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Monitoring water quality of sediment cappiugijn Hamilton Harbour, 1995 

MANAGEMENT PERSPECTIVE 
Toxics, Canada’s Ecosystems, Great Lakes 2000. 

:5}. method to detect deleterious efi'_ects which inadvertently occur during sediment cleanup operations. 
To assure the iiublic that sediment cleanup does "no A

. 

'' 

Capping contaminated sediment with sand caused small plumes of siltifromthe sand. These plumes were 
confined to within a few meters of the bottom. Occasionally these plumes exceeded guidelines for 
suspended solids but, in open water, fish are thoughtto avoid thesetemporary conditions. Sediment 
resuspension due to the capping did not occur, this is encouraging given the soft sediment at thesite. 

A generic technique was developed to efficiently detect, from a moving boat, sediment disturbance or 
suspended solids resulting from cleanup operations in contaminated sediment. The detection technique is 

to "water sampling thus avoiding the collection of hundreds of negative samples. 

next steps include: apply the new technique to sediment cleanup operations in the Great Lakes area; 
publish report in _a scientific journal; and complete companion report on modelling the size and trajectory 
of silt plumes.



Surveillance des efi‘ets du recouvrement des sédiments sur la qualité de1'eau dans le port 
de Hamilton, 1995 . 
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/ SOMMAIRE A L'1NTENTION DE LA DIRECTION 
Substances toxiques, Conservation des écosystémes du Canada, Grands Lacs 2000 

Méthode de détection des effets néfastesaceidentels susceptibles de survenir pendant les‘ 
opérations d‘assainissement des sédiments. 

’ 

p 

_ 

A

. 

Pour assurer le public que l'assainissement des sédiments ne cause pas de dommages. 

. Le sable utilisé pour recouviir les sédimjents contaminés a provoquéla formation de petits 
' panaches de 1imon_. Ces panjaches sont confinés a quelques metres du fond. il arrive parfois 

' que ces panaches dépassent les valeurs recommandées dans les lignes directrices sur l_es 
matiéres solides en suspension, mais on pensefqu’-en eau libre, les poissons évitent les 
zones on existent ces conditions temporaires. I1 n'y a pas eu de remise en suspension des 

' 

sédirnents causée par les opérations de recouvrement, ce qui est encourageant é_ta_nt donné 
la présence de sédinients meubles a cet endroit. - 

'
' 

Une technique générale a été élaborée pour détecter efiicaeement, 2‘; partir d'un bateau en 
mouvement, la perturbation des sédirnents ou des matiéres solides en suspension, due aux 

. activités d'assainissement des sédiments Acontaminés. Cette technique est utilisée pour 
orienter les échantillonnages d'eau, ce qui évite lei prélévement de centaines d'échantillons " 

négatifs. 
_ 

‘ 

- ' 

' Les prochaines étapes sont : Pappliciation dela nouvelle technique. aux opérations’ 
d'assainisseinent des sédiments dans la région des‘ Grands Lacs; _la publication d'un rapport 
dans une revue seientifique, et1'achéver'nentd'un rapport complémentaire sur la 

‘ modélisation de la taille et de la trajectoire des panaches de limon.



introduction 
_

' 

Many urban aquatic habitats are damaged by an accumulation of in-situ 
sediment contamination. Removal of "contaminated sediment is often expensive and 
va_rious treatment processes may be required before the material can be reused or 
safely stored. A search for less‘ expensive and less intrusive methods to deal with 
contaminated sediments continues. Subaqueous capping of sediments, in which a 
layer of clean material is deposited on top‘ of the contaminated sediment, has been - 

used since the 1970s but rarely in Canada. The purpose of the cap is to immobilize 
and render unavailable the contaminants in the sediment. In areas. such as Hamilton 
Harbour, capping may.offer some opportunity for alternate means of coping with in-situ 
contamination. The situation was reviewed by Zeman, 1994 and, based on subsequent 
work to characterize the physical and biological aspects ofthe sediment, an experiment 
to cap sediments was begun in 1995. A layer of sand ‘/2 M thick was to be deposited 
on the sediment in a test area 100 by 100M. Our workwas designed to find whether 
the technique caused damaging resuspension of sediments, In addition, the sand used 
(6600 tonnes) for the capping contained 2% silt. The distribution and concentration of 
the silt needed to bemeasured to determine if any deleterious concentration 
developed. This report documents measurements of ‘particulate concentrations and , 

- turbidity near the capping site. A companion report (Hamblin et a_l. in preparation) 
deals with the amount and trajectories ofthe silt. 

A Methods 
’ 

The technique of sand depo_sition was reviewedby Zeman and Patterson. 1996a—,b. , 

_ 
The sand was delivered to the site on a barge that had a devicewhich conveyed a 
sandlwater slurry to adepth of about l2M. The site was near the north shore of 
Hamilton Harbour (Fig.1). . . . . 

To determine whether resuspended sediment could be easily distinguished from the sil_t 
in the sand we compared sediment and silt in the laboratory. -A total of six sediment 
cores were collected and allowed to settle for one day. The upper 1 cm was then 
stirred up into the overlying water which was then periodically filtered through glass 
fibre filters. Capping sand was introduced into water in 1L graduated cylinders and the 
supematant water periodically sampled with glass fibre filters. The filters were then 
examined for colour differences that could be used in" the field to determine whether 
resuspended sediment orsilt was present. .

‘ 

An ‘acoustic doppler current profiler (ADCP) was used to determine areas and depths 
most likely to be affected by the capping operation. The ADCP_ (RD'|nc. San Diego) is 

», a sonar device which scans in 3 directions and can determine. the direction of 
movement and degree of sonic energy reflected by particles at various depth intervals. 
The instrument operates at a frequency of 1200 KHz a_nd this allows it to sense. 

V 

particles in the silt size range. The degree of sonic reflection or "backscatter" is an 
indicator of the concentration of particles. A display of backscatter was constantly 
observed during surveys of the site. The surveys covered the entire capping area as 
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well as some a_reas_outside. Acoustic anomalies werenoted and their locations were used to direct the water _sampling effort. Location of the ADCP and sampling efforts was determined by a differe_ntia__l Global Positioning System (DGPS) to an accuracy of 
2-4M, ' 

1 
. LaSalle 

- Park —

V 

5' "-‘location 
I Lake 

_ 

of cap site. 

Ham_i.l_ton. Harbour . 

Hamilton 

Fig. 1. Location of capping site in'Hamilton Harbour, Lake Ontario 

Water samples were collected at 3 or 4 depths, using a ‘Van Dorn" bottle. Each 
sample was then ‘filtered through a pre-weighted and pre-ashed glass fibre filter. Filters 
were checked in the field for colour consistent with either resuspended sediment or silt. The filters were__dried at _60 °C for 24 hours; re—weighted and the total amount of 
suspended matter (TSM) was calculated. The sample was then ashed at a temperature 

- of 500 °C for two hours to ignite the organic matter. Inorganic suspended matter ‘

» 

concentration (ISM) was calculated by difference-. The percent loss on ignition (%LOl) was calculated by‘ difference between the ashed weight and the sample weight. Water ‘was sampled inside and outside the plumes indicated by the ADCP. A background or 
control measurement was done daily either 1 Km NE of the capping site or at a site in 
the centre of Ham_i_lton Harbour 1 km from the capping site. 
A suite of physical measurements was made with a profiling apparatus (Hydarolab Corp, 
Texas). Profiles ofconductivity, dissolved oxygen, turbidity,» pH, and temperature were 

~ recordedat water sampling sites, control sites and other sites ‘in and around the - 

. capping area. The turbidity sensor was a nephelometric type (light scattering) which 
provided data in nephelometric turbidity units (NTU).



Results and Discussion 

Laboratory experiments showed that resuspended sediment settled much faster than 
silt from the capping sand. Furthermore, the silt had less organic content than the 
sediment when we "conducted loss on ignition tests. There was a colour difference 
between resuspended sediment and silt. The filters containing sediment were dark, 
brown or nearly black depending on the concentration- The filters containing silt were 
ten or pinkish. This colour difference provided an easy method to determine the- source 
of particles caught by filtration in the field.- 

Profiles of physical factors such as dissolved oxygen were recorded. Only 
turbidity is reported. Typically, the site was stratified thermally and dissolved oxygen 
was virtually zero in the hypolimnion as is expected every year. No disruption was 
observed in any of thevariables other than turbidity.

‘ 

Surveys of the capping site and surrounding area were conducted on 14 days V 

between 31 July, 1995 and 20 Sept, 1995 with the ADCP. Often, a noticeable. anomaly 
in the reflected energy or backscatter occurred near the capping apparatus. We 
attempted to collect water samples and physicalwater quality profiles in these 
anomalies which were presumed to represent either silt or resuspended sediment. 

Suspended matter caught by filters is an ‘indication of how much material . 

(plankton, algae and sediment) is present in the water column. Backg'round values 
were typically low, between 5 and 8mgI|. Water samples at locations in the vicinity of 
the barge often had high concentrations of suspended matter in excessof 20 mg/L. 
Many -samples close to the capping barge, however, contained suspended matter at 
concentrations similar to background, indicating that no additional silt or sediment was 
present in the water column.

' 

, 

Percentage loss on ignition indicates the portion of suspended matter which is 
organic volatile carbon (from algae and plankton). Background values are typically 
high (no-inorga_n_ic sediment or sand). Locations close to the capping barge had either 
low values of loss on ignition _(9 to 15%)-,. an iindication of the presence of silt, or high 

' %LOl where there was no silt found in suspension ,

i 

Figures 2.0-15.0 show the highest eoncentration of suspended matter in bottle 
samples at 3-4 depths that were collected to characterize the particulates in acoustic 
anomaly sites indicated by the ADCP. In the figures the dashed lines delineate the 
capping perimeter which was 100 metres by 100 metres;. The vertical axes of the 
figures are oriented in a North-South direction (northing) and horizontal axes are 
oriented in a East-West direction (easting). The results in Figs 2.0-15.0 have two 
components; value in mgll of TSM and the percentage loss on ignition (%LOl). Control 
stations were designated station A and subsequent letters were assigned to other 
locations sampled each day. The station letters correspond to the station locations. 
Figures 2.1-15.1 show the results of profiling forturbidity in NTU, the concentration of 

V TSM and ISM i_n a vertical series of water samples and the backscatter signal from the 
ADCP. It is important to remember thatwater sampling and profiling was done mainly 
on the basis of particulate anomalies indicated by the ADCP during surveys of the 
entire capping area. On‘ some days, however’, samples were collected at unaffected 
stations in the capping area. A 

~

~~
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. Description of Figures: 

Figure 2.0, 2.1, 31 July 1995: 
' 

' 

A _ 

’ 

A

- 

The background station had 6mg/l of suspended matter and a %L0l of ' 

82%. The two stations (B and D) with high suspended matter _(22 and 
30mg/I) had %LOl of 11% and 10% respectively, a sign of si_lt in the 
water. Fig 210 shows a sampling effort which missed the silt plume 
indicated by the ADCP; but still shows there was little surface silt’ near ‘the 
capping barge. '

» 

Figure 3.0, 3.1, 4 August 1995: 
_ o _ A 

_~ 

The background station had 5mgl| of suspended matter and a %LOl of 
54%. The two‘stat.ions closest to the barge had high suspended matter 
(27 and ’59mgll) with alow %LOl (8 and 6%), a clear indication of silt. TSM and turbidity profiles correlated well. 

» Figure 4.0, 4.1, 8 August 1995: ' 

-

_ 

There was only one measurement doneclose to the barge with-9mg[l of 
suspended matter and a %LOl of 21 %. This_ was most likely a sample 
from the edge of the plume.’ Fig 4.1 shows that turbidity and ADCP 

_ __ 

profiles correlated well and the bottom most water sample represented silt. . 

coming from the capping operation.
, 

Figure 15.0, 5.1, 9 August 1995:‘ . 

' Two samples series were collected.- At station B close to the barge the 
bottom most sample had 6mgl| suspended matter and 79% %LOl; away 
from the barge at station C pa_rticu,la_tes were at 5mg/I and 89% %L0l._

_ 

The turbidity profile at station B showed a thin plume too near the bottom - 

to sample. Elevated turbidity at the bottom at station 0 was caused by 
sensor contactwith the bottom. 

Figure 6.0, 6.1, 16 August‘1995: ' 

The background was 4mgIl and 82% %LOl. The two stations closest to 
_ 

the barge had 41 and 22mg/l of‘ suspended matter with 6% and 9% %LOl 
respectively, whereas the two furthest stations had 21 .and 44_mgll of 
suspended matter with 11 and 14 percent %LOl respectively. This plume 
extended for 175 metres as a narrow path. Fig. 6.1 E shows that the 
slight time and space difference between ADCP, turbidity profiles and

_ 

water sampling can provide some confusing results. ldeally_the turbidity 
profile would be used to identify sa_mpli,ng depth once the general area . 

had been located with the ADCP. Additionally, the turbidity profile is not a 
direct representation of the concentration of particulate matter. The 
plume on this day exceeded the guideline _of TSM elevation of no more 
than 25 _mgIL above ambient 25M from the operation. ’ 

Figure 7.0, 7.1, 22 August 1995': "

_ 

The background TSM was 7mgll with 76%_%LOl. The two closest 
stations to the barge had 47 an_d 27mg/I of suspended matter with»6% and

~

~



9% %LOl respectively, whereas the furthest station had 6mg/I of 
suspended matter with 64% %LOl. The plume was within metres of the 
barge. Fig. 7.1 shows that the silt plume at stations 0 and D‘ was 

« sampled well. . 

Figure 8.0, 8.1 .23 August 1995: 
The background was 6mg/l and 80% %LOl. The two stations north of the 
barge had 77 and 8mgl| of suspended matter with 6% and 20% %LOl 
respectively, whereas the southern most stations had 6 and 5mgIl of 
suspended matter with 26% and 80% %LOl respectively. Again, this was 
‘a good exampleof a localised plume where the high concentration 

Figure 

Figure 

(71mg/l) quickly lost intensity a few metres away (6 and 8mgIl). Fig.8.1 
shows that the water sample TSM correlated well with indications by the 
ADCP and turbidity profiler. »

‘ 

9.0, 9-.1, 25 August 1995 ’

. 

There were only two measurement done, one north with 11mgll of
_ 

suspended matter a_nd 16 %LOl% and one south of the‘ barge with 5mgIl 
of suspended matter and a %LOl of 80%. This was a low intensity signal

’ 

(11mgll) and was very close to the path (east-west) of the barge. A 
particulate anomaly was confirmed by the turbidity profile. Although the 
TSM concentration at station C was not high the depressed LOl% 
indicates silt. 

_ 

.

' 

10.0, 10_.1 11 September 1995:
' 

The background was 6mg/I a_nd 63% %LOl. Of the 6 other stations only 
two had suspended matter higher than the background; 12 and 11mgll 
with a %LOl of 27 and 22 percentrespectively. At stations E and B TSM 
of 12 and 11mgll are-likely indicative of a low silt concentration. Fig 10.1 
shows turbidity profiles indicated the presence of dissipated plume 

, 

material which was not sampled. ‘Plume material seemed to be either a 

Figure 

Figure 

few metres off the bottom or settling onto the bottom. 

11.0, 11.1, 11,2 12 September 1995: 
The background was 6mgI| and 67% %LOl. Of the 13 other stations only 
two had suspended matter higher than the background; 16 mg/l (%LO| 
22%) beside the barge and 39mgl| (%LOl 10%) about 100 metres south 
of the barge. This looked like a very narrow and localized trace of silt. All 
the other measurements had TS_Ms comparable to the background. 
Figs.11.1 and 11.2 show, however, that there were particulate anomalies, 
at stations B and C for example, that were not sampled, 
12.o,12.1,_ 13 September1995: 

1 

A

. 

Nine sites were sampled around the cappi_ng‘a_rea. The background TSM 
was 5mgIl with 75% %LOl. The 3 stations closest to the south east of the 

_ 
barge had high suspended matter value 58mgIl (8% %LO|), 28mg/I (16% 
LOI) and 17mgIl (20% %L0l). The other stations averaged 6mgll (about 
50% %L0l). The plume was moving in a south-east direction, 17mg/I 
showed the south edge of the plume. Water sampling failed to sample 
the thin layer of silt indicated by ADCP and turbidity profiling at station,B.
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Figure 

Figure

K 

Figure 

13.0, 13.1, 15 September 1995: ‘

4 

Eight stations were samples in the area. The background TSM was 5mgIl 
and 68% %LOI. Only the 2 stations to the south of the barge had higher 
-suspended matter value than the background; 16mg/l (22% %LOl) and 
14mgll (27% %LOl). This was a faint indication of" the presence of the 
plume on the south side of the barge. Plume material indicated by 
turbidity and ADCP at stations G and H and F was not well captured by_

_ waterssampling. The sensors indicated presence of a silt plume over 100 
_M away .from the capping site. '

. 

14.0, 14.1, 19 September 1995: _, 
Thirteen sites were sampled in the area, The background TSM was 
concentration was 5mgll and the %LOl was 60%. The 4 stations to the 

_ south of the barge had high suspended matter values 31 mgll (15% 
. %LOl), 40mg/I (11% %LOl). 15mg/l (20% %LOl) and 29mg/I (14% %LOl) 
as opposed to the other stations which ranged from 6to 9mg/l (46 to_72% 
%LOl). The plume was dense and moving to the south-west (40mgIl) and 
trailing off to the south-east ('15 and 29mgll).' We do not know what ' 

caused relatively low LOl% and low TSM at stat_ions F, G, and H. The 
station J data show elevation of TSM above guidelines. 
15.0, 15.1, 20 September 1995: 

V 

I
_ The background TSM was 6mgll and 56% %_L(_)l. The station directly to 

the east of the barge had high TSM at 63mgIl (7% %LOl).- Whereastthe 
other stations ranged from 5 to 6mgIl (46 to 67% %LOl). There wasta 
very localised signal a few metres off the east side of the barge, but no 
trace of silt to" the northor the south.



Figure 2.0 

Capping Site, “Matter Sarrpling 

WWW . Hamilton Harbour, July 31, 1995 
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Figure‘ 3.0 

Capping Site, Suspended Mafter Sarrpling 
Hanm'Iton Harbour, 4 1995 ' 
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Figure 4;0 

Capping Site, Suspended Matter Sarmling: 
. Hamilton Harbour, August 8 1995 
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Figure 5.d_ 

A 
Capping Site, Suspended Matter Sarrpling. 

Hamilton Harbour, August 9 1995 
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Figure 6.0 

Capping Site, Matter Sampling 
' 

Hamilton Harbour, August 16 1995 
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Figure 7.0 

Capping Site, Suspended Nbtter Sarrpling ~ 
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Figure 8.0
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Capping Site, Suspended l\/Iattler Sarrpling 
Harnilton Harbour, August 23 1995 
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Figure 9.0
A 

Capping Site, Suspended Métter Sampling 
Hamilton Harbour, Aggust 25 1995
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Figure 10.0 

Capping Site, Matter Sampling 
’ 

I-lam'lton Harbour, September 11 1995
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Figure 12.0 

Capping Site, Suspended Matter Saw ring 
* Hamilton Harbour, Septenber 13 1995 
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Figure 13.0
_ 

Capping Site, Suspended Nbtter Samp|_ing 
. 

Hamilton Hafrbour, September 15 1995 
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Figure 14.0 

Capping Site, Nbtter Sampling 
Hanilton Harbour, September 19 1995 
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The technique of surveying the capping area with the ADCP allowed "us to find plumes 
N 
and then conduct efficient sampling. The capping operation was usually underway for 
a few hours before we began our surveys. In general, surveys of the ent_ire capping 
area with the ADCP revealed no acoustic anomalies except close. to the barge. We 
attempted to. re-locate anomalies close to the barge and sample water at 3-4 depths 
hoping to obtain a sample of the anomalous water. Simultaneous with the water 
sampling, the profiling apparatus was lowered but this had to be done slowly. Thus, ‘ 

.the’3 indicators of resuspended sediment or silt plumes were somewhat ‘disconnected 
i_n time and space. This, and the lack of a depth sensor (other than rope marks) on the 
water sampler explains why our water samples were not always in the anomalies as 
ind_icated by ADCP or turbidity profiler. Nevertheless, compared to-grid sampling 
schemes, these techniques gave us a much higher chance of obtaining water samples 
with which to characterise, in the water, the particulate material resulting from the 
capping operation. Another important benefit of our technique was that the number of 
samples containing background information was reduced to a minimum whereas 
hundreds of samples would have been required under a grid samplingscheme. ‘ 

The turbidity profiles showedthat the material causing the acoustic anomalies was at 
greatest concentration _a few metres off the bottom. This is consistent with the point of 
introduction of the sand slurry which would be releasing silt as the sand settled to the 1 

bottom. At locations showinga marke_d turbidity peak, the turbidity was also increased- 
between the peak and the bottom. This ind_icat'es‘ settling of the silt and finer sand 
particles. Microscopic examination of some of the silt coloured filters showed small . 

sand grains in samples taken several metres from the capping apparatus. 

Although we sought evidence of sediment disturbance from the capping operation, we 
did not observe any indication of sediments on the filters from water samples. _Clearly, 
the majority of the anomalous particulate material near the capping site was silt from 
the sand, not resuspended contaminated sediment, - ~ 

, 
The guideline for turbidity effects in the capping project was that turbidity caused by the 
operationwould not exceed ambient levels by >30% at -25m from the site. The 
~guideline for TSM was that TSM should not exceed ambient levels by 25 mgIL 2_5m -

4 

from the site when-ambient levels were lower than 100 _mgIL. These guidelines were 
exceeded in some samples but in most of oursufrveys these samples represented a 
very small proportion of" the capping afrea. Additionally-, the TSM was silt not toxic 
material. Furthermore, fish could easily avoid the temporary cloud of silt. Therefore, 
the impact of the silt from the capping operation was not an important hazard of the 
technique. Although the capping sand could, be pre washed to remove silt at extra 

\ expense the plumes seemed acceptable. 
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Summary and Conclusions 

An acoustic doppler current profiler (ADCP), profiling turbidimeter, and water 
sampleslfilters were used to detect and measure potential sediment resuspension and 
silt plumes from sand used in a sediment capping operation. 

The ADCP provided an efficient way todirect the water sampling to those areas likely 
to contain particulates from the capping, This new technique is more likely to detect 
sediment cleanup problems than random or grid sampling. ' 

The ADCP provides» data needed to model the size and trajectory of cleans-up related 
particulate plumes. -

~ 

A technique was devised to detect the difference between resuspended sediment and 
silt (from capping sand) caught on water sample filters. 

The sediment capping _proced.ur.e did not appear to distu_rb in-situ sediment, This is an 
encouraging result given the soft sediments at the site. 

Plumes of silt were detected more than 100m from the capping operation but most of 
the time the silt released from the capping sand was only detectable close to the 
operation._ .

' 

Guidelines for elevated turbidity and Total Suspended Solids (TSM) were exceeded 
sometimes in small areas. The majorityof the samples did not exceed guidelines and 
the majority of the capping area surveyed by ADCP did not contain elevated particulate 
levels. 7

' 

Although fish are affected by high TSM over a protracted time, the silt plumes detected 
in the study seemed to be a temporary feature of the capping operation which could be 
avoided by fish. - 

The new techniques are a way to monitor sediment cleanup so that -1) the public can be 
assured thatthe cleanup did not do more harm than good, and, .2) the operation can be 
assessed in real ti_me a_nd adjusted to avoidor minimize sediment. loss or distu_rba_nce;._ 
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