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1. Executive Summary: 
 
Gunns Ltd were required under the Tasmanian Government’s Pulp Mill Assessment 
Act of 2007 to abide by a set of Guidelines, (Recommended Environmental Emission 
Limits Guidelines for any new Bleached Eucalypt Kraft Pulp Mill in Tasmania, 2004) 
– “the Guidelines”.  SWECO-PIC (a Swedish company contracted to assess the 
proposal, after Gunns withdrew from the RPDC assessment process) found that 
Gunns Limited were in breach of several of these Guidelines, and in particular 
Guideline D.3.14. This states: 
 
"It is expected that the studies will require the use of a hydrodynamic model and 
appropriate wind, current and water density measurements to determine the effluent 
dispersion characteristics under a variety of weather conditions, and allow for 
seasonal variability." 
 
The emphases are mine.  
 
This document discusses this particular failure by Gunns Ltd in detail. In summary: 
 
• Gunns Ltd’s observations of hydrodynamic parameters (as opposed to biological 
parameters) were for one month only (December 2005). This clearly breaches 
Guideline D.3.14 in letter, as well as in spirit. 
 
• Gunns Ltd did not measure water density, as explicitly required of them by 
Guideline D.3.14, and assumed (incorrectly) that it was negligible throughout the 
region of concern.  
 
• They used only one current meter mooring, which implied that they could not 
estimate the “horizontal eddy diffusivity” – a crucial parameter for estimating effluent 
dispersion.  
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• Because of these three observational failures to meet the Guideline, the observations 
they took were not, and could not have been, used in any effective way to test the 
validity of the assumptions they made in building their hydrodynamic model. 
 
• Their hydrodynamic model predicted no pollution of nearby beaches. In fact such 
pollution is almost certain to occur, particularly on sunny summer days (of greatest 
tourist attraction), as illustrated in Figure 1 below. It will also occur on other days. As 
described in the text below, two regularly-observed physical phenomena lie behind 
this statement. It is also shown below, using a simple model, that the reason these 
phenomena did not occur in Gunns’ model is probably that their vertical resolution 
was too coarse; or that they did not apply observed surface heating and cooling rates 
to their model; or both. 
 
• Ribbons of polluted water with concentrations not much less than those near the 
outflow (like that seen in Figure 1 below, but now heading offshore) will almost 
certainly reach nearby Commonwealth waters, especially on sunny days with light 
offshore winds. This fact also did not emerge from Gunns Ltd modelling results, due 
to the same neglect of surface heating. 
 
• Ribbons of water, not as strongly polluted as those just referred to but nevertheless 
still strong, may under the same conditions stretch across the Tamar, possibly 
harming commercial species found in Commonwealth waters. They may also harm 
endangered species, another Commonwealth responsibility. Again, this fact did not 
emerge from Gunns’ modelling, for the same reasons. 

 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
2. Introduction 
 
I am a marine research scientist with 38 years of experience. I retired from my final 
position as a Chief Research Scientist at CSIRO Marine and Atmospheric Research in 
2001, but I am still active in marine research. At the request of Surfriders Foundation of 
Australia (SFA), my colleague George Cresswell and I have over the last year followed 
the evolution of the Marine part of an Integrated Impact Statement (IIS), prepared on 
behalf of Gunns Limited to support their proposal for a Pulp Mill. We hoped to present 
our concerns before the RPDC; when Gunns withdrew from the RPDC, we sent a letter to 
all Tasmanian Parliamentarians, expressing our concerns. Later I sent a submission to the 
Commonwealth Department of the Environment, which is assessing the Pulp Mill under 
the EPBC Act, expressing similar concerns.  
 
I am writing again – this time to all Tasmanian and Federal politicians who will either 
vote on the Pulp Mill issue, or have responsibility for decisions regarding it. I am doing 
so because the recent publication by Gunns of a “Response to Submissions” has NOT 
allayed my concerns. This “Response to Submissions” (to the EPBC) is found at 
http://www.gunnspulpmill.com.au/epbc/Impact_Assessment_Final.pdf). My 
concerns are mainly related to a matter raised by the SWECO-PIC Report 
(http://www.justice.tas.gov.au/justice/pulpmillassessment/sweco_pic_report). SWECO-
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PIC failed the Gunns IIS on Guideline D.3.14, citing (among other reasons) inadequate 
density (i.e. temperature and salinity) measurements. Guideline D.3.14 is quoted on p.14 
of this document. 
 
However, the “Response to Submissions” HAS clarified many things I had not 
understood in the previous reports on hydrodynamics, undertaken on Gunns’ behalf. I 
have learned from the “Response” that Gunns had done (or omitted) certain things that I 
suspected they had done (or omitted), but about which the earlier reports provided no 
details whatever. I have also learned why they chose to do those things. Unfortunately, 
these reasons reflect an ignorance of how the ocean works which, I believe, severely 
prejudices the usefulness of the hydrodynamic work. I believe Gunns’ modelling results 
are very misleading for assessing whether or not Pulp Mill effluent will pollute nearby 
regions – including local beaches; Commonwealth waters; and possibly also the Tamar 
estuary, whose mouth is less than ten kilometres away. This should be of considerable 
concern to Tamar valley residents, and potentially threaten the livelihoods of some 
hundreds of fishermen and tourist industry workers. It will also concern the 
Commonwealth Government, because the Tamar – like most estuaries – is a spawning 
ground for several commercial fishstock found in Commonwealth waters, not to mention 
a number of threatened and endangered marine species (such as those at the seahorse 
farm at the mouth of the Tamar). These are also a Commonwealth responsibility. 
 
Please note carefully that the views expressed here are strictly my own, and neither 
CSIRO, nor the Surfrider Foundation of Australia which brought me into this work, bear 
any responsibility for them. I have not sought or been given any remuneration or 
repayment of any kind for this work.  
 
 
 
 

3. Why did effluent from an Oregon pulp mill head for the beach? 
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Figure 1: This photo is of a recent pulp mill effluent plume at the Nye Beach outfall in the State  
of Oregon.  The pulp mill which discharges to this outfall is the Toledo Mill (Koch  
Industries), previously owned by Georgia Pacific West  
(http://www.gp.com/containerboard/mills/toledo/).  The triangle is the Mills’  
allowed mixing zone as defined by previous hydrodynamic modeling. The  
effluent diffuser is approximately 1.2 km offshore .  It is clear  
from the photo that the visible effluent plume not only reaches the shoreline, but in  
fact extends significantly further along the coast.  This highly visible plume is  
primarily wind driven effluent suspended solids, and Surfrider USA has publicly  
stated their view this plume is responsible for widespread health issues amongst  
recreational users on the coastline, as well as objectionable deposits and reduced  
“aesthetic” values at local beaches.    
  
      
     3.1: An Oregon observation, and a Tamar prediction 

Figure 1 is an aerial photo of coloured pollution from an Oregon pulp mill; the 
coloration of the water was predicted to occur only inside the triangle. The 
widespread distribution of the red colour in the water clearly shows how poor this 
prediction was. Notice the line dividing red and blue water leading from the outflow 
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(red dot), straight onto shore.  The red colour near this line does not reduce visibly 
from the outflow towards the shore; and the sharpness of the line shows that 
“diffusion” is hardly blurring it out at all. Evidently, more noxious pollution – 
dioxins, furans, and bacteria, of which more later – will also be carried shoreward in 
the process. Is it likely that a similar process will occur with Gunns proposed outfall? 
 
 

 
 
Figure 2: Predicted surface dilution of the Gunns effluent plume, 1st to 10th May 2005 
 

 
Figure 2 is taken from the third of Gunns Ltd’s three documents on hydrodynamic 
modeling. These three documents are referred to below as 
HMR1(http://www.gunnspulpmill.com.au/iis, at the bottom of the site; in Volume 18, 
click on Number 63), HMR2 (http://www.gunnspulpmill.com.au/iis/supp/ross_fryar_att_3.pdf) , 
and HMR3 (http://www.gunnspulpmill.com.au/iis/supp/ross_fryar_att_3.pdf). Figure 2 is 
essentially a map of minimum outflow dilution in the surface layer, averaged from 1st  
to 10th May 2005, as predicted by the Gunns hydrodynamic model (more strictly this 
dilution is exceeded 95% of the time). These 10 days are at the end of a one-month 
run, from 10th April to 10th May.  
 
The predicted pattern of polluted (low dilution) water lies within an elongated patch 
stretching southwest from the outfall location. In drastic contrast to Figure 1, polluted 
water does not touch the shore. Is this realistic? Or is it an artefact of the numerical 
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model’s construction and choice of grid spacing or empirical parameters, which must 
be chosen using observational data?  

 
3.3: Physical processes that can make surface water flow into the beach 
The Pulp Mill effluent is suspended or dissolved in fresh water, which is less dense 
than seawater. Thus, on reaching the diffuser, the effluent rises towards the surface. 
Two well-known physical processes are known to allow winds to blow near-surface 
layers of water downwind – i.e. onshore, if the wind is onshore.  
 
3.3.1: Summer sunshine and onshore flow 
 One process that can result in flow of a near-surface layer onto a beach occurs on 
sunny, light-wind days such as those in Figure 1, when the Sun is heating a near-
surface layer. Solar input causes a shallow new surface mixed layer to form each 
morning (Price et al (1986); Schiller and Godfrey (2005)). In other words, the water 
“stratifies” in density. The wind acts on this warm, light surface layer, thereby 
allowing dissolved or suspended material to go downwind onto a coastline, as in 
Figure 1. The deeper, denser layer of water moves in the opposite direction, so there 
is essentially no net mass transfer towards the shore. It is very probable that events of 
this kind will occur along the beaches opposite the outflow, if present plans are 
followed, i.e. the beaches will be particularly subject to pollution on the sunny, light-
wind days favoured by swimmers, surfers and tourists.  
 
In any case, based on their assumption that density stratification was not important, 
Gunns chose not to obtain data sets on surface heat fluxes, or to apply them to their 
models. Thus they precluded the possibility that this mechanism of generating flows 
like that seen in Figure 1 could occur in their model.  
 
3.3.2: The “logarithmic layer” and Sydney beach pollution 
 A so-called “logarithmic layer” occurs near the ocean surface, with strong vertical 
velocity gradients across it; the difference in velocity between the surface and water a 
few meters below is typically 3% of the wind speed (e.g. Hughes, 1956;  Krauss, 
1977; Stolzenbach et al 1977; Tomczak, 1964). As in the previous mechanism, the 
surface water flows downwind. Several different mechanisms contribute to the 
existence of this layer, so is not as easy to explain as the flow resulting from wind 
acting on density-stratified layers. Nevertheless, the “3% rule” for flow speeds 
(relative to that of water just below it) has been found to be useful in a number of 
different situations, such as predicting where oil spills will go.  
 
Sydney scientists reported an example of this process in action. Beaches off Sydney 
were often contaminated by fecal matter prior to the 1990’s, before deeper outfalls 
were installed. Detailed observational studies before and after installation of the new 
outfalls showed that much of the pollution was carried shoreward in a surface, oily 
“microlayer” only a few micrometers thick (e.g. 
http://www.environment.gov.au/coasts/publications/somer/annex2/philip.html; 
Rendell, 1993). The fecal matter, being contained in fresh water that is more buoyant 
than the seawater into which it discharges, rises to the surface after leaving the 



 7 

outfall. There is nearly always a thin layer of oil on the ocean surface, which they 
called the “microlayer”; the fecal matter attaches itself to it (if it has not already 
attached itself to oil as it flows down the outfall pipe). The Sydney scientists found 
that the “3% of the wind speed” rule described the movement of this material quite 
well. For example, a gentle, 3m/sec wind can move such a layer at 10 cm/sec. 
Depending on the wind direction, simple calculations based on Figure 2 shows that 
for Gunns proposed outfall, this will bring it onto the beach, or into Commonwealth 
waters (seaward of the dashed red line), in hours. Easterly winds can move an effluent 
plume into the Tamar mouth in less than a day. In stronger winds, the same 
phenomenon occurs, but now the “microlayer” is concentrated in thin foam lines, 
aligned parallel to the wind direction – the “windrows” (or “Langmuir circulation”) 
familiar to any observer of an estuary on windy days. In light or strong winds, this 
foamy material accumulates on the beach, where (if it is toxic) it will harm intertidal 
biota – and humans. Figure 1 may also be an example of this process in action. 
 
3.4: What Gunns say on these issues in their “Response to Submissions” 
 
In the “Response”, (p. 156) Gunns note that the effluent diffuser in Figure 1 is 1.2 km 
offshore, compared to 2 km from the nearest land in the case of Gunn’s proposed 
diffuser; but they do not comment on the statement that the “effluent flow rate used 
by the company… was half that of the proposed flow rate of the Gunns Pulp Mill” 
(Surfrider Foundation proposal to RPDC; #302 of public submissions, on 
www.rpdc.tas.gov.au, under “Gunns Pulp Mill”).  
 
“Response” also blames the coloration on “the presence of the City of Portland’s 
sewage outfall near the same location”; yet it is quite clear that the front between blue 
and red water in Figure 1 emanates exactly from the outfall location, the red dot in the 
picture.  
 
Gunns “Response to Submissions” says: “the discharged effluent plume is frequently 
trapped due to stratification (off Portland), the latter is generally absent from the Five 
Mile Bluff diffuser site”. They quote no reference to support this statement. This is 
equivalent to saying Five Mile Bluff is somehow exempt from the sunny days found 
elsewhere in the world! 

 
The only comment within “Response to Submissions” on the “oily microlayer” issue 
raised above is to say (p. 129): “In GHD’s experience, the assessment of Langmuir 
circulation and Stokes Drift is not standard practice, and is not part of the capability 
of any commercially available, validated model software.”  
 
One can ask: if Gunns Ltd consultants believed this, why did they not simply say in 
their report that these effects could be important, but had been neglected? However, 
as will be discussed in the next section, it is in fact possible to model this effect 
moderately well simply by using a higher vertical resolution than was used by Gunns, 
especially close to the surface.  
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4. A Simple Model 
 

In Gunns’ modelling, solar heating and therefore density stratification is absent, and 
low vertical resolution near the surface (5m vertical bins) precludes any 
representation of the “logarithmic layer”. Under these conditions, modelled flows are 
almost uniform top to bottom, except within the plume itself. Because water volume 
is conserved, water whose flow is uniform from top to bottom can only approach a 
beach in one location if it flows out in another, usually a substantial distance away. 
Rapid, high-energy longshore currents must join the inflow to the outflow. But strong 
friction in the shallow water near the coast damps such currents. Therefore, flows 
right into the surf zone (like those in Figure 1) do not easily develop, in a model 
whose flow is nearly vertically uniform from top to bottom, as in Gunns’ model.  I 
believe this is the reason that the predicted pollution distribution in Figure 2 stays 
away from the coast; i.e. I believe it is an artefact of the model.  
 
To test this hypothesis, I have used what is known as a “one-dimensional model” – 
winds, heating, the flows they drive, and also bottom depth are all assumed 
independent of horizontal position. To simulate the above topographic constraint, I 
assumed that depth-averaged flow is zero at every location, i.e. that flow in one 
direction in the near-surface water is balanced by equal and opposite flow beneath. To 
allow for the “logarithmic layer”, vertical resolution was taken as 0.1m, over an ocean 
region that was 20m deep everywhere. (This is not necessary –  a grid spacing that 
decreased towards the surface would also work). The model uses the same (tested, 
and useful) vertical mixing estimates that Gunns’ consultants used. I took a 
reasonably accurate representation of daily-averaged surface fluxes, from the “ncep 
reanalysis”, found at http://www.cdc.noaa.gov/cdc/reanalysis/reanalysis.shtml. 
Figure 3 shows these heat fluxes, averaged over each day of 2005, at a Bass Strait 
location (40°S, 147°E).  
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Figure 3: Daily mean heat losses from the water, for 2005, in Watts per square meter 
of water near 40°S, 147°E . Details of the lines are in the text.  
 
The lines in Figure 3 show daily mean heat loss from the water. The Sun adds heat to 
the water, which is why heat loss from the Sun (black line) is shown as negative. The 
other three contributions to the net heat loss are net thermal radiation out of Bass 
Strait (red line); evaporative heat loss (green); and “sensible” heat loss (blue). The 
sum of all four shows a net heat input to Bass Strait of roughly 100 watts/m2 (about 
half the solar input) in midsummer, and heat loss of 100 watts/m2 in midwinter, with 
large day-to-day variations – the greatest heat losses occur on windy days.  
 
Hourly heat exchanges were estimated from Figure 3 as follows: to roughly represent 
the hourly sunshine, cloudiness is assumed constant through a given day. Sunshine is 
then zero except between dawn and dusk, and follows a curve of known smooth shape 
through the day; the magnitude of this curve is adjusted so that the daily average of 
the result equals the value for that day from Figure 3. Other heat flux components are 
held constant at their daily average through the day.  
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 Figure 4: Solar radiation (W/m2), wind stresses, mixed layer depths (m) and 
currents (m/sec), January 2005 
 
The bottom panel of Figure 4 shows the hourly solar radiation over the period January 
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23 to 30, 2005 (a time of light winds and generally sunny days), while the panel 
above it shows wind stress in the eastward direction (blue), and northward direction 
(green). (Wind stress is the force per unit area exerted by the wind on the water. It is 
in the direction of the wind, with a magnitude proportional to the square of the wind 
speed). The panel above it shows the calculated mixed layer depth. This was ill-
defined on the first day, because the solar heating was not started till late in the 
afternoon (see bottom panel). However, after that the mixed layer depth only 
exceeded 15m on two occasions, each accompanied by “spikes” of relatively large 
wind stress. The top panel shows the eastward (blue) and northward (green)  
component of surface flow velocity. The oscillatory nature of these velocities is not 
due to tides, but to “inertial oscillations”, associated with the Coriolis force. 
 

 
Figure 5: 24-hour tracks of particles, assuming constant bottom depth of 20m. 
 
Figure 5 shows hourly locations of a surface particle along trajectories of surface 
flow, obtained by integrating the flows seen in Figure 4 (top panel) over time, starting 
from the outfall location. A new trajectory is started each day, and followed for 24 
hours  (blue squares, one per hour).  “Real” land (yellow) and “real” (though 
smoothed) bottom depth are also shown (contours every 10m). Two trajectories pass 
straight over land, because I have not allowed for the real topography. Nevertheless, 
this picture illustrates the large distances that surface water parcels can travel, even 
when depth-average flow is zero, if stratification by diurnal heating and the 
“logarithmic layer” are both allowed for. The longest track is over 20 km, implying 



 12 

an average surface flow speed of about 20 cm/sec. If winds had been in the 
appropriate direction on this day, this plume could have reached the Tamar mouth in 
less than 12 hours. 
 
Similarly, in this model any of the other tracks shown could be changed by some 
angle, if winds over the previous two days or so had been of the same speed, but 
adjusted at each time by this angle; so under the right wind conditions, this model 
predicts that pollution can reach the beach in a matter of hours. If the real 
(shallowing) depth was taken into account, these flow speeds would of course be 
slowed when mixed layer depth approaches bottom depth; but on calm sunny days, 
the mixed layer can be so shallow that this may not be a strong effect until the plume 
reaches the surf zone, (inside which other processes bring pollution ashore). The 
“logarithmic layer” may bring polluted water onto the beach even without the 
presence of heat fluxes. Serious exploration of how long it takes for plumes like those 
in Figure 1 to reach the shore will require a more comprehensive model; the model 
Gunns consultants used would be adequate – provided they apply surface heat fluxes, 
and increase the number of layers so that depth is resolved to an accuracy of at least 
0.2m, not the present 5m, in the top ten meters or so of their innermost grid. At the 
time of writing, I have not attempted to work out which of the two mechanisms 
discussed in 3.3.1, 3.3.2 is dominant in Figure 5. 

 
5. Will similarly intense levels of Pulp Mill effluent reach Commonwealth 
waters? 
 
The answer is “yes”. The simple model described above is entirely adequate for 
describing the situation where a surface layer is carried offshore, into deeper water by 
offshore winds. The layer will reach Commonwealth waters (north of the red line in 
Figure 2) in hours. Fish swimming through the resulting ribbon of strongly-polluted 
water may be harmed; this possibility has not been explored. 
 
6. Can Pulp Mill effluent be carried into the Tamar? 
 
For pollutants attached to oil particles, the answer is “yes, whenever there is an 
easterly wind” (about 20-30% of the time, in summer).  
 
For the rest of the plume to reach the Tamar with high concentrations of pollutants, it 
must move quite fast, implying winds that are not too weak; but the surface mixed 
layer must also be shallower than any bottom topography it passes over. This cannot 
be adequately explored with this simple model. However, one track in Figure 5 ends 
just offshore from the Tamar mouth, the shallowest bottom topography it passed over 
is only a little less than 10m. Inspection of the mixed-layer depth and wind stress 
panels in Figure 4 shows that the mixed layer depth was less than 10m on every day, 
except on the strong-wind nights of 25th-26th and 30th-31st. Thus our arbitrarily-chosen 
sample of eight days has included one day in which a more comprehensive model 
would probably predict that the full content of the plume would reach the Tamar in 
one day. 
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If the arrival time of such a plume at the Tamar coincides with the start of a rising 
tide, then – given the tidal currents this far out from the mouth, which according to 
Australian Navy chart Aus 167 are about 1 knot, or 0.5 m/second – the layer will be 
carried into the Tamar River, well before high tide is reached. It is therefore possible 
that effluent plumes – perhaps rather little diluted, as was apparently the case of the 
plume seen in Figure 1 – will be pulled into the Tamar, on days of strong sunshine 
and light wind.  
 
 
 

 
 
 
 
Figure 6 – flood tide flows, at spring tide, 12 km from mouth of the Tamar. Negative 
(red) values are upstream flows, positive (blue) downstream, both in m/sec 
 
A recently completed Ph.D. thesis 
(http://www.ifremer.fr/avano/notices/00076/718.htm) provides strong 
guidance as to what will happen to a ribbon of polluted water entering the Tamar. 
Figure 6, taken from this thesis, shows the flow across a line across the Tamar, about 
12 km upstream from the mouth, on a flood tide. At any given location, flow is more 
or less uniform from top to bottom – even in about 50m of water. This pattern is not 
found in any other major Tasmanian estuary, and indicates that the vertical tidal 
mixing within the Tamar must be extraordinarily intense. In the lateral direction, 
upstream flow is found on the left side, with some reverse flow on the other; the latter 
contains fresher water during the rising tide. The vertically oriented bands are 
“eddies”, which laterally mix the fresher and saltier water. These eddies are large (50-
100m across), and vigorous (about 0.4 m./sec speeds, compared to surrounding 
water). The net conclusion is that the effluent will be very rapidly mixed vertically, 
laterally and along the length of the estuary, so any effluent spikes will not pose an 
immediate threat to Tamar marine life inside the estuary. However, there are two 
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matters of concern here, which were not addressed in the RPDC or EPBC processes: 
 
•It is a well-established rule that for conservative, dissolved pollutants, the pollution 
of water at a location inside an estuary by a source at its mouth will (on average over 
the estuary’s flushing time, about a week in the case of the Tamar) equal the pollutant 
concentration at its mouth, times the ratio of salinity at the location of interest to the 
salinity at the mouth (Dyer 1977, p. 115).  Thus a week of exposure to high 
concentrations of effluents in the mouth of the Tamar will result in similar 
concentrations inside the estuary, for a substantial distance upstream. 
 
• The cumulative character of pollution by dioxins is well-known: the possibility 
needs to be assessed that the level of pollution can accumulate to damaging values in 
Tamar bottom sediments, over the multi-decade lifetime of the proposed Mill.  
 
• Fish or larvae entering or leaving the estuary on such days may pass through 
polluted waters, and be exposed to quite high effluent levels for several hours at a 
time. 

 
7. Gunns and the Guidelines 

 
It is clear from the foregoing that density stratification and the near-surface 
“logarithmic layer” can both make a major differences to flow behaviour, and 
therefore to the fate of pollutants. Seasonality is also important, because density 
stratification occurs only in the warmer months. 

 
In preparing for their assessment by the RPDC, Gunns Ltd was required to follow a 
set of Guidelines compiled by Tasmanian Government public servants. SWECO-PIC 
found that they had breached three guidelines, relating to their hydrodynamic work. 
Only one of these is relevant to the discussion here, namely Guideline D.3.14, which 
states: 

 
"It is expected that the studies will require the use of a hydrodynamic model and 
appropriate wind, current and water density measurements to determine the effluent 
dispersion characteristics under a variety of weather conditions, and allow for 
seasonal variability." 

 
The emphasis on density observations, and allowance for seasonality, are mine. 

 
In presenting their work, the appropriate approach for Gunns would have been to start 
by stating the relevant Guidelines. This would have required them to give a 
qualitative description of what factors they thought would influence the dispersal of 
their effluent, and to formulate a plan of observation and modelling – and to justify 
that plan in terms of the Guidelines. 

 
Gunns Ltd did not do this in any of the 3 volumes of their Hydrodynamic Modelling 
Report. What they did do was: 
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•They confined observations near the outfall site to one period only, (December 2005; 
p.21-22, HMR). There were no observations of temperature and salinity, which 
control water density. They admit that stratification can occur in light wind 
conditions, but they assume it to be minimal, "in line with the conservative 
conceptual approach adopted for the study" (as we have seen, their neglect of 
stratification is in fact the exact opposite of a conservative assumption). Therefore 
they did not apply surface heat fluxes.  
 
• Their single current measuring instrument could not take measurements in the near-
surface, or “logarithmic” layer. Thus they could not test for the existence of rapid 
downwind velocities within this layer. (The existence of this layer is not mentioned in 
the Hydrodynamic Reports, because it is “not usual commercial practice”). As already 
noted, their coarse vertical resolution implies an assumption that this layer is 
unimportant. 

 
• They performed modelling runs for April 2005 and for 15th November –1st January 
2006. They describe how well the model simulates observed tides (simple models can 
do this well, but this is only marginally relevant to the issue of effluent dispersion); 
but make they made no effort to use their observations of currents to validate their 
choice of mixing parameters such as “eddy diffusivity” (the hard, and relevant, part).  
 
The work that should have been done is illustrated by using Figure 6 (flow in the 
Tamar) as an example. The vertically-oriented bands of stronger or weaker flows, 
compared to neighbouring water are “eddies”; at ebb/flood tide water at the sides is 
fresher/saltier than that in the middle, and these eddies control the strength of the 
mixing process. The key parameter is the “eddy diffusivity”, which is the product of 
the width across the eddy and the flow velocity within it, relative to neighbouring 
fluid. Inspection of the figure suggests an eddy diameter of about 50m, and a velocity 
relative to neighbouring fluid of 0.4 m/sec, giving the very large diffusivity value of 
20 m2/sec (at this location, and time). 
 
The value of “lateral eddy diffusivity” near the effluent outfall site has been a matter 
of major contention in the RPDC and EPBC processes, with m. For example, 
Patterson and Britton, 
(http://www.justice.tas.gov.au/justice/pulpmillassessment/sweco_pic_report, under 
Hydrodynamic Review Memo) find that the value of the “lateral diffusivity” used in 
Gunns modelling is probably much too high, resulting in faster mixing and dilution of 
the effluent than will actually occur. It will certainly be very much smaller in the 
quiet waters near Gunns proposed outfall (typical tidal flows 0.1m/sec) than in the 
Tamar at spring tide (1.2 m/sec); its amplitude depends on tidal flow speeds (which 
are known), and the effect of local bottom topographic details in creating 
inhomogeneities in the tidal flows (which is not). Gunns used a value of 10 m2/sec in 
their first modelling report, and they compare results obtained with values of 5 m2/sec 
and 10 m2/sec in their “Response to Submissions”.  
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The observations in Figure 6 were obtained by towing an instrument called an 
“Acoustic Doppler Current Profiler” across the Tamar; such tows across the 
neighbourhood of the outfall site would have been the most efficient way to measure 
the eddy diffusivity.  
 
 Gunns’ Limited current observations were also made with an ADCP. However, they 
only deployed it at a fixed location, rather than towing it to measure eddies; so their 
data were completely inadequate to validate their chosen value.  
 
Thus for the intended practical purpose of predicting dispersal of pollution, Gunns’ 
Ltd entire Hydrodynamic Modelling Report – all three volumes of it – is a pure 
modelling exercise, completely unsubstantiated by observation. Gunns Limited may 
say, as they did of Langmuir circulation, that measuring eddy diffusivities “is not 
standard (commercial) practice”. I do not know if this is so, but I doubt very much 
that most commercial firms lag so far behind current “world’s best practice” among 
research institutions as Gunns’ consultants have done.  
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