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SUMMARY

Earlier methods using the traditional bottle casts and separate
transmissometer profiles to collect oceanographic data and turbidity
measurements were time consuming, labour intensive and unable to give a
continuous profile of the water column. Sampling often had to be done over
several days in order to determine an effluent dispersion pattern for a given
tidal stage or span several stages of the tide. Upon return from the field,
unnecessary effort and time delays were experienced in processing the field
data for final reporting.

The introduction of a single electronic profiling system capable
of instantly measuring conductivity, temperature and depth (CTD), coupled with
water sampling capabilities, a 25 cm light path transmissometer for turbidity
measurements, and a microcomputer has vastly improved the efficiency and
effectiveness in determining effluent distribution within the receiving
environment. The quality and quantity of information collected are.far
superior to previous methods used, allowing for ready access to the data for
decisions in the field and processing for final reporting with a minimum
amount of manual effort and time.

Time to complete each sample station has been reduced from in
excess of one hour to less than 10 minutes, permitting complete coverage of
most effluent fields within a single stage of the tide, maximizing vessel time
and manpower. With the computer storage and processing capability, data can
be analyzed and made available within a few weeks following collection as
opposed to as much as a year with the older system. Cost of the profiling
system complete with microcomputer and winch was approximately $50,000.
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1. INTRODUCTION

It is often necessary during investigations at various coastal
industrial and municipal discharge sites to define as precisely and as
quickly as possible the boundaries of the effluent plume. These boundaries
must be determined under various tidal conditions, as well as a variety of
oceanographic conditions such as temperature, salinity, water density,
etc.. In one particular case, the Amax/Kitsault mine, the tailings dis-
charge is governed by special regulation (i.e. Alice Arm Tailings Deposit
Regulations, AATDR) which specify where in the receiving water the effluent
plume is permitted. This requires a rapid and efficient method for assess-
ing compliance of the effluent plume with limits set by regulation.

Apart from assessing compliance with federal regulations, estab-
lishing the effluent plume boundaries aids in the interpretation of biolog-
jcal, chemical, and physical monitoring results and in establishing mean-
ingful sampling sites for monitoring purposes. Much of the oceénographic
data collected also assists in understanding the dynamics of the receiving
environment and its influence on waste discharge.

Over the past few years an electronic conductivity, temperature,
depth and transmissometer profiling system (CTD-Transmissometer) coupled
with a microcomputer has been assembled., This has greatly enhanced capa-
bilities of assessing effluent distribution and behaviour in the receiving
environment under various oceanographic conditions. The system is designed
to operate from small (20-25 ft.) vessels or larger oceanographic ships.
The amount of data collected, its quality and storage along with the speed
at which the information is made available to the observer in the field and
for final reporting has been increased markedly over earlier profiling
methods and equipment,

With the transmissometer, the system is especially applicable to
tracing particulate bearing effluents but could be adapted for use on
non-particulate bearing effluents, such as from pulp mills, through the use
of fluorometry.



1.1 Initial System

Initially, sampling procedures consisted of a series of standard
hydrocasts where a number of NI0 water bottles equipped with reversing
thermometers were deployed to collect water samples for salinity and
temperature from specific depths throughout the water column. Following
this, a one metre light path transmissometer was lowered separately to
obtain light transmittance levels at 5 or 10 metre intervals throughout the
water column, The transmissometer was coupled to a deck unit by a 1/2"
multiconductor cable and lTowered by hand. All readings were hand recorded
from a meter readout.

If chemical identification of the particulate matter was
required, a third cast had to be made using a series of 2 or 4 litre Niskin
water bottles arranged to cover a number of depths in the water column.

The time to complete a single station was normally in excess of
one hour if three hydrocasts were required. This generally allowed approx-
imately 8-10 stations to be sampled in a 12 hour shift, Apart from limit-
ing the number of stations which could be reasonably done in a day,
complete coverage of the plume area often had to span several stages of the
tide or within a single stage of the tide, if done over several days. The
influence of the tide obviously can have a considerable affect on plume
distribution and must be considered when sampling.

The method of discrete water sampling at various depths
obviously cannot provide a continuous picture of the water column and has
the risk of missing key features which may be important in final interpre-
tation,

1.2 Second Stage System

The initial system was subsequently replaced by an electronic CTD
sensor system manufactured by Plessy Environmental Systems (now Grundy, see
specifications) and coupled with a 25 cm path length transmissometer manu-
factured by Sea Tech Inc. (see specifications). Signals from the probe are
transmitted in separate frequencies through a 1/8", single conductor



multiplex cable to a five-parameter digital display unit also manufactured
by Plessy Environmental Systems (see specifications) (Figure 1). The cable
also serves to lower the instrument, allowing up to 350 metres to be
mounted on a small hydraulically driven winch, With the appropriate
adaptor base and hydraulic flow controls, this winch can be used on large
oceanographic ships or connected directly to a hydraulic pump on a small
inboard driven boat. The small size of the conductor cable aliows for
sending a messenger down to the probe to trip a 5 litre water bottle
mounted on the protective cage (Figure 1) if a water sample is needed for
chemical identification. The sample is then guaranteed to be taken from
the exact depth of the probe, giving a more representative sample than
several separate hydrocasts.

Initially, the digital data was hand recorded at 5 metre
intervals. Later, a cassette tape recorder was added. However, hand
recording was still required to obtain data immediately for use in the
field. Through the use of this system, the number of hydrocasts for each
station was reduced to one from the previous three. If more water samples
were required throughout the profile, a series of casts in quick succession
could be made by raising and Towering the probe and bottle. The main
advantage of this is to collect oceanographic and transmissometer data at
precisely the same depth as the water sample used for chemical
identification., The time required to complete each station was reduced to
approximately 20 minutes, with the limiting factor being the time needed to
hand record data. This method permitted more complete coverage of the
effluent field within a given stage of the tide and allowed for a
continuous profile of the water column.

1.3 Computer Integrated System

The CTD-Transmissometer profiling system which is presently in
use has now been coupled with a Hewlett Packard 9826 microcomputer
(Figure 1). Use of the microcomputer was made possible through the
development of a multichannel frequency counter which converts sensor



voltages, transmitted to the deck unit in kilohertz, to digital numbers in
computer language. The frequency counter was developed through the cooper-
ation of the Institute of Ocean Sciences at Patricia Bay. The computing
capabilities and speed of the microcomputer permits storage of a large
volume of data collected during each cast, the appropriate processing and
immediate display of the information enabling decisions to be made directly
in the field on the most appropriate location for water sampling and the
next sample station location. An average 350 m profile consists of approx-
imatley 700 individual records for each of four parameters, conductivity,
temperature, depth and light transmittance. A software package has been
developed to automatically convert each parameter from frequency to
scientific units (e.g. 9/00, °C, metres, and % transmittance). Each
parameter can be displayed separately on a 7 inch screen (CRT) and observed
directly as the probe is lowered through the water column. During the
descent, the numerical data are printed out at a rate ranging from once in
every 1 to 20 seconds. At the end of each cast a hard copy of the profile
can be obtained from a thermal printer. On the ascent a single water sam-
ple along with a plot with its location in the profile, record of sample
numbers and three records of the CTD-Transmissometer data can be obtained
the instant the messenger hits the water bottle at the desired depth. This
can be repeated five times before having to re-set the computer for another
profile. All data gathered during the profile can be stored on diskette
for later analyses, graphical presentation in text quality single or multi-
parameter plots and tabular summaries of the numerical data at specific
depth intervals,

Using the microcomputer to process the data in the field has
permitted the collection and storage of a considerable amount of informa-
tion, continuously throughout the water column. The time required to com-
plete a single station with the use of the microcomputer has been reduced
to under 10 minutes. In most cases this allows complete coverage of the
effluent plume within a single stage of the tide., All data collected can
then be compiled into a report within several weeks after returning from
the field.



Examples of some typical outputs are shown in Figures 2 to 8.
Figure 2 is an example of the station information along with water sample
information and any comments the operator wishes to make. Figure 3 shows
the numerical data printed during the profile, in this case once every 10
seconds. Figure 4 is an example of transmissometer profile obtained fol-
lowing completion of the probe's descent and location of a water sample
taken upon the ascent. As shown in Figure 5 the profile can be expanded if
required. The numerical data can be summarized into specific depth inter-
vals as shown in Figure 6. Upon return from the field single or multipara-
meter plots can then be prepared for final reporting (Figures 7 and 8).

Although there has been an initial cost outlay of approximately
$50,000 and the sensors do require periodic servicing to ensure precise
calibration, this system has allowed for much greater coverage of the
receiving water within a shorter period, more precise information gathered
continuously throughout the water column and substantial reduction in
effort in obtaining and processing the data for final reporting.. Use of
manpower and vessel time can also be maximized, with considerable cost
saving.

There has been no intention in this report to present the
specific details of the computer software nor the procedures involved in
conducting CTD-Transmissometer profiles. These can be obtained by
contacting the authors at the Environmental Protection Service, Pacific
Region, Kapilano 100, West Vancouver, V7T 1A2.

Efforts are presently underway to develop a calibration curve for
the transmissometers to reduce the need for collecting water samples to
determine suspended solids concentrations through gravimetric analysis.



2. SPECIFICATIONS

CTD Sensor - Model 9400

Dimensions - 30.5 cm wide x 40.6 cm high
Weight - 11.8 kg in air, 8.2 kg in water
Depth Capability - 350 m, 600 m available

Parameter Conductivity
Model 6500
Range 0 to 60 mmho/cm
Accuracy + 0.03 mmho/cm

OQutput Signal

Frequency 4995-7901 Hz
Resolution 0.0001 mmho/cm
Time Constant 0.1 sec.

Digital Display Unit - Model 8500

Temgerature

4500
-2°C to 35°C
+0.02°C

2127-4193 Hz
0.0001°C
0.35 sec.

Depth

4600
300 m
+ 0.95% of
full scale

9712-11,288 Hz
0.0002% FS
0.1 sec.

Manufacturer - Plessy Environmental Systems, San Diego, California, now

Grundy

Transmissometer

Depth Capacity - 750 metres

Dimensions - Length - 78 cm, Diameter - 10 cm

Light Source - Monochromatic collimated beam at 660 nm

Path Length - 25 c¢cm

Manufacturer - Sea Tech Inc., Corvallis, Oregon



Analog-to-Digital Converter

EPS/I0S Multi-Channel Frequency Counter* for the conversion of

voltage to digital counts necessary for computer processing. One second
signal averaging is used between packet outputs to GPIO (HPIB) and RS-232
connector ports.

Parameter Frequency Bandwidth (Hz) Range
dissolved oxygen 1562 - 1913 -0.6 - 20.0 ppm
temperature 2015 - 4584 -4.0 - 42.0 deg.C
conductivity ratio 4995 - 8318 0.0 - 1.6
pressure 9526 - 11812 -35 - 400 dbar
transmission 14000 - 16000 100 - 0 %

Micro-Computer System

Processor:

Accessories:

Software:

Hewlett-Packard 9826 desktop computer with RAM loading BASIC
operating system,

Memory - HP 256K RAM memory expansion board.

Printer - HP Model 2671G thermal graphics printer,

Plotter - HP Model 9872C eight pen fully programmable plotter
for drawings up to 11 by 15 inches.

EPS designed programs written in HP BASIC 2.0 for frequency
counter data aquisition and processing, graphical
presentation, listing and storage. Additional programs for
diskette file maintentance including data editing and further
outputs.

*Multi-channel frequency counter was developed through the cooperation of

T.A. Curran from the Institute of Ocean Sciences, Pat Bay.
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Figure 2 Station and Water Sampling Information
CTD FILE LISTING ROUTINE : MARINEIE
Survey Area : ALICE ARM Station ¢ Q 20 Lat 55 26.7
Date : 83/10/06 Long 129 21.8
Time (profile start) 1033 PDT Air depth reading : 1.30 meters
(end of cast) : 1041 PDT Sounder depth 263.00 meters
Cassette identification no. ¢ 0 Counter at Air Readina : 0
at Profile Start : 0
at Profile Stop 0
at End of Cast 0
No. Sample Bottle Salinity Bottle Depth (m) Temp (C) Salinity Trans %
1 66 L. 252.85 6.44 31.0321 81.200
253.04 6.46 30.9931 81.150
252.85 6£.48 30.9770 21.100
2 67 i 101.98 7.93 29.5758 76.800
101.79 7.89 29.6062 76.900
101.98 7.88 29.6212 76.900
3 e 68 98.36 8.00 29,3652 77.950
98.55 8.04 29.3135 77.950
98 .55 7.938 29.3584 77.950

Operator Comments

¢ SALINITY CALIEB.
¢ PLANKTON ID
: FROM #68

+3



Figure 3 CTD Cast Profile Information
™ CTD CAST PROFILE INFORMATION.

Blox fpres ftemp fcond fdowy Ftran Pcbar Cond R Oxyoen Depth M Temp C Sigmal (onduct.

- 1 95 2776 582 44 14786 2.86 .58 0,00 2.6 9.63 12.97 19,572
2 Y5 271 %M 48 18% 2.6 .68 0.00 2.6 9.6 12.99 19.59%

3 W5 7% 56 M8 1479 .86 .64 0.0 2.86 9.63 13.02 . 18.51%2

- 4 5 077 S84 &5 14718 2.6 4659 0.00 2.8 9.65 12.98 19,5985
5 924 276 554 42 14811 2.6/ .63 0.00 2.6/ 8.8 13.00 19,5985

6 5. 7% 535 48 14780 2.6 &4 0.0 286 9.8 13.2 1861%

- /7 W5 777 5843 447 14847 2.8 .64 0.0 2.86 9.5 12.8 19.5779
- 8 95 7% 5343 & 1485 2.8 464 0.00 2.8 9.61 13.00 18.5775
9 5. 774 5543 46 145 2.8 .4564  0.00 2.86 8.53 13.01 19,5779

10 95 275 5% 40 14615 .86 463 0.0 2.8 3.61 13.00 19.598

- 1 95 2776 552 43 148% 2.8 658 0.0 2.8 9.63 12.97 19.572
2 9% Z755 5948 463 146853 2.8 464 0.00 2.8 9.61 13.00 19.5779

13 9724 2774 S92 448 14839 2.6/ 458 0.00 2.6/ 9.58 12.99 19,5722

- 14 975 2777 532 &2 1453 .86 .48 0.00 286 3.6 12.% 19.572
15 975 2774 552 &4 148% 2.66 .4658 0.0 2.86 9.53 12,99 19,572

16 575 775 594 481 1848 2.8 .68 0.00 2.8 9.61 12.8 19.5572

17 975 2780 5843 453 14876 2.86 .64 0.00 286 970 12.% 19.5779

- 18 95 2775 580 461 14805 .86 .88  0.00 2.6 9.6 12.98 19.5572
19 975 2774 552 455 14808 2.6 .58 0.00 2.8 3.53 12.99 19,572

A W5 278 598 4%/ 14808 2.8 .65 0.0 .86 8.67 12.% 19.5572

- 2 975 2775 5341 &6 1881/ 2.8 .65 0.00 2.6 9.61 12.87 19,5366
2 W5 278 5541 45 146 2.86 .65 0.00 .86 8.6/ 12.94 19.53%%

& 5 774 5841 & 14817 2.86 .45 0.0 2.8 9.5 12.98 19.5366

- 4 95 7% 5941 453 14818 2.8 5 0.0 .86 9.6 12.% 19.53%
5 75 2778 5540 444 14833 2.86 .60 0.00 2.8 9.67 12.92 19.5158

% %5 2775 5941 45 1484 2.8 .45 0.0 .86 3.8 12.53 19.53%¢

2 W5 2776 5540 472 14850 2.86 .60 0.00 2.8 9.6 12.94- 19.5158

- 2B B 76 5941 465 1484 3.4 465 0.0 .4 3.& 12.% 19.5%5
B WX 75 584 42 1473 4.1 .463  0.00 4.13  3.61 13.01 19,5385

X S 275 555 480 14718 4.5 .62 0.0 4.5 9.6 13.18 19.8%57

- 31 938 K SHA %67 1471 5.52 .46 0.00 55 9.61 1332 20.0115
¥ Y48 2778 5985 460 14700 6.8 .47  0.00 6.8 9.67 13.61 20.4451

B 9% 2784 K048 A 14697 6.85 .50 0.0 6.85 9.77 14.53 21.7867

¥ 48 2781 6168 47 14691 7.3 553 0.00 7483 9.9 153 2.951

“ L 945 275 B177 465 14687 B8.00 .5631 0.00 8.00 9.9/ 16.38 24.409
H» 9% /B 601 B0 14682 g.76 .5806  0.00 8.76 10.02 16.73 24.9055

¥ 973 275 BA5 480 14656 8.3 .58%6 0.00 9.3 9.97 16.82 24.9%881

- B 92 75 A7 46 14643 9.9 .583%5 0.00 3.9 9.9 16.85 X5.02%
3B 9% 272 613 4% 14605 10.47 5864 0.00 10.47 9.2 16.8 .1533

90 9% 272 625 40 14483 11,23 552 0.00 N2 .2 12,17 &5.41

- 41 71 2797 628 448 1482  11.61 58%6  0.00 1.6t 10.01 17,16 X.463
@ Y5 277N\ 622 46 1479 12,37 5%5 0.0 12.37 0.4 17,20 5,545

g 978 275 651 42 1480 12,94 6047 0.00 12,94 9.9 17,58 5.3380

4 381 2794 6X2 439 1484 1351 6100 0.00 1351 9.5 17.72 %6.1652

- 6 B4 7% BXS 412 142 1408 6114 0.0 14.08 9.9 17.74 %.221
% 988 2% 670 428 14472 1485 6138 0.0 148 9.8 17.82 2%6.334

4 90 275 6274 463 1474 1523 6158 0.00 5.3 9.7 17.9 2%.41%

- @8 I/ 7% 684 48 1440 159 654 0.00 1539 3.95 18.20 %.8%0
8 B 7Y 6312 &0 1441 6.5 6341 0.00 16.75 10.04 18.44 27,1977

0 WVO B 639 47 14489 1713 642 0.00 1713 3.9 18.74 27.5487

- S 3804 2797 643 45 14470 1788 LB519  0.00 17.88 10.01 18.06 27.%617
5 PE 272 6X & 1440 1827 B2 0.00 18.27 3.2 19.2 2.1063

3 B/O 272 BB M2 1466 19.03 G581 0.00 19.8 9.2 18.34 28.2715

4 B3 2791 63 4% 1443 1960 6702 0.00 13.60 9.9 19.72 28.7464

- S W6 7% b2 43 M8 .17 674 0.00 2007 8.9 1991 29.0562
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Figure 3 (Cont.)

CTD CAST PROFILE INFORMATION.
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Figure 4 Example of a Transmissometer Plot and Water Sample Locations
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Figure 5 Example of an Expanded Transmissometer Plot
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Figure 6 Table Showing Station Information and Numerical Data Printout by Depth

EFS MARINE CTD OCEANOGRAPHY

Survey Area : ALICE ARM Time (start cast) : 1033 PDT
Station : @ 20 Time (stop cast) ¢ 1041 PDT
Latitude : 55 26.7 o
Longitude : 129 31.8 Depth Reading in Air : 1.30 meter:

Date : 83/10/06 Bottom Depth (sounder) : 263.00 meter:

Depths adjusted for Air Reading Correction.

Depth (m) JTemp (C) Siama-T Conductivity Salinity Transmission %
1.6 9.63 12.97 19.5572 16.9832 60.700
2.0 9.63 12.98 19.5641 16.9894 58.046
3.0 9.61 13.01 19.5985 17.0304 £63.350
4,0 9.61 13.25 19.9186 17.3338 64.275
5.0 9.67 13.61 20.4451 17.8076 65.000

10.0 9.95 16.70 24,8126 21.8373 71.350
15.0 9.99 18.39 27.0764 24.0083 76.387
20.0 9.91 20,10 29.2535 26,1952 78.067
25.0 .60 21.08 30.2255 27 .3875 78.787
30.0 9.21 21.79 30.7598 28.2289 80.794
35.0 9.00 22.09 30.9307 28.5707 81.15¢6
40.0 8.93 22.21 31.0179 28.7089 81.500
45,0 8.87 22.30 31.0799 28.8174 82.125
50.0- 8.82 22.37 31.1134 28.8871 82.962
60.0 8.74 22.47 31.1671 29.0145 82.516
70.0 8.64 22.57 31.1965 29,1162 82.776
80.0 8.58 22.63 31.2195 29.1897 83.012
90.0 8.34 22.79 31.1934 29.3516 82.119
100.0 7.98 23.05 31.1498 29.6096 78.097
110.0 7.59 23.40 31.2083 29.9964 79.706
120.0 7.21 23.76 31.2611 30.3804 81.878
130.0 7.03 23.90 31.2680 30.5376 82.931
140.0 6.91 24.02 31.2898 30.6689 83.178
150.0 6.81 24,09 31.2864 30.7464 82.879
160.0 6.73 24,13 31.2548 30.7783 83.139
170.0 6.65 24.18 31.2364 30.8306 83.076
180.0 6.63 24,19 31.2288 30.8339 83.153
190.0 6.60 24.20 31.2211 30.8491 83.184
200.0 6.58 24.21 31.2172 30.8601 82.570
210.0 6.55 24.23 31.2213 30.8810 82.672
220.0 6.54 24,25 31.2264 30.8959 82.057
230.0 6.51 24.27 31.2313 30.9213 82.148
240.0 6.50 24.27 31.2316 30.9263 79.862
248.6 6.48 24.29 31.2386 30.9446 81.231



Figure 7 Example of a Single Parameter Plot Prepared for Final Reporting
Survey Rrea : ALICE ARM : 83718706
Station : Q 20 : 1833 PDT
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Figure 8

Example of a Multiparameter Plot Prepared for Final Reporting

Survey Rrea : ALICE ARM Date : 83/18/06
Station : Q 20 Time : 1833 PDT
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