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ABSTRACT 

Brownlee, M.J., E.R. Mattice and C.D. Levings. 1984. The 
Campbell River Estuary: a report on the design, construction and 
preliminary follow-up study f1ndings of intertidal marsh islands 
created for purposes of estuarine rehabilitation. Can. MS Rep. 
Fish. Aquat. Sci. 1789: 54pp. 

This report focuses on the cooperative efforts of agency staff, 
members of industry and the public in developing and constructing 
a new log-handling facility and rehabilitating an industrialized 
estuarine area of approximately 32 hectares that had been 
intensively utilized for log handling activities for over 75 
years. Reported are the planning and construction of the new 
dryland log sorting facility and the rehabilitative measures, the 
design details and preliminary results of the first year's 
studies of a longer term program being undertaken to assess the 
stability and biological implications of the rehabilitative 
measures, and future studies. Preliminary follow-up study 
results indicate that the intertidal islands are stable, 93% of 
the 23,302 marsh cores transplanted are growing, invertebrate 
colonization is still incomplete, juvenile wild chinook and churn 
salmon utilize the islands and catches are proportional to the 
abundance of salmon fry in the estuary. Hatchery reared juvenile 
salmon do not make extensive use of the islands. Migratory bird 
use of the islands has been recorded. All studies are 
continuing. 

Key words: Campbell River Estuary, estuarine rehabilitation, 
intertidal islands, marsh core transplants, benthic invertebrate 
colonization, juvenile salrnonid utilization, migratory bird 
utilization. 
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RESUME 

Brownlee, M.J., E.R. Mattice and C.D. Levings. 1984. The 
Campbell River Estuary: a report on the de~ign, construction and 
preliminary follow-up study findings of intertidal marsh islands 
created for purposes of estuarine rehabilitation. Can. MS Rep. 
Fish. Aquat. Sci. 1789: 54pp. 

Le pr~sent rapport traite des efforts cooperatifs de personnel 
d'agences, de membres de l'industrie et du grand public axes sur 
la conception et la construction d'une installation pour 
manipuler les billets et sur la remise en ~tat d'une zone 
estuarienne industrialis-eE~ couvrant environ 32 hectares et 
utilises intensivement pendant plus de 75 ans pour de telles 
acti vi tes. Il d~cri t 1 a plan if ication et la construction de 1 a 
nouvelle installation de triage des billets a terre et les 
mesures touchant la remise en ~tat, les details de conception et 
les resul tats pr~liminairE~S des etudes menees au COUrS de la 
premiere annee d I Un programme a long terme 1 entrepriS en VUe 
d'evaluer la stabilite et l 1 incidence biologique de la remise en 
etat; on y parle aussi des futures E?tudes. Voici les resultats 
preliminaires du sui vi: les ties intertidales sont stables, 93% 
~es 23 302 carottes de vegetation marecageuse poussent, la 
colonisation par les invertebres n'est pas completee, des 
juveniles de saumons quinnats et k~tas sauvages utilisent les 
eaux insulaires et les prises sont proportionnelles a l'abondance 
de saumoneaux presents dans 1 'estuaire. Les saumons juveniles 
eleves en piscifacture frequentent peu les eaux insulaires. On a 
aussi etudie !'utilisation des tles par les oiseaux migrateurs. 
Toutes les ~tudes se poursuivent. 

Mots-cles: estuaire de la r1vi~re Campbell, remise 
estuaire, 1les intertidales, transplantation de 
v~getation marecageuse, colonisation par des 
benthiques' utilisation par des saumons juveniles, 
par des oiseaux migrateurs. 

en etat d'un 
carottes de 

invertebres 
utilisation 
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A. INTRODUCTION 

The Campbell River has long been assoc i ated with the catching of 
salmon. Headquarters for a commercial fishing fleet: a spring
board for fresh and salt water sport f i shermen: a major hatchery 
on the Quinsam River, the Campbell's main tributary: and the home 
of the late Roderick Haig-Brown: these are some of the major 
factors which have contributed to Campbe~ll River's reputation. 
Of particular importance is the substantial contribution of the 
river to the B.C. salt water sport catch which is valued at 
approximately $150 million annually. 

It is, therefore, incongruous that the Campbell River historical
ly has been and currently still is under heavy industrial aliena
tion and pressure. Hydroelectric development, logging, mining, 
gravel removal, urban development, wood processing and a myriad 
of secondary industrial activities have all influenced the water
shed in one form or another. These pressures are not diminish
ing. Current proposals for mine expa nsion, construction of new 
mines in the watershed, second growth logging activities and 
increased urban pressures all serve to make the maintenance or 
enhancement of salmon resources in the basin a challenge. 

This is a report on one such effort that focuses on the cooperat
ive efforts of agency staff, members of industry and the public 
in developing and constructing a new log-handling facility and 
rehabilitating an industrialized estuarine area that had been 
intensively utilized for log handling activities for over 75 
years. 

This document reports on the factors considered in the planning 
and construction of the new dryland log sorting facility and the 
rehabilitative measures, provides the design details and prelim
inary results of the first year's studies of a longer term pro
gram being undertaken to assess the success {stability) and bio
logical implications of the rehabilitative measures, and outlines 
future studies. 

B. STUDY AREA 

a) The Watershed 

The Campbell River, located on the east coast of Vancouver Island 
(Fig. A), flows in a northeasterly di r ect ion to its confluence 
with Discovery Passage, just north of the 50th parallel. The 
river is the third largest with respect to discharge on t~e east 
coast of Vancouver Island and drains an area of 1,461 km. The 
river's flow has been regulated since 1949 when the John Hart 
Power Project was completed. River flow at the estuary is the 
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sum of the Campbell and the Quinsam (the largest tributary, flow
ing into the Campbell 3 km uQstream of the mouth) witp an average 
annual flow of 1 08 m3/s ( 3, ~ 16 cfs) • Fresh water 1s also con-
tributed to the estuary by Nunn's Creek. 

b) The Estuary (Physical Description) 

The estuary has an area of approximately 73 ha ( 180 acres) at 
high tide and is confined by Tyee Spit and a shallow gravel bar 
(Fig. B). Fresh water from the river is quickly dissipated out
side these features by the tidal currents of Discovery Passage. 

Approximately 60 percent of the estuary (43 ha) has been utilized 
for log handling activi·ties. The estuary accommodates two 
marinas and several smaller floats used primarily by seaplanes. 
(For a detailed description of flora and fauna within the estuary 
see Raymond et al., July 1981.) 

C. FISHERIES RESOURCES (after Raxmond et al. 1981) 

The Campbell/Quinsam , River system supports five species of 
Pacific salmon, steelhead and cutthroat trout and Dolly Varden 
char. With a total annual value of at least $3.7 million to the 
Campbell River area and $9.1 million to the province as a whole. 
These figures may be compared to estimates for all fishing in the 
Campbell River area of $21 .4 million to the local economy and 
$34.5 million to the province. Campbell River chinook and coho 
are harvested by the commE~rcial fishery from the northern end of 
the Strait of Georgia to southeastern Alaska, and chum and pink 
are taken almost exclusively in the Johnstone Strait net fishery. 

Annual escapements have been recorded since 1929, except for 
sockeye salmon, which are present in the system in only low num
bers. Average annual escapements for a recent 10-year period are 
presented below (the data include hatchery takes, "surplus" adult 
and jack coho, and lower Quinsam sport catch of coho): 

RIVER SOCKEYE CHINOOK* COHO* CHUM PINK* 
---

Campbell 45 2,707 610 5, 1 20 1 , 340 (odd) 
(1973-1982) 3,413 (even) 

Quinsam 49 466 27 220 523 13,362 (odd) 
(1973-1982) 15,003 (even) 

-
*includes hatchery returns starting in 1976 for coho, 1977 for 
chinook, and 1981 for pinks. 
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A hatchery established on the Quinsam River in 1975 releases 
approximately one million ch i nook fry, 1. 5 million coho smolts 
and 20,000 steelhead smolts each spring. In 1980 two million 
pink fry were released. A colonization program is also being 
carried out, involving the re l ease of approximately 200,000 coho 
fry and 17,000 to 35,000 steelhead fry in the upper Quinsam 
River. 

D. DRYLAND LOG SORTING FACILITY AND BOOMING AREA 

a) Background 

I n April 1980, B.C. Forest Products Lt d. (B.C.F.P.) purchased the 
assets of Elk River Timber Company Limited (E.R.T.), which 
included approximately 40,500 hectares of privately ow~ed timber 
lands. In addition, annual cutting rights to 42,500 m on Crown 
Lands in the Heber River drainage were also reallocated to 
B.C.F.P. 

E.R.T. had operated a booming ground in the Campbell River 
estuary since 1904, receiving logs originally delivered by rail
road, and more recently by logging trucks. The water flow of the 
river provided the energy to move logs downstream, through a 
sorting gap to the booming pockets. Most of the booming was in 
flat , rafts as single logs. Due to the shallow water, the logs 
often grounded on the gravel bottom at low tides. Bark, limbs 
and debris, coupled with the chafing on the bottom and shading by 
the booms, all had an adverse effect on the productivity of the 
estuary. Dredging, for both deepening the boom pockets and 
debris removal, originally carried out by bulldozer and later 
with a clam shell, was a normal winter activity. Due to the 
booming ground configuration, and the limited work period durin~ 
low tides, production flow was restricted to about 226,500 m 
per year. 

P5ojected production from this division is appro~imately 400,000 
m annually, of which approximately 42,500 m will be from 
second growth lands during winter mon t hs, a time of low wood vol
ume flow through the dry land log sor ting facility (see be loy). 
During the B.C.F.P. peak log flow perio~ of approximately 7 j2 
months annually the rem:fining 382,500 m must be handled at an 
average rate of 2,400 m pef day (about 40 truck loads). At an 
average log size of 1. 0 m , this represents about 2, 265 logs 
per day~ These environmental and ope r ational considerations dic
tated that a dryland alternative to the existing facility be 
sought. 
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b) Facility Design 

i} Planning and Consideration Ef Alternatives 

Planning for the new dryland sort and booming area commenced 
immediately upon announcement of the purchase of E.R.T. in 
February of 1980. The first. meeting with representatives of 
Fisheries and Oceans (Habitat Management Division) was held in 
June 1980, followed soon after by a planning meeting with the 
Lands Manager, Courtenay, in order to initiate an application 
under the coastal Log Handling Guidelines. 

One of the requirements of the application was the thorough 
review of alternative sites distant from the estuary, which was 
undertaken on B.C.F.P. 's behalf by Woodbridge, Reed and 
Associates Ltd. Six sites were investigated, in addition to the 
present location in the Campbell River estuary. The sites ranged 
from Menzies Bay, 12 km north of Campbell River, to Royston, 48 
km south of Campbell River and included Middle Point, Duncan Bay 
and Oyster Bay. Numerous factors such as existing lease holders, 
strong tides, excessively deep water, proximity to residential 
and recreational sites or long haul distances over roads owned by 
others precluded the development or use of any of the alternative 
sites. (Details of this study are available in either the 
original report of April 1981 by Woodbridge, Reed and Associates 
Ltd., or in the Dryland Sort Proposal for the Campbell River 
Estuary, submitted by B.C.F.P. to the Ministry of Lands, Parks 
and Housing, July 1981). 

ii) The Dryland Log Sort Concept and Operation 

B.C. F. P. 's dry land sort design was based on the "flow-through" 
concept, patterned to fa.cilitate continuous processing from 
unloading of trucks to lo9 grading, sorting, sealing, bundling 
and watering (Fig. C). Every effort was made to minimize the 
storage of wood on land, as double handling causes costly inter
ference with the flow pattern, damages logs and increases greatly 
the debris accumulation on the sort yard. 

The sort was designed to be roughly square in shape, covering an 
area of between 2.0 and 2.4 hectares. The central operating area 
of 2.3 hectares (154. m x 146 m) was hard surfaced with asphalt. 
The base was comprised of compacted dredged materials, analyzed 
by Thurber Consultants Ltd. as being suitable as a foundation for 
the support of machines of weight up to 55,000 kg. The surface 
was carefully graded to ensure surface drainage would flow into 
settling ponds, before any runoff water was returned to the 
estuary. 
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Throughout the summer and fall of 1980, Fisheries and Oceans, 
Fish & Wildlife and the B.C . F.P. Resource Planning Group con
tinued an intensive inventory of the estuary, supplementing 
information already available through various studies and 
reports. DFO provided direction t hroughout the planning stages 
of the project, bringing together many agency personnel with 
varied expertise and background information. Studies were con
ducted in the estuary, appraising such values as fish, wildlife, 
waterfowl, esthetics, recreation, pollution (water, air, noise, 
dust) etc. The impacts on close neighbours such as residents of 
Indian Reservation (I.R.) #11, floatplane operators, Tyee Spit 
res1dents, marina users, other industrial users of the estuary, 
etc., were all considered and incorporated into the proposal. 
Specific-use interest groups were involved through informal 
meetings. These included the Campbell River Estuary and 
Watershed Society, the Tyee Cl ub, the C.R. Environmental Council, 
local Fish & Wildlife Groups, Steelhead Society, Save-Our-Salmon, 
etc. Meetings were also held with Municipal Council, Regional 
Board, Indian Band, Department of Lands, Parks and Housing, 
Forest Service, local Fisheries & Oceans officers and others. 

Many proposed locations for the dryland sort were investigated, 
including sites within the existing booming area, i.e. Mud Bay, 
log storage bay (Fig. B). Field investigation involved water 
soundings, river flow data, land and water survey boundaries, 
identification of resource values of bird habitat, marsh sites 
and onsite evaluations of proposed development plans, construc
tion and operating costs and potential impacts. Consultants 
appraised materials to be used, while dredging, pile-driving, 
barging and construction firms offered technical suggestions and 
cost estimates. 

In early March of 1981, agreement was reached with the fisheries 
agencies on the basic location, chosen from six proposals. The 
accepted plan incorporated the old s t orage bay, with an extended 
side pocket and southern boundary paralleling the I.R. #11 boun
dary (Fig. D). A key component of the project was the construc
tion of five islands within the old booming ground. Plans were 
also made for cleanup of the old booming ground and the gradual 
removal of piles once dryland sort construction was completed. 

An application for Crown Land was submitted on April 15, 1981 by 
W.G. Burch, Vice-President, Timberlands & Forestry, B.C.F.P. 
Meetings, field trips and consultations continued through the 
spring and early summer. The prospectus was delivered to the 
Ministry of Lands, Fisheries & Oceans and Fish & Wildlife offices 
on July 30, 1981. As these agency personnel had been involved in 
the development of the project, little time was required for 
analysis and written approvals were received by September 1, 
1981, allowing immediate commencement of construction to meet 
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critical environmental constraints (winter months) for marsh 
transplanting and site dredging. 

c) Facility Construction 

Construction for the project was begun on September 2, 1981, with 
the falling of trees and clearing of brush on site, followed 
shortly thereafter by backhoe load-out of surface material 
(overburden) to ensure a stable base for heavy equipment and log 
movement on the dry land sort. Over 6 6, 000 cubic metres of 
overburden rna terial was loaded and trucked to the adjacent I. R. 
#11 for landfill. The removal of 33,000 cubic metres of debris 
by from the old boom storage pocket clamshell dredge and ocean 
dumping at an approved dumping site off Cape Mudge on Quadra 
Island (Fig. A) was completed in October. 

In November the marsh donor stock for planting (Appendix II) of 
the four intertidal islands was excavated and transplanted to a 
specially constructed overwintering site (Fig. F), with the same 
tidal elevation and similar brackish conditions as the donor 
sites. 

The diversion pipe to provide fresh water from the river to the 
booming pocket was installed in December (Fig. C). On January 
16, 1982 Sceptre Dredging Ltd. started hydraulic dredging to 
remove 479,000 cubic metres of material from the booming pocket 
and deposit it on land as the base for the dry land sort. 

On March 12, 1982 the dredging was completed, 3 days ahead of the 
Fisheries and Oceans' deadline and the rip-rapping of the 
boundary slope of the booming ground followed closely behind the 
dredging. In Apri 1, the sort surface area was compacted and 
levelled and steel piles were driven to form the new booming 
ground. Final grading in preparation for paving was done in May, 
and the sprinkler system and catch basins installed. 

The log sort surface area was paved in June, leaving an adjacent 
upland log storage area with gravel surface of 3 hectares. The 
first logs were processed over the new sort on July 6. Cleanup 
of the old booming ground started July 7th, and proceeded until 
completed on August 20th. 

Equipment combinations at this dry land sort generally consist of 
an unloading device, 2 or 3 front-end loaders, a sorting shovel 
and a machine to bore boomsticks on land to eliminate any wood 
chips in the estuary. Buildings include a scaler's off ice, 
crew lunch room and a service shop for the dryland sort equipment 
and log trucks. Strict pollution control systems to contain 
fuel, septic effluent and lubricants are employed. 
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Once logs have been graded, scaled and sorted, they are bundled 
in either 28 m3 bundles to be watered immediately vi~ a con
trolled soft-entry watering ramp, or into smaller 17 m bundles 
for the minor sorts. 

Debris resulting from movement of logs on the sort is "swept" 
into designated pile areas, loaded into gravel trucks and trans
ported to approved dumping areas on forested lands. The watering 
ramps are designed so that bark dislodged as bundles move down 
the ramp to the water can be easily cleaned out. 

Once a bundle of logs enters the water it is pushed by a dozer 
boat into one of 10 booming pockets, or alleyways, approximately 
21.5 m wide at entrance, 24.6 m wide at exit and approximately 
·t53. 8 m in length. These pockets an~ lined with booms ticks, 
which eventually form the outer perimeter of the booms when 
towed. Booming pockets are controlled by steel pilings.

3 
Bundles 

of 28 m3 draw approximately 2.46 m of water while 17 m bundles 
draw approximately 1. 84 m. A dredged depth of 3 m below zero 
tide has been provided. 

Upon completion of boom assembly, a tug affixes a tow cable to 
the exit end of the boom and tows it to a designated storage 
area. B.C.F.P. presently hold rights to Lot 1440, 6.35 ha and 
Lot 1588, 1.7 ha, which are used for storage of booms (Fig. E). 

Towing of bundle booms within the estuary is limited to times of 
higher tides (twice during each 24 hour period). Booms are moved 
to storage areas, upon demand, and thE~n out of the estuary on 
higher tides across to Gowlland Harbour to log boom storage 
areas. 

E. ESTUARY REHABILITATION 

A pre-condition of Fisheries and Oceans' acceptance of the 
continued log handling operation in the Campbell River estuary 
was the "active rehabilitation" by B.C.F.P. of those areas 
historically utilized for log sorting. Rehabilitation for this 
area included: 

1. log storage in lot 1486 (Fig. E) reduced from 32.8 ha. to 
6.84 ha. 

2) removal of debris and bark accumulations 

3) construction of 4 intertidal islands and 1 supratidal island 
to predetermined elevations and configurations (Fig. G) 
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4) planting of marsh cores on the intertidal islands (Fig. H) 

5) participation in the 
rehabilitation efforts. 

a) Island Design 

development and assessment of 

The islands were designed by biologists from Fisheries and Oceans 
and the Canadian Wildlife Service assisted by a Consulting 
Engineer in River Engineering and Hydrology and the B.C.F.P. 
Resource Planning Group hydrologist. The objective was to create 
hydraulically stable islands in various configurations while max
imizing intertidal area, and providing a suitable substrate for 
marsh transplanting. The planting layout was designed principal
ly by Fisheries and Oceans and Canadian Wildlife Service bio
logists (Fig. H). 

One of the most important considerations in designing the islands 
was stability. In this respect, inherent features of the 
Campbell River such as controlled river flow (John Hart dam), 
availability of lower velocity areas away from the active river 
channel, availability of coarse, non-erodible materials for 
island construction, together with the opportunity for precon
struction studies, appeared to indicate that the project would be 
successful. Once there was a consensus that intertidal islands 
in this area were a positive initiative, the preliminary con
figurations developed by the biologists were finalized by engin
eering specialists (Fig. G depicts the final island configura
tions and the results of the physical assessment are contained in 
Appendix VI). An erodibility assessment was undertaken on July 
2, 1981 during a low tide of 0.2 meters. B.C. Hydro released 
water from the John Hart dam which resulted in a flow of 350 
cubic metres/sec at the rehabilitation site. This created a high 
discharge/velocity condition which permitted a detailed series of 
velocity/depth measurements (Appendix VII) to provide information 
on the potential for island erosion. Study results were con
sidered favourable and a decision was made to proceed to the con
struction phase. 

b) ~sland Construction 

While the islands were being designed, it was considered that 
they could be constructed using material deposited in the river 
by the suction dredge. Gravel would be pumped to the island 
locations, spread with bulldozers and then capped with a 30 
centimeter layer of silt. 

It became apparent in discussions with dredging experts that this 
method of island construction with the silt capping would be 
extremely difficult to control and would be unstable, so this 
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procedure was not attempted. Instead, it was decided to excavate 
by back hoe both the gravel and fine material from the area to be 
dredged, load it on to dump trucks and build a causeway out to 
the proposed island locations (Fig. G). The causeway would then 
be spread by bulldozers during appropriate low tides to form the 
islands. The silt capping concept was discarded for reasons of 
instability and the islands were comprised of a coarse and fine 
mix to allow for planting. 

Construction commenced on Nove!mber 30, 1981 and continued during 
suitable low tides until February 20, 1982. Approximately 30,000 
cubic meters of material were hauled to form the causeway, with 
the total volume being used to build the islands. 

Side slopes of 4:1 were designed for the islands and a slight 
smooth crown maintained to ensure proper drainage at low tide and 
to prevent pockets of water being trapped on the island sur
faces. Bulldozers established the rough shape of the islands and 
a back hoe was used for final levelling, swinging a log suspended 
by chokers from the bucket for the final smoothing of the sur
faces. Island construction could only be performed below a 1. 7 
metre tide. Traction could not be achieved if tides were above 
this level. This necessitated building the islands at night. 
The final total area of the islands was 2. 4 hectares of flat 
surface, or 3.2 hectares including the side slopes (Table A). 
Four of the islands are intertidal, with elevations between 2.5 
and 4 metres above zero tide. The elevation of the fifth island, 
created from excess material, is approximately 6 metres above 
zero tide. 

c) Marsh Establishment 

It was deemed desirable to use as donor sites the small remnant 
marsh areas that would be lost to dredging for the dry land sort 
construction. 

Marsh species were identified by fisheries personnel and a suit
able planting design developed (Appendix III). Techniques devel
oped during experimental work on the Fraser River Estuary were 
used (Pomeroy et al., 1981, see Appendix XI). Those plant 
communi ties wi fh the two species Juncus arcticus and Carex 
lyngbei dominant, were considered most: des1rable by fisheries 
staff and four areas were identified as sui table donor sites 
(Appendix II). 

As the donor sites were to be dredged before the islands were 
constructed, most of the plants could not be immediately 
transferred to their final locations. Instead, they were lifted 
from the donor sites, transported to a holding area and stored 
over the winter until the islands were completed (Fig. F). 
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The lifting of the marsh was carried out during the month of 
November. A large hydraulic excavator (Cat 245) was used to dig 
up mats that were approximately 1 m x 2 m x 20 em in size and 
weighed approximately one tonne each. The excavator then carried 
each mat to the nearest road and placed it on a large metal pal
let on the back of a flat deck truck. In some cases, the excava
tor carried mats as far as 150 metres to the road. The flat deck 
trucks then transported the mats to the overwintering area. 

At the overwintering storage site, a front-end loader equipped 
with log handling tynes was used to pick up each pallet, carry it 
to a specified area within the overwintering area and gently 
slide the mat into position. The empty pallet was placed back on 
the flat deck and the process repeated. Three flat decks were 
used. All work was done at night during low tides. A total of 
350 mats were lifted and stored. 

At the time of planting, the large mats were removed from the 
overwintering site using a front-end loader with a one metre flat 
metal extension welded to its bucket. The mats were carried to a 
flat area illuminated by flood lights where they were deposited 
and cut into smaller pieces by hand using a cutting tool. Two 
sizes were produced. The! anticipated size of each sod or plug 
for planting was a square plug 10 em x 10 em x 20 em deep. This 
was a difficult size to manufacture because of the nature of the 
root mass and the variety of the soils encountered. In fact, most 
plugs produced were 15 em square by .20 em deep and were packed 
into plastic milk carton carriers. Approximately 6 plugs could 
be fitted into each carrier and care was taken to keep the plugs 
right side up. 

Approximately half of the mats were cut into 30 em x 30 em x 20 
em deep sods. These sods were later quartered at the planting 
site. 

Two herring skiffs were used during high tides to transport the 
milk carton carriers to the islands for planting. The boats were 
anchored at the prospective planting site and the sods removed 
during low tides. In addition, two wooden floats were also used 
to transport the plants, which were subdivided on the floats and 
packed into milk carton carriers as these became empty during the 
planting process. Wooden stretchers were used to transport the 
sods from the skiffs or floats to the actual planting sites. 

The planting of the marsh plugs was carried out according to a 
strict spacing pattern within each of the planting blocks (Fig. 
H). The corners of the planting blocks were marked with steel 
stakes. The external boundaries were marked at one meter spacing 
prior to planting. A nylon surveyor's chain with each metre 
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marked on it with fluorescent tape was strung across the block 
and provided the planters with spot locations for each row within 
the block. The chain was moved ahead as each row was completed. 
Small shovels were used to dig the holes for the sods. All work 
was carried out at night during the lowest tides. Lighting was 
considered critical to successful planting and two portable 
lighting plants were used continuously. 

Island 14a, which is above the high tide mark, was planted with 
Alder and Sitka Spruce. 

It became apparent during the planting that the desired number of 
plugs could not be obtained from the material in the overwinter
ing storage area because of wastage and because plug size was 
larger than was planned. Accordingly, three nights were spent 
transferring material from an area that had not yet been dredged 
(Site 1 , Fig. F) where sui table plant species were present. In 
this case, 30 ern x 30 ern x 20 ern sods were lifted by hand and 
packed onto the floats using wooden stretchers. 

The planting crew consisted of 18 temporarily unemployed loggers 
and three salaried supervisors. Six men prepared plugs or sods 
and loaded material onto the skiffs or floats and the remaining 
12 men planted or packed plugs on the islands. Weather and tide 
levels adversely affected planting production as did poor light
ing in some areas. Eight rnandays were spent going over the area 
after planting was completed to improve the quality of the plant
ing (i.e., righting upside down plugs, etc.). The details of the 
planting program are outlined in Tables B and C. 

F. EVALUATION OF REHABILITATIVE ACTIVITIES 

In v1ew of the substantial rehabilitative activities being 
undertaken in the estuary, an excellent opportunity was presented 
for detailed assessments of not only construction and development 
techniques but also of the biological response to these changes. 
Detailed studies of water quality and physical conditions, 
vegetative components (algal and vascular), benthic inveitebrate 
communities, salrnonid utilization and waterfowl use were 
undertaken. In order for these studies to be meaningful, five 
years was considered by project participants to be required for 
the program. 

For the purpose of project continuity and coordination, each 
study component became the responsibility of one individual and 
overall coordination was ensured through a series of meetings, 
with one individual assuming responsibility for coordinating all 
the studies. 
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Component studies included: 

Study Individual Responsible Affiliation 

1. Vegetation Neil Dawe CWS 
1i. Benthos Bev Raymond Contract to BCFP 
111. Fish Utilization Colin Levings/ DFO 

Carey McAllister 
1v. Waterfowl Don Trethewey CWS 
v. Physical Studies: Bob Willington BCFP 

(water quality 
studies, 
potential erosion 
problems, topographic 
moni taring) 

v1. Estuary Cleanup, Mike Watkins/Ted Mattice BCFP 
misc. studies, aerial 
photos, etc.). 

Overall coordination was assumed by Mike Brownlee (DFO) with 
assistance from Colin LE!Vings (DFO). Bud Iverson, Logging 
Manager (BCFP), coordinated overall construction and environ
mental rehabilitation efforts onsite. 

The following outlines the experimental design of each of the 
studies and some preliminary resul t.s of the 198 2 efforts, and 
highlights those studies planned for the future. Concerns 
regarding the publishing of preliminary results were considered 
but it was the consensus of the project principals that there was 
more to be gained by early publication than by waiting for a 
number of years until more extensive results are available. 
Specific reports on component studies will be published as 
respective authors deem appropriate (Appendix XI lists published 
reports available at present). 

Each study report component has been summarized for purposes of 
brevity and respective authors may be contacted if more informa
tion or details are required. Data and observations are prelim
inary and subject to change as more information becomes avail
able. 
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a) Campbell River Estuary - Physical Studies 

by R. P. Willington, BCFP 
Crofton, B.C. 

Work completed to date on the Campbell River Estuary program with 
regard to the physical characteristics includes the following: 

i) Hydrology and Bathymetry 

A study (Appendix VII) was conducted in order to provide baseline 
data for the design of islands in the "old" booming area. Data 
collection included estuary river flow velocities at various 
tides (emphasis on low tides) and rivE~r discharges at various 
locations within the areas selected for island creation. 
Bathymetry data for this same area was collected and mapped at 
0.25 m contour intervals. 

Post-island installation inspections of the modified .estuary 
environment have been jointly conducted by B.C. Forest Products 
Limited and the Department of Fisheries and Oceans, to visually 
assess the stability of the islands and inter-island channels. 
During the fall and winter of 1982 the estuary was subjected to 
very high river discharges at low tides, but it appeared that the 
new islands experienced no damage or destabilization. 

Further monitoring of island stability will be required in order 
to confirm judgements to date. 

ii) Mapping 

Low level photography taken during the summer of 1982 was used to 
update the existing 1:1,000 contour map of the Campbell River 
estuary to include the new islands and the dredged area. Further 
additions to the map will be the locations of all B.C. Forest 
Products Limited and Department of Fisheries and Oceans benchmark 
survey stations considered useful in monitoring long term estuary 
stability. 

iii) Water Quality Monitoring 

Water quality (temperature, dissolved oxygen, colour, non-filter
able residues, tannins, salinity and benthos) was monitored in 
the dredged area and a control site near "Tyee Pool" between July 
and December 1982. This work was performed by B.C. Forest 
Products Limited and has been summarized in a report to D.F.O. 
(Appendix X). This water quality monitoring program will con
tinue to collect bench mark data. 
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b) Vegetation of Man-made Marshes on the Campbell River Estuary 
1982: A Preliminary Report 

by Neil K. Dawe, 
Canadian Wildlife Service, 
Qualicum Beach, B.C. 

i) Introduction 

The Canadian Wildlife Service began monitoring vegetation growth 
on man-made marshes constructed during the spring of 1982 at the 
Campbell River estuary to determine the success of the marsh 
creation project, to provide baseline data from which to note 
future successional trends, and to determine the timeframe 
required for a man-made marsh to approach a natural marsh in 
productivity. The following results are from analysis of one 
month's data only (July 1982). No attempt has been made to 
interpret those results. A complete analysis of the 1982 field
work will be provided at a later date. 

ii) Methods 

Vegetation monitoring began on 12 May 1982 and continued at 
approximately monthly intervals through August (22 June, 21 July, 
18 August). 

On each occasion all transplanted plugs were checked for evidence 
of growth and counted as either successful or unsuccessful. 
Twenty plugs within each block were then chosen at random and the 
following data were recorded for each species within the plug: 
name, length, density, number of flowers, condition, number of 
new shoots outside plug, other observations. 

Permanent transects were laid out through each block and through 
unplanted control areas. The vegetation falling within a one 
square meter releve was monitored at five meter intervals along 
the transect using the Braun-Blanquet cover-abundance scale 
{Mueller-Dombois and Ellenberg, 1974). 

Permanent photo plots were established and colour transparencies 
were taken over the field season. 

Soil samples were taken (three replicates per sample site) from 
the high, mid, and low elevations of each island. Soil conduc
tivity was subsequently determined using the methods of Yamanaka 
(1975). 

iii) Preliminary Results 

From the 15 blocks a total of 23,302 plugs were counted. On 19 
May, 18.5% of the plugs observed were cons ide red unsuccessful, 
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however, by 18 August that proportion had dropped to 7.5%. 
Island 3 had the highest plug mo r tality (13.4%), particularly at 
the lower elevations. 

As of 21 July, a total of 29 species of vascular plants was 
recorded from the transplant sites (Table D). Of those, the dom
inant species in terms of frequency of occurrence were Carex 
lyngbyei ( 76%) , E leochar is palustris (55%) , Potentilla pacifica 
(42%), and Juncus balt1cus (39%). 

Table E shows the grand mean length .and frequency of occurrence 
for the top four species from each of the islands. Included for 
compar1son are data for the species growing under natural con
ditions on Nunn's Island, adjacent to the transplant sites. 
while all the species generally showed fair to good growth, by 
the time of the July fieldwork two i n particular appeared to be 
doing very well. Both Eleocharis and Potentilla were spreading 
from the plugs to adjacent areas, Eleochar1s by its rhizomes and 
Potentilla by its stolons. Two natural colonizers were also evi
dent by June: Scirpus cernuus and Scirpus sp. Terrestrial col
onizers, as well, were observed at the 4m elevation of Island 3, 
including Plantago major, Rumex sp., Polyeonum sp., Spergularia 
rubra, Spergula arvensis, and Trifolium sp. Soil conductivity 
from all islands was less than 2,000 umhos/cm (1067-1850 
umhos/cm). 

iv) Future Research 

Similar studies should be continued f or at least the next four 
years, and preferably unti 1 the newly created marshes approach 
the natural marshes in growth and productivity. Measurements of 
above ground biomass as an indicator of productivity, measure
ments of root and rhizome growth and a continuation of the 1982 
fieldwork could be undertaken. As Race and Christie (1982) point 
out, there is insufficient evidence at present to conclude that 
man-made marshes function like natural marshes. Only by continued 
monitoring of the Campbell River marshes, both man-made and 
natural, will we be able to judge the success of the marsh crea
tion project. 
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c) Benthic Invertebrates Associated with the Islands in the 
Campbell River Estuary: A Prel1minary Report 

by: B. Raymond 2 and C.D. Levings 1 

1Fisheries Research Branch, Salmon Habitat Research Section, West 
vancouver Lab. 

2under contract to B.C. Forest Products Ltd. for majority of this 
work. 

i) Introduction 

This study assessed certain factors which might have influenced 
the development of macrobenthic communi ties on the new islands. 
Since benthic animals provide food for fish and birds, results 
are pertinent to the ultimate success of the island project. 
Three factors were examined, namely t he presence of the islands, 
presence of vegetation and changes through time (temporal 
aspects). Since the data are from the first invertebrate collec
tions made subsequent to planting, they also represent an 
important baseline to measure subsequent changes against. 

ii) Sampling Locations 

All the new islands were sampled on level parts of the islands at 
about 3 m in elevation above chart datum. Nunn's Island, a 
natural marsh island in the eastern part of the estuary, was used 
as a reference area for comparative purposes. Samples were taken 
within and outside planted blocks on the new islands. On Nunn's 
Island samples were also taken within vegetated areas (Carex 
lyngbyei) and outside vegetation where mud covered with the alga 
Pelvetiopsis spp. was the substrate. 

iii) Sampling Techniques 

On May 26 - 27, June 22, and July 19 - 20, 1982 quadrat samples 
(0.06m2) were taken from the new islands and from Nunn's Island. 
Three replicate samples were obtained inside and outside vegeta
tion as described above. Random sampling sites were selected by 
laying squared paper over maps of the islands and coordinates 
were drawn from a random numbers table. 

Quadrat samples were obtained by scrap1ng substrates with a 
trowel to a depth of 2 em, and material collected was then pre
served in isopropanol with rose bengal added as a stain. Mesh 
size for sieving was 0.5 mm. Core samples (5 cm 2 ) for meiofauna 
were collected on May 26 and 27 and sweep samples for insects 
were collected July 21. Sediments from meiofauna cores were 
sieved through 44 mm sieves. 
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iv) Results 

1. Macrofauna 

A total of 40 invertebrate taxa were taken in the samples (Table 
F). For statistical analyses data were used from 4 crustaceans 
( Corophium spp., Eogammarus confervicolus, Eogammarus o' clair1, 
and Gnorimosphaeroma oregonensis) and insects (almost exclus1vely 
larvae). Two other taxa, not usually food items of juvenile sal
monids but useful as indicators of environmental conditions, were 
also considered. These were polychaetes and oligochaetes. 
Analyses were also completed for total macrofauna, excluding 
incidental meiofauna such as harpacticoids and nematodes. 

Data were subjected to three-way analyses of variance, after 
transformation (log 10 X+1), to test for island, vegetation and 
time effects. The first analysis tested for d1fferences in abun
dance between islands for each of the categories and showed that 
differences were statistically significant (p<0.05) for all cate
gories except insects. Graphical evidence (Fig. I) suggests this 
difference is due to large numbers of organisms on Nunn's Island, 
except for Corothium spp., \\Thich was most abundant on Island 3. 
Results for ana yses of vegetation effects varied between faunal 
category. There were no significant differences (p>0.05) in 
abundance of Q. oregonensis, oligochaetes and total fauna between 
vegetated and unvegetated sites (Fig. J). Differences were 
statistically significant (p<0.05) for amphipods, insects and 
polychaetes. Plotting of data from the two habitat types (Fig. 
J) suggests that the density of all amphipod categories was lower 
in the marsh but the density of polychaetes and insects was 
higher in the vegetation. Time effects were not statistically 
significant (p>0.05) for ~orophium sp., ~· confervicolus, Q. 
oregonensis, oligochaetes and polychaetes. !· o 1 clairi, insects, 
and total fauna increased with time (p<0.05). 

A subsequent series of analysis of variance was completed to test 
for island, vegetation and time effects, excluding data from 
Nunn' s Island (reference location). These analyses showed that 
there were no significant effects (p>0.05) between islands for 
any of the categories except for Corophium spp. and Q. 
oregonensis. The former was abundant on Island 3 and the latter 
most abundant on Island 4 ( p<O. 0 5) (Fig. K) • Vegetation effects 
were only significant (p<0.05) for insects and polychaetes and 
both taxa were more abundant in planted blocks (Fig. L). 
Analysis of variance indicated that sampling time had a signifi
cant effect on abundance of Corophium spp. , insects and total 
fauna (p<0.05). 
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2. Meiofauna 

Mean densities (number per 5 cm2 ) of major faunal groups occuring 
in cores are shown in Table G. The most abundant taxa were nema
todes, harpact icoids and copepod naupl i i. Me iof a una were more 
abundant in non-vegetated areas than in planted plots on the new 
islands and more abundant in marsh than under algae on Nunn' s 
Island. Harpacticoids and copepod nauplii were more abundant in 
non-vegetated areas on new islands and in marsh on Nunn's Island. 

3. Adult Insects 

Insects were sampled with an entomological sweep net from marsh 
areas on the new islands and Nunn's Island. Adult insects were 
by far more abundant and diverse on Nunn' s Island than on the 
recently created islands (Table H). 
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d) Juvenile Chinook Salmon in Relation to New Island Habitat, 
Campbell River Estuary, 1982 

by C.D. McAllister, C.D. Levings, T. Brown and B.C. Chang 
Fisheries Research Branch 

i) Introduction 

This study compares catchE!S, lengths, weights and condition of 
juvenile chinook salmon ( Onco;:_hynchus tshawytscha). taken in the 
new islands to averages for the whole estuary dur1ng the spr1ng 
of 1982, immediately following the reclamation. Some catch data 
from 1983 are also included for reasons which will be evident 
below. 

ii) Study Area and Methods 

Fig. M shows the Campbell River study area, indicating the 
sampling sites, artificial islands, and the new BCFP log sort and 
booming grounds. 

Young salmon were captured using a 1. 8 x 15 meter beach se1ne 
usually towed off the shore by boat then hauled by hand. The 
art1f icial. channels on Island 3 were sampled by stretching the 
net across the mouth of each groove and then hauling it up the 
channel. Catches of salmonids were identified and counted in the 
field, and samples retained for length, weight and other labora
tory analyses. 

The 1982 sampling season in the islands was interrupted by a 
period in which debris from former log handling was cleaned up, 
and pilings and dolphins removed. This limited good comparisons 
to the period March 22 to June 22, 1982. When the islands were 
again accessible, the summer decline in abundance was well under
way. For the spring period, comparisons are based on catches 
from Islands 1 and 3, as sampling frequency was greatest at these 
two locations. 

After May 15, 1982, the date of first release of unmarked hatch
ery chinook, the catches per set of wild and hatchery chinook 
were calculated using total captures of chinook, captures of 
marked hatchery chinook and a Peterson method (McAllister et al., 
in preparation). All unmarked chinook taken before May f5 were 
wild chinook. From May 15 onward, unmarked hatchery chinook were 
retained in the samples for laboratory analyses not readily done 
in the field. Hatchery fry and wild fry were easily distin
guished by size differences. The data on length, weight and con
dition in this report represent only wild chinook, as the number 
of hatchery (large) fish retained in the samples for laboratory 
analyses was insufficient. The condition factor, K, was estima-
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ted as K = 10 5 w/L 3 where W i s total weight (g) and L is fork 
length (mm). 

The catch data and the details of methods and sampling locations 
are given in Brown et al (1983, 1984). 

ii) Results and Discussion 

1. Catches 

In the spring 1982 period for which catch comparison was pos
Slble, mean catch per set for the estuary as a whole was about 66 
chinook and that for the islands, 33 . However, catches in the 
islands were almost exclusively wild chinook, averaging about 32 
per set. The mean catch per set of wild chinook in the estuary 
for the same period was about 46. The wild chinook began their 
spring increase in about mid-April in the estuary and about a 
week later in the islands. The first and second peaks in catch 
per set in the islands were also delayed by about a week relative 
to those in the estuary (Fig. N). The maximum average catch per 
set for all trips was about 160 in t he estuary, and 105 in the 
islands. 

Hatchery chinook in the estuary for the period considered here 
comprised about 30% of the total catch per set, compared to about 
1% for the islands. For reference, it may be noted that hatchery 
chinook at one inner estuary l ocation a"eraged about 64% of the 
catch over the entire spring-summer period. 

Catches of wild chinook in the islands in 1982 were substantial, 
even though lower than those in the estuary, on the average. 
However, mean island catches per set for the islands in 1983, 
were much lower, for the comparable period, about 3 per set, or 
10% of the 1982 value. The reduction 1n the estuary catches per 
set was less extreme, to abou t 14, or about 21% of the 1982 
value. 

The low use of the islands by wild chinook in 1983 could be a 
reflection of their generally lower abundance, which might reduce 
pressures to disperse from main r1ver channel habitats 
(McAllister et al., in prep«ration). Local increases in silt and 
organic matter on the bottom in the artificial grooves on Island 
3 and in the term1nal bay on Island 1 in 1983 (personal observa
tions) might be speculated to mean lowered water quality, causing 
avoidance by young salmon. Seki et al. (in preparation) did 
observe higher bacterial activity than elsewhere in sediments 
near an artificial groove on Island 3, in 1983, but there was no 
evidence of water quality lower than in other portions of the 
estuary. Further, there was no indication that young chinook 
avoided these particular areas relative to other island locations 
with less accumulations of new sediment . 
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The low island catches of hatchery chinook in spring during both 
years, despite release of similar numbers, are notable. This 
might result from the larger size of hatchery chinook, relative 
to wild fry, and a resul t.ing preference for deeper and faster 
water than encountered in the island beach seining sites (Lister 
and Genae, 1970; s. McDonald, pers. comm., 1983). However, the 
greater relative use of the same island sites by large hatchery 
smolts during the winter of 1982-83, is not consistently although 
the latter might be attributed to the preponderence of night 
sampling during the fall-winter sampling period. 

2. Length, Weight, Condition 

Length and weight data for individual unmarked chinook are given 
in Kotyk et al. (1983). Fig. 0 shows the mean length, weight and 
condition-of-unmarked wild chinook at island and non-island loca
tions within the estuary; outside the dates shown, the sample 
sizes from island sites were t:oo small for meaningful analyses. 
Analysis of variance showed no significant differences (p>O. 0 5) 
in lengths and weights between islands and the estuary in each 
trip. Nevertheless, the length-weight relationship did show a 
significant difference; analysis of covariance showed no signifi
cant difference in the slopes of the regression lines between 
island and estuary (p=0.26), but did show a significant differ
ence in the adjusted means (p<0.01); the length-weight parameters 
are shown in Table I. The difference in the adjusted means was 
reflected in the higher condition seen in the island samples 
(Fig. N). 

The 1982 data thus suggest that the new islands were well used by 
wild chinook fry having lengths and weights similar to those for 
the rest of the estuary, and higher condition factors. However, 
the 1983 decrease in the catch of wild chinook fry was relatively 
greater in the new islands, and catches of hatchery chinook were 
low at the sites sampled in both years. Further assessment is 
required. 
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e) Campbell River Estuary Ha~itat Enhancement, Migratory Bird 
Studies: Progress Report to December 31, 1982 

by D.E.C. Trethewey 
Canadian Wildlife Service 
Delta, B.C. 

During October, 1982, the Canadian Wildlife Service (C.W.S.) com
pleted arrangements with thE~ Mittlenatch Field Naturalist Society 
(M.F.N.S.) of Campbell River to monitor migratory bird use of the 
Campbell River estuary. The M.F.N.S. provided, on a voluntary 
basis, personnel to conduct bird counts at the estuary. In 
return, c.w.s.: 

provided project administration; 
provided data record forms and field maps; 
lent M.F.N.S. a telescope and tripod; and 
reimbursed the M.F.N.S. for out-of-pocket expenses 
associated with the studies. 

The first count was conducted by M.F.N.S. on October 31, 1982 and 
counts continued approximately weekly to October 31, 1983. 
Thereafter, counts were conducted every second week to December 
31, 1983. Counts will be conducted by M.F.N.S. every second week 
until March 31, 1984. At that time the project will be re
assessed to determine if it: will be continued into the 1984-85 
fiscal year. Data collected to December 31, 1983 have been 
entered onto floppy discs, but have not yet been analyzed. As 
was expected, some bird usE~ of the artificially-created habitat 
has occurred. However, that: use has not been quantified. 

The c.w.s. also has had prepared a black-and-white airphoto 
mosaic of the Campbell River estuary and adjacent foreshore from 
the ferry slip in the south to just north of Painters Lodge. 

I wish to acknowledge the assistance of the following: 

The M.F.N.S. members who volunteered to collect field 
data, particularly Howard Telosky who organized the field 
crews and Kay Conway who has agreed to coordinate the data 
sheets and other paperwork on behalf of the Society. 

Ted Mattice of B.C. Forest ~roducts for arranging permis
sion for the M. F. N. S. field crews to have access to the 
dry land sort area while conducting bird counts and for 
lending c.w.s. colour prints and negatives of aerial pho
tography used in the production of a photo mosaic of the 
estuary. 
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Mike Brownlee and Kevin Conlin of D.F.O. for lending 
C.W.S. colour negatives of aerial photography used in the 
production of a photo mosaic of the estuary. 

Neil Dawe and Sean Boyd of c.w.s. for their advice and 
assistance on the project to date. 
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TABLE A 

Areas of the Constructed Estuarine Islands 

ISLAND # 'lOP SURFACE AREA ONLY 'IOTAL AREA (including side slope) 
Hectares Acres Hectares Acres --

1 0.92 2.26 1.15 2.84 
2 0.34 0.85 0.47 1.17 
3 0.56 1.38 0.80 1.98 
4 0.55 1.35 0.73 1.81 
4a 0.02 0.06 0.07 0.17 -- ·--

Totals: 2.39 5.90 3.22 7.97 
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TABLE B 

Details of the Marsh Plug Plant1ng Program 

PERSCN DAYS LIFI'ING PLANTING Total # 
DATE Lifting Planting Total Domi nant Source of Location #Planted Cores 

Species Material Planted 

Feb. 01 11 11 Junrus/ Heel-in*** 
car ex Slough 

2 21 21 4 A-c-o 2850 2850 
3 8 13 21 Juncus/ Heel-in 4 c 2000 4850 

Carex 
4 6 13 19 Juncus/ Heel-in 4 c 1950 6800 

Carex 
5 6 15 21 Juncus/ Heel-in 2 c 1950 8750 

Carex 
6 8 12 20 Car ex Slough 2A 4B-c 2094 10844 
7 8 12 20 Junrus/ Heel-in 3 C 4B 93 10937 

car ex 
Large float -
planted 0.3m 
sods on 3C * 

8 8 12 20 Car ex Slough 2 A-B-c 1327 12264 
9 5 13 18 Carex Heel-in 3 A-D 1512 13776 

10 6 11 17 car ex Heel-in 3 D 645 14421 
11 15 15 1 D 2121 16542 
16 8 8 car ex Heel-in 16542 
17 6 10 16 Car ex Heel-in 1 D 1701 18243 
18 4 12 16 car ex Heel-in 1 o-c 1161 19404 
19 16 16 3B 1700 21104 
21 4 4 1C 1040 22144 
22 4 4 1A 630 22774 
23 4 4 3C 297 23071 
24 1/2 1/2 23071 
25 4 4 1A 231 23302 

** 
--··------

84 191.5 275.5 23302 

* These 30 em sods were later cut up into the smaller 1 5 em plugs because of a 
shortage of donor material. 

** Approx. 122 plugs planted/personday 

*** Heel-in refers to overwintering site 
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TABLE C 

ISLAND 1 
Design of the Marsh Plug Planting Program 

OCMIW\NT LOCATION OF 
BLOCK SIZE (m) SPACING RCMTS #PWGS SPECIES JJC)NOR STOCK 

A 20 X 38 1.0 21 X 41 861 Car ex Slough/Overwintering 
Site 

c 35 X 40 1.0 36 X 41 1476 Car ex Overwintering Site 
D 10 X 90 0.5 21 X 181 3801 Car ex Overwintering Site 

4 X 40 0.5 9 X 81 729 Car ex Overwintering Site 
b867 

(Note: there is no Block B) 

ISLAND 2 

A 15 X 53 1.0 16 X 51 816 Car ex Overwintering Site 
B 10 X 20 1.0 10 X 21 210 Car ex Overwintering Site 
c + 72 X 10* 0.5 134 X 21* 2968 Juncus Overwintering Site 

(plus 154 plugs) 3994 
* A pie shaped portion could not be laid out by rows so each planting location 
was marked. 

ISLAND 3 

A 4 X 50 0.5 9 X 83 747 Carex Overwintering Site 
B 4 X 63 0.5 9 X 128 1152 Car ex Slough/Overwintering 

Site 
c 4 X 55 0.5 9 X 111 999 Car ex Slough/Overwintering 

Site 
D 7 X 25 0.5 15 X 51 765 Car ex Overwintering Site 
E 7 X 21 0.5 15 X 43 645 Carex Overwintering Site 

4308 

ISLAND 4 

A 15 X 30 0.5 31 X 81 2511 Juncus Overwintering Site 
B 15 X 30 0.5 31 X 60 1860 Juncus Overwintering Site 

Mix/Juncus 
c 25 X 30 0.5 51 X 61 3111 Carex Slough/Overwintering 

Site 
D 20 X 30 1. 0 21 X 31 651 Carex Slough 

8133 

B - First 30 rows = from Block A juncus/carex mix, next 30 rows - juncus 
TOTAL PLUGS: 23302 
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TABLED 

Plant Species Present on the Campbell~iver Transplant Sites in 1982 

Polygonaceae 
Polygonum sp. 
Rumex sp. 

Caryophyllaceae 
Spergula arvensis L. 
Spergulana rubra ( L. ) Presl 

Ranunculaceae 
Ranunculus cymbalaria Pursh 

Rosaceae 
Potentilla pacifica Howell 

Leguminosae 

Trifolium wormskjoldii Lehrn. 
Tr1fohum sp. 
Vic1a americana Muhl. 

Malvaceae 
Sidalcea hendersonii Wats. 

Urnbelliferae 
Lilaeopsis occidentalis Coult & Rose. 
Oenanthe sarmentosa Presl. 

Primulaceae 
Glaux maritima L. 

Scrophulariaceae 
Castilleja sp. 

Plantaginaceae 
Plantago lanceolata L. 
~maJor L. 

Compositae 
Aster sp. 

Juncaginaceae 
Triglochin maritimum L. 

Juncaceae 
Juncus balticus Willd. 
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~L'ABLE D (Cont.) 

Cyperaceae 
carex lYJ;lgbyei Hornem. 
Eleodlar1s palustris (L.) r. & s. 
Scirpus acutus Muhl 
s. americanus Pers. 
s. cernuus Vahl 

Gramineae 
Agrostis sp. 
Deschampsia cespitosa (L.) Beauv. 
Hordeum sp. 
FOa sp. 

Typhaceae 
Typha latifolia L. 
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TABLE E 

Vegetation Statistics from Marsh Creation Pr~ject., CJbell river Estuary, July 
1982. (Figures shown are means from data gather from the four man-made 
islands w1th ~arative data from Nunn's Island.l 

Carex 
lyngbyei 

Eleocharis 
palustrus 

Potentilla 
pac1flca 

Juncus 
baltlCUS 

Island 

1 
2 
3 
4 

Nunn's High 
Nunn's Low 

1 
2 
3 
4 

Nunn's High 

1 
2 
3 
4 

Nunn's High 

1 
2 
3 
4 

Nunn's High 
Nunn's Low 

Frequency of 
Length Occurrence 

(ern) (%) 

38.6 94.3 
36.7 70.8 
31.3 66.4 
35.6 70.8 
53.4 100.0 

101.8 100.0 

23.5 48.6 
24.0 56.8 
20.4 57.8 
22.9 58.4 
46.4 100.0 

12.7 75.0 
10.0 22.2 
13. 1 45.4 
14. 1 23.6 
38.9 100.0 

46.5 41.1 
33.8 22.2 
25.8 38.7 
39.6 53.6 
54.8 100.0 
86.4 100.0 
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TABLE F 

Taxonomic Listing of Organisms Hecorded during Analysis of Benthic Quadrat 
Samples 

Nematoda 

Mollusca 
Gastropoda 

Bivalvia 

Annelida 
Oligodlaeta 

Polychaeta Ampharetidae 

Capitellidae 

Cossuridae 

Nereidae 

Sabellidae 

Spionidae 

Arthroposa 
crustaoea 

Copepoda 
Harpacticoida 

Lacuna carinata 
Littorina sitkana 

l'viacoma inconsp1cua 
l'iytilus edulis 

Enchytraeus (albidus?} 
Lumbricillus sp. 
Nais ( canmunis?) 
Paranis littoralis 
(Tubifex (?} sp. (Immature) 

,1\mpharete ( acutifrons?) 

Capitella capitata 

Cossura longicirrata 

Nereis (limnicola?} 
(N. wailsi?) 

Manayunkia aestuarina 

Spiophanes 

Harpacticus (?) sp. 
Huntmania jadensis 

Ect indsana tida e 
Malacostraca 

cumaoea 
Lept.ocuma sp. 



Tanaidacea 

Isopoda 

Amphipoda 

Mysidaceae 
Branchiopoda 

Cladocera 

Ostracoda 
Cirripeda 

Chencerata 
Acari 

Insecta 
Diptera 
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TABLE F (Cont.} 

Anatanais normani 
Pancolus californiensis 

Gnorimosphaeroma oregonense 
Ianiropsis kincaidi kincaidi 
Idotea ochotensis 

Oorophium brevis 
C. spinicorne 
Eogammarus confervicolus 

Podon polyphemoi.des 

Balanus car1csus 

Chironomidae 
Chironanus sp. 
Cricotopus sp. 
Micropsectra sp. 
Polypedilum sp. 
Saunderia clavicornis 

Heleidae 
Palpomyia sp. 

Tabanidae 
Tabanus sp. 
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TABLE G 

Mean Abundance of Meiofauna at C 11 River Estua 
( of amrnals per 2.5 em d1ameter core) 

Nematoda Oligochaeta Polychaeta Cope pod Harpacticoida Ostracoda Acari Insecta Total Fauna 
nauplii 

LOCA'I'ION N Mean Std. Mean Std. Mean Std. Mean Std. Mean Std. Mean Std. Mean Std. Mean Std. Mean Std. 
Dev. Dev. Dev. Dev. Dev. Dev. Dev. Dev. Dev. 

I 

11 planted j 3 1206.31243.21 6.31 7.8, 0.3, 0.6143.3,23.0 66.01 48.1 I 0.7, 1.21 0.3, 0.61 0 I o I 324.7 
~-~ 71 L.f':j. 

11 not planted 1 3 1783.31442.4 0.7 1 1.2 11 0 1 36 ; I 1 1 A 1 I 1 1 4 n 80.1 I 0.71 0.6 0.71 1.21 0.3 0.6 1036.3 581.6 v I • I I ' ,...., . ' ' I • "" 

2 planted 2 44.0 45.3 0.5 0.7 0 0 0.5 0.7 0 0 0 0 1.0 1.4 1.0 1.4 47.0 42.4 

2 not planted 2 75.0 59.4 0 0 0 0 14.5 12.0 1 3.5 3.5 11 c:: 0.7 n 0 0 0 103.5 75.7 Vo.J v 

3 planted 3 77.3 6.7 0.7 0.6 0 0 17 .o 26.0 19.0 27.9 0 0 1.0 1.0 1.0 1.7 116 .o 60.7 

3 not planted 3 368.3 360.4 15.3 24.0 0 0 25.7 23.4 30.7 25.9 3.0 3.0 0.3 0.6 0 0 443.3 401.2 

4 planted 3 528.7 740.9 4.7 7.2 0 0 14.0 14.0 33.0 26.3 16.3 16.0 0.3 0.6 0.7 1.2 597.7 788.0 

4 not planted 2 415.0 76.4 9.0 12.7 0 0 69.0 80.6 101 .o 77.8 2.5 0.7 0.5 0.7 0 0 597.5 94.0 

Nunn's Marsh 3 108.3 61.2 56.0 39.0 6.0 5.3 13.7 18.5 88.0 82.9 2.3 1.2 0 0 0 0 275.0 63.6 

Nunn's Algae 3 113.0 68.0 17.3 7.2 21.3 19.4 3.0 3.6 24.7 40.2 23.0 38. 1 1 o.o 13.9 3.3 4.2 192.7 126.3 

--~ -------------~ 
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'rABLE H 

Results of Adult Insect Sanpling (number of insects per five-sweep sample, July 
21, 1982) 

Island 1 2 4 Nunn's 

Replicate 1 2 3 1 ~ 2 3 1 2 3 1 2 3 

DIPTERA 
Chironanidae 1 1 6 11 11 

Dolichopodidae 2 1 1 6 1 

Ephyridae 3 2 8 

Psychodidae 1 

HEMIPTERA 
Nymph (unident) 1 

Saldidae 1 1 

- -~- ~ --------··-···- -
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TABI..E I 

Length~eight Parameters for Wild Juvenile Chinook Salmon in Artificial Island 
and Non-Island Habitats in the C~belf River Estuary, April-June, 1982. 

Habitat n 

Islands 181 

Non-Island 388 

The length-weight relationship is: 

1n(W) = 1n(a) + (b)1n(L) 

r2 

0.93 

0.89 

a 

-13.28 

-12.90 

b 

3.51 

3.39 

where W is weight (g), L is fork length (mm), and a and b are constants. 
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FIG. A Map Showing the Location of the Camplbell River Estuary 

Study 
Area 

Deepwater 
Bay 

QUADRA ISLAND ·:a':-.f",-.':·.· ·<. > ··.·.~.· ...... 

Discovery §\ 

VANCOUVER ISLAND 

B.C. 

U.S.A. 

. 
. . -
' 

Passage ·:\\:]'·~·· <:~· ·>.~.-: 

K. Go~~·~ . •.· .. ·~ .. •.·. 
. .· tslancl .· .. · 

·.·~·.; 

50° N-- --- -

0 3 4 2 5km 
I ==:B8 

Sc:ale 

:j) 
... 



-- 3 8 -

FIG. 8 The Campbell River Estuary Prior to Construction <Dredging) of the 
BCFP Log Handling Facility 
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FIG. C BCFP Dryland Log Sorting Operation 
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FIG. D Hydraulic Dredging Sequence (I 982) 
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FIG. E Location of the Log Booming Lots within the Estuary 
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FIG .. F Location of the Marsh Core Donor Sites <Predredging) and the 
Overwintering Area 
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FIG. G Construction of the Causeway Ut i lized to Form the Estuary Islands 

Note: Arrows indicate the direction in which the 
causeway was filled 
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FIG. H Proposed Details of the Marsh Core Planting Scheme for each of the 
Islands (Note: Actual planting scheme differed slightly) 

ISLAND'# I 

Planted Area Cha):, flat surface 0.65 
side slope 0.38 

total I .03 

Mat Requirements: C. lyngbyei 30 

J. arcticus I 5 

11 mix.ed 11 J.: arcticus 4 

Quadrat Spacing No. of Planting 

Quadrat Size (m) (m) Plugs Type of Plug Method 

A 10x50 1.0 500 C. lyngbyei 
2 

IOcm plugs 

8 10x50 1.0 500 11 mixed 11 J. arct.icus I Ocm 2 plugs 

c 40x60 1.0 2400 J., arcticus 
2 IOcm plugs 

0 50m 
D I Ox I I 0 0.5 4400 C. lyngbyei I Ocm 2 plugs 

--- --- -- 4500 m2 7800 
Scale 

ISLAND #2 

Planted Area (ha): flat surface 0.29 
side slope 0.20 

total 0.49 

Mat Requirements: c .. lyngbyei 8 

J. arcticus 24 

11 mixed 11 J. arcticus 3 

Quadrat Spacing No. of Planting 

0 50m 
Quadrat Size (m) {m) Plugs Type of Plug Method -- - I Ocm 2 plugs 

Scale 
A 15x60 1.0 900 C. lyngbyei 

B 15x20 1.0 300 11 mixedn J. arcticus 
2 I Ocm plugs 

c I Ox85 0.5 3400 J. arcticus I Ocm 2 plugs 

2osom 2 
--
4600 

Note: Mat dimensions were approximately I m x 2m x 20cm in depth 
Plugs cut from mats were ap11roximately I Ocm x I Ocm 

~-------------------------·---------------------------------------------J 



FIG. H (cont.) 

s II 

Quadrat 
Quadrat Size (m) 

A 40xl5 

B 30xl5 

c 30x25 

D 30x20 

3900m2 

- 45 ·-

ISLAND #3 

Planted Area (ha): flat surface 
side slope 

0.74 
0.57 

total 1.3 I 

0 50m Ma f Requirements: C •. lyngbyei 

J. a1·cticus ~--Scale 

Quadrat Spacing 
Quadrat Size (m) (mJ 

A 4xl00 0.5 

B 4xl00 -
c 4x 100 -
D 5xl00 0.5 

---
I 700m2 

ISLAND #4 

Planted Area (ha): flat surface 
side slope 

No •. of 
Plugs 

JeSOO 

-
-

2000 ---
3600 

0.43 
0.24 

Type· of Plug 

J. arcticus 

Juncus, Carex ---
Juncus, Carex --- ---
c .. lyngbyei 

total 0.67 

Mat Requirements: C.lyngby&i 25 

J •. arcticus I 8 

"mix·ed 11 J. arcticus 1 4 

Spacing No. of Planting 
(m) Plugs Type of Plug Method -
0.5 2400 J. arcticus I Ocm 2 plugs 

0.5 1800 11mixed11 J. arcticus I Ocm2 plugs 

0.5 3000 C. lyngbyei I Ocm 2 plugs ---
1.0 600 C. lyngbyei I Ocm 2 plugs 

--
7800 

0 ---Scale 

60 

60 

Planting 
Method 

I Ocm 2 plugs 

mats 

mats 

I Ocm 2 plugs 



(\j 

E 
t.l"') 

C\.1 
0 

&.. 
<!) 

0.. 
en 
«l 
E ·;:; 
<[ 
..,_ 
0 . 
0 
z 

r:::: 
ro 
Q) 

::::?: 

-Ill Corophium sp. 

100 

80 

60 

40 

20 

o 1 I v·····~········1 
3"4 Nunn 1s 

Insecta 

500 

400 

300 

200 

100 

o r-.. ,.,.,;., ... ,., ... ·.·.·r .. ,.,.,r········t 
2 3 4 Nunn 1s 

Island 

200 

160 

120 

80 

* L confervicolus 

I 
40 I 

I 
0 I I I I , ........ , 

I 2 3 4 Nunn 1s 

* Oligochaeta 

1000 

800 

600 

400 

200 

0 

, .• 
2 3 4 Nunn's 

Island 

*E. oclairi 

50 

40 

30 

:: ll 1111!11 

0 I :~{:~ 
I I I 

I 2 3 4 Nunn1s 

* Polychaeta 

2000 

1600 

1200 

800 

400 

!!!!!!!! 

i!!l!!!!i 
.·.·.·.· :::::::: 
~=~=~=~= 
~~~~~~~~ ·.·.·.·. 

li!i!i!i 
0 I I i ,........:~:f~, 

2 3 4 Nunn's 

Island 

* significant island effects at probability level p ~ 0.05 

* G. oregonensis 

500 

400 

300 

200 

!00 

0 I I • r""""T······1 

4000 

3200 

2400 

1600 

800 

0 

Nunn's 

*Total Macrofauna 

:::::::: 
:::::::: 

IJ; 

! 
·.·.·.·. :::::::: .·.·.·.· ·:·:·:·: ·.·.·.·. ·::::::: ·.·.·.· :·:·:·: .·.·.·. ::::::: 
:·:·:·: 

............. -...• :::::::t:::;::::l~t~~~ 
2 3 4 Nunn 1s 

Island 

.., 
G) 
• -

"'110 
0 

-1) .., 
3 -1) 

• . .., 
o.. 
(T1 ::1 

() 
Ch • .-1- (/) c 
I» CD .., • '< .-1-• ~· I» CD 
::1 ::1 
0.. 

I~~ ~ !!) 

::» 
II» 
'< Q" 
Ch .., ...,. 
-· !» 0\ 0 .-1-

::::; «> 

~l> 
c cr 
o.c 
CD ::1 
Ch 0.. 

I» 
Z::::; 
c (') 

::1 CD 
::1 

Ch l> 
3 

Ch 0 
::1 

!» <0 
::1 
0.. .-1-

::1" 
0.. CD 
.!» z .-1-
I» CD 

'-" ~ 

'< 



(\j 

E 
L() 

C\1 
0 

<... 
C1) 

a.. 

. 
0 

z 

* Corophium sp. 

50 

40 -

30 -

20 -
. ·.·.·. 

10-Jil 
0 

+ -

*Insecta 

250 -~ 

0 
+ -

Vegetation 

*E. confervicolus 

50 

40 -

30 

20 

10 

0 
+'-

Oligochaeta 

+ -

Vegetation 

* significant vegetation effect at probability level p !!i 0.05 

*E. oclairi 

50-

40 

30 

20-

I 10 

0 
+ -

* Polychaeta 

soo-T 

200 

100 

+ 
Vegetation 

G. oregonensis 

200 -

160 -

Total Fauna 

2000 l 

1600 -

1200 -m= 

800 

0 
+ -

Vegetation 

+ indicates vegetation present - indicates vegetation absent 

, 
(j) 
• 
c.. 

::::0 ::::J 
< ...., 
(1) c .., 

CD 

(I> 
::::J 
n 

C» (1) 

::::J 
0 CL. 

(I> 
...., -< (I> 

c+ CD 
C» (Q 
... (1) -· .... (I> I» ... .... 
(") 0 
C» ::::J 

0 
(") ::::J 
0 
3 ::::J 

"'10 < 
I» (1:1 .., .., ..,. 
C/) 

.... --J 
CD 

0 1:1" 
I ::::I .., 
~~- I» .... 

Cll 

c )> 
Q. 

0"' 
(1) c 
C/) ::::J 

z 0. 
I» c ::::J ::::J (") 

::::J (1) 
(I> 

0 

CJ) 
::::J 

C» .... 
::::J" 

::::J (1) 
CL. 

CL. 0 
I» I» ... 3 
I» "t:J - 1:1" 

(1) 



C\1 

E 
1.0 
C\J 
0 

'-
Q) 

0.. 
f/) 

Cil 
E ·c: 

<{ 

<\-
0 . 
0 
z 
c: 
Cil 
Q) 

~ 

* * Corophium sp. * E. confervicolus E. oclairi 

160 0.8 -, 0.20 -

120 . "'~·~·;·:. 
0.6 - 0.15 

:: ~ 1111 

0 1 r::::: 
l i 2'3'· 4 

0.4 

0.2 -

O. I 0-

0.05 _,,,,,,l''''' 
0 fl1l1lillilllli~ 

2 3 I 4 I 

Insecta * Oligochaeta * Po!ychaeta 

160 32.0- 40 

120 240- 30 

80 160- 20 

40 10 

0 0 r-····-T·······l·.·.·,·.,-... ·.··1 o v··.-., ....... · 
2 3 4 2"3'4 2 3 4 

Island Island Island 

** significant island effect at probability level p :S 0.0 I 

* significant island effect at probability level p :S 0.05 

*G. oregonensis 

16 

12 

8 

4 

* Total Fauna 

480 ! 

¥ 
360 -1 hr~ 

i=~=~=~= .·.·.·.·. 

::: ~111111 
2 3 4 

Island 

., 
G) 
• 

" 
'"'1'12 
0 ..... .., ..... 3 (1) 
(1) .., 
Q. (1) 

iTI~ 
(/) CD 
c+ (/) 
c 
I» m .., 

CD 
~ ...... 
-:IE 
(I) CD 

~CD 
::::1 ::::1 
a. 
(/) ::I -< 
S» m 
::II .., 
I» c+ 

eo 
~ Cl" 

.j::.. Ch .., 
(X) -· S» Ch c+ 

a> CD 
X )> (") 

Cl" 
c c 
Q. ::I 
('!) Q. 
(/) S» 

z ::::1 
(") 

c ('I) 
::::1 
:::1 )> 
(/) 3 

0 
(;' :::1 
-co 
I» 
::::1 c+ 
Q. ::r 
Q. 

('I) 

l» z 
c+ ('I) 

I» =E 
-...J_ 

~ 



C\1 

E 
1.0 
(\j 

0 

c.. 
Q) 

a.. 

. 
0 
z 

Corophium sp. 

80 -

+ 

* Insecta 

160 l 
120 ~ 

so-~ 
40 

-:l:;bm 0 -f-'""'4'::...:.:q ___ _ 

+ -· 

Planted 

E. confervicolus E. oclairi 

0.4 0.20 -

0.10 

0.1 0.05 -~ 

+ -
lllllll 0 --f"'~-..------
+ -· 

Oligochaeta * Polychaeta 

320 J 
240 

20 

15 

160 

II 80 

0 
+ + -

Planted Planted 

* indicates significant difference ln abundance p !': 0.05 

+ indicates vegetation present 
- indicates vegetation absent 

, 
G) 
• 
r 

G. oregonensis 
::0 :::::1 
< ..., 
(1) c: -, 

(1) 

4 

(.0 :::::1 
(') 

p) (1) 

:::::1 
a. 0 
(.0 ...., -< (.0 
.-+ (1) 

p) <C 
.-+ (1) 

.-+ 
(/) I» .-+ .-+ 
(') 

0 I» ::I 
+ -

(') 0 
0 ::::; 

Total Fauna 
3 

"C :::::1 ..,. 
j» < \.0 ..., (1) .., 
(!) .-+ 
0 (& 

::::1 cr ..., 
(1) I» 
X .-+ 
n (1) 

c: )> a. 
(1) cr 
(.0 c: 

:::::J 

z 0.. 

c: I» 
:::::1 :::::1 
:::::1 (') 

(1) 
(.0 

0 

+ (.0 :::::1 

p) .-+ 

:::::1 :::::1" 

0.. 
(1) 

Planted 

a. () 
p) !» 
.-+ 3 
I» "C .._, cr 

(I) 



- 50 -

FIG.M Discovery Passage Bench Seine Stations Sampled in I 98·2 
{Brown et al. I 983) 
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FIG. M (cont.) Estuary and Transition Zone Beach Seine Stations Sampled 
in I 982 <Brown et al. I 98·3) 
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FIG. 0 Mean Length, Weight, and Condition fo,r Wild Chinook Fry Captured at 
Island and Non-Island Stations in I 982 and I 983 
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APPENDIX I 

Significant dates for project planning and construction. 

February 15, 1980 

- Announcement that BCFP was successful bidder in purchase 
of Elk River Timber Company Limited assets. 

Planning for new dry land sort and booming area, 
considered during bidding, commenced. 

April 21 , 1980 

Elk River Timber officially a part of Campbell River 
operation, as Elk River Division. 

June 2, 1980 

- First meeting with representatives of Fisheries & Oceans, 
Habitat Protection Division, Vancouver Office, followed by 
later meeting with Lands Manager, Courtenay. 

Requirements for Coastal Log Handling Application were 
received. 

Summer & Fall 1980 

- Fisheries & Oceans, Fish & Wildlife, Canadian Wildlife 
Services and BCFP Resource Planning Group continue intensive 
inventory of estuary, review of existing data. 

- Many "in house" and agency planning meetings to analyze 
var1ous proposed locations and configurations. 

- Recognizing the importance of timing for any construction 
activity in the estuary being confined to the December -
March period, and the length of time required for agency 
approvals, construction postponed to Winter 81/82. 

February 2 - 6, 1981 

- Maintenance dredging of sorting gap conducted under close 
monitoring by BCFP and Fisheries & Oceans. 

March 4 - 6, 1981 

- Agreement reached with agencies on basic 
configuration chosen from six proposals. 
boundary locations still to be settled. 

location, and 
Many specific 



April 15, 1981 

Application for Crown 
Vice-President Timberlands 
Prospectus when completed. 

May - June, 1981 

Land submitted 
& Forestry, to 

by 
be 

W.G. Burch, 
followed by 

- Several meetings held with B.C. Forest Service, Regional 
District, Municipal Council, etc., outlining proposal. 

- Workshops to devE~lop further biological and engineering 
details, identify marsh donor sites, etc. 

July 30, 1981 

- Prospectus hand-delivered to Dept. of Lands, Courtenay; 
Fisheries & Oceans~ Fish & Wildlife. 

July 31, 1981 

- Written approval received from Dept. of Lands, subject to 
written approvals from agencies. 

September 1, 1981 

- Received written approvals from Fisheries & Oceans and 
Fish & Wildlife. 

September 2, 1981 

- Falling of site commenced, followed shortly by backhoe 
load out of surface material. 

October 1981 

- Clam-shell dredging of old boom storage pocket. 

November 1981 

- Planting material (marsh) harvested and transplanted to 
overwintering site. 

December 1981 

- Island material trucked out to form causeway at 5. 0 m 
elevation. Mixing of materials to provide good stable base 
and productive growing medium. 



- River diversion pipe installed. 

January 16, 1982 

- Sceptre Dredging Ltd. started hydraulic dredging to remove 
gravel from booming pocket and deposit as base for dry land 
sort. 

February 1982 

- Spreading of causeway material to form islands to prec1se 
boundaries and elevations designed by Fisheries & Oceans 
biologists. 

* N.B.: All this work had to be done at night, during low 
tides, under floodlights. 

February 1 - 25, 1982 

- Planted 22,850 plugs of Carex and Juncus marsh on the four 
islands. Project involved 275 man "days" (nights) of labour 
plus intensive superv1s1on. All work done at night, during 
low tides. 

March 12, 1982 

Dredge portion of project complete, 3 days ahead of 
deadline. 

Rip-rapping of boundary slope followed closely behind 
dredging. 

April 1982 

- Marsh starts to show first signs of growth. 

- Preparation of dry land sort surface continues. 

-Pile driving the booming grounds (sb:el piles) underway. 

May 1982 

Final grading of sort base and application of crushed 
gravel. 

Office installed 
installed. 

sprinkling system and catch basin 



June 1982 

- Paving dry land sort underway. 

July 6, 1982 

- First logs over dry land sort watered. 

July 7, 1982 

- Debris clean up proqram commenced; completed August 2 3. 

DRY LAND SORT/BOOMING GROUND CONSTRUCTION SPECIFICATIONS 

LAND AREAS CLEARED 

(a) 10.8 acres existing land cleared for new sort and excess 
gravel stock pile 
(b) 8.2 acres existinq land cleared prior to dredging. 

REMOVAL OF ORGANICS 

66,000 cubic yards removed to land f1ll on adjacent Indian 
Reserve #11. 

DREDGING 

(a) Clamshell Dredgin~ 
- 33,000 cubic yards Clammed onto barges and ocean dumped. 

(b) Hydraulic Suction DrE~dging 
- 479,000 cubic yards pum~ed to sort and storage areas. 
N.B.: approx. 150,000 yd remains in stockpile. 

(c) Backhoe Dredging 
40,000 cubic yards removed and 

construction. 

DRY LAND SORT SPECIFICATIONS 

utilized 

(a) Depth of gravel fill 10- 13' (sub-base). 
(b) Depth of crushed base 12 inches. 
(c) Depth of pavement - 2 x 2" lifts. 
(d) Design slops- 1.5%. 

ln island 

(e) Total area paved- 4.6 acres (an additional 1.0 acre will 
be paved in 1984) 
(f) Adjacent gravel surface of about 5 acres will be used for 
contingency storage. 
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APPENDIX II 

A Survey of Potential Marsh Transplant Donor 
Sites in the Campbell Ri ver Estuary 

by 
Don Gordon 

Introduction 

Three sites on the Campbell River estuary, which are designated 
for destruction when development plans by B.C. Forest Products 
are implemented, were surveyed to determine the feasibility of 
their being used as donor sites for marsh transplantation~ 
Juncus arcticus and Carex lyngbyei are the two marsh species at 
these sites for which the most interest in transplanting has been 
demonstrated. In addition, two existing intertidal island sites 
wi thin the estuary were briefly surveyed in September 1981. 

Material and Methods 

Stands of f· lyngbyei and ~- arcticus were flagged with wooden 
stakes to which coloured surveyor 1 s tape was tied. Ll.me green 
tape designated ~- arcticus, pink for f· lyngbyei and stakes 
having both lime green and pink designated 'borders' between 
these two species. The distance between stakes was measured 
using a metre 1 ine. Cores were taken ( 10 em in diameter, 16 em 
deep), at stations at each of the sites, using a Par A Cup 
Cutter. Depth of rhizomes and sedimen t type were determined from 
these cores. In addition, using the Par A Cup Cutter to obtain 
cores also allowed one to determine t he feasibility of employing 
this device to obtain transplant plugs. Shoot density and spe
cies composition were determined using a 0.03 m2 quadrat. 

Sites 1, 2, 3a and 3b (Fig. 1) were surveyed at low tide whereas 
the two island sites 4 and 5 (Nunn' s Island) were partially 
covered by the tide by the t1me we got to them. Thus, flagging 
was completed at these sites by making observations through the 
overlying water and pounding stakes into the substrate from a 
boat. 

Results 

Juncus arctjcus occurs as a dense, almost pure stand that occu
pies 250 m at Site 1 (Fig. 2, Table 1 ). A small patch of 
Carex lyngbyei is located at the southeast corner of the ~ 
arct1cus stand. Sidalacea hendersoni is mixed in with the J. 
arcticus in the northwestern part of the site; however, it ---r5 
un1mportant when compared to the density of J. arcticus. Tall 
stands of Typha sp. surround the J. arcticus stand. Rhizomes 
occur at 10 - 12.5 em depth in the sil t y-clay sediments. 
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Fig .. 2 ·Survey Map of Site I 
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Table 1. Survey results for the three potential donor sites which 
are designated for destruction. 

Site 

2 

3a 

3b 

Stn. 

2 

3 

4 

5 

2 

2 
3 

4 

Vegetation1 Shoot 
#/m2 

96% Juncus arcticus 2433 
4% Carex lyngbyei (t} 

100% ~· lyngbyei (t)* 1000 

90% ~. lyngbyei ( t) 903 
10% J. arcticus 

92% C. lyngbyei ( t} 1025 
8% J. arcticus 

100% C. lyngbyei (t) 850 

100% c. lyngbyei (t) 867 

1 0 0 % C • 1 y n g bye i ( t ) 533 

100% C. lyngbyei (t} 433 

100% c. lyngbyei (t} 383 

100% C. lyngbyei (t)+ 567 
85% J. arcticus 
12% Equisetum sp. 1516 

3% ~· lyngbyei (s) 
50% J. arcticus 
30% Equisetum sp. 1633 
20% c. lyngbyei (s) 

Rhizome 
nepth 
(em) 

Sediment type 

10-12.5 silty-clay 

11'-1 6 

10-13 

6-15 

6-13 

6-14 

3-11 

NS 

4-12 

3-12 

2.5-13 

2.5-13 

silty-sand 

silty-sand 

primarily sand, 
some clay at the 
surface and gra
vel at the bot
tom of the core. 

silty sand at 
top, sand with 
gravel at the 
bottom of the 
core. 

sandy-clay 

sa,nd at surface, 
sand, gravel at 
the bottom of 
the core. 

silt, sand, gra
vel 

sand, silt, gra
vel 

silt 

silty, but 
slightly loamy 

silt 

a t designates the tall f· _!yngbvei ecotype and an s the 
short ~. lyngbyei ecotype. . . . 

* a small narrow ( 1. 5 m) band of J. arct1cus ex1sts JUSt above 
this. 

+ a narrow band (1.5 m) of J. arcticus, Potentilla pacifica and 
Eleocharis palustris exists just above this. 



The dominant plant species at site 2 (Fig. 3) is ~ lyngbyei. 
Some !!.:_ arcticus is found . amongst. the ~ lyngbyei and a narrow 
(1.5 m) band of J. arct1cus ex1sts along the northeast-east 
corner of the s1telrTaEie 1). The~ lyngbyei covers an area of 
230 m2. Sediments are . pr1mar i ly composed of silty-sand but 
gravel was present in cores from stations 3 and 4. The presence 
of this gravel sometimes makes it difficult to push the corer 
in. The upper depth at which rhizomes occur is shallower at sta
tions 3, 4 and 5 than at stations 1 and 2. 

Pure stands of~ lyngbyei exist at site 3a (Fig. 4) and cover an 
area of 60 m2 • Shoot densities (Table 1) are lower than at 
site 2 and the upper depth at which rhizomes occur is shallower 
than at site 2. No cores could be obtained from station 2 of 
this site due to the large amount of gravel in the sediment. 

Site 3b (Fig. 4) is comprised of two areas. Station 1 and 2 
occur along the banks of the channel and are vegetated by pure 
sta·nd of ~ lyngbyei which cover an area of 120 m2 . Shoot 
densities (Table 1) are lower than those at sites 2 and 3a, the 
upper depth of rhizome occurrence is shallow and the sediments 
are mainly silty. Stations 3 and 4 are found in an embayment 
behind the channel. Dense l y mixed stands of J. arcticus, c. 
l!ngbyei and Eguistum sp. are found here and occupy an area of 75 
m. Juncus arcticus is the dominant species (Table 1). 
Shoot densities are high, being about 2/3 the densities found at 
site 1. The upper depth at which rhizomes occur is much shal
lower than at site 1. Sediments tend to be silty in nature. 

The flagged area at site 4 (Fig. 1) is 44m 2 in size and encom
passes a mixed stand of J . arcticus, Potentilla pacifica and 
Deschampsia sp.: !!.:_ arctfCus being the dominant. Some ~ 
lyngbyei is mixed in w1th th1s at t he lower elevations. Rhizomes 
occurred at 10 em depth and the sediment is a silt-sand-gravel 
mixture. No density measurements could be made. 

Site 5 (Fig. 1) also has a mixed stand of J. arcticus, P. 
pacifica, and Deschampsia sp. and a small amount of Scirpus 
americanus. Here as at s1te 4.l J. arcticus is the dominant. An 
area of 250 m2 was flaggE~d. ca~ lyngt>yei is found at a lower 
elevation. An area of 150 m2 was flagged. The area values 
given for this site are only approximate figures as the distance 
between stakes could not be measured but only visually estima
ted. In addition, no cores could be taken through the overlying 
water to determine the dept h of rhizome occurrence or soil type, 
nor could shoot density values be determined. 

Discussion 

The circumstances surrounding the proposed Campbell River devel
opment appear to favour the marsh transplant project. Because 

' 
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Estuary 



Fig .. 4 Survey Map of Sites 3a and 3b 
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the distance between the donor and transplant sites is relatively 
small a minimum amount of time and handling will be involved 1n 
transport. The salinity regime of the donor and transplant sites 
is quite similar (unpublished data). Elevations of the trans
plant sites will be predetermined to suit the requirements of the 
transplant spec1es. These features should help contribute to the 
success of the transplant project. 

The results of this survey suggest that the core technique, as 
developed by Pomeroy et ctl. (1981) could be successfully employed 
at Campbell River. The- important aspect of this technique· is 
that a sufficient amount of rhizome and shoot material must ap
pear in each core. Because shoot densities are fairly high at 
these sites and· because the depth of rhizome occurrence is well 
within the range in which the 'Par A Cup Cutter' works effec
tively, one can be almost assured of obtaining plant material in 
each core. In addition, due to the substrate type, cores which 
were taken maintained their integrity. This adds to the ease of 
handling and transport. 

Sediments at station 2 at site 3a and around station 3 at site 2 
contain a sufficiently large amount of gravel to make the 'Par A 
Cup Cutter' ineffective. To obtain plants from these areas some 
other technique will ha,;e to be employed (i.e., spr1gs, large 
blocks) • 

In addition to transplanting marsh plants and all the attendant 
planning that goes along with this, other workers have also had 
to ensure that they do not damage their donor sites. This is not 
the case at Campbell River. Since donor sites 1, 2, 3a and 3b 
are to be devastated anyway one can go in and 'take' everything 
as transplant material. This means that a large number of trans
plant cores can be obtained from a relatively small area: 

area of cores = 0.008 m2 

# of cores from 1 m2 = 125 (in theory) 

in practice estimate 50 cores/m2 

from donor sites 1, 2, 3a and 3b you would obtain 

248 X 50 
(230 + 60 + 120) X SO 
75 X 50 

- 12,400 J. arcticus cores 
-- 20,500 C. lyngbyei cores 
-- 3, 750 mixed J. arcticus cores 

36,650 -



APPENDIX III 

Proposed Marsh Transplant Scheme 

- original estimates of the proportion of each species in the 
donor material 

Juncus arcticus 
Juncus arcticus + other species (mixed) 
Carex lyngbye1 

250 
75 

365 
690 m2 

36% 
11% 
53% 

Planting Scheme #1 (assumes that channels will be made in Island 
#3) 

requ1res 
9800 

11400 
2600 

2'381)1) 

and 
20 
60 

80 
= 

4" sods of 
4" sods of 
4" sods of 

mats (1.5' x 3.5'} of 
mats (6.5' x 3.5') of 

J. arcticus 
C. lyngbyei 

mixed J. arcticus 

J. arcticus 
C. lyngbyei 

-> the above 'translates' to 
donor material. 

210 mats (6.5 x 3.5) worth of 

1. e. : from one 6.5' X 3.5' mat you can obtain (in theory) 

Planting scheme 
Island #3} 

requires 
11800 
17400 

26 
31800 

and 
20 

or 

#2 (assumes 

4" sods of 
4" sods of 
4" sods of 

12" sods of 

-> the above 'translates' to 
donor material. 

190 4" 

1 8 12" 

that 

X 4" s;ods 

x 12" sods 

channE!ls will not be 

J. arcticus 
c. lyngbye1 

mixed J. arcticus 

~ lyngbyei 

made in 

182 mat::; (6.5' x 3.5') worth of 



Island Area of Total Area Area Planted % area of top 
top plane plane planted 

1 0.65 1.03 0.45 69% 
2 0.29 0.49 0.21 84% 
3 0.74 1.31 0. 17 (0.37)* 23% (50%) 
4 0.43 0.67 0.39 84% 
4a - 0.07 

* bracketed numbers reflect plan 2 
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Proposed Details of the Marsh ·core Planting Scheme for each of the 

Islets (Note: Actual planting scheme differed slightly) 

ISLAND' I 

Planttld Area (ha):; flat surface 0.65 
side slope· 0.38 

total' 1.03 

·•··· ----) M•t Req • ~/./ u1rements: c. lyngbyer 

J. arcticus· 15 

30 

11 mix.ed 11: J.~ arcticus· 4 

Quadrat Spacing No.· of Planting 

Quadrat Size (m) (m) Plugs Type or Plug Method 

A 10x50 1.0 '500 C. lyngbyei 
2 I Ocm plugs 

B 10x50 1.0 500 ' 11 mixed 11 J. arct.icus I Ocm 2 plugs 

c 40x60 1.0 2400 J •. arcticus 
2 I Ocm plugs 

50m 
D I Ox I I 0 0.5 4400 c. lyngbyer I Ocm 2 plugs 

---- 4500 7800 

Scale 

ISLAND #2 

Planted Area (ha): ·flat surface 0.29 
side slope: 0.20 

totar 0.49 

Mat Requirements: c .. lyngbyel 8 

J •. arcticus· 24 

11 mixed 11 J. arcticus 3 

Quadrat Spacing No. of Planting 

50m 
Quadrat Size: (m) (m) Plugs Type of Plug Method .. - A 

Scale 
15x60 1.0 900 C. lyngbyei I Ocm 2 plugs 

B 15x:20 1.0 300 11 mixed" J. arcticus 

c l Ox85 0.5 3400 J. arcticus --
2050m 2 4600 

Note: Mat dimensions were approximately I m x 2m x 20cm in depth 
Plugs cut from mats were approximately I Ocm x I Ocm 

2 I Ocm plugs 

l0cm 2 plugs 



s II 

Quadrat 
Quadrat Size (m) 

A 40xl5 

B 30xl5 

c 30x25 

0 30x20 

3900m 2 

ISU\ND #3 

Planted Area (ha): flat surface 
side slope 

0.74 

0.57 

total I .3 I 

0 50m Maf Requirements: C •. lyngbyei ----- J. arcticus· 
Scale 

Quadrat Spacing No. of 
Quadrat Size (m) (rn)' Plugs Type of Plug 

A 4x I 00 0.5 1600 J. arcticus 

60 

60 

Pia nt ing 

Method 

I Ocm 2 plugs 

B 4xl00 Juncus, Carex mats 

c 4xl00 Juncus. Carex mats 

D 5xl00 0.5 2000 C. lyngbyei 
---
I 700m2 3600 

ISLAND #4 

Planted Area (ha): flat surface 0.43 
0.24 side slope 

total 0.67 

Mat Requirements: C.lyngbyCJi 25 

J. arcticus 18 

11 mixed 11 J. arcticus 14 

Spacing No. of Planting 
(m) Plugs Type of Plug Method 

0.5 2400 J. arcticus I Ocm 2 plugs 
------

0.5 !800 "mixed" J. arcticus I Ocm2 plugs 
-----

0.5 3000 C. lyngbyei I Ocm 2 plugs ------
1.0 600 C. lyngbyei I Ocm2 plugs 

----------
7800 

0 

Scale 

I Ocm 2 plugs 

50m 
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DFO letter of approval to B.C.F .P. for 

facility construction and estuarine 

reha ilitati n 



Government 
of Canada 

Fisheries 
and Oceans 

Gouvernoment 
du Canada 

Peches 
etOceans 

Fisheries- Pacific Region 
1090 West Pender Street 
Vancouver, B.C. 

Pikhes- Region du Pacific 
1090 rue West Pender 
Vancouver (C.-B.) 

V6E 2P1 V6E 2P1 

Mr. J.P. Egan, 
District Land Manager 
Ministry of Lands, Parks & Housing 
Room 215, Courthouse 
420 Cumberland Road 
Courtenay, B.C. V9N 5M6 

Dear Sir: 

August 31, 1981 

Your ltle Votre refNenct 

Our hie Notte rN!~ff~nr•? 

5903-85-C26-l 

Re: BCFP's Dryland Sort Proposal for the 
Campbell River Estuary 

This letter refers to the prospectus prepared by BCFP and conveyed to 
the Department of Fisheries and Oeeans by copy of your letter dated July 31, 
1981. 

In response to concerns expressed earlier by DFO, a thorough analysis 
of alternatives was undertaken by Woodbridge-Reid, but was unsuccessful in 
identifying an operationally or economically viable alternative location to 
the Campbell River estuary. We have assun1ed the Ministry of Lands, Parks 
and Housing has reviewed the various alternatives and concurs with the report 
findings with respect to reconciling the socio-economic components with 
current principles of coastal zone planning for optimum resource use. 
Recognizing these constraints, considerable effort has been expended by 
Company and Agency staff in arriving at the present facility design which 
minimizes the alienation of intertidal estuarine lands. This has been 
achieved by utilizing to the maximum extent possible adjoining terrestrial 
areas that, with the exception of the riparian fringe, contribute little or 
no energy to the estuary. In this respect, we note that riparian tree and 
brush species will be replaced on completion of the construction phase. In 
principle then, the Department of Fisheries and Oceans does not object to 
the proposed facility being constructed at the identified site, as long as 
the productivity of the estuary under the proposed scheme will be equal to 
or better than at present. 

In this regard, we would like to point out that the compatibility of an 
operation of this nature with the very high fisheries values of the Campbell 
River estuary is dependent on the very highest construction and operational 
standards. A big factor here will be the Company's continuing adherence to 
their commitment (p5) that they will only move logs out of the estuary at 
periods of high tide. The Department will not be prepared to approve future 
requests for dredging or to allow towing at lo·wer water levels which could 
cause scouring of substrate. 

.. ./2 



Mr. J.P. Egan, District Land 
Ministry of Lands, Parks & Housing 
August 31, 1981 
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The successful rehabilitation of the area currently being utilized 
for log sorting and booming will be required as a compensatory measure 
for the aquatic habitat which will be alienated. It should be pointed 
out that it is not DFO policy to accept responsibility for the final 
design of the rehabilitative measures (p39). In all situations of this 
kind, the onus is upon the proponent to design and construct a stable, 
productive area of compensatory habitat. lfuile we are participating in 
the design and the future mon:itoring program, the overall responsibility 
must remain with the Company. It is also imperative that once the compen
satory habitat is established that it remain in a naturally, undisturbed 
state in perpetuity. We are looking to the Department of Lands, Parks 
and Housing for an assurance that some form of tenure or reserve can be 
established which will prevent the reclaimed land from being used sometime 
in the future for commercial or industrial purposes. This is a crucial 
point and should be resolved before final approvals for the scheme are 
given to BCFP. We should also make clear to you that, as we wish to see 
a long-term reduction in the level of industrial activity in the estuary, 
we would not be in favour of the issuance of any future log storage leases 
in the area. 

We understartd there is some urgency to the review process as BCFP would 
like to proceed with clearing the site during the "dry" summer and early 
fall months. In the context of the aforementioned, the Department of Fisheries 
and Oceans is prepared to givE~ approval in principle to the proposal, subject 
to the following conditions being accepted in writing by the Company: 

A. Facility Design and Construction 

Construction activities may proceed as outlined in the BCFP letter of 
August 5, 1981 to Mr. M. Brownlee ttached) with the following provisions: 

1. All construction activities to be closely supervised at all times 
by Company staff familiar with the environmental aspects of the project. 

2. No activities or materials to be deposited within the intertidal zone 
without specific approval of DFO staff. 

3. A buffer zone of undisturbed vegetation be maintained adjacent to 
the slough, river and log s channel until the final stages 
of site preparation (October). 

4. Pilings and stiff legs be extended to the Nunn's Creek point to 
buffer this sensitive area from wave action from log boom 

. 
. './3 



Mr. J.P. Egan, District Land Manager 
Ministry of Lands, Parks & Housing 
August 31, 1981 
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5. The silt trapped behind the geotextile c:urtain be removed by the 
dredge rather than being flushed out into the estuary with the tide. 

6. The berm around the oil storage facilities be impervious and of 
sufficient capacity to contain the maximum ''olume of oil stored. 

7. The debris catch basins be designed sueh that they may be modified 
in the event that they are found to be inadequate. 

8. Septic facility design be reviewed by regulatory agency staff to 
ensure there will be no contamination of thE~ river or estuary. 

9. The slough which enters the storage bay at the south east corner 
be bridged to allow an adequate exchange of water on each tidal cycle. 

10. The statement on page 9 of the Prospectus " .... providing it can 
be arranged that logs continue to flow through the booming grounds 
while material is discharged in the islets location" raises the question 
of what will happen if the desired islet configuration would disrupt 
log flow? How and when would the compensatory habitat be created? 
As this is a big factor in DFO approval, it should be resolved 
immediately. 

B. Facility Operation 

1. There is to be no maintenance dredging outside of the storage bay 
to facilitate log transport. Log towing will take place only during 
high water levels. 

2. A monitoring program satisfactory to DF'O focussing on water quality, 
benthic debris accumulations and biological communities be implemented 
immediately on completion of the construction phase. 

3. Operations or facility structures be modified in the event that studies 
indicate that detrimental effects are occurring. 

C. Estuarine Rehabilitation 

1. In addition to those commitments identified in the prospectus in 
terms of being responsible for all costs associated with the site 
preparation and construction of the islets, further participation by 
BCFP is anticipated in: 

(a) Annual low level color and infra-red photography for 
purposes of determining contours and vegetative transplant success • 

. .. /4 
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(b) Provision of at least one individual full-time for four 
months each summer and one individual part-time for super
vision to participate jointly in the evaluation of the 
rehabilitative efforts, (a and b to not exceed five years.) 

(c) Further modification of islet configurations and/or additional 
vegetative transplant efforts be undertaken if deemed necessary 
to ensure the success of the project (likely 2 to 3 years). 

(d) Prior to construction of islets accumulations of debris, logs, 
etc. to be removed as deemed necessary by Agency and Company staff. 

While the foregoing may be perceived as being somewhat cautious, you 
will appreciate that a project of this magnitude in an area of such high 
fisheries values dictates this level of care. The need for very close 
supervision during the construction phase and a continuous exchange of 
information between Company and Agency personnel cannot be over-emphasized. 
I would suggest that Mr. N. Lemmen, M. Brownlee and myself should be the 
points of contact for the Department of Fisheries and Oceans through the 
construction phase. 

MJB/JP/mmd 
cc: D.N. Brock, Area Mgr. 

South Coast Div. 

N. J. Lemmen, District Supervisor 
Campbell River 

D. Morrison 
Fish & Wildlife Branch, Nanaimo 

R. Bell-Irving, Chief 
Water Use Unit, HMD 

T. Mattice 
BCFP, Campbell River 

Dr. I.K. Birtwell 
West Vancouver Laboratory 

attach. 

Yours truly, 

Origin;,! Sig·,~ry l..·f 

J. PA'I'Nf 
J. Payne, P. Eng. 
Chief, Land Use Unit 
Habitat Management Division 



Throughout the hydraulic suction dredging operations the dredgeate 
is transported by a 26" floating or bottom lying pipe which has minimal, if 
any, impact on submarine or terrestrial flora & fauna. 

The dredge machine advances and withdraws using both ''Spuds'' (stiffleg 
projections which act as pivotal advancement points) and anchors. 

The remainder of the dredgeate will perform only one function directly 
relevant to the project construction, that being the base foundat~on of both 
the paved area and unpaved area of the 17 acres mentioned in Section A. This 
12 acre portion will require ± 210,000 of select gravel with the remainder, 
± 215,000 yd.3 to be stockpiled to the south, or directly adjacent to the 
southerly extremity of the area designated as gravel sort on attached plan. 

Dredging will be to lines located in field as being furthest extremity 
of disturbance, (see Plan) with final trimming (slope groomint_;) of edges to 
exacting requirements performed by barge mounted, clamshell equipped crane, the 
same as mentioned in Section B. 

To maintain water quality throughout Section C, the following steps 
will be taken -

Before any deposition of materials takes place in our land fill and 
stockpile areas a berm will be created,using native material,around the entire 
area of deposition. This berm will serve to contain the ± 18,500 gallon per 
minute of water which is the volume moved by the dredging process. Perimeter 
ditches will in turn c~rry the waste water to a central settling pond where 
fines will he deposited before the water passes through a spill box and returns 
directly into the area where the dredge is \vorking. Any siltation into the 
main body of estuary can be contained by the use of a "silt curtain", this being 
a geotextile fabric suspended vertically in the water, supported on top by 
floats and held vertical by weights. This acts as a filter, whereby water has 
a free flow but any suspended sediment is trapped, to be fluchPn upon oo~~ipg 
of the silt curtains at the appropriate outgoing tide. 

January 4 - February 8 

D. Upon completion of slope grooming by clamshell, which will result in 
a slope of 1~:1, a protective covering of rock :rip-rap must be placed on the 
gravel slope to maintain as near to a vertical ang1e as possible due to our 
overall width restrictions. This rock rip-rap will be of a size.class 24'' minus 
which is necessary to counteract bow wave and prop-wash erosion by boomboat 
activity. Source of material is at this time thought to be the Ideal Cement 
quarry on Texada Island. Materials will be barge loaded at source, towed to 



SEC.2 

dredge site and placed by the same machinery that performs the final slope 
trimming. Rip-rap will extend vertically to a height no higher than the natural 
ground level at top of slope. 

The whole slope armouring procedure must follow as closely bcl1ind slope 
grooming as practicably feasible because natural existing gravel slopes in tl1e 
sort by area tend.to lie at 3:1, therefore any time delay will cause natural/unnatural 
created wave acti0n weathering on our 1.5:1 slope with prohibitively restrictive 
resJ.llts. ' 

A summary of progress at this time (around Feb. 8) has dredging complete 
with slopes stabilized with rip-rap. Major formation of sort complete with sub
grade in place, including a vertical wall-le..o.g,th 100' located in extreme southeast 
corner of newly formed boom area,· 'I'his wall • .a-lthough not previously mentioned, 
is important in that it allows dlrect vertical access to small boat tic-up \.Jhar 
(see Plan). Access is necessary in this fashion so tl1at equipment and booming 
gear can be lowered either onto boats or work float for disperscment throughout 
booming ground. Other works which will take place during and after placement of 
sort fill, prior to paving are: 

1. Installation of a ± 48" ashphRlt coated slcel pipe from the Campbell 
River to a point of outfall in the area of the dump skids. This pipe will be buried 
at an appropriate depth below final sort elevation and wi~l serve to J>ruvidc 
a fresh-water input to the newly formed sort bay. This input \vill svrve to pruvide 
a flushing action and prevent any stagnation within booming ground and will also 
help relieve the head pressure of water from river acting on remaining river edge 
at times of lower tides. Input end at river will be equipped with a gate valve 
to control flow at will, and a debris screen. 

2. Formation of subtE~rranian catch-basins at strategic points around 
sort perimeter which when fed by concrete perimeter ditches, will through their 
design serve as settling ponds for: 

a) any debris from sort surface 
b) normal fuel leakage 
c) any other dirt, fines etc, wl1ich may be created during log handling 

activities. 

After settling process these basins can be cleaned when necessary and will ensure 
that only sediment free water will return to booming area by way of 18'' dia. 
effluent pipes. 

3. Installation of power and water lines will probably also take place 
before final fill elevation is reached to ensure a prOper and adequate rlepth of 
coverage. Power installations will serve to light sort area, power offices 
and buildings. Water installations will be for domestic use in office buildings 
and also for paved sort irrigation, a dust preventative measure. Sewer lines 
are also to be installed to the ~hop complex with septic fields for boom shack, 
eta. 

All above work completed by May 1, 1~82 



. Bnt1sh Columbia 
Forest Products L1m1ted 
Campbell River Logging Office 
830 Thirteenth Avenue 
Campbell River, British Columbia, Canada V9W 4H2 
Telephone (604) 286-0711 

Environment Canada 
Fisheries & Oceans, 
1090 West Pender St., 
Vancouver, B. C. 
V6E 2Pl 

Attention: Mr. Mike Brownlee 

Dear Mike, 

BCFP 

August 5, 1981 

The attached information and map will act as a supplement to the 
construction schedule included in the Prospectus. 

The clearing and grubbing phase scheduled to commence on August 1, 
has obviously been delayed due to the strike of I.W.A. members. We foresee a 
new starting date of August 17 providing a solution to labour problems can be 
reached via special permits etc. 

Our intentions are, as listed in text, to start in "background" with 
no "presence" at least until after Labour Day when Campbell River's compliment 
of tourists starts to drop. 

We feel we must start on or around the mid-August date for ease and 
efficiency of operations. Equipment mobility is best during dry season, any 
groundwater flow is best controlled when general water table is at a low, debris 
burning most efficient in dry weather and removal and separation of organics 
also best with little or no rainfall. 

With a startup date of August 17, we would expect clearing and grubbing 
to be completed by October 20 with a return to text schedule on November 1 with 
clamshell dredging. 

For your consideration and earliest convenient reply. 

I 

Yours truly, 

C. H. G. Iverson, P. Eng. 
Area Manager 



DRY LAND _e_Q~f /BOOMING GROUND 

SEC. l CONSTRUCTION PROCEDURES & SEQUENCE 

A. Commencing August l/81 - Clearing and grubbing of ± 17 acres of 
ground above H.W.M., utilizing heavy equipment, and burning of all brush, 
stumps and any other non-merchantable material. Within this 17 acres are 
12 acres which must be stripped of 60,000 yards of organic material which 
if left, would deteriorate and jeopardize the integrity of overlying structures 
~e. pavement). This organic material will be removed to a suitable site as 
a sanitary land fill, recognizing any constraints F & W and Pollution Control 
would have on this site. Schedule for clearing and grubbing is as follows: 

August l September 30, 1981 

Area A August 1 - 7 
Area B August 1 - 14 
Area C August 14 - Sept. 11 

D & E September 11 - 30 
B. Upon completion of the sort site preparation, the next step will 

be raking and cJamming at the bottom of the existing sort bay and duck pond, 
hopefully commencing Nov. 1/81 with a completion date of December 20. The 
procedure for raking involves the removal of all large sunken debris (logs, 
wire). This will be accomplished by utilizing a log loader on the N.W. side 
of the Raven pocket and a mobile tail hold on the S.E. side. A large rake 
will be dragged across the pocket to accumulate the debris on the existing 
road. The procedure will be the same to clean out the duck pond area. The 
debris will then be loaded aboard scows for ocean dumping. All logs dredged 
will be hauled away via Elk River Division mainline. Because of the consistency 
of the dredgeate an. 85% water/15% organic slur:t:.R) and its unmanageability on 
land, ocean dumping should be the proc~-s-s of disposal for the clammed material. 
Approximately 45,000 M3 must be disposed of in this manner. Method of removal 
would be by barge mounted clam3heH equipped crane which would pile dredgea te 
on belly dumping scows which would then be towed to designated dump site south 
of Quadra Island. Application for ocean dumping has been made June of 1981. 

January 4 - February 8 

C. To remove ± 490,000yd~ of gravel by hydraulic suction dredging which 
would commence with first material to be removed located directly to the east of 
Nunn's island where a small projection of ± 5,000 yd.3 remains as a ridge between 
two previous dredging operations. 

This material, being of a known, coarse nature will fo1~ the base of 
one or more of the islets proposed as part of Federal Fisheries & Oceans estuary 
rehabilitation requirements. 

The main body of the dredging centres around the existing "sort bay" 
or as locally knmvn, the old Raven pocket. Here the hydraulic dredge will 
advance in two or more passes taking the grade of the

3
bottom down to a point 

lying 10 feet below zero tide. The first ± 75000 yd. will also go to the 
north to form the main body of the aforementioned islets. 



SECTION E 

After subgrade formation and installation of ancillary structures, 
the sort will be left for a settling period of 2 to 3 months, taking us to 
May 1st at which time sort work will progress. During this 2 to 3 months time 
frame, the construction of the actual booming ground will take place in the 
following steps. 

Pile driving:- March 15 to April 7/82.- Immediately after slope 
armouring, Section D, the external pile lines will be driven. To facilitate 
the driving, a section of rock at the toe of the rip-rapped slope must be 
removed, pile must be driven, and then the rock must be replaced. Piles will 
be steel H-piles with a section heavy enough to withstand the high forces 
necessary to drive through a hard lense of cobbles,plus resist corrosion. 

The section of rock must be removed to allm11 proper pile alignment as piles 
cannot readily be driven through rock and any mis-alignment would not allow 
proper boom pocket construction. 

Driving of the remaining single piles and dolphins will take place in 
a similar manner, less the removal and replacement of rock. Either a drop or 
vibratory pile..,.driving hammer will be used; specific application of either to 
be determined at the discretion of the contractor. 

During pile-driving operation we would also expect the contractor to 
be fabricating the stapding-booms, or boom pocket perimeter bounds, on land. 

TI1is operation entails predrilling boomsticks on land then placing in water to 
be fastened to pile lines in a suitable manner. Configuration of standing boom 
and pile locations can be seen on attached plan. Boomsticks will be pre-floated 
and marked to ensure they eventually float with holes vertical. 

Another portion of pile-driving operation will be support foundations 
for the bundle skids. This again will require removal of rock from slope, pile 
driving, and replacement of same. 

Remaining work to be done in booming ground area is minor, consi~ting 
of small docking facilities, etc. Total expected time span approximately - 20 
working days or April 7th completion. 

SECTION F 

As mentioned in Section E, the dryland sort subgrade must settle for 
2 to 3 months, therefore, let us assume re-commencement of activities May 1st, 
which are:-

Final elevation and slope grading of paved area of D.L.S. using 1'' 
minus gravel crushed on site by the paving contractor followed by 4'' pf ashphaltic 
pavement lying at a slope of 1~% towards perimeter ditches.* 

Perimeter ditches (as mentioned in mid-••ay summary - Section 2) to be 
formed around perimiter of pavement utilizing place formed gunnite concrete. 

Concrete catch basins of 20 & 30,000 gals. to be constructed at 
appropriate ends of concrete ditches (see plan) 

*Also paved, will be in and out roads, plus unloading site (see plan). 



SECTION F Cont'd. 

Installation of power poles \·lith a d·ispersement such that the entire 
area of paved sort can be lighted, witl1 appropriate fixtures, to a luminosity 
of no less than 2~ foot candles. Ligl1ting power source will include kiosks at 
points deemed appropriate by ourselves and electrical inspector to service 
ancillary structures. 

Placement of prefabricated skidways and "dumper bunks" which will meet 
F & 0 requirement that bundles be "soft-watered" to minimize bark loosening upon 
entry into water 

Complete installation of "weeper" irrigation system for dust control. 
·' -' 

Sewer (septic field) hookups to be completed and installation of 
trailers to act as offices, dryroom/lunchroom. 

SECTION G 

The creation of islets, although briefly mentioned in Section C, has 
not been fully covered. 

As this rehabilitation project is a relatively new endeavor for 
Fisheries & Oceans on a scale StJch as this it is still under a good deal of study. 
Summary of study progress is as follows: 

1) Air photo of estuary flown by B.C.F.P. at a time of extremely low 
tide from which a detailed (25 em) contour map of rehab. area was 
made. 

2) Numerous water velocity measurements made (ongoing). 

3) Substrate mapping (ongoing). 

4) Vegatative map made on 25 ern base. 

5) Benthic populations sampled and assessed. 

6) Debris mapping. 

From the above information and several on-site field trips and study 
groups involving F & 0 and B.C.F.P. personnel, a preliminary plan has been 
formulated. This plan includes the building up of several extensive intertidal 
zones on which known&experimental transplant methods will utilize rhizomes which 
are within planned areas of disturbance. These intertidal areas will have 
extensive channels excavated which will serve as rearing and resting areas for 
ocean-bound salmonids. 

Complete information on methods, timing and potential of rehabilitative 
aspect of project after a more complete analysis of needs by Fisheries & Oceans 
staff. Projected deadline July 15, 1982, 

SECTION H 

Esthetics:-

To return the perimeters of the new development area to as 11ear-na tural 
a state as physically possible, and to also make perimeters as productive as 
possible, F & 0 and F & W staff are investigating the productive potential of 
various species of evergreen and deciduous trees, with an t1nderstory of brush and 
grasses also to be included. Streambank flora is the main source of feed for 
all creeks and rivers and while not directly as important in an estuary for post 
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~SECTION H Cont'd. 

emergent salmonid species, these tree "grocery stores" still provide a 
significant amount of nutrients in the form of insects~ insect larvae and 
small particles of organic matter. 



Ab'<:l • ON/log 
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Government 
of Canada 

F1shenes 
and Oceans 

Gouvernernent 
du Canada 

Peches 
et Oceans 

Fisheries- Pacific Reqion 
1090 West Pender Street 
Vancouver, B.C. 

Peches · R e~i on du Paci fie 
1090 rue West Pender 
Vancouver (C.-B.) 

V6E 2P1 V6E 2P1 

Mr. R. P. Willington 
Forest Hydrologist 
Crofton Logging 
British Columbia Forest 

Products Limited 
PO Box 130 
Crofton, B.C. VOR lRO 

Dear Bob: 

October 5, 1981 

Y0ur Me Vottc 'l~f(·rt•nu• 

(lur ,,;,, •"J:·:r. ,,,, .. , .. 

5903-85-C26-l 

Re: Islet Configuration ·- Campbell River 

Please find attached a copy of the islet configurations drafted by 
the 'Biological Component' of the Campbell Project. 

We have attempted to incorporate the data collected during the July 
"flood" in designing the islets, although I understand the review by the 
"physical types" is best undertaken with something to work with so we 
have drafted what we consider to be desirable. 

In view of the limited time remaining, I hope you will be able to 
get together with the others and Dr. KellerhQlls to comment on the 
establishmentof the islets, etc. as soon as possible. 

MJB/mmd 
attach. 
cc: J. Payne, P. Eng. 

Chief, Land Use Unit, H}ID 

Dr. L. Giovando 
West Vancouver Laboratory 

R. Eliasen 
Land Use Unit, H}ID 

T. Mattice 
BCFP, Campbell River 

Yours very truly, 
--------------

M. J. Brownlee, Sr. Project Manager 
Forest Harvesting/Urban Develop~ent 
Habitat Management Division 
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+ Government Gouvernement 
of Canada du Canada 

Fisheries 
and Oceans 

Peches 
etOceans 

F'isheries · Pacific Region 
1090 West Pender Street 
Vancouver, B.C. 
V6E 2P1 

Pikhes · Region du Pacific 
1090 rue West Pender 
Vancouver (C.-B.) 
V6E 2P1 

Mr. Robert P. Willington 
Supervisor, Resource Planning Group 
British Columbia Forest Products Limited 
Crofton Logging Office 
PO Box 130 
Crofton, B.C. VOR lRO 

Dear Bob: 

'January 22, 1982 

Your Me Vctre t&lerence 

Our file Notre relerer.ce 

5903-85-C26-l 

I have reviewed Rolf Kellerhals' letter and am encouraged with 
his responses to your questions. It is reassuring to have his considered 
opinion that the construction of the four islands will not affect flooding 
in the lower river or BC Hydro's water release: regime from the John Hart 
Dam. 

With regard to the scouring of grave:! and subsequent downstream 
aggradation, we should ensure that a regular monitoring program of gravel 
accumulation is built into the post-development study program. As you are 
aware, one of our main objectives in approving the overall scheme was to 
obviate the need for regular dredging in the estuary. However, Kellerhals 
has stated that occasional minor dredging only should be necessary and I 
am sure that we will be able to develop mutually satisfactory criteria, 
which when combined with the monitoring program, will allow the maintenance 
of the navigation channel with no detrimental influence on the surrounding 
fish habitat. We can discuss this further the next time we meet. 

JP/mmd 

cc: N.J. Lemmen, District Supervisor 
Campbell River 

Yours truly, 
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~nt1sh Columbia 
Forest Products L1m1ted 
Crofton Logging Office 

P.O. Box 130 
Crofton, British Columbia, Canada VOR 1RO 
Telephone (604) 246·3264 
January 7, 1982 

Mr. John Payne 
Habitat Protection Division 
Resource Services Branch 
1090 West Pender Street 
Vancouver, B.C. 
V6E 2P1 

Dear John, 

0 0 0 I') II 4 

/(fX_\ 

JM\ I L ·:·.! ;·~ 

r t .. 
r·. 

F II i 

'ul 
: ;i ') 
d~ 

r..-o . 7 \ .._ -._);0 .. 1. ,) .,) 
c.' )(. 

Herewith enclosed please find Rolf Kellerhals' letter of response to the 
questions I posed in my letter (also enclosed). . 

BCFP 

/ 

Once you have reviewed Rolf's response, I would very much 1 ike to learn of 
your reaction to the points he has raised. 

Yours truly, 

BRITISH COLUMBIA FOREST PRODUCTS LIMITED 
RESOURCE PLANNING GROUP 

~~~-c.-; 
Robert P. Willington 
Supervisor 

RPW:ao 

Encl. 
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KELLERHALS ENGINEERING SERVICES LID. 
Consulting Engineers in River Engineering and Hydrology 

ROLF KELLERHALS, P.ENG. 

Dipl. lng., M.Sc., Ph~D. 

BC Forest Products Ltd., 
830 13th Ave. , 
Campbell River, B.C. V9W 4H2 
Attn. Mr. Robert P. Willington 

Dear Bob, 
Re: CampbE~ll River Estuary 

Island Configuration 

Telephone 16041 285-3570 
Box 204 
Heriot Bay, B.C. 
VOP lHO 

December 23, 1981 

Thank you for your letter of December 16, 1981. Both of 

your questions raise rather difficult technical problems that are 

not easily answered without major study efforts involving both 

analysis and field data collection. There is also no assurance that 

detailed studies would in the end provide an· accurate prediction of 

future conditions. However, I am trying to give you a rough idea of 

what I feel is most likely to happen, assuming that the islands will 

be built as planned. 

Question 1: "Will 

BC Hydro to release water 

by how much?" 

the construction of the islets require 

at rates lower than 22 000 cfs and if so 

Mr. Ian Pate, the manager of BC Hydro's John Hart generating 

station sent me a graph of their outflow operating criteria. It shows 
" that general channel capacity downstream of the Campbell River Lodge 

imposes a severe restriction on the amount of water that can be 

released at John Hart without flooding parts of Campbellton 

(623 m
3
;s, 22000 cfs). Tide levels above 3.6 ~add further restrictions, 

down to practically zero flow at the highest tides of 5.3 m. By 

removing most of the pilings and all the log booms from the estuary, 

BCFP will increase channel capacity while the islands will tend to 

have the opposite effect. The overall effect is unlikely to lead to 

more severe outflow restrictions for B.C. Hydro. In addition one can 
expect that the channel capacity of the most critical reach 

... 2/ (Cont) 
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~LLERHALS ENGINEERING SERVICES LID. 

Mr. Robert P. Willington -2-· December 23, 1981 

immediately above the estuary will increase gradually as the sediment 

accumulation along your row 01f pilings in the central part of the 

river gradually gets removed by floods. This effect could be assured 

immediately by dredging. '' 

Question 2: "Can we expect inter-islet channel scour and if 

so, what is the ant~cipated downstream aggradation zone for the eroded 

materials?" 

There is considerable evidence of gravel transport in the 

lower Campbell River. The material probably originates in the Quinsam 

River and is deposited mainly in the upper parts of the estuary.During 

occasional large floods that happen to coincide with a very low tide 

much of the gravel accumulation gets carried out to Discovery Passage, 

but some may be carried into slack-water areas of the estuary. BC Hydro 

has noted a significant increase in channel capacity after any prolonged 

period of high flows. Some slack-water areas·are also likely to 

experience a gradual accumulation of suspended sediments (sand and 

silt). The deep, dredged channel immediately to the east of the spit 

is the most obvious slack-water site f~r potential sediment accumulation. 

In general it is reasonable to expect that there will be a 

slow, continuing tendency for channels, bars and islands in the estuary 

to shift position. This shifting. is partic_~lar~y: s;Low_.in__the Campbell 

River due to the reduction of floods and interception of gravel by BC 

Hydro's dams. With continuing monitoring and occasional minor dredging 
·-- . . . ~----~ 

it should be possible to maintain an essentially stable estuary 

configuration over prolonged periods. 

Although I am unable to answer your questions in a clearcut 

manner, I hope that this will provide some guidance to BCFP and to 

others interested in the rehabilitation of the Campbell River estuary. 

Please let me know if I can be of further help. 
;, 

.Yours truljy/ ~"· ... (' 
' ' -, \ ' (/ i/., -- -' c_;l~ I • ' ' -/ l.i • -~ 

·o.. 

Rolf Kellerhals P.Eng. 
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~ntlsh Columbia 
Forest Products LrmrterJ 
Campbell River logging Office 

830 Thirteenth Avenue 
Campbell River, British Columbia, Canada V9W 4H2 
Telephone (604) 287-6269 

Mr. Rolf Kellerhals, P. Eng. 
Box 204 
Heriot Bay, B.C. 
VOP lHO 

Dear Rolf, 

., 

BCFP 

December 16, 1981 

Attached is the Campbell River Estuary Islet configuration that bu.s ~ 
adopted for construction in January 1982. At a n'Ceting of B.C. Forest Prcx:lucts 
Ltd. and Federal Department of Fisheries and Oceans personnel on Deceml::Jer 16th, 
1981 further concerns with respE~ct to the Islet plan were raised. These include 
the following: 

1.) During the winter B .. C. Hydro nrust releas? stored w-ater to acc--ount for 
storm runoff into the reservoir. me rate at which tl1cy can release 
this water is goverr1ed by tides and stage height allo . .;anccs dictated 
by shoreline residents. They can currently release 22,000 c. f. s. (not 
including llie Quinsaro fJow) at low tides, but flows exceedj ng this 
inundate the Ca:rrpbell River Lodge. 

Question: Will tl1e construction of the islets require B.C. Hydro to 
release water at rates lc::Mer llian 22,000 c.f.s. and if so by how much? 

2.) Given tl1at the islets c:m be constructed so that they will not ercd0, 
concern has been expressed over inter- Islet channel scour initiated 
by the reduction in cross-sectioned area. }~ calculations suggest this 
area reduction to bE~ about 35% (below 3m) • 

Question: Can we eXf:lE~ct inter- Islet channel scour and if so what is the 
anticipated de:Mnstn~am aggradation zone for llie eroded materials? 

In lieu of our Friday, December 18th, 1981 meeting, we (B.C.F.P. and D.F.O.} 
would appreciate your analysis of the data supplied to you with respect to the 
questions posed herein. Your analysis would then be the basis for a meeting with 
B.C.F .P., D.F .0., B.C. Hydro and yom~self on December 22nd, 1981. 

Your input in llie matter of -C::m1pbell River Estuary Islet confi<Jllr .1! _i,,ns is 
required in order to ensure tl1at a).l parties having a vested interest in the estuary 
and environs (upstream and de:Mnstream) will not in~ short and / or long term 
econanic hardships accruing fran the construction of the Islets. 

/2 



;-. 
-2-

I am available for further telephone camn.mications regarding this request 

at ffi¥ office (246-3264} or home {748-0194}. 

Yours truly, 

B.C. l.:'OREST PRODUCTS LIMI'I'ED 

~'1?-<--V~t::::= 
Robert P. Willington 

RPW/p.v 

cc: C.H.G. Iverson 

.. 
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; CAMPE~Ll RlVER HYDROLOGY 

ANALYSIS 

Robert P. Willinoton 

A series of data were collected during June, July. 1981 in order to secure a 

ce:ter unoerstan~ing of the hydrology of the Campbell Rrver estu~ry. This report 

oresents these data in a.manner intended to facilitate their use by Federal 

Fisheries an~ Oceans staff in their interpretative needs for their proposed 

re~abilitation o= this estuar). 

Data Collected: 

a) Flov.• Velocities 

On severa1 c==asions, veio=ities o~ th~ Ca~obell River were measured at 

several sites (Appendix 1). These velocities were measured to f~ilitate 

interpre~atio~s for erosion an~ flow volume and stage height in the Campbell 

River estuary. Measurements were made by BCFP staff using the following 

velocity m::::ers: 

Set Up A: Oil type 10.002 No. 18548 propeller R-19843 

- loaned to project by Dr. D. Golding, Faculty of Forestry, 

University of B.C. 

Set Up B: OIT type 10.002 No. 46086 propeller R-44989 

- property of BCFP Resource Planning Group. 

Set Up C: OTT type C2 10.150 No. 60670 propel lor 60416 

- loaned by Dr. D. Golding and Dr. M. Quick, Faculty of 

Applied Science,'University of B.C. 

All of the velocity data is presented in Appendix II. 

b) Estuary Contours 

A contour map of the Campbell River estuary was developed by Mr. Joe Weiss 

(BCFP) with contours at 0.25m intervals beginning at approximately -0:25m 

(from 0 tide)_ In order to complete the contours to depths not interpretable 

·. ·. 
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from the air photos~ BCFP ran bottom profiles using a Raethon precision 

depth finder. 

Analvtical Procedures: 

The obje~tive of the physical-hydrological study of the Campbell River estuary 

is to evaluate the degree by which the Campbell River estuary is used by the 

Campbell River to discharge flows. At low tides and high peak flows it was felt 

that the maximum flow velocities would be experienced. Also, at low tides the 

computation of estuary cross-sectional area used for river flow alone could be 

facilitated without the confounding effect of tide level. 

Campbell River Flow Regime: 

On July 2, 1981, B.C. Hydro opened the flood gates on John Hart Dam by request of 

Fisheries and Oceans in order to duplicate winter events involving hrgh flows and 

low tides. The total flow which lasted from 1200 hours to 1400 hours was judged 

to be about 350 rn3 /sec (B.C. Hydro and Power Authority). The tide duning this 

period was about 0.2 meters. 

Table I outlines the flow regime for Campbell River and indicates that the flow 

of 350m3/sec. on July 2, 1981, is frequently exceeded annually and is often in 

excess of 350 m3t sec. for a day or more. 

The attached map (Appendix i) indicates that tidal damming (effect of standing 

sea water on inf1ow from river) of some of the channels through the estuary occurs 

at tides in excess of 1.0 m and the others at tides in excess of 1 .25m. During 

the winter when peak flows from Campbell River can be expected, tides of a stage 

less than 1.25 m can occur during mid-November, mid and late December, and at 

various times in January and February .(Table I 1). 

Ana'lysis of July 2, 1981 Flow: 

During the two hour period that the 350m3/sec. flow was being released in the 

Campbell River, velocities were measured at four sites in the estuary. 
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TABLE I • Summary of flows for Campbel 1 River. 

Cflltl'nt:t.l, AIVt:u II rAn C"H1'0£\,L 111\'P:Il .. CT.lT\OH HO f'l11111n0 1 

HOHTIII.Y Atltl .ltlllti~L Hr..a.tl ntr.cur..nr:r.s lH Ctln1C· HETn.:s rr.n sr.rrn1n rnn rur. rr.ntnn or urr'f'\llf't 
Yr. A~ 

19.9 

19H 
10' I 
19 52 
19 5) 
191 ~ 

1955 
19S6 
19 51 
19 5 e 
19 S9 

1960 
1961 
19 G l 
196] 
19 (j q 

1965 
19 & 6 
19 61 
1968 
1969 

1910 

HEAH 

1955 
1956 
19 s 1 
1950 
I?H 

19GO 
196 I 
1961 
196] 
t 9 Glt 

19 G 5 
19G6 
19 61 
1969 
1969 

1~70 

JAH 

H.9 
Ill 
ll. l 

117 
19 •• 

, e 2. 1 
IJ,q 
6 5. 3 
90.6 

Ill 

16. 3 
2;1 
I; 6 
II G 
15• 

I I R 
1)8 
Ill 
219 
Ill 

Ill 

119 

"·' ''·' I G, l 
101 
I~ 9 

8-. l 
69, I 
IO.S 

lql 
9!.5 

0 8. 9 
19] 
Ill 
Ill 
I 18 

Ill 
IB 
Ill 
ll6 

I g, I 

108 

I 01 

1 ~. 5 
)q. 0 
J I,' 
-A, 6 
1 n. 1 

6(, , I 
6 q •• 
90.9 
U,G 

I 5. 9 
1:1 

9 I, 0 
16. 1 
9], 5 

1<.1 
II~ 
Ill 
126 
... 0 

". 5 
8 l. I 

LOCATION • LAT 50 01 II II 
LONG I l 5 I 7 ' 1 II 

Arn 

ILq 
nn,l 
9 o. I 
16.1 
r. A, I 

62. 0 
56. e 
85.8 
91. q 

Ill 
I 0 I 

9 0. l 
I 0 l 
11.1 

19.' 110 
Ill 
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SA 1705 4..3 
SA 

12 0015 13.5 
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3 41 J!: 2200 

4.0: 11 0150 
.9' 0925 

4.2, FR 1555 
3.3 YE 2240 

3.9 12 0240 
.8 

4.3! SA 
31 i St. 

1010 
1620 
230G 

5.5 
12.2 
11.1 
11.8 

5.1 
12.7 
11.0 
11.5 

4.7 
13.0 
10.7 

11.5 
4.2 

13.2 
10.2 

11.7 
3.9 

13.4 
9.5 

12.1 
3.7 

13.5 
as 

3.9 i 13 .9: 4.31 su 
2.9 Dl 

0340 -12.6 
1050 3.8 
1650 13.6 
2355 7.9 

3.9,14 1.0 
4.3 MO 

ILU 
2.7,15 
3.9 
1.2 TU 
4.3 MA 

2.5, 
3.9 
VI 
42 

0425 "13.0 
1130 4.3 
1715 -13.8 

0020 '7.0 
0520 "13.2 
1205 5.1 
1745 13.9 

2.C' 19 
3.f 
2.8 St. 
3.!? s.; 

1.9 20 
3.5 
3.1 su 
3.E Di 

1.6 21 
3.f 
3.3 MC: 
3.7 LU ... 
1.7 22 
3.7 
3-" TU 
3.6 Mt. 

1.6 23 
3.S 
3..: w:. 
3.:: """" 

1.4 24 
4.0 
3.3 TH 

JE 

3.5 25 
1.3 
~.0 FR 
3.1 VE 

3.6 26 
1.2 
4.1 SA 
2.9 SA 

3.7 27 
1.1 
4.1 su 
2.7 Di 

3.8 2B 
12 
4.1 MO 
2.4 LU 

4.0 29 
1.3 
42 TU 

MA 

2.1 30 
4.0 
1.6 WE 
4.2 ME 

015(. '5.7 
O?o:: 13.2 
1320 7.4 
1855 14.~ 

0?4G 4.6 
0810 12.9 
141(! E-.7 
1935 14.C 

033D 4.7 
0925 12.7 
154C· 9.E 
2010 13.7 

0425 4.0 
1045 12.7 
1650 10.6 
2100 13.3 

C5~5 ~~ 
121!: 12.9 
181(\ 11.(' 
22()(; 12.7 

0620 4.0 
1320 13.4 
1945 10.6 
2320 12.2 

0735 4.1 
1..;20 13.7 
205;) 10.2 

0045 12.0 
0640 4.2 
1500 13.9 
2150 9.4 

020(' 12.0 
0935- 4.5 
1535 14.1 
2240 8.6 

0300 . 12.2 
1015 . 4.9 
1610 14.1 
2320 7.8 

0350 12.4 
, 105 5.4 
1630 14.0 
235(j 7.0 

()440 12.6 
, 150 6.1 
1715 '13.7 

l.f 
4[ 
2.:: 
4.:" 

1 ~ 
3.£. 
27 
<:.:" 

::u: .. 
3.f1 

42 

1.L 
3.9 

.<; 1 

o,L 

3.9 
34 
3S 

1.2 
4 1 
3.3 
37 

>2 
~.2 

3.1 

3.7 
1.3 
4.2 
2.9 

3.7 
14 
4.3 
2.5 

3.7 
1.5 
4.3 
2.4 

3.8 
1.6 
4.3 
2.1 

3.6 
1.9 
4.2 

0030 • !i.4 - 2.0 
0530 ~ 12.7 3.9 
1220- 7.0 2.1 
1730 -13.5 - 4.1 

0045 , s:s 1.8 
0615 12.8 3.9 
1300 7.B 2.4 
1805 -.13.2 . 4.0 

> 
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River Tioe Table 

• 

(PST) 
( Z+8) 

1981 

OCTOBER-OCTOBRE NOVEMBER-NOVE MBRE 

o •• Tomt! HU!t HU111 lcr Heur! HUit HUnj )OUI 

1 0110 
0705 

Tl-1 1220 
JE 1835 

2 0140 
0755 

F?. 1325 
VE 1850 

3 0215 
0850 

SA 1455 
SA 1910 

4 0245 
0955 

su 1615 
01 1935 

5 0340 
1115 

MO 1730 
LU 2000 

6 0430 
i21t 

TU 1850 
MA 2045 

7 0535 
1305 

w~ 2000 
ME 2235 

8 063(: 
:35C 

Trl 2100 
JE 

9 0045 
0725 

FR 1430 
VE 2135 

10 0150 
0820 

SA 1500 
S.t. 2155 

11 0240 
0915 

su 1535 
. 01 2250 

12 0345 
0950 

MO 1600 
LU 2305 

13 0425 

Tu 

'1: 
WE I ME 

15 

Tl-1 
JE 

1030 
1630 
2345 

0525 
1115 
1705 

0030 
0615 
1150 
1740 

5.6 
12.9 

8.8 
12.9 

5.3 
12.8 

9.6 
12.6 

5.2 
12.8 
10.3 
1U 

5.2 
12.7 
10.7 
n.e 

5.3 
12.8 
10.9 
11.5 

5.4 
12.5 
10.8 
11.1 

s.• 
13.2 
10.5 
10.8 

s.• 
13.3 

9.5 

11.0 
5.2 

13.5 
9.2 

11.5 
5.2 

13.6 
8.3 

12.1 
5.3 

13.8 
7:2 

12.8 
5.8 

14.0 
6.0 

13.3 
6.5 

14.1 
4.7 

13.7 
7.4 

14.3 

3.7 
13.9 

8.5 
14.4 

1.7 16 
3.9 
2..7 FR 
3.5 ~ 

1.6 17 
~~ 

--~ 
2.9 s.:. 
3.E s,:. 

1.6 18 
3.9 
3 .1 su 
3.7 o: 

1.6 19 
3.9 
3.3 L'l:::l 
3.6 LU 

1.6 20 
3.9 
3...3 TU 
3.5 MI-. 

1.6 21 
3 .9 
3..3 w=. 
3.4 ~== 

1.6 22 
4.0 
3.2 ~ 
3.3 ..IE 

1.6 23 
~ . '!'-

3.0 r;:: 
~ 

34 24 
1.6 
4.1 SA 
2.8 s:. 
3.5 25 
1.5 
41 S.J 
2.5 o; 

3.7 26 
1.6 
4.2 uo 
2.2 LU 

3.9 27 
1.6 
43 ru 
1.8 u..; 

4.1 2B 
2..0 
4.3 WE 
1.4 L'l£ 

4.2 29 
2.3 
4.4 TH 

JE 

1.1 30 
4.2 
2.6 FA 
4.4 VE 

0055 
0715 
1230 
1805 

0140 
0820 
1445 
1845 

0240 
0920 
1600 
1940 

0330 
1030 
1705 
2020 

0430 
1150 
1835 
2150 

0535 
1245 
1950 
2340 

OE-40 
1335 
2055 

0105 
0800 
1410 
2145 

0205 
0850 
1455 
2225 

0300 
1000 
1525 
2255 

0400 
1055 
1545 
2325 

0450 
1140 
1620 
2345 

0530 
1150 
1650 

0015 
0610 
1250 
1700 

0030 
0700 
1345 
1730 

3.0 
13.9 

9.6 
14.2 

2.6 
13.9 
10.4 
13.9 

2..7 
13.8 
10.9 
13.2 

3.2 
13.9 
11.0 
12..4 

4.0 
14.0 
10.6 
11.6 

4.8 
14., 

9.8 
11.1 

5.5 
14.2 

8.9 

1~3 
L2 
1~3 
~9 

11.6 
6.7 
1~2 
~0 

12.0 
7.3 

14.1 
6.2 

12.4 
7.8 

13.9 
5.5 

12.8 
8.6 

13.6 
4.9 

13.0 
9.2 

13.3 

4.5 
13.2 

9.8 
13.1 

4.1 
13.4 
10.3 
12.8 

.9 : 0145 4.1 
4.2 1 0835 13.5 
2.91 su 1515 11.0 
4.3: 

.Bi 
4.2 ' 

01 1815 12.2 

2 0220 4.4 
0935 13.6 
1620 11.1 
1850 11.8 

3.21 MO 
4.21 Ll! 

I 
.Bi 

4.2! 
3.31 
4.01 

1.01 

4.2~ 

3 0250 4.7 
1025 13.7 

TU 1725 10.9 
MA 1930 11.3 

4 0345 5.1 

3.41 WE 
3.81 ME 

1115 13.8 
1830 10.5 
2020 10.7 

I 
l:~l 
3.21 
3.5 

I 

5 0430 5.5 
1205 13.9 

Tl-1 1925 9.8 
JE 2220 10.3 

1.51 6 0535 5.9 
1250 14.1 
2015 a..9 

4.3 ; ---
3.01 rr. 
3.41 VE 

I 
1.71 
4 .3 

2.7, 

34; 
~ .91 
4 .41 
2.4 1 

i 

7 0025 10.6 
0625 6.3 

SA i330 14.1 
SA 2055 7.8 

8 0135 11.3 
0730 6.8 

su 1400 14.2 
01 2145 6.6 

3.51 9 
2.0 

0235 12.1 
0820 7.4 
1440 14.3 
2205 5.2 

43j MO 
2..11 LU 

I 
3 .71 
2.21 
4.31 
1.91 

I 
3.81 

10 0340 13.0 
0915 8.2 

TU 1510 14.5 
MA 2250 3.8 

2.4i 
4.21WE 
1.7, ME 

3.9 12 
2.61 

11 0430 13.7 
1005 9.0 
1535 14.6 
2330 2.6 

0515 14.3 
1030 9.6 

n; 1610 14.7 
JE 

4 .11 
1.51 

i 

4.01 13 0010 1.8 
2.81 0620 14.5 
4.11 FR 1245 10.4 

VE 1650 14.7 

1.4114 0040 1.4 
4.0 0710 14.6 
3.0 SA 1355 10.9 
4.0 SA 1735 14.3 

1.21 15 0130 1.5 
4 .1 0805 14.7 
3.1 I su 1445 11.2 
3.9 01 1815 13.7 

31 0105 4.0 1.2 
0750 13.5 4.1 

SA 1430 10.8 3.3 
SA 1750 12..5 3.8 

1.2 16 
4 .1 
3 .4 MO 
3.7 LU 

1.3 17 
4 .1 
3.4 TU 
3.6 MA 

1.4 18 
4.2 
3.3 WE 
34 M:: 

1.6 19 
4.2 
3.2 n; 
3.3 JE 

1.7 20 
4 .2 
3.0 FR 
3 .1 VE 

1.8 21 
4 .3 
2.7 S.t. 

S.t. 

3.2 22 
1.9 
4 .3 su 
2.4 01 

3 .4 23 
2.1 
4 .3 MO 
2.0 LU 

3 .7 24 
2.3 
4 .4 TU 
1.6 MA 

4 .0 ~ 
25 
4.4 WE 
1.2 M~ 

4.2 26 
2.7 
4.5 n; 

.8 JE 

44 27 
3.0 
4.5 FR 

VE 

.5 28 
4 .4 
3.2 SA 
4.5 SA 

.4 29 
4.5 
3.3 su 
4 .4 01 

.5 30 
4.5 
3.4 MO 
4.2 LU 

h!UI!I Hilll Him 

0225 2.1 
0905 14 .. 6 
1555 11 .. 1 
1910 12..9 

0305 3..1 
1005 14.6 
1705 10.7 
2010 11 .. 9 

0350 4 .. 2 
1100 14.7 
1815 10 .. 0 
2150 11 .. 0 

045C 5 .. 5 
1200 14 .. 7 
1920 9..0 
2330 10 .. 7 

0545 6 .. 7 
1245 14 .. 7 
2015 7 .. 8 

0105 10 .. 8 
0 65C· 7 .. 9 
i 32S 14.7 
2100 6..7 

0220 11 .• 
0755 8..8 
1355 14.4 
2150 5..8 

0325 12.0 
0905 9.6 
1430 14 .. 2 
2220 4 .. 9 

0405 12.6 
100C 10 .. 2 
1455 13..9 
2255 4 .. 2 

045G 13..1 
1055 10.6 
1520 13 .. 5 
2320 3..7 

0540 13..5 
1200 11 .. 0 
1555 13..3 
2345 3..3 

0610 13..8 
1250 11.1 
1605 13.1 

0020 3..2 
0650 14 .. 0 
1330 11 .. 3 
1630 12..9 

0040 3..2 
0740 14 .. 1 
1405 11 .. 3 
1715 12..6 

0115 3..5 
0815 14 .. 1 
1510 11 .. 2 
1755 12..3 

61 
0130 

4.5 0905 
3.41 TU 1600 
~QIMA 18.15 

I 

.9, 2 0210 
4.51 1000 
3.31WE 1700 
3.6, M:::. 1915 

1.3 3 0250 
4 .5, 1040 
3.0 TH 1800 
3 4 i JE 2025 

i 
1.71 4 0~0 
4.5 I 

2 .71 FA 
3.31 v~ 

2.oi 5 
4.51 
2.4 SA 

i SA 
I 

3 .31 6 
2 4: 
4 .51 su 
2.01 01 

I 
3.51 7 
2.7, 
4.4 MO 
1.81 LU 

I 
3.71 8 
2.91 
4.31 TU 
1.51MA 

I 
3.81 9 
3.11 
4.2IWE 
1.3,ME 

4.01 10 
3.21 
41 In; 
1.1 I JE 

I 
4.1, 11 
3.4 
4.1 I FR 
1.0 I VE 

4.21 12 
3.41 
4.0, S.t. 

I SA 
I 

1.0 13 
4.3 
3.4 su 
3.9 01 

1.0 14 
4.3 
3.4iMO 
3.8, LU 

1.1 15 
4.31 
3.4, TU 
3.7 MA 

ii20 
1900 
2235 

0435 
1155 
1955 

0005 
C520 
i235 
2030 

0.125 
0615 
1315 
2110 

0240 
0715 
1340 
2150 

0340 
0805 
1420 
2215 

0435 
0905 
1455 
2255 

0520 
1000 
1535 
2330 

0615 
1255 
1615 

00 15 
0710 
1355 
1705 

0105 
0750 
1445 
1800 

0135 
0845 
1545 
1900 

DECE.-.BER-DECEWBRE 

4.3 
14.4 
10.8 
11.3 

4.9 
14.5 
10.2 
10.7 

5.5 
14.6 

9.4 
10.4 

6.4 
14.7 

8.2 

10.7 
7.3 

14.8 
6.9 

11.4 
8.3 

14.9 
5.3 

12.3 
9.3 

15.0 
3.7 

13.2 
10.2 
15.1 

2.3 

14.0 
11.0 
15.2 

1.3 

14.7 
11.6 
15.1 

.7 

15.0 
11.8 
14.8 

.8 
15.3 
11.7 
14.2 

1.3 
15.3 
11.4 
13.5 

2.3 
15.2 
10.9 
12.6 

HJpo Hill i 

44 
34 WE 
3.6 ME 

·1.3 17 
4 _4 
3.3 TH 
3.4 JE 

1.5 18 
44 
3.1 FR 
3.3 VE 

1.7 19 
4.5 
2.9 SA 
3.2 S.t. 

2.0 20 
4.5 
2.5 su 

01 

3.6 
15.2 
10.2 
11.6 

0310 5.0 
1025 15.1 
1750 9.3 
2155 11.0 

0355 6.5 
1115 14.9 
1855 8.4 
2325 10.7 

~35 8.0 
1145 14.8 
1945 7.3 

0100 11.0 
0525 9.2 
1230 14.6 
2040 6.3 

3.3 21 021 5 11.6 
2.:? 0620 10.3 
4.5 MO 1310 14.4 
2.1 L._ 2110 5.3 

3.5 22 
2.5 
4.5 TU 
1.6 MA 

3.7 23 
2.6 
4.6 wr:. 
1.1 ME 

4.0 24 
3.1 
4.6 Tl-1 

.7 JE 

4.3 25 
3.4 
4.6 FR 

4 VE 

..:.5 26 
3 .5 
4.6 SA 

.2 SA 

4 .6 27 
3.6 
4.5 su 

01 

.2 28 
4.7 
3.6 MO 
4.3 LU 

0335 12.4 
0825 11.2 
1340 14.1 
2155 4.4 

0420 13.0 
0955 11.7 
1405 13.8 
2225 3.7· 

0505 13.5 
1100 12.0 
1435 13.6 
2255 3.2 

0535 13.8 
1150 12.0 
1510 13.4 
2330 2.8 

0600 14.1 
1240 12.0 
1540 13.2 
2345 2.7 

0640 14.3 
1300 11.8 
1600 13.0 

0020 2.8 
0710 14.4 
1350 11.5 
1645 12.7 

.4 29 0035 3.1 
4.7 0745 14.6 
3.5 TU· 1445 11.2 
4.1 MA 1740 12.4 

.7 30 
4.6 
3.3 WE 
3.8 ME 

0110 3.6 
0825 14.7 
1550 10.6 
1815 12.0 

1.1 ! 

4.6' 
3.1 
3.5 

I 
1.5 1 
4.6 I 
2.8 I 
34 i 
2.0 
4.5 
2.6 
3.3 

2.4 
4.5 I 
22 I 

34 
2.6 
4.5 
1.9 

I 

I 
3.5 i 
3 1 i 
4 4 I 

1.6 I 
3.6 I 3 .4 
4.3 
1.3 

4.0 . 
3.6 
4.2 
1.1 

4 .1 
3.7 
4.1 
1.0 

4..2 
3.7 

4:~ I 
4.3 I 
3.7 I 
4.0 

.8 

4 .4 
3.6 
4.0 

.9, 
4.4 
3.5 
3.9 

.9 
4.5 
3.4 . 
3.8 1 
1.1 
4.5 
3.3 
3.7 

31 0130 4.3 . 1.3 
0910 14.8 4.5 

TH 1630 10.2 3.1 
JE 1925 1 1.5 3.5 
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Cross-sections evaluated at two sites (line 40 and line 60) shown in Appendix I, 

permit the computation of the sta9e height and flow occupancy of the estuary by 

a river flow of 350m3/sec. This analysis results in the following: 

line 40 (Appendix I I I) 

A cross-section called Line 40 (Appendix I) was evaluated to ascertain the 

distribution of Campbell River flow thJ-ough various segments of the estuary 

environment. The approximately 350m3/sec. flow on July 2, 1981, was at a stage 

height of 1.90 

(Appendix I II) 

SECTION 

2 

3 

4 

m in the area of line 40 and the distribution of this flow 

was as fo !lows: 

DESCRIPTION 
FLOW* 

% OF TOTAL FLOW m3/sec. -
SW Channel 92.01 22.49 

Booming Area 20.70 5.06 

Booming Area 16.50 Lt.03 

Main Channel 2 . 86 68.42 

Total 409.08 100.00 

*Computed from measured velocities and cross-sectional areas. 

The total computed discharge represents a flow of 59.08 m3/sec. (~17%) over the flow 

estimate provided by B.C. Hydro and Power Authority. It is felt, however, that the 

analytical errors are sufficiently consistent that the flow distribution values are 

reasonable indicators of estuary utilization by river flows in the range of 
3 300-400 m /sec. 

Having computed the cross-sectional area of the estuary required by Campbell River 

to dispense a flow of about 350m3/sec. when no tidal effect exists, it is possible 

(assuming the velocities remain the same) to estimate the stage height requirement 

for the same flow at
1 
tides in excess of 1.25 m. 
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At a tide level of 1.25•m, a flow of about 350m3/sec. in the Campbell River would 

result in a sta9e height of about 2.25 m in the area of Line 40 in the Campbell 

River esLuary. At a tide level of about 2.25 m a flow of about 350m3/sec, assuming 

lowered velocities due to the tide, could yield a stage height of about 3.0 m in 

the area of Line 40 in the Campbell River estuary. 

Velocities measured during the 350m3/sec. flow are pres-ented in Appendix II and 

interpretations of erosion potentials along Line 40 may be enhanced by referring to 

Figure 1. 

Line 60 (Appendix IV) 

An analysis of estuary occupancy by the 350m3/sec flow of Campbell River was 

conducted downstream of Line 40, at Line 60 (Appendix 1). The approach taken in 

this analysis was to compute velocities based on the cross-sectional area at a 

measured stage height of 1.90 m for 9iven sections of Line 60 and th~computed 

sectional flows for Line 40. The results of the analysis (Appendix IV) are 

summarized as follows: 

SECTION DESCRIPTION FLOW % OF TOTAL FLOW 
m3/sec. 

S\.' Channe 1 92.02 22.49 

2 Booming Area 20.70 5.06 

3 Booming Area 16.50 4.03 

4 Hain Channel 279.86 68.42 

These data are the same as for Line 40 since at a stage height of 1.9 m the 

channel sections are reasonably discrete and contiguous with those defined in 

Line 40. 

As a consequence of expanded channel cross-sections, average velocities are lower 

along Line 60 than along Line 40. 
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FIGURE 1. Curves of erosion and deposition for uniform material.* 

*Redrawn from: HJULSTROM, F. (935. Studies of the morphological 
activity of rivers as illustrated by the River Fyris. Univ. 
Upsala Geol. lnst. Bull. 25. pp 221-527.) 
Original not seen - referred to by MORISAWA, M. 1968. Streams -
their dynamics and morphology. McGraw-Hill. 175pp. 
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SUMMARY 

Further data included is in Appendix V which contains .all the cross-sectional 

profiles completed as per the locations shown in Appendix I. This report contains 

all the hydrological data collected by B.C. Forest Products Limited for the 

Campbell River estuary. There are no interpretations of these data with respect 

to estuary rehabilitation- that resting more appropriaiely with ~ersonnel from 

the Federal Department of Fisheries and Oceans. 
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APPENDIX II A. Velocity data measured on June 1, 1981 during a river flow of 
about 130 ffi3/sec. 

TIME DEPTH MEAN SURFACE BOTTOM S JTE 
APPROX. TIDE 

M M/SEC M/SEC M/SEC M 

1250 - 1.23 - - A 2.00 

1300 - 1. 50 - - A 2.05 

1305 - 1.60 - - A 2.09 

1308 - 1.60 - - B 2.10 

1310 - - - 1.44 B 2. 11 
-

1312 - - 2.05 - B 2.15 

1323 - - - 0.31 c 2.21 

1331 - - 0.33 - c 2.25 

1354 - - - 0.29 D 2.46 

1356 - - 0.65 - D 2.46 

1405 - - - 0.41 E 2.55 

1410 - - -- 0.65 - E 2.60 

1442 - - - fll F 2.90 

1446 - - - 0.16 c 2.95 

1448 - - 0.27 - c 2.97 

1507 - - 0.09 - H 3. 13" 
' 



APPENDIX II B. Velocity daJa measured on June 2, 1981 during a river flow of 
about 112m3/sec. 

TIME 
DEPTH MEAN SURFACE I BOTTOM I SITE lAPPROX~ TIDE 

M M/SEC M/SEC M/SEC 

1102 - - - 1.28 G 1.10 

1104 - 1.07 1. 34 - G 1.09 

1120 0.20 0.21 0.25 - I 1.02 

1122 0.20 0.17 - - J 1. 01 

1126 0.20 0.35 0.42 - K 1.00 

1130 0.20 0.67 0.80 - L 1.00 

1132 0.20 0.38 0.46 - M 0.99 

1200 - - - 0.35 c 0.93 

1203 - 0.35 0.44 - c 0.92 

1210 - - - 0.56 E 0.91 

1214 - 0.79 0.99 - E f-. 0.90 

1226 - - - 1. 16 G 0.90 

1230 - 1. 10 1. 37 - G 0.90 

1242 - 0. 16 0. 19 - 1 0.91 

1245 - 0. 17 0.20 - J 0.91 

1247 - 0.42 0.50 - K 0.91 

1318 - - - 0.46 c 1. 00 

1322 - 0.42 0.52 - c 1. 01 

1330 - - .. 0.90 E 1.05 

1333 - 1.07 1. 16 - E 1.06 

1339 - - .. 0.50 D 1.09 

1342 - 0.53 0.66 - D 1. 11 

.;.:",' 
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APPENDIX XI 

List of Publications Currently Avai l able on Campbell River 
Research 

Brown, T.J., McAllister, C.D. u Levings, C.D., Kotyk, M., Chang, 
B.D. and J.S. Macdonald. 1984. Salmonid catch data from Campbell 
River and Discovery Passage 1983. Can. Data Rep. Fish Aquat. 
Sci. 444. iii + 97 p. 

Brown, T.J., McAllister, C.D., Levings, C.D. and M. Kotyk. 1983. 
Salmonid catch data from Campbell River and Discovery Passage 
1982. Can. Data Rep. Fish Aquat . Sci . 4 16. iii + 97 p. 

Chang, B.D., Kotyk, M.S., Brown, T.J., Levings, C.D., McAllister, 
C. D and J.s. Macdonald. 1984. Length and weight data for 
unmarked juvenile salmon sampled in the Campbell River estuary 
and Discovery Passage, 1983. Can. Data Rep. Fish Aquat. Sci. 446 
iii + 39 p. 

Gordon, D.K., Kotyk, M.S., Brown, T. J., Levings, C.D. and C.D. 
McAllister. 1983. Data record on coded wire tags recovered from 
juvenile chinook at Campbell River estua r y and Discovery Passage, 
1982. Can. Data Rep. Fish . Aquat. Sci. 403. 111 +57 p. 

Kotyk, M.S., Chang, B.D., 
c .D. and J. s. Macdonald. 
recovered from juvenile 
Discovery Passage, 1983. 
27p. 

Brown , T.J . , Levings, C.D., McAllister, 
1984 . Data record on coded wire tags 

chinook a:t Campbell River estuary and 
Can. Data Rep. Fish Aquat. Sci. 457. 

Kotyk, M.S., Chang, B.D., Brown, T.J., Levings, C.D. and C.D. 
McAllister. 1983. Length and weight data from unmarked juvenile 
salmon sampled 1n the Campbell River estuary and Discovery 
Passage, 1982. Can. Data Rep. Fish Aquat . Sci. 408. iii+ 61p. 

Levings, C.D., Kotyk, M. S., Brown, •r.J., McAllister, C.D., 
Macdonald, J.S., Fagerlund, U. and J. McBride. 1984. An account 
of an experimental release of marked juvenile chinook to 
freshwater, estuarine and marine habitats near Campbell River, 
B.C. Can. Tech. Rep. Fish Aqua t . Sci . 1240 V+35 p. 

Levings, C.D. and M. Kotyk. 1983. Results of two boat trawling 
for juvenile salmonids in Discovery Passage and nearby channels, 
Northern Strait of Georgia. Can. Man. Rep. Fish. Aquat. Sci. 
1730. iv + SSp. 



Raymond, B.A., Wayne, M.M. and Morrison, J .A. 1981. Vegetation 
and Invertebrate Distribution and Fish Utilization of the 
Campbell River Estuary, British Columbia. Can. Man. Rep. Fish. 
Aquat. Sci. (unpublished: Habitat Management Division, DFO, 
vancouver, B.C.). 

A., Daigobo, s., Levings, 
Microbial contribution t6 

Campbell River estuary during 
(in press). 

Seki, H., Otsuki, 
McAllister. 1984. 
ecosystem of the 
fur Hydrobiologie 

C.D. and C.D. 
the mesotrophic 
summer. Archiv. 
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APPENDIX I I C. Velocity data measured on July 1, 1981 during a river flow of 
about 130 m3/sec. 

TIME 
DEPTH MEAN I SURFACE BOTTOM SITE IAPPROXM TIDE 

M M/SEC M/SEC M/SEC 

1220 <.5 - - 0.56 cc 0.25 

1231 <.5 0.12 0.15 0.05 EE 0.25 

1236 <.5 - - 0.18 FF 0.26 

1236 <.5 0.02 0.02 -· GG 0.26 

1242 <.5 0.22 0.27 0.09 HH 0.27 

1242 <.5 - - 0.06 II 0.27 

1248 <.5 - - 0. 11 NN 0.28 

1250 0.15 - - 0. 17 p 0.28 

1258 <.5 0.24 0.30 0.20 p 0.29 

1303 <.5 0.35 0.44 0.21 JJ 0.29 

1310 <.5 0.58 0.73 0.55 KK 
.... 

0.30 

1310 <.5 0. 18 0.22 0. 11 LL 0.30 

1344 <.5 - - 0.04 NN 0.42 

1415 <.5 0.17 0.21 0. 18 cc 0.60 

1415 <.5 - - 0.06 OD 0.60 

1418 <.5 0. 10 (). 1 3 0. 11 DO 0.65 

1422 <.5 0. 14 (). 18 0. 16 H 0.66 

1423 - - ~ K 0.66 

.:q 



APPE:!DIX II D. Velocity data measured on July 2, 
about 350 m3/sec. 

1981 during a river flow of 

I 
i 

DEPTH • I I I I 
APPROX. 

I ME/IN SURF/ICE BOlT OM Tl DE Tl!-IE MISE: I MISEC MISEC SITE 
M M , 

i ll3S I .85 i 1.07 I 0 

I 
.6 I 

1 

I 1140 I I I .94 0 .59 

I 1145 I I l.J2 I 1.40 0 .55 
I 1150 I 

I I 
.40 I L I I I .5 .I I 1.36 1.72 1.19 0 

I 1155 I 
I .51 ., L I I I .5 

! 1.68 0 
I 

I 
J200 j 

I I .73 
I 

L I I .liB I ! 1.34 0 

i 1205 I 
I .85 I L I 

I i 1. 55 I 

1.94 1. 92 I .45 I 
I 

I 

I 
0 

j 1.10 .li2 I .53 .31; p 
I . 91 .78 I .81 .35 s I 

J210 I .1.09 L j 
I 1.78 2.22 2.01 0 I .li l 
' 1.10 .42 .53 p 

J215 i 1.1/i i L I 

' ).73 ~ 
I 

0 I -. I 

I 1.10 .45 p .li 
i 
I .56 .72 -- Q I 

1220 I 

I 
1.37 

I 
L 

I 
' 2.0lJ 0 
' I .35 
j 1.10 

I 
,ljlj p 

! 1.08 .51 .69 -- R 

1225 
1 

1.2/i I L 

1.87 2.34 0 I 1.10 .38 .48 .li4 p I .35 
I 

I 1. 08 .45 1.01 -- T 

1230 ! 1.12 L 

I 1.87 2.34 2.01 0 I .32 
1.10 .38 .48 p 

l235 I I ~ 
1.08 H 

1. 85 2.01 0 I .32 
l 1.10 I .39 9 .45 p 
I 

I E 1240 l 1.13 H 

1.86 2.04 0 
I · 1.10 

I 
.41 - .43 p .3 

1.06 .37 -- Q 

1245 I 1.45 H 

l - 1.93 0 
I 1.10 .li2 .52 .44 p .29 

I 1.15 -- -- .55 s 

1250 I I .158 H 

1.32 N 
I 1.84 j_ 2.30 1.85 0 

.29 

1.10 

I 
• 42 .52 . .40 p 

1255 I 1.40 ' N 

1.89 2.36 1.83 0 I .27 
1.10 

I 
.43 p 

1300 I 1.34 N 

1.86 2.32 0 
I .25 1.10 I .42 .53 .47 p 

1.05 .62 .57 .62 w 
,. 
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APPENDIX I I D. (cont'd) 

I TIME II DEPTH I MEAN l SURFACE I BOTTOM I· SITE 
I . ~ MISEC I MISEC MISEC 

APPROX, 
TIDE 

M 

I 1305 I ). 85 I 1. ~~ I 1.1; I 0 I I l:~o 040 ~.45 -~ I .25 

I 1310 I I 1.58 N I 
I 

: 1. 86 ., 2. 33 1. 3? 0 25 
_ ! 1.10 .39 .49 .4LJ r____ I · I I . 49 . 67 I -- .LJ8 X ___ ________1 

I 
1315 --~----- ---- I I I 1.31 . - I o I 

I 1.10 .3s .43 .44 r .2s 
1320 I i i 1. 34 i 

i 'I 1. 89 I 2. 36 
N 

0 
p 

1325 

1330 

1335-

1340 

1345 

1350 

.... .25 
1.20 

.49 1 1.10 . 38 . 47 
1 • 49 1 .25 --

I 1.89 2.36 
.49 

z .15 
:--~~------~----~ 

1.25 
1.10 

.60 

1.10 

1.02 

1.10 

I ,39 

l
i .76 

1.86 
.36 

.90 
1.77 

.35 

2.33 
.45 

2.21 
.44 

.45 

.45 

.58 
1.53 

.43 

0 
p 

AA 

0 
p 

BB 
0 

p 

j I . I I 1. 
40 I H I 1.63 2.10 1.53 0 

1.10 .40 p 

I 1.53 o 
I 1.10 . 34 . 42 . 37 r 
: 1.00 .58 ' .51 u 

I 1.10 .31 .39 .34 p 

1. 00 . 60 . 52 s 

.25 

.25 

.25 

.25 

.28 

.3 
l 1.58 ~.97 1.39 0 

------~~-------+------~ 
1355 I 1. 44 1. 80 I 1.15 o 

1.10 .30 .38 .30 p 
-----r--------r------~ 

.3 

1
- 1.20 1.60 l I o 

1.1 , 49 , 27 T '3 
1400 

l 1405 I - I I ., 1. 12 I 0 I . 3 I 
141o 1 1.1s .3o o .32 

_., 
"i 
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APPENDIX V. 

Cross-sectional profiles at various locations across the Campbell River Estuary. 

Legend: Horizontal line= 3.0 m 

Cross-sectional areas i.e. 511.59 I 

! 
area below 

3.0 m 
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Br ..__ .:;h ColumbiCJ ® ~r~~~m Forest Products Limited 

To: E.R. Mattice 

From: Mike Watkins 

Subject: 

BCFP 
Revision of Memo dated October 8, 1982 

"'\Jfe_ 

Tfi?ate: November 10, 1982 

·-·H-~~ 

Nov 15 II ?8 AH 'BZ 
F!Sii ci\lES c-. CC£1'.1\S 
E!StlfRIES PACIFIC 
r 1Li:.: 

Campbell River Estuary Meeting s;q0 3- 1$ '5- C..,d_b- \ 
Review of 1982 - Plans for 1983 

A workshop on the Campbell River Estuary was held in the Campbell River 
Office boardroom on October 6, 1982 with representatives from several agencies 
present (see attendance list attached). The purpose of the workshop was to have 
a general review of the efforts made to date to rehabilitate the old booming 
ground within our lease Lot 1486. 

Each aspect of study was addressed separately with emphasis on date 
collection. 

Construction procedures of the facility itself were briefly touched on 
through commentated slides. 

A film photographed and produced by Richard Tomborello was presented and 
well received by all. The film showed our fac i lity as it had been from 1904 to 
date illustrated with still photos, etc. from old International Timber Company 
and Elk River Timber Limited files. Campbell River as a resort/fishing town was 
the tone of the film with the enhancement of the estuary by B.C.F.P. under 
direction of Department of Fisheries & Oceans, being an integral step in ensuring 
the continuance of the salmon. 

Department of Fisheries & Oceans funded the film and hope to have it 
become another Pacific Report or something of the like. 

1982's EFFORTS 

A) VEGETATION - Neil Dawe - Canadian Wildlife Ser~ice 

- Planting of grasses was a 93% success for survival. 

- 52 person days expended in data collection with an unspecified number 
on compilation. 

- 22 species of flora recorded with Carex being dominant (present in 73% 
of plugs); Eleocharis palustris next in 53% and Juncus being third in 
35% of plugs. 

- Measurements of density , heights and number of flowers were taken on 
each of 23,302 plugs. 
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A) VEGETATION CONT'D. 

- Density was comparable ~.,rith Nunn' s Island (used as control) \vhile 
heights '\vere approximately 50%. 

- Measurements were taken during May, June, July and August. 

In May, an 18% mortality rate was observed, dropping to 7% in August 
with dramatic growth evidenced in color slides. 

- Natural regeneration apparent in August. 

-Natural regeneration of terrestrial plants evident on Island #4. 

- Section D of Island #1 showed best growth with 100% survival. 

- River flow and a takeover by algae gave Island #3 the worst growth 
with a 13% mortality rate. 

- Some plugs inadvertantly planted wrong side up, due to darkness at 
time of planting, grew anyway. 

B) BENTHOS - Bev Raymond -Contract Biologist to B.C.F.P. 

- Sampling of each island done on three separate occasions with Nunn's 
Island as control. 

- Sampling attempted to study macro and microbenthic fauna under 
changing conditions of vegetative influx over time. 

- No variance in benthic densities between islands #1 and #4 although 
Nunn's Island had significantly higher numbers. 

- Variance in benthic invertebrates densities between planted and 
unplanted sections of islands, depending on type of invertebrate. 

- With most categories of benthos, sample dates did not affect densities 
indicating poor reproduction over summer. 

- Fewer invertebrates in evidence in new marsh created on islands as 
compared to old established estuary, but it is hypothesized that detritus 
will be beneficial. 

- Bev Kask - Pacific Biological Station - Nanaim~ 

-Low productivity of epibenthic fauna on Island #3 or #4. 

- New islands as productive with regard to epibenthos as the rest of the 
Campbell River estuary. 

Epibenthos only 10 - 20% as dense in "new" estuary as compared to Plumper 
Bay and Gowland Harbour. 

C) FISH- Colin Levings - D.F.O. ~West Vancouver Lab. 

- Samples taken in estuarine, transitional and marine habitats. 

- Sampling did and will take place from early April through late October. 

- Young chinooks in evidence around islands compares in numbers to chinooks 
caught at old estuary stations before island constructions. 

- First hatchery release (small fish in early April) are major estuary 
user with later releases heading directly to transition stations. 
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C) ~FISH - Colin Levings - Cont 'd. 

- Major users of island environment throughout summer were wild chinook 
stocks which tend to be much smaller than hatchery fish. 

- Less than 1% of fish caught aroung islands from May onwards were 
hatchery fish, probably because bigger hatchery fish require deeper 
water (transition zones) while wild stocks use shallows around islands. 

- With reference to Island #3, man-made channels experienced considerable 
useage with chinooks favouring upstream facing channels and chum 
favouring downstream. 

Both species favoured river side channels. 

-Tom Brown- D.F.O. -Vancouver 

1,296 Beach seine's made in 18 trips requiring 63 days. 

- Chinook sal~on will and chum may benefit from islands. 

- May and June are peak times for estuary useage in general with a steep 
decline in numbers caught thereafter in all three zones (estuary, marine 
and transitional) attributable to differences in ease of catching fish 
in estuary as opposed to marine zones. 

- Mid-May peak time for island useage with 99% being wild stock. 

- Transition zone experiences peak useage one month later than estuary 
~vith the marine zone peaking in late July. 

- Fish use transition zone longer than estuary. 

- Chum peak in estuary in April with a con-current marine zone peak (beach 
fry) while later transition and marine zone peaks are double indicating 
fish moving from estuary to outside creating one peak and one month 
later fish moving from other systems (probably Fraser) creating another. 

- Pinks and coho were negligible in estuary (indicating larger fish moving 
straight through) but showed up in later months in outside zones with a 
double peak (created by outside system influx). 

-Some chinook peaks had no correlation with hatchery releases (wild stocks). 

- In general, hatchery fish were caught in same relative amounts as unmarked 
fish in all three zones. 

- Shawn Hamilton- D.F.O. -Vancouver 

- On outside stations - objective of this summer's study was to delineate 
important fish use areas of the foreshore around the Campbell River system. 

- Study areas ranged from Willow Point to Seymour Narrows and back to Cape 
Mudge on the Quadra Island side. 

- Substrate, vegetative and benthic samples were taken. 

- Boulder, Cobble-gravel and sand-mud sites were sampled. 

- Deepest benthic samples were taken from minus 6 feet. 

- Large benthic samples reported as far north as Menzies Bay up to mid-
September. 

- No conclusive results to date. 
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D) WATERFOWL - Don Tretheway: - C.W.S. - Vancouver 

- We are under an international treaty obligation with the U.S. to study 
and report on waterfowl in their wintering and migration habitat. 

- Last recorded observations in Campbell River estuary took place during 
winters of 1972 - 1974. 

Program of bird counting sketchily began again during winter of 1981 -
1982. 

- Canadian Wildlife Service has a total of 35 staff to cover B.C. and the 
Yukon. 

- C.W.S. now attempting to bring together Mittlenach Society to do bird 
counts, on weekly or bi-·weekly basis, as C.W.S. does not have staff or 
funds. 

- No documentation available from 1981 - 1982 observations. 

E) PHYSICAL STUDIES - R.P. Willington - Crofton 

- Physical aspects of estuary documented before any alteration on .25m 
contour map (through air photo mapping and sub-marine echo sound mapping). 

- Mapping will be re-done this winter utilizing new photos taken in late 
July, 1982 to show estuary as it presently exists. 

- B.C. Hydro cannot release more than 620 m3/sec. without causing flooding 
proximate to the Campbell River Lodge. 

- Maximum water flow velocities are experienced bet\veen the islands at 
tides lower than one meter. 

In late June, there was no erosion in evidence around islands after a 
230m3/sec. release at a 0.8 m tide (8000 cfs. @ 2.5'). 

- A planned test release of 10,000 cfs at zero tide this summer was 
cancelled. B.C. Hydro will re-schedule for this October and B.C.F.P. 
will test. 

Qualitative evaluations of island stability, river bedload movement and 
remaining piling performance will continue over this winter. 

- Fresh-water induction culvert into sort area is performing as planned 
with flows ranging from 45 m3/sec. down to zero depending on river stage/ 
tide stage correlation. 

- Soil samples were collected from island sites and air-dried for subsequent 
nutrient analysis for C.W.S. Texture, pH and conductivity to be conducted 
on samples by B.C.F.P. 

F) WATER QUALITY - S. L. S.eencer -· Crofton 

- Samples were taken in July, August and September. 

Dissolved oxygen found to be at low levels on the bottom in bullpen/ 
storage area. 

- Ready-mix Pool used as control with dissolved oxygen levels found to be 
higher than in storage areas. 

H2S and suspended sediment samples for the August sampling period not 
analyzed at opting of Mike Nassichuck (D.F.O. Head of Water Quality). 
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F) .__.vATER QUALITY CONT'D. 

- Wood extractive samples taken in September, but will not be analyzed 
until a method has been developed .. 

- In September H2s levels were sampled and found to be negligible. 

- Macrobenthic samples were eollected in August in new boom area and 
low fish food benthic fauna was found. 

WATER QUALITY - HEAVY METALS - Alex McCarter - Professor of Environmental 
Toxicology - Univ. of Victoria 

- Dramatic increase in zinc and copper in Buttle-Campbell system over 
last ten years except for recent drop which could be result of Westmin's 
new tailings handling system. 

- Metals in the Campbell River are zinc, 40 pp billion, copper 2 - 2.25 ppb 
and cadmium 0.5 ppb: these levels are 4.23 times higher than a level 
deemed harmful/fatal to salmonids and trout over a short/extended period 
of exposure according to the Environmental Protection Agency. 

N.B. - Buttle Lake itself experiences concentrations of zinc at 180 ppb 
and copper at 10-20 ppb. 

- Domestic hot water flows with 700 ppb copper. 

- Fish ingest heavy metals through their gills and not through food. 

- Chinook hatchery fish are not affected by heavy metals because of their 
short exposure time, although wild chinooks could be. 

- In general, the Campbell River itself is always toxic for steelhead -
sometimes for chinook and never for Coho due to difference in tolerance 
level. 

G) ESTUARY REHABILITATION - Mike Watkins 

- See memo to C.H.G. Iverson dated August 26, 1982. 

H) PLANTING - Gordon Burton 

- See Campbell River Estuary Rehabilitation Report dated May 4, 1982. 

SUMMARY 

Mike Brownlee suggests that all information be gathered, data compiled and 
correlated and put under a cover before Christmas of this year. As a text, this 
will act as a reference much the same as Ministry of Lands Guidelines for Coastal 
Log Handling. 

ACTIONS FOR 1983 

A) VEGETATION 

-Next year's studies depend on C.W.S. having funds for summer students. 

- 200 person days required for data collection alone. 

- Studies next year will include biomass investigations as well as 
individual plug assessment and natural vs planted regeneration 
assessment. 
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B),...-,BENTHOS 

C) FISH 

- All studies should concentrate on benthic fauna that fish eat. 

- Benthic quadrats will be investigated. 

- Drift samples to be taken for insects. 

Mysids not in evidence - extra effort to find them including night 
samples. 

Sampling to be done monthly in spring, bi-monthly in summer. 

- Closely investigate island colonization and see if it is happening 
as it should be. 

- Zone stations to be assigned proper and consistent names. 

- Continue sampling over next 3 - 5 years. 

- Leving's department has been approached internally with the question 
"what is real benefit of an estuary'?" To resolve, specific fry are 
to be put in different zones and seined by-weekly beginning in early 
April which will give more data on fry and smolt survival - ie: would 
chinook fry be just as well or better off to travel directly from 
hatchery to transitional or marine zones without stopping in an estuary? 

-This year's program will also be repeated. 

Resolve, if possible, the reason large chinook are now using river pool 
at Lodge for holding rather than Ready-mix Pool. Buttle Lake lower 
metal levels on Island Ill cons true tion could have altered fish response. 

- Fish & Wildlife should take an interest in Steelhead and Cutthroat 
monitoring- Brownlee, to rattle Morrison's chain- AGAIN -

D) WATERFOWL 

No funds in 1982 or 1983 for Canadian Wildlife Service. 

- 4 person days per week ideally required. 

- 2 people, 8 hrs/day - 4 days in row should also happen monthly. 

- Want to relate finds and numbers of birds to habitat type. 

- Perhaps people from S.E.P. could help. 

- Egan to approach Naturalist Society of Comox re: assisting in Campbell 
River. 

- Scientific principals 1vill be compromised if a weekly count program is 
not implemented. 

E) PHYSICAL STUDIES 

- Update maps from new photos. 

- Physical features noted by R.P. Willington and Rick Eliason (D.F.O.) to 
be mapped. 

- B.C.F.P. and D.F.O. bench/reference marks to go on maps. 

- Visual studies of material degradation or aggradation to continue this 
winter. 
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E) ~-?HYSICAL STUDIES CONT'D. 

- Soil samples from islands to be passed to Dawe (C.F.S.) for analysis 
as to nutrient content. PH levels texture classifications and 
conductivities to be conducted by B.C.F.P. this winter. 

- Culvert performance evaluations to continue over winter. 

- Decide next summer whether further physical studies are necessary. 

F) WATER QUALITY 

Dissolved oxygen in booming area to be investigated while sort operating 
to determine if booming activity increases D/0. 

D/0 and salinity monitoring to continue over winter in booming area. 

-Water quality sampling to be streamlined to ensure sampling by B.C.F.P. 
and analysis by D.F.O. are compatable. 

- Department of Fisheries & Oceans water quality department (Mike Nassichuk) 
Brownlee and B.C.F.P. to meet to set up winter quality monitoring program. 

- Boom pocket area benthic sampling program to be evaluated and included 
in estuary island benthic sampling program. 

WATER QUALITY - TOXICOLOGY 

- University of Victoria will ask B.C. Science Council for funds to assist 
in 1983 work which will include: 

a) Effects of heavy metals on long-term smolt survival. 

b) Effects of heavy metals in secondary users - ie: mergansers 
eating contaminated smolts. 

- Brownlee to supply letter of reference which McCarter can pass to B.C. 
Science Council stating validity and worth of project, in return hoping 
to "scoop" some University of Victoria grad students to assist in estuary 
studies. 

G) CLEANUP 

Re-assessment in spring to see if high flows have removed small debris 
which is still a concern. 

- River channel piles to remain possibly forever. 

River side piling rows adjac.ent to Island 113 to remain until all are 
convinced all is stabilized. 

- Photos to be taken again next year with cost shared between D.F.O. and 
B.C.F.P. 

H) BROWNLEE 

- Supply approximately $5,000 for film. 

- Continue work associated with operation of facility such as debris 
deposition, etc. 

- A slow and uneventful winter projected. 
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H) JROWNLEE CONT'D. 

In closing, Brownlee again suggested that all data should and would be 
compiled between now and year-end with the hope that works to date would 
form a text for any future developntents and rehabilitative efforts on the 
B.C. Coast. 

TENURE OF LEASE LOT t/1486 

- Egan stated that under new legislation the Provincial Government can no\v 
transfer land directly to the Federal Government or an agency. 

- Brownlee to write to Egan immediately and set the wheels in motion. 

FURTHER WORKS 

- When directly asked by Egan "is there room and would there be more islands 
in Estuary?", Brownlee replied, "this is reason for 3- 5 year study, it 
is a possibility." 

Another meeting will be scheduled for early new year to review text and 
decide what will be done and who will do in 1983. 

MW/me 
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GAHPBELL RIVER ESTUARY tlEETING 

REVJ EW OF 1982 ---------
PROGRAM FOR 1983 

REPRESENTING 

Dept. of Fisheries & OCeans 

D.F.O. 

D.F.O. 
D.F.O. 
D.F.O. 

D.F.O. 
D.F.O. 
D.F.O. 

D.F.O. 

D.F.O. 

D.F.O. 
D.F.O. 
D.F.O. 
D.F.O. 

D.F.O. 

D.F.O. 

Film Prorlucer 

liinistry of L'inds, Parks & Housing 

Fish & Hildlife 

Environment Toxicology 

Environment Toxicology 

Siit~un rraser Univer-sity 
Pacific Biological Station 

Pacific Biological Station 
Canadian Wildlife S8rvice 

Canadain Wildlife Service 

B.C.F.P. 

B.C.F.P. 

B.C.F.P. 

B.C.F.P. 

B.C.F.P. 

B.C.F.P. 
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Campbell River 
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Camp be 11 River . 
West Vancouver Lab. 
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I. Introduction 

As part of the a~si tion o:E the Elk River Ti.Jnb::!r holdings by 

B.C. Forest Products Limited in 1980, a major rectnstruction of the log 

sorting and l:xx:Ining gra.mds in the Canpbell River Estuary was prop:>sed. 

Associated with this plan was a rehabilitation program to enhance the 

fisheries resource within the intertidal zone of the estuary. This has 

mainly involved the construction of a series of man-made islands which v.ere 

planted with marshgrass species. The work was corrpleted during February, 1982. 

Soil sampling of these man-made islands was undertaken as part of a 

large integrated project to m:mitor various biological and physical features 

associated with the rehabilitation of the estuary. Specifically, the objec

tives of the soil sarrpling were to: 

- to identify and describe the various soil charact~ristics 

of the man-made islands as bench~k soils information. 

(This information may be used to examine physical or chemical 

changes in the soil over t:i.rre and thus provide a chronologie 

sequence of soil developrent) . 

- to canpare the soil characteristics of the newly fonred 

islands with that of an es1:ablished natural island. 

- to provide information for possible correlation with vegetation 

establishrrent on the islands. 

Since there have been very fE:!W studies made on estuarine soils, there 

is limited information fran which cxnparisons can be made. 
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II. Soil Sarrpling Procedure 

Cc11p)si te soil sanples of the upper 30 an. were taken at three 

different locations on each of the four man-made islands (Figure 1) . In 

addition, ccrrposite soil samples of the 0 to 30 an. depth and 30 to 50 an. 

depth -were made on Nunns Island which is an adjacent naturally established 

island (Figure 2) . 

Figure 1. Soil sampling within the vegetated p::>rtion of 
Island #4. 
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Figure 2. Soil sampLing on Nunns Island. 
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,, 

Sarrpling was done on August 18 1 1982 1 while the islands were exposed 

during a low tide of 0 .1 rreter. The soil-rroisture content at the tine of 

sanpling was sorrewhere retween saturation and field capacity. The approximate 

locations of the sampling sites are shown in Figure 3. 

At each sampling site 1 approximately 8 to 18 kg. of soil was collected. 

The reason for collection of such a large sample size was due to the high 

coarse fragrrent content (Figure 4) . A minimum of 1 kg. of the < 2 nm p::>rtian 

of soil was desired for the physical and chemical analyses. 
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Figure 4 . The ITB.terial used to build the islands contained 
a high prq::ortion of gravels and cobbles. 

After the samples were colle::ted they were air-dried in pre:paration 

for physical and chemical analysis. 
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III. Soil Analysis 

a) Physical characteristics 

Air-dried soils were passed through a series of sieves to determine 

particle size distribution (See Table 1 and Figure 5). 

Table 1. Particle Size Distribution 

Sample # % did not pass % did not pass % less than 
#4 sieve (4.75 mm) #10 sieve (2. 0 mm) (2.0 mm) 

I 1-1 62 9 29 

I 1-2 65 8 27 

I 1-3 64 10 26 

I 2-1 61 10 29 

I 2-2 63 10 27 

I 2-3 59 12 29 

I 3-1 63 10 27 

I 3-2 57 11 32 

I 3-3 54 14 32 

I 4-1 56 10 34 

I 4-2 66 9 25 

I 4-3 56 10 34 

NI 0-30 - - 100 

NI 30-50 58 12 30 
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The particle size distribution o:f the fine fraction (< 2 rrm.) was 

detennined using the hydrom:rter method (Table 2) • 

Table 2. Percent Sand, Silt and Clay and Textural Class. 

Sanple # 
Sand 

I 1-1 85 

I 1-2 80 

I 1-3 82 

I 2-1 88 

I 2-2 85 

I 2-3 87 

I 3-1 81 

I 3-2 84 

I 3-3 84 

I 4-1 87 

I 4-2 87 

I 4-3 87 

NI 0-30 54 

NI 30-50 92 

* IS = Ioarey Sand 
SL = Sandy Loam 

S =Sand 

Percent (%) 

Silt 

10 

15 

13 

7 

10 

8 

16 

11 

13 

11 

9 

10 

42 

5 

Textural 
Clay Class* 

5 IS 

5 IS 

5 IS 

5 s 
5 IS 

5 IS 

3 IS 

5 IS 

3 IS 

2 s 
4 s 
3 s 
4 SL 

3 s 
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III. Soil Analysis 

b) Chemical characteristics 

The pH and conductivity were measured for each of the 14 samples. 

\mile nutrient analyses have not been done, a sufficient arrotmt of sample 

has reen sorted for future analyses, if required. 

The procedure for detennining pH and conductivity was made using 

the rrethod described in Appendix I . In this rrethod, a saturated soil paste 

is prepared from which a soil water extract is taken. The pH and conductivity 

were then detennined fran this extract using a Uniloc MD. #1070 pH probe 

and Uniloc MD. #770 conductivity meter (Table 3). 

It should be noted that plants growing in salt-affected soils, respond 

to a salt concentration in solution which is dependent upon the water content 

of the soil. Therefore, to detennine the rela·tionship between plant growth 

and soluble salt content, the water content must be known. For estuarine 

soils the conductivity will change with the mixing of salt and fresh water, 

and with the fluctuation in soil-water content. 

The actual salt concentration in parts per thousand (0/00) can be 

estimated by using the following equation (Black, 1965) •1 

Salt Concentration (0/00) = • 64 x Conductivity (AAmhos/an) 
1000 

1
·Black, C.A., 19'65. M2thods of Soil Analysis Part 2. 
pp. 933-940. 

Agronany No. 9. 
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Table 3. pH and Conductivity 

Sa:rrple Conductivity Salt Concentration 
# pH (.c4mhos I an) (0/00) 

I 1-1 4.4 3400 2.18 

1-2 3.9 3400 2.18 

1-3 4.1 3250 2.08 

2-1 5.0 2300 1.47 

2-2 5.2 1950 1.25 

2-3 5.8 1700 1.09 

3-1 5.1 3625 2.32 

3-2 5.2 4700 3.01 

3-3 4.5 3050 1.95 

4-1 5.4 4200 2.69 

4-2 4.8 2950 1.89 

4-3 4.4 3950 2.53 

NI 0-30 4.9 6700 4.29 

NI 30-50 6.4 2225 1.42 
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IV. Djscussion 

The results of the soil particle size analysis indicate that all the 

man-made islands (I 1 - I 4) were very similar in roth cnarse fragrrent 

content and soil texture. In CCIIparison with Nunns Island the particle 

size distribution of the lower soil material (NI 30-50) was found to be 

very similar to that of man-made islands. The upper soil on Nurms Island 

(NI 0-30) consisted of a rrn.1ch finer sandy-silty material with no coarse 

fragrrents. This material has resulted fran the deJX>si tion of sedirrent and 

its entrapment by the natural vegetation. A considerable amount of organic 

matter was also present in this upper soil, however, its percent content 

has not been determined. The deposition of a similar fine textured material 

is expected to occur on the man-made islands. Its build-up will likely 

depend upon depositional and erosional process which affect the islands, as 

well as the establistment of the vegetation. 

The results of pH ITEasurerrents for the man-made islands shavai an 

average pH of 4 . 8 with a range of 3 : 9 to 5. 8. The within island variation 

of the 3 samples collected per island was less than 1.0 of 2 pH unit. 

Island #l had the lowest average pH of 4.1 while Island #2 had the highest 

average pH of 5.3. The upper soil on Nurms Island (NI 0-30) had the highest 

pH of 6.4 while the lower soil (NI 30-50) had a pH of 4.4. 

Soil conductivity is a ITEasure of soluble salts. As ITEntioned earlier 

it will vary with water content, in particular with estuarine soils as the 

proportion of fresh water to salt water changes. Plants growing in these 

soils will therefore experience a wide range of salt concentrations. Since 

these soils were sampled at lav tide, the concentration of salts in the soil 

will be lower than if ITEasured when the soils are fully saturated. As the 

tide recedes, the fresh water which lies on the surface of salt water will 

be the last water that drains throuqh the soil. This action will dilute the 

soluble salt concentrations within the soil. 
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IV. Discussion (Contd .•• ) 

The conductivity rreasured for the man-made islands averaged 

3200,M.mhos/cm with a range of 1700 to 4700 ,).1... :mhos/an. Islands #3 and 4 had 

the highest average conductivity of 3792 and 3750 J.Amhos/cm. respectively. 

The l~st average conductivity measured was on Island #2 which was 1983 }-'mhos/an. 

In canparing conductivities of Nunns Island to the man-made islands, 

it was found that the upper soil on Nunns Island (NI 0-30) was higher while 

the lower soil (NI 30-50) was generally lower. The higher conductivity 

rreasured for NI 0-30 is likely the result of its organic matter content and 

fine texture. 

The conductivities for all soils rreasured would likely increase as 

the soils l:eCXJITe saturated with salt water during a high tide. Conductivities 

taken fran water quality sarrples in the estuary rreasured up to 30,000 ,Almhos/an. 
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Reccmrendations for Further Study 

The detennination of erosional and/or de:[X)sitional patterns will 

play an inportant part in soil developmo...nt on the islands. There

fore, it is reccmrended that cross-sectional profiles be dane on 

an annual basis. 

2. If deposition or erosion is occurring, the particle size of this 

:rraterial should be detennined. 

3. Nutrients measured in the soil will vary with water content at the 

tine of sampling. A rrore meaningful measu:r:errent of nutrient status 

for the site :rray be determined by foliar analysis of the vegetation. 

The decision to detennine nutrient levels either in the soils or 

vegetation should be based on clearly defined objectives. 



APPENDIX I 

NarE: 

pH AND CCNOOCTIVITY MEASUREMENTS OF SOIL 

this prcx:::edure is for determining both pH and conductivity fran 

the sarre soil-water extract. A much sirrpler rrethod can :te used 

for determining Ffi alone (see pH of Soil procedure) . 

REAGENTS: 

1. distilled water (demineralized water). 

EQUIPMENT: 

1. 300-600 ml beakers. 

2. Filtration apparatus (aspirator, flask, funnel, graduated 

cylinder, etc. ) . 

3. Whatman No. 1 filter paper to fit funnel. 

4 • Ffi rreter. 

5. Conductivity meter. 

PROCEDURE: 

1. w=igh out approximate sample size of soil (300-500 g). 

2. place in beaker and add distilled water to make a saturated soil paste. 

3. let sit for 1 hour. 

4. place in funnel with filter paper and suction off extract in graduated 
cylinder placed in bottom of flask. 

5. transfer to sample bottles for pH and conductivity readings from 
meter. (Rinse funnel and cylinder and replace filter paper between 
sarnples) . 
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AN INTERIM REPORT ON WATER QUALITY MONITORING OF 
BRITISH COLUMBIA FOREST PRODUCTS LTD. BOOMING 
AREA ADJACENT TO THE CAMPBELL RIVER ESTUARY 

Robert P. Willington 
Resource Planning Group 

British Columbia Forest Products Limited initiated 

a water quality monitoring program in its booming area 

adjacent to the Campbell River Estuary on July 5~ 1982 

according to the outlined procedure provided by 

M.D. Nassichuk, Chief, Water Quality Unit Habitat 

Management Division of the Federal Department of Fisheries 

and Oceans in his memo of June 15th, 1982. 

This report summarizes the results of this monitoring 

program to date in order to provide a basis for evaluating 

the disposition of any further water quality monitoring 

work to be conducted by B. C. Forest Products Ltd. in their 

Elk River Division booming ground adjacent to the Campbell 

River Estuary. 
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The Monitoring Program 

The following outline of the monitoring program 

was provided by M.D. Nassichuk of D.F.O.: 

1. The bottom contour (mid-channel) of the study 

area should be determined. 

2. Three sub-areas within the dredged portion of 

the Study area and one location (control) 

outside the dredged area should be sampled. 

3. Water column profiles bf the following variables 

should be obtained at each location at high 

and low tide (some samples should also be 

collected with the culvert closed) once per 

month during late spring and summer beginning 

in 1982 prior to log storage: 

i) Dissolved oxygen 

ii) Temperature 

iii) Salinity 

iv) Suspended solids 

v) Organic carbon 

vi) Sulphides 

vii) wood extractives 
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4. Samples of bottom sediments should be obtained 

from each location and analyzed for: 

i) fibre content 

ii) organic carbon 

iii) in-site dissolved oxygen 

5. Studies of benthic communities in one sub-area 

where maximum impacts are anticipated and in the 

control area should be conducted once/year. 

6. Fish utilization of the study area over time 

should be monitored. 

7. A photographic assessment of the study area 

(bottom) over time should be considered. 

~ 
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Further to this plan were some agreements worked 

out between Sally Leigh-Spencer (BCFP) and M.D. Nassichuk 

and Mike Brownlee of D.F.O. which included: 

1. B.C. Forest Products Limited•s major role in 

the program would be collecting samples and 

collecting data for those parameters amenable 

to field measurement. 

2. D.F.O. would be responsible for water sample 

analysis of dissolved oxygen (as a check on 

field measurements), salinity, suspended solids, 

organic carbon, sulphides and, if possible, 

wood extractives. 

3. D.F.O. would be responsible for bottom sediment 

sample analysis of fibre content and organic 

carbon while BCFP would determine in-situ 

dissolved oxygen. 
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Results and Discussion 

Sample site locations were designated as suggested 

in the monitoring program outline and are shown in 

Figure 1. Although the bottom contour of the dredged 

ar~a has not yet been determined (to be included in the 

new contour map for the Campbell River Estuary being 

drafted by B. C. Forest Products Limited), depths 

at each sampling site are approximately as follows: 

Sample Site 

1 

2 

3 

Depth Below 0 Tide (m) 

5.7 

4.5 

4.4 

Sampling and measuring water quality parameters took 

place on July 5, August 18, September 14, November 2, 

and December 7, 1982. Benthos was sampled on July 20. 1982. 
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Some o~ the collected data permits an evaluation 

of spatial and temporal variation of some aspects of 

water quality within the sampling period while other 

data serves as a benchmark of certain water quality 

parameters for comparison with subsequent years of 

data collection. 

The temperature regime of the water column in 

the booming area and control varied over the sampling 

period and with depth (Figure 2). Tide difference 

appeared to have little significant effect on thermal 

water quality although some variation in surface water 

temperature was experienced, probably due to tidal 

redistribution of surface water the temperature of which 

was affected by air temperature regime. Figure 3 

illustrates that little temperature variation existed 

between the control water column and the booming 

(average of Sites 1,2, and 3) area water column. 

Maximum variance existed in the surface layer which 

may be attributable to the input of Campbell River water 

by way of the diversion culvert (see discussion on salinity): 

warm river water input during the summer and cold river 

water input during late fall and early winter. Collected 

temperature data is presented in Appendix I. 
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Water column salinity values (Appendix I) were 

derived from two sources. Those reported for the 

September 14, 1982 sampling were supplied by D.F.O. 

whereas the values for all other sampling dates were 

computed from measured conductivity using the 

following equation: 

where: 

s 

c 

S = C X 0.6 

1000 

Salinity ( 0
/ 00 ) 

Conductivity (uMhos/cm) 

Figure 4 summarizes the salinity variation 

by depth for the booming ~ea and control. The variation 

of salinity over time by depth is judged to be insigni

ficent (see Appendix I). The most notable aspect of 

the salinity profiles in Figure 4 is the very low salinity 

of the surface waters. The rapid rate of vertical change 

from fresh surface water to saline subsurface waters 

indicates a low mixing rate w.ith depth and a constant input 

~ 
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of fresh water from the Campbell River. This fresh 

river water is introduced to the booming area by the 

diversion culvert (Figure I) and/or carried in by 

incoming tides although it is expected that the latter 

would yield a higher degree of vertical intermixing of 

fresh and saline waters than is indicated in Figure 4. 

It is interesting that surface water salinity does not 

vary significantly with tide, in view of the fact that 

the inflow of fresh Campbell River water through the 

diversion culvert only occurs at low tides (flow at 

high tides is minimal due to the reduction in hydraulic 

head); The effects of booming (propeller wash etc.) 

on vertical water mixing was not thoroughly investigated 

due to a low level of this activity during the monitoring 

period. 

Saturated dissolved oxygen content varies with water 

temperature and salinity. Differences between the actual 

and predicted dissolved oxygen are , therefore, attributable 

to other characteristics of the water such as biological 

oxygen demand causing a reduction in dissolved oxygen 

from expected levels. Figures 5 and 6 summarize dissolved 

oxygen measurements, (Appendix I) corrected for salinity, 
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conducted in the booming area and control. Corrections 

for salinity effects on measured dissolved oxygen were 

conducted using the following equation (from the Yellow 

Springs Instrument Company Instruction Manual -

YSl Models 54ARC and 54ABP Dissolved Oxygen Meters) 

A = M [1. 0 
(Cs/Co Sf-So 
( Sf t] 

where: A = Actual dissolved oxygen of sample (ppm) 

M = Measured dissolved oxygen with instrument 

Co = Salinity of ocean water (36.11 °/oo) 

Cs = Salinity of sample (
0 /oo) 

Sf = Dissolved oxygen of saturated fresh water 

at 760 mm pressure and at same 

temperature as sample (ppm). 

So = Dissolved oxygen of saturated ocean water 

at 760 mm pressure and at same temperature 

as sample (ppm). 
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In general, trends in dissolved oxygen in both 

the booming area and control at high and low tide 

were a decrease with depth and an increase over time. 

The latter trend was largely due to falling water 

temperatures over time. The decrease of dissolved 

oxygen with depth is inadequately explained by the 

vertical water temperature over time and may be more 

a function of stagnation as is suggested by the 

salinity concentration over depth and the attendant 

interpretation of limited vertical water column 

mixing. 

Figure 7 presents comparison of booming area 

dissolved oxygen levels with control dissolved oxygen 

by depth, time, and tide. At both tides at the 

surface,upper and middle depths over the sampling 

period, dissolved oxygen levels were similar for the 

booming area and control. At the bottom of the water 

column for both tides the dissolved oxygen in the 

booming areas was higher than the control on July 5, 1982, 

but by August 18, 1982, the trend had reversed and thereafter 

the dissolved oxygen in the booming area was lower than 

the control. This may reflect the construction- induced 

(suction dredging) oxygenation of the booming area which 

diminished over time through diffusion along the dissolved 

oxygen concentration gradient. The dissolved oxygen of 
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the bottom level in the booming area remained lower 

than the control area possibly as a result of the lower 

exchange rate with new ocean water. This low exchange 

rate is likely due to the location of the booming area 

relative to estuary salt water movements. 

Subtidal benthos samples were sampled at each of 

the four sampling sites (Figure I) by SCUBA (Appendix II). 

Each sample was 0.3 m3 and two samples were collected 

at each site and then amalgamated into one sample/site 

for analysis. Since the booming area benthos samples 

were subtidal and the benthos sampling in the islet 

environment of the estuary was intertidal, comparisons 

of benthos for the two areas are not possible. 

Sample results indicate that the benthos at all 

four sites is not highly productive with respect to 

fish food val~e. Sites 1,2, and 3 had only two 

harpacticoids per site and the control (Site 4) sample 

contained only fourteen harpacticoids. The Site 1 sample 

was the lowest in total organisms including Oliqochaeta, 

Polychaeta, and Nematoda, while the Site 1,2, and 3 samples 

contained relatively similar numbers of both Nematoda 

and Pol chakta. The Site 4 sample had the highest number 

of Nematoda. 
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Additional water quality analyses were conducted 

by the Federal Laboratory Service (EPS-FMS) (Appendix III). 

Analysis for sulphide indicated less than 0.05 ppm 

for all depths and tides in the booming area and control. 

The same similarity existed for colour with all samples 

having a value of 5. The results of the analyses of 

non-filterable residues indicates minimal variance 

between sites and depths at both low and high tides 

with the exception of bottom samples at high tide for 

Sites 2 and 4 which had values of 8 and 57 ppm 

respectively as compared with all other samples which had 

5 ppm. 
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Summary and Recommendations 

The objective of the 1982 booming area water 

quality and benthos monitoring program was to 

establish bench mark values of water quality and 

benthos against which subsequent data can be compared. 

The degree to which the results meet this objective 

appears acceptable, but the final assessment needs 

to be conducted by the author of the program outline, 

Mr. M.D. Nassichuk, Department of Fisheries and Oceans. 

RPW:rm 
01/27/83 

l 
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APPENDIX I 

Temperature, Salinity, Measured and Corrected 

Dissolved oxygen data for all sampling dates. 
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I A rl:..o 9.S 1.2 .03 9.9 s.o 1 .~ 9.7 99 .I 100: .--
r;;-

I 
-4 11.2 c.S IS.o .so II. I g.e 2.3 5.9 59 b.l IOO 

I 

f't.IJToO( 

I I n.s 9.S - - 9.5 ,, t.S - - O.J 

I 
I 12.1 4.2. - - ro .S 8.(, 2.2. - - 1.3 . 

2 11.0 9.0 5.1 o./4 9-7 7.S '· 9 8.7 1:3.2. o.l <34 I . 
2 12.' 5.4 15.'- o.43 10. S B.b 2.2 4.9 5o b.7 96 

3 '"-·2 9.3 4.2. o. 12. 9.9 $.0 J.9 9.1 94 o.l 96 . 
; 

: 
3 12.0 5.1 14.7 o.41 ro.s s.b 2.2 5.2 53 7.b ro4 

4 ''-·S 9.5 3.l:. 0.10 9.8 7-9 •·9 9·3 97 o.t 100' 

; 

4 11.5 5.4 14.4 o.4o 10.9 8 ·7 2.2 s.o So 7.0 100 

~= :: 

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

~ 
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I:;:.M.Pct~,r..-rvu: A.w!> ..:!:;>,:s;::;;o .... ve...::> o,._vC..Gii'-.l - $s.P'T. 14/'02. 

~ ..... .,-£ Csj~ ! 'la 
"f.~ 

>--O>U. -r~P lt£.A~ 't).O p,o !S{-So '!).0. !lt;. l'ri-l l..'i. '/v 
I="W+l $.0-L-T I cow:'l.. 

~ 't- Xo ~).C IJ~o SJl.,.-. 
of= 

'0.0. PP..-1 1rt"\ c:.cwTltOI.., 

(M) 
(Cs) (sf) ( s .. ) 

(_A) l ;>.P.It1. p;:>f>ll ,Pl>1 
,_.., • 'J>li. i 

I J{..o 8./ 5 • II 9.9 6.0 (. 9 7.9 (g.; BZ 0. f 103 i 
I 
' 

I /2.2 6-7 2? o.b9 10.6 6.& 2.2. 5.8 (3.4 b3 :;.o !03 ' I 

I fl./ 4.7 25 o.69 /1. I 8.6 2.3 4.0(4.1 .42 4.0 72 ! 
I 

o.b9 34 bo 
; 

I 1/.0 3.7 25 II. I 8-8 2-3 3.2. (4.o b 0 
l 

o./4 ez 103 
. 

.2. 1'5.0 e.4 5 10·2 8./ 2.1 8.1(?_9 0./ I ' 

o.b9 !do I 
2. /3.0 ].o 2~- tO.fo 8.4 2.2 c..o (4.0 2.0 l'oS 
2 /1.9 !..5 22. o.61 JO.B B.b 2.2.. 5.7 (3.;) bO 4.0 1/03 ! 

25 o.69 /.7 (:a.7l IS 2 11.'5 2.0 /1.0 8.7 2.3 b.o 32 
! 

3 /4.5 7.5 -;; o.t4 /0.1 8 . .2. 2. I 7.3 (7.7) 73 0.1 9! ' 
' I 

3 /2.0 7. I 2? o.b9 /0.6 B.b .2.2 (..1(3.1) t::k 2.0 tOB ~ 

3 /1.5 5.9 25" o.b9 tl.o 8.7 ;2.3 5.1 (3.3 54- 4.0 93 I 
3 I I.'S 4.0 25 O.b9 1/.0 8.7 2-3 3.4 {2.s' 3J,:, b.O b3 i 

' I 
I 4 f4.0 £3.3 4 o. I I /0..4 8.3 Z .1 B.d~.S) 6o o. I /00 ' 

' 

CJ:)..JT R-0 L. .4 //.9 i:J./:. 23 o.f:4 10.6 8.(:. 2-2 5.7(3.&) bl 3.0 !cO 
i 

I 
l 

4 u.:z {;,.4 25' O·b9 /1.1 s.B 2.3 5'.5(~.'1) 58 s.o /00 i 

4 /1. I t,.3 25 o.b9 tl. I s.e 2..3 S.4(.4.2 51 7.0 /00 I I . 

j 
! 

: 
I . 
I 

- ---'-------'--~ - -
: 

r 
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1!:.-M.P~~~.:Tvt£ Ao.JJ> .:>•1-tO'-vt...l:.> c ....... yc,.~...a- SE.PT. &4/82. 

I CsJc S(·So 'lo $A...o;:>LI. "Th-4P II.{. A.~ !Sf. ..... 01"1 Co 
-o.o o.o D.O. ~,...,~ 

X.o 
!="~~ SA~T co cut. 

-::s:r '=- uo. ~).0 iJ~o pp~ S:-'~· W\ 

(M) 
(Cs) (s() (So) 

(.A) ~.P..-1 . P>='>'~ I' PM 
..I••,. T\CII 

I lf.:..2 8.1 .4 Q./ 1 9.9 8 .0 I. 9 (: . ·' 7.1} !-1) sz. 0.1 

I 12.0 b·e 25 o. (;.9 /0.6 e.b 2.2 S.f>(3., "2 3.o 

I 12.0 b.S 2S 0.~9 10.8 e.b 2.2. 5.B(M) 'z 5.0 

I 
I II. 2 :;.5 ;5 o.(;.9 II. I S.8 2.3 2.2 {2 ... 23 B.o 

2 1~-2 7., 4 o. II t0-2 6./ 2.1 1.S (43,; IS 0./ 

2 //.6 b.9 2S o.69 10·9 8.& 2.3 5.1 (4.9 '2. 3.0 

2 11·'2 b,b ?--:> 0.69 /I. I g,g 2.3 5.7 (:2-1 "'0 s.o 

2 1/.2 /. 3 ~2 o.bt /1. I s.s 2.3 1.1 (3.3 /:2- 8.0 

3 1'5.0 7.8 3 o.os 10.2 8.1 2.1 7.t.(e.t. '" o./ 

I 
3 //.9 7.2 2S 0.'=>9 /0.6 8 . (;,. ::z.z (. ; 2.{2.6 bo 3.0 

3 /1. I ft..5 :2S o.b9 II. I s.e 2·3 S-"(2.6 59 {;,,0 

3 /I. I 5-2 2~ o.b9 1/. I e. a ;?.~ 4.5(3.1 47 9.0 

4- /~.0 6·3 3 o.os /0.2. S. I 2.1 6 . I (8.'7) 81 O•l 

COAJTJC...OL. .A /I. 9 7.0 25 o.b9 /0.8 B.b 2.2 ,,0 (3.3) {;,5 ,a.o 

4 //.2 b.9 25 o.b9 1/,f 8.8 2-~ ?.9(3.o) &2. ,,0 
4 1/.2 6. I 25 o.b9 II./ s.s 2.3 5.1.-(2 . ~ S5 /0.0 

I 
I 
i 

I 
I 
I 

/ 

g;. s.n-1 
A\ •jo 
oF 
c.o..,Tro~ 

101 

95 

tOO 

42 

93 

95 

97 

22 

94 

92. 

95 

85 

/00 

/00 

/00 

/00 

' t · 



CAMPet::t-L.. R.evE.tlt.. E.S'TuA{tl...{- E.l-1<:.. ~IVE. 11.. ..D•vts 10 r-.J t!.oo""" ,......,-.c.,. A~A 
''"'~'~p.;;.e..o..-rv;:...e; A. .... :t> ..J:>•£Sa ... vl~l::> ~cso:.J- NOV . .2./az., 

~ 
Csfco %~r I 

S,C...tn.e: TEMP' MEA~· "f.A1..4N'!1'f D.O t>. 0· Sf-So "D.O. o/o D:.PTM 

l=ltE:$ ~\ '!>AI."'" eo~~: e. A~ O/G> 

"* "c l).O. ·;00 '"''"'0 H.zO P.P.lo\. SAT. fY\, "" ('.t>ll'T. 

(N'\) 
(C.s) 

(Sf) (So) 
(A) Pp ...... PPM 'PP>A 

.............. -
94 1 

lA 9.S /O,b t.S o.o4 /1.4· 9./ 2.~ 10.5 93 0.1 

\S 9.8 '1.2 1.5' o.21 ,,.4 9.1 2·3 lo.9 '=>3 2.0 "79 

I C. 9.S '=>.2. 14.1 o.:sl ff.A 9.1 .2..; lo.o 57 3.o lb 

1.0 98 5.C.. n.4 o.-'16 11·4 9.1 2.3 s.o 49 -4.0 70 

2.A 9.6 to.A 1.'5' o.o4 I (.4 9.1 2.3 10.3 91 0.1 92 

.28 9.B 7.1 !2.9 0,'3b 1(.4 9.1 .2.3 "'·"' (:.2 2..0 18 

2C 9.8 1.2 18.0 o.5o 11.4 9.1 .2.3 {;,,5 lo3 4.0 90 

2'D 9.9 3.8 t6.0 o.5o II. 3 ~.0 2.3 3.4 34 TO 41 

3A 10,0 JO.b L.2 0.03 11.3 9.0 2.3 10.5 94 0.1 95 

3B \0.0 8.4 lb.2 o.LI5 IJ.3 9.0 2.3 1,(&, 14 2..0 93 

.3C 9.8 s.o 15.l D.4.2 1/.4 9.1 .2·3 7.3 /0 4.0 100 

3D 9.8 '1.4 IS.b 0.59 11.4 9.1 2.3 {:..'5' "'5 b.6 90 

4A 10·5' If, I 1.0 o.o3 11.2 8·9 2·3 I 1.0 99 o.t 100 

.48 10-0 9.o tS.C... o.A3 11.3 9.0 2.3 8.2. 8o 2.0 100 
CONT1t.OL.. 

4c., 9.8 s.o ''-·2. o.45 11.4 9.1 ,2.3 1.~ (0 4.0 IOO 

4D 9.6 S.2 19.'5 o.54 I 1.4 9.1 2.3 7.~ 12. (;, .o 100 

SA 9.9 9.~ - ·- II. 3 o.t 

SB 9.'6 G..8 - - 11.4 2.0 

5C... 9.S ~.8 - - 11,4 4.0 
-

5D 9.S 4.S -- - I \.4 1.0 
' 

./ 
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-r~ .... P£~1-."TV(.C A..Jl> ..:> o:: s u ... v~.l:> o.-.y~ ~ -..1 - t>ec 7/92 

f~~ ~ .. ~ .. rr{ c,/eo D.o ~~-So -:1. 
"f. r,.n-

.,.~p ll!.A~ t:> .O 1:).0. n;.,.nl A\ •fo 

'~ 
~~~ ~ .. .,. colt£.. 

~ /.o . "').0 &h .. o ~,4'f". 
oF 

I 
'0.0. PP..-1 '"" eo~T£.aL. 

(M) 
(Cs) (s f ) (Sa ) 

(A) .,_P.~. P?.,.. r~>J.~. I 

I I o.9 64 ! I I 5.0 10.1 o .o2. 12. 6 10.1 2.1 10.7 0.1 101 
I 
I 

I 6.2 /;..(:, 15·3 o .A2. 12. ~ 9.'1 2 . b b.O 5fc 4.0 87 I 
j 
I 

lb.B 
I 

I e.2 "·" o .A1 12. 3 9.7 . 2-b 5.9 53 /:,.o I 

• I 
I e.o b·2 15.9 o.44 12.5 9.9 2-1 5.C:. 5o 8.5 I 

' ! 
I ! i .. ~ ; 
: . . 
j S;S 10.7 •. s o .os 84 0.1 ' j SP•T 12. . 8 10·1 2.7 ,o.b 100 I 

. 
(;,.o 

! 
I SPIT II. I 1.4 0 . 04 12 .~ 9.S 2.( I I. I 9o l.o I ex::> ! 

' 
' 1 
! 3P&T (3.0 8.2 1'5.3 o .42 11. 9 <).4 2.5 1.5 b9 2,0 IOQ I 

' 
j 

SPrT 8 .0 7./o IS.b o.-43 11.9 9 .4 2.5 b-9 {.4 3.o 100 I 

' i ' 

I 
' 

I 

I 
l 

i I ! 

' I ! 

: I 
I 
i 

I 
I 
I 
i 
j 

I 
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Campbell Rivvr Estuary -- Results of analysis of subtidRl macrofauna samples 
froc the dry land sort log storage area, nu~ber of 
organisms per sample. 

Taxa 

Nematoda 
Pelecypoda 

Oligochaeta 
Polychaeta (unident.) 
Ampharete sp. 
A~pharetidae (unident.) 
Aphroditoidea (unident.) 
Armandia brevis 
Capi~ella capitata 
Chactozone setosa (?) 
C irra tul idae ( unident.) 
Cirratulus spectabilis (?) 
Cossura sp. 
Eteone longa 
Glvcinde sp. 
Harmothoe imbricata (?) 
Leitoscoloplos pugettensis (?) 
Nereidae (unident.) 
Orbiniidae (unident .) 
Pholoe minuta 
Prionospio (?) sp. 
Syllidae (unident.) 
Syllis (?) sp. 
Terebellidae (unident.) 

Harpacticoida 
Gnor imos phaeroma oregonens is 
Corophium spinicorne 
Eogammarus confervicolus 

Hymenoptera adult 

1 

2 

1 

47 

1 

2 

2 

II 

19 

1 

2 

14 7 

2 

1 

III 

25 

1 
3 

2 
128 

1 

1 

1 
5 

1 
1 
1 

3 

1 

2 

IV 

284 
1 

16 

/ 
22 

5 
9 
4 

10 
5 

2 

1 

1 
3 
9 
1 
1 

12 

1 
1 



Site 

1 

1 

1 

1 

2 

2 

2 

2 

3 

3 

3 

3 

4 

4 

4 

4 

APPENDIX III 

Data from analysis of September 14th, 1983 

samples- sulphide, colour, salinity, 

dissolved oxygen and non-filterable residue. 

KEY TO APPENDIX DATA SHEETS 

De2th Sample No. Site Depth 

0.1 m 5 1 0.1 m 

3 m 6 1 2 m 

5 m 7 1 4 m 

8 m 8 1 6 m 

0.1 m 13 2 0.1 m 

3 m 14 2 2 m 

5 m 15 2 4 m 

8 m 16 2 6 m 

0.1 m 21 3 0.1 m 

3 m 22 3 2 m 

6 m 23 3 4 m 

9 m 24 3 6 m 

0.1 m 29 4 0.1 m 

3 m 30 4 3 m 

6 m 31 4 5 m 

10 m 32 4 7 m 

Sample No. 

1 

2 

3 

4 

9 

10 

11 

12 

17 

18 

19 

20 

25 

26 

27 

28 
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0 Fresh Water 

-a_ Marine Water 

, .t..s:·~r~ .-\ t - -~~: ~ •· ~"T:iPJICL:·5 (LP!:J- ~- ~JIS) 

CHEMISTRY 
..; 

,-

.. 

Locat ion C3rrpbe11 River Estuary 

Date Sampled 8209. 14 

0 Effluent ______________ _ Sampled By B C F P 

·. 

0 Sediment ______________ _ Submitted By _____ • ________ _ 

0 Biota ________________ _ Send Report To M Nassi chnk 

0 Other -----------~----- Collator 2820=648 

Coordinator ______________________ ___ Lab Number 820871 

Quality Control 0 Date Received 8209.15 

NUMBER SAM. I LD. & PRESERVATION 
ANALYSIS REQUESTED OF BOTTLES (1,2.,3 ••• ) (IF NECESSARY) 

1 32 S= 32 

Fesin Acid * . 32 
,.-') 

IX> 32 

I -
( 

~ 

-

Return Equipment To: I Hold For: 

Please return cco1ers 

Phone_---------

-

NFR, so;co, Color 32 

! 

-

I 
I 

I 

I 
Checked By ______________ _ 

Date ________________ __:_ __ 

Remarks 

*H 1 ~ · ·as · - 1 £ I -o CJ R:=sm Ac~ -gol.ng to get sarrp e ran 
an active site to see if resin acids are 
iliere. l 

i 

I 
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LACORA·a·uHY SEKV~C~l:S (EPS-i-=fVI 
CH Ml RY 

UNITS (Except Where Noted) 
lab 

Fresh Water mgll Date Received 'C ;;;.._ - 0 7-/ S 
0 Marine Water mgfl location CA-MP ti5F-~ t(/1 UE/' £:.-.~1-u~ 
0 Effluent mgll 

10 Sediment mgfkg 

./ CONSTITUENTS I "l... 3F s- ~ :r ~ 7' /0 DATE IN 

pH {080) I 
P. Alk. as CaCOJ (006) 

! T. Alk. as CaCOJ(006} 

l Sulfate (S04) (122) I I I 
I Chloride (CI) (024) I I I 

Fluoride (F) (050) 

Ortho PO.s(P) (082) I I 
Total PO<~(P) (086) I 
Nitrite (N) (072) I 
Nitrate (N) (072) I 

Nitrite+ Nitrate (N) (072) I I I 
Ammonia (N) (058) I I 
Silica (Si) (118) ! 

./ Sulfide (S) (128) ko.~~>S" Vo.a.) 4 . .os- .c ... "'s- <o.d::l$' <:'e,.oS", .("., • .t.s"l C 0 .oS• .C:.O,<>S .{'o. llJl cP-zc, ?, 1.{ RL; 
: 

I Chlorophyll a (650) i 
ynaeopigments (650) 

v Color- Units (042) s 5" '.) s- s- '>"' s- -:;-- ') s- l>'lo9.1b RL 
I - I Turbidity- FTU (130) I --

./ Salinity- %o (114)- s- 2-s- ;l.) z.s- t.{ 2.) 'lS z..s:- r 2.r- i'"l oCj. lb i<L 
Con d. - JJ mhos/em (044) 

Oil. Con d. JJ mhos/em I 
Sam. Vol.- mls. 

Dl Vol.- mis. 

I Dl Con d. - p mhos/em 
'~- .. I I -----

REMARKS 

1- 3 _2 
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LABOR/-\TOkY SE~V I CES (~t->S-~-·k,S) 

CHEMISTRY 

UNITS (Except Where Noted) Lab Number ~Z 0 8-=ll 
0 Fresh Water mg/1 

0 Marine Water mg/1 

0709·1~ 
Date Received RttJEfl__ 

C4-J11PB£LL----.._ location 

0 Effluent mg/1 

•0 Sediment mglkg 

.! CONSTITUENTS II 11... ll I"' /} '" I~ 
,,. 

I~ Zo DATE IN 

pH (080) 

P. Alk. as CaCOJ (006) I 
T. Alk. as CaCOJ(006) 

Sulfate (SO•) (122) 

I Chloride (CI) (024) 

Fluoride (F) (050) I I 
Ortho PO•(P) (082) 

Total PO•(P) (086) 

I Nitrite (N) (072) I 
Nitrate (N) (072) 

Nitrite+ Nitrate (N) (072) 

Ammonia (N) (058} 

Silica (Si) (1 18) 

v' Sulfide (S) (128) ~-~ vc.or ~o) ~cs-· <"o.o) ~o.or <(J>,DS" ~o.o.f"lco.cu ~or i'" "l.e ~. ~ ~L 

Chlorophyll a (650) -
Phaeopigments (650) I 

I 

I 

I 
I 

I 

-
I 

....,.. Color- Units (042) ~ ~ s- r ~ !> s- s- s- s- .r2o9_/tT t<l- l 
Turbidity- FTU (130) ! i - I . 

·---
\..,..- 'Salinity-% o (1 14) ~-z... L.S"" 4 ls 2.$" "l..l... S"" "2.~ 2s- '2 . .$" h.dt . I~ IR<- -;-

Con d.- JJ mhos/em (044) 

Oil. Con d. JJ mhos/em 

Sam. Vol. - mls. ,. 
Dl Vol.- mis . I . I Dl Con d. - JJ mhos/em 

-
REMARKS ; 

I-

I 

.. 
~ 

~ 

l---~ 
! 
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LABORAlORY SeRVICES (EPS-t=h~S) 

HEMISTRY 

__._ 

UNITS (Except Where Noted) 
lab Number 

Fresh Water mgn 

0 Marine Water mgfl 
Location __,,__J.J.....::...&--~'--"""-'-'~--~1-J""i--/----

0 Effluent mgn 

tO Sediment mgfkg 

.j' CONSTITUENTS 'Lt '2."!.. ?.$' 2.(( "l ~:- Z'- z~ :lli' '?.'? :!o 
pH (080) .. 

P. Alk. as CaC03 (006) 

! T. Alk. as CaCOJ(006) 

Sulfate {S04) (122) 

Chloride (CI) (024} I I 
I 

I 
Fluoride (F) (050) I I 
Ortho PO.s (P) (082) I 
Total PO .. (P) (086) I 
Nitrite (N) (072) I 
Nitrate (N) {072) 

I 

Nitrite+ Nitrate (N) (072) 

Ammonia (N) (058) 

Silica (Si) (118} 

·v Sulfide (S} (128} ::0. ~5'" ro.o.>. ~.c.> t"'o.c.> .::i>.f!Jl- c.,.cs- <"o.o.>,4.or ("o.Dr. C.o.. c_r-1 ¥-z..o<?."Zs. J2L 
Chlorophyll a (650) I 

· Phaeopigments (650) 

I 

''"" 

I 

v Color· Units (042) !( s- 5" s-· S"w s- s- s- s- S" ~lo '1.11:. ~(_ : 
I Turbidity- FTU (130) 

_.. I 

! 

IV Salinity- %o (114) . 3. 2.5:". 7.5" 2S" '-~. Z.3 zs- 25'"" .3 l..'S f'2o'7 • l 
I Cond. -,.umhosfcm (044) 
I 

I 

I Oil. Cond . .umhoslcm 

Sam. VoL- mls. I I I 

Dl Vol.- mis. 

Dl Con·i:l.- .umhoslcm I I ! 
i 
I 

REMARKS 
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LABORATORY St.=RVlCES (EPS-flv1S) 

CHEMISTRY 

UNITS (Except Where Noted) Lab Number 81-0 B ~~ 
Fresh Water mgll Date Received 8;Lo9.1~ 
Marine Water mgll Location CAf'\1 p BELL R• rJ£R.. 
Effluent mg/1 

Sediment mglkg 

CONSTITUENTS 31 3'2- DATE 

pH (080) 

P. Alk. as CaCOJ (006) 

T. Alk. as CaC03(006) 

Sulfate (S04) (122) 

Chloride (CI) (024) I 
Fluoride (F) · (050) I 
Ortho P04(P) (082) 

Total POA(P) (086) - . 

Nitrite (N) (072) I 
Nitrate (N) (072) I I 

I Nitrite+ Nitrate (N) (072) 

Ammonia (N) (058) 

Silica (Si) (1 18) 

v Sulfide (S) (128) la>.oS"" ~o.o_r 18' '2,..0 9. 2.{ 

Chlorophyll a (650) --
Phaeopigments (650) 

IN 

I 

I 

I 

/?L 
I • 

""" Color - Units (042) ~ s- ~-z,o9./(J RL I 
Turbidity- FTU (130) 

v Salinity - %o (1 14) '2.s-
Cond.- pmhos/cm (044) 

Oil. Cond . .umhos/cm 

Sam. Vol. - mls. 

01 Vol. - mis. 

1 01 Con d. - .u mhos/em 
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LABORATORY SERVICES (EPS-FfViS} 
CHEMISTRY f_--.---~ 

UNITS (Except Where Noted) Lab Number P ;;J..o P 9-/ 
Fresh Water 

Marine Water 

Effluent 

Sediment 

mg/1 

mg/1 

mg/1 

mg/kg 

Date Received 2-?- 0 9-/ .$" ---
Location C:::.ll 0"1 p 8 t=;Ll.. .R., v E./!,. 1 

fC-STt.LAR\--

./ CONSTITUENTS J -z. J 'f r {, 7 ~ 1" J 4) DATE IN 

Filterable R. (100) 

..,/ Non-filterable R. (104) < S <S ~ S <5 < 5 < S <5 < 5 < 5 < 5 6'::. 07.:?? LoY Iii: 
Total R. (094) 

II /2. 13 /'1 15 ././. 17 /'f If :1.0 

~A-On-{;fla-·•f:h R. <S <S <S <5 S ~ <S <S <b <S S2tJ'7.:2J LJY,R} 
T 

I - - 2.1 :z~ 2.1 ~'¥ 'Z.S ~{. 27 2~ 2.f 30 I 
-!c>-J•hltat71.tu ,R. k 5 ~ .s < s < s < s < s < s < s < s < .s ~ OJ. 2.f ~ M' 

I - I 

1' .1:2. ' 

lvo~fi'J« ratk ;f. -< .s 5 7 'F2 0'7. ~ k2.P .;f> ...(' 

Inorganic C (016) 

CAOV (%C) (018) 

I 
./ DO (048): ~~:~).~~~~~%~!~,.~ fJo1 !C. f)..a..l-

~~~~~~~%!%~l.A1 --..:/ 
% %Z~~!%Z~Z7_A,tz~1ZW.,% 
~lW.(t I -

Total Soluable - -

Totallnsoluable 

Volatile Soluable 

Volatile I nsoluable 

Particle Size (078) 

Oils & Grease (725) 
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