong — sanitary microbiology, detergent degrada- 
tion, PCB degradation 
H. R. van 

, 
rloo — Great Lakes studies 

A. S. Menon — field bact'e'riologist- «paper mill studies 
Laboratory Supervisor — J. B ell 

,

' 

Technical Staff —,A. A. Jurkovic, Miss N. C. » eron, Mrs. 
D. E. Do’e;»ffer, w. K. Bedford, s. R. Kuchma 

TECHNICAL OPERATIONS SUBDIVISION 
Head — H. B. Maodonald / Secretary — Mrs. R. Wol wski 
Senior Operations Officer — D. J. Cgfier 
Senior Diving Officer — J. T. Roe 
Operations Officer, M. V. "Ma ' Kar|sen”— D. H. 

Hanington 
Operationsvofficer, C.S.S. "Limnos" — D. J. Brooks 
A/Standard_s a_nd Development Officer — D. J. \Ill4'-l'l1a/rns 
B. E. Cle en's -— seconded to Lakes Research Division 
Riggers — H. Greencorn, L. J. Lomas, G. M. Perigo 
P. R. Youakin —— IFYGL Centre, special projects 
L. E. Benner, W. B. Taylor — meteorological buoy program 
T. J. Carew — dye diffusion program 
H. K. C — Lake Erie shore erosion, Hamilton Beach 

study 
M. R. Mawhinney — Niagara Bar program 
H. K. Nicholson — shore sensor program 
P. M. Heale , S. B. Smith — "Li_mnos” 
S. P. W ' 

ers, B. H. Mo re — "Martin K,a,r|se_n" 
F. H. Don, J. E. ss — "Limnos and Martin Karlsen”, 

diving 
“Limnos and Ma_rtin Karlsenf’ — F. 

J. R. lyéfi, G. J. K9: es, M_. R. Tnarfipson 

107



SOCIAL SCIENCE REsEARcH SECTION ' 

(INLAND WATERS DIRECTORATE) 

A/ Head —— J. L.- Pa 0 — economics of water resources and 
water managem,en_t /' 

Secretary — Mrs: R. ' 

s 
‘

. 

G. Bangay —- water use and environmental quality in th 
Great |;.-rakes Basin A 

B. Lym9u{ne‘r — environmentally hazardous materials 
R. Shimizu -/—/ihstitutional studies 
Ms. M. Sinclair .— perception and attitude studies 
J. N. Tho/mson — economics of environmental quality 

WATER QUALITY BRANCH RESEARCH 
(INLAND WATERS DIRECTORATE) 
ANALYTICAL METHODS RESEARCH 

SUBDIVISION 

Head —‘_Dr. S. Barabas M 

Scientific and Technical Support S Dr. B. Afghan, P. 
I 

Brooksb_§Rk’, M. Comba, Dr. P. D.Goulden, R. Lgrdé. 
J. Lechner, J. Ryan, R. C. J. Sampson, Dr. I. Sekerka 

wATER AND WASTEWATER 
TREATMENT REsEARcR SUBDIVISION 

Head — Dr. C. P. F’ her 
I 

Secretary — Mrs. S. J \ 
es 

Dr. Barry Oliver — laser use and heavy metals 
Dr. A. Netzer —/absorption and complexing 
Dr. Kirk Jgzrfitoné reverse osmosis 

ENVIRONMENTAL PROTECTION SERVICE 

TECHNOLOGY DEVELOPMENT AND 
DEMONSTRATION DIVISION 

A/Head — Wastewater Technology Centre — N. W. 
I Schngfke 

ecretary - Mrs. V. Westaway 

Process Development Section 
Head — N. W. Schrniéxe /’ 

Physical Processes Unit——‘ or. B. P. Le créir 
Biological Processes Unit - Dr. B. Jank 
Chemical Processes Unit -‘ Dr. E. E.,.Shapnon 
son Processes Unit — Dr. v. K_. cpéwla 
Demonstration Section 

Head — R. E. ills 
/’ 
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Laboratory Services Section 
Head — K. Conn 
Facilities Services Section‘ 

A/H_ead — A. D. Stewefison . 

Administrative, Scientific & Professional and Technical 
Support Staff— G. Anthony, w. Bgdré'a, N. Bryant, 
V. Cairns, H." Campbell, P. Crescuolo, J. L. Fraser, Dr. 
P. Gyo’, D. l e, Dr. J. Kucbarski, Mrs. K. Kwasniewska, 
E. Lad egr, G."Lay’v‘rér'1c‘e, Dr. D._ Liu, B. Mon_agh_an, 
R. R. D. M. Niles, Miss I. I. 0:C3D?‘l“5I’, Mrs. S. 

_ 

Perrone, J-. P. Stephfinson, R. Sticlefiey, L.Jl. ‘l?ri"", D. 
Vachon, Mrs. R. L. ’Veu=do’r'ik, Mrs. M. 

ENIVIRONMENTALEEMERGENCY BRANCH 
Environmental Emergency Coordinator, Ontario Region — 

N. Va.ndei:ko’5v - 

Hazardous Material Spi/ll Countermeasures Unit 
Head — Dr. S. L. 

GREAT LAKES BIOLIAMNOLOGY LABORATORY 
(FISHERIES RESEARCH BOARD) 

Head —— Dr. M. G. Johpso/n » 

Secretary — Mrs. D. Meé 
Dr. M._ Munawar — phytoplankton taxonomy 
G. F. Carpenter — zooplankton production 
J. K. Eeslie — zooplankton biology, automated particle 

cou_nters I 

J. E._ ll/laée — primary production 
Dr. W. A. Giooschenko — phytoplankton ecology 
E. E. P_ieIj<€tt — systems models A 

Dr. N. Watson l—Izoo'planl'<t'on 
Dr. R. A. Vollenweider — seconded to Lakes Research 

Division 
Technical Staff — H. F. Nicholson, R. H. Collins, Mrs. L. 

Ma?s(y (seconded from Lakes Research Division) 

MARINE SCIENCES DIRECTORATE — 
CENTRAL REGION . 

Director — T. D. W. McCu|loch 
Secretary -— Miss lflafi 

CANADIAN HYDROGRAPHIC SERVICE
/ 

A/Regional Hydrographer — H. R. Blandrfgrd 
Secretary — Mrs. R. Mikoda 

Hydrographers-|n-Ch_arge -— Field Surveys 
R. Courtnage — navigational ranges



V. Crowley — Lake of the Woods 
_ . 

F. L. Di+§ra’§.e — International Field Year for the Great 
Lakes and Lakes Research Division - 

R. l_’ev_vls/— Playgreen Lake 
G. Macdonald — revisory survey’ 
R. A. Marshall — Lower St. Lawrence 
G. Vllade — polar continental shelfproject 
B. Wdcigift — James Bay - « I A Hydrographers — R.“ Beri, M. C_aséy, R. Chapeskie, I. 

Charporl’, M. Crutchlow, K.rDa,echse|, P. Dalfiiafico, P." 

Davies, B. Eidsforth, J. Gervais, G. Goldfin, . 

Gojskf, M. Grant, K. Hipkin, D. J. Kean, D.‘l(Jmtfi' 
V" 

ett, 
R. Langford, R. Lasrrierf c. Le -rrfan, J. R. 
MacDougall, H. J. Marshall, J . Mgfiarfhy, J. 
Medendprp, R. L. Moulton, L. R. ,E_. l. Nq_rrn’an, 
P-. Page) H. w. Pullgkifien, T. w. Pgiiéfi, R. Rehceiin, R. 
Robitaille, W. siweii, R. Solvason, R. Treciokas, J. H. 
Weller, A. P. Welrners 

Research Development 
Head — E. Brown v

' 

Technical Staff — R. Tripe, R. Bryant, C. Doekes, E. 
Thompson, R. Preston 

‘

-/ 
Tides, Currents & Water Levels 
Head — N. Freeman ,a 
Technical Staff — J. L. ‘Bzifrfoot 

Shore Properties Studies and l.J.C. Inventory 
Head — W. S. Haras 
Technical Staff — J. Shaw 
Marine Information Centre and Local Surveys 
Head — A. R. i39gé‘r’: 
Technical Staff — R. Mahaffy, R. Mcflgir-iifg 
U.S. Exchange Program 
P. nichariis — u.s. Lake Survey 
W. B§r§e,n — U.S. Exchange 

C.S.S.“Par”/i_zeau" 

J. Stathéfn/ 
Cartography 
Head —_— J. C. Elliott /. 
Technical Staff —— S. Hofm 
Electronics Maintenance 
Head — E. 0. Lewis .~ 

Technical Staff -— R. Degsilety T. Dyas, G. Kavanagh, P. 
Millette, M. Moore, A. Pru ' omme, D. W. Pyatt, W. 
w. snrfih, M. vangerfir, 3. Waldock 

Ships and Launches 

Regional Marine Superintendent — A. Quirk 
Engineering Superi_ntendent — A. T. Hughes 

Shore Boatswain — W. S. Corkum 
Shop Foreman — K. D. Robertson 
Shop Staff — J. Ayah‘, J. Bo/y«lé', J. Fasullo, v. Rahei/ic, J. 

wrjghtj'M. Tho/rpsiin 

C.S.S. "Limnos" 
Captain —N. L. Keeping 
Officers — M. C. Birchagll, J. A. Butler, T. C. Keri/He/3/, G. 

Sproule, J. Stansfield (10 Ships Crew) 

C.S.S. "Adven_t" 

Officers — R. R. Charles (3 Ships Crew) 
Launches 

Scientific Support — 1 1 Seasonal Ships Crew ‘ 

Hydrographic Surveys -76 Seasonal Ships Crew 
Regional Administration and Personnel 
Administrative Officer — A. w. Appf€6J/ 
A/Administrative Officer — B«.- J; T. O’ agan 
Office Manager — J. R. D9l{son 
Accounts — A. B. Mijgfhell 
Stores — E. R. G_ibb6ns 
Support Staff *—Mrs’. "M, _is,1C. J. FVUJ'l_4'lk, Mrs. F. M. 

Haaka, Mrs. F. M.-Hapm-1"y, Mrs. W.*J. Ma_cpo{g;a|l, Mrs. 
L. A. Mortimer, J. G.,R9th/well, Mrs. S. Seflat/o, Mrs. P. 
L. Taylfig T. H. Ta/yior, Mi_ss L. Wa/Uaiie 

INLAND WATERS DIRECTORATE 
(ONTARIO REGION OPER_ATIONS) 

WATER PLANNING AND MANAGEMENT 
BRANCH ' 

A/Head — N. P. Persoage 
Engineers — J. D. Ke e, W. M. Jyés, D. W. Brown, P. P. 

Yee 
Technical and Support Staff — C. L. Hafies, C. P. Charron 

Cornwall Office 
Engineer-in-Cha_rge — D. F. Wit spoon 

Secretary — Mrs. S. A. ' e 
Assistant Engineer —J. R. R0 'nson

I 

Technical and Support Staff — R. J. young, E. G./Allen, 
Mrs. A. L. gavfi - 

WATER QUALITY LABORATORY 
AND NETWORK 

Head — W. J. TrayAI 
Secretary — Mrs. V Walker, 

Support Staff — W. Wakeb/m, Mrs. C. F rlong 

109



Analytical Services section 

A/Head - F. J. Philbert 
Chemist — D. P. Sturtevant 4 inorg‘anic;naIy’sis 
Support Staff — H. Alkema, P. Bothwell, J. Coburn J. P. 

Em(er'y, J. Gapzlfle, R. Leac 6k, R. _, D. M rsh, G. 
M. Paquette, R. H. Plante, K_. A. Terry, H. H. Tse, R. J. 
Wilkinson " 

Special Services Section 

A/Head — A. S. Y.§hau
_ 

Chemist —- D. M9Girr —— water quality 
Support Staff — R. W. W)fes' 

Great Lakes and Ships Support Laboratory 
Chemist — O. E|Kei '

’ 

Support Staff — K. D. Austen, W. D. Blythe, J. Carron,- 
Y. Shaikh 

CENTRAL SERVICES 
(‘INLAN D WATERS DIRECTORATE) 

CANADIAN CE_NTRE FOR INTERNATIONAL 
FIELD YEAR FOR THE GREAT LAKES 

Canadian Coordinator — J. MacD /all 
Secretary — Mrs. A. O'Hara 

SCIENTIFIC SUPPORT DIVISION 
(INLAND WATERS DIRECTORATE) 

Chief — A. S._Atk' son K Secretary — Miss L. ully r 
Administration Unit — Mrs. J. Gue ther 

Scientific Services 

Head — Dr. R. W. Durham
W 

T, Pang — electron microscopy ' 

Radiochemistry Technologists — R. J. Goble, C. Sfé 
Engineering Services ' 

Head -— G_. A. James 
Electronic Engineering — A. S. _tson /, 
Electronics’, Engineers — K. N. Birch, A. S. Eatock, E. 

Harrisén, J. Valdmanis 
Technologi ts — J. A. Diaz, D. Fekyt, A. Fletcher, J. G. M. 

Laropfigue, K. Mollon, M. Peclrosa, J. A. Tyler 
Mechanical Engineering — A;. E. Pashley .

, 

Mechanical Engineers — B. P. Br V, P.- M. Ward-V/Vvrgte 
Technologists — R. Boucher, J. eidt, H. Savile 
Tradesmen — R. V. Chumley, K. K_. P. Kalter, D. H. Whuyte 

110 

Computer Services 
A/Head — Dr. H. s. wgi-fir 
Computer Systems — H. C. Pulley ,- 

; 

- 
~ .' 

Support Staff — Mrs. : Kinder, Mrs.-P. Moody, Mrs. M. 
Ph,i(IJip’s., Mrs. c. T ylor , 

‘

. 

Computer Application - Dr. H. S. W er . 

' 

Programmers — G. S. Beal, Mrs. H. E. Comba, Miss 
J. E. Dowell, B. Hanson, Miss B.«P¢le . . s - -» 

Data Preparation and Publication — W. Nagelj
_ 

Support Staff - J. W. Byron, Mrs. K. M. Sc pf, Mrs. M. G. 

Library /, 

Head Ljbra_rian_ — Mrs. E. A. C. Fo_ lCI( 

Technical Services Librarian —— Mrs. L. M Brovgniee 
Cataloguing Assistant — Mrs. L. J. W on 1,. J 

Technical Services Assistant — Miss B. J.»DaS7is /’ 
Reference and Circul_at_ion Assistant —= Mrs. A_. E. Thgépson 

Technical Services /” 
Building and Site Management;/— D. F. ‘ 

rt 
Support Staff —/G. Cgiin, J ,£5laz '

_ 

Stores — C. Hicks - 

.. fl/ Support Staff — F_.' Kgymer, Mrs. B. Tit_ley, T. A. illiams 
Warehouse — A. W. lyfayes ' 

Support Staff — D. Henn erry, R. J. H ell 

Drafting and Illustrating —— W. Finn . - 

Draftsmen - J. Bodna_ruk_, . Cam on, A. ris, Miss S. 
Longstaffe, Mrs. S. Ve pagen "' 

Stationery Engineering —'_, .Short. _ed « 

SUPDort Staff» — T. Connors, K. i=9:{E;. 
A. M.a”F"y, K. Peamé, K. PIatt,J.SIp.'rth,J. Th as, R. 
Willi s

‘ 

Security‘— S/Sgt. R. Lpgg/,Cp|. W.- Hgfand nine members‘ 
of the Canadian Corps of Commissionaires on rotation 

PUBLIC RELATIONS AND INFORMATION 
SERVICES 

Head — A. R. Kirgy X 

Secretary — Mrs. I. Powell " 

Information Officer — D. M. Can%g 
Assistant —- Mrs. J. Bracefvell 

ENVIRONMENTAL QUALITY COORDINATION 
UNIT 

Head — Dr. A. R. LeF Xvre 
Secretary —Ml's. H. Heth ington 

Assistant — J. W. Schmidt ’ 

Scientific Officer - G. F. G riel



Publications and Presentations 

PUBLISHED PAPERS 

Afghan, B.K., P.D. Goulden and J.F. Ryan. Automated 
method for determination of nitrilotriacetic acid in 
natural water, detergents and sewage samples. 
Analytical Chemistry, 44, 354 (1972). 

Afghan, B.K., P.D. Goulden and J.F. Ryan. Automated 
fluorometric method for det_e_rmi_nation of boron in 
waters, detergents and sewage effluents. Water 
Resea_rt:h,6, 1475 (1972). 

Afghan, and P.D. Goulden. Twin-cell oscillographic 
DC polarography for the analysis of trace metals. 
Canadian Res. & Develop., July-August, 1972. 

Bell, J._B. and B.J. Dutka. Microbiological examination of 
Lake Ontario sediments. 1. Distribution of aerobic and 
anaerobic heterotrophs in several Lake Ontario 
sediments. Proc. 15th Conf. Great Lakes Res., Int. 
Assoc. Great Lakes Res., pp. 1-8, 1972. 

Bell, J.B. and B.J. Dutka. Microbiological examination‘ of 
Lake Ontario sediments. ll. Heterotroph methodology 
comparison. Proc. 15th Conf. Great ,Lakes Res., Int. 
Assoc. Great Lakes Res., pp 9-14, 1972. 

Bell, J.B. and B.J. Dutka. Bacterial densities by fluorescent 
microscopv. Proc. 15th Conf. Great Lakes Res., Int. 
Assoc. Great Lakes Res., pp 15-20, 1972!. 

Boyce, F.M. 1972. The thermal structure and heat content 
of Lake Ontario, preliminary results. lntern_ational— 
Field Year for the Great Lakes Bulletin Number 4, p. 
34. 

Boyce, 1972. Temperature transects of Lake Ontario, 
’ 

pre|i_m_in_a,ry analysis. International Field Year for the 
Great Lakes Bulletin Nu_m_ber 5. 

Brewer, A.A., and K.P.B. Thomson. A radiometer-sonde for 
observing stratospheric emission due to water vapor in 
its rotational band, Quart. J. R. .Me't. Soc., 98, pp. 
187-191. 

Bruce, J.P. 1972—The year of Great Lakes cooperation. 
Can. Res. & Development, 5, #4, pp. 21-22. 

“Based on work done before joining CCIW. 
Where a paper was prepared jointly by a CCIW author and an author from another organization, the name of the CCIW author is shown 
in italics. 

APPENDIX 3 

Bruce, J.P. 1972. Meteorological aspects of Great Lakes 
pollution. WMO Special Environmental Report No. 2, 
Selected Papers on Meteorology as related to the 
Human Environment. - V 

Bruce, J.P. 1972. International Field Year for the Great‘ 
Lakes—A Canadian Viewpoint. Proc. 15th Conf. Great 
Lakes Research, lnt. Assoc. Great Lakes Research. 

Burns, N.M. and C. Ross (eds.) Project Hypo—CC|W paper 
#6 (U.S. Environmental Protection Agency Tech. 
Bulletin TS-05-71-208-24) 182 pp. 

Burns, N.M. and C. Ross. Oxygen-nutrient relationships 
within the central b3Sll'l of Lake Erie_.— Nut_rients in 
Natural Waters, eds. H. E. Allen and J. R. Kramer, 
Wiley-lnterscience, N.Y., pp 193-249 

Chau, A.S.Y. Confirmation of pesticide residue identity. 
Derivative format_ion for the conformation of photo- 
products of endrin: hexachloro and pentachloro-ketone 
pesticide residues by Gas Chromatography. J. Ass. Off. 
Anal. Chem. 55, pp 519-525. 

Chau, A.S.Y. and M. Lanouette. Confirmation of pesticide 
residue identity. ll. Derivative formation in solid 
matrix for the conformation of- DDT, DDD, 
methoxychlor, perthane, ClS—and Trans-chlordane, 
heptachlor, and heptachlor epoxide pesticide residues 
by Gas Chromatography. J. Ass. Off. Anal. Chem. 55, 
pp 1058-1066. 

Chau, A.S.Y. Confirmation of pesticide residue identity. 
lll. Derivative fonnation in solid matrix for the" 
confirmation of endrin by Gas Chromatography. 
Bull-Environ. Contam. Toxicol. 8, pp 169-176. 

Chau, A.S.Y. and K.\Terry. Confirmation of pesticide 
residue identity. IV. Derivative formation in solid 
matrix for the confirmation of 41- and B -endosulfan 
by Gas Chromatography. J. Ass. Off. Anal. Chem. 55, 
pp 1228 -1231. 

Chau, A.S.Y. Confirmation of pesticide residue identity. V. 
Alternative procedure for derivative formation in solid" 
matrix for the confirmation of a— and B-endosulfan by 
Gas Chromatography. J. Ass. Off. Anal_.- Chem. 55, pp 1232 — 1238. 

Chau, A.S.Y. and R.J. Wilkinson. Chromous chloride 
reduction. VII. Stereo-chemistry and structure of the 

111



8 

‘ majo'r"product employed in the confirmation of endrin 
residues. Bull. Environ. Contam. Toxicol. 8, pp 105 — 
108. - 

Chau, A;.S.Y. Analysis of chlorinated hydrocarbon 
7‘ 

pesticides in waters and wastewaters- Methods in use in 
water quality division laboratories. Department of the 
Environment, _Otta_v_va, 1972;.

_ 

Chau, Y_.K. Determination of trace elements in lake, water. 
Proc. of Int. Symposium ' 

on_ 
_ 

_|dentification and 
Measurement of Environmental Polluta_n_ts, Ottawa, 

V 

,June 1971, pp 354-357. 

‘Chau, Y.K.' and MT. Shiomi. Compleiting properties of 
NTA in‘ the lake enviror_iment;.- J.‘Water, Air and Soil 
Poll. 1, pp 149-164. 

Coakley, ‘JP. and H.K. Cho. S_hore erosion in Western Lake 
Erie, Canada. Proc. 15th Conf. Gt. Lakes Res., Int. Ass. 
Gt». Lakes Res. 

Coakley, J,._P. Nearshore sediment studies in Western Lake 
Erie.‘Proc. 15th Conf. Gt. Lakes 'Res.,_ Int. Ass. Gt. 
Lakes Res. 

'

* 

Cronan, D.S. and R.L. Thomas. Geochemistry of 
ferrornanganese concretions and associated deposits in, 

Lake Ontario. Geol. Soc. Am. Bull. 83, pp 1493-1502. 

Carpenter, G.F., L. Devey and A. Nauwerck. The 
crustacean zooplankton of Lake Ontario, 1970. Proc. 
15th Conf. Gt. Lakes Res., Int. Assoc. Gt. Lakes Res. 

Carpenter, G.F., L-. Mansey and A. Nauwerck (N. Watson). 
The distribution and abundance of Mysis relicta 

(Loven) in Lakes Ontario, Erie, Huron and Superior. 
Proc. 15th Conf. Gt. Lakes Res.-, Int. Ass. Gt. Lakes 
Res. 

*Dell, C.l. An occurrence of vgreigite in Lake Superior 
sediments. Amer. Mineralogist, 57, pp 1303-1304. 

*Dell, C.l. The origin and charac_te,ri_stics of Lake Superior 
sediments. Proc. 15th Conf. Great Lakes Res., Int. Ass. 
Gt. Lakes Res., pp, 361-370. 

*Do1ne/an, M., M.S. Longuet-Higgins and J.S. Turner. 
Periodicity in. white caps. ‘Nature, Vol. 239, N. 5373, 
October 1972.

8 

Duncan, G.A. and N. A. Ru,kavi_na,. 1972. The sedigraph 
grain-size analyser ¥ a_n alternative to pipette analysis 
(abs._). ‘15th Conf. Gt. Lakes Res., Int. Assoc. G_reat 

{ 

Lakes Res. p 82. Proc. Abstracts.
' 

*Durham, R.W. and V. Corriveau. Détermination de taux 
de combustion d'un train de combustibles par analyse 
chirnique et isotopique. Atomic Energy of Canada 
Limited Report #4313F., Nov. 1972. 

1'12 

Dutka, B.J. Bacteriological study of the St. Lawrence River, 
1968-71. CCIW Paper No. 8, 1972. 

Elder,“ F.C. andiB. Brady. A meteorological buoy system for 
Great Lakes studies. Proc. 15th Conf. on Gt. Lakes 
Res., Int». Assoc. Great Lakes Res., 1972 and CCIW 
Technical Bulletin No. 71. 

Freeman, N., A.M.'Ha|e a__n_d M.B. Danard. A sigma 
__equ,ation_s approach to the numerical modelling of 
Great Lakes hydrodynamics. J. of Geophysical 
Research,__Vo|. 7_7,,.No. 6.,_Feb. 1972, 

Freeman, N. and T.,S.iMurty. A study of the storm surge on‘ 
_La_ke Huron. Proc. 15th Conf. Great Lakes Res.,1972. 

Gilbertson, M., H. H. Dobson and, T. R. Lee. Phosphorus 
and hypolimnial dissolved oxygen in Lake Erie, pp 
141-145 in Project Hypo report, Canada Centre for 
lnland Waters, CCIW Paper No. 6. 1972. 

Glooschenko, W.A., H. Curl Jr. and L.F. Small. 1972. Diel 
periodicity of chlorophyll a concentration in Oregon 
coastal waters. J. Fisheries Res. Bd. of Canada 29: 
1253-1259. 

Glooschenko,. W.A., J.E. Moore and R. _A. Vollenweider. 
The seasonal cycle of pheo-pigments in Lake Ontario 
with particular emphasis on the role of zooplankton 
grazing. Limn. and Ocean. Vol. 17(4): 597-605. 

Goulden, P.D., B.K. Afghan and P. Brooksbank. 
Dete,rminat_ion of nanograrn quantities of simple and 
complex cyanides in water. Analytical Chemistry, 44, 
1845 (1972). 

Goulden, PD. The c'he'mic'a| analysis of nutrients. Chapter 
IV in Nutrients in Natural «Waters, edited by H.E. Allen 
and J. R. Kramer, John Wiley & Sons, Inc. N.Y. 1972. 

IFYGL Bulletins 1972, Numbers 1, 2, 3, 4 and 5. Published 
by National Oceanographic and Atmospheric Adminis- 
tration, Rockville, Maryland, and available from IFYGL 
Centre, CCIW. 

IFYGL Technical Plan. Vol. 1 Scientific Program, 439 
pages, Vol. 2 Data Acquisition Systems, 462 pages, 
Vol. 3 Field Operations Plan, 604 pages, Vol. 4 Data 
Management, 112 pages. 

*lrwin, R.W. and G. Tsang. Hydraulics roughness of 
corrugated plastic tubing. Trans. of Amer. Soc. of Agri. 
Engineering, Vol. 15, No. 2 pp 290, 291 and 295, 
1972. 

Kemp, A.L.W. Forms of distribution of nitrogen in Lake 
Ontario sediment. Proc. 15th Conf. Gt. Lakes Res. Int. 

Assoc, Gt.» Lakes Res. 

Kemp, A.L.W., C.B.J. Gray and A. Mudrochova. Changes in



C, N, P, & S in the last 140 years in three cores from 
Lakes Ontario, Erie and Huron. In: Nutrients in 
Natural Waters (eds. H.E. Allen and J.R. Kramer), J. 
Wiley & Sons, N.Y., pp 251-279-1972. 

Kemp, A.L.W. and A. Mu_drochova_. Distribution and forms 
of nitrogen in a Lake Ontario sediment core. Limno. & 
Oceanogr. 17, pp 855-867. 1972. 

Kenney, B.C. Circulation and diffusion in a small lake. 
Proc. 1st Can. Symp. Remote Sensing, Ottawa. pp 
237-248. 1972. 

Kramer, J.R. and M.E. Thompson. Geochemical studies of 
Canadian lakes: a review. Abstract. Int. Geo. Congress, 
24th session, Montreal, Canada, pp 313._ 1972. 

Lane, R.K. W.D. McColl and K.P.B. Thomson. 1972. 
Progress report on remote sensing at Canada Centre for 
Inla_nd Waters, Inland Waters Directorate Technical 
Series Number 13. 

Lau, Y.L. A note on the prediction of BOD profile due to a 
source of effluent discharged in a uniformly flowing 
stream. Water Research, Vol. 6, pp 749-757, 1972. 

Lau, Y.L. Discussion of dispersion in natu_ral streams. 
ASCE, J. of Hydraulics Division, HY5, ‘pp 963-965, 
1972. - 

’

V 

Lau, Y.L. Prediction of» equation for reaeration in 
open-c_ha_nnel flow. J. San. Eng. Div.; ASCE, Vol-. 98, 
No. SA6, pp 1063-1068, 1972. 

Lau, Y.L. A review of conceptual models and prediction 
equations for rea,era_tion in open-channel flow. Inland 
Waters Directorate, Technical Bulletin No. 61, 1972.. 

Lee, T.R. Perception of goals in the management of water 
quality of the Great Lakes. In W.R.D. Sewell and I. 

Burton, (eds.), Perception and Attitudes in Resource 
Management, Dept. of Energy, Mines and Resources, 
Paper No. 2, Information Canada, Ottawa, 1972. 

Lee, T.R. Water use, water quality and regional economic 
development in Ontario. Proceedings of the 
Oceanography International Conference. 

Lerman, A. S.r-90 in the Great Lakes: Concentration-time 
model. J. Geophys. Res. Vol. 77, No. 18, pp 
3256-3264, 1972. 

Li, W.C., D.E. Armstrong, J.D.H. Williams, R.F. Harris and 
J.K_. Syers. Rate and exchange of inorganic phosphate 
exchange in lake sediments. Soil Sci. Soc. Amer. Proc. 
36: pp 279-285, 1972. 

Liu, D.L. and B. J. Dutka. Bacteri_al seeding techniques: 
novel approach to oil spill problems. Can Res. 
Development, 5 (4): pp 17-20, 1972. 

Liu, D., P.T.S. Wong -and B.J.= Dutka. Dete'rm‘ination of 
. carbohydrates, -protein and lipid in some-Lake Erie 
sediments. Proc. 15th Conf. Gt. Lakes Res. pp 88-89, 
1972. .

' 

Liu, D.L. and P.M. Townsley. Pulp mill lignin in continuous 
petroleum fermentation. J.W.-P.C.F., 44-: pp 232-240, 
1972. -

' 

*Louenberg, M.F., c./. Dell and M.J.S. Johnston_. Effect of 
a shorter day upon biotic‘ diversity. Geol. Soc. America 
Bul|., V.'83, pp 3529-3530, 1972. 

MacDowall, J. A synoptic study for evaluating the role of 
the Great Lakes (in the world water balance). Proc. 
IAHS Reading Symposium, IAHS Publication No. 94, 
pp 91-103. — 

MacDowall, J. Proceedings of IFYGL Biology-Chemistry 
Panel Meeting, Niagara Falls, Ontario, November 14 ‘- 
15, 1972. 

MacFarlane, R.B., W.A. Glooschenko and R.C-. Harris. 
1972. The interaction of light intensity and DDT 
concentrations upon the marine diatom Nitzschia 
de/icatissima Cleve. Hydrobiologia, Vol. 39: pp 

' 373-382. 

Marsalek, J. and T.M. Dick. Thermal wedge between Lake 
Ontario and Hamilton Harbour. Proc. 15th Conf. Gt. 
Lakes Res., Int. Ass. Gt. Lakes Res. 1972. 

Marsalek, J. Abatement of pollution due to combigned sewer 
overflows. Inland Waters Directorate, Department of 

' 

Environment, Technical Bulletin No. 66, 1972. 

Menon, A.S., W.A. Glooschenko and N,.M. Bums. 
Bacteria-phytoplankton relationship in Lake Erie..Proc. 
15th Conf. Gt. Lakes Res., Int. Assoc. Gt. Lakes Res., 
pp91-101,1972. - 

. I 

Munawar, M., l.F. Munawar and A.,Nauwerck. Seasonal 
abundance and composition of phytoplankton in Lake 
Erie. Proc. 15th Conf. Gt. Lakes Res., Int. Assoc. Gt. 
Lakes Res. ‘ 

Munawar, M. 1972. Ecological studies of Euglenineae in 
certain polluted and unpolluted environments. 
Hydrobiologia Vol. 39-3, pp 307-320. 

Munawar, M. 1972. Methods of taxonomic identification 
and enumeration of p|an_k-ton. A report on a workshop 
held at CCIW on January 27, 1972. IF.YGL Bulletin 
No. 3. 

Munawar, M. and A. Nauwerck. The composition and 
horizontal distribution of phytoplankton in Lake 
Ontario during the year 1970. Proc. 14th Conf. Gt. 
Lakes Res., 1971, pp 219-223 (published 1972). 

113



Munawar,_ M., J. Verduin andl. Fatima. Primary production 
in shallowaquaticgenvironments of Southern Illinois. 

Verh. ln_tern_at. 
_ 

Verein. Limnol. 18: pp 113-120, 
Stu'ttg'art, Nov‘. 1972. 

Murthy, C.R. Complex diffusion processes in coastal 
currents of a lake. :l..Phys. O.cean., Vol. 2, No. 1, pp 
80-90, 1972. 

Nodwell, B.H., and J. MacDowalI, 1972. Planned data 
storage methods for the lFYGL. Proc. IHD Workshop 
Seminar on Processing of Hydrological Data, Quebec 
City, pp 81:-921. 

*Nelewajko, C. and D.H.S. Lean. Retention of dissolved - 

compounds by membrane filters a_s an error in_ the “C 
method 

7 

of prim_ary production measurements. J. 

Phycol. 8-: "pp 37-43, 1972. 

Nalewajko, C. and D.R_.-S. Lean.,Growth and excretion in 
planktonic algae and bacteria. J. Phycol. 8: pp 
-361-366, 1972. 

Nriagu, J.0. Lead orthophosphates. Part I. Solubility and 
hydrolysis of secondary lead orthophosphate. lnorg. 
Chem. II: pp 2499-2503, 1972. 

Nriagu, J.O. Solubility equilibrium constant of strengite. 
Am. J. Sci. 272: pp 476-484, 1972. 

Nriagu, J_.0_. Stability of vivianite and ion-pair formation in 
the system Fe3(PO4),-H2PO4-H2 O. Geochim. Cosmo- 
chim. Acta. -36‘: pp 459-470, 1972. 

Platford-, Isopiestic determination of solubilities in 

mixed salt solutions. Two salt systems." Am. J. ‘Sci. 

272: pp 929-968, 1972. 

*Richards, J.M. and G. Tsang. Laboratory study of-line 
therrnals. Atmospheric Environment,;Vol. 6, No. 3, 
March 1972, pp 235-236. 

Robinson, R.A., R.F. P/atford and C.W. Childs. 
Thermodynamics of _aqueous mixtures of sodium 
chloride, potasium chloride, sodium sulfate, and 
potassium sulfate at 25°C. J. Sol'n Chem. .Vo|. 1, No. 
2, pp 167-172. 

Rukavina, N.A. Shallow-water sediments of Lake Ontario 
(abs). G.S._A. Abstracts with Programs, V. 4, No. 1, p 
41, 1972. 

Schindler, D.W., D.R.S. Lean, and E.J. Fee. Nutrient 
cycling «in freshwater ecosystems. l.B.P. Summary 
Symp., Seattle, Washington, 1972. 

Shrivastava, H, Macrobenthos of Lake Huron. Proc. 15th 
Conf. Gt. Lakes Res., Int. Ass. Gt. Lakes Res. 

Simons, T.J. Development of three-dimension'al numerical 

114 

models of the Great Lakes. Inland Waters Directorate, 
Scientific Series No. 1-2, 1972. 

Simons, T.J. Multi-layered models of currents, tem'pe‘ratuire 
and water quality parameters‘ in the Great Lakes. Proc. 
Int. Symp. on Model|i_ng Techniques in Water 
Resources Systems, Dept. of Environment, Ottawa, pp 
150-159. i 

S,im_o,ns, T.J. On the theory of atmospheric development. 
Monthly" Weather Review‘, 100, 1972. 

Simons, T.J. The non-linear dynamics of CYCIOHE waves. J. 
Atmos. Sci. 29(1), 1972-. 1 

Simons, T.J. and D.E. Jordan. Computer water circulation 
of Lake Ontario for observed winds. CCIW" Paper No. 
6, 1972. Proc. 15th Conf. Gt. Lakes Res., Int. Ass. Gt. 
Lakes Res., 1972. 

Simons, T.J. and D.B. Rao. Instability of rotational and 
gravitational modesgof oscillation. J. Meteorol-. Soc. of 
Japan, Vol. 50, pp 204-214, 1972-. 

Simons, T.J. and D.B. Rao. l\lon-linear interaction of waves 
and zonal currents in a two-layer baroclinic model. 
Tellus, 24(1), 1972. 

Sinclair, M. A survey of housewives attitudes about water 
pollution centered around the phosphate debate. Great 
Lakes Basin Commission Communicator, Vol. 2_, No. 8, 
pp 3-4, Feb. 1972. 

Sly, P.G. Research and the problems of two seas. Proc. 
Oceans Ontario, Toronto, Ontario, pp 1-16, 1972. 

Sly, P.G. and C.~F._M. Lewis. The Great Lakes of Canada - 
quaternary geology and limnology. Excursions A43 
Guidebook, 24th Int. Geological Congress, Montreal, 
92 p., 1972. 

Small, L.F., H. Curl Jr.., and WA. G/ooschenka. Estimates 
of primary production off Oregon using an improved 
chlorophyll-light technique. J. of Fisheries Res. Bd. of 
Canada 29: pp 1261-1267, 1972-. 

Small, L.F., H. Curl 'Jr.,_ and WA. G/ooschenko. Effects of 
solar radiation and upwelling on daily primary produc- 
tion off Oregon. J. Fisheries Res. Bd of Canada 29: pp 
1269-1275, 1972. 

Sommers, L.W., R.F. Harris, J.D.H. Williams, D..E. 

Armstrong and J.K. Syers. Fractionation of organic 
phosphorus in lake sediments. Soil Sci. Soc. Amer. 
Proc. 36: pp 51-54, 1972. 

Sochasky, J.F., D.E. Aiken and N.H.F. Watson. Y-organ, 
molting gland and mandi_bula_r organ: a problem in 

decapod crustacea_. Can..J. of Zoology 50: pp 993-997, 
1972.



St. Jacques, D.A. and N.A. Rukavina. Lake Ontario 
nearshore sediments, Wellington to Main Duck Island, 
Ontario. Proc. 15th Conf. Gt. Lakes Res., Int. Ass. Gt. 
Lakes Res.. 

Syers, J.K., C.W. Smillie and J.D.H. Williams. Calcium 
fluoride formation'during extraction of calcareous soils 
with fluoride; l: Implications to inorganic P fractiona- 
tion schemes. Soil Sci. Soc. Amer. Proc. 36: pp 20-25, 
1972. 

Thomas, R.L. The distribution of mercury in the sediments 
of Lake Ontario. Can. J. Earth Sci. 9, pp 636-651. 

Thomas, R.L., A.L.W. Kemp and C.F.M. Lewis. Distribu- 
tion, composition and characteristics of the surficial 
sediments of Lake Ontario. J. Sedim. Petrol. 43, pp 
66-84, 1972. - 

Thomson, K.P.B. Infrared scanner observations on Lake 
Ontario. Proc. 1st Canadian Symp. on Remote Sensing, 
1972. 

Thomson, K.P.B. and W.D. McColl. A remote sensing 
survey of the Chedabucto Bay oil spill. Canada Centre 
for Inland Waters, Inland Waters Directorate Technical 
Report No. 26, 1972. 

Thomson, K.P.B. Progress report on remote sensing. Inter- 
national Field Year for the Great Lakes Bulletin No. 4, 
1972. 

Thomson, K.P.B. Limnological aspects of data retrans- 
mission. Submission to working group on data retrans- 
mission, number 21. lnformation Canada Data 
Retransmission M75-2/21. 

Tovell, W.M., J.H. McAndrews, C.F.M. Lewis, T.W. 
Anderson and G.B. Hobson. Geological reconnaissance 
of Georgian Bay — a preliminary statement. 15th Conf. 
Gt. Lakes Res., Int. Ass. Gt. Lakes Res. 

*Tsa_ng, G. Stack exit velocity distribution for higher 
effective stack height. Atmospheric Environment, Vol. 
6, No. 11, Nov. 1972, pp 815-828. 

*Tsang, G. and L. Szucs. Field experiments of winter flow 
in natural rivers. Proc. Int. Symp. on the role of snow 
and ice in hydrology, World Meteorological Organiza- 
tion, Banff, Sept., 1972. 

*Ts‘ang, G. Entrainment of ambient fluid by two- 
dimensional starting plumes and thermals. Atmospheric 
Environment, Vol. 6, No. 2, February, 1972, pp 
123-132. 

Vernet, J.P. and R. L. Thomas. The occurrence and distribu- 
tion of mercury in the sediments of the Petit Lac 
(Western Lake Geneva). Eclogae geologicae Helvetia 
65, pp 307-316, 1972. 

Vernet, J.P. and R.L. Thomas. Levels of mercury in the 
sediments of some Swiss lakes including Lake Geneva_ 
and the Rhone River. Eclogae geologicae Helvetia, 65, 
pp 293-306.

’ 

Vol_|enweider, R.A. Input-output models of lakes. Proc. of 
Workshop Conference on Chemical-Ecological Consid- 
erations for Defining the Goal of Water Pollution 
Control, April 19-21, 1972. 

Wales, R.W.‘ and WJ. Traversy — Interlaboratory qu_ality 
control study no. 2-. Total phosphate, organic nitrogen, 
nitrate nitrogen, and organic carbon. Report Series No. 
19, Department of the Environment, Ottawa, 1972. 

Wells, P.S., E. Nagy and A.B. VanCleave. The mechanism of 
the adsorption of Alkyl Xanthate species on Galena. 
Can. J. Chem. Eng. 50: pp 81 -85, 1972. 

Williams, J.D.H. and T. Mayer. Effects of sediment 
diagenesis and regeneration of phosphorus with special 
reference to Lakes Erie and Ontario. In: Nutrients in 
Natural Waters (eds. H.E. Allen and J.R. Kramer), 
Wiley, New York, pp 281-215, 1972. 

Wong, P.T.S., D. Liu and B.J. Dutka. Rapid biodegradation 
of NTA by a novel bacteria mutant. Water Research 6‘; 
pp 1577-1584, 1972. 

Wong, P.T.S., D. Liu and B.J. Dutka. Effects of organic 
nutrients i_n the distribution of heterotrophic bacteria 
in Lake Erie sediments. Proc. 15t_h Conf. Gt. Lakes 
Res., Int. Ass. Gt. Lakes Res., pp 186-187, 1972. 

PAPERS PRESENTED AND/OR ACCEPTED 
FOR PUBLICATION 

Afghan, B.K., P.D. Goulden. Twin-Cell Oscillographic DC 
Po|_arography for the Analysis of Trace Metals in 
Natural Waters and Sewage Effluents. Presented at the 
55th Chemical Institute of Canada Annual Conference, 
Montreal, June 1972. 

Afghan, B.K., P.D., F.J. Ryan. Automated F_|uorom_etric 
Method for Determination of Boron in Water, 
Detergents and Sewage Effluents. Presented at 
Pittsburgh Conference on Analytical Chemistry and 
Applied Spectroscopy, Cleveland, Ohio, U.S‘.A., March 
1972. 

Bangay, G. Population Estimates for the Great Lakes Basins 
and their Major Tributaries 1901-71, for,.the Social 
Science Series Inland Waters Directorate, Department 
of the Environment. 

Bell, J.B., B.J. Dutka and A.A. Jurkovic. Microbiological 
examination of Lake Ontario sediments. Ill. 
Morphology classification and nutritional adaptations 
of heterotrophic bacteria isolated from a Lake Ontario 

115



~‘ core. "Submitted to ‘the Journal of General Micro- 
". biology, November 1972. ' 

Blanton, ,l.O_. Vertical entrainment in the epilimnion of 
stratified lakes. Amer. Soc. Oceanol. & Limnol. 

Blanton, J.0. Relationships between heat content and 
thermal structure in the mainstem lakes‘ of the 
Okanagan Valley, B.C. Paper presented and published 
in Proceedings of "Symposium on Lakes of Western 
Canada”, Edmonton, Alberta, November 16-17, 1972. 

Boyce, and K.P.B. Thomson, 1972. Internal waves of 
finite amplitude in Lake Ontario. Canada Centre for 
Inland Waters, Technical Series 13. 

Boyce,» FM. and K.P.B. Thomson. 1972. lnterna_l waves of 
finite amplitude in Lake Ontario. CCIW Tech. Series. 

Boyce, F_.lVl. Internal waves of the Straits of Gibraltar. Deep 
Sea Research. 

Bruce, J.P. ‘The Canada-U.S. Agreement on Great Lakes 
Water Quality. Ope_ning address, Hydraulics Division, 
American Society of Civil Engineers, Ithaca, New York,’ 
August 16. 

Bruce, J.P-. The Canada-U.S. Agreement on Great Lakes 
Water Quality. Presented at special symposium on 
Great Lakes Water Quality at American Institute of 
Biological Sciences Meeting, Minneapolis, August 30. 

Bruce, J.P. Presentation on ‘'Role of Research in Solving 
PoI_luti_on Problems in the Great Lakes" to Annual 
Dinner Dance of the Engineering Society, University of 
Windsor, November 10, 1972. 

Bruce, J.P. Talk to Canadian Meteorological Society, 
Edmonton Branch, on "International Field Year for 
the Great Lakes", November 15, 1972. 

Bruce, J.P. Keynote address at Conference on Western 
Lakes, University of Alberta, Edmonton, on "The Role 
of Research_ in Lake Management", Novem_ber 16, 
1972. 

Bruce, J.P. 1972—The Year of Great Lakes Cooperation. 
Presented at symposium on IFYGL of International 
Geographical Union, Montreal, August 12. 

Bruce, J.P. Water Pollution and Control. Presented at APEO 
Symposium on the Environment. April 1972. 

Bruce, J.P. and A.R. LeFeuvre. The Laurentian Great 
Lakes—Envi_ron,mental Problems and Solutions. 
Presented at the XII Convention Panamerican Union of 
Engineering Associates, Lima, Peru, October 1972. 

Burns, N.M. The effects of potassium fluoride and 

116 

potassium iodide on the expansivity 'vvat_er. 
Submitted to Can.-J_. Chem. 

_

’ 

Burns, N.M. Diver assisted sampling of the sediment-water 
interface. Submitted to Limnol. Oceanogr. 

Chau, Y.K_. Co,mple'xa,t_i_on capacity’ in naturalwaters. 
Presented at Conference on Humic Substances in 
Amsterdam, Holland, May 28-31.” ‘ 

Chau, Y.K_. Determination of complexing capa_city in 
natural waters. Presented at Recent Advances in the 
Analytical Chemistry of Pollutants Conference in 
Halifax, N-.S., 1972. 

Chau, A.S.Y. Solid Matrix Derivation Technique, Part I 

Derivative Formation in Solid Matrix for the Con- 
firmation of Endrin by Gas Chromatography. 
Presented to the Western Canada Seminar on Pesticide 
Residue Analysis, Saskatoon, May 30-31 , 1972. 

Chau, A.S.Y. Solid Matrix Derivation Technique, Part II. 

Derivative Formation in Solid Matrix ‘for the Con- 
firmation of oz— and 6- e_ndosu_lfan by Gas Chroma- 
tography. Presented to the Western Canada Seminar on 
Pesticide Residue Analysis, Saskatoon, May 30-31, 
1972 

Chau, A.S.Y. a_nd M;.__Lanouette.Confirmation of Chlordanes 
and DDT-type Residue Identity by Solid Matrix. 
Presented to the 164th ACTS National Meeting, New 
York, August 27-September 1, 1972. 

Chau, A.S.Y. An Alternative Procedure for the Derivative 
' 

Formation in Solid Matrix for the Confirmation of oz- 
and 6- endosulfan by Gas Chromatography. Presented 
to the Annual Meeting of the AOAC, Washington, 
D.C'.,'October 9-12, 1972. P 

Chau, A.S.Y. The Use of Chemical Derivat_ion—GLC< 
Te_c_h,ni_que in the Con,fi_rm_at,ion of Orga_n_oc,h|orinated 
Pesticide Residue l'dentity—Review and Comment. 
Presented to the Annual Meeting of the AOAC, 
Washington, D.’C., October 9-12, 1972. 

Childs, C.W., C._J. Downes a_nd Fl~.F. Platford. Thermo- 
dynamics of ‘aqueous sodium ‘ and potassium 
dihydrogen orthophosphate solutions at 25°C. 
Australian Journal of Chemistry. 

Daley, R.J., C.B.J. Gray and S.R. Brown. Quantitative, 
reverse-phase thin-layer chromatography of chlorophyll 
derivatives. J. Chrom. 

Daley, R.J., c.3../.; Gray and S.R. Brown. A quantitative, 
semi-routine method for determining algal and 
sedimentary chlorophyll derivatives. J. Fish. ‘Res. Bd. 
Can.

' 

Desnoyers, J.E., R. Page, G. Perron, J.-L. Fortier, P.-A



Leduc and R. F. P/atford. I Thermodynamic and 
transport properties of sodium benzoate and_hydroxy 
benzoates in water at 25°C. Can. J. Chem.

A 

Done/an, M., and M. Miyake. Spectra and fluxes in the 
boundary layer of the trade wind zone. Journal of the 
Atmospheric Sciences. 

Dutka, B.J. Technical and practical consideration in the 
microbial contamination of water. ll. Coliforms; an 
inadeduate index of water quality. Presented at 40th 
Meeting Canadian Public Health Association, Montreal, 
November 30—December 2, 1972. 

Dutka,‘ B.J. and J.B. Bell. Isolation of Salmonellae from 
moderately polluted waters. JWPC-F. 

Dutka, "B.J. and'J.B. Bell. Technical and practical con- 
siderations in the microbial contamination ofwater. I. 

. Comparison of samplingtechniques and" media com- 
binations for isolating Salmonellae from natural waters. 
Presented at 40th Meeting Canadian Public Health 
Association, Montreal, November 30—December 2, 
1972. 

Dutka, B.J. and D. Liu. Microbial degradation of crude oil. 
Presented at Workshop on Microbial Degradation of Oil 
Pollutants, Atlanta, December 3-6, 1972. 

Fox, M.E. A rapid gas chromatographic method for the 
determination of residual methanol in sewage. Environ. 
Sci. & Tech. 

Fox, M.E. The role of the Department of the Environment 
and its work in chemistry and chemical engineering. 
University of Western Ontario, March 21, 1972. 

Fox, Chemistry at CCIW. Presented at CCIW for 
Grade 13 high school teachers receiving Shell 
Fellowships. July 1972. 

Glooschenko, W.A. In situ.en_richment studies upon Lake 
Huron phytoplankton communities. American Society 
of Limnology and Oceanography, August 27, 1972. 
Minneapolis, Minn. 

Glooschenko, W.A. and C. Alvis. Changes in species com- 
position of phytoplankton due to en_richment by N,P, 
and Si of water from a North Florida lake. In Press. 
Hydrobiologia. V 

Glooschenko, W.A., J.E. Moore and J.K. Leslie. The 
distribu_tion of chlorophyll a and pheo-pigments in 
Lake Erie, .1970. Presented at the Annual Meeting of 

. the American Society of. Limnology and Oceanography, 
March 17-22, 1972, Tallahassee, Florida. 

Glooschenko, W.A., H.F. Nicholson and J.E. Moore. Some 
problems of chlorophyll measurement in the Great 

Lakes with particular emphasis on fluorometry. 
Presented at the Third Canadian :Oce_anographic 
Symposium, CCIW, May 2-4, 1972., .

' 

Goulden, P.D., B.K. Afghan, P. Brooksbank. ’’Analysis of 
Microgram Quantities of Cyanide in Waterf’, presented 
_at ‘Pittsburgh Conference on Analytical Chemistry and 
Applied Spectroscopy, Cleveland, Ohio, U.S.A., March 
1972. 

Johnson, M.G. Macroinvertebrate production and lake 
productivity. In Biology of the Benthos. R.O. 
Brinkhurst et al. 

Johnson, M.G. and J.B. Sprague. Perspectives on water 
quality. In Environmental change in Canada. D. Elrick 

_ 
Ed. Science Research Associates (Canada) Don Mills. _ 

Jonys, C.K. Impact of erosion on environmental quality. 
' 

Presented at the Conference on Erosion—Ca_uses, 
Effects, Controls, Toronto, 1972. 

Kaiser, K.L'.E. Determination and differentiation ‘of 
if 

acid (EDTA) 
i 

and 
nitrilotriacetic acid (NTA) in the environment. Water 
Research. 

Kemp, A.L.W. and A._ Mudrochova. Nitrogen distribution in 
Lake Ontario sediment humic compounds. _Presented at 
Conference on Humic Substances, Amsterdam, 
Holland. ‘ ' 

Kemp, A.L.W. and A. Mudrochova. The distribution and 
nature of amino acids and nitrogen-c'ontain,ing 
compounds in Lake Ontario sediments. Geochimica. 
Cosmochimica. Acta'. I 

Lean, D.R.S. Phosphorus dynamics in lake water. Science. 

Lean, D.R.S. Radioisotope studies showing the role of 
phosphate in the formation of a ‘large extracellular 
carbon compound. Symp. on Humic Substances 
(|.B.P.) Nieuwersluis, the Netherlands, June, 1972. 

Lee, T.R. and P.D. Fenwick. The Environmental Matrix: 
|nput—Output Techniques Applied to Pollution 
Problems in Ontario. Submitted for publication in the 
Water Resources Bulletin. -

- 

Lee, T.R. Approaches to Water Requirements Forecasting; 
A Canadian Perspective. To be published in the Social 
Science Series No. 9, Inland Waters Directorate. 

LeFeuvre, A.R. Canadian National Policy on Nutrient 
Removal and Control. Presented at the Specialty 
Conference on "Nutrient Removal—How to Do It’’' of 
the Sanitary Engineering Division, ASCE, Rochester, 
N.Y.,June 1972. - 

LeFeuvre, A.R. and J.P. Bruce. Eutrophicationi Research 

117



Applied to Water Quality Management on the Great 
‘ Lakes. Presented at the First Int. Conference on 
Transfer of Water Resources Knowledge, Fort Collins, 

A 

Colorado-, September 1972.
‘ 

Lerman, A., Y. Chung and H. Craig". Transient events and ” 
time to steady-state: in oceanic basins. Annual Meeting 
of the American Geophysical Union. (Abstract 
accepted) 

Leslie, J.K., L. Devey, A. Nauwerck, M. Munawar and E. 
Pickett. Comparison of electronic and microscopic 
counting methods of phytoplankton. Presented at the 
Third Canadian 0oe‘anog‘r’a‘phi‘c Symposium, May 2-4, 
1972, CClW. 

Lewis, C.F_.,M., A_.—E-. Woot-ton, and J.B. Davis. Stratigraphic 
and engineering studies of unconsolidated sediments in 
Central Lake Erie near Erieau, Ontario. Geological 
Survey Report of Activities, Paper 73-1 PT.A. 

Liu, D.L. and P.T.S. Wong. Biochemical studies on 
microbial degradation of Bunker 6C fuel oil. Water 
Research. 

Liu, D.L., P.T.S. Wong and B.J. Dutka. Correlation 
between carbohydrate and some heterotrophic bacteria 
in lake sediment. J. Limcno. and Oceanogr. 

Liu, D.L., P.T'.S. Wong and B.J. Dutka. Determination of 
carbohydrate in lake sediments by a modified phenol- 
sulfuric acid method. Water Research. 

Liu,'D.L., P'.T,S. Wong and B_.J. Dutka. Taxonomicand 
biochemical studies of a rapid NTA-utilization bacterial 
mutant. J. Water Poll. Cont. Fed. 

Liu, D.L., P.7'.S. Wong and B.J. Dutka. Correlation 
between carbohydrate and some heterotrophic bacteria 
in lake sediment. Submitted to Journal of Limnology 
a_nd 'Ocea_nogra,p,hy, September 1972. 

Liu, D.L., P.7'.s Wong and B.J. Dutka. Taxonomic and 
biochemical studies of a rapid NTA-utilizing bacterial 
mutant. JWPCF (accepted June, 1972). 

Liu, D.L., P.7'.S. Wong and B.J. Dutka. Determinationof 
carbohydrate in lake sediment by a modified phenol- 
sulfuric acid method. Water Research. 

Liu, D.L. and B.J. Dutka. Biological oxidation of hydro- 
carbons in aqueous phase. JWPCF. 

MacDowa|l, J.A., A. Falconer and K.P.B. Thomson. 
"Simulation Studies of ERTS-A & B Data for 
Hydrologic Studies in the Lake Ontario Basin". Report 
presented to the 4th Annual Earth Resources Program 
Review, Manned‘ Spacecraft Centre, Houston, Texas, 
January 17-21, 1972. 

118 

Munawar_, M., and W.A. Glooschenko. The effects of NTA 
upon 1-‘C uptake by in situ phytoplankton in Lakes 
Erie and Oritario. Third Canadian Oceanographic 
Symposium, May 2-4, 1972, CCl'W. — 

M_unawa_r, M. Limnological studies on freshwater ponds of 
Hyderabad, India. Ill. The Biocenose. Accepted for 
publication in Hydrobiologia. 

Murthy, C.R.»Diffusion in coastal currents of a lake. Proc. 
of the Symposium on "The physical processes 
responsible for the dispersal of pollutants in the 
nearshore zone”, lpnternational Council for the 
Exploration of the Sea. (1972) Aarlms, Denmark. 

Murthy, C.R. and B.C. Kenney. Diffusion in coastal 
_curren_t_s of _a lake. Presented at Sym. Phys. Processes 
responsible for dispersal of pol'luta'n'ts in the sea with 
special reference to the near shore zone. July 4-7, 
1972. 
Aarhus, Den_m_ark. Accepted for‘ pu_bl,ic_ation in 
proceedings. ' 

Nauwerck, A., L. Devey and G. Carpenter. The crustacean 
_zoop|_an_kton_ of Lake Ontario, 1970. Presented at the 
Third Canadian Oceanographic Symposium, May‘ 2-4, 
1972, CCIW.

V 

Nriagu, J.0. Lead Orthophosphates. ll. Sta_bi_lity of 
ch|oropy'romor"phit"e at 25°C. Geochim. Cosmochim. 
Acta. 

N_riagu, J.O. Lead Orthophosphates. Ill. Stabilities of 
fluoropyromorphite and bromiopyromorphite at 25°C. 
Geochim. Cosmochim. Acta. 

Nriagu, J.O. and A.S.. Menon. Distribution and diagenesis of 
sulfur in Lake Erie sediments and overlying water. 
Presented at CCO Conference, May 1972. 

Nriagu, J.O. Dissolutiocn characteristilcs of freshwater ferro- 
manganese nodules under controlled Eh and’ pH 
conditions. Limnology and Oceanography. 

Nriagu, J.O. Solubility equilibrium constant of oz-hopeite. 
Geochi_m. Coscmochim. _Acta_. 

Nriagu, J. and A.S. Menon. Distribution and diagenesis of 
sulfur in Lake Erie sediments and overlying waters. 
Presented at 3rd Canadian Oceanographic Symsiurn, 
C.ClW, Burlington, May 2-4, 1972. 

Peters, RH. and D.R.S. Lean. The characterization of 
soluble phosphorus released by zooplankton. Limnol. 

' &‘Ocea‘nogr. 

Platford, R.F. The osmotic coefficients of aqueous 
solutions of seven compounds at 0°C. J. Chem. 8; Eng. 
Data.



Platford, R.F.. The role of the Department of the 
Environment and its work in chemistry and chemical 
engineering. Presented at the University of Waterloo, 
March, 1972. 

A

' 

Rukavina, N.A. Seasonal and progressive changes in 
' 

sediment propertiesin the Lake_ Ontario nearshore 
zone. Accepted for presentation at the International 
Sympos_iu_m on lnter-relationships of Estuarine and 
Continental Shelf Sedimentation. Bordeaux. France. 

St. John, B.E. 1972. Trace elements in corals of the Coral 
Sea':. Their relationship to oceanographic factors. in 
oceanography of the South Pacific 1972. 

St. John, B.E., P.G.' Sly and R.L. Thomas. 1972. The 
importance of sediment studies in Western Lakes as a 
key to basin r‘nanagement;.Aln Symposium on the Lakes 
of Western‘ Canada. 

St. John, B-.;E. 1972. The Iimnogeology of the Okanagan 
mainstem lakes: Fi_nal Report of Task 121 of the 
Okanagan Basin Study. 

Sekerka, |., _J. Lechner. Some characteristics of Ion- 
Selective Electrodes. Tech. Bull. 

Sekerka, l., J. Lechner. Influence of Container Material 
on the Loss of Silver, Mercuric and Cupric ions from 
Water Solutions. Tech. Bull. 

Sekerka, |., J. Lechner. Automation of Direct Potentio- 
metry. Int. J. of Env. Anal. Chem. 

Sekerka, l., J. Lechner. International Symposium "Recent 
Advances in the Analytical Chemistry of Pollutants". 
Dalhousie University, Halifax, N-.S. Presented paper: 
Automation of Direct Potentiometry. 

Sinclair, M. A Review of J.F. Johnson's Renovated Water. 
Accepted by Canadian Geographer. 

Stadelmann, P. Nitrogen cycle a_nd primary production in 
two Swiss lakes: mesotrophic Lake of Lucerne (Bay of 
Horw) and eutrophic Rotsee. American Society of 
Limnology & Oceanography, August 27, 1972, 
Minneapolis, Minn. 

Strachan, W.'M.J. The role of the Department of the 
Environment and its work in chemistry and chem_ical 
engineering. Presented at the University of Toronto, 
April, 1972. 

Thomas, R.L. The distribution of mercury in the surficial 
sediments of La__ke Huron. Can. J. Earth Sci. 10. 

Thomas_, R.L., A.L.W. Kemp, and C.F.M. Lewis. The 
surficial sediments of Lake Huron. Can. J. Earth Sci. 
10. 

Thompson, M.E. The Orion water hardness electrode: An 
unexpected response to magnesium ion. Presented by 
Y.K. Chau at Recent Advances in the Analytical 
Chemistry of Pollutants Conference in Halifax, N.S., 
1972. 

Thompson, M.E. Book Review of new journal 
Chemosphere. Hydrologic Sciences Bulletin. 

Thompson, M.E. The Orion water hardness electrode: An 
unexpected response to magnesium ion. International 
J. of Environmental Analytical Chemistry. 

Vernet, J.P., R.L. Thomas, J.-M. Jaquet and R. Fridli. 
Texture of the sediments of the Petit Lac (Western 
Lake Geneva). Eclogae geologicae Helvetia. 

Watson, N.H.F. The laboratory fecundity of the freshwater 
Cyclopoid copepod Diacyclops navus Herrick. 
American Society of Limnology & Oceanography, 
August 27, 1972, Minneapolis, Minn. 

Weiler, R.R. The i_nterstitia| water 
’ 

composition in the 
sediments of the Great Lakes. I. Western Lake Ontario. 
Limnology & Oceanography. 

Williams, J.D.H. Phosphorus in the sediments of the 
Okanagan Mainstem Lakes. Okanagan Study 
Committee. 

Williams, D.J. General Limnology of the Mainstem Lakes in 
the Okanagan Valley, British Columbia. Submitted to 
the Canada-British Columbia Okanagan Basin Study 
Committee. 1972;. 

Wong, P.T.S. Rapid degradation of nitrilotriacetic acid 
(NTA) by a bacterial mutant. Presented at American 
Society of Limnology and Oceanography Conference, 
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1. 34 p. CCIW. 
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of the mainstem lakes in the Okanagan Basin, B.C. 
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Dobson, H.H. 1972 Nutrients in the Great Lakes: A New 
Comparison. ' 
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A 

face, distribution. of total chlorophyll a in Lakes 
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Hannon, S. and W. Hyatt. The Benthic Community of - 

Hamilton’ Harbour. 1972. 
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’ ’ ‘ 
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1971,. 

Withers, S.P. The Otter trawl as ameans of sampling ‘Great 
Lakes Fish 1972. 

LIMNOLOGICAL DATA REPORTS 

No. 1, Lake Erie, Cruise 69-101, Feb. 6-27; Cruise 69-103, 
May 29June 4; Cruise 69-104, July 2-6; Cru_ise 69-1'05, 
July 28-August 2;. (1969). ' 

V 
' * ' 

No. 2, Lake Erie, Cruise 69-L107, Aug. 25-30; Cruise 69'-108, 
Sept. 13-18; Cruise 69-110, Oct. '14-20; Cruise 69-111, 
Dec. 7-13. (1969) 

No. 1, Lake Huron/La_ke Superior. Lake (Huron, Cruise.- 
69202, Sept. 22-29; Cruise 69-203, Nov. 18-Dec. 6; 
Lake Superior, Cruise 69-302, Nov. 12-25. (1969) 

No. 1, Lake Ontario, Cruise 69-002,;-Apr. ~12-15; Cruise 
- 69-007, May 12-17; Cruise 69.-011, June-9-14. (1969) 

(No. 2, Lake Ontario, Cruise 69,-015,~July- 8-1'3,‘ Cruise 
69-017, Aug. 5-10, Cruise 69-025, Sept. 4-10. (1969) 

No. 3, Lake Ontario, Cruise 69.-030,. Oc’_t_-. 2-7; Cruise 
69-033, Oct. 31-Nov. 5; Cruise 69-034, Dec. 1-6. 

(1969) ' 
-

’ 

AWARDS 
At the 1972 International Association for Great Lakes 

Research Conference in Madison, Wisconsin, a new prize 
called the Chandler-Mis‘ene’r‘ Award was given to H. Dobson 
and M. Gilbertson for their 1971 paper "Oxygen depletion 
in the hypjolimnion of the central basin of Lake Erie, 1929 
to 1970"; The award was given for the best paper‘ of the 
1971 Conference Proceedings.
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Professor J. H. Dales 
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Department of Civil Engineering 
University of British Columbia 
Vancouver 8, B.C. 

Dr. G. Shane 
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Shell Oil Canada Limited 
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Toronto 1, Ontario 
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Dr. E. G. Pleva 
Department of Geography 
Middlesex College 
University of Western Ontario 
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Mr. G. E..Ba.ngay 
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Social Science Research Section 
CCIW, Box 5050 
Burlington, Ontario 

MEMBERS 
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Department of Civil Engineering 
University of New Brunswick 
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1500 O. Boul. de Maisonneuve 
Montréal, Québec 

Dr. W. E. Johnson 
Director, Freshwater Institute 
Fisheries Research Board of Canada 
501 University Crescent 
Winnipeg, Manitoba R3T 2N6 
Professor J. R. Kramer 
Department of Geology 
McMaster University 
Hamilton, Ontario 

Mr. J. W. MacLaren 
James F. MacLaren Limited 
Environmental Engineers & Scientists 
435 McNicoll Avenue 
Willowdale, Ontario 

Mr. M. S. Slivitzky 
Directeur 
Centre Québécois des Sciences de l’eau 
Institut National de la Recherche Scientifique 
Université du Québec

, 

CP. 7500 
Ste. _Foy, Québec (10e) 

Dr. N E. R. Campbell 
Department of Microbiology 
University of Manitoba 
Winnipeg, Manitoba 
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Mr. F. A. Voege .
. 

Executive Director‘ 
Laboratory and Research Division 
Ontario Ministry of Environment 
l 35 St. Clair Avenue West 
Toronto 195 , Ontario 

Mr. M. Mitchenson 
President 
Committee of a Thousand 
P.O. Box 185 
Niagara Falls, Ontario 

Dr. A. D. Misener 
Director, Great Lakes Institute 
University of Toronto 
Toronto 181, Ontario 

Mr. J. B_. Bryce 
Hydraulic Engineer . 

The Hydro Electric Power Co_rn_mission of Ontario 
620 University Avenue 
Toronto, Ontario 

Altemate: 
Mr. R. A. Walker

‘ 

Asst. Hydraulic Engineer (Studies) 
The Hydro Electric Power Commission of Ontario 
620 University Avenue 
Toronto, Ontario 

Mr. J. L. MacCallum 
Assistant to the Chairman and Legal Adviser 
International Joint Commission 
151 Slater Street 
Ottawa, Ontario, KIP 5H3 

Mr. H‘. G. P. Taylor 
Director, Resources Programs Division 
Department of Finance 
Confederation Building 
Ottawa, Ontario 

Dr. A. DesMarais 
Principal Science Adviser 
Science Secretariat . 

Privy Council Office, East Block 
Parliament Buildings 
Ottawa, Ontario KIA 0A3 

Mr. T. L. Richards 
Chief, Hydrometeorology and Marine Applications Division 
Atmospheric Enviro__nment Service

' 

Department of‘ the Environment 
4905 Dufferin Street 
Downsview, Ontario 

Dr. D. R. Stanley 
President 
Stanley Associates Engineering Limited 
1 l 810 Kinsway 
Edmonton, Alberta 

Mr. T. E. Weber 
Direjctor-General 
Water Resources Branch 
Department of Mines, Resources and Environment Management 
693 Taylor Avenue 3 

Winnipeg, Manitoba R.3M ZK2 '
' 
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A 

Mr. H. G. Kingstone
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Department of Exte_r_n_aI Affairs 
Ottawa, Ontario K1A 0A3 
Dr. E._ Y. Spencer 
Director, Research Institute 
Research Branch, Canada Agriculture 
University Sub Post Office 
London 72, Ontario 

Dr. W. J._Wair_ies
_ 

Associate Director (Domestic Programmes) 
Association of Universities and Colleges of Canada 
l5l Slater Street 

_ _ _ 

Ottawa, Ontario KIP 5N1 

Alternate: 

Monseigneur J . Garneau 
Directeur adjoint (Programmes internationaux) 
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Ottawa, Ontario Kll’ 5N1 
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T.~_S. Hillis, Secretary 
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A. D. Misener 
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Mr. Leonard Cartier 
c/o Asselin, Benoit, Boucher, Ducharme, Lapointe, Consulting 
Engineers 
4200 Dorchester Blvd. W. 
Montreal 215, Quebec 

Mr. D. Foulds 
Ontario Hydro 
620 University Avenue 
Toronto 2, Ontario 

Mr. N. H. James 
Director, Water Planning & Management Branch 
Department of the Environment 
Ottawa, Ontario KlA_ OH3 

Prof. S. S. Lazier 
Department of Civil Engineering 
Queen's University 
Kingston, Ontario 

Mr. F. I._ Lorant, P. Eng. 
M. M. Dillon Ltd. 
Consulting Engineers 
50 Holly Avenue 
Box 219, Stn. K. 
Toronto, Ontario 

Dr-. B. Michel
_ 

Dept. of Civil Engineering 
Laval University , 

Ste. Foy, Quebec. 

Mr. Hans Neu 
Atlantic Oceanographic Institute 
Bedford Institute 
Dartmouth, ‘N .S. 

Mr. M. W. Paul 
Chief of the Marine Eng. Div. 
Design Directorate 
Public Works Department 
Room C547, Sir Charles Tupper Bldg. 
Riverside Drive . 

Ottawa, Ontario KIA OM2 
Mr. R. H. Smith 
Director of Marine Hydraulics Branch 
Ministry of Transport 
Ottawa, Ontario, KIA 0N5 
Mr. W. Stichling, Sediment Surveys 
Water Resources Branch ' 

Inland Waters Directorate 
Department of the Environment 
Ottawa, Ontario KIA 0H3 
Prof. K. S. Davar 
Dept. of Civil Engineering 
University of New Brunswick 
Fredericton, N.B. 
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APPENDIX D 

Researchand Development Contracts 1972 

To provide estimates of the current use of potentially 
environmentally harmful substances in,Ontario industry. (P. 
D. Fenwicl<—$3,990).

' 

To conduct the analysisof mercury content of surface 
sediments from lakes and rivers in Canada. (Barringer 
Research l.td._—$5,000). 

An investigation of the forms of occurrence of. toxic. 
trace metals in river and lake bottom sediments. (Barringer 
Research Ltd.-—$5,000).

‘ 

To carry out studies of turbulent diffusion in relation 
to environmental conditions. (Dr. G. Kullenberg, University 
of Copenha‘gen—$9,000)_. 

To provide continuing research on a project involving 
the geological study’ of the nearshore environment of Lake 
Superior. (Lakehead University-$10,000). 

Advise on lakes research needed to determine water 
quality criteria with respect to potentially polluting 
substances. (Mr. D. Matheson—$8,000). 

To prepare samples and measure isotopic ratios of 
sulphur. (Mc,Mast_ejr University, Prof. C. E. Rees—$7,970). 

To provide for services covering "Radiation Analysis" 
of data from IFYG L. (McMaster University-$10,750). 

An investigation into the feasibility of detecting and 
quantitatively estimating phosphate minerals in Iacustrine 
sediments by mineralogical methods. (New Brunswick 
Research and Productivity Council-, Dr. D. Abbott- 
$4,000). 

Palynological (pollen) analysis. (Royal Ontario 
Museum, Dr. -J. McAndrews—'$2-,500). 

To identify 1500 Coliforrn isolates collected from the 
Rainy River study. (University of Toronto, Prof. P. L. 

Seyfried-$4,600). 

To conduct limnology study as part of IFYGL 
(Universi_ty of Toronto, Prof. G. K. Rodgers—$l4,666). 

To conduct Great Lakes Monitoring program using the 
Port Dauphine. (University of‘ Toronto, Dr. A. D. 
M isener-$40,000). 

To conduct Coastal Chain studies. (Waterloo Research 
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Institute, University of Waterloo, Dr. G. T. Csanadyé 
$45,000). . . 

-
- 

Composition of surface sediments of Lakes Ontario,‘ 
Erie and Huron. (Scintrex Ltd.-$2-.500).

I 

Develop and manufacture two prototype and nine 
production fixed/towed temperature profiling elect_ric'a_l 

cables. (Boston Insulated Wire, Hami|ton—$26,000). 

Repair, overhaul, modifications, special investigations 
and technical studies of existing instrumentation; e,g_, 

current meters, met. packs, etc. (Canadian General Electric, 
Westo'n—$150,000). 

Manufacture and test prototype expanded Multiple 
Digital Input Recorder System. (EDA Electronics, 
Ottawa—$4,400). 

Manufacture and test ten monitor printout units (for 
Plessey Instruments). (EDA Electronics, Ottawa—$l9,_000). 

Develop and manufacture four prototype, seventy—nine 
production, sol_id state timers for Plessey Instruments. 
(EDA Electronics, Ottawa—$23,000). 

Manufacture and test 10 Dyna-Grip tennination 
assemblies in_c_lud_ing cable for EBT systems. (Preformed 
Line Products, Cleveland, Ohio-$15,000). 

To provide software for conversion of EROS data 
retrieval system from 6600 to 31000 computer. (Entropy 
Systems, Va,ncouver—$1 ,500) . 

The following contracts from headquarters funds were 
monitored by CCIW staff. 

Efficiency and cost of dredging procedures in the 
removal of polluted fine-grained se.di,ment_s. (H. G. Acres 
Consultants Ltd., Niagara Fa||s—$39,500). 

Environmental Distribution of Agricultural Chemicals. 
(Canadian Canners Ltd., Burlington—$35,700). 

The use of plastic-media trickling filters for waste 
water treatment. (Industrial Research Institute, University 
of Waterloo—$60,000). 

To detemiine the effect of phosphorus limit on the 
washing efficiency of detergents. (Ontario Research 
Foundation—$30,988). ‘



Analytical techniques and methodology for polycyclic 
aromatic hyd_roc_arbons. (University of Calgary, Dr. G. W. 
Hodgson-$21,468). 

Lake Huron—St. Clair critical coastal interface study-. 
(University of Western Ontario, Prof. E. G. Pleva—$9,000). 

Application of satellite imagery to water mass 
delineation of western Lake Ontario. (University of 
Toronto—$2,983). 

Application of ERTS imagery to the study of the ice 
regime on Lake Erie and the reservoir areas above the 
Churchill Falls power development in Labrador. 
(ACRES—$3,500). 

Application of satellite data to freeze-up, break-up and 
changing configuration of Lakes in Northern Quebec and 
Labrador. (McGil_| University—$9,210). 

Application of satellite imagery to the study of the St. 
Lawrence Valley area in particular Lake St. Louis and Lake 
St. Pierre. (CENTREAU, Université Lava|—$12,868). 

Application of satellite imagery to the study of Big 
Quill Lake. (Sask. Research Council—$23,560). 

Application of satellite imagery to the inventory of the 
surface and groundwater patterns in the Cooking Lake and 
Gull Lake Basins in Alberta, Canada. (University of 
A|berta—$3,209). 

Design, assembly and testing of transmitter-receiver 
system. Conduct propagation and scattering studies at 
CCIW to determine feasibility of the system as a workable 
water lidar. (York University—$23,600). 

The following contracts were let by CCIW and funded 
under the Canada-Ontario Agreement on Great Lakes Water 
Quality. 

An Exa_m_ination of Sewage and Sewage Sludge for 
Enterovi_ruses. (Central Public Health Lab.—$9,000). 

Solidification of Phosphate Sludges using Industrial 
Sulfate Wastes and Thermal Power Plant Fly Ash. (Acres 
Consulting Services Ltd-_-$7,500). 

Heavy Metals in Agricultural Lands Receiving Chemical 
Sewage Sludges. (University of Toronto—$15,000). 

Aerobic Digestion of Organic Sludges Conta_i_ning 
Inorganic Phosphorus Precipitates. (University of 
Toronto-$10,000). 

Wet Oxidation of Chemical Sludges. (Waterloo 
Research Institute, University of Waterlo'o—$8,000). 

The‘ Assessment of Polymers as Aids to the Removal of 
Phosphorus from Wastewater. (McMaster University- 
$13,000). 

Design and Performance Criteria for Settling Tanks for 
the Removal of Physica_|—Chemica| Flocs. (University of 
Toronto—$16,000). 

The use of Lime in the Treatment of Municipal 
Wastewaters. (Domtar Limited-—$15,000). 

Integration of 
A 

Physio-Chemical and Biological 
Wastewater Treatment Processes. (Water Research Institute, 
University of Waterloo—$21,450). 

To Establish Viable Methods of Maintaining Waste 
Treatment Facility Efficiencies with Reference to Waste 
Variations. (James F. MacLaren Limited—$13,000). 

Chemical Dosage Control for Phosphorus Removal. 
(Pollutech Pollution Advisory Services Ltd.—$25,000). 

Nutrient Control in Sewage Lagoons. (Pollutech 
Pollution Advisory Services Ltd.—$10,000). 

The Effect of Household Sanitary Systems on Urban 
Watershed Phosphate Levels. (Industrial Research Institute 
of the University of Windsor—$9,680). 

Nitrogen Removal from Municipal Wastewaters. 
(Dupont of Canada Limited—$30,000). 

The Removal of Nutrients by Partial Ozonation 
followed by Coagulation. (University of Sherbrooke— 
$7,000). 

Land Disposal of (Sewage Sludges. (University of 
Guelph—$50,000). 

Characterization of the Behaviour of Cher‘nical|y- 
Precipitated Sludges in Soils. (Soi_l Research Institute, 
Canada Dept. of Agriculture—$8,000). 
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